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A bstract: The JeSevac volcanic complex located in central Serbia is made up of various Tertiary volcanic
rocks. Kremenjaca hill is situated on the SW rim of the JeSevac volcanic complex. Silica veins found in this site are
made up of chalcedony varieties and crystalline quartz. Jasper veins are examined more thoroughly in this paper. Mi-
croscopic analysis has shown it is made up of cryptocrystalline silica with fluidal structure. X-ray powder diffraction
analysis of the samples has shown crystalline silica-quartz, ruling out the presence of amorphous silica-opal. The re-
sults of spectrochemical analysis have indicated the presence of colouring agents originating mostly from ultramafic

and mafic rocks.
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INTRODUCTION

Volcanic complex of JeSevac (Borac) is lo-
cated in the cCentral Serbia, SE from Gornji Mila-
novac and NE from Cadak cities. Kremenjaca site
with silica gemstone occurrence is located on the
slopes of Kremenjaca hill, on south-western flanks
of JeSevac volcanic complex (Fig. 1).

During the period 1982-1984, special pros-
pecting works have been conducted in central Ser-
bia (Sumadija district), aiming to find new occur-
rences of gemstone [6]. In JeSevac complex, it re-
sulted in discovering of a very rare type of agate
named "fish agate" in diluvium material on the
Kremenjaca hill slopes. Silica veins also appear on
other locations in JeSevac. As these can be used
economically as a gemstone raw material, further
special prospecting work has been conducted in
this locality during 2004. These new works re-
sulted in discovering types of siliceous gemstones
unknown in this area before [8].

Fig. 1. Geographic location of Kremenjaca site.

GEOLOGICAL SETTING

Many authors have given abundant data on
geologic setting of JeSevac complex. The most de-
tailed study is given in [1, 2, 3, 4, 7]. JeSevac vol-
canic complex belongs to Rudnik-Jesevac-Kotlenik
volcanic province, as a part of Late Paleogene-

Neogene volcanic formation of the central axis of
the Balkan Peninsula [5].

The oldest neighbouring rocks are serpen-
tinites, which rarely crop out, due to overlying
massive Tertiary volcanic rocks. The JeSevac com-
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plex is made up of effusive and pyroclastic rocks
of Egerian to Egenburgian age (23-20 Ma, [2]).
These comprise dacite, quartzlatite, ignimbrite,
andesite and lamprophyre (Fig. 2). Central part of
the Kremenjaca hill is made up of dacite and dac-
itic tuff. Tectonic setting of the site is marked by

North-South and NNW-SSE trending faults.
Through some of these faults, in Gornja Trepca spa
(streams Besni potok and Banjska reka) thermal
waters, as probable remains of hydrothermal activ-
ity, still emerge. Teofilovic and Vujanovi¢ [12]
have proved the juvenile origin of these waters.

Fig. 2. Geologic map of JeSevac complex with location of Kremenjaca site (according to [3]; modified).
Lower left — location in Serbia.
Key. 1. alluvium; 2. diluvium; 3. andesite; 4. quartzlatite; 5. sediments of Middle Miocene; 6. pyroclastite; 7. lamprophyre; 8. dacite;
9. autoclastite in situ; 10. redeposited autoclastite; 11. sediments of Lower Miocene; 12. Cretaceous sediments; 13. caldera relicts;
14. lava domes; 15. volcano necks; 16. inferred centres of volcanic activity.

FIELD STUDY

Silica veins in Kremenjaca site appear as
small, irregular-shaped fracture fillings and stock-
works in weathered dacite. The following silica
types are found to be present: chalcedony varieties
(jasper, purple and colourless chalcedony, carnel-
ian, sard, chalcedony onyx and agate) and quartz
variety rock crystal (Fig. 3). All cited translucent to
transparent chalcedony varieties, and jasper as
opaque variety, appear in the same, comparatively
narrow belt-shaped zone, trending approximately
ENE-WSW. The belt is about 50 m wide, while the
length of this belt is not easily determinable due to
soil and vegetation cover and the presence of vil-
lage on it. All varieties are interchanging in more
narrow subbelts: the southernmost is the dark
green jasper subbelt, which grades into translucent
to transparent chalcedony varieties subbelt towards
the North. This subbelt gradually passes into dark
red and grey jaspers subbelt further North.

Jasper (Fig. 3a-c), namely grey and mottled
red-grey varieties form veins filling fractures of
irregular shape, up to 7 cm thick. Green jasper is
rarer and appears as veins up to 1 cm thick. All
varieties tend to appear as stock works rather than
single veins. Fractured jasper surfaces are charac-
teristically conchoidal and smooth.

Colourless (Fig. 3f,g) to pale purple (Fig. 3d)
chalcedony is translucent. It occurs in veins, most
often up to 1 cm thick. Sometimes it forms thicker
veins, up to 7 cm, with visible botryoidal inner sur-
faces. Sard (Fig. 3e) and carnelian (Fig. 3i), trans-
parent to translucent chalcedony varieties, of or-
ange-brown and orange-red colours respectively,
have been found only as small fragments in dilu-
vium material. Chalcedony onyx (Fig. 3h) is an-
other chalcedony variety, more rare in nature.
Unlike agate, its bands are not concentrically round
but perfectly straight (Liesegang rings). