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Background. 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 anticline with the Kekhnamedan upthrow-thrust being complicated by the
Belakanchay local transverse inversion 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.

Methods. More than 2000 analyses from exploration wells were used in the article. 3D geochemical models were built for
separate elements on the basis of the Leapfrog GEO program. Analytical work was carried out by the X-ray fluorescence method
in the laboratories of the Geological Service of the Ministry of Ecology and Natural Resources of Azerbaijan.

Results. The article has been devoted to the distribution of the main ore-forming components in Filizchay field of the
southern slope of the Greater Caucasus. 3D model of the mineral elements of Filizchay field has been using "Leapfrog GEO"
program. Analysis of the iso-thicknesses map clearly shows that the eastern flank of the deeper, shallow dipping part of the deposit
is characterized by the greatest thickness where its thickness exceeds practically universally average value of this parameter
according to the field. It has been found that zinc and lead distributions repeat practically each other. The western half of the body
differs sharply from the eastern half by stable high (more than average value) contents. The overwhelming majority of zinc
concentrations minimums and nearly all lead minimums are located in the eastern half which is generally characterized by the
contents being below average. According to the copper concentrations distribution the deposit is very clearly divided into two parts
— the southeastern part being thicker and richer and the northwestern part being relatively less thick and with contents being below
average according to the field. The comparison of silver and lead isocontents’ maps indicates a close relationship of both elements
as evidenced by the very similar nature of their spatial distribution within the deposit. As for lead one can generally distinguish
two halves in it that are generally differed from each other in the intensity of the silver mineralization - the northwestern being richer
and the southeastern being relatively poorer. The boundary between these parts repeats mainly the boundary determined for lead
not only according to the spatial position but also according to the main details of the outline. All the maxima of the silver
mineralization are located in the northwestern half of the field, the most of which are located on the upper horizons. According to
the intensity degree of the zinc, lead and silver mineralization manifestation in the deposit, two parts can be distinguished: the
western one is richer where almost all maxima are concentrated and the eastern one is poorer which accounts for the most of the
minima. The boundary between them passes approximately in the middle part of the body from the upper to the lower horizons; it
nearly coincides with the direction of its fall and it is distinguished by complex outlines. The frequent isolines repeatability of the
zinc and lead contents, the close spatial position of their maxima centers suggest a close positive correlation between them.

Conclusions. The Filizchay field developed over a long period, starting from the sedimentation period and up to the
formation of ores of copper-pyrrhotite stage. The lower age limit of mineralization is determined by the occurrence of the Upper
Pliensbachian hydrothermal-sedimentary ores. The upper age limit is identified by the presence of pebbles of hydrothermally
altered rocks and their sulphide ores in conglomerates underlying the lower Upper Jurassic sediments.

Keywords: Filizchay field, the southern slope of the Greater Caucasus, 3D model of elements, "Leapfrog GEO" program,
distributions of zinc, lead, copper, silver.

Background

The southern slope of the Greater Caucasus is one of
the richest areas in the South Caucasus in terms of
polymetallic fields of zinc, lead and other components. From
this point of view, the Filizchay pyrite-polymetallic field of the
Greater Caucasus is of great interest, as it is a valuable
source for the extraction of zinc, lead, silver, as well as
associated components such as gold, cadmium, indium,
copper, tin, bismuth, antimony, selenium, tellurium, etc.

Despite the fact that the field of the southern slope of the
Greater Caucasus has been sufficiently studied, a 3D
geochemical model for separate ore elements has not yet
been built that would clearly reflect all the main peculiarities
of the geological structure of the modeled area of the field. It
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is possible to solve many issues with its help — to give a more
accurate calculation of ore and metal reserves, to design the
next exploration and survey underground mining workings.

So, the development and building of geological and
genetic 3D models of ore-forming systems based on
geochemical data of drill holes is a new stage in the study of
pyrite fields.

The main purpose of the presented article is to build a
3D model for separate ore elements based on a detailed
comprehensive geological-mineralogical-geochemical study
of ore deposits and separate ore-forming minerals, identify
geochemical anomalies and geochemical zoning based on
the element concentration ratios. To answer these
questions, it is required to study the distribution of trace
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elements in ores in order to determine the geochemical
zoning along updip ore deposit, geochemical anomalies and
to construct a geochemical 3D model for separate ore
elements (Zn, Pb, Ag) using the Leapfrog GEO program.

The ore fields of the southern slope of the Greater
Caucasus, in particular the Katsdag-Filizchay ore cluster,
which includes the Filizchay field, have been studied by
many researchers (Agayev, Velizade, & Novruzov, 2005;
Baba-zade, & Agayev, 1999, 2005; Geology of Azerbaijan,
2005; Smirnov, Chernitsin, & Ivanov, 1973; Kurbanov, 1986;
Kurbanov, Zaitseva, & Gadzhirev, 1976; Novruzov, & Agaeyv,
2009, 2012; Novruzov, 2011; 2016; Novruzov, & Sattar-
zadeh, 2015, 2019; Tvalchrelidze, 1983, Tvalchrelidze, &
Ismmailova, 1964; Kholodov, & Kiknadze, 1989).

The geological setting of the ore cluster is determined by
its arrangement on the western flank of the Balakan-
Zagatala ore region (Fig. 1) (www.googleearth.com), where
it is confined to the junction area of the Tufan and Mazim-
Saribash subzones along the Kohnamedan depth fault zone.
The upper (Filizhchay series) and lower (Murovdag series)
Pliensbachian and upper Toarcian (Jikhikh series)
terrigenous sediments are exposed within the ore cluster of
the Tufan subzone, which form the Katsdag linear anticline
of the first order, which hosts the field of the same name.
The lower (Balakan series) and upper (Filizchay series)
Pliensbachian and Toarcian sediments (Gubakh series)
expose in the Mazim-Saribash subzone, crushed into the
Karabchay box anticline, which hosts the ore deposit of the
Filizchay field (Fig. 2, 3).

Before proceeding to the lithological and stratigraphic
characteristics of the section of the Lower Jurassic
terrigenous sediments of the field area, let us briefly review
the petrographical peculiarities of the main lithological
varieties of rocks.

The clay shales occupying the main volume of the rocks
at the Filizchay field are characterized by black, grayish-
brown and less often greenish-brown color. Typical
structures are pelitic and silty-pelitic. The structures are
typically microlepidoblastic with a thin-banded and fibrous-
banded texture in metamorphized, thinly laminated varieties
(up to phyllites) due to the alternation of submillimeter bands
of micas (usually muscovite, sericite, less often chlorite) and
dark-brown anisotropic particles. Thinly laminated and
micro-laminated textures are also observed. Besides pelitic
matter, clay shales contain detrital, authigenic and organic
components.

Silty-clayey shales and siltstones are characterized by
silty and silty-pelitic structures; the texture is often
microbanded, laminated, schistose, micro-curved. A
blastoaleurolitic structure with a microlepidoblastic structure
of cement is observed in metamorphized varieties.

Sandstones belong mainly to small- and medium-
grained varieties (up to 60 %) with fragment sizes from 0.1—
0.25 to 0.5-1.5 mm. A characteristic feature is the weak
rounding of the fragmental material and sorting, the shape
of the grains is elongated, less often isometric (up to 30 % —
fragments). Sometimes there is an admixture of fragments
of siltstone material (10-15 %), cement, which makes up to
50 % of the rock. Quartz is heterogeneous in composition
and structure: feldspar, chlorite-sericite-quartz, mica-clayey,
mica-siliceous-clayey, clayey-sericite-siliceous.

The sediments of the Filizchay series are represented by
a stratum of dark-grey, almost black clay shales, alternating
in the form of sequence with units of sandy flyschoid (Fig. 2).
This stratum hosts the deposit of the same name, protruding
in the core of the Karabchay anticline in the form of a
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relatively narrow strip. The base of the strata in the area of
the field is not undercut and is established only within the
Katsdag-Filizhay ore cluster.

Sediments of the Filizchay series are replaced by the
Gubakh sediments up the section, which are divided into two
strata: sandy-shale and clayey-shale (Fig. 2). The first of
them (J1t'1+2) plays the role of a supra-ore strata at the field
and occupies about half the area of outcrops of the Toarcian
sediments. It overlaps conformably the third (upper) ore-
bearing sequence of clay shales along the entire
sublatitudinal strike, which is the most ancient for the field of
the Filizchay series, composing a relatively low northern
flank of the Karabchay anticline (Baba-zade, & Agaev, 1999;
Kurbanov, 1986; Novruzov, & Agaev, 2012; Baba-zadeh,
Agayev, & Chelebi, 2005).

The Toarcian terrigenous complexes of the Tufan
structural-formational subzone are exposed further to the
north, from the side wall of the Kohnamedan thrust-reverse
zone, represented by two strata: clay-shale (Jit1+2) and
sandy-shale (Jit1+2) of the Murovdag series (Agayev,
Velizade, & Novruzov, 2005; Baba-zade, & Agayev, 1999,
2005; Geology of Azerbaijan, 2005; Smirnov, Chernitsin, &
Ivanov, 1973).

It should be noted that the rhythmic structure of the
sections has a defined flyschoid character, most fully
represented in the flyschoid units of the Filizchay series of
the upper Pliensbachian and least strongly in the Murovdag
series of the lower Toarcian. The amount of sulphide
impregnations, concretions and nodules (mainly pyrite
composition) increases regularly from top to bottom from the
Toarcian to the Pliensbachian, reaching a maximum in the
third pack of Pliensbachian clay shales (the Filizchay series),
which contains the stratiform pyrite deposit of the field.

The main peculiarity of the morphology of the pyrite-
polymetallic deposit of the Filizchay field is that it is a single,
compact sheet-like body, composed mainly (90-95 %) of
aggregates of sulfide ores, the basis of which is pyrite and
to a much lesser extent sphalerite, galena, chalcopyrite and
pyrrhotite. Carbonate minerals play a subordinate role in the
deposit composition, and quartz, sericite and chlorite play an
even smaller role.

The ore body is deposited among monotonous clay
shales of the upper, third sequence of the Filizchay series.
The deposit is confined to a thick ore-bearing horizon here,
the boundary of which is laterally determined by the
boundaries of the Balakenchay transverse uplift, where ore-
bearing clay shales are replaced by sandy flyschoid.

The structural position of the sheet-like pyrite deposit is
determined by its confinement to the central part of the
northern flank of the Karabchay anticline of sublatitudinal
strike. The deposit extends with an azimuth of 80—-85° and
dips along the general dip of the northern flank to the north-
northwest 350-355° at an average angle of 35-45°.The
western and eastern boundaries of the deposit are the most
extended transverse flexural bends, complicating the
northern flank of the anticline in the west and east,
respectively.

The following main mineralogical and textural varieties
(natural types) are typical for pyrite-polymetallic ores of the
field: laminated-banded pyrite-polymetallic, massive sulfur-
pyrite, massive pyrite-polymetallic, spotted-impregnated
pyrite-polymetallic  and  veinlet-impregnated  pyrite-
polymetallic. Veinlet-impregnated ores are adjacent to the
deposit from the side of the footwall and are considered as
independent bodies (Baba-zade, & Agayev, 1999).
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Fig. 1. Location (North-East to South-West view) of the Filizchay field area (www.googleearth.com)
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Fig. 3. Schematic geological section of the Filizchay field

Methods

More than 2000 analyses from exploration wells were used
in the article. 3D geochemical models were built for separate
elements on the basis of the Leapfrog GEO program. Analytical
work was carried out by the X-ray fluorescence method in the
laboratories of the Geological Service of the Ministry of Ecology
and Natural Resources of Azerbaijan.

Results

The main work phase when creating a 3D model is the
precise checks of the entered data. When creating the model
of the Filizchay field, it turned out that a minimal error yielded
large anomalies. It took more than 2 months to find and
correct the errors. In the end, all data was corrected and
entered quite accurately.

The corrected data is displayed in 3D space, and you can
once again check the well pattern and the correctness of the
display of the geological setting.

After creating a 3D model of the selected elements of the
Filizchay field, a geochemical model is built for separate
elements or for a set of certain elements (for example,
Cu+Zn+Pb). This block diagram can be rotated in different
directions and view the full 3D model of the field. There are
some shortcomings that do not allow the model to be
expanded and various geological layers to be viewed. But
the Leapfrog GEO program eliminates these shortcomings.
The model reflects clearly all the main peculiarities of the
geological structure of the model area of the field.

According to this program, we have created a 3D model of
the deposit of the Filizchay field. The geological structure of
the field is represented by a three-dimensional model of ore
elements (3D model) (Fig.4). Using a 3D model and
structures embodied in the integrated Leapfrog GEO software
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package (www.leapfrog3d.com), a mineralogical and
geochemical model of one ore deposit at different azimuths
was created. This model can be used to calculate the ore
reserves and its metals. Many issues of designing the next
exploration and excavation underground mine workings can
be solved with its help. This model reflects much more clearly
all the main peculiarities of the geological structure of the
modeled area of the field.

Below are the spatial distributions of valuable
components Cu, Zn, Pb (Table 1, Figs. 5-7), their sum, as
well as the distributions of S and Ag for the Filizchay field,
created using the Leapfrog GEO program.

There is a certain pattern in the distribution of ore-forming
components and trace elements in the deposit, which is
associated with the general scheme of mineralogical zoning.
The issues of zoning of ore deposits of pyrite and pyrite-
polymetallic fields and the patterns of distribution of the main
and trace elements in them are covered in numerous
publications (Smirnov, Chernitsyn, & lvanov, 1973).

It has been established that regional ore zoning is
observed in the Azerbaijan part of the southern slope of the
Greater Caucasus, as it moves from the northwest to the
southeast, expressed in the shift of chalcopyrite-pyrrhotite
ores by pyrite-polymetallic ores, as a result of which there is
a decrease in the copper concentration and accordingly, an
increase in the amount of zinc and especially lead (Agayev,
Velizade, & Novruzov, 2005; Kurbanov, 1986; Kurbanov,
Zaitseva, & Gadzhirev, 1976; Novruzov, & Agaev, 2009,
2012; Novruzov, & Sattar-zadeh, 2015, 2019). Alteration of
the mineral composition of ores are reflected in the
distribution patterns of trace elements, as well as in the
values of indicator ratios of components.
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Fig. 4. 3D model of the orebody of Filizchay fdeposit. Viewpoint from South-East to North-West
(using the Leapfrog GEO program)

Table 1
Analysis of combined samples for compiling a geochemical model of the Filizchay field
Well No. Size, m Cu, % Zn, % Pb, % S, % Ag, ppm
26 117,3-126 0,48 10,5 3,95 40 90
30 400,9-411,9 0,3 9,9 5,75 42,9 140
56 409-412 0,29 3,74 0,88 42,9 90
57 383-388,3 0,68 3,3 1,2 38,9 25,8
67 554,3-564 0,56 4 1,47 38,9 29
68 303-309,5 0,81 3,88 1,5 41,8 44
70 253,8-264,5 3,7 0,55 0,28 39,5 150
310 189,2-199,1 0,51 7,12 3,3 45,5 43,4
312 119,7-131 0,7 6,25 2,55 39,1 48
314 251-260,3 0,53 4,12 1,74 36,8 36,8
315 151,1-163 0,55 3,85 1,6 38,2 43,8
342 303,9-313,3 0,63 1,63 0,44 35,3 22,6
349 385,9-391,5 0,8 2,2 0,76 38,7 36
360 134,6-144,5 0,53 5 1,9 43 62
374 202-216,4 0,53 6,75 1,65 42,7 36
404 335-346,6 0,41 4,75 2,24 43,6 46
416 86,1-90,4 0,3 2,24 0,24 29,3 25,6
443 458,3-469,4 0,8 1,81 0,55 36,7 23,2
444 290,6-303,6 0,48 4,95 1,42 39,5 60,3
469 302,8-316,3 1,22 2,57 0,64 36,3 9,1
515 756,3-762 0,53 3,65 1,87 45,1 80
528 505,6-513 0,48 2,7 1,55 29,7 46,6
555 657-661,6 0,34 0,8 0,22 30,5 40
558 199-206 0,78 2,9 0,96 40 24,6
560 860,8—-864,9 0,4 1,57 0,27 42 21
575 781-785 0,43 6,6 0,52 37,2 47,2
583 876,2-877,1 0,47 1,16 0,71 42,4 3,1
584 664-667,2 0,9 1,84 0,42 34,6 20
592 756-762,8 24 1,05 0,08 38,5 10,4
594 952-960 0,63 0,13 0,28 45,8 28,8
600 836,1-844 0,42 1,73 0,44 37,9 16
605 188,8-192,9 0,42 5,39 1,82 37,3 72
606 197,6-202,6 0,32 8,25 3,09 41,1 714
608 273-280,4 0,47 1,03 0,25 43,3 2
611 273,6-275,5 0,33 3,13 0,93 40,4 17,8
620 252,4-254 0,38 6,12 2,87 37 82
624 178-188 0,96 0,03 0,84 41,7 20,5
644 245,4-258 0,37 10,52 2,81 37,6 67,8
659 475,4-476,6 0,43 7,02 2,28 39,7 45
668 288,5-297 0,54 1,31 1,3 42 60
670 709,1-710,3 0,16 0,48 1 40,9 55
676 731,4-737 0,63 0,69 0,14 41,4 600
696 522,8-530 0,33 5,86 1,82 38 70
698 344-352,4 0,7 5,66 3,04 34,1 80
703 581-588,9 0,29 2,37 0,64 39 35,4
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Some geochemical peculiarities of the distribution of ore
components and precious metals in the composition of a
single sheetlike deposit of the Filizchay pyrite-polymetallic
field are reflected in the works (Novruzov, & Agaev, 2009,
2012; Novruzov, 2011). It is found that the maximum
concentrations of zinc and lead occupy almost the entire
western part of the deposit, while copper occupies local
areas on the eastern flank and in the central part. The
distribution pattern of silver is very similar to lead, while gold
is similar to copper mineralization. In general, there is an
increase in copper content and a decrease in zinc and lead
concentrations from the western flank of the ore deposit to
the eastern one (fig. 5-7).

The estimated reserves of the Filizchay field amount to
94.2 million tons, with the following average metal content:
Zn —3.61 %, Pb —1.48 %, Cu — 0.58 %, Ag — 44.7 ppm, Au
— 0.6 ppm. The metallic zoning inside the ore body is clearly
visible through computer 3D modelling (fig. 5-7), which
provides additional opportunities for future mining planning
and process assessment.

