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INTRODUCTION

Relevance of the work. Almost all commercial deposits and the
most of ore occurrences of pyrite-polymetallic ores of the Saribash
structural-formational zone are concentrated in its central part, corre-
sponding to the Katsdag-Filizchay ore cluster on the southern slope
of the Greater Caucasus. It is located mainly in the section of black
shale strata of the Upper Pliensbachian and the Toarcian of the Early
Jurassic and Aalenian of the Middle Jurassic. These formations con-
tain two genetically related ore formations: pyrite-polymetallic and
copper-pyrrhotite. Deposits of both formations are the objects of ex-
ploitation, in this case, the greatest practical importance is given to
pyrite-polymetallic mineralization.

The state of study of majority of ore objects in the region does not
allow for an unambiguous assessment of their practical significance.
Therefore, the mineralogical and geochemical modelling of the Filiz-
chay pyrite-polymetallic deposit is a main aim. Solving this issue will
allow for more focused and efficient geological exploration, which
will contribute to the successful fulfillment of the task at hand.

Based on the above, the development and construction of geolog-
ical-genetic 3D models of ore-forming systems based on geochemical
data of drill holes is a new stage in the study of pyrite deposits. Based
on detailed mineralogical and geochemical data, identifying the stag-
es of ore formation, assigning deposits to any type of pyrite objects
(VMS or SEDEX) and elucidating the sources of ore matter is a very
relevant area in modern geology.

The purpose of the research is the mineralogical and geochemi-
cal modelling of the Filizchay pyrite-polymetallic deposit, more spe-
cifically:

- Building 3D models for individual ore-forming elements based
on detailed complex geological-mineralogical-geochemical data;

- identification of geochemical anomalies, geochemical zoning
based on the ratios of element concentrations;

- elucidation of the formation mechanism of the pyrite-
polymetallic deposit of the Filizchay field.



The dissertation work provides solving the following objectives
to achieve this aim:

1) detailed study of the distribution of ore-forming and accompa-
nying elements in ores to identify geochemical zoning along the up-
dip of the ore field and geochemical anomalies;

2) study of textural and structural features, mineral composition
and paragenetic mineral associations;

3) building geochemical 3D models for individual ore-forming
elements (Zn, Pb, Ag) using the “Leapfrog Geo” program,;

4) based on complex mineralogical and geochemical data, eluci-
dation of the genesis of the Filizchay field.

Factual material and research method. The dissertation work is
based on factual material obtained by the author at the prospecting
stage and throughout the preliminary exploration stage, as well as
during the process of thematic work in 2014-2024. The work meth-
odology consists of geological mapping of the field, compiling a
stratigraphic column of ore-bearing sediments of the deposit area,
geological and structural observations in surface and underground
mining using petrographic, mineralogical and geochemical research
methods. More than 250 thin sections and 100 polished sections, as
well as numerous lump samples, were studied. The structural and tex-
tural features of the ores are characterized. The contents of the main
ore-forming elements of the field and some impurity elements of its
main sulfides were determined using X-ray fluorescence Micro-
spectroscopy. The results of more than 8000 spectral and 850 chemi-
cal analyzes of ores obtained from the core material of exploratory
wells were studied and analyzed, and geochemical 3D models for in-
dividual elements were built on the basis of the program “Leapfrog
Geo”. Data on the sulfur isotopic composition of pyrite, sphalerite,
galena and pyrrhotite were used to elucidate the genesis of the field.
Parallel to this, an analysis of the materials of geological surveying,
prospecting, exploration, geophysical and thematic work was carried
out in the area by teams of geologists of the Main Caucasus Expedi-
tion of the National Geological Service of the Ministry of Ecology
and Natural Resources of the Republic of Azerbaijan. Histograms in
the distribution of these elements were created and computer pro-
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grams were used to identify correlations between various chemical
elements. According to the value of the correlation coefficients, two
associations of chemical elements were observed in the ores of the
fields using cluster analysis: 1) Cu-Bi-Sb-Co-Se and 2) Zn-S-Au-Pb-
As-Ag-Cd. Analytical work was carried out in the laboratories of the
Geological Service of the Ministry of Ecology and Natural Resources
of Azerbaijan, the Caucasian Institute of Mineral Raw Materials
(Thilisi) and in the laboratory of X-ray fluorescence micro-
spectroscopy analysis of the State Control Service for Precious Met-
als and Stones of the Ministry of Finance of the Republic.

Scientific novelty of the research:

1. It has been established that the number of sulfide impregna-
tions, concretions and nodules (mainly pyrite composition) in the ge-
ological section of the Jurassic deposits increases naturally from top
to bottom from the Toarcian to the Pliensbachian, reaching a maxi-
mum in the third series of the Pliensbachian shales (Filizchay series),
which hosts the stratiform pyrite deposit of the Filizchay field:;

2. It was observed that the maximum concentrations of zinc and
lead occupy almost the entire western part of the deposit, and copper
— local areas on its eastern flank and in the central part of the deposit.
The distribution pattern of silver is very close to that of lead, and
gold is generally similar to the distribution of copper mineralization.
In general, a decrease in zinc and lead concentrations and an increase
in copper value are observed from the western flank of the ore depos-
it to the eastern flank.

3. The Filizchay field, the deposit of which is represented by thin-
ly bedded massive sulfides with interbedded shales, aleurolites or
sandstones (“ore flysch”), is combined according to the type of for-
mation and belongs to the SEDEX type, the ores of which are among
the most important sources of lead, zinc and silver.

The main points of the defense:

1. Substantiation of the mineralogical and geochemical zoning of
mineralization at the Filizchay pyrite-polymetallic field

2. Geochemical model of the field



3. Sedimentary-exhalation genesis (SEDEX type fields) of the
field, then subjected to hydrothermal-metosomatic and metamor-
phogenic processes.

Practical significance is determined by the focus of the research
on solving applied problems on the mineral-geochemical modelling
of the Filizchay field. The main ore-forming metals of the Filizchay
field are Fe, Cu, Zn, Pb, Ag, with a whole series of associated com-
ponents (Cd, In, Bi, Sb, Se, etc.). The proposed research complex of
ore minerals with the help of modern methods will allow to solve
more purposefully the forms of occurrence of rare elements in them
and accelerate the assessment of the area's prospects for pyrite-
polymetallic mineralization, which can be used to develop schemes
for their extraction from ores. The geochemical 3D model for indi-
vidual ore elements of the Filizchay field can be used in calculating
ore and metal reserves, in laying out upcoming exploration and sur-
vey underground mining workings, as well as in solving theoretical
issues to determine the conditions for the formation of pyrite-
polymetallic deposits.

Approbation of the research and publication. The main points
of the dissertation were presented at republican (Baku — 2015, 2016,
2018, 2019, 2022, 2023) and international conferences (Baku - 2014,
Almaty -2015, 2019). 20 academic papers (including 3 articles based
on the Emerging Sources Citation Index, Web of Science Core Col-
lection (Ukraine), 1 article based on the RSCI on the Web of Science
platform and 2 articles in the journal “Recommended periodical ac-
ademic publication on Earth sciences for awarding academic de-
grees and academic titles in Russia”) have been published on the
topic of the dissertation, which reflect the main defended points.

The dissertation was carried out under the supervision of Doctors of
Geological and Mineralogical Sciences, Professors [N.A. Novruzov]
and N.A. Imamverdiyev. Various points of the dissertation were dis-
cussed by academician V.M.Baba-zadeh, professors B.H.Galandarov,
V.Sh.Gurbanov, Sh.F.Abdullayeva, associate professors M.l.Man-
surov, S.F.Veli-zadeh, G.J.Babayeva, M.Y.Hasanguliyeva, ¢g.-m.s.
F.J.Guseynov, Doctor of Earth Sciences A.A.Veliyev, S.S.Mursalov,
R.G.Askerov, leading geologist and database engineer S.M.Ma-
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medov. The author expresses sincere gratitude to all these research-
ers, who provided great assistance in processing the materials and
layout of the work.

Scope and structure of the work. The dissertation consists of
189 pages, including introduction, 5 chapters, conclusions and sug-
gestions, a list of references containing 115 titles, 43 figures, 17 ta-
bles. The total volume of the dissertation is 223013 characters, in-
cluding the introductory part — 8018, Chapter | — 25369, Chapter Il —
43153, Chapter 11l — 45462, Chapter IV — 41077, Chapter V — 52564,
Conclusion and practical recommendations — 5687.

THE GENERAL CHARACTERISTICS OF THE WORK

CHAPTER 1. TECTONIC STRUCTURE OF THE
GREATER CAUCASUS

1.1. Areas of the folded mountain system of the Greater
Caucasus

The Alpine folded mountain structure of the Greater Caucasus
occupies the northern part of the Caucasian Isthmus and extends from
the Taman to the Absheron Peninsula over a distance of 1300 km
with a maximum width of 150 km (Geology of Azerbaijan, 20052,
Kengerli, 2009?). The Greater Caucasus appears as a complex nappe-
folded structure in the modern structure, which was formed as a re-
sult of late Alpine tectonic movements from three main Mesozoic
structures — the North Caucasus and South Caucasus (Transcauca-
sian) continental microplates and the vast Tethys marginal marine
basin separating them.

All known pyrite-polymetallic and copper-pyrrhotite deposits and
ore occurrences on the southern slope of the Greater Caucasus are
concentrated in the Lower-Middle Jurassic terrigenous strata of two
longitudinal subzones - Tfan and Sarybash, the geological structure
of which is distinguished by a number of specific features.

! Teonorus Aszep6aiimxana: [B 10 Tomax]. / Tlox pen. akanemuka A.A.Anuzaze. —
baky: Hadra-Ilpecc, — 1.4, Texronuka — 2005. — 505 c.
2 Kenrepnn, T.H. TekroHn4yeckas paccIO€HHOCTb albIIUiickoro 4yexisa bosbmioro
KaBkaza B npeznenax AzepOaiipkana: / aBTopedepar Jucc. JTOKT. T€0J.-MHUH. HayK /
— baky, 2009. - 61 c.
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1.2. Geological structure and lithological-facies characteristics
of ore-bearing deposits

All known fields and ore occurrences of the pyrite-bearing prov-
ince of the Eastern segment of the Greater Caucasus on the southern
slope and in its watershed part in the territory of Azerbaijan and the
adjacent territory of Dagestan are concentrated in Lower and Middle
Jurassic deposits, which are described in detail in the defended dis-
sertation.
The area under consideration is characterized by a relatively small
distribution of eruptive rocks developed within the Tfan and Vandam
anticlinoriums, separated by the Zagatala-Govdag (Intermediate)
synclinorium and absent in the Saribash zone. Magmatism occurs by
the volcanic associations, penetration of small sill intrusions and dike
formations in the Tfan zone®*°®. The latter are the eastern continua-
tion of the southern (Kakheti) diabase belt of the Greater Caucasus.
Volcanic formations also develop insignificantly in the watershed
part of the ridge adjacent to Dagestan. These magmatic bodies cut the
sandy- argillaceous strata of the Lower and Upper Toarcian, and in
some places of the Lower Aalenian substages, but they are not ob-
served anywhere among the Bajocian and higher deposits. So, the age
of dikes and small intrusions of the gabbro-diabasic formation is pre-
Bajocian and is associated with pre-Bajocian folding movements. The
outcrops of magmatic formations are controlled by faults.
Magmatic formations are represented by two extreme members -
basic and acidic rocks. The first — gabbro-diabase, diabase and dia-
base porphyrites of the ‘“diabase” formation are extremely wide-

3 Ab6paymraes, P.H., Kyp6anos, H.K., Amues, I""'I. Marmatu3m W KoOJ4eJIaHHOE
opyneHenne/xuxux-Uyrakckoit 30HbI banakeHckoro pymHoro paiiona (Boxpmioi
Kaskas) // — M.: Ussectuss AH CCCP, cep. reonoruueckas, — 1975. Ned, — ¢. 70-89
4 Teonorus Asep6aiimxana: [B 10 Tomax]. / TTox pen. akagemuxa A.A.Anusaze. —
baky: Hadra-TIpece, — 1. 3, Marmatusm — 2001. — 434 c.

5 Kepumos, T'.1., llupanues A.B. Marmatuueckue Qopmamuu FOkKHOro cKiIoHa
Bonpmoro KaBkaza u ux pynonocuocts // —baky: M3Bectust AH Azep6. CCP. Cep.
Hayk o 3emue, — 1984. —c. 17-23

® Kepumos, P.B. Ilerponorus H pyIOHOCHOCTh MarMaTHYECKHX KOMILIEKCOB
BanaksHo-3akataneckoro pynHoro paiona (FOxsenii ckinon b.Kaskaza): /
aBTOpedepar aAuc. KaH]. Teoil.-MUH. Hayk / — Bbaky, 1991. — 20 c.

8



spread and, belong to the tholeiitic series in terms of the composition
of the magma. The thickness of dikes and sills varies from 1 to 20 m,
the length of dikes varies from tens to 150 m or more. Acidic and in-
termediate intrusions are represented mainly by dacites, andesites and
diorite porphyrites. Small intrusions have a contact effect on the host
sandy-argillaceous deposit of the Toarcian and partly Aalenian and
are accompanied by an endocontact aureole of hornfelsed rocks with
a thickness of 1-2 m.

Deposits of the copper-pyrrhotite formation are concentrated in
the northern part of the Tfan zone, bounded from the north by the
Main Caucasian thrust, and from the south by the Kohnamedan re-
verse-thrust, and ores of pyrite-polymetallic composition are found in
separate isolated blocks, being almost completely replaced by the
chalcopyrite-pyrrhotite association (fields Jihikh, Chugak, Katsdag,
Katsmala, Somalit, Gudurdag, Gizildara, etc.).

The Saribash structural-formational zone can be traced directly to
south of the zone of concentration of copper-pyrrhotite ores of the
Tfan block, characterized by the predominant development of ores of
the pyrite-polymetallic formation. The main ore-controlling elements
of the zone are the Kohnamedan deep fault in the north and the Sari-
bash fault in the south. Deposits of the Filizchay field are concentrat-
ed within the zone, where the volume of ores of copper-pyrrhotite
composition does not exceed 1-1.5%. The most promising fields of
the Saribash zone are Katekh, Akhkeman, Saribash, Gumbulchay,
etc. Intense hydrothermal-metasomatic changes are clearly expressed
within the zone, which are developed mainly within the sub-ore stra-
ta, where they coincide with the development aureole of veinlet ores
in scale.

CHAPTER 2. GEOLOGICAL POSITION OF THE
KASDAG-FILIZCHAY ORE CLUSTER

2.1. Geological characteristics of the Filizchay ore field

Features of the geological structure, magmatism and ore deposits
of the Southern slope of the Greater Caucasus, in particular the
Katsdag-Filizchay ore cluster, which includes the Filizchay field,
were studied by R.N. Abdullaev, S.A. Agayev, V.B. Agayev, A A.
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Aliyev, G.1. Aliyev, R.M. Aliyev, D.M. Akhmedov, R.A. Akhundov,
V.M. Baba-zadeh, S.F. Babayev, A.M. Babayeva, A.A. Bayramov,
E.T. Bayramalibeyli, M.B. Borodaevskaya, S.F. Velizadeh, G.A.
Veliyev, A.S. Heydarov, L.N. Grinenko, T.G. Gajhiyev, M.G. Do-
brovolsky, N.M. Zairi, A.G. Zlotnik- Khotkevich, B.I. Isayev, S.B.
Zulfugarov, M.A. Kashkay, G.I. Kerimov, N.K. Gurbanov, R.B. Ker-
imov, N.M. llyasov, N.A. Ismailova, T.M.Mammadov,
D.D.Mazanov, A.l. Mahmudov, K.l. Museyibov, B.V. Mustafa-
zadeh, G.V. Mustafayev, V.N. Nagiyev, N.A. Novruzov, V..
Smirnov, N.Sh. Yusifov, G.A. Tvalchrelidze, A.G. Tvalchrelidze,
G.A. Chalabiyev, Ch.M. Khalifa-zadeh, A.B. Shiraliyev, E.Sh. Shi-
khalibeyli and other researchers at different times.

The ore cluster covers the western flank of the Balaken-Zagatala
ore region and is confined to the intersection of the Tfan and Saribash
structural-formational zones along the Kohnamedan system of re-
verse-thrust dislocations. Terrigenous sediments of the Upper
Pliensbachian (Filizchay series), Lower (Murovdag series) and Upper
Toarcian (Jikhikh series) are exposed within the ore cluster in the Tu-
fan subzone, which form the Kasdag first order linear anticline,
which hosts the deposit of the same name. There are sediments of the
Lower (Balakan series), Upper Pliensbachian (Filizchay series) and
Toarcian (Gubakh series) in the Mazym-Sarybash subzone, which are
crushed into the Karabchay box anticline, which hosts the ore deposit
of the Filizchay field.

So, the horizontal zonality and metallogenic specialization of the
abovementioned structural-formational zones are clearly established.

The pyrite-polymetallic formation was formed in two stages - ear-
ly, hydrothermal-sedimentary (essentially pyritic) and late, hydro-
thermal-metasomatic (productive polymetallic). The formation of the
copper-pyrrhotite formation is associated with the later hydrothermal-
metamorphogenic alteration of stratiform pyrite ores, accompanied
by the input of copper and the loss of base metals.

2.1.1. Geological structure of the Filizchay field

The geological structure of the field includes terrigenous sedi-
ments of the Upper Pliensbachian (Filizchay series (J1p2)) and Toar-
cian (Gubakh (Jit1+2)and Murovdag (Jit1) series) of Lower Jurassic.
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The dissertation describes in detail the lithological and strati-
graphic characteristics of terrigenous sediments and the petrographic
peculiarities of the main varieties of rocks, which led to the follow-
ing:

a) all selected series are distinguished by stability of facies and, to
a lesser extent, thickness;

b) the rhythmic structure of the sections has a sharply defined
flyschoid character, which are most fully represented in the
flyschoids and packets of the Filizchay series of the Upper
Pliensbachian and least clearly in the Murovdag series of the Lower
Toarcian;

c¢) the number of sulfide impregnations, concretions and nodules
(mainly pyrite composition) increases naturally from top to bottom —
from the Toarcian to the Pliensbachian, reaching a maximum in the
third packet of the Pliensbachian shales (Filizchay series), which
hosts the stratiform pyrite deposit of the field;

d) on the contrary, metamorphism increases in the opposite direc-
tion — from the Pliensbachian to the Toarcian, which is explained by
the coverage of the Toarcian terrigenous strata by the Kohnamedan
shear zone.

2.2. Structure of the field

The Filizchay field is the only large pyrite-polymetallic field not
only within the Balakan-Zagatala ore region, but also in the metallo-
genic region of the Greater Caucasus. The structural position of the
Filizchay field is determined by its location at the junction of the
northern flank of the Karabchay chest anticline with the Kohnamedan
reverse-thrust fault, which is complicated by the Balakanchay local
transverse inversion uplift. The main elements of the structure of the
field are the core of the Karabchay anticline, its northern wing and
part of the Kohnamedan shear zone, covered by the indicated trans-
verse uplift. The features of these main structural elements determine
the main peculiarities of the structure of the Filizchay field.

Longitudinal fault structures play no less a role than plicative
structures in the structure of the deposit. In this case, the dominant
ones are reverse-thrust faults, oriented along the strike subparallel to
the longitudinal folded structures. The main longitudinal fault struc-
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tures of the field include the Kohnamedan reverse- thrust and the Fil-
izchay thrust.

2.2.1. Morphology and internal structure of the ore deposit

The main feature of the morphology of the pyrite-polymetallic
deposit of the Filizchay field is that it is a relatively simple and single
sheet-like body with sharp, almost subparallel contacts. It is com-
posed predominantly (by 90-95%) of aggregates of sulfide ores, the
basis of which is pyrite, sphalerite, galena, chalcopyrite and pyrrho-
tite. A subordinate role in the composition of the deposit is played by
carbonates and even less by quartz, sericite and chlorite (Babazadeh,
2005).

The ore deposit can be conditionally divided into two parts: the
upper part, which is more stable throughout its entire length, steeply
dipping, having a step structure both in dip and along strike, and the
lower part (main one in area), which is relatively flat-dipping. Eve-
rywhere the top of the deposit is complicated by the Filizchay ore-
bearing thrust, and the top of the deposit in space repeats the mor-
phology of the thrust, which is especially clearly observed in the up-
per, steep part of the deposit. The base of the bedding deposit is char-
acterized by a more complex structure while maintaining sharp con-
tacts with the host rocks.

The ore body lies among the monotonous clayey shales of the up-
per — third packet of the Filizchay series. Here, the deposit is associ-
ated with a thick ore-bearing horizon, the lateral boundary of which
is determined by the boundaries of the Balakanchay transverse uplift,
where ore-bearing clayey shales are faciesally replaced by sandy
flyschoid.

The ore deposit of the field consists of the following textural
types, which are spatially and clearly separated and characterized by
their morphological peculiarities: layered-banded, massive and spot-
ted-impregnated ores. According to geologists working here, the first
two natural types are balance ores, and spotted-impregnated ores,
which are gradually turning into veinlet-impregnated ores or host

7 CuHel ¥ IMHK. MeTamnorennyeckas nposuHuus bombmoro Kaekasa. / B.M.
Bbaba-3ane, C.A.Araes, . A.Yenabu [un ap.] / MuHepaibHO-CHIPEEBBIE PECYPCHI
Asepbaiimkana, — baky: Ozan, — 2005. — ¢. 294-340
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rocks and significantly complicating the morphology of the ore de-
posit, are off-balance®®, It is interesting that the transition from lay-
ered-banded to massive pyrite-polymetallic and sulfur-pyrite ores oc-
curs through slightly banded and mixed ores.

Two industrial and technological types of ores are distinguished
at the Filizchay field: oxidized and pyrite-polymetallic. The latter is
divided into two grades: mixed and primary ores. These three types
of ores differ in the content of oxidized forms of lead. Ores with a
content of oxidized forms of lead of more than 60%, mixed - from
60% to 20% and primary - less than 20% are classified as oxidized.

CHAPTER 3. MINERALOGICAL CHARACTERISTICS
OF ORES

3.1. Mineral composition of ores

According to N.A.Novruzov, S.F.Velizadeh, S.A.Agayev,
A.G.Zlotnik-Khotkevich and others, about 100 minerals have been
identified in the ores of the field. Pyrite is dominant, comprising 60 to
95% of the ore volume. The main minerals also include sphalerite (6-
8%), galena (up to 3-5%) and chalcopyrite (up to 2-4%), which con-
stitute the main industrial value of the ores. The occurrence of pyr-
rhotite, arsenopyrite, cobaltine, and magnetite is common. Sulfosalts
of bismuth, silver, arsenic, antimony, and tellurides of gold, silver,
bismuth and lead are found rarely. Quartz and calcite, as well as si-
derite, chlorite and sericite were observed among the non-metallic
minerals. Cadmium, indium, selenium, tellurium, bismuth, silver,
gold, cobalt, etc. were observed in the ores of impurity elements,

8 AxGepo, M.A. O6 0cOGEHHOCTSX MOP(OJIOTHU M TPUPOAHBIX TUNAX Py
Owimzuaiickoro mectopoxaenus / M.A. AxbepoB, A.M. Camenos, [.I1.
Mawmenos, [u ap.] // Tpymet HTHUTPU, — M.: — 1982. Beim. 168, — c. 44-49
® Ba6a-zane, B.M., Arae, C.A. OcoGEHHOCTH CTPYKTYPHBIX YCJIOBHii
JIOKIN3aMU ¥ MOP(OJIOTHU pYJHOH 3aiexxn PUitn3uaiickoro MecToposkaeHus // —
baky: Bectnuk bakuHckoro YHuBepcutera, cepHs ecTECTBEHHBIX Hayk, — 1999.
Nel, —c¢.91-108
10 Hospysos, H.A., Carrap-3ane, H.A.XapaKkrepucTuka MHUHEPAIOTO-
FEOXUMHYECKUX OCOOEHHOCTEH CTpaTH(OPMHOIO KOJTYEIAHHOTO MECTOPOKACHHS
Ounmzvait  (bomsmoit  Kaskas, Asep6aiimkan)// —Braduxaskas. Becmuux
Braouxasxaszckozo nayunozo yenmpa PAH, —2022. 31 (4) —c. 69-79
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which can be extracted on occasion. Depending on which mineral
forms the basis of the ores, pyrite-polymetallic, pyrite-pyrrhotite and
copper-pyrrhotite (no more than 2-5% of the total volume of ores)
ores are distinguished.

The predominant ores at the field are pyrite and sulphide-
polymetallic ores. Copper-pyrrhotite ores with predominant pyrrho-
tite are significantly less developed (Table 1).

Table 1
Mineral composition of ores of the Filizchay deposit (according to
A.G. Zlotnik-Khotkevich'!)

Types of Minerals
ores Main Accessory Rare
Pyrite and pyrite, faded ores, jamesonite, boulangerite,
sulphide- sphalerite, pyrrhotite, gudmundite, wolfsbergite,
polymetallic galena, arsenopyrite, meneghinite, emplectite,
chalcopyrite, bournonite, beegerite, cemseite, co-
carbonates chlorites, salite, famatinite, dyscra-
quartz, site, geocronite, telluro-
sericite bismuthite, hessite, petzite,
altaite, nagyagite, native
gold and silver
Copper- pyrrhotite, magnetite, hematite, arsenopyrite,
pyrrhotite pyrite musketovite, cobaltine, ilmenite
sphalerite, ga-
lena, siderite,
biotite, actino-
lite

Pyrite and sulphide-polymetallic ores are characterized by band-

ed, massive, spotted-impregnated and veinlet textures. Copper-
pyrrhotite ores are characterized by brecciated, breccia-like, por-
phyric and veinlet textures.

1 3norauk-XotkeBnd, A.I'. BemecTBeHHBIH cocTaB M reHe3nc OumM3daiickoro
KOJTYEAaHHO-TIOMUMETAIUTHUECKOTO MecTopokaeHus Ha FOxxHoM ckione bomnbmoro
Kagkaza: / aBTOpedepar aucc. kaHz. Teos.-MHUH. HayK / — MockBsa, 1970. — 24 c.
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Below is a brief description of the main ore-forming minerals of
the Filizchay field.

Pyrite. The early generation predominates among the varieties of
iron disulfide, which composes massive sulfur pyrites and layered
banded pyrite-polymetallic ores. Pyrite | is presented in the form of
fine- and fine-grained aggregates with relics of a metacolloidal struc-
ture. The grain sizes range from small inclusions to large crystals
(0.3-1.0 cm).

Pyrite 11 differs sharply from pyrite | in typomorphic features,
and also contains relict grains of the latter, on the basis of which it is
classified into the second generation. It is represented by well facet-
ted pentagon-dodecahedrons and cubes. It is associated with early
generations of sulfides (sphalerite, galena and chalcopyrite), they par-
ticipate in the structure of layered-banded sulphide-polymetallic ores.

Pyrite 11l contains relics grains of pyrite of the first generation
and forms close, closely simultaneous intergrowths with chalcopyrite,
galena and arsenopyrite, forming a uniform impregnation against the
background of the galena-chalcopyrite aggregate.

Pyrite IV corrodes pyrite segregations of all three abovemen-
tioned generations. It occurs in all types of essential pyrite ores with
different amounts. It is especially characteristic of pyrite ores of mas-
sive formation. A common feature of pyrite of the forth generation is
metacolloidal composition and low degree of crystallization. The
most common forms of pyrite of the fourth generation are concentri-
cally zoned aggregates of spherical and more complex shapes up to
2-3 mm in size, radial fibrous, openwork framework, framboids, un-
dulated accumulations, crusts, finely-banded aggregates.

Sphalerite. Several generations of this mineral have been ob-
served. Sphalerite | is an iron-bearing variety of sphalerite — marma-
tite.

Sphalerite of the first generation forms the ground mass of
polymetallic bands in the form of irregular, sometimes some elongat-
ed allotriomorphic granular aggregates in layered-banded pyrite-
polymetallic ores.

Sphalerite (wurtzite) Il occurs in small quantities in layered ores
with pyrite 1V, forming central parts or peripheral zones in these ag-
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gregates. Sphalerite of second generation in veinlet-impregnated ores
differs from sphalerite | by lighter shade, forming single segrega-
tions.

Sphalerite 111 is observed in small quantities in association with
quartz, chalcopyrite, pyrrhotite, galena, and fahlore and other miner-
als of sulfosalt group. It is characterized by irregularly shaped, rela-
tively large aggregates (up to 1-3 mm) of allotriomorphic grains.

Galena is a widespread mineral of pyrite-polymetallic ores. It
should be noted that all identified generations of zinc sulfide are ac-
companied by corresponding generations of galena.

Galena | is observed in constant association with sphalerite of the
first and pyrite of third generations. It is represented by small xeno-
morphic segregations of irregular shape, occupying intergranular
spaces in sphalerite aggregates.

Galena Il occurs occasionally in the form of various intergrowths
with pyrite of the fourth generation and carbonate. A characteristic
feature of galena of the second generation is the distribution of thin
and drop-shaped sphalerite inclusions in them, apparently formed as
a result of redeposition of the early generation of zinc sulfide.

Galena 11l is constantly associated with sphalerite of the third
generation, quartz, chalcopyrite, fahlore, bournonite, jamesonite, and
boulangerite.

Chalcopyrite is constantly associated with fahlore, pyrrhotite,
sphalerite of the third generation, galena of the third generation. It
crystallizes after fahlore and sphalerite.

Pyrrhotite occurs constantly in small quantities in association
with chalcopyrite, fahlore, sphalerite of the third generation, galena
of the third generation, etc. In relation to the abovementioned miner-
als, it is a substitute, as it crosses the boundaries of their intergrowths
and is often located on the contacts of sphalerite with chalcopyrite or
fahlore.

The dissertation also provides a brief description of some minor
ore and non-metallic minerals of the Filizchay field.
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3.2. Paragenetic associations of minerals and sequence of seg-
regation

The process of formation of the ore deposit occurred in two stag-
es. The first stage begins with the sediments of pyrite masses from
solutions, followed by the overlay of lead, zinc and copper sulfides
and ends with the formation of pyrite-polymetallic ores. The second
stage corresponds to the formation of copper-pyrrhotite ores. In gen-
eral, the ore deposition of the second stage occurred at high tempera-
tures, as evidenced by the association with pyrrhotite and chalcopy-
rite of such high-temperature minerals as biotite, actinolite and mag-
netite.

Detailed mineralogical mapping of individual types of ores and
microscopic examination of their constituent minerals showed that
the formation of the ore deposit occurred in several pulsating stages
of mineral formation.

The main pyrite mass of the deposit was formed with non-
metallic minerals represented by quartz, carbonate and, in subordi-
nate quantities, chlorite and sericite in the first stage.

The second stage, more productive, is characterized first by the
sediments of Cu, Pb, Zn sulfides and later by a decrease in the con-
centration of these metals and an increase in the content of As, Sh
and Bi. After crystallization and recrystallization of pyrite gels and
slight crushing of the transformed aggregates, circulation of solutions
enriched in lead and zinc occurred, which was accompanied by par-
tial dissolution and redeposition of pyrite with the formation of char-
acteristic skeletal metacrystals.

The third stage of mineral formation is characterized by the oc-
currence of rare metal ore formations of the vein type, the formation
of which was preceded by the crushing of previously formed ore
masses.

The fourth, final stage, includes the formation of a complex of
minerals of copper-pyrrhotite ores, which are intersecting relative to
pyrite ores.

Paragenetic associations of minerals of the Filizchay pyrite-
polymetallic ores reveal significant similarities with the mineral par-
ageneses of classical pyrite fields formed in sedimentary basins. The
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only differences are that there is no high-temperature chalcopyrite in
the pyrites of the early generation of Filizchay and there is a complex
of compound sulfosalts that separate into an independent paragenetic
mineral association.

Analysis of the structural and spatial relationships of minerals al-
lowed A.G.Zlotnik-Khotkevich (1970)*! to observe seven successive-
ly formed paragenetic mineral associations (early pyrite; pyrite-
arsenopyrite; sphalerite-galena; late pyrite; chalcopyrite-tetrahedrite;
sulfoantimonide; telluride association) in the sulfide-polymetallic
ores of the field, and three mineral associations (magnetite-siderite;
chalcopyrite-pyrrhotite; pyrite-chlorite) in the copper-pyrrhotite ores.

3.3. Textural and structural peculiarities of ores

The main volume of the Filizchay field is occupied by sulfide-
polymetallic ores, the main textural types of which are layered-
banded, massive and spotted- impregnated, which can be traced from
the side of the footwall of the ore deposit and are accompanied by a
halo of veined- impregnated ores. Each of the listed main types of
ores is divided into a number of varieties.

Copper-pyrrhotite ores, which are confined to the footwall of the
stratiform deposit in the eastern part of the field, are characterized by
massive, breccia-like, brecciated, porphyritic and vein-impregnated
textures.

The ore structures observed at the field are combined into three
groups: 1) sediments from solutions; 2) replacement; 3) metamorphic
(recrystallization, cataclasis, redeposition, etc.).

CHAPTER 4. REGULARITIES OF SPACE DISTRIBUTION
OF CHEMICAL ELEMENTS IN ORE DEPOSITS

4.1. The main peculiarities of the distribution of rare and
trace elements in ores

The ores of the Filizchay sulfide-polymetallic field are character-
ized by a wide spectrum of chemical elements. The most important
industrially valuable components of ores are zinc, lead, copper and
silver (Table 2). Impurity components that deserve associated extrac-
tion include gold, cadmium, indium, selenium, tellurium, bismuth,
cobalt, etc.
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Table 2
Limits and weighted average contents of industrially valuable com-
ponents in the ores of the Filizchay field

Types Commercial ore Non-
of ores Primary Mixed Oxidized | commercial
ores
Compo-
nents, %
Copper 0.01-890 | 0.05-11.0 | <0.01-0.27 | 0.04-2.17
0.58 1.56 0.12 0.50
Zinc 0.10-14.70 | 0.10-15.80 | <001-045 | 0.01-9.50
3.66 4.26 0.19 1.10
Lead 0.01-7.50 | 0.03-11.90 | <0.01-555 IR-5.90
1.41 2.32 3.45 — 0.15
Silver, g/t IR-280.0 IR-240.0 5.5-772.9 IR-83.0
44.08 67.95 160.1 13.98

Note: the numerator is the content limits, the denominator is the
average content.

Zinc is the most common main valuable component of ores of
field. The layered-banded variety of sulfide-polymetallic ores is char-
acterized by the highest average content of the element. In pyrite-
polymetallic ores with banded and massive textures, the average zinc
content is higher three times than in spotted- impregnated and veinlet
ores. The lowest concentration of the element is confined to oxidized
ores, which is due to the fact that sphalerite, oxidizing to easily solu-
ble zinc sulfate, is removed from the oxidation zone. As a result, zinc
is found in the range of 0.01 - 0.45%, on average - 0.19% in the oxi-
dized ores of Filizchay. The limits of zinc content in primary and
mixed ores are similar: 0.10 — 14.70% and 0.10 — 15.82% respective-
ly. However, these ores differ in the average zinc content: 3.66% in
primary ores and 4.26% in mixed ores. The clarke concentration of
zinc decreases from west to east (CC = 673; 583; 422). The weighted
average zinc content among natural types of commercial ores is ex-
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pressed by the following values: banded sulfide-polymetallic ores —
4.99%, massive sulfide-polymetallic ores — 3.31%, massive sulfur-
sulfide ores — 0.85%. The fluctuations ranges of zinc content in non-
commercial ores are quite large — from 0.01 to 9.50%, on average —
1.10%. At the same time, samples with a zinc content of more than
6% are found sporadically.

In terms of the concentration level of weighted average content
of lead, the following increasing series is noted in the industrial-
technological types of ores of the Filizchay field: primary — mixed —
oxidized ores. The latter are characterized by fairly wide limits of
element concentrations. A similar series is also established for silver.
The highest content of lead and silver among the various textural and
mineralogical types of ores is found in layered-banded sulfide-
polymetallic ores, and the lowest in spotted-impregnated and veinlet
ores.

The distribution character of lead in the ores of the Filizchay
field is similar in many ways to the distribution of zinc. The average
content of lead in oxidized ores is 3.45%, which is higher than that of
primary and mixed ores. The concentration of lead varies from 0.03
to 11.90% in mixed ores, and from 0.01 to 7.49% in primary ores,
2.32 and 1.41% at average contents respectively. The clarke concen-
trations of lead are significantly high (CC=1575; 1206; 819). In natu-
ral types of balance ores, the weighted average contents of lead in
banded and massive sulfide-polymetallic and massive sulfur-sulfide
ores are respectively: 2.03; 1.48 and 0.31%. The concentration of
lead drops sharply and averages 0.15% in noncommercial ores. Sam-
ples with a lead content of more than 1.5% are found sporadically.

The concentration of copper in the ores of the field varies over a
wide range: from 0.01 to 11.0%. The distribution of average copper
content in certain technological types and grades of pulp ores estab-
lishes the following descending series: mixed (1.56%) — primary
(0.58%) — oxidized (0.12%). This regularity reflects the actual picture
of the structure of the ore deposit fully and the geochemical peculiari-
ties of the distribution of copper. Clarke concentration (CC) of cop-
per increases from west to east 121; 123; 130. Mixed ores are repre-
sented by layered-banded massive sulfide-polymetallic ores, which

20



were partially subjected to oxidation. The area of distribution of these
ores covers the zone of secondary sulfide enrichment. It was in this
zone that supergene copper minerals developed: chalcosine, covellite,
bornite. This explains the increase in copper concentrations in mixed
ores by almost three times compared to primary ones. The copper
content in the latter ranges from 0.01 to 8.90%, and the weighted av-
erage content of this element in primary ores is 0.58%. The weighted
average contents of copper in individual natural types of commercial
ores are similar and amount to: 0.70% in banded sulfide-polymetallic
ores, 0.81% in massive sulfide-polymetallic ores, 0.71% in massive
sulfur-sulfide ores. It should be noted that despite the wide limits of
copper content in commercial ores, 80% of the samples involved in
calculating reserves contain this element in an amount of 0.3-1.0%.

Oxidized ores differ sharply in terms of silver concentration
among the technological types and varieties of Filizchay, with an av-
erage content of 160.1 g/t. The limits of silver content are similar in
primary and mixed ores. In terms of average contents, primary ores
(44.08 g/t) are inferior to mixed ores (67.95 g/t). The average silver
content in natural types of ores decreases, similar to lead, in the fol-
lowing order: in banded sulfide-polymetallic ores — 60.15 g/t, in mas-
sive sulfide-polymetallic ores — 43.46 g/t, in massive sulfur-sulfide
ores — 19.11 g/t. Noncommercial ores contain, on average, 13.98 g/t
of silver. Moreover, the vast majority of samples cover intervals up to
30 g/t. The maximum isoconcentrations of this element are confined
to the upper horizons of the northwestern half of the field, where the
average content is 75.6 g/t. The average silver content is 55.2 and
43.3 respectively in the central and eastern parts. CC = 1080; 788;
618 decreases in the same series.

The close geochemical relationship between silver and lead is
indicated by the high correlation coefficient between these elements
(r=+0.628) in sulfide-polymetallic ores, which is significant. A sig-
nificant correlation in the ores under consideration is also established
between silver and zinc: r = +0.5682. The equation of connection

2 Hospysos, H.A., Carrap-3ane, H.A. Oco6eHHOCTH XMMH3Ma KOJNYEIaHHBIX Py
Ounuzgaiickoro Mectopoxaerns // — baky: BectHuk baknHckoro YHuBepcureTa,
Cepust ecTecTBEeHHBIX Hayk, —2015. Ne 1, —¢. 121-127.
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between  these elements is expressed as  following:
Ag=16.7097+8.2638 Zn. There is no correlation between silver and
copper, gold and copper. The dissertation also describes in detail the
peculiarities of the distribution of associated elements in ores and in
wallrocks. Histograms of the frequency distribution of the contents of
these elements are presented and the correlation coefficients between
their contents are estimated™2,

4.2. Peculiarities of the mineralogical and geochemical zon-
ing of the ore deposit of the Filizchay field

To identify regularity in the distribution of chemical elements,
the results of numerous analytical data were processed and 3D mod-
els were built for ore-forming elements. It has been established that
there is a decrease in the contents of zinc, lead (Fig.1), cadmium, in-
dium, thallium, silver, gold, bismuth, antimony, arsenic in the main
deposit of the studied field from the western flank to the eastern flank
and an increase in the concentrations of copper, cobalt, mercury,
nickel and selenium. Along the dip of the ore deposit, geochemical
zoning is expressed in a decrease of the concentrations of zinc, lead,
cadmium, indium, bismuth, antimony, arsenic and an increase of the
contents of copper, cobalt, nickel and manganese'®. A block model,
which was compiled on the basis of drill hole data, shows that the
upper 200 m part and the eastern flank of the field are enriched in
copper and silver.

Due to 3D computer modeling, mineralization zoning within the
ore body is clearly observed, providing additional opportunities for
future metal production planning and deposit assessment.

13 Sottar-zads, N.A. Filizgay yataginin filiz komponentlorinin geokimyovi
xususiyyatlori // — Baki: Baki Universitetinin Xobarlori, tobist elmlori seriyasi, —
2019. Ne2, — 5. 59-65.

14 Hospysos, H.A., Carrap-3age, H.A. OCHOBHbIE HYEpPTHI MHHEPAJIOTO-
FEOXMMHYECKUX OCOOEHHOCTEN Py MecTopoxaeHus Punusuaii (AsepOaiimkan) //
— Mocksa: OteuectBennas reojorus, — 2019. Ne2, — c. 50-54.
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chay field (3D model)
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CHAPTER 5. GEOCHEMICAL MODEL OF THE
FILIZCHAY FIELD AND ORE GENESIS

5.1. General concepts about the “Leapfrog Geo” program and
methods for setting up a geochemical model

Using the 3D model and structures embodied in the integrated
“Leapfrog Geo” program, a mineralogical and geochemical model of
not only the ore deposit, but also all elements of the field was created.

5.2. Geochemical model of the Filizchay deposit

Based on the “Leapfrog Geo” program, the spatial distribution of
valuable components (Cu, Zn, Pb), their sum, as well as the distribu-
tion of S, Ag, which have a high content for the deposit of the Filiz-
chay field, were constructed.

A comparison of the lead and zinc models shows that most of
their local maxima and minima coincide (Fig. 2). Here, a comparison
of the lead and zinc model with the copper model shows that the
maxima and minima of lead and zinc contents do not always coincide
with areas of high and low contents of copper. The pattern of spatial
distribution of silver is similar to the distribution of lead and zinc.
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Figure 2. Spatial distribution of zinc (a), lead (b) and silver (c)
at the Filizchay field

In order to characterize the spatial variability of mineralization,
an analysis of the content of useful components along the lateral,
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normal and dip of the deposit was carried out. To do this, isolines of
the true thicknesses and contents of zinc, lead, copper, silver and gold
were constructed on the projection of the ore deposit onto a horizon-
tal plane. Analysis of the iso-thickness map shows clearly that the
greatest thickness is characterized by the eastern flank of the deeper,
shallow dipping part of the deposit, where its thickness almost eve-
rywhere exceeds the average value of this parameter for the field.

The isoconcentration maps of zinc and lead clearly show that the
distributions of these elements practically repeat each other (Fig.1,2).
The western half of the body differs sharply from the eastern half in
its persistently high (more than average) concentration of these ele-
ments. The eastern half, which is generally characterized by below-
average concentrations, contains the vast majority of minima zinc
concentration and almost all minima of lead concentration. So, ac-
cording to the degree of intensity of manifestation of zinc, lead and
silver mineralization in the deposit, two parts can be distinguished:
the western — richer, where almost all the maxima are concentrated,
and the eastern — poorer, which accounts for most of the minima®.
The distribution of the main ore-forming components (zinc, lead and
copper) in a horizontal section is illustrated on plans of three horizons
representing the upper, middle and deep parts of the field.

5.3. Issues of the genesis of the field

The dissertation on the characteristics of the composition of ores,
geological conditions of occurrence and connections with igneous
rocks analyzes in detail the family of pyrite deposits, including their
classical types, distinctive and similar features. According to the
characteristics of the ore composition, geological conditions of occur-
rence and connection with igneous rocks, the dissertation analyzes in
detail the family of sulfide fields (VMS, SEDEX, MVT), including
their classical types (Kuroko, Altai, Cypriot, Bessi and Ural), distinc-
tive and similar peculiarities. It is noted that the sulfide fields of the
Rudniy Altai, Southern Urals and Lesser Caucasus in the mobile

15 Carrap-3ame, H.A. , HWmamsepaues, H.A. I'eoxummdeckre 0COOEHHOCTH U
30HAIBHOCTh  3aexku  DWIN3YaCKOro  KOJYEIaHHO-TIOJIMMETATHIECKOrO
mectopoxaenus (FOxupiit cximon Bomeimmoro Kaskasza) // Cesepo-Kaskasckwuii
peruon: M3Bectust BeIcINX y4eOHbIX 3aBeeHuit, — 2022. Ne 4-2, — c. 60-76.
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zones of the Hercynian and Alpine ages have many common peculi-
arities. The ores were formed under conditions of an active volcanic
process, the derivatives of which were ore-hosting volcanogenic for-
mations, sulfide ores, explosive breccias and post-ore dikes.

