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representative of the SEDEX type pyrite deposits
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Received 31.07.2022: Abstract. The article has been devoted to one of the largest deposits of the southern slope of
Received in revised form 13.09.2022; the Greater Caucasus — the Filizchay pyrite-polymetallic deposit. It has been found that the
Accepted 24.09.2022 main morphology peculiarity of the pyrite-polymetallic deposit of the Filizchay deposit is that

it is a single, compact sheet-like body composed mainly (at 90-95%) by the aggregates of the
sulfide ores which are based on pyrite, sphalerite, galena and to a far lesser extent chalcopyrite and pyrrhotite. The carbonate minerals
played a subordinate role in the deposit composition and quartz, sericite and chlorite — even less. The pyrite —polymetalic ores of the
deposit are characterized by the following main mineralogical-textural varieties of ores: layered-bedded pyrite-polymetallic, massive
sulfur-pyrite, massive pyrite-polymetallic, spotted-disseminated pyrite-polymetallic and vein-disseminated pyrite-polymetallic. The
vein-disseminated ores are adjacent to the deposit on the footwall and are considered as independent bodies. Two industrial-techno-
logical types of ores, oxidized and pyrite-polymetallic, have been distinguished at the deposit. The latter is in turn divided into two
grades: mixed and primary ores. These three varieties of ores differ in the content of the oxidized lead forms. The ores with a content
of the oxidized lead speciation above 60% have been classed as oxidized ores, those from 20% to 60% as mixed and those below 20%
as primary. The Filizchay deposit consists of thin-bedded massive sulfides with shales, siltstones or sandstones interbeds («ore flyschy)
which have been formed exclusively or mainly as a result of the exhalative processes on the seabed and differ from massive sulfide
deposits in volcanic rocks. On the basis of this and also according to the geological structure, the reserves of the valuable Zn + Pb
components of the deposit belong to the SEDEX type that is the most important source of lead, zinc and silver. The deposit had been
developing for a long time starting from the period of sedimentation and up to the ore’s formation of the copper-pyrrhotite stage. The
lower age limit of the mineralization is determined by the presence of the hydrothermal-sedimentary ores of the Upper Pliensbachian.
The upper age limit is established by the presence of the pebbles of the hydrothermally altered rocks and by their sulfide ores in the
conglomerates underlying the deposits of the lower parts of the Upper Jurassic.

Key words: Filizchay pyrite-polymetallic deposit, Southern slope of the Greater Caucasus, mineralogical-textural types of ores, exha-
lative processes, «ore flyschy, SEDEX type, Zn, Pb, Ag — valuable components.

dinizyaiicbke KoI4eaaHHO-N0MiMeTaieBe ponoBuile (IliBrennuii cxun Beaukoro Kaska3y) —
SIK THIIOBUH NMPeACTABHUK KoI4edaHHUX porosunl Tuny SEDEX

H.A.ImamBepnies, H.A.Carrap-3azae

baxuncoxui /lepocasnuii Yuisepcumem, Asepoatioscancoka pecnyonika, baky, inaziml7@yahoo.com

