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Abstract: Base, rare and precious metal deposits are widespread in the Caucasus and Pontides regions.
They are the result of the Phanerozoic evolution of the Tethys Ocean, of various geodynamic settings,
including oceanic, intra-arc, back-arc and island arcs. The various types of mineralization are discussed
in terms of the participation scale of sialic, basaltic crusts and mantle sources. In oceanic settings, cupri-
ferous Cyprus-type deposits occur, where the source of Cu is the mantle. In intra-arc settings, Beshi type
Cu-Zn deposits were formed; the source of Zn is interpreted to be basaltic crust. As for the island arc
and back-arc settings, Cu-Pb-Zn porphyry, stockwork, VMS and vein deposits are common. The source
of Pb is interpreted to be the sialic crust. The rare metals (Hg, W, Sb) are related to post-collisional set-
tings, where sialic crust is important. Mo is also related mainly to post-collisional settings, and it subor-
dinately participates in the island arc settings. Precious metal mineralization (Au and Ag) predominantly
developed in island arc and post-collisional settings. Therefore, in the process of mantle depletion and
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crust formation precious metals (Au and Ag) mainly accumulated in the sialic crust.

Keywords: Tethys, Phanerozoic, metallogeny, Caucasus, Pontides.

1. Introduction

The Caucasus and Pontides are the result of the
Phanerozoic evolution of the Tethys ocean. The
process was terminated by post-collisional activity.
The geodynamic development is clearly reflected
in volcanic activity and base, precious and rare
metals metallogeny. During the Paleozoic, the Te-
thys Ocean was located between the Afro-Arabian
and Eurasian plates. During the Late Paleozoic, the
oceanic slab started its north-verging subduction,
the ocean closed during the Early Paleogene and is
expressed by the Izmir-Ankara-Erzindjan-Sevan
ophiolite suture zone.

The Phanerozoic evolution of the Caucasus and the
Pontides is divided in pre-collisional and post-
collision stages with a variety of geodynamic set-
tings. During the pre-collisional stages, oceanic,
intra-arc, back-arc and island arc settings were
formed with associated metallogeny. After the clo-
sure of the ocean, the Caucasus and the Pontides
evolved into collisional and post-collisional stages,
and was consequently accompanied by a change of
the character of metallogeny.

Base and precious metals in the various settings of
the pre-collisional development are differently dis-
tributed: the oceanic setting is characterized by cu-
priferous ores, with subordinate Zn mineralization,
and devoid of Pb. At the same time, seafloor oc-
currences of the oceanic setting generally contain
only little gold and silver mineralization according
to Rona and Scott (1993). In intra-arc settings, Cu-
Zn mineralization contains subordinate gold, and
in marginal sea-back-arc settings, Cu and Zn can
be accompanied by galena and gold mineralization.
Finally in island arcs, Cu, Pb, Zn, Au and Ag ores
can be accompanied by significant and widespread
galena mineralization. It is noteworthy, that rare
metals such as Hg, W and Sb are absent in pre-
collisional settings. The diversity of distribution of
rare, non-ferrous and precious metals in the vari-
ous geodynamic settings depends on the scale of
participation of sialic, basaltic and mantle sources
in the process of mineralization.

According to Hutchinson (1973), during the Arc-
hean, when the crust only existed as a protocrust
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and the mantle was only weakly differentiated, on-
ly copper-zinc deposits were formed. Later, during
the Proterozoic, when the sialic crust was devel-
oped, lead took part in the mineralization process
and gained economic significance in volcanogenic
massive sulfide (VMS) deposits.

Our aim is to examine mantle, basaltic and sialic
crust influence on the character of mineralization
in the Caucasus and Pontides region. Here during
the process of Phanerozoic evolution, all types of
geodynamic settings were present, including pre-
collisional and post-collisional ones, with appro-
priate mineralization related to settings with pre-
dominant mantle, basaltic or sialic crust participa-
tion. The diversity of geodynamic situations, vol-
canic activity and ore formation of the region gives

us an opportunity to consider and evaluate the rich
variety of data.

2. Phanerozoic evolution and base, precious
and rare metal metallogeny

The diversity of base, precious and rare metal de-
posits, which were formed during the Phanerozoic
evolution of the Tethys described above are pre-
sented in Tables 1 and 2 and and Figures 1 and 2.

During the Late Paleozoic and Early Mesozoic in
the Pontides, above a N-NW subducting slab, a
minor ocean existed, with an ophiolite extrusion
and MORB and island arc (IAT) tholeiites, con-
firmed by immobile element geochemistry. Here,
the Kure complex consists of serpentinized perido-
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Fig.1 Palinspastic cross-section of the Caucasus according to Adamia et al. (1997) with nonferrous,
rare and precious deposits related to different gaodynamic settings.

Precollision settings: 1. Cu-Zn Besshi type deposits of Urup group (intra-arc setting), 2. Pb-Zn vein
deposits of Bechasin zone (island arc setting), 3. Pb-Zn vein deposits of Sadon, Kvaisa, Dzirsha groups
(island arc setting), 4. Cu-Pb-Zn Filiz-Chai type deposits (backarc setting), 5. Cu-Pb-Zn VMS, por-
phyry, stockwork and vein type deposits od Somkhith-Carabakh zone (island arc setting), 6. Cu-Pb-Zn-
Au porphyry, stockwork, epithermal and vein type deposits of Artvine-Bolnisi zone (island arc set-
ting), 7. Cr vein and lens type deposits of Sevan-Akera suture zone (ocean setting), 8. Cu-Pb-Zn-Au
porphyry, stockwork and vein type deposits of Ajara-Trialeti zone (island arc setting), 9. Cu-Mo por-
phyry deposits (Kajaran, Agarac), 10. Hg vein type deposits (Akhey, Avadhara), 11. Mo-W, Mo vein
type deposits (Tirniauz, Karobi), 12. As-Sh-Au vein type deposits (Zopkhito,Lukhumi), 13. Au lode

deposits (Zod, Meghrathzor).
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tite at the base and is overlain by layered cumulate
gabbros, passing upward into isotropic microgab-
bro and into a diabase sheeted dyke complex. The
later is stratigraphically overlain by alternations of
pillow lava, massive lava and lava breccias. Lava
breccias are overlain by shales, which are inter-
preted as semi-pelagic sedimentary rocks accord-
ing to Ustaomer and Robertson (1997). “Cyprus
type” cupriferous pyrite deposits are found along
the lava-sedimentary rock contact, and are ex-
pressed as disseminated and massive ores accord-
ing to Guner (1980). The most significant deposits
are: Asikoy and Bakibaba (Tab.3), massive sul-
fides consisting essentially of pyrite and chalcopy-
rite. Zn and Pb are only present as trace elements.
Thus, the MORB mineralization of the Kure com-
plex, which is a typical Cyprus type deposit, is
characteristic for an oceanic setting.

The Beshi-type deposits of the intra-arc setting, re-
lated to the Urup group, are located in the fore-
range of the Great Caucasus (Figs 1 and 2, Tab. 2).
The intra-arc rift developed above a Paleozoic
subduction, during the closure of the Great Cauca-
sus minor ocean. The Paleotethyan branch is only

represented by the allochtonous relic of its suture
according to Adamia et al. (1981). The intra-arc
rift is characterized by Paleozoic bimodal tholeiite-
basalt-rhyolite volcanic activity and Au-bearing
Cu-Zn Beshi type mineralization. The recent intra-
arc rifts are similar to Fore Range basalts in K/Rb
ratios and TiO, contents and enriched in the most
lithophile and siderophile elements, as tholeiites of
the Red Sea axial trough (Shavishvili 1983). The
ores consist of copper-pyrite, copper-zinc, pyrite
mineralization, with pyrite being prevalent (90-
100%), and chalcopyrite and sphalerite being sub-
sidiary (9%) according to Skripchenko (1972). Sia-
lic crust material did not participate in the minera-
lization process, therefore the ores only contain Cu
and Zn.

During the Lower Jurassic (Liassic), above the
north-verging subduction zone, a back-arc rift ap-
peared along the Southern Slope of the Great Cau-
casus and evolved into a marginal sea. It is charac-
terized by the Filiz-chai group Cu, Zn, and Pb de-
posits, with subordinate gold mineralization (Figs.
1, 2; Tab. 1). The back-arc rifting here is asso-
ciated with slow spreading without ophiolite extru-
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Fig.2 Geotectonic scheme of the Caucasus and Eastern Pontides with metallogeny of nonferrous, rare and precious

metals deposits.

Precollision stage: 1. Urip group of Besshi type (Cu,Zn) deposits, 2. Pb, Zn — vein deposits of the Bechasin zone, 3.
Pb, Zn vein deposits of Sadon group, 4. Filizchai type deposits, 5,6,7- (Lahanos, Madenkoy, Murgul VMS Kuroko
type and polimetallic vein stockwork deposit of the East Pontides metalotect, 8- Cu-Mo porphyry and polymetallic
vein deposits of Merisi group, 9- Au-Cu porphyry, Au —low sulfidation and vein and stockwork polymetallic deposits
of Madneuli and Sakdrisi group. 10, 11, Cu-Pb-Zn VMS, vein and stockwork polymetallic and Cu porphyry deposit of
Somkhit-Carabakh zone (Alaverdi group, Tekhut), 12- Kafan Cu porphyry deposit, 13- Cyprus type Cu deposits of
Kure complex (Asikoy, Bakibaba), 14- Kajaran Cu-Mo porphyry and vein and stockwork polimetallic and stockwork
deposit, 15- Tirniaus W-Mo vein and stockwork deposits, 16- Mo-Karobi, 17- Au lode and stockwork Zod and Mag-
hradzor deposits, 18- Hg Akhei, Avadhara vein deposits, 19- Sb, As, Au Zopkhito, Lukhum vein deposits.
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Table 1. Pre-collision metallogeny of the Caucasus and the Pontides

Metallogenic
Oceanic

Variscan VMS (Cu)

Early
(Lias)

Middle
(Dogger,
Malm)

(Bajocian)

Alpine

Late
(Senonian)

(Eocene)

Deposits

Island arc

Type of mineralization

Okrila (Au) disseminated veins (Au)

Sadon, Zgid, vein, stockwork (Pb, Zn)
Holst
Dzirsha vein (Pb, Zn)
Brdzirsha stratabound (Pb, Zn)
Kvaisa vein (Pb, Zn)
Alaverdi, VMS (Cu, Pb,
Zn)
Tekhut, porphyry (Cu)
Kafan, “—*“ (Cu,Pb,
Zn)
Kedabeck, “—* (Cu,Pb,
Zn)
Karadag, “—“ (Au,Cu,
Pb, Zn)
Kizilbulag, “—“ (Au,Cu,
Ag)
Stockwork and vein
Gosha (Au, Cu, Ag)
Madneuli porphyry, epithermal
Sakdrisi (Au,Cu, Pb, Zn)
Poladauri vien (Fe)
Muraul stockwork and vien
9 (Cu, Pb, Zn)
Madenkoy Kuroko type VMS
Lahanos (Cu, Pb, Zn)
Guzelaila porphyry (Cu, Mo)
Balikasir Balia
. stokwork and vein
Demirbaku (Pb, Zn, Ag, Au)
Altinoluk
Canakkale
Merisi porphyry (Cu, Ag, Pb, Zn)
Gujareti vein, stockwork (Cu, Pb, Zn)
skarn and porphyry
Dzama (Fe, Au, Cu)
Algeti vein (Mn)

Urup,
Khudes,

Pre-collisional metallogenic unites

Variscan

sions, and the seafloor was underlain by thin sialic

crust according to Lomize and Panov (2002),
which is thought to be source of lead in this set-
ting, whereas the source of Zn are the subducted
basaltic slab and slowly spreading basaltic crust.

Beskes

Intra arc

Deposits Deposits
. Type. Of. Deposits . Typ.e Of. Deposits . Typg Of.
mineralization mineralization mineralization
Beshi type VMS oo
Asik VMS (C
(Cu, Zn) sikoi, (Cu)
Bakibaba VMS (Cu)
Filiz-chai type
Filiz-chai VMS
Katkh, (Cu, Pb,Zn)
Artana vein
(Cu, Pb, Zn)
Shorja vein, lens (Cr)

