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within the ophiolite sequence of the central deep
fault of the Vardar zone. It is one of the eight thus

Geologica Macedonica, Vol. 31, No. 1, pp. 67-76 (2017)
In print: ISSN 0352 — 1206

On line: ISSN 1857 — 8586

UDC: 553.8.08(497.11)

Original scientific paper

GEOLOGY OF GEMSTONE DEPOSIT UGLJAREVAC (CENTRAL SERBIA)
AND CONTRIBUTIONS TO GENETIC MODEL

Lidja KuresSevi¢, Olivera VusSovié, Ivana Deli¢-Nikolié¢

IMS Institute,
Bulevar vojvode Misica 43, Belgrade, Serbia
lidja.kuresevic @institutims.rs

A bstract: Silica gemstone deposit Ugljarevac is situated within the ophiolite sequence of the Vardar zone
central deep fault. Genetic processes of this deposit are connected to the Neogene calc-alkaline magmatic activity of
the Vardar zone and hydrothermal activity triggered by it. Based on surface occurrences of listwenitized serpentinite
containing silica mineralization, it can be inferred that the ore body is an elongated oval stock. Within the stock of
hydrothermally altered serpentinite, the gemstone mineralization occurs as veins, stockworks and irregular bodies.
Present gemstone types include chalcedony varieties (jasper, colourless and greenish chalcedony, carnelian and sard)
and opal (opalized serpentinite). Homogenous pieces are very rare. Most often, various types of silica are intimately
intermixed and combined. The mineralization has formed in two distinct hydrothermal phases, apparently in close
time succession. Jasper and coloured chalcedony (and rare magnesite) are the products of the first phase of hydro-
thermal activity, while the colourless chalcedony is formed in the second phase. Newly discovered type of silica vein
with central-symmetrical parallel banding gives new contributions to a genetic model, proving the precipitation pro-
cess and its products are unpredictably changeable, heterogeneous and depending on the evolution of the local envi-
ronment physico-chemical conditions, notably the contents of impurities and system's openness degree.
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INTRODUCTION

Silica gemstone deposit Ugljarevac is situated

far discovered of the same type within the serpen- o ¥ V| akéé

tinite belt more or less continually trending from
Stragari in the north to Vuckovica in the south.
Deposit formation process is connected to hydro-
thermal activity accompanying the magmatic ac-
tivity in this area [1].

gari, near the road Stragari—-Bare—Kragujevac (Fig-
ure 1). The area of listwenitized serpentinite con-
taining gemstone mineralization is around 1 km UGLJAREVAC -
long, trending north-south. A small portion has
been examined, since the mineralization is under a
thick soil layer covered with forest.

petrochemical characterization of the gemstone
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The deposit is situated 4.5 km SSE from Stra-

¢
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Previous paper [2] includes the results of the Ramaca®™

types as part of possibility of use assessment. Fig. 1. Geographical map of Ugljarevac locality.
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GEOLOGICAL SETTING

Gemstone deposit is situated within the ser-
pentinized masses of the Vardar ocean floor ul-
tramafic rocks, obducted upon its closure. These
masses have tectonic contacts (Figure 2) with Up-
per Cretaceous sediments (Turonian-Senonian) of
the facies designated in Brkovi¢ et al. [3] as "Jar-
menovac development" to the west. To the east,
they have tectonic contacts with various sediments
of Cretaceous age (mostly Barremian-Aptian and
Turonian-Senonian) designated in [3] as "Stragari
development"; and with diabase-chert formation of
Jurassic age. The tectonic setting of this locality is
very complicated due to intense fracturing and
thrusting during the closure of the Vardar ocean.
Gemstone bodies have been formed by circulation
of hydrothermal fluids through intricate tectonic
lines within serpentinite mass, since these were the
most favourable circulatory conduits for hydro-
thermal fluids.

The area of listwenitized serpentinite contain-
ning gemstone mineralization is around 1 km long,
trending north-south, most probably as an elon-
gated oval stock [4] (Figure 3). Within this ore
body, the mineralization is present as veins, stock-
works and irregular bodies. These can be observed
at the field surface, where erosion has cut into the
forested area. All veins and irregular bodies are
fractured due to continual tectonic movements.
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Fig. 2. Geologic map of deposit area.

