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Swingeing majority of the quartz and sulphide-quartz gold-bearing bodies in the epithermal
deposits of the Berehove ore field (Transcarpathians, Ukraine) do not carry a structure of succes-
sive growth from the walls to the vein centre. The general structural pattern of these veins is usu-
ally a homogeneous cryptocrystalline and fine-crystalline quartz array with much less volume
percent of druses amount. We attributed these remarkable features to their metasomatic deriva-
tion. Hydrothermal quartz from the gold-bearing quartz veins has been analyzed by scanning
electron microscope-cathodoluminescence (SEM-CL). The textural features of quartz veins have
been described with the emphasis placed upon the mineral relationship, a crystallization se-
quence, and mainly an inner structure of quartz. Cathodoluminescence imagery revealed numer-
ous unique patterns and helped to determine and interpret physical and chemical processes of the
mineral forming. There are evidences of an colloidal origin most of the quartz array. Cryptocrys-
talline quartz varieties were formed from a silica gel, whereas coarse-crystalline drusy quartz pre-
cipitated from solutides. The vein textures of most ore bodies indicate that quartz was formed by
metasomatism in the disperse medium, whereas quartz from the sixth ore zone was precipitated
from solutides in condition of a crack opening.

Key words: quartz veins, cathodoluminescence, silica gel, Berehove ore field.

Systematic investigations and geological exploration of the Berehove ore field (Transcarpa-
thian region, Ukraine) began in the second part of the 20™ century. Berehove ore field contains
two deposits: Berehivske and Muzhiyevske, which are the typical low-sulphidation epithermal
Au-Ag deposits. Together with similar gold-bearing districts of Slovakia, Hungary, Romania,
it belongs to the same metallogenic province of the epithermal gold-bearing deposits [13, 27].

One of the most conspicuous textural features of the gold-bearing veins is the absence of
the successive growth features of crystal aggregates from the vein walls to its centre. Only one
ore zone (sixth), which is a border between Berehivske and Muzhiyevske deposits, contains
textures of consecutive minerals growth patterns. The sixth ore body also shows textures of
breaking up and fragmentations of the vein material, which suggests its tectonic origin. All
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other ore bodies have no such tectonic characteristics and growth patterns in the free space of
opening fissure. The rest of ore zones we consider to form by metasomatic replacement.

The vein mineral assemblages were characterised by using cathodoluminescence (CL).
This study investigates the mineralogical, textural, and structural characteristics, which have
been studied to constrain the conditions of the formation of the veins. Recently, mane re-
searches paid great attention to the investigations of hydrothermal or metasomatic quartz inner
structure by means of CL image analysis [7, 14, 21, 23, 26, 32, 36, 44] often combined with
other analytical techniques. The growing interest is also observed in discussion of the colloidal
silica role for quartz crystallization at higher temperatures [9, 12, 46] and experimental model-
ling of systems which can concentrate and transport significant quantities of both silica and ore
elements [17]. Colloform quartz is the feature that has the greatest predictive power for distin-
guishing between ore grade and sub-economic samples [22, 25].

The CL imagenary method gives us the opportunity to interpret the quartz texture as a re-
sult of the metasomatic substitution of the carbonate veins and precipitation from the silica
colloid. Hypogen silicic alteration of dolomite was described in [22].

A major aim of this study is to prove that the main volume of the ore bodies was formed by
crystallization from the silica gel, and partly some drusy quartz crystallized from the solutides.
We analyzed textural and structural patterns of these veins to contribute adequate genetic in-
terpretations.

Geology and mineralization. The Berechove ore field is situated in the Inner Carpathian
arc in the Ukrainian part of the Eastern Carpathians (Fig. 1). Its mineral deposits are related to
volcanic rocks and represent epithermal vein deposits. The gold-polymetallic mineralization in
the Berehove ore field is related to the acid volcanism with approximate age of 14—12 Ma
connected with Sarmatian areal volcanism [13, 20, 27].

North European
platform East European

platform

Fig. 1. Location of the Berehove ore field:
1 — Berehove ore field; 2 — Flysch Carpathians; 3 — volcanic rocks (N-0).

Stratigraphic profile consists of the three rhyolite thicknesses among which two horizons of
the volcanic-sedimentary rocks are situated (Fig. 2). The lower tuffs unit lies directly on the
Triassic—Jurassic sediments of the basement. The next thickness of the lower sediment unit
covers lower tuffs. These two structural units of the ore field (the Early and Late Badenian)
correspond to the precaldera stage of the volcano. The main structural element of the ore field
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is the eruptive pipe composed by the middle tuffs units. The middle tuff unit is traced to the
depth of 1 500 m. It is represented by psammitic, psephitic, and more rarely by coarse clastic
rhyolite tuffs containing fragments of argillite and andesite. The upper sediment unit places
mainly over a central zone of the eruptive pipe and is considered to relate to a caldera’s lake.
The upper sedimentary unit consists of clay, argillite with sandstone and tuff interlayers. Its
spread area it is limited by the configuration of the caldera lake. The upper sediment unit is
overlapped by the upper tuffs unit, which is composed of the rhyolite tuff, xenotuff, ignim-
brite, breccias with tuffite. The two last units correspond to postcaldera volcanic products.
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Upper tuffs. Rhyalites,
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(by the materials of the Transcarpathians Geology Expedition):
1 — stockwork; 2 — ore zones; 3 — caldera fault; 4 — border of the lower sediment unit; 5 — faults; 6 — number
of ore bodies; 7 — cross section line.