The tholeiites of the marginal sea are characterized
by a low content of REE and a normal chondric
distribution of Nb, Zr, Hf, and Y, but with slight
distinct anomalies of Nb and Ti characteristic for
island arc tholeiites. The ratio 8’Sr/*®Sr of 0.7034 is
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consistent with MORB compositions and is typical
of back-arc and intra-arc basins according to Tar-
ney et al. (1977) and Lordkipanidze (1980). Typi-
cal calc-alkaline volcanic activity preceded the rif-
togenic tholeiitic volcanism and was postdated by
calc-alkaline dacite and gabbro-diorite intrusive
bodies according to Lordkipanidze (1980). The Fi-
liz-chai Cu-Zn-Pb deposit consists of stratiform
ore bodies. The mineralization consists of pyrite
with subordinate sphalerite, galena, chalcopyrite
and pyrrhotite, with minor quantities of marcasite,
arsenopyrite, cobaltite, magnetite and goethite.

Mezo-Cenozoic island-arc settings were formed
above the north-verging subducting slab of the Te-
thys Ocean in the Caucasus and the Pontides. The
settings are characterized by calc-alkaline volcan-
ism and basic metals Cu, Zn-Pb, precious metals
Au-Ag and subordinate Mo mineralizations (Figs

Table 2: Post-collision metallogeny of the Caucasus

1, 2; Tab.1). Jurassic — Bajocian VMS, porphyry,
stockwork and vein type deposits occur in the
Somkhit-Karabakh zone of the Transcaucasus.
They include the Alaverdi group (Alaverdi, Sham-
lug, Akhtala), Tekhut, Kedabek, Karadag, Kizilbu-
lag, and Gosha deposits (Figs 1, 2; Tab.1). The
Somkhet-Karabakh zone is continuing to the north-
west into the Artvin-Bolnisi and the Eastern Pon-
tides zone (Fig.1), which represent a Cretaceous
island-arc setting, with calc-alkaline volcanic rocks
and Cu, Pb, Zn, Au and Ag mineralizations. The
Artvin-Bolnisi zone includes the Madneuli, Tsiteli-
Sopeli and Sakdrisi deposits interpreted as por-
phyry, epithermal low sulfidation, stockwork and
vein deposits with economic reserves of Cu, Pb,
Zn and Au (Fig. 2; Tab. 1).

The same volcanic activity with Cu, Pb, Zn and Au
mineralization took place in the Eastern Pontides

Post-collisional Metallogenic Unites

Metallogenic Epoch Fold-Thrust Belt

Fore-lands

Deposits Type of mineralization Deposits Type of mineralization
Zod Vein, stockwork
Au, Mo, Pb, Cu Chiatura, exhalative-sedimentary (Mn)
Early Chkhari,
(Oligocene) Ajameti
exhalative-sedimentary (Cu, Au)
Meghradzor Au, Mo, Pb Nakhchevan
Kajaran, Agarak porphyry
(Mo, Cu, Pb, Zn, Au)
Avadhara, vein (Hg)
Akhei vein (Hg)
qc: Tsana vein, disseminated (As)
a Middle
< (Neogene) Zopkhito vein, disseminated
(Au, Sh, As, Pb)
Karobi vein, (Mo)
Notsarula vein, (Mo, W)
Tirniauz vein, stockwork (Mo, W)
Lukhumi vein, carline type (Sb, As, Au)
Late Enguri placer, (Au) Araks placer, (Au)
(Quartenary)
Khrami placer, (Au) Ureki placer, (Fe, Ti, V)
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island-arc volcanic series, which include the Mur-
gul group of subvolcanic base metal deposits, the
Madenkoy and Lahanos Kuroko-type VMS and
porphyry Mo-Cu deposits, Guzelaiala, as well as
the Cheratepe gold-bearing polymetallic ores (Fig.
2; Tab.1). All of them contain essential, economic
reserves of Pb derived from sialic crust and calc-
alkaline volcanic rocks, as well as Cu and Zn de-
rived from mantle and basaltic crust. At the same
time in the island-arc setting of the southern slope
of the Great Caucasus, Dogger-Malm Pb-Zn vein
type and stratabound deposits were formed, whe-
reas the Liassic Pb-Zn Sadon, Zgid and Holst vein
type deposits were formed in the main range of the
Caucasus. It is noteworthy that in all deposits there
is a prevalence of galena.