Key: 1. limestone of Turonian-Senonian age ("Jarmenovac
development"), 2. alevrolite, marly limestone of Turonian-
Senonian age ("Stragari development"), 3. sandstone, alevro-
lite, limestone of Barremian-Aptian age ("Stragari develop-
ment"), 4. Jurassic diabase-chert formation, 5. serpentinite,
6. listwenitized serpentinite; according to [5], modified
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Fig. 3. Geologic profile (I-I' from Figure 2).
Key and horizontal scale as in Figure 2. Vertical scale doubled
for discernment

GEMSTONE VARIETIES

Gemstone types present in the deposit are
predominantly of silica composition: chalcedony
varieties (jasper, colourless and greenish chalce-
dony, sard and carnelian) and opal. Mineralogi-
cally homogenous specimens are rare, if not com-
pletely absent. Various types of silica are inter-
mixed (jasper and colourless chalcedony, jasper
and opal, opal and colourless chalcedony) as veins,
veinlets, stockworks, irregular bodies and even
breccias. Magnesite is quite rare, compared to
other deposits of this type in the area (e.g. [6]).
Mentioned gemstone bodies represent infillings of
tectonic lines (fractures, joints, slickensides) within
the altered serpentinite mass transformed into opal-
ized, silicified, carbonated, argillaceous mass via
hydrothermal activity. It is composed of antigorite,
chrysotile, calcite, dolomite, magnesite, silica, clay
(montmorillonite type) and oxidized metallic min-
erals. Majority of silica gemstone veins dip 50 to
75° toward SE.

Opal in this deposit, as in all the other depos-
its of this type in Stragari-Vuckovica belt, is repre-

sented by plain opal, formed by opalization of ser-
pentinite [7]. It forms silica veins' walls. At the
field surface, it appears as cracked chunks impre-
gnated with chalcedony and limonite veins, most
often green in colour (Figure 4). Pieces range from
few cm to 10 cm in size. More rare are pieces buff,
brown, off-white or red in colour. Material found
deeper under surface is less cracked, appearing as
lenses and veins up to 50 cm thick. Opal reserves
of C, class are estimated to 500t [4]. Technical
properties of this material enable its use for very
limited range production of decorative items due to
cracking.

Fig. 4. Types of opal:
a. off-white to buff; b. green; c. opal breccia

Geologica Macedonica, 31 (1), 67-76 (2017)



Geology of gemstone deposit Ugljarevac (central Serbia) and contributions to genetic model 69

Chalcedony appears at the field surface as
small pieces and lower under surface as composite
veins 1-10 cm thick and stockworks pervading the
opalized serpentinite zones. Chalcedony mass ap-
pearance is very changeable regarding colour and
translucency (Figure 5). The zones of colourless,
white, red, grey, pink and greenish silica mass in-
terchange gradually and also with zones of opaque
silica (jasper). Manganese oxide dendritic aggre-
gates are sometimes present in it.

Fig. 5. Types of first-phase chalcedony:
a. varicoloured, semi-translucent; b. varicoloured with
a macroscopically visible spherulitic zone; ¢. greenish;
d. reddish semi-translucent

The second phase chalcedony most often ap-
pears as tiny colourless veinlets in the first-phase
varieties (in jasper, Figure 7b, or first-phase chal-
cedony, Figure Sa, right edge) or in opal. It also
forms individual veins up to few cm thick, with or
without a central void and botryoidal free surfaces
(Figure 6). These veins sometimes form agate (Fig.
6¢c). Central void of a geode is often lined with
druses of tiny quartz crystals.

As a gemstone, this material is considered of
high quality, containing rare cracks and with ex-
cellent visual characteristics. Quality of the raw
material enables for simple mechanical processing
into various cab forms, beads and decorative items,
with high-gloss finish.

Fig. 6. Types of colourless chalcedony veins:
a. homogeneous vein; b. vein with the central void; c. agate

Chalcedony reserves of C, class are estimated
to 5000t [4], however, this amount also includes
reserves of jasper, since the cited authors did not
differentiate chalcedony and jasper as separate
gemstone types.