As can be seen from the 3D models, the average copper
content is 0.6 % in the upper horizon (in mixed ores), and
enrichment of this element is also observed on the eastern flank.

Zinc also does not correspond to the thickness of the
ore’s capacity and averages 4-6%. There are ore
accumulations with a zinc content of up to 6-8 % in the
central part of the ore deposit from the horizon surface
1120 m to the horizon 500 m. The width of such
accumulations is 10-30 m. They extend to the east at an
angle of 70-80°. These ore accumulations contain high
concentration of zinc — zinc "lenses". The percentage of zinc
increases towards the western flank.

The most zinc-enriched part is observed in the center
closer to the surface in the form of small accumulations. The
lead content is 2—4 % on the eastern flank of the field.

Based on the results of the conducted correlation
analysis, the possibility of grouping geochemical data using
cluster analysis was considered. Using the latter, a group of
elements characterized by a certain closeness of
relationship was identified in the pyrite-polymetallic ores of
the deposit. As can be seen from the R-type dendrogram
(Fig. 8), zinc exhibits a close correlation with lead (r =
+0.864). Copper's relationship with zinc and lead is negative
(respectively, rcu-zn = -0.409 rcu-pp = -0.315) (table 2).
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Fig. 8 Correlation between elements of pyrite-polymetallic ores of the Filizchay deposit

Table 2
Estimates of the correlation coefficients between components in pyrite-polymetallic ores of the Filizchay deposit (n=97)
Zn Pb S Au Ag Bi Cd Sb As
Cu  [-0.4092 -0.3148 -0.0508 0.0131 0.0859 -0.0132 -0.4140 -0.1902 -0.1793
Zn 0.8642 0.3730 -0.1027 0.5683 0.0048 0.7899 0.5348 0.4304
Pb 0.4023 0.0093 0.6277 0.1030 0.6163 0.6584 0.5256
S -0.0594 0.2210 -0.1766 0.2449 0.3580 0.1726
Au 0.0498 0.3384 -0.0450 0.1324 0.0848
Ag 0.0812 0.4756 0.3803 0.2811
Bi 0.0623 0.2020 0.2321
Cd 0.4628 0.3809
Sb 0.6628
A clear mineralogical and geochemical zoning has been composition of mineral-forming solutions and the

established along the dip and strike of the stratiform ore
deposit of the Filizchay pyrite-polymetallic field, mainly due
to the sequence of ore deposition. It is expressed by a
regular alteration of the mineral and associated chemical
composition of textural-mineralogical types of ores. The
polymetallic composition of pyrite-polymetallic ores with a
relatively elevated concentration of impurity components
indicates a complex multicomponent composition of ore-
forming solutions. The composition of impurity elements in
minerals is a typomorphic peculiarity reflecting the
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physicochemical conditions of ore formation. The distribution
patterns of textural and mineralogical ore types at the
Filizchay field are a reflection of the primary zonality of the
distribution of ore-forming elements and impurity
components. The distribution of rare and trace elements is
determined by the spatial arrangement of various mineral
associations distributed regularly in the ore deposit. As a
result, mineralogical and geochemical zoning occurs. As
mentioned above, the Filizchay field is characterized by
zonality in the distribution of textural and mineralogical types
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of ores and ore-forming components in the ore deposit
(Imamverdiyev, Sattar-zadeh, 2023).

The results of numerous analytical data were processed
to identify patterns in the distribution of chemical elements.
It has been established that the content of zinc (Fig. 9a),
lead, cadmium, indium, thallium, silver, gold, bismuth,
mercury, antimony, arsenic decreases from the western
flank to the eastern one in the main deposit of the studied
field, while the concentrations of copper (Fig. 9b), cobalt,
nickel and selenium increase. Geochemical zoning is
expressed by decreasing concentrations of zinc, lead,
cadmium, indium, bismuth, antimony, arsenic down-dip of
deposit and increasing content of copper, cobalt, nickel and
manganese. Models compiled on the basis of boreholes
show that the upper (200 m) parts and the eastern flank of
the field are enriched in copper and silver.

The distribution of elements in separate boreholes has
established a clear zonality by the thickness of the ore
deposit, occurred in a regular alteration of the mineral and
chemical composition of the ores from the footwall to the side
wall. This leads to the accumulation of copper, cobalt, tin and
manganese in the footwall and the concentration of zinc,
lead, cadmium, thallium, mercury, antimony, etc. in the side
wall of the ore deposit.