In the Western Pontides, the Upper Cretaceous po-
lymetallic stockwork and vein-type deposits Bali-
kasir Balia, Demirbaku, Altinoluk, and Canakkale-
Handeress were formed. The mineralization is re-
lated to calc-alkaline volcanic rocks and intrusives
of an island-arc settings and are characterized by a
high abundance of galena and precious metals
(Tab.3).

In the Adjara-Trialeti folded zone (Fig.1, 2; Tab.1),
characterized by a Late Eocene island-arc setting
with calc-alkaline intrusive and volcanic series,
Cu, Pb, Zn, Au and subordinate Mo porphyry and
vein-type deposits of the Merisi group were
formed. The sources of the non-ferrous metals are
inferred to be the same as for the above-mentioned
island-arc settings.

The volcanic host rocks of the island-arc deposits
of the Caucasus and the Pontides are characterized
by: low contents of LILE, REE and typical island-
arc flat trends for heavy REE, negative anomalies
of Nb, and Ti, normal chondritic contents of Zr, Hf
and Y, and comparatively high Sr/**Sr ratios of
0.7041 to 0.7045 according to Lordkipanidze et al.
(1988). Thus, the Caucasus and Pontides Phanero-
zoic pre-collisional stage mineralizations are re-
lated to oceanic (MORB), intra-arc, and back-arc
and island-arc settings. In ocean and intra-arc set-
tings, the mineralization is characterized by basal-
tic crust and mantle material sources for Cu and
Zn. Whereas in island-arc settings and along the
southern slope-marginal sea, Cu, Zn, Au and Pb
mineralizations were sourced by mantle and sialic
and basaltic crusts.

The post-collisional Oligocene and Neogene stages
are characterized by fold thrust belts of the fore-

range and the southern slope of the Great Caucasus
and the Lesser Caucasus, where rare metals depo-
sits with W, Hg, Mo, As, Sb, Pb vein-type, stock-
work and porphyry deposits occur, including the
W, Mo Tirniauz, Notsarula, Hg-Avadhara and Ak-
hey Mo-Karobi, Sh, As, Au — Zopkhito and Luk-
humi, and Mo, Cu, Pb, Zn Kajaran deposits (Figs
1,2; Tab 2).

Occurrences of precious metals are known in the
oceanic settings and in intra-arc and back-arc rifts;
however the most significant mineralization and
deposits are related to island-arcs and post-
collisional settings. Hence, during the process of
differentiation and depletion of the mantle, pre-
cious metals were distributed between the mantle,
and the basaltic and sialic crusts, but mainly accu-
mulated in the sialic crust. This is the reason why
the most significant precious metals deposits are
related to island-arc and post-collisional settings,
where sources of sialic crust prevailed during the
process of mineralization. For instance, the richest
gold deposits of the Kuskokuim group of Alaska
are related to the post-collisional stage and are lo-
cated in post-accretion terranes according to Gray
et al. (1997). The orogenic giant gold deposits of
Muruntau, Cumtor, and Chulboi are associated
with rare metal (W, Sb, Hg, Mo) mineralization,
are also related to the post-collisional stage of the
Tethyan ocean evolution. Hence, it is concluded
that the sources of gold and rare metals are in the
sialic crust.

Oceanic intra-arc and back-arc mineralization lack
any Mo and rare metals, as well as Hg, W, and Sb.
The highest grades and reserves of Mo are contained
in the post-collisional porphyry deposits of Kajaran
and Agarak (Tab.2). The post-collisional deposits
contain high reserves and high grades of W, Sb, and
Hg as well. The latter are totally absent in oceanic,
intra-arc, back-arc and island-arc deposits.

By contrast to the belt-thrust structures, where hy-
drothermal Mo and rare metals deposits occur, the
foreland of the Transcaucasus is characterized by
Early Oligocene exhalative, sedimentary Mn depo-
sits at Chiatura, Chkhari and Ajameti, and the
Nakhchevan Cu-Au sedimentary deposits Finally,
Quaternary Au-placers were formed in the valleys
of Enguri and Khrami (Tab.2).

3. Discussion

The geodynamic setting of the Caucasus and the
Pontides and the related metallogeny of the non-
ferrous, rare and precious metals enable us to dis-
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Table 3. Nonferrous, rare and precious metals deposits of the Caucasus and Pontides.