Jasper, an opaque variety of chalcedony, ap-
pears at the field surface as pieces up to 20 cm
long, and lower under surface as veins 2-20 cm
thick pervaded by the second-phase chalcedony
veinlets. Jasper veins often "evolve" into lenses in
fractured, opalized and argilized serpentinite host
rock. Colour ranges from buff to brown and almost
black, and red to burgundy (Figure 7).

Fig. 7. Types of jasper:
a. burgundy-white with Liesegang rings; b. buff-brown;
c. red-burgundy; d. burgundy with agate lenses

As a gemstone, this material is considered to
be of favourable quality, although cracks are some-
times present. Sound pieces enable for simple me-
chanical processing into various cab forms, beads
and decorative items, with high-gloss finish.

EXPERIMENTAL SECTION

The results of the performed XRD, XRF and
microscopic laboratory examinations serve as a
valuable aid in defining the genetic process.

Microscopic examinations

Microscopic examinations and photomicro-
graph capturing are performed in stone and ag-
gregate laboratory of the Institute for Materials
Testing in Belgrade. These are two-fold. The first
part is performed on stereo-microscope type ZEISS
Stemi 2000-C with digital camera AxioCam ERc
5s (Figures 8, 9, 10B). The second part of micro-
scopic analyses is performed on microscopic thin
sections with polarizing microscope Ernst Leitz,
model RP 48 (Figures 11-16).
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Figure 8 shows the second-phase colourless
chalcedony infilling the cracks within the buff-
brown jasper in two perpendicular directions. Fig-
ure 9 shows the typical view of the peripheral parts
of a jasper vein. Jasper silica mass has pervaded
the joint walls ("m" in Figure 9), made up of opal-
ized serpentinite, now greenish opal ("OS" in Fig-
ure 9). Jasper vein that formed has been fractured
due to the regional tectonic movements (observed
in upper right part of the figure). As in Figure 8,
the second-phase colourless chalcedony (Ch) per-
vaded the jasper parts and the spaces generated
between the opalized walls and the jasper vein
(lower parts of the Figure 9). Figures 8 and 9 show
two adjacent parts of the same jasper vein, few
centimetres apart.
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Fig. 8. Jasper pervaded by second-phase chalcedony veinlets
(Key: J — jasper, Ch — chalcedony)

Fig. 9. Peripheral part of the jasper vein
(Key: J —jasper, Ch — chalcedony, OS — opalized serpentinite,
m — intimately intermixed zones of jasper, chalcedony
and opalized serpentinite)

.

Fig. 10. Sample of the examined silica vein.

A. macroview. B. binocular microscope view of the thin sec-
tion of A (blue base pad is used for better discernment).
Key: 1. opalized serpentinite host rock; 2. chalcedony with
white magnesite zone; 3. chalcedony with Fe-oxihydroxide;
4. slightly younger chalcedony veinlet

Figure 10 shows the complex silica vein with
symmetrical zoning. This type of vein has been
discovered for the first time in 2016. The central
part of the vein is made up of brown jasper, 12-23

mm thick. Toward the vein boundaries, both direc-
tions, it is interchanged by a thin interbed of col-
ourless chalcedony (1-4 mm, up to 6 mm where
white layer is absent) and then white chalcedony
(1-5 mm, including a thin colourless chalcedony
veinlet) at the peripheral part of the vein. Micro-
scopic examination of this vein is performed, aim-
ing to define the differences between the three sil-
ica varieties — buff-brown jasper, colourless silica
and white silica and contribute to shaping the ge-
netic model of this deposit type.

Properties of the raw material reflected
through the discovered vein, important for shaping
the genetic model: the vein and all of its parts have
been formed penecontemporaneous, i.e. contempo-
raneous, save the thin chalcedony veinlet ("4" in
Figure 10), which has been injected somewhat
later, into still unsolidified silica mass. The vein
consists of subparallel bands, all of which are
composed of silica, containing different impurities.
Bands trend through the vein approximately paral-
lel and central-symmetrical in regard to the walls
of the fracture that the silica fluid has filled.