Discussion and conclusions

Geochemical zoning associated with a regular alteration
of the concentrations of separate elements in space is
clearly expressed quantitatively using the values of indicator
ratios (Zn Pb) / (Cu Co), Zn / Cd, Ag/ Au, Co / Ni, etc. at the
Filizchay field (Table 3). A regular alteration of the value of
indicator ratios of elements is also observed in the depth
horizons (upper, middle and deep horizons) (Novruzov, &
Sattar-zadeh, 2015, 2019; Ovchinnikov, & Lutkov,1983).

Table 3

Average content of ore-forming and impurity components, values of indicator ratios of zonality index in pyrite-polymetallic ores
of the Filizchay field

Element Western flank (prof. IV=XI) Central part (prof. XII-XIX) Eastern flank (prof. XX-XXVI)
Cu 0,57 (150) 0,58 (185) 0,61 (114)
Zn 5,59 (150) 4,84 (185) 3,50 (114)
Pb 2,52 (150) 1,93 (185) 1,31 (114)
S 40,25 (150) 39,71 (183) 38,82 (114)
Au 0,9 (140) 0,8 (173) 0,7 (103)
Ag 75,6 (97) 55,2 (118) 43,3 (92)
Bi 102,4 (93) 83,7 (130) 70,8 (82)
Co 181 (151) 247 (186) 252 (116)
Ni 76 (88) 114,5 (141) 145 (143)
Cd 78 (114) 73,5 (113) 53 (79)
Se 5,5 (113) 7,0 (135) 6,3 (85)
Te 2,0 (130) 1,4 (156) 1,7 (110)
Sb 0,031 (132) 0,023 (165) 0,022 (108)
As 0,25 (137) 0,20 (171) 0,15 (111)
Mn 0,32 (137) 0,27 (152) 0,24 (113)
Zn:Cd 717 658,5 660
Zn-Pb 1365 652 298
Cu-Co
Ag:Au 84 69 62
S:Se 73,2:10° 56,7-10° 61,6-10°
Se:Te 2,75 5 3,7
Co:Ni 24 2,2 1,7
Ag Pb-Zn 32,26 13,33 5,38
Cu-Co-Mn
Ag-Pb-Zn 0,58 0,26 0,09
Cu3
Ag - Pb-Zn 1,8-10° 3,4-10° 1,2:10°
Co3

To quantitatively express the zonality, the geochemical
zonality index (Eremin et al, 2000; Lapukhov, 1975; Loginov,
1974) (Table 3) was calculated based on the ratios of the
concentrations of elements accumulated in the upper part
(Zn, Pb, Ag) and the lower part of the deposit (Cu, Co, Mn).
Taking the minimum value of this indicator per unit, we
obtained the following values of the zonality coefficient for
the main ore deposit in separate hypsometric levels from the
upper horizon (absolute marks 1300-1200 m) to the deep
(500-400 m) along 100-meter depth horizons: 15; 12.8;
10.5; 5.9; 4.8; 1.8; 1; 1.8; 7.2. The regular alteration of the
concentrations of elements down-dip of the Filizchay ore
deposit is most clearly observed when comparing the
zonality index, which increases from the central part of the
deposit in the direction of the upper and deep horizons.

Geochemical zoning updip of the ore deposit is also
observed. For quantitative characteristics of zonality,
average content was calculated for boreholes intersecting
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the ore deposit at different levels. Based on these data,
graphs of alterations of geochemical indicators were built.
The most rational are the following geochemical indicators:
Vv Zn'PbAg _Zn'Pb'Ag Zn'Pb

‘A .
1= . V2 , Va = =229 They increase
CuCo'Mn Cu3 Co3

monotonously updip of the ore deposit by tens and hundreds
of times (Fig. 10). In general, horizontal and vertical
geochemical zoning is established in the ore deposit of the
Filizchay pyrite-polymetallic field. So, zonality in the
arrangement of textural and mineralogical types of ores and
distinct geochemical zonality in the distribution of the main
ore-forming components and impurity elements by
thickness, updip and strike in the ore deposit have been
established at the field. The latter is expressed in the values
of zoning indicators, indicator ratios of elements, as well as
in changes in the concentration levels of impurity elements
in sulfides.
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Fig. 10. Graph of changes in zoning indicators updip of ore deposit