Ore bodies are represented by veins and stockworks, there are more than fifty ore bodies.
Muzhiyeve deposit is located in the inclined part of the Berehove crater and is limited by the
north-eastern and eastern shift zone, which runs along the border of the middle and lower sedi-
mentary tuff strata. In the west the deposit is limited by the sixth fracture zone. The Berehove
deposit is located in the central part of the eruptive pipe, where there are no lower sedimentary
unit and basement rocks. Mineralization of the vein type extends to a considerable depth inter-
val over 500 m, ore bodies represented by 41%, 42™, 43™ ore zones, most of which are found
below the horizon +10. It is overlapped by the thick upper sedimentary layer. In the sixth ore
zone, which occupies an intermediate position between two deposits, ore bodies occur from
horizon +170 m to horizon —700 m. The sixth ore zone is a fault disorder of the submeridional
strike of a curved (in plan) form in the inner part of the caldera.

The vein system consists of several high-angle quartz veins that extend almost vertically
from 100 m to more than 300 m, filling a conjugate system of north-eastern or western and
north-western spread strike-slip faults connected with wall caldera contraction within the erup-
tive pipe. Due to contraction, subsidence of the central part of the pipe took place with ampli-
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tude of 100 to 180 m. The subsidence led to the formation of joint faults system northeast (6™
and 10™ fault zones) and a sublatitudinal western and north-western (8", 12™, 15" 16™, 19",
23™ fault zones) stretch. These fault zones are located exclusively in the middle tuff unit and
the upper sedimentary unit. The sulphide, quartz-sulphide, quartz-barite, quartz-goethite,
quartz veins, and veinlet zones are associated with these fracture zones. The host rocks are the
middle tuff unit. The ore veins of sulphide, quartz-sulphide, barite-quartz, and quartz composi-
tion are connected with the fracture zones of western spread. The veins are steeply dipping to
subvertical. Stockworks are spread on the highest horizons of the Muzhiyeve deposit. The
veins are commonly accompanied by zones of silicification, adularization and sericitization.
Alteration on the upper horizons is argillization of a different extent. The veins are confined
to a vertical extent of approximately 300 m. They range in thicknesses from first centimetres
to 3 m.

The ore bodies have been formed during four stages: sulphide, barite-quartz, carbonate-
quartz, and carbonate-goethite [41]. The metasomatic mineralization of the first sulphide stage
was imposed on carbonates. The main phase of golden precipitation corresponds to the second
barite-quartz stage of the mineral formation. Fluorite, barite, quartz were formed on the second
stage. The sequence of filling is the following: gold + chalcopyrite + bournonite + tennan-
tite/tetrahedrite — quartz + barite + fluorite.

Mineral zoning of the barite-quartz stage of mineral formation. Intensity of the quartz
development in the Muzhiyevske deposit increases to the north and north-east (Fig. 3), within
the separate ore bodies it submits to the structure of filtration zones. The barite mineralization
is often developed on the periphery quartz veins in the form of a narrow belt. Across this belt,
the intensity of the barite mineralization changes and achieves maximum in the central part
(see Fig. 3). A similar regularity we observed in cross section of the quartz-barite veins. The
fluorite mineralization is spread in the narrow zone, which contains vein bodies from 17" to
23" ore zones inclusive. The development of the fluorite mineralization is situated on the up-
per horizons. The extent of the initial fluorite spreading occupied deep horizons, where there
are fluorite relicts replaced by carbonate and quartz.

Analytical methods. The samples include drill-core sections, underground and dumpsite
material. All minerals selected were handpicked and checked under a binocular microscope. A
standard transmitted light microscopy has been used to examine the thin sections. The photo-
graphs of the thin sections were made by the help of a CCD Vision camera joined to the trans-
mitted light microscopy. The backscattered electron (BSE) images were obtained on polished
thin-sections by a REMMA 102-02 scanning electron microscope model at the Ivan Franko
National University of Lviv.

Cathodoluminescence (CL) microscopy. The cathodoluminescence analysis has been used
to distinguish mineral structure in the quartz veins with the aim to understand their formation
dynamic. It gave us opportunity to visualize diverse structure patterns and growth zoning
within quartz and fluorite, which was invisible by a conventional optical microscopy. The
luminescence observed in SEM-CL images strongly depends on operating conditions but can
be semiquantitatively classified as CL-black, CL-dark, CL-gray, and CL-bright. The thin sec-
tions were coated with a carbon layer and were bombarded with electrons with the energy of
20-40 keV and a beam current of 0.24 mA. The electron beam (4 nm cross section) and the
sample were maintained in vacuum conditions of 1.33-10°® bar. The REMMA 102-02 scanning
electron microscope with a CL detector (SEM-CL) was used for black-and-white images of the
internal growth and textures of the quartz assemblages.
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Fig. 3. Spreading of the fluorite-barite-quartz association on the map of horizon +130
and vertical projection of the 19™ ore body:
1 — upper tuffs; 2 — upper sedimentary unit; 3 — middle tuffs unit; 4 — lower sedimentary unit; 5—8 — zones
of quartz (3), barite-quartz (6), fluorite (7) and sulphides (§) development; 9 — intersection of ore body by
borehold; /0 — number of ore bodies; /7 — ore zones; /2 — faults; /3 — drifts.

Veins morphology. The shear cracks connected with wall caldera contraction were filled
with the carbonates, which subsequently were substituted by the sulphides of the first stage
mineralization. Alteration of the older mineralization during the subsequent hydrothermal
activity is frequently observed. The carbonates (dolomite, siderite, ankerite, and calcite) are
corroded by sulphides, idiomorphic quartz and barite crystals and by aggregates of quartz crys-
tals.

The Au-Ag-bearing veins are of two types: sulphide-quarts and quartz composition. One of
the most noticeable textural features of the veins is absence of the successive growth features
in the mineral aggregates. Only one ore zone (sixth), which divides Berehivske and Muzhi-
yevske deposits (see Fig. 2), contains textures of consecutive minerals growth patterns. This
ore body also shows textures of breaking up and fragmentations of the vein material, which
suggests their tectonic origin. Other ore bodies do not contain any of such tectonic characteris-
tics and growth patterns in the free space of opening fissure from its walls to the centre.

The northern 16", 19", and 23" ore bodies have nearly latitudinal spread; the dip is
northern or north-eastern. The ore body thickness varies from 0.05 to 3 m. The contacts of the
ore bodies with frame rocks are distinct, nearly vertical. The boundaries are straight or twisted;
they are partly complicated with tongues. Sometimes the contacts with country rocks are
indistinct because of intensive metasomatic alteration (kaolinization and silification). The
elongate clasts of country rock are occasionally included in the veins, generally close to the
wall rock contact. Pyrite appears to be the most common sulphide present within the host rock
as small crystals. In the veins selvages there are often small fragments of the country rocks,
cemented by quartz, sphalerite, and galena.
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Quartz is the main mineral in the 15™ ore body. The 19™ ore body on the deeper horizons
consists of quartz with rare barite; on the upper horizons, this ore body changes its character,
which becomes compound barite-quartz nature. The 16™ ore body is characterized by preva-
lence of quartz mineralization in close association with barite; sulphide mineralization is
spread mainly in one of the selvage parts of this ore body and achieves up to 20 %. The most
significant development of the barite-quartz mineralization with fluorite reaches in the 23™ and
12™ ore bodies. Sulphide mineralization here is weak. Sulphides are widespread in the sixth
ore body. The east flank in the eighth ore body is presented by sulphide mineralization, the
western one is fulfilled by quartz and barite. In the 10™ ore body sulphides of massive texture
dominate, quartz and barite mineralization here is locally developed.

The veins often have sulphide periphery and a quartz centre (Fig. 4). The zones of the vein
core are composed of coarse-crystalline quartz. Usually big veins are asymmetrical with
sulphides situated in the lying-wall, and quartz settled in the hanging wall. The branches of the
veins can be symmetrical with two sulphide selvages. The granular fluorite joins to sulphides
aggregates immediately. Its greenish aggregates make units not more than 2 cm. The fluorite
positioned not only at the vein edges in contact with rock but is found in quartz mass as
separate small grains (up to 3 mm) and octahedral crystals (10-70 pum). Besides the zoned
textures in veins there commonly are also massive, symmetric banding, rhythmic banding,
colloform, nested, crustiform, and drusy. The banded texture conditioned by the interchange of
quartz species and other minerals. The comb textures occur locally, mainly in the middle part
of the vein, riming vugs or filling cavities. Fine crustification is widely apparent in the quartz
vein. Crustiform colloform quartz textures are abundant.

Sulphides commonly are represented by sphalerite, py-
rite, chalcopyrite; galena is less widespread and sul-
phosalts and marcasite are rare. The sulphide mineraliza-
tion forms veinlets (their thickness — from 1 to 90 cm),
lenses (up to 10—15 cm), small clusters, narrow bands, and
scattered fine impregnation in the vein material. Sulphides
are more or less oxidized, accompanied with goethite,
jarosite, anglesite, and kaolinite.

Quartz is the main vein mineral, and it displays a range
of structures including cryptocrystalline, solid, fine-grain-
ed, chalcedony, and drusy species. Very fine-grained and  Fig. 4. Morphology of quartz veins:
massive cryptocrystalline quartz dominates the vein mate- I — sulphides; 2 — fine-grained,
rial. The vein bulk of massive quartz achieves 70 volumet- ~Cryptocrystalline quartz; 3 — coarse-

. . . crystalline quartz; 4 — fluorite; 5 — ba-
ric percent (vol. %), a portion of drusy quartz varies from tites 6 — vug,

0 to 15vol. %. The size of quartz druses changes from

5 to 10 cm. The individual quartz crystals from these druses reaches 0.5-1.0 cm long. In
the voids left after sulphide leaching fine aggregate of the free-flowing quartz appears. The
vein quartz is colourless to milk-white. Sometimes vein’s quartz tint is reddish or brown be-
cause of scattered mineral impregnation of lepidocrocite and goethite, which localizes among
grains of the fine-crystalline aggregate. Locally, where the sulphide fine impregnation is
sprayed, fine-crystalline quartz is taupe. As a rule, in vugs there are druses of the translucent
fine-crystalline quartz. In some vugs, fulfilled with kaolinite, separate, translucent, well face-
ted quartz crystals with size up to 1 cm (19" ore body) were observed. Amethystine quartz
occurs sporadically. Maximum concentrations of gold in quartz vein occur in fine-grained
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quartz adjacent to the sulphides. The zones of the vein core composed of coarse-crystalline
quartz are generally gold-free or contain minimal gold concentrations.

Tabular barite localized at the central part of vein nearby voids, fulfilled with comb quartz
(see Fig. 4). The size of barite crystals varies from shares of millimetre up to five centimetres.
In the quartz aggregates, there are sometimes tabular vugs left after the barite leaching. In the
sites where dimension of the quartz grains increases, barite crystals become bigger too.

Among rare minerals observed in the ore bodies there are adularia, haematite, jarosite,
anglesite, halloysite, manganese oxides.

Signs of the quartz forming from silica gel. Microtextures of the quartz veins. In thin
sections under a microscope there are sites containing structures of recrystallisation of the
silica gel, which roughly remind a parquet figure (Fig. 5, a). With the lack of such structures in
cryptocrystalline quartz in the polarized light only the effect of aggregate polarization is being
observed. In the process of recrystallisation the quartz unit dimension of grains has increased,
therefore the previous parquet orientation is kept (see Fig. 5, b).

ai o e o S SR e 9 > )

o S ;
Fig. 5. Quartz structures (polarizing microscope, with analyzer):

a — grains have an oriented parquet figure; b — the parquet orientation is kept in the quartz aggregate, which
has undergone recrystallisation due to which the grain dimension increased.

Chalcedonic relicts in mineralized veins are frequently — radial-fibrous spherulites and con-
centric-zone oolites, which are considered to be typical metacolloid feature [5]. The absence of
zones of attachment of barite crystals (Fig. 6, a) and chalcedonic (see Fig. 6, b) or quartz over-
growth around them are characteristic features of veins and proves that barite arises and grows
in free medium. The most widespread patterns of barite crystals arrangement are zoned, where
they are situated in banded gathering on different angles to one another (Fig. 7, a). The less
widespread barite structures are represented by framework of the crystals oriented in three
directions (Fig. 8). Barite oriented frameworks, as well as quartz structures with parquet orien-
tation, reflect its crystallization in suspended state in the more or less homogeneous environ-
ment. As a rule, the fine-grained barite associates with the fine-grained quartz and the coarse-
grained barite associates with the coarse-grained barite that testifies about their simultaneous
growth and about degree saturation changes in the mineralization environment.

The sticking of the fine gas bubbles to the barite crystal surfaces took place in the quartz
aggregates (see Fig. 8, a, b). The bubbles have a faced appearance. The size of bubbles does
not exceed 0.1 mm. The frequency of their sticking is very changeable: some barite crystals are
completely surrounded by such bubbles (see Fig. 8, a), the others have a single sticking (see
Fig. 8, b).
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Fig. 6. Barite-quartz aggregate (polarizing microscope, with analyzer):
a — the elongated barite crystals are suspended, they haven’t got an any attachment surface; b — chalcedonic
overgrowth around the barite individual crystals.

N, W e & o
Fig. 7. Barite-quartz aggregate (polarizing microscope, with analyzer). The barite structures
are represented by framework of the crystals oriented in three directions.
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Fig. 8. Gas bubbles sticked on the barite crystal surface in the barite-quartz aggregate.