In Figure 10, zone "1" is the opalized host
rock (serpentinite). Relicts of the original minerals
can be only assumed, since it is completely perme-
ated and replaced by silica (Figures 11 and 12).
Metasomatic processes of the primary, i.e. secon-
dary rock (the first being hartzburgite, the latter
serpentinite formed via its regional weathering)
due to hydrothermal fluid activity have been de-
scribed in [7]. This zone makes up the fracture
walls filled by silica vein.

Zone marked "2" is the nearest to the host
rock wall. It is made up of chalcedony clouded by
variable content of cryptocrystalline magnesite.
Chalcedony appears as very small fibres (i.e. tiny
quartz crystals stacked along c-axes), with length
up to 0.02 mm. No typical spherulites can be ob-
served. Small, irregular chalcedony aggregates
carry cryptocrystalline magnesite accumulations of
irregular form along the common rim. Magnesite is
macroscopically pure white in colour. Chalcedony
aggregates carrying magnesite are visibly segre-
gated in regard to more pure chalcedony aggre-
gates, which are macroscopically not clouded by
magnesite (in Figure 10, compare the white zone
"2" and the colourless chalcedony zone in transi-
tional zone from "2" into "3"). Harmonious transi-
tion from "2" into "3" (Figures 13 and 14) demon-
strates the contemporaneous formation.

As there is segregation of chalcedony with
magnesite in zone "2", so is there segregation of

Geologica Macedonica, 31 (1), 67-76 (2017)
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chalcedony clouded by impurities of iron-oxihy-
droxides (limonite, hydrated hematite) into the
zone "3". Macroscopically, this silica type is
named jasper. Its buff-brown colour is typical for
all deposits of this same type in central Serbia [1].
Under polarizing microscope, this zone appears
similar to zone "2", except that here iron-oxihy-
droxides give the typical reddish-brown hue under
parallel polarizers (Figure 13). Chalcedony fibres
are predominantly very small, reaching the length
of maximum 0.02 mm (Figure 14). Ferruginous
matter is fine-grained, forming small aggregations
of irregularly shaped particles. Former examina-
tions [4] have shown the primary minerals that
gave oxihydroxides through oxidation process to
be pyrite and marcasite, however, their relics have
not been found in this specimen.

Fig. 11. Photomicrograph of the vein part including serpen-
tinite (1), magnesite-rich chalcedony zone (2) and younger
chalcedony veinlet (4). Parallel polarizers

Fig. 12. Photomicrograph, same as Figure 11.
Crossed polarizers

Geologica Macedonica, 31 (1), 67-76 (2017)

Fig. 13. Photomicrograph of the vein part including Mg-rich
chalcedony (2), Fe-rich chalcedony (3) and a transitional zone
of purer chalcedony between them. Parallel polarizers.

Fig. 14. Photomicrograph, same as in Figure 13.
Crossed polarizers.

Into the magnesite-rich zone (2), a tiny veinlet
of colourless chalcedony has been intruded with a
certain delay ("4" in Figures 10, 11, 12). Veinlet is
made up of chalcedony with longer fibres forming
radially-divergent bundles or aggregates, i.e. spher-
ulites and half-spherulites seeded on magnesite
aggregates (Figure 12). As the degree of silica
oversaturation in the colloid and content of impu-
rities such as iron decrease, the longer chalcedony
fibres form [8]. Here chalcedony fibres' length
reaches maximum 0.1 mm. Spherulitic cross can
be clearly observed (Figure 15). With aid of A-
compensator, we have determined this to be the
length-fast chalcedony (Figure 16).

Within the zone "4", the process of fluid evo-
lution is completed by colloid recurrence to solu-
tion [9]. This is testified by formation of the granu-
lar quartz at the end of precipitation process, lining
the walls of cavities — tiny geodes within the chal-



72 Lidja Kuresevié, Olivera Vusovi¢, Ivana Deli¢-Nikoli¢

cedony veinlet "4" (such as those shown in Figure
12, centre left and centre right). These cavities can
also be formed by gel shrinking during solidifica-
tion process.

. T . W & X
Fig. 15. Photomicrograph of chalcedony veinlet ("4" in Fig-
ures 10, 11, 12) with a visible chalcedony spherulite (arrows)
showing a typical spherulitic cross. Crossed polarizers.

Fig. 16. Photomicrograph, same as Figure 15, under
A-compensator, revealing chalcedony type to be length-fast.
Crossed polarizers

Energy-dispersive X-ray fluorescent analysis

XRF analysis is performed in the laboratory
for binders, chemistry and mortar of the Institute
for Materials Testing in Belgrade. Operating con-
ditions: spectrometer Oxford ED 2000 with Ag
target anode, Si(Li) detector and SMART digital
pulse processor, excitation time 200 s, resolution
170-185 eV, voltage 5-50 kV. The sample of
greenish chalcedony along with the colourless
chalcedony is analyzed, aiming to establish the
contents of possible colouring sources in the first-
mentioned. Presence of the greenish chalcedony
with characteristic olive-green hue has been no-

ticed in only one other deposit of the same type in
this area (Dobraca; [1]), forming veins whose con-
nection to other silica gemstone varieties still isn't
established due to its rarity, however, its potential-
ity for jewellery production is much higher than
other varieties. The results of the XRF analysis are
presented in Table 1.

Table 1
Results of XRF analysis of two chalcedony types.

Contents  Contents Contents Contents

in colour- in green- incol- in green-
sfa?rll)c-e less chal-  ish chal- sfa?r})c-e ourless  ish chal-
cedony cedony chalced- cedony

ony

Na,0O 935ppm 0.00 wt% S
MgO 653ppm 916ppm Cl
ALO; 0.00 wt% 0.00 wt% Tl 6 ppm  0.08 ppm
Si0, 9483 wt% 94.56 wt% V
P,0Os  025wt% 032wt% Cr 0.25wt% 0.28 wt%
K;O 205ppm 381 ppm Co
Ca0 034 wt% 0.40wt% Ni
TiO,  0.00 wt%
MnO  230ppm 247ppm Zn

896 ppm 844 ppm
25ppm 24 ppm

64 ppm 126 ppm

373 ppm 394 ppm
113 ppm 89 ppm
28ppm Cu  95ppm 94 ppm
28 ppm  0.00 wt%
Fe,0; 2.87wt% 243wt% Ga 12 ppm  0.00 wt%
H,0 077 wt% 094 wt% Ge 0.00wt% 12 ppm
CO, 028 wt% 0.71 wt%  As 9ppm 0.00 wt%
Pb 45ppm  0.00 wt%  Se 2 ppm 7 ppm
Bi 29 ppm 8 ppm Br 15Sppm 2 ppm
Th 1 ppm 15 ppm Rb 7ppm 10 ppm
U 15 ppm 12 ppm Sr 0.5ppm 0.00 wt%
Nb 1 ppm 3 ppm Ta 0.00 wt% 44 ppm
Mo 3 ppm 4 ppm w Sppm  0.00 wt%
76 ppm Hf
Cd 0.00 wt% 5 ppm Cs 10 ppm 6 ppm

I 0.00 wt% 7 ppm Ba 0.00 wt% 0.00 wt%

Ag 83 ppm 206 ppm 196 ppm

Sn 0.00 wt% 3 ppm La  13ppm 16 ppm
Sb 10ppm  0.00 wt%  Ce 8ppm  0.00 wt%

Te 6ppm  0.00wt% Pr 0.00 wt% 52 ppm

Notes: contents of Y, Zr, Hg, In, I, Nd are not shown — for both sam-
ples they are 0.00 wt%. The total iron content is automatically
recalculated and presented as Fe;Os

X-ray diffraction analysis

XRD analysis is performed in laboratory of
the Institute for Technical Sciences of the Serbian
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Academy of Science and Art in Vinca. Patterns are
collected using a Philips PW 1050 powder dif-
fractometer with Ni-filtered CuKo radiation
(o= 1.5406 A) and a scintillation detector. Meas-
urements were done at room temperature over the
20 range from 10° to 70°, with a scanning step
width 0.05° and counting time of 3 s per step. Peak
matching done via Match! Crystal impact software.

Three samples have been examined — the
sample assumed to be silicified magnesite made up
of tiny globules; sample of red jasper and a sample
of brown jasper, in order to define the percent and
relationship between magnesite and silica in the
first-mentioned, and, if possible, to determine the
presence of Fe-minerals yielding the colouring in
the latter two. Results are presented in Figures 17,
18 and 19.
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Fig. 17. Result of XRD analysis of the sample
macroscopically labeled as silicified magnesite
(Key: Q — quartz, M — magnesite)

@1
0] Experinentsl pafter: BORDO

[36-801-2601] 02 Si Quartz
€50

. Mﬁfbjkﬂg

T T T T T T T T
15.00 2000 20 3000 %00 4000 &0 5000 £5.00 6000 65.00
Cu-Kat (1540598 ) 2Aheta

Fig. 18. Result of XRD analysis of the red jasper.
All peaks belong to quartz
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Fig. 19. Result of XRD analysis of the brown jasper.
All peaks belong to quartz

GENETIC PROCESS

Genetic process has been described in [1, 7,
6] and, for this specific deposit, in [2]. The deposit
is of hydrothermal origin. In deposit type division
by Lefebure et al. [10], it belongs to hydrothermal
silica veins ("IO7") type and hydrothermal jasper
veins ("QO05") type. They are, together with many
others across Vardar zone of Serbia [11], part of
the same magmatic-hydrothermal complex generic
process, connected to Neogene calc-alkaline mag-
matic activity in the supra-subduction zone and
situated in the listwenitized serpentinite of the ob-
ducted Vardar zone ophiolitic sequence of late
Mesozoic age [1]. Geologic setting on the regional

Geologica Macedonica, 31 (1), 67-76 (2017)

scale is the stage of the complex geotectonic evo-
lution of the Vardar zone [12].

As magmatic and hydrothermal activities
have been multi-phase, along with the hydrother-
mal opalization, listwenitization and limonitization
of serpentinite, jasper and chalcedony have been
precipitated in two main phases: first-phase jasper,
some magnesite and varicoloured chalcedony, and
second-phase colourless chalcedony with central
void surfaces lined with equant quartz druses.
Since the processes of gel drying and solidification
of magnesite and jasper haven't been completed
before they were impregnated with the second
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phase silica (colourless chalcedony veinlets), it can
be concluded that the first phase has been followed
by a second phase after a relatively short break in
hydrothermal circulation activity, most probably
caused by the intermittent tectonic activity.

Fluids in both hydrothermal phases have used
the same tectonic structures as conduits, and thus,
the veins of jasper and chalcedony are most often
intermixed. Tectonic activity between the two pre-
cipitation phases has caused the cracking of the

semi-solidified jasper silica gel (and these cracks
have served as spaces for the precipitation of sec-
ond-phase silica) and also some "rolling" and
"rounding" in jasper precipitates, which can also be
observed in opal bodies. Liesegang rings macro-
scopically observed in some samples (Figure 7a)
macroscopically testify of the colloid nature of the
generic fluid and primary precipitation of silica
from a gel/sol, as an amorphous matter.

DISCUSSION AND CONCLUSION

Results of XRF analyses show that the col-
ourless chalcedony has higher contents of Na,O
and Pb compared to the greenish chalcedony, and
the lower contents of MgO, K,O, TiO,, carbonates,
V, Cr and Co. These differences give a direction in
the further examination of the colour source.

XRD analyses have shown that the sample
macroscopically labeled as silicified magnesite has
been labeled correctly. Content of SiO, in the sam-
ple is dominant (88.1 %) over magnesite MgCO;
content (11.9 %). Brown and red jasper samples
have shown 100% presence of quartz (Figures 18
and 19).

Field examination of the Ugljarevac silica
gemstone deposit has shown that the ore body
shape can not be determined with high precision
due to heavy forestation and a thick soil layer
formed from the partly to completely hydrother-
mally altered serpentinite. The mineralization can
be observed in rare places where flood torrents
have carved relatively deep gullies. Gemstone sil-
ica appears in veins and irregular bodies ranging
from below 1 cm to over 7 cm in thickness, and
most often 3 to 5 cm. All veins except some rare
second-phase chalcedony veins are composite,
containing different silica gemstone varieties.
Monochromatic silica is rare, with exception of the
second-phase chalcedony.

Reserves can only be estimated as category
C,, and the gemstone vein characteristics and type
(colour, variety) are unpredictably heterogeneous —
there are no two pieces of silica mass alike. Based
on all examinations, gemstone types jasper and
chalcedony can be successfully used for production
of decorative items and further geological explora-
tion works in this location would be beneficial.