According to the analysis of the factual material, the most
contrasting is the variability of the distribution of thicknesses and
copper content, for which the inclination of the deposit in the
north-east direction with its dip to the north is very clearly
occurred. This inclination is expressed by maxima and bands of
increased values of the named indicators in the form of
separate bands or a chain passing in the plane of the body from
its southwestern to northeastern flanks. In term of thickness and
copper content, the deposit is clearly divided diagonally into two
parts — the south-eastern, thicker and richer, and the north-
western, relatively less thick and with contents below the
average for the field. According to occurrence of the intensity of
zinc, lead and silver mineralization, two parts can be
distinguished in the deposit: the western part is richer, where
almost all the maxima are concentrated, and the eastern part is
poorer, where most of the minima are located. The boundary
between them passes approximately in the middle part of the
body from the upper to the lower horizons; approximately
coincides with the direction of its dip and is distinguished by
complex outlines. The most complex is the distribution of gold.
An extensive area of low and minimum metal concentrations is
distinguished in the middle part of the field, starting
approximately from the level of the change in the dip angle and
down to the hypsometric mark of about 500 m. This area is
framed (except for the northwestern and southeastern corners)
by a wide aureole of elevated contents, which occupies the
entire remaining area of the deposit and within which many
small-space maxima are distributed. The distribution of the
main ore-forming components (zinc, lead and copper) in a
horizontal section is illustrated in the plans of three horizons
representing the upper, middle and deep parts of the field.

So, the Filizchay field developed over a long period, starting
from the sedimentation period and up to the formation of ores
of copper-pyrrhotite stage. The lower age limit of mineralization
is determined by the occurrence of the Upper Pliensbachian
hydrothermal-sedimentary ores. The upper age limit is identified
by the presence of pebbles of hydrothermally altered rocks and
their sulphide ores in conglomerates underlying the lower
Upper Jurassic sediments.

According to the occurrence intensity of zinc, lead and
silver mineralization, the deposit can be divided into two
parts: the western part, which is richer and contains almost
all the highs, and the eastern part, which is poorer and
contains most of the lows. Additional geological exploration
work is recommended in the eastern part.
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FEOXIMIYHI OCOBJIMBOCTI ®INMI3YANCHLKOIO NIPUT-MONIMETANIYHOIO NONA (BENUKUA KABKA3)

B cTyn. CmpykmypHe nonoxeHHsi podoeuwa Pinizqali suzHayaembcs io2o npue'a3aHicmio Ao o6acmi cmuky nieHiyHo20 cxuny Kapa6yaii-
CcbKoi kecoHonodi6Hoi anmukninani 3 KexHamedaHcbKkuM HacyeaHHsIM, ycknadHeHUM benakaH4yalicbKUM fIOKasibHUM rorepeYHuM iHeepciliHum nio-
HammsmM. OCHO8HUMU esleMeHmamu cmpykmypu podoeuuwia €: sdpo Kapa6uyalicbkoi aumukniHani, if nieHiyHul cxun ma 4acmuHa KexHameOdaHcbKoi
30HU 3cyey, sIKi nepeKkpuearomMbCsl 3a3Ha4yeHUM rornepeyHuM niOHsmmsM. Ocobsueocmi yuUxX OCHOBHUX esleMeHmie eu3Hayaromb OCHOBHI pucu
cmpykmypu podosuwia Pinizyad.

Me Toaun. BukopucmaHo noHad 2000 aHanizie 3 po3eidysanbHux ceepdnosuH. [jns okpeMux esiemenmie nobydoeaHo 3D-2eoximiyHi modesni
Ha ocHoei npozpamu Leapfrog GEO. AHanimu4Hy po6omy npoeedeHo memodom peHmzaeHogyopecyeHyii 8 nabopamopisx eonozi4Hoi crnyx6u
MiHicmepcmea ekosioz2ii ma npupodHux pecypcie AsepbaiidxaHy.