In some individual cases, the bubbles become a local cause of the barite crystal growth
stopping. In some places the point of bubble contact on barite surface was transformed into the
pit as free growing sections of quartz partly overgrown the incompatible phase. Such gas bub-
bles could exist in the viscous gels as open structure of silica gel, which is able to contain big
quantity of incompatible contaminants and gaseous matter [9, 19]. During the progressive
process of the barite-quartz aggregate maturing incompatible bubbles were partitioned to barite
margins.
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Scanning electron microscope CL imagery. Cathodoluminescence gave us an opportunity
to describe the different morphological varieties of the quartz and their spatial distribution, as
well as the morphology and spatial distribution of other minerals, not noticeable under the
optical microscopy. Quartz displays variations in intensity of scanning electron microscope-
cathodoluminescence (SEM-CL). Microobservations indicate that separate domains with dif-
ferent microstructures exist in the veins. Changes from one to the other structural variety can
be gradual or drastic. Thus SEM-CL reveals surprisingly variable textural species of very fine
particles quartz aggregates in veins: with patchy, zoned CL nature more or less contrasting to
one another (Fig. 9, a), drusy aggregates (usually labeled with zoning) (see Fig. 9, b, ¢), spotty
bands reminding flowers or plumes (see Fig. 9, d), or tubes (see Fig. 9, e), small flakes with
any suggestion of crystal faces (see Fig. 9, f). The euhedral to subhedral quartz crystals exhibit
dark core with a fine oscillatory growth zoning, and a strong bright CL rim (see Fig. 9, b, ¢).
The periphery of these rims in bigger crystals is good seen to be splintered (see Fig. 9, ¢). A
noteworthy feature of quartz structure revealed by CL is the presence of a considerable amount
of isolated zoned and non-zoned quartz crystals (the size is 5 mm or less), which are placed in
the massive cryptocrystalline quartz, similarly to porphyritic crystals (see Fig. 9, g, #). Owing
to CL there are noticeably visible innumerable minute blocks in the centre of some of them
(see Fig. 9, g) and an irregular inner structure (see Fig. 9, h).

Syneresis microcracks are often observed in the quartz aggregates (see Fig. 9, g), they have
no connection with tectonic cracks and are the result of gel ageing [5, 19]. They usually have a
twisted morphology and are fulfilled with later quartz. These syneresis microcracks have a
later overgrowing of the crustiform fine-grained quartz.

One of the characteristic textures of quartz aggregates is rhythmically zoned, which exhibit
arrangement in a regular repeating pattern. Precipitation occurring in a diffusion-controlled gel
system often forms reproducible, periodic patterns [3, 15, 24, 30, 31]. In our case, the periodic
patterns are presented by the interchange of quartz crystals sizes in bands: from the crypto-
crystalline to the fine-crystalline drusy (Fig. 10). The change of the size species between the
stratums is drastic. The thicknesses of bands are approximately the same in one level and
slightly changeable in different repeating rhythms. The bands characterize by analogous CL
brightness on the same level. In some individual rhythms the barite crystals may occur. Usu-
ally the barite of the Berehove ore field does not show luminescence.

Noteworthy to admit, that the barite crystals (Fig. 11, @) as usual are placed on boundaries
where quartz changes its CL characteristics (see Fig. 11, b). Such textures appeared on the
boundaries, which are dimensionally isolated parts of the different gel viscosity. The division
of silica gel into areas of somewhat different degree of polymerization created phase bounda-
ries, which facilitated energy consumption on the formation of barite crystal nucleus.

Let's pay attention to the barite arrangement patterns in the quartz aggregate. Quartz is in-
cluded in the triangular or another shape interstitial space of the barite crystals, where it grew
on barite surfaces and occupied all space (Fig. 12). This arrangement, most likely, shows that
barite crystals were originally free swimming in silica colloid. Barite has often ragged borders
in contact of quartz due to their subsequent mutual interference.

Similar to quartz, fluorite reveals well-developed growth zoning (Fig. 13) as well as a sec-
tor zoning. Often the fluorite crystals have splintered periphery (see Fig. 13). Fluorite has its
own facets only on a one side; the growth zoning has been developed under these facets. This
is evidently the case where the speed of fluorite crystallization has outstripped the quartz’s
one.
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Fig. 9. Scanning electron microscope-cathodoluminescence (SEM-CI) images reveal the different
morphological varieties of the quartz in the veins:

a — zoned aggregate with structure changes from cryptocrystalline to fine-crystalline; b — druse quartz,
SEM-CI image reveals a fine oscillatory zoning and a strong bright CL color in the periphery of the aggregate; ¢
— druse aggregate with bright CL-zone in the splintered periphery; d — spotty CL bands reminding flowers or
plumes; e — tubes with a spotty dark CL inside and a bright CL crustification; f— small hazy flakes; g — separate
block crystals of the quartz placed in the array of the cryptocrystalline quartz crustification; there are also roun-
dish black CL aggregate, a syneresis microcrack with the later crustiform fine-grained aggregates; 4 — separate
zoned individual crystal with the blocky structure and the later crustiform fine-grained overgrowths.