Anoramisi. CrarTss NpUCBSYEHAa OJHOMY i3 HAWOUIBIIMX pOMOBHIN IiBAEHHOTO cxwily Bemmkoro Kaskazy — ®imi3uaiicekoro
KOJTYeaHHO-TIOJIIMETaJIeBOT0 POJJOBHIIA. 3’ ICOBAHO, III0 OCHOBHOIO 0COONMBICTIO MOP(OIIOTIT KOITYEAaHHO-TIOIIMETaIeBOTO MOKIATy
®inizqaiicbkoro pojoBHINA € Te, MO ¢ €IMHE, KOMITAKTHE IUIACTOMOIOHe TiO, CKiajeHe mnepeBakHO (Ha 90-95%) arperaramu
Cynb}iTHUX Py, OCHOBY SIKHX CKJIQJIA€ MIPAT, CHATEPUT, TAICHIT Ta 3HAYHO MEHIIIOI0 MipOI0 XaJIbKOMIpHT Ta mipoTuH. Ilimerty pons
y CKJIaJIi TTOKJIay BiIrparoTh KapOOHATHI MiHEepaaH Ta Il MEHIIEe — KBapll, CEPHIUT Ta XJIOPHUT. I KordefaHHO-TTOTiMEeTaIeBIX
PYI pOIOBHIIIA XapaKTePHi HACTYIHI OCHOBHI MiHEPaJIOTO-TeKCTYPHI Pi3HOBUIU Py IApyBaTO-CMYXKKOBI KOTYeaHHO-TIOJIIMETalIeB],
MAacHUBHI CipYaHO-KOJIYEaHHI, MACHBHI KOJIYeJaHHO-TIONIMETaNIeB, IUIIMHCTO-BKpAIIeH] KoirderanHo-momiMeranesi. [IpoxuinkoBo-
BKpAIUICHI PYIH IPUTYISIOTHCS 10 MOKIamy 3 OOKy Jieskadoro OOKy 1 po3NIsSIaoThCS sSIK caMOCTilHI Tia. Ha pomosumi BuineHO ABa
IIPOMHCIIOBO-TEXHOJIOTIUHI THIH Py OKCHIAHUH 1 KoideqaHHO-ToniMeTaneBuil. OCcTaHHINA MOAUIAETHCS HA [JBAa TaTyHKH: 3MillIaHi Ta
nepBUHHI pyau. Lli Tpu pisHOBHIM pyx PI3HATHCS 3a 3MICTOM OKCHAHUX (OpM CBHHIIO. J[0 OKCHIHHUX BIIHOCSTHCS PYIAH i3 BMICTOM
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OKCUTHHUX (DOpPM 3HAXOMKEHHs CBHHINO Oiibure 60%, 3mimannm — Big 60% no 20% Tta nepBuHHEM — MeHme 20%. dinizvaiicbke
POZIOBHILE CKJIAIAETHCS 3 TOHKOIIAPYBATHX MACHBHUX Cyab(iliB 3 mpolrapkamMH CJIaHIIB, aleBPONITIB ab0 MiCKOBHKIB («pyaHHN
(i), Mo yTBOPWIINCS BUKIIOYHO a00 B OCHOBHOMY B Pe3yNbTaTi eKCTAJLIIHHHUX MPOLECIB HA MOPCHKOMY JIHI 1 BiIPI3HSIOTHCS
BiJI POMOBHIIl MAaCHBHHX CyNb(iliB y ByIKaHIYHUX MOpoAax. Buxoasum 3 1mporo, a TakoXX CyAsdM 3 TeoJIoriyHoi OyIoBH, 3amaciB
HIHHUX KOMITOHEHTIB Zn+Pb pomosumia BinHocuthes 10 trmy SEDEX, 1110 € HaliBaXTHBILINM HKEPEIOM CBUHIIO, IIMHKY Ta Cpibia.
PopioBuinie po3BUBAIOCS JIOBro, MOYMHAIOYM 3 MEPioay OCaTOHAKONMYCHHS 1 aXX IO CTAHOBJICHHS PYJ MiJHO-IIPOTHHOBOIO €TaIy.
HwkHs BikoBa Mea 3pYJACHIHHS BH3HAYAEThCS HASBHICTIO TiIPOTEPMANIBHO-OCATOBHX DYJ BEpXHBOTO IUTiHCOaxy. BepxHs BikoBa
Me)Ka BCTAHOBIIOETHCS 3aBJSKU HAsBHOCTI TalbOK TiIPOTEPMANIbHO 3MIHEHHUX IOPiA Ta 1X Cynb(QiIHUX pyJ Yy KOHITIOMeparax, 1o
MiZICTUJIAIOTh BIJIKJIAJN HU31B BEPXHBOT OPH.

Knrouosi crnosa: @inizuaiicvke xonuedanHo-nonimemanese pooosuwe, Ilisoennuii cxun Benuxoeo Kasxasy, minepano-mexcmypHi munu

DPYO, exceanayitni npoyecu, pyouutl ¢niwe, mun SEDEX, Zn, Pb, Ag — yinni komnonenmu.

Introduction

Pyrite-polymetallic deposits are either concentrat-
ed among magmatic rocks (mainly Ural, Altai, Lesser
Caucasian types) or are localized both among effusive
and sedimentary strata («Kuroko» types) or among
sedimentary shale strata (the deposit localized in the
Jurassic shale strata of the Greater Caucasus).

At present these pyrite deposits families are com-
bined in two groups:

The first of them is closely related to the volcanic
rocks and accepted as a typical classical pyrite. It is
called as VMS (Volcanogenic Massive Sulfide).

The second group is connected with terrige-
nous-carbonate and terrigenous strata. It is referred to
as stratiform Pb-Zn deposits or SEDEX (Sedimentary
Exhalative). At present the SEDEX type deposits are
the main source of zinc, lead and silver.

If the origin of the first group of deposits has been
sufficiently substantiated and the models have been
developed in the literature, then there is no general
consensus for origin of the second group of deposits.
Most geologists support the concept of academician
V.I. Smirnov — about the polygenic genesis of the py-
rite-polymetallic deposits in the Greater Caucasus.

Due to the above-mentioned factors, the develop-
ment and the construction of the geological and ge-
netic 3D models of the ore-forming systems on the
basis of the geochemical data on the boreholes are a
new stage in the study of pyrite deposits. Based on
the detailed mineralogical-geochemical data, the de-
termination of the ore formation stages, their referral
to a particular pyrite deposit type (VMS or SEDEX)
and the clarification of the source of the ore-forming
systems are highly relevant to modern geology.