Source of mineralization
1
Mantle
Ashikoy
Bakibaba
Mantle and
basaltic crust

Khudes
Filiz Chai type VMS
Filiz Chai
Katsdag
Kizil Dere
Adange

Kuroko type VMS
Madenkoy

Lahanos

Subvolcanic polimetallic
stockwork
Murgul
Tumiscent stockwork

polimetallic, gold-copperporphyry,
gold (low sulfidation)
Madneuli

Tsiteli Sopeli
Polymetallic stockwork and vein
deposits
Balikasir Balia,

Demirbaku

Altinoluk

Canakkale-Handeresi

Polymetallic stockwork VMS and
vein deposits

Shamlug, Alaverdy, Akhtala, Kafan

Molibdenum-copper porphyry
deposits

Guzelyayla

Merisi

Vein type
Kvaisa
Stratabound
Brdzirsha

Vein type
Avadhara

Akhei
Karobi
Notsarula

Lukhumi

Vein disseminated
Zophito

Tsana
Vein, stockwork

Timiauz

Porphyry
Kajaran

Vein, stockwork
Zod

Vein, stockwork
Mehradzor

Reserves Deposit age

2 3
Late Paleozoic
Early Mezozoic
Ashikoy: 10.9min.t

Urup: 770 th.t Cu,
300 th.t Zn, 2t. Au, 10 th.t Ag, Khudes:

Middle - Upper

Devonian
500th.t Cu, 260th.t Zn, 40t Co, 4t Au
Lowe
Jurassic
Southern slope of Great Caucasus
Upper
Cretaceous
East Pontides
Upper
East Pontides Cretaceous
Lesser Caucasus Upper Cretaceous
West Pontides Upper Cretaceous
Lesser Caucasus Middle Jurassic
East Pontides Upper Cretaceous
Upper Eocene
Lesser Caucasus

Southern Slope of the Great Caucasus Dogger Malm
“ Neogene
Forerange of the Great Caucasus
The Lesser Caucasus “
“ Oligocene

Content of

Host rocks
mineralization
4 5 6
Cu Tholeiite
Trace elements: basalt and Ashikoy
Zn, Pb, V, Ni, black shales
Ti, Cd, Co, As
Cu, Zn, Basalt-rhyolite; Urup
subordinate: spilite- Khudes
Au, Ag, Co andesite-dacite
Tholeiite Back-arc rift
basalts Marginal sea,
Cu, Zn, Pb with sialic bottom
Dacite-rhyolite-andesite Island
tuffs arc
Cu, Pb, Zn
Island
Cu, Pb, Zn Dacite-rhyolite arc
Cu, Pb, Zn, Rhyolite dacite
Au tuffs
Island arc
limestone
metaarcos,
siltstones,
diabases, gabbros,
Pb, Zn, Ag, Ay SChists, marbles of Island arc
Permian Lower Triasian
ages
calc-alkaline volcanic
Cu, Pb, Zn series; andesites Island arc
dacites, rhyolites
Cu, Mo Calc-alkaline Island arc
Volcanics: Basalt,
andesite dacite
Granodiorite and sienite
diorite intrusives and
Calc-alkaline
Volcanics: andesite,
thachyandesite
trachytes
Cu, Zn, Pb, Mo
Island arc
Pb, Zn Black slates Island arc
Pb, Zn Limestones and marls Postcollision
Hg « «
Hg « «
Mo Black shales -«
Mo, W “ “
Sb, As, Au Calcaregus sandstones -
siltsontes
Au, Sb, As, Ag Black shales “
As « «
Mo, W Granodiorite .purphyry, -
rhyolite
Cu, Mo, Zn, Pb Granodiorite p.orphyry, -
montsonites
Au, Mo, Pb, Cu Granodiorite porphyry -

Diorite
porphyry
Au, Mo, Pb, .

Geodynamic setting Source of mineralization

7

Mantle

Great Caucasus

basaltic crust

Mantle
basaltic and sialic crust

Sialic, basaltic crust.

calc-alkaline
volcanics. mantle
influence

Sialic, basaltic crust.calc-
alkaline volcanics. mantle
influence
Sialic, basaltic crust.

calc-alkaline

volcanics. mantle
influence

Sialic, basaltic crust.

calc-alkaline
volcanics. and intrusive
bodies.