Therefore, quartz is accrued on the fluorite crystals. Sometimes on its way, fluorite catches
barite crystals, which have generated earlier, and partly or completely fills the intervals be-
tween them.

The given textural attributes allow us to assert that the formation of the quartz was pre-
ceded by the precipitation of amorphous silica from a gel, which has crystallized further in the
chalcedony and quartz. Usually, the silica precipitates from geothermal brines as colloidal
amorphous silica [2, 4, 9-11, 18, 35, 42-45]. Colloform, spheroidal textures, radial-fibrous
spherulites, chalcedonic relicts, syneresis microcracks are considered to be typical metacolloid
feature [5, 9, 16, 29, 38]. Periodic patterns structures are usual for diffusion-controlled gel
systems [3, 15, 24, 30, 31]. In the most of the hydrothermal system the transformation of the
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amorphous precursor to the more thermodynamically stable polymorphs species with low
activation energy such as quartz or chalcedony takes place [6, 16].

® g ; 1 The silica gel was non-homogeneous in its vol-
fi e ume; it had different degree of thickness and water-
ing. It was divided into separate parts or zones,
some of which were more or less stagnant. Preva-
lence of the cryptocrystalline quartz varieties in the
largest vein bulk testifies predominance of the stag-
nant zones in the crystallization medium. Various
conditions of the initial amorphous substratum crys-
tallization had led to the forming of the different
aggregation types observed in the veins. Ageing of
silica gel had led to the formation of the syneresis
cracks; they possibly became conduits for infiltra-
tion and solution circulation. The presence of the
coarse-crystalline drusy quartz units in the veins
reflects existence of the filtration channel for hydro-
thermal solution in the primary gel matrix. Drusy
quartz could form from the solution, which was
exuded during syneresis. The local crystallization
centres in the overall vein bulk were situated irregu-
larly. The correlation of these different centres had
determined origin of the heterogeneous, banded, and
zoned mineral unit allocation. Thus, the primary gel
medium was heterogeneous. Among different thick-
smaller. In the middle of the image, there is a ness zones there were . phase bound?ries’ which
zone of the crypto-crystalline quartz, which allocated crystal nucleation of the barite and fluo-
contains a cavity and syneresis crag healed by rite. Naturally, there is a zoning in quartz assem-
later quartz with brighter CL. blages where they are gathered in banded zoned

accumulation.

The growth of the barite and fluorite was possible because the gel allowed diffusion of the
components necessary for their forming.

Another prominent feature of the heterogeneous gels was the origin in them of semi-
permeable membranes and penetration of less concentrated solution to the zones with higher
concentration because of osmotic pressure. This occasionally causes stretching and rupturing
of the membrane [40]. The rejected solution is less dense than the polymerized gel. In such
cases so-called chemical gardens are formed [8, 33, 39] in the gel environment. The examples
of this process may reflect spotty bands reminding flowers or plumes (see Fig. 9, d) and tubu-
lar structure (see Fig. 9, e) in quartz veins.

Heterogeneous structures that remind a feather or flowers may represent also the coales-
cence of the coacervated drops in the colloid system. When sour solutions arrive into the sol
rapid destruction of solvation spheres of silica micelles and gel forming with next rapid crys-
tallization of gel took place [19], which resulted in forming of these inhomogeneous crypto-
crystalline structures with such CL patterns (see Fig. 9, d, f). Crystallization took place slower
in the areas where an electrolyte did not enter. As the result, there are fine-grained aggregates
of quartz formed by the mechanism of mass crystallization [28].

1 mm

Fig. 10. SEM-CL-image of the rhythmically
zoned quartz aggregate.
The image is composed from several
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Fig. 11. Barite-quartz aggregate:
a — BSE-image (barite is light, quartz is dark); » — SEM-CL-image (it demonstrates that barite zone is situ-
ated on the boundary of quarts array with different CL properties).

500 uym

Fig. 12. Barite-quartz aggregate:
a — BSE-image (barite is light, quartz is dark); & — SEM-CL-image (reveals the quarts structure and zoning
among the barite faces).

In cryptocrystalline groundmass quartz there are some relatively large crystals of quartz
(see Fig. 9, g, /). In the given phenomenon Ostwald ripening can be distinguished [8]. Greatly
enlarged “greedy giants” [30, 31] were formed in monodisperse homogeneous sol. According
to the large crystals from (see Fig. 9, g), in the ecarlier stages of crystallization these crystals
were probably merely aggregates of crypt-crystals. With further development, the individual
crystals coalesce to form a single large crystal. In the later stages of development, these fea-
tures were nearly obliterated, so that only a hazy CL mottling gives a clue as to its former
composite character. The formation of well faceted crystals shows us the original features of
the crystal growth in gels [5, 15]; the characteristic properties of mechanical interaction of
crystals with gel are observed. Gel easily recedes before growing crystals — that provides con-
ditions for their idiomorphic development. Sticking of the gas bubbles to the crystal surface
certainly could take place in the gel environment. The gaseous phase impurities were adhered
toward barite grain boundaries as barite crystals arose in the silica gel, then after silica gel
crystallized into quartz, bubbles acquire a faceted appearance (see Fig. 8, a).