In regard to genetic model for this deposit
type, silica-carbonate hydrothermal veins formed
in serpentinite, Potapov et al. [9] propose that silica
enters the solution as molecules of silicic acid

H4Si0, via leaching of host rock alumosilicate
minerals by hydrothermal fluids at the depth of
1.0-3.5 km, temperature 250-350°C and pressure
4.0-20.0 MPa. Ascending through the joint-pore
systems in the host rock, temperature and pressure
decrease, causing the solution to become oversatu-
rated in respect to amorphous silica. Monomeric
silicic acid in water solution is unstable, and silica
acid molecules commence to polymerize at the
temperature 120-150°C, forming colloid-sized par-
ticles of hydrated silica nSiO,-mH,O. Polym-
erization of silica acid molecules causes concen-
tration of SiOH silanol groups along polymer rims,
which dissociate with detachment of H" and silica
polymers particle surface becomes negatively
charged, attracting positively charged impurities.
Cations or their hydrated polycation complexes get
sorbed by negatively charged silica polymers parti-
cle surfaces, causing neutralization.

Taking into account evidence both from here
observed material and papers cited, we propose
that:

— When the ascending solution reaches near-
surface field zones, temperature and pressure de-
crease further, while contemporaneously with po-
lymerization into colloid particles, the fluid en-
counters metal cations generated in the weathering
processes of the original ultramafic rock and its
transformation into serpentinite. Potapov et al. [9]
also proved that cations, whether they be Mg”* or
Fe™, cause silica coagulation and precipitation.
Encounter with these cations causes neutralization
and precipitation of silica particles, including the
impurities present.

— Colloidal particles of hydrated metal cations
or their macrocomplexes as flakes (as observed in
jasper zones) are sorbed by the negatively charged
surface of colloidal silica particles. This is the
cause for aggregation of MgCO; and Fe-oxihy-
droxides along chalcedony aggregate rims.
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— As in the near-by deposit Gaj-Lazine of the
same genetic type [13], here it was found that jas-
per and magnesite have co-precipitated in the same
phase of hydrothermal activity. It is a confirmation
that in all examined deposits of this genetic type in
central Serbia, the order of phases of formation and
mineral precipitation are generally the same, with
differences in silica varieties stemming from vary-
ing contents and mutual relationships of silica,
magnesia and Fe-oxihydroxides, which are ex-
tremely changeable even in singular localities, and
locally impacted by changes in physico-chemical
properties of the environment.

— As observed by Lee [8], the smaller chal-
cedony particles carry more impurities. This is ob-
served also in our examination, both in magnesite-
and Fe-rich bands. Vein parts and a veinlet with
longer chalcedony bundles are more pure regarding
the impurities content, which can be observed both
macroscopically and microscopically. This is also
valid for the second-phase chalcedony veins.

— Formation of the examined vein in a closed
system would enable the gradual evolution of the
fluid and a relatively slow solidification. This is
the reason for segregation due to cohesive forces
which macroscopically resulted in central-symmet-
rical, parallel-banded appearance. Parental hydro-
thermal fluid rich in CO, leached the host serpen-
tinite until it became supersaturated in silica,
turned into a colloid, and, after precipitation of ex-

cess silica along with impurities, has evolved back
into a solution, from which the grainy quartz pre-
cipitated.

— The host rock has a significant role in de-
termination of the silica variety to be formed.
World agate deposits are known to have formed
within volcanic rocks, while here examined depos-
its are formed exclusively in serpentinite host rock.
One so far found deposit of this age, formed due to
the same cycle of hydrothermal activity, but in the
volcanic host rock [14] contains completely differ-
ent set of silica varieties, including agate. The
abundance of impurities in serpentinite host rock
can cause the fast transformation of the molecular
solution into a colloid, and, either by ageing of the
gel or colloid neutralization due to sorption of
cations, chaotic formation of the heterogeneous
silica masses.