Sialic, basaltic crust. calc-
alkaline

volcanics. mantle
influence

Sialic and basaltic crust
and calc-alkaline
volcanics and intrusive
bodies, Mantle influence

Calc-alkaline volcanics
and intrusives

mantle influence

Basaltic and sialic crust

Sialic crust

Reserves
8
Ashikoy: 10.9min.t
ore; grade:2.17%Cu
Bakibaba: 1.9min.t
Middle — Upper
Devonian
300 th.t Zn, 2t. Au, 10 th.t Ag, Khudes: 500 th.t
Cu, 260th.t Zn, 40t Co, 4t Au

Filizchai: 504 th.t Cu, 3.01 min.t Zn, 1.2 min.t
Pb; 20t. Katsdag: 17.3 th.t Cu, 99.3 th.t Zn, 36.0
th.t Pb; Kizildere: 1.07 min.t Cu, 3.2th.t Zn

Madenkoy: 23.06min.t
ore; grade: 2.88%Cu, 0.32%Pb, 4.34%Zn
Lahanos: 2.3 min.t ore

grade: 3.59%Cu
2.38%2Zn
Pb is not calculated
Murgul: 32 min.t ore
grade: 1.32%Cu,
0.1%2n, 0.05%Pb

Madnet 00 th.t Cu, 120 th.t Zn, 40 th.t Pb, 28
t Au, Tsiteli Sopeli: 316 th.t Cu, 24.4 t Au, 91.7t
Ag, 179t Mo

Balikesir Balia: 13.5 min.t. ore
grade: 4.40%Pb, 4.26%2n;

Demirboku: 3.7 min.t

grade: 3.91%Cu, 3.81%2n, 0.25%Pb;

Altinoluk: 271 th.t ore
grade: 8.21%Pb, 6.72%2Zn, 25g/t Ag, 5g/t Au;
Canakkale-Handeresi:
3.7 min.t. ore;
grade: 5.24%pb, 2.05%Zn
Shamlug: 123 th.t Cu, 5 th.t Pb, 14 th.t Zn;
Alaverdy: 125 th.t Cu, Pb and Zn are not
calculated

Akhtala: 6.5 th.t Cu, 19 th.t Pb, 5 th.t Zn

Kafan: 145 th.t Cu Pb and Zn are not calculated

186 min.t. ore

grade: 0.3% Cu

0.012 % Mo
Pb and Zn are not calculated

748 tht Cu, 11 tht Zn, 9 th.t Pb, 859 kg Au, 15
tAg

2,8 min. t. ore;
Pb 56.2 th. t.
250 tht. ore;
15,5th.t. Pb;
23,2tht. Zn
480 th.t.ore;

1353 t. Hg
824 tht. ore;
2546t Hg
55 th.t. ore;

50t. Mo

108 th. t. ore;

50t. W; 2t Au

150 th.t. ore;

11,1 th.t. As; 1,8 th.t.Sb; 1,4 tht Au

231,4th. T. ore; 27,4 th.t. Sb; 8,8 . Au, 39t. Ag

355 th.t.ore;
55"t As
5mint Cu;

1 min.t. Mo;
Pb and Zn are not calculated
1.8 bil.t. ore;
4,48 min.t. Mo
Mo 0,25%
16 min.t ore,
1255t Au,
160t. Ag
Au 6,2 ght,
Ag 10 g/t
1,6 min.tore,
59,8t.Au,
29,7t Ag
Au 8 glt,
Ag 10 g/t
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cuss the sources of mineralization in the various
settings. The mantle source of copper is evident for
cupriferous Cyprus type deposits of oceanic set-
tings. The Kure complex mainly consists of cop-
per ores, and only traces of Zn and Pb. Mineralized
fields of the modern ocean, investigated by Rona
and Scott (1993) and Mozgova et al. (1999), pre-
dominantly contain copper, whereas zinc is subor-
dinate and lead is absent or only present in traces.
Gold and silver can also be present, but there are
not any rare metals, such as Hg, W, Sb, or Mo.
According to Hutchinson (1973), the formation of
Zn-rich cupreous pyrite bodies in oceanic settings
occurs during the early stage of rifting, when rift-
ing between continental plates is small. In this set-
ting, zinc may be derived from adjacent basaltic
crust. Zinc contents decrease in younger (higher
stratigraphic) bodies formed during subsequent
stages, with more advanced rifting. Therefore, the
source of zinc is in the basaltic crust and it is con-
firmed by the fore-range Beshi type Cu-Zn depo-
sits of the Urup group related to intra-arc rifting.
Zinc in the intra-arc setting may be extracted from
the subducted basaltic slab causing stirring up
mantle diapir and intra-arc rifting. However, zinc
is also derived from rifted basaltic crust during
spreading.

