COMPILING OF LITHOLOGOSTRATIGRAPHIC-TECTONIC SECTIONS, INCREASE SUBSTANTIALY
RESOURCES OF CU-FE, CU-FE, ZN, AU, AG SULPHIDES HOSTED BY VOLCANOGENIC MASSIVE

SULPHIDE DEPOSITS (VMS), IN ALBANIAN OPHIOLITES@
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Regional geological setting

The Albanian ophiolites form an important link in the Alpine-Dinaride-Hellenide orogenic system.

Gawlick et al. 2014, based on abundant literature available for the palaeogeographic position of the Mirdita-Pindos
ophiolites distinguish:

(central Dinaride, Mirdita, Hellenic ophiolites), (Korabi-Pelagonian
Microcontinent = Pelagonian zone, Korab zone, Drina-lvanjica element) ,
(Inner Dinaric ophiolite belt and Vardar zone) and s

There are two principial models:

a) An autochthonous oceanic domain between the Pelagonian/Korabi
microcontinent to the east and “Adria” to the west;

b) An allochthonous position: the ophiolite nappes derive from the east
by westward obduction onto “Adria”.

In addition, there is also a controversial discussion about the dipping of
the (intra-) oceanic subduction:

East-dipping subduction within the Vardar(Maliac)/Neotethys Ocean;
West-dipping subduction in the Mirdita/Pindos Ocean

The detailed knowledge of these mélanges with “exotic” Triassic
components in between the oceanic remnants of the so called Mirdita-
Pindos Ocean is crucial for the reconstruction of the geodynamic
evolution of the whole Balkan area.

Based on field trips 2003- 2006 all over Albania is concluded that
“Mirdita Zone ophiolites and associated sediments in Albania reveal
Neotethys Ocean origin” (Gawlick et al. 2008).

Detailed prospecting and explorations of sulphide deposits hosted by
Mirdita ophiolites, Albania, indicate for their westward displacement by
polyphase thrusting tectonics (Hoxha,1988, 2001; Hoxha et al. 2006
and quoted references).
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Shallo, 1994; Beccaluva et al. 1994; Bortolotti et al. 1996; Dilek et al. 2008 distinct Western Mirdita Ophiolites (WMO) and
Eastern Mirdita Ophiolite Ophiolites (EMO) with an intact composite sections.

WMO comprises mantel
tectonites (mainly lherzolite),
plutonic complex (mainly
gabbroids), very few
plagiogranite intrusions and
extrusive sequence of MORB-
type basaltic pillow lavas
overlain by chert and

EMO with mantel harzburgite,
gabbroids plutons,
plagiogranite-quartzdiorite
intrusions, sheeted dyke
complex and SSZ-type extrusive
complex with lower part of
basalt-andesite pillow lavas anc
upper part of basaltic andesites
through dacites & bonintes
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Geological Map of Central Mirdita, Albania with
Yolcanogen Massive Sulphide Deposits. Compiled
from geological investigations an 1: 10 000 scale
and exploration data

Edited by Linm Hoxha.Tirana, 2002. Updated, 2013
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The sulphide orebodies range in size from 5 Mt , comparable in
size to modern sefloor deposits at ocean ridges and 10 Mt

In the EOB , the
orebodies are
clustered along the
(Cus) genaral strike of the
o i B ophiolite similiar to
i ol . [i5 ] Western Mirdita Optiolite those in the Troodos
Eastern Mirdita Ophiolite COmp|6X of CyprUS
WMO/EMO approximate boundary an d th e Sem ai I
ophiolite of Oman.

veins and stockworks hosted by
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El Intrusive
Minaor sulphide de

02462

A-B-M-K Cross-section

Distribution of main sulphide deposits orebodies (named) and
other minor deposits (numbered) within boundary of
central-northern Albanian ophiolites. Poligon shows location of
study area. Modified from Metallogenic Map of Albania 1:200 000

scale




Longitudinal Cross-section at Volcanogen-sedimentary
Rubik deposit,Western Ophiolite Belt Albania

Middle Jurassic Melange
Upper Triassic volcanics
Radiolarian chert

Shales

Massive copper-pyrite ore
Ultramafic

Borehole and gallery

Rubiku deposit- 1.5 Mt @ 2.01
% Cu, 0.7% Zn, 40% S, Au, ?