Geological structure of the Filizchay deposit.
According to the data of T.N.Kengerli, the Alpine
mountain-fold structure of the Greater Caucasus oc-
cupies the northern part of the Caucasian isthmus and
it extends from the Taman up to the Absheron Penin-
sula for a distance of 1300 km at the maximum width
of 150 km (Geologiya Azerbaydzhana, 2005; Ken-
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gerli, 2009). According to the data obtained by this
author, in the modern structure, the Greater Caucasus
is represented as a complex folded-cover structure
which formed as a result of the late Alpine tectonic
movements from three main Mesozoic structures —
the North Caucasian and South Caucasian (Transcau-
casian) continental microplates and the vast margin-
al-marine basin Tethys which separated them.

The deep faults or structural seams, the Main Cau-
casian in the north and the Krasnopolyan-Zanginskiy
in the south correspond to the boundaries between
these macrostructures. They are mapped as southward
deep overthrusts with a great amplitude in the mod-
ern structure of the consolidated crust and the Alpine
cover.

The analysis of the facies and thicknesses of the
geosynclinal sedimentary and magmatic complexes
across the strike of the main structures of the me-
ga-antclinorium of the Greater Caucasus formed the
basis for the definition of the following longitudinal
structural-formational zones (from north to south)
within the Belokan-Zakatala ore region and general-
ly the southeastern segment of the Greater Caucasus
(Shikhalibeyli, 1956; Shikhalibeyli and Karabanov,
1979).

1. Metlyuta-Akhtachay; 2. Tufan; 3. Sarybash; 4.

Durudzhin.

The geological position of the Katsdag-Filizchay
ore cluster is determined by its location on the west-
ern flank of the Belakan-Zagatala ore region, where
it is confined to the junction region of the Tufan
and Sarybash structural-formation zones along the
Kekhnamedan deep zone of the faults. The terrige-
nous deposits of the Upper Pliensbachian (Filizchay
series), Lower (Murovdag series), and Upper (Djikh-
ikh series) Toarcian are exposed within the ore cluster
in the Tufan zone, (Fig. 1). They form the Katsdag
linear anticline of the first order enclosing the similar-
ly-named deposit.

The lithological-stratigraphic characteristics of
the terrigenous complexes of the deposit are charac-
terized by the following peculiarities:
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a) all defined strata are distinguished by facies stabil-
ity and to a lesser degree by thicknesses;

b) the rhythmicity of the sections’ structure has a
clearly marked flyschoid character, most fully rep-
resented in the flyschoid packets of the Filizchay
series of the Upper Pliensbachian and the least
clearly defined in the Murovdag series of the
Lower Toarcian;

c) the amount of the sulfide disseminations, concre-
tions and septarian nodules (mainly pyrite com-
position) increases naturally from top to bottom
from the Toarcian up to the Pliensbachian, reach-
ing a maximum in the third band of the clay shales
of the Pliensbachian (the Filizchay series) enclos-
ing the stratiform pyrite deposit of the field;

d) contrarily, metamorphism grows in the opposite
direction from the Pliensbachian to the Toarcian
which is explained by the covering of the Toar-
cian terrigenous strata by the Kekhnamedan shear
zone.

The structural position of the Filizchay deposit is
defined by its confinement to the junction region of
the northern flank of the Karabchay coffer-shaped an-
ticline with the Kekhnamedan upthrow-thrust, com-
plicated by the Belakanchay local transverse inver-
sion uplift. The main elements of the deposit structure
are: the core of the Karabchay anticline, its northern
flank and part of the Kekhnamedan shear zone which
are covered by the indicated transverse uplift. The
peculiarities of these main elements of the structure
determine the main features of the Filizchay deposit
structure.

The deposit area covers a small part of the vast
core of the Karabchay anticline — its northern band
of the transition to the wing is complicated by the
Belakanchay transverse uplift. According to the axi-
al plane of the Karabchay anticline, its core extends
transversally for about 2 km and it is composed of the
Filizchay series deposits. The peculiarities of the in-
ternal core structure are established well enough due
to the presence of two packets of the sandy flyschoid
in its composition. The Filizchay series deposits in the
considered part of the Karabchay anticline core have
intensively folded into the single sufficiently extend-
ed (up to 1.5 km in the sublatitudinal direction) linear
subsidiary anticline of the east-west trending which
is termed Filizchay. This anticline limbs have been
composed of the third ore-bearing band of the clay
shales and the upper packet of the sandy flyschoid but
the core is composed of the second band of the clay
shales. The axial plane of this anticline is subvertical
and it is observed subparallel to the main box-shaped
anticline (Baba-zade and Agayev, 1999).