The quartz crystal zoning (see Fig. 9, b, c) represents crystallization conditions in the close
system, where accumulation of the trace elements took place eventually.
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Fig. 13. SEM-CL-image of the fluorite, placed in the quartz aggregate, which here do not show CL.
The fluorite crystals are zoned and have the splintered periphery.

First quartz nucleuses do not contain such quantity of the impurities, which have peripheral
zones and younger quartz units (see Fig. 9, b, c¢). Blocky and splintered inner structure of
quartz’s rim reflects deformation phenomenon [37], which arise under growth tension in
the medium of high viscosity. M. Sander and J. Black [34] described such vein quartz crys-
tals and named them “plumose” quartz.

A frequently observed free-growing barite crystal (see Fig. 6 a, b, 11, 12) occurred in the
viscous environment. The absence of zones of attachment of barite crystals and chalcedonic or
quartz overgrowth around them, proves that barite arose and grew freely in the silica gel. Ori-
ented “parquet” quartz structures and barite frameworks arose in the stagnant zones of the gel
bulk. Individual crystals there are arranged with minimal quantity of their contacts. The con-
tact of individual barite crystal is dotted only by vertices. The facets of the crystals in solutions
are usually blocked by a solvation sphere, which creates a potential barrier to their adhesion.
On the vertices the electric double layer is absent, solvate layer thickness is relatively small
(0.1 microns or less), so electro-kinetic potential does not prevent sticking [1]. On the tops
there are more uncompensated bonds, unlike the faces they possess power of attraction rather
than repulsion.

The crystallization of the barite and fluorite promoted quartz crystallization, because it
forced the precipitation of the silica gel by the heterogenetic nucleation on their faces. The
barite ragged borders in contact with quartz suggest their simultaneous and competitive grow
after quartz began to crystallize.

Textural evidence found within the quartz veins, reviled by SEM-CL, does support a for-
mer colloidal precursor: the silica colloid, and further gel. The general structural vein patterns
suggest that cryptocrystalline quartz varieties were formed from silica gel, whereas coarse-
crystalline drusy quartz and metacryst precipitated from solutides.

Barite and fluorite arose in the silica gel environment free swimming; its crystals caused
and accelerated the crystallization of the quartz by mechanism of heterogeneous nucleation.



N. Slovotenko, L Skakun, R. Serkiz
ISSN 2078-6220. Minepasoriunuii 36ipHuk. 2015. Ne 65. Bunyck 1 145

Subsequently these minerals continued to grow simultaneously, which is proved by their
ragged competitive borders in contact with the quartz.

We are grateful to the main geologist of Berehove mine V. Drachuk for the help in collect-
ing of mineral specimens and access to the mining documentation.
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VY nepeBaxHii OGUIBIIOCTI 30JJOTOHOCHHUX KBapIOBUX 1 Cy/Ib(iIHO-KBAPIOBUX PYIHUX TiN €Ii-
TepMalbHUX pomoBHIL beperiBchkoro pynHoro mois (3akapnaTts) He BUSBICHO O3HAK IIOCIIIOB-
HOTO HapOCTaHHS BiJ| CTIHOK 10 IeHTpa xwix. [lomupeni oqHOpiaHI MPUXOBAaHOKPUCTAIIIYHI Ta
JpiOHOKPUCTAIIYHI, MACHBHI BiZIMiHH KBapIly, sIKi MICTATh HEe3HAUHY KiJbKIiCTh APY30BHX arpera-
TiB. LIst 0cOOMUBICTD CBITYUTE PO METACOMATHIHE ITOXOKEHHS MiHEepaiy.