0.5 g/t,

SE

? Ag

Index

== Yellow, Triassic (Middle-Late
Carnian,? Norian Radiolarian chert
B |\ assive Cu-S-Zn ores

4| EE |\IORB- type pillow lavas

B Brown argilaceous shales
CdHoles

Rubik adit at Fandi River side
Triassic limestone on landscape

In WMO, the massive pyrite-copper

ores are roughly lenticular, sheet-like

or pipe-like, typically occurring between
hematised Middle-Late Carnian age,
probably including Early Norian radioarian
chert (jasperoid) and tholeiitic basalt pillow
lavas. Locally, intercalations of masive
sulphides and volcanic strata occur.
Disseminated droplet-veinlet Cu-Fe
sulphides are found, too.

The shape of orebody is similiar with “black
smoker” types from East Pacific Rise
described by Hannington et al. 1995)



5.3 Mt @ 3% Cu; 38% S and 0.5 gr/t Au

gEFE Densly sulphide mineralization [Z252] Middle Jurassic melange/flysch
BB Massive pyrite-chalcopyrite ores

Irionous argildc-silicic shales

ELT;EE;n:tEd HOEREIE S I serpentinites

Norian-Rhetian platform carbonate [ Middle Jurassic amphibolite

Cross-section of Gjegjani sulphide deposit, between Ophiolite-
Korab-Pelagonian Units

A large, pyrite and chalcopyrite lenticular orebody (virtually depleted) up to 20 m thick, 300 X 400 m in lateral extent,
Is located between basalt lavas and melange.




Kacinari deposit-
massive copper-
pyrite/Zn, Au ores

are hosted by basaltic
-andesite pillow lavas
and disseminated Cu,
pyrite, Zn, Au ores
are hosted by
basaltic-andesite
volcanoclastics
(Hoxha, 1970 with
updated information
to 2002)

Cross-section Kacinar P.

Middle Jurassic melange
SE

Basaltic-andesite
volcanoclasts
Basaltic pillow lavas

Gabbro

Quartzdiorite-plagiogranite

ERORRT]

Proved/mined Cu, pyrite,
Zn, Al massive ores

i Proved/mined Cu, pyrite,
— ‘ Zn, Au disseminated ores
"-a-_____kﬁk

Possible Cu, pyrite,
Zn, Au ores

Sulphide zone

Kacinar Perendimor: 0.3 Mt @ 1.45% Cu, 26% S,
0.8% Zn, 0.5 g/t Au, 12 g/t Ag

Thrust

EREREq

_ _ Holes
Cross-section Kacinar Q.

SE

Kacinar Qendror: 0.3 Mt @ 3.85% Cu, 34% S, 1.55 %
Zn, 0.5 g/t Au, 12 g/t Ag




Perlat deposit 3.5 Mt@ 2.6% Cu, 0.2% Zn, 0.4 gr/t Au, 15 gr/t Ag (Hysi 1974; Doda, 1983; Daci 1986,
Zagaj, 1987)

Middle Jurassic melange Mineralization zone

Upper unit- Middle Jurassic Copper-pyrite orebodies

basalt-andesite volcanoclastics
Lower unit- Middle Jurassic - Thrust plane
basalte-andesite pillow lavas

Borehole

Plagiogranite-quartdiorite

Longitudinal cross-section Perlat deposit showing repeated sulphide mineraliaztion due to thrusting
tectonics (After Hoxha et al. 1988; Hoxha, 2001, 2005)




Peralt deposit, (a) Cross-section showing induced polarization contours, and repetition of ore
bodies created by poliphase thrusting tectonics (Hoxha, 2001, 2005 and quoted references)
(b) Detailed cross-section of orebody, taken from mining data

s Mélange
= Upper basalt-andesite volcanoclastics

Ultramafic

Sulphide zone with
economic ores

Forma e trupave
sipas minieres

Possible copper-pyrite ores

Thrust plane

Borehole

C’J Induced polarization coefficient (IP},%




Kurbnesh, 3 Mt @ 2% Cu, 0.05-0.1% Co and about 1 gr/t Au (Jorjani, 1968 amd quoted references 1955-
1968). In some orebodies gold has been 3-5 gr/t ). Mined. Remained reserves about 50 000 tons.
Longitudanal Cross-section based on exploration data 1995-1968 with updated information for

thrusting tectonics (Hoxha, 1988,; Hoxha et al. 1999, 2001, 2005)

M AT T BB FsTe 21 Quartz veins with very low sulphides
pasali-andesite pillow lava

CQuartzdiorite-plagiogranite l:l Almost barren quariz veins

Gabbro Thrust plane

CQluartz- sulphide orebody




Munella Cu-Fe, Cu-Zn-Au-Ag ores (8.6 @ 0.975% Cu,;2.62%Zn, 0.53 gr/t Au, 15 gr/t Ag
(after Kamberaj and Bardhoshi, 1980; Zoi and Kamberaj, 1984)

Cross-section Munelle

Reef slope deposits and shallow water Massive sulphides with copper,
carbonates Kimmeridgian-Valanginian zinc, sulphur, gold and silver.