Morphology and internal structure of the ore
deposit. The main peculiarity of the pyrite-polymetal-
lic deposit morphology of the Filizchay deposit is that
it is a single, compact sheet-like body which is main-
ly composed (at 90-95%) of sulfide ores aggregates
which are based on pyrite, sphalerite, galena and, to
a much lesser extent chalcopyrite and pyrrhotite. The
carbonate minerals are of a subordinate importance
in the deposit composition and quartz, sericite, chlo-
rite — much less.

The ore body occurs among the monotonous clay-
ey shales of the upper — third band of the Filizchay se-
ries. Here the deposit is confined to the thick ore-bear-
ing horizon, the boundary of which is laterally deter-
mined by the boundaries of the Belakanchay trans-
verse uplift, where ore-bearing clay shales are facially
replaced by sandy flyschoid (Fig. 2).

The structural position of the layer-like pyrite de-
posit is determined by its confinement to the central
part of the north flank of the Karabchay east-west
trending anticline. According to the occurrence with
the northern flank of the Karabchay anticline, the de-
posit extends with 80-85° azimuth and decreases in
accordance with the general dip of the northern flank
to the north-north-west of 350-355° at an average an-
gle of 35-45°. The most extended transverse flexure
bends which complicate the north flank of the anti-
cline in the west and east, respectively are the western
and eastern limits of the deposit.

The main mineralogical-textural varieties (natural
types) of pyrite-polymetallic ores characteristic of the
deposit are as follows: layered-banded pyrite-poly-
metallic, massive sulfur-pyrite, massive pyrite-poly-
metallic, spotted-disseminated pyrite-polymetal-
lic and vein-disseminated pyrite-polymetallic. The
vein-disseminated ores are adjacent to the deposit on
the footwall and they are considered as independent
bodies (Akberov et al., 1982).

Two industrial and technological types of ores:
oxidized and pyrite-polymetallic ones have been
identified at the Filizchay deposit. The latter is divid-
ed into two grades: mixed and primary ores. These
three varieties of ores differ in the content of the oxi-
dized lead forms. The ores with a content of oxidized
lead speciation above 60% have been classified as ox-
idized, from 20% to 60% as mixed and less than 20%
as primary.

The oxidized ores spreading to a depth of up to
100 m from the boundary of Quaternary deposits have
an insignificant development in the field and they oc-
cupy 0.5% of the volume of the balance ores. The
thickness of these ores is of uneven nature and varies
from 2 up to 45 m (visible).
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Column

System
Period
Subseries
Series
Index
Thickness in m

Characteristics of rocks

Toar
Gubakh
Jwtuz

750-970

Massive, fine-coarse-grained sandstones (thickness from 2-3 to 10-
20 m), with clay shale packages, interchange in the area by
alternating layers of fine-medium-grained sandstones, sorted
(thickness from 1-2 to 3-5), clay shale packages (from 10 to 30 m)
and units of fine and coarse flyschoids (from 5to 20 m)

Jurassic
Lower

Filizchay

Clayey and silty shales with members of fine and coarse-rhythmic
sandy-argillite flyschoids (from 10 to 70 and more) by four ore-
bearing horizons. The Filizchay ore deposit is confined to the upper
4th horizon (shaded)

Pliensbach

Balakenchay

Alternation of units of small and medium-grained sandstones (20-50
m), fine and coarse * flyschoids (from 10 to 80 m) and packages of
clay shales containing horizon of argillaceous-siderite nodules
(from 40to 100 m and more)

Fig. 1. Stratigraphic column of the ore-bearing deposits of the Filizchay-Attagay facial subzone of the Sarybash structural-formational
zone (the South part of the Katsdag-Filizchay ore cluster). Scale 1:10,000 (compiled by N.A. Sattar-zade).

400

500

600
700
800 w

900

1200

1250m
—
Fig. 2. Ore body morphology in the different horizons
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Taking into consideration that pyrite is of the main
importance in the composition of the ore deposit, the
reactions in the oxidation zone occur with a greater
proportion of sulfuric acid. Depending on the differ-
ent migration abilities of compounds of the individu-
al elements, the concentrations of some components
(lead, gold, silver) are increased in the oxidation zone
while others (copper, zinc) are removed from this
zone. In this regard, oxides and hydroxides of the iron
(limonite, goethite, hydrogoethite, jarosites) formed
due to pyrite as well as numerous oxidized forms
of lead and accompanying silver and gold play the
main role in the composition of the considered ores. A
significant proportion of the opper and zinc minerals
was removed from this zone due to the transforma-
tion of their sulfide forms into easily soluble sulfates.
The maximum amounts of the mentioned elements in
the individual samples taken from the oxidation zone
of the Filizchay deposit are: copper — 0.27%, zinc —
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0.45%, lead — 55.5%, silver — 772.9 ppm, gold — 14.2
ppm. Among these elements, the concentrations of
lead, silver, gold are worth attention. Their aver-
age-weighted contents are: 3.45%, — 160.1 ppm and
6.1 ppm, respectively in the considered zone of the
deposit. The oxidized lead minerals have been main-
ly represented by anglesite, cerrusite, plumbojarosite,
beudantite and etc. The limited amount of the cop-
per and zinc minerals is represented by a wide range
of the oxidized compounds. The malachite, azurite,
chalcanthite, chalcosine, covelline, native-copper and
etc. are found among the coppers but goslarite, cala-
mine, smithsonite and etc. are found among the zincs.