Pe3ynbTaTtu. Po6bomy npucesyeHo po3nodiny ocHo8HuUx pydomeipHux koMrnoHeHmie y ®dinizyalickkomy podoeuuwi niedeHHozo cxusy Be-
nukozo Kaeka3sy. 3D-modenb MiHepanbHux enemeHmie ®inizqailicbko2o podosuuja 6ys10 cmeopeHo 3 8UKOpUCMaHHAM npozpamu "Leapfrog GEO".
AHanis kapmu 4imko nokasye, wjo cxioHul ¢hnaHe 2nubwoi, He2nuboKo 3aHypro8aHol YacmuHuU podosuwa xapakmepu3syembcsi Halibinbworo nomy-
JKHicmio, de yeli napamemp maiixxe noectodHO suwjuii 3a cepedHe 3Ha4YeHHs1 no podosuly. BusienieHo, w0 po3nodinu YUHKY ma CeUHU0 MpPakmMu4yHo
noemoproromscsi. 3axiOHa nosoeuHa mina pis3ko eidpisHsseMbcs 8id cxiOHOi cmabinbHo eucokum (6inbwe 3a cepedHe 3Ha4YeHHs1) emicmom. lNepesa-
JKHa 6inbwicmb MiHiMyMie KOHUeHmpauili YuHKYy ma mMale 8ci MiHiMyMu KOHUeHmpayili CBUHUI0 po3mauwio8aHi y cxiOHili Mos108UHI, sika 3a2asiom
Xapakmepu3yembCsi 8MiCMOM, HUXYUM 3a cepedHil. 32i0Ho 3 po3nodinom KoHueHmpauil Midi, podosuue dyxe 4yimko nodinssemsbcsi Ha dei Yac-
muHu: nie@eHHo-cxiOHy, sika € MOMyxHiwor ma 6azcamworo, ma nieHi4Ho-3axioHy, sika € 8i0HOCHO MEHWO ma Mae eMicm, HUX4ull 3a cepedHil 3a
podoesuwem. lNopieHsIHHA Kapm i30emicmy cpibsia ma ceuHUro eKka3ye Ha micHUl 38 'A30k 060x esleMeHmis, NPo W0 ceidyums Ayxe cxoxuli xapakmep
ix npocmopoeozo po3nodiny e Mmexax podosuwja. Tak camo, siK i O5s1 CBUHUIO, 8 HLOMY MOJHa 3a2asioM eudinumu O8i MoOsI08UHU, sIKi 3a2asioM 8idpi3Hs-
rombcsi 00Ha 8i0 0OHOI iHmeHcueHicmIo cpibHO20 3pYOeHiHHSI — nieHiYHO-3axiOHy, sika € 6a2amuworo, ma nieGeHHo-CxiOHy, sika € 8iOHOCHO 6iOHiWo}o.
Mexa Mix yumMu YacmuHaMu 8 OCHOS8HOMY IO8MOPIOE MEXY, 8U3HaYeHy OJis1 CBUHUIO He Jluwie 3a MPoCcMOopPO8UM MOJIOKEHHSIM, ase Ui 38 OCHOBHUMU
demarnsimu KOHmMypy. Yci MakcuMymu cpi6Ho20 3pyOdeHiHHs1 po3mauwioeaHi 8 nigHi4HO-3axiOHili monosuHi podosuwa, 6inbwicme 3 sIKUX — Ha 8EPXHIX
20pu3oHmax. 3a cmyneHem iHmeHcueHocmi NPosiey YUHKOB020, C8UHUEB8020 ma cpi6HO20 3pydeHiHHs1 8 podoeuw,i MoXHa eudinumu dei YacmuHu:
3axidHy, 6azamuwly, de 30cepedxeHi Malixe 8ci MakcuMyMu, ma cxiOHy, GiOHiwy, Ha siKy npunadae 6inbwicmb MiHiMymie. Mexa Mix HUMU npoxodums
npubnu3Ho e cepedHili YacmuHi mina eid eepxHL020 A0 HUXHBLO20 20PU30HMI8; 8OHa Malike 36izacmbcsl 3 HaNPSIMKOM (020 nadiHHS ma eupi3HsieMbCs
cknadHuMu KoHmypamu. Yacma noemoproeaHicme i30niHiti Micmy YuUHKY ma ceuHuyto, 671u3bKe Mpocmopoee po3maulyeaHHs1 UeHmpie iXHix MaKkcumy-
Mie ceid4amb MpPo micHy MO3uMueHy Kopessiyito MiXX HUMU.

B ucHoOBKM. dinizyalickke podosuuye po3eueasocs Mpomsi2oM mpueasnoao nepiody, no4uHaroyu 3 nepiody cedumeHmauii i 0o popmyeaHHs
py0 mioHo-nipomuHoeoi cmadii. HuxHs eikoea mexxa 3pyOeHiHHsI sU3Ha4YaembCsl 3asiIi2aHHSIM 8ePXHbOMiIHC6axcbKux 2idpomepmarnibHO-0cado8ux
pyO. BepxHsi gikosa Mexa su3Ha4yacmbCsl Hasi@HICMIO 2albKu 2i0pomepmMasibHO 3MiHeHUX nopid ma ix cynbgidHux pyd y KoHa2/10Mepamax, wyo nioc-
munaromb HUXHi 8epXHbOIOPChKI 8i0KNa0eHHs.

KnioyoBi cnoBa: ®inizyalicbke podosuuie, nisdeHHul cxun Benukozo Kaeka3sy, 3D-modenb enemenmis, npoepama "Leapfrog GEO", po3-
noodin yuHKy, ceuHuto, Midi, cpibna.

ABTOpM 3asBMSI0TL NPO BiACYTHICTL KOHMNIKTY iHTepeciB. CnoHcopu He Bpanu yvacTi B po3pobreHHi gocnimpkeHHs; y 36opi, aHanisi umn
iHTepnpeTauii 4aHUX; y HanNMCaHHI pyKonucy; B pilleHHI Npo nybnikauio pesynbTaTis.
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