Middle Jurassic mélange 5 7 Disseminated copper-zinc-sulphide
Igneous rocks ores. Possible

Upper volcanic unit, andesite basalt and Low grade sulphide ores
dadte vulcanoclastics
Lower volcanic unit, basalt andesite

pillow lavas and massive flows Thrust plane

Sheeted dyke complex
Dacite-rhyolite domes
Quartzdiorite-plagiogranite

The major minerals are pyrite, chalcopyrite and sphalerite; in low quantities tennantite-tetrahedrite
series as well as bornite and covellite (Kati and Koci, 1980)
Simplified cross-section with updated information to 1989 from Lleshi and Leka, 1988; Deda, Hoxha L. 2001, 2005.




3.6 Mt @ 2.14% Cu, 0.15% Zn, 29.5%S, 0.0023 %Co, 0.5 gr/t Au, ?Ag

Cross-section Qafe Bari

Mined Cu, Cu-Fe/Zn ores

After Kokona, 1973 with updated information to 2002

Upper volcanic unit, andesite basalt and
dacite vulcanoclastics

Lower volcanic unit, basalt andesite
pillow lavas and massive flows

Sheeted dyke complex

Dacite-rhyolite domes

Quartzdiorite-plagiogranite

Disseminated zinc-copper sulphide
ores

Massive sulphides with copper,
zinc, sulphur, gold and silver.

Low grade sulphide ores

Boreholes




Gurth Spac, 2.7 Mt @ 1.25% Cu, 2.62% Zn, 19% S, 0.55 gr/t Au, 15 gr/t Au
(after Llubani, and Kodra, 1973; LIlubani and Zaganjori, 1984).
Unmined Cu, Zn, Au, Ag reserves (Gurth Spac 1, 2 and 3) are evaluated to be about 0.4 Mt.

Middle Jurassic melange

Cross-section Gurth Spac

Upper volcanic unit, andesite basalt and
dacite vulcanoclastics

Lower volcanic unit, basalt andesite
pillow lavas and massive flows

Sheeted dyke complex

Dacite-rhyolite domes

Quartzdiorite-plagiogranite

Mined massive and disseminated
copper-zinc-sulphide ores.

Possible massive and disseminated
copper-zinc-sulphide ores.

Possible ores

Borehole

Thrust plane

Cross-section showing location of ores and westward thrust of upper volcanic unit onto the melange
(after, Hoxha, 1987, 2001, 2005) with updating information 2013.
Last years data indicate for much higher content of Au, Ag and Zn.




Spaci- Total reserves have been 7.41 Mt @ 1.27% Cu, 0.6% S, 0.002% Co and 1.71 Mt@ 0.33% Cu, 44.89%
S and 0.04% Co (Shima, 1973; Kolndreu and Sulejmani, 1984).

Mined ores have been about 3.058 Mt @ 0.884% Cu (Bazhella, 2004)

Reserves as 01. 01. 2000 is about 6.06 Mt@ 1.158% Cu (Hoxha and Ndreca, 1987)

Averaging 0.011% Te and 0048% Se are present. At an extend, the size of orebodies has been determined
by high cut of grade (> 1.2%) and many times low core recovery in exploration during 1950-1960s.
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ores with westward

I:l Andesite basalt and dacite Slresies 6 ike S e e Vergence
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Basalt-andesite I:l Partly mined copper ores
pillow lava

Dacite-rhiolite I:l Supposed orebody
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a. Cross-section Spaci deposit

Stockwork and disseminated copper, considered to be analogues with porphyry copper deposits
(Hoxha, 1987, 2005; Hoxha et al. 2005) and massive pyrite ores are hosted by Lower Unit of basalt-
andesite pillow lavas thrusted onto andesite-dacite volcanoclastics



Thrusting of of Laj-Reps deposit (southern continuation of Spac) with disseminated copper
ores onto Middle Jurassic melange.
1.1 Mt @ 1% Cu.