laporepmansHuil KBapI 30J10TO-KBAPIOBUX JKIJI MPOAHATI30BAHO KATOJOTIOMIHECIIEHTHIM
aHANI30M 32 JOIOMOTOI0 CKaHyBAJIBHOTO €JIEKTPOHHOTO MiKpockoma. TekcTypHi ocoOnmBOCTI
KBapIIOBUX JXHJI OTMCAHO 3 aKIIEHTOM Ha MiHEpaJbHi CIiBBIAHOIICHHS, MOCTIJOBHICTh KPUCTAI-
3arii MiHepaliB Ta, TOJOBHO, BHYTPIIIHIO CTPYKTypy KBapIy. 3a JOIOMOTOIO0 KaTOXOJIOMiHec-
[EHTHUX 300pakeHb BHUSABJICHO YHCIICHHI YHIKaJTbHI 0COOIHMBOCTI OyJOBH KWJI, BA3HAYCHO W 1H-
TeprperoBaHo (i3uyHI Ta XiMivHI Tpouecu GopMyBaHHsS MiHepaniB. BusBieHO 03HAKH KOJIOiN-
HOTO IOXO/DKEHHS OUIBINOI YacTHHH KBapIly. [IprmXoBaHOKpHCTANIYHUH KBapn c(opmyBaBcs 3
CHJIIKareiro, a KPYHMHOKPHCTANIYHMHA APY30BHH KBapI] OCa[KyBaBCS 3 ICTHHHHX PO3UYHHIB.
XKuapHI TekCTypH OLTBIIOCTI PYAHUX T € JOKAa30M TOTO, IO KBapI] yTBOPIOBaBCS MeTacoMa-
TUYHO B OWCIIEPCHOMY CEPEMOBHINi; KBapI] IIOCTOI PYIHOI 30HM OCAPKYBaBCS 3 ICTHHHHX
PO3YHHIB 32 YMOB PO3KPHUTTS TPIlHH.

Knrouoei cnosa: xBaproBa xuia, KaTOJONIOMIHECIICHILIS, CHIIiKarelb, beperiBcbke pyaHe 1mo-
e, 3aKapnarTsl.
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IMPU3HAKU U JTOKA3ATEJIBbCTBA ®OPMUPOBAHUSA KBAPLIA
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B mopasinsromemM OGONBIIMHCTBE 30JI0TOHOCHBIX KBapIEBBIX U CYJIb(UIHO-KBAPLEBBIX PYA-
HBIX TEJ JIUTEPMaIbHBIX MEeCTOpoXaeHnH beperosckoro pynanoro momus (3akapnarse) HE BBISB-
JICHO IIPU3HAKOB IOCIIEI0BATENIbHOIO HApacTaHUs OT CTEHOK JI0 LIEHTpa >Kuibl. PacnipocTpaHeHbl
OJTHOPOJIHBIE CKPBHITOKPHCTAJUIMYECKAE U MEJIKOKPHCTAUTMYECKUE, MACCHBHBIC Pa3HOBUIHOCTH
KBaplia, cojieprKaliue He3HAUNTEeIbHOE KOJIMYECTBO APY30BBIX arperaroB. Ta 0COOCHHOCTh CBH-
JIETEITCTBYET O METACOMaTHIECKOM MPOUCXOXKIECHIN MUHEpaa.

I'mapoTepmainbHBIH KBapI] 30JJ0TOKBAPIEBBIX KU IPOAHATH3HPOBAHO KATOIOIIOMUHECIIEHT-
HBIM aHAJM30M C ITOMOIIBI0 CKaHUPYIOIIETO IEKTPOHHOIO MHKpOCKoma. TekcTypHbIe 0coOeH-
HOCTHY KBapLEBBIX >KWJI OINMCAHO C aKLIEHTOM Ha MUHEPAIbHBIC COOTHOILICHMS, [OCIEIOBATCIb-
HOCTh KpPHCTAJUIM3aLM MHUHEPAIOB W, IJIABHBIM 00pa3oM, BHYTPEHHIOI CTPYKTypy kBapma. C
TIOMOIIBIO KaTOMOJIIOMUHECIIEHTHBIX H300pakeHni 00Hapy>KEHO MHOTOYNCIICHHBIE YHUKAIGHBIE
0COOCHHOCTH CTPOCHHUS XKHJ, ONPENENICHO M HHTEPIPETHPOBAHO (HU3NYECKHE W XUMHUECKUE
mporeccsl  (OPMHUPOBAHHS MHHEPAJIOB. BBIIBICHO NMPU3HAKKM KOJUIOMIHOTO TIPOHMCXOXKICHUS
Oospmel yactu KBapua. CKPBITOKPHCTAIMYESCKHH KBapIl C(OPMHUPOBAJIICS W3 CHIIMKAreis, a
KPYHMHOKPHCTAJUTMIECKUH J{PYy30BBIi KBapIl OCa)KIaJICSI U3 UCTHHHBIX PacTBOPOB. JKMIIbHEBIE Tek-
CTypHI OOJBIIMHCTBA PYIHBIX TEJ SBISIOTCS IOKAa3aTeIbCTBOM TOTO, YTO KBapIl 0Opa30BBIBAJICS
METacOMaTHYECKH B AWCIIEPCHOH Cpelie; KBapll MECTOH pyAHOIH 30HBI OCaXKAAJICS U3 HCTHHHBIX
PacTBOPOB B YCIOBHUSIX PACKPBITHS TPEIIHH.

Kniouesvie crosa: xBapueBas xuina KaTOIOTIOMHHECIICHITNS, CHIIMKaress, beperosckoe pyn-
HOE I0JIe, 3aKaprarse.
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