— Tectonic movements were active through-
out the entire genetic cycle in this type of deposits
in central Serbia. Untempered tectonic activity
continued through the long time span, as testified
not only in crack-and-heal fabric evidence in all
these deposits, only of somewhat decreased inten-
sity during the formation process of these veins,
but also by formation of numerous Neogene lacus-
trine basins in the entire region [15]. Correlation
with deposition of related sediments could aid dat-
ing of formation of this deposit type in central Ser-
bia.
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Pesume

T'EOJIOIIKH KAPAKTEPUCTHUKH HA HAOTI AJIMIITETO HA CKAIIOIEHU KAMEIA YI'JbAPEBAIL
(IEHTPAJIHA CPBHJA) U TIPUJOHEC 3A TEHETCKHA MOJIEJI
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Kay4ynu 300poBH: CKaroleH KaMeH; CHIINKa-)KHIH; JaCIIUC; KaNleI0H; eHTpanHa Cpouja

HaoranumreTro Ha CHUJIMKATHU CKaIlOLICHH KaMema
VribapeBal| ce Haora BO OQUONUTCKATA CepHja Ha LEHTPAJIHHU-
ot Ju1abok pacexn Ha Baprmapckara 30Ha. I'eHeTckure nporecn
Ha OBaa I0jaBa Ce MOBP3aHH CO HEOrEHATa KaJKO-aJKasiHa
Marmatcka akKTUBHOCT BO Bapaapckara 30Ha W CO XHAPOTEp-
MaJIHaTa aKTUBHOCT IIpeIU3BHKaHa o]l Hea. Bp3 ocHoBa Ha 1o-
BpLIMHCKATa 0jaBa Ha JIMCTBEHU3UPAH CEPIICHTHHUT KOj CO-
JIPXKH MHUHEPAIU3UpaH CHIMLUYM THOKCHI, MOXE Ja ce 3a-
KIIy4H JIeKa PYAHOTO TEJO MMa HM3JIOJDKECH OBajieH obimk. Bo
OBa TEJIO Ha XUAPOTEPMAJHO MPOMEHET CEPIICHTUHUT, MUHE-
pajM3UPaHUOT CKAIOIIEH KaMEH Ce I10jaByBa BO BH Ha JKHIIH,
LITOKBEPH U HEMPaBMWIHK Tela. [l0CTOjHUTE CKalIOeHH Kame-
Ba [PETCTaByBaaT BapHETETH Ha KaJLeNoH (jacmuc, 6e300eH
KaJILIe/IOH, 3eJICHUKAaB KallleJ0H, KaApHEOoa M capiep) U omal
(omanu3upaH CEepHeHTHHUT). XOMOTeHH Mapuhiba Ce€ MHOTY
petku. MHOTY 4ecTo OJJIeIHUTE BHJOBH CHIIHKA ce MeryceO-
HO TECHO M3MEIIaHd ¥ KOMOWHHUPAHH.

Munepanu3anyjata € ce oJBUBaJa BO JBE OLJEI-
HU XHAPOTEpMANHU (a3u, OYMITICTHO CO KPaTKH Bpe-
MEHCKH pacTojaHuja. JacmUcoT U OOOCHHOT KaJjlleloH
(¥ pEeTKHOT MarHe3uT) ce HACTaHATH BO IpBata (a3a Ha
XHJPOTEpMaliHATa aKTUBHOCT, JI0Zieka 0e300jHHOT Kall-
nenoH e popmupan Bo Bropata ¢aza. HoBOOTKpHEHHOT
BUJI HA CHJIMIIYMCKa JKHIIA CO [EHTPAIHO-CUMETPHIHH
TIapaseHy JICHTH IPHIOHECYBa 3a TeHETCKU MOJEN, 10-
KaXXyBajKHl JieKa IPOLECOT Ha MpeLUNuTaljata 1 Hej-
3MHH TPOM3BOIM € HEMPEIBUAIMBO TPOMEHIIHB, XeTe-
POTEH M 3aBHCH OJ] Pa3BOjOT Ha (PU3HYKO-XEMHCKHTE
YCJIOBH Ha JIOKaJIHaTa CpeIrHa, 0OCOOCHO OJl CONPKHHA-
Ta HA HEYHCTOTHH ¥ CTEICHOT HAa OTBOPEHOCTa Ha
CHCTEMOT.
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