Lead mineralization is related to settings with ac-
tive participation of sialic crust, such as island arcs
and post-collisional settings. Economic lead mine-
ralization is also known in the back-arc, marginal
sea of the southern slope of the Great Caucasus,
where participation of sialic crust is obvious. The
marginal sea bottom is underlain by a thin sialic
crust and calc-alkaline acid volcanic rocks accord-
ing to Lordkipanidze (1980), and Lomize and Pa-
nov (2002), which is inferred to be source of lead
in the Filiz-chai Pb-Cu-Zn deposit. Rare metals
such as Hg, W, Sh, and Mo are related to island arc
and post-collisional settings, where sialic crust is
more predominant. Rare metal mineralization is
typically absent in oceanic and intra-arc settings
and is unknown in back-arc situations, where the
role of sialic crust is subordinate.

The sources of precious metals (Au, Ag) minerali-
zation are also interpreted to be ultimately of man-
tle and basaltic crustal source, because their subor-
dinate mineralizations are present in oceanic mine-
ralized fields according to Rona and Scott (1993)
and in intra-arc and back-arc rifts of the Caucasus.
However, the most significant gold mineralization
occurs in island-arc and post-collisional settings,

where sialic crust is predominant. Indeed, the rich-
est gold deposits of the Caucasus are related to isl-
and arc post-collisional settings, including Mad-
neuli, Sakdrisi, Cheratepe, Zod and Meghrazor
(Fig.1; Tab.1). The giant gold deposits of Murun-
tau, Kumtor, Chulboi, Daugiztau, Amantaitau, etc.
are related to the Altaid orogenic collage according
to Yakubchuk et al. (2002), which corresponds to a
post-collisional setting. The gold deposits are as-
sociated with rare metals, including W, Sh, Hg,
and Mo. The mineralization is related to granitoid
intrusions emplaced in the back-arc basin, carbon-
rich sedimentary sequence. Magmatic events up-
graded and added further precious and rare metals
mineralization into structurally favorable traps.

4. Conclusions

The data about base, precious and rare metal mine-
ralization in the various geodynamic settings dur-
ing the Phanerozoic evolution of the Caucasus and
the Pontides allows us to make the following con-
clusions:

1. The ultimate source of Cu must be mantle and
ophiolites. This is confirmed by the Cyprus type
oceanic rift deposits. They exclude any partici-
pation and influence of sialic crust during mine-
ralization. The influence of basaltic crust source
for Zn is subordinate, and occurs mainly during
the first stages of spreading. Zn derived from the
basaltic crust, is significant in intra arc minerali-
zation. Au and Ag, participation is subordinate.
Therefore in MORB and intra-arc settings Cu
and Zn mineralizations are predominant.

2. The source of lead is in sialic crust and in calc-
alkaline volcanic enriched with radiogenic lead.
The content of lead in the basaltic crust and
mantle is thought to be insufficient for produc-
ing essential galena mineralization.

3. In the island arc and marginal sea (back-arc rift)
settings where sialic crust is widespread essen-
tial (economic) reserves of galena and precious
metals occur, as well as Cu and Zn, because ba-
saltic crust and mantle sources always partici-
pate in island arc ore formation.

4. The rare metal (Hg, W, Sb, and Mo) mineraliza-
tions are related to post-collisional settings as
well as precious metals — Au and Ag where sia-
lic crust is a major component.

5. Gold mineralization is common in all pre-
collisional and post-collisional settings. Howev-
er the most significant gold deposits developed
in island arc and post-collisional settings with
abundant sialic crust participation during mine-
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ralization is prevalent. Therefore gold is accu-
mulated in sialic crust and it is the main source
of precious metals.
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