The Filizchay field is very different from the abovementioned
types of sulfide fields. There is no direct connection with volcanism
at this field. In contrast, the host rocks here are finely rhythmic
flyschoids with series of sandstones, shales and silty clay. According
to the geological structure, the reserves of valuable components
(Zn+Pb+Ag) of the Filizchay field can be classified as SEDEX type
of fields®®.

To confirm this concept, the dissertation examines in detail the
origin issues of sulfide objects of the Greater Caucasus, including the
Filizchay field.

Summarizing the views on the origin of sulfide-polymetallic
fields on the southern slope of the Greater Caucasus, we note that
most researchers support their exhalation-sedimentary genesis, which
was then subjected to hydrothermal-metasomatic and metamorpho-
genic processes.

This situation is typical for SEDEX type of fields. Unfortunately,
this type is not mentioned in the existing literature on the genesis of
the Filizchay field. But, according to the latest publications of West-
ern researchers, the Filizchay field refers precisely to this type”2,

16 Imamverdiyev, N.A., Sattar-zade, N.A. Filizchay pyrite-polymetallic deposit (the
southern slope of the Greater Caucasus) - as a typical representative of the SEDEX
type pyrite deposits // — Dnipro, Ukraine: Journal of Geology, Geography and Geo-
ecology, — 2022, v. 31, No. 4, — p. 643-652.
17 Emsbo, Poul, Seal, R.R., Sedimentary exhalative (Sedex) zinc-lead-silver deposit
model / R.R. Emsbo Poul Seal, G.N. Breit, S.F.Diehl, [and &] // U.S. Geological
Survey Scientific Investigations Report, — 2010. Ne 5070, — 57 p.
18 Goodfellow, W.D., Lydon, J.W. Sedimentary exhalative (SEDEX) deposits. In:
Goodfellow, W.D. (Ed.) Mineral deposits of Canada: a synthesis of major deposit
types, district metallogeny, the evolution of geological provinces, and exploration
methods // — Ottawa: Geological Association of Canada Special Publication 5, —
2007. - p. 163-183.
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5.4. The mechanism of ore deposit formation

According to N.M. Zairi'®, syngenetic pyrites from the host rocks
are characterized by a wide dispersion of the isotopic composition
3S3 - 60% sulfur, which indicates a biogenic nature.

5S% in all textural varieties of ores varies in a narrow range (from
+1.0%0 to 6.0%0), which are isotope-normal, homogeneous, high-
temperature, and are associated with a deep hydrothermal source.

So, the isotope composition of sulfur of the main minerals (pyrite,
galena, sphalerite, pyrrhotite, chalcopyrite) selected from various
types of ores of the Filizchay field allowed N.M. Zairi??° to come to
the conclusion that the deposit was formed from several portions of
incoming hydrothermal solutions, which we can agree with. Moreo-
ver, each portion of the solutions was different in the isotopic compo-
sition of sulfur, with a general tendency to increase the content of the
S% isotope from the earliest sulfide stage (8S%* =+3%o) to the final
process of chalcopyrite ore formation (8S** =+6%o).

So, the Filizchay field is combined in its formation method and is
formed due to components carried out by hydrothermal flows associ-
ated with underwater alteration of basalts (palagonitization). The
formation temperatures of primary sulfide-polymetallic ores are rela-
tively low. They are determined by the surprisingly constant differ-
ence in 8S* between pyrite and sphalerite coexisting in the same
sample. Fluctuations of this difference are 1.0-3.0%, on average
2.0%%122, On the one hand, such constancy indicates the formation of
sphalerite and pyrite from a single solution, and on the other hand, a

19 3aupu, H.M. 3aKkOHOMEPHOCTHU BapUalliii H30TOMHOTO COCTaBA CEPhI CYJIb(HI0B
M HEKOTOpble BOIPOCH (OpMHUpOBaHMS KOJYEAAHHBIX 3alexel banaksHo-
3akaranbckoro pynHoro paiiona (FOxwusrii ckion bomsmoro Kaskasa): / aBToped.
JIICC. Ha COMCKaHUe T'eo.-MuHep. Hayk / — Mocksa, 1972. — 23 c.
2 3aupun, H.M. M30TONHO-TEOXMMUYECKHE MO  (OPMUPOBAHHUS
MECTOPOXKICHUH 30JI0TO-yriepoaucToil Gpopmanuu: / aBToped. AUCC. JOKT. T€OJL.-
MHHEp. HayK / — M., 1992. — 46 c.
2l Tpunenko, B.A. Uszoronsl ceprl / B.A.I'punenko, JLH. I'punenko - Mocksa:
Hayka, — 1974. - 275 c.
22 Tpunenxo, B.A., 3aupu, H.M., Illagnys, T.H. Tlondrennas npuposa cyab(puaos
B CTPaTU(POPMHBIX MECTOPOXKIEHUIX / — M.: T'eonorust pyJHbIX MECTOPOKIACHHUIH,
—1974. Nel, —c. 66-75.
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relatively low temperature of their formation (from 200° to 100°C)
according to different measurements?3242°,

Copper-pyrrhotite ores were formed under different conditions.
The similar isotopic composition of sulfur in their sulfides, the same
spectrum and amount of impurities as in sulfides of sulfide-
polymetallic ores, as well as numerous remains of early pyrites in
impregnated ores, indicate that the substance of copper-pyrrhotite
ores is not introduced from the outside, but arises in the process of
transformation of earlier impregnated ores. The presence of magnet-
ite, biotite and actinolite in them indicates the high temperature of
their formation. According to the Fe content in pyrrhotites (mostly
47.2, less often 47.0%), the temperature of its formation is 350-
4OO°C21’26.

So, considering the formation mechanism of the Filizchay field,
the following can be noted:

The relationship of natural types of ores composed of various
mineral associations with the stages of folded and disjunctive disloca-
tions allows to divide the process of deposit formation into the fol-
lowing three stages of ore formation: 1. deposits of massive hydro-
thermal-sediment based pyrite ores; 2. formation of hydrothermal-
metasomatic ores of pyrite-copper-polymetallic composition; 3. dep-
osition of hydro-thermal-metamorphogenic ores of copper-pyrrhotite
composition. Available data indicate a favorable environment for the
formation of sedimentary pyrite ores with a significant role of Corg
and sulfate reducing bacteria. At the same time, hydrothermal-
sedimentary processes played the main role in the accumulation of
the bulk of sulfide masses. The significant role of the hydrothermal-