Cross-section Laj-Reps (southern continuation of Spaci deposit

500m
Index

|:| Middle Jurassic melange
- Lower volcanic unit: pillow lavas
] Gabbro

Proved copper ores

Boreholes

Strike-slip fault
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Seismic
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EVES

Crust

Mantel

Idealized ophiolite sequence

Layer 1 Sediments
pillow lava

Layer 2 and dikes

Layer 3 Cumulate
(basic)

Cumulate

Layer4 (ultrabasic)

Tectonized |
peridotite

Mineral deposits

Massive sulphide deposits

Sulphide minerlazation
(crack filling) Fe — Cu

Sulphide mineralization
(Fe- Cu- Co- Ni)

Chromite
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Stockwork mineralization

Rock types

Korona limestone
PAKHNA Formation
LEFKARA Group

PERAPEDHI Formation
Umber

- .
Lower pillow lavas

Basal Group

Diabase
(Complex of parallel
intrusions)

Plagiogranite

Gabbro

Ultrabasic sequence

Mineral deosits

Phase Il Stockwork
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(Fe-Au- (Cu)

Massive sulphide
mineralizations
Fe-Cu- Zn- Au- Ag

Stockwork mineralizations
Crack filling with Cu- (Ni)

Magmatic sulphide
mineralizations
Cu- (Au-Pt)

Type | of Stratified
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Type |l of tabular and
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of deep mantle

Rock types

Upper volcanic unit (V3)
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Pelagic sediments + metalliferes

Middle volcanic unit (V2)
1.Bayda 2. Lasail 3. Aarja

Lower volcanic unit
(V1Geotimes unit)

Stratified dike complex

Later intrusive complex
(plagiogranite — diorite - gabbro)
Upper level gabbro

(isotropic gabbro)

Stratified gabbro

Stratified unit
“Seismic Moho”

Stratifie ultramafic rocks

“Petrologic Moho”

Mantel tectonite
(Harzburgite- dunite)



Cross-section through Western Mirdita Ophiolite (WMO)—Eastern Ophiolite Belt (EMO) showing
main orogenic events:

Cross-section across Albanides: R (Rubik)- B (Blinisht) - M (Munelle)
i Eastern Mirdita Ophiolites (EMO)

Westem Mirdita Ophiolites (WMO)

1000 m R . Rubik
500 | e |
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(Not to scale)
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Generalised Eastern Mirdita Ophiolite lithostratigraphic-tectonic sections with sulphide
mineralizations. Figure shows polyphase westward thrusting of Spaci-Kurbnesh area onto
Perlat area, which in turn, is thrusted onto Western Mirdita Ophiolite Nappe.
Big thrusts ar associated with a stack of polyphase smaller rank thrust sheets.
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At Northern Column a hypogene sulphide zoning is distinguished: in the lower basalt andesite pillow lavas and sheeted
dyke complex occur stockwork and disseminated copper ores, analogues with “ copper porphyries”, overlain by massive
pyrite ores; at the upper part of andesite basalt and dacite volcanoclastics occur massive and disseminated copper, zinc,
gold, silver ores.

At the Sourthern column, massive pyrite-copper ores are underlain by chloritization-sericitization zones containing gold .




Conclusions
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Cu-Fe sulfides with Zn, Au and Ag of Central Mirdita ore field, are hosted by Western
Mirdita Ophiolites and Eastern Mirdita Ophiolites.

Geodynamic evolution is characterised by following main orogenic events:

a) westward thrusting of Western Mirdita Ophiolite Nappe onto mélange/flysch underlein by
Triassic-Jurassic limestone;
b) westward thrusting of Eastern Mirdita Ophiolites onto Western Mirdita Ophiolite Nappe overlain by

Bathonian—Oxfordian mélange/flysch, associated with a stack of thrust sheets. _ _
Orogenic movements terminate with transgressive Kimmeridgian-Tithonian and Barremian-Aptian

deposits.

In Western Mirdita Ophiolite sulphides occur in extrusive sequence of MORB-type basaltic pillow lavas,
whereas in EMO in Suprasubduction-type extrusive complex, as well as, in gabbroid plutons,
plagiogranite-quartzdiorite intrusions and sheeted dyke complex.

Based in different volcanic units and sulphide types, Eastern Mirdita Ophiolite volcanics can be
diveded in two lithostratigraphic units:

a) the Lower Unit of basalt-andesite pillow lavas hosting massive pyrite ores, underlain by
disseminated veins and stockwork mineralization.

With decrease of cut off grade for copper, the size and reserves of deposit can be increased
significantly.

b) the Upper unit of the andesite-dacite (rhyolite) volcaniclastics hosting massive and disseminated Cu,
Zn, Au, Ag ores. In the sphalerite-chalcopyrite assemblange, the amount of tennantite-tetrahedrite
minerals increas upwards, as do covellite, chalcosite, galena and, particulaarly, Au and Ag values.

The west directed polyphase tectonics has seperated especially EMO different sulphide units creating
high possibilitis for substantial extension against known ores.

Compared with idealised ophiolite and lithologic and mineral deposits column of Troodos, Semail
as well as all previousy published ophiolite columns of Albania, the ophiolite sections are highly
dismemberd by polyphase tectonics, and in this point of view very important for exploration.
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