The mixed ores zone is located below the oxidized
ores. These ores occupy 2.2 % volume of the balance
reserves of the deposit. They develop even more lo-
cally and change the oxidized ores along the fall of
the deposit. They are mainly developed in zones of
intense fracturing and crushing. The transition from
mixed to primary pyrite-polymetallic ores is not clear
and it has flexuous character.

They cover the zone of the secondary sulfide en-
richment of the deposit. These ores are characterized
by partial touching of the primary ore minerals with
oxidation products. The presence of so-called friable
ores is characterized for zone of the mixed ores of the
deposit. The last ones in the form of small «pockets»
are developed along tectonically crushed ores. These
«pockets» have been composed by loose and fine
grains aggregates that usually correspond to the grain
sizes of this mineral in the primary ores. The transi-
tion of pyrite to melnicovite and marcasite is often
observed (under a microscope) in the loose ores. This
is especially clearly observed in adit of Ne6 where
melnicovite has been widely developed. Here it forms
separate lenticular accumulations with a thickness
reaching up to 0.5 m. The pyrite is the most devel-
oped in the mineral composition of the mixed ores
as well as in primary pyrite-polymetallic ones. The
sulfides of zinc, lead and copper are commonly found
but the role of the secondary minerals of lead and es-
pecially copper is increasing. The supergene copper
minerals (chalcosine, covelline, bornite) developed in
this zone. They were formed as a result of the chalco-
pyrite replacement. The amount of the secondary lead
minerals (anglesite and cerussite), the characteristic
companions of the oxidized ores, varies in the mixed
ores over a rather wide range. However, it isn’t great-
er than 60%, mainly 20-40% of the total lead content.

The primary pyrite-polymetallic ores that com-
posed of the individual texture-mineralogical varieties
occupy the main volume of the ore deposit (97.3%) and
they are located below the mixed ores. The ores of the

Filizchay deposit being localized in the Lower Jurassic
clay-sand deposits are similar to pyrite ores occurring
in the sedimentary exhalative deposits according to the
general peculiarities of the mineral composition and
the structures of the ore masses. Firstly, this similarity
consists in the significantly sulfide composition of the
ores and in the sharp predominance among sulfides —
pyrite, sphalerite, galena in the primary metacolloidal
composition of the ore mass.

Pyrite is the most common ore mineral. Chalco-
pyrite, galena and sphalerite are present in industrial
concentrations. The minor and rare minerals are char-
acterized by the pyrrhotite, arsenopyrite, gudmundite,
sulphosalts of antimony, arsenic and bismuth (wolfs-
bergite, fahl ore, geocronite, jamsonite, boulangerite,
etc.), tellurides of gold and silver (tetradymite, al-
taite, petzite, etc.). The iron oxides — magnetite and
goethite can be found. The nonmetallic minerals are
characterized by carbonate, quartz, biotite, actinolite,
and residual minerals of host rocks — hydromica, il-
menite and organic matter.

It can be expected that according to the miner-
alogical and geochemical peculiarities the Filizchay
deposit ores combine the features of the Cyprian and
Kuroko type deposits. The high iron content (average
36.0 %) connected mainly with pyrite as well as oth-
er siderophile components (Co, Ti, Mn) characterize
the first mentioned features while high concentrations
of lead and zinc at a relatively low content of copper
characterize the latter mentioned features. However,
unlike these deposits, the direct relationship between
mineralization and magmatism is not observed in the
Filizchay deposit and they are close to sedimenta-
ry-exhalative deposits according to the mineral com-
position and the content of zinc, lead and silver.

The research into the textural and structural pecu-
liarities and the sequence of mineral separation in the
ores of the Filizchay pyrite-polymetallic deposit will
allow us to give an overall picture of the deposit’s for-
mation. The ore deposit’s formation occurred in two
stages. The first stage begins with the deposition of
pyrite masses from solutions followed by the super-
imposition of lead, zinc and copper sulfides and ends
with the formation of pyrite-polymetallic ores. The
copper-pyrrhotite ores’ formation corresponds to the
second stage. Generally, the ore deposition of the sec-
ond stage occurred at high temperatures as evidenced
by the association with pyrrhotite and chalcopyrite of
such high-temperature minerals as biotite, actinolite,
and magnetite.

The detailed mineralogical mapping of the sep-
arate types of ore and the microscopic examination
of the minerals composing them showed that the ore
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deposit formation occurred in the several pulsation
stages of the mineral formation

The main pyrite mass of the deposit was formed
with nonmetallic minerals represented by quartz, car-
bonate and in a subordinate amount by chlorite and
sericite in the first stage.

The second stage being more productive is char-
acterized by the injection of hydrothermal solutions
from which Cu, Pb, Zn sulfides were formed at the
beginning. The decrease in the amount of the men-
tioned metals and an increase in As, Sb, and B in the
hydrothermal contents are established towards the
end of the process. The circulation of solutions en-
riched in lead and zinc occurs after crystallization and
recrystallization of pyrite gels and slight crushing of
the transformed aggregates. They are accompanied by
partial dissolution and redeposition of pyrite with the
formation of characteristic skeletal metacrystals.

The third stage of the mineral formation corre-
sponds to the formation of rare-metal ore formations
of the vein type. The cracks, where ore veins have
localized, indicate that the fragmentation of the pre-
viously formed ore body at certain time intervals was
preceded by the formation of these veins.

Finally, the formation of the minerals complex of
the copper-pyrrhotite ores being secant in regard to
pyrite ores can be referred to the fourth final stage in
the general mineral formation plan.

The several generations of the same mineral oc-
cur in each stage. The tectonic movements were ac-
companied by crushing the previously formed min-
eral complexes, the host rocks were preliminary to
the mineral’s deposition of each stage. The cavities
which originated in them were filled with minerals of
the next mineralization stage.

The impact of the post-ore tectonic phenomena
on mineral complexes is insignificant and it has re-
sulted only in the crushing of some minerals along
intense tectonic faults and even then not everywhere.
The first, third and fourth stage complexes of ore for-
mation are represented by associations of paragenetic
minerals connected with a common character of for-
mation conditions from a single solution at approxi-
mately the same time.

In the second stage of the mineral formation two
paragenetic associations are conditionally distin-
guished on the basis of the well-marked difference in
their mineral composition. The nature of the mineral
groups formed at the beginning and at the end of the
hydrothermal process of this stage indicates that each
group corresponds to separate «mineral equilibrium
stages» and that they can be considered as indepen-
dent mineral associations.
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The paragenetic associations of the pyrite-poly-
metallic formations of the Filizchay demonstrate a
significant similarity with the mineral associations of
the classical pyrite deposits formed in the sedimenta-
ry basins. The differences are only that the high-tem-
perature chalcopyrite is absent in the pyrites of the
early Filizchay generation and there is a complex of
composite sulphosalts separating into independent
paragenetic mineral associations.

The pyrite-polymetallic deposits were formed in
three stages according to N.K. Kurbanov et al. (Kur-
banov et al., 1976, 1983; Kurbanov, 1982, 1986).
Firstly, the exhalative-sedimentary process occurred
according to the «Krasnomorskiy» model in the Low-
er-Middle Jurassic period. At the second stage, the
pyrite-polymetallic association was formed in the
Filizchay deposit. This happened after the formation
of folding, cleavage and faults. According to the opin-
ion of these authors, this stage is connected with the
formation of the island-arc magmatic formation and
the island arcs formation. Minor gabbro-diorite intru-
sions developed and late copper-pyrrhotite-polyme-
tallic deposits were formed after folding. According
to the opinion of this scientist this stage represents
industrial interest. The quartz-chlorite-carbonate-pyr-
rhotite-copper polymetallic vein mineralization was
developed at the third stage. Therefore, the combined
deposit was formed at Filizchay. The results of the
conducted investigations of the Central Research In-
stitute of Geological Prospecting staff in our opinion
are of interest according to the lithofacies and paleo-
geographic environment of the deposits’ formation
on the Southern slope of the Greater Caucasus. Ac-
cording to their opinion, this situation predetermined
the exhalative-sedimentary formation of the ores of
the first type which occurred in the consedimentary
troughs. Moreover, the ores were deposited in the
deep-water troughs in the Kizil-Dere deposit but they
were deposited in the isolated basins of the trenches
on the continental slope in Filizchay. As noted below,
at present such setting of the pyrite-polymetallic ores
formation is called SEDEX.

Filichay pyrite-polymetallic deposit is a typical
representative of the pyrite deposits of the SEDEX
type. According to V.I. Smirnov (Smirnov, 1968), the
ores composed mainly of the iron sulfides refer to the
pyrite deposits. Pyrite, pyrrhotite and marcasite as the
massive or disseminated ore predominate sharply in
all pyrite deposits. They are associated with sphaler-
ite, chalcopyrite, galena, fahl ores, bornite and other
ore minerals.

As mentioned above at present the pyrite depos-
its’ family is divided into two distinct groups accord-
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ing to the composition of the ore-bearing formations
(Smirnov, 1968; Tvalchrelidze, 1978). One of them
is closely associated with volcanogenic formations
and one might say it is classical pyrite. It is just an
analogue of VMS (Volcanogenic Massive Sulfide) de-
posits in the western terminology. They are called as
the pyrite-polymetallic deposits. Their formation is
connected with underwater hydrothermal activity of
the volcanic nature.

The other group is closely connected with ter-
rigenous and terrigenous-carbonate sequences with
insignificant development of the vulcanite and it is
as an analog of SEDEX (Sedimentary Exhalative)
deposits. The volcanogenic formations are poorly de-
veloped in them. Often this group of deposit has been
called stratiform Pb-Zn deposits. At present time SE-
DEX-type deposits are the main source of zinc, lead
and silver (Goodfellow and Lydon, 2007; Large and
Walcher, 1999; Lobanova and Nekosb, 2017).

The mineralized waters and brines of the internal
strata, leaching the metals from terrigenous sedimen-
tary rocks and the underlying basement, are the source
of the metals and the mineralizing solutions for SE-
DEX deposits. The fluids obtained their salinity as the
result of the marine water evaporation and perhaps
they were mixed with meteoric and pore water that
had been squeezed out of the deposits. Such metals
as lead, copper and zinc are found in trace amounts in
the fragmental and magmatic rocks (Candela, 2003).

New data on the geological structure of both
groups of deposits (SEDEX and VMS) and modern
hydrothermal systems obtained during last 20-30
years show their significant differences. The most im-
portant of them are the composition of the ore-bearing
rocks mass and the absence of the direct connection
with volcanism for SEDEX-type deposits in contrast
to VMS-type deposits, the formation of which is as-
sociated with underwater hydrothermal activity of the
volcanogenic nature. Moreover, in contrast to the py-
rite-polymetallic deposits of the volcanic association
(VMS), the stratiform lead-zinc deposits with rare
exceptions do not contain commercial copper accu-
mulations in the terrigenous and terrigenous-carbon-
ate sequences (SEDEX) but then they have the high
silver contents in the ores.

According to the geological structure and geo-
dynamic conditions of formation, the Besshi-type
pyrite deposits can be an intermediate link between
these two groups (VMS and SEDEX) (Lobanov,
Yakubchuk, 2014). They can be found in the areas
of SEDEX deposits’ development (for example the
Sullivan basin) but they differ from them in the ores’
composition (Dergachev, Yeremin, 2008). Based on

the mineralization scale and formation conditions, the
deposits of the metal-bearing sediments are the close
modern analogue of SEDEX-type deposits in the rift
zone depression at the bottom of the Red Sea. The
depression dimensions reach 5x14 km with a maxi-
mum depth of 2,170 m. Under the conditions of the
oxygen-free basin the metals are deposited as the thin
layers of the ferruginous sediments and sulfides form-
ing layered deposits of the pyrite ores within its lim-
its. The average content of Zn within such deposits is
2.8-5.05%, iron — 23.5-35.5%; gold concentration is
about 1 ppm, silver — 80 ppm. The total zinc and silver
reserves are estimated at about 2.5 million tons and 9
thousand tons respectively in the depression.

Besides SEDEX, VMS- and MVT (Mississippi
Valley-Type) type deposits (stratiform deposits in
the carbonate formations) are of great importance in
the world balance of Pb and Zn. These deposit types
(SEDEX, VMS and MVT) contain about 70-80 %
of the total world reserves of Pb and Zn (Lobanova,
Nekosb, 2017).

The latest obtained geological and geochemical
data show that the first two types of deposits (SE-
DEX, VMS) are significantly different. Firstly, these
deposits are different in the composition of the en-
closing strata and there isn’t a direct connection with
volcanism. They present as lead-zinc deposits, being
rich and poor in copper, which have formed at lower
temperatures (less than 260°C). SEDEX deposits are
thin-bedded massive sulfides with shales, siltstones
or sandstone interlayers that are typical of the deep-
sea turbidites (Fig. 3). These deposits do not contain
high-commercial copper content but high silver con-
tent is usually observed.

The VMS type deposit — the pyrite-polymetallic
deposit of the volcanic association is connected with
underwater hydrothermal activity of the volcanogenic
rocks. VMS deposits present usually the massive len-
ticular bodies that are underlain by the discordant vein-
type mineralization and by the altered volcanic rocks.

Table 1 shows the content of the ore components
formed in the different geodynamic settings.

As can be seen from this table, the ore metal de-
posits of the SEDEX type differ from other deposits
formed in other geodynamic conditions.

In Russia the pyrite-polymetallic deposits of the
VMS type are divided into Ural (deposits of Gayskiy,
Uchalinskiy, Podolskiy, etc.) and Rudno-Altai (de-
posits of Rubtsovskiy, Korbalikhinskiy, etc.).

As noted by A.A. Marakushev (Marakushev et
al., 2011), «an association of the pyrite-polymetallic
ores with copper-pyrrhotite ores has been described
in Caucasian deposits for example in the Filizchay
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Towards a SEDEX model
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Fig.3. Typical model of the SEDEX deposit. According to (Sedimentary_exhalative deposits).

Table 1. The content of the ore components formed in the different geodynamic settings. According to (Candela, 2003).

Deposit types Primary ore metals Other metals
SEDEX Zn, Pb, Ag Cu, Ba, Sn, Au
VMS Cyprus Cu S, Fe, Cu, Au, Ag, Zn, Co, Cd, Pb
VMS Kuroko Cu, Pb, Zn, Ag, Au S, Fe, Ba, As, Se, Cd, Sn, Bi, B
Besshi Cu, Zn, Ag, Co S, Fe, Pb, Ni, Mn, As, Sb, Sn, Mo, B
Island-arc porphyry deposits Cu, Mo, Au Re, S, Fe, As, Se, Bi, W, B, Sr, Zn, Pb, Co, V, PGE, Sn
Continental rifts — magmatlc Ni-S Cu, Ni, PGE, Co S, Fe
deposits
Island arc epithermal Cu, Au, Ag As, Sb, Hg, Pb, Zn, Cu, Ba, F, Mn, Mo, Se

deposit. It has been represented by the rhythmical-
ly laminated layer of the solid copper-lead-zinc ores
with barite and with the superposition of the cop-
per-pyrrhotite ores. The latter also form independent
deposits (Katsdag, Kizil-Dere, Adange) referring to
the pyrite ores formation. They differ fundamentally
from the Ural copper-pyrrhotite oresy.

Considering the above-mentioned we may con-
clude that the Filizchay deposit belongs to the SE-
DEX type.

Below we present some peculiarities of the SEDEX
type pyrite deposits according to the literature data.

The sedimentary exhalative deposits (SEDEX de-
posit) are zinc-lead deposits which have been initially
interpreted as formed by the release of the metal-bear-
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ing basin fluids on the seabed resulting in the depo-
sition of the mostly sheet-like ores, often with thin
interlayers of the sulfide minerals (140).

The term of SEDEX or «sedimentary exhalative»
is a common name that shows the modern understand-
ing of the genesis of these deposits as being formed
by the sulfides’ precipitation from the hydrothermal
fluids released or «exhaled» onto the seabed.

SEDEX deposits consist mainly of the fragmen-
tal rocks deposited in the intracontinental rifts or in
the collapsed rift basins and the passive continental
margins. Because these ore deposits often form mas-
sive sulfide lenses they are also called massive sulfide
deposits in sedimentary rocks (SHMS) in comparison
with the massive sulfide deposits in volcanic rocks
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(VMS) (Large, Walcher, 1999). The sedimentary
view of the thin layers led to the early interpretations
that the deposits were formed exclusively or mainly
by the action of the exhalative processes on the sea-
floor .From here followed the SEDEX term. However
recent research of numerous fields shows that shallow
subsurface displacement is also an important process
being predominant in some fields and having only lo-
cal release to the seabed.

Therefore, in today’s usage, the term SEDEX
should not be understood to mean that the hydrother-
mal fluids have actually seeped into the overlying
water column although in some cases this may have
occurred (Emsbo, Poul, et al, 2010; Wilkinson, 2014).

The main ore minerals of SEDEX deposits are fine-
grained sphalerite and galena. Chalcopyrite occupies
a significant place in some deposits. Pyrite is always
present and may be minor component or dominant sul-
fide, as is the case of the massive sulfide bodies. The
barite content is from total to absent. The SEDEX de-
posits are the most important source of lead and zinc as
well as the main source of silver and copper.

SEDEX deposits are distributed in various ore
provinces of the world and they have sufficiently
large reserves. Thus, one can note firstly «Zinc Belt
of Australia». In this belt there is a large deposit of
lead and zinc «Broken Hill», where the Zn + Pb re-
serves are about 52 million tons. The Canadian Cor-
dillera deposits (Zn + Pb reserves — 67 million tons)
for example the Sullivian deposits are in North Amer-
ica. Besides the above-mentioned, large deposits of
this type are noted in India, China, Germany, Russia
and Kazakhstan. In Russia in contrast to the Ural and
Rudno-Altai types, SEDEX deposits include Siberian
deposits — Kholodninskiy, Gorevskiy, Ozerniy. Ac-
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