23 Tpydanos, B.H. TepMo6aporeoXMuMHYECKUE YCIOBHS (POPMUPOBAHMS PYIHBIX
Mmectopoxaenuit bombsimoro Kaskasa: / aBropedepar qucc. TOKT. T€0JI.-MHH. HayK /
Cwmuphos, C.C. — Tounucu, 1983. - 48 c.
24 Ohmoto, H., Rye, R. Isotopes of sulfur and carbon // Geochemistry of hydro-
thermal ore deposits, — 1979. v.2, — p.509-567.
% Vikentyev, 1.V. Metamorphism of volcanogenic massive sulphide deposits in the
Urals / 1.V.Vikentyev, E.V.Belogub, K.A.Novoselov [et al.] // Ore Geology Re-
views, — 2017. v. 85, — p. 30-63.
% Nurepcon, E. MeToansl M mpo6iieMbl Te0JIOrHYECKON TepMoMeTpUH. 11pobiaeMbl
pyansix Mectopoxaenuii / E. Murepcon. — M.: NJI, —1958. — c. 309-374.
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sedimentary process is also shown by data of sulfur isotope of pyri-
tes?:22, Evidence of hydrothermal-sedimentary ore deposition is also
the fact that an outpouring of spilites and basalts occurred in the
neighboring northern block (in a narrow trough-shaped depression)
by the period of accumulation of sediments of the ore-bearing hori-
zon. These post-volcanic exhalations (as primary sources) can be as-
sociated with the introduction of iron sulfides into the more southern
basin with stagnant waters. The presence of these processes is evi-
denced by the widespread development of argillaceous shales and
series of terrigenous flysch of ore rhythmites (“ore flysch”) in the un-
derlying ore deposit, as well as veinlet ores of essentially pyrite com-
position, which underwent intense dynamometamorphism due to the
development of cleavage fracture of flow. Apparently, sulfide ores of
the syndepositional depressions accumulated in clayey sediments,
which are deposited under stagnant conditions.

In our opinion, this circumstance predetermined the polygenic
genesis of the ores of the Filizchay field?’.

CONCLUSIONS

1. The number of sulfide impregnations, concretions and nodules
(mainly pyrite composition) increases naturally from top to bottom —
from the Toarcian to the Pliensbachian, reaching a maximum in the
third series of the Pliensbachian shales (Filizchay series), which hosts
the stratiform sulfide deposit of the field. On the contrary, metamor-
phism increases in the opposite direction from the Pliensbachian to
the Toarcian, which is explained by the coverage of the terrigenous
strata of the Toarcian by the Kohnamedan shear zone;

2. The beginning of the formation of modern structures of the
Kasdag-Filizchay ore cluster is associated with the growth during the
Lower Jurassic of the Kasdag and Karabchay longitudinal syndeposi-
tional uplifts, which are separated by a narrow uncompensated
trough, where outpourings of initial basalts and ore exhalations oc-

21 Sattar-zade, N.A., Imamverdiyev, N.A. Origin of the Filizchay ore field (the
southern slope of the Greater Caucasus) // — Dnipro, Ukraine: Journal of Geology,
Geography and Geo-ecology, — 2023. 32(4), — p. 839-848.
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curred, creating stratiform ore bodies of these fields, corresponding in
time to the Pliensbachian and Toarcian centuries;

3. It has been established that there is a decrease in the contents
of zinc, lead, cadmium, indium, thallium, silver, gold, bismuth, anti-
mony, arsenic in the main deposit of the studied deposit from the
western flank to the eastern flank and an increase in the concentra-
tions of copper, cobalt, mercury, nickel and selenium. Along the dip
of the ore deposit, geochemical zoning is expressed by a decrease in
the concentrations of zinc, lead, cadmium, indium, bismuth, antimo-
ny, arsenic and an increase in the contents of copper, cobalt, nickel
and manganese.

4. A clearly expressed zoning in distribution has been estab-
lished in the field of textural and mineralogical types of ores and in
the distribution of the main ore components, as well as accompanying
elements according to thickness, updip and course in the ore deposit.
The latter is expressed in the values of zoning indicators, indicator
ratios of elements, as well as changes in the concentration levels of
accompanying elements in sulfides.

5. Pre-ore hydrothermal alterations, represented by chloritization
and carbonatization, are intensely occurred in the footwall of the de-
posit and develop non-simultaneously. Sericitized rocks are located
zonally along ore conduit. Carbonatization is overlayed on crushed
chloritized rocks in the zones of these ore conduits and spreads high-
er, occupying the Kohnamedan reverse-thrust zone. The mineraliza-
tion is closely related to carbonated rocks. These alterations are oc-
curred in the hanging wall of the ore deposit to a much weaker ex-
tent, where the processes of redeposition of diagenetic pyrite in the
pre-ore period with the formation of acculumations of cubic crystals
and framboidal spheres overlayed on regionally developed near-fault
schistosity are widespread.

6. According to the geological structure, reserves of valuable
components Zn+Pb+Ag of the Filizchay field can be classified as
SEDEX type of fields, for which the main industrially valuable min-
erals are sphalerite and galena, and pyrite, which always present in
the ores, can be of secondary importance or play a dominant role as
in massive sulfide bodies.
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7. It has been established that the field developed over a long pe-
riod of time, starting from the period of sedimentation and up to the
formation of ores of the copper-pyrrhotite stage. After the completion
of the formation of pyrite mineralization, which has gone through the
phase of regressive metamorphism, copper-pyrrhotite ores are
formed, the deposition of which is preceded by brecciation of pyrite-
polymetallic ores and their progressive metamorphism occurs with
the formation of skarnoids with a sharp increase in temperature.

As you can be seen, the formation of pyrite-polymetallic and
copper-pyrrhotite ores occurs under different physicochemical condi-
tions. The formation of pyrite-polymetallic ores occurs under condi-
tions of moderate and low temperatures (240-100°C) under regres-
sive temperature conditions. At the same time, copper-pyrrhotite ores
are characterized by high formation temperatures (350-400°C). The
lower age limit of pyrite mineralization is determined by the presence
of hydrothermal-sedimentary ores of the Upper Pliensbachian. The
upper age limit is established by the presence of pebbles of hydro-
thermally altered rocks and sulfide ores in the conglomerates under-
lying the lower Upper Jurassic sediments.

PRACTICAL RECOMMENDATIONS

1. According to the intensity of occurrence of zinc, lead and sil-
ver mineralization two parts can be distinguished in the ore deposit:
the western one is richer, where almost all the maxima are concen-
trated, and the eastern one is poorer, where most of the minima occur.
According to this, in-mine exploration of the eastern flank of the de-
posit should be recommended, where the continuation of the ore body
under the surface can be expected, judging by the intense veinlet
mineralization traced 1 km east of the mine, and the inclination of the
ore body in the same direction.

2. To date, the explored length of the ore body along strike is
1200 m. The few wells drilled on the eastern and western flanks of
the field either do not intercept ore or produce noncommercial capac-
ity or vein-type mineralization. However, the prospects for both
flanks of the field remain unclear. The most promising is the western
flank of the field, despite the fact that the wells drilled here revealed
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only veinlet mineralization, and the ore-hosting thrust fault, which is
traced in the exposed left side of the Karabchay River, does not con-
tain mineralization at all. These results may indicate not a complete
extinction of mineralization in the eastern direction, but a temporary
interruption due to the development of several transverse flexural
folds in the ore-bearing strata in this area. The abovementioned ideas
determine the primary importance of structural factors in the localiza-
tion of mineralization during its search. Apparently, prospecting work
should be directed to areas of intense isoclinal folding, where fault
structures of the thrust type, which is favorable for mineralization,
can be expected. Occurrence of chloritization and carbonatization can
serve as direct search indicators.

3. Geological and mineralogical data indicate a gradual wedging
out of mineralization on the western flank of the field. Nevertheless,
the possibility of its occurrence in the west of the traced transverse
structures, where the continuation of the ore-bearing thrust is ob-
served, cannot be excluded. Therefore, further detailed geological
exploration work is recommended (drilling wells with depth of 400-
500 m).

4. A very important task is the assessment of the deep horizons
of an already known deposit, for which reserves are currently being
calculated. According to the data of drilled wells, this ore body has
been traced along a dip of about 900-950 m. For further exploration
of deep horizons, it is necessary to drill about 15-20 wells with a
depth of 800 to 1500 m through a network that ensures an increase in
reserves in category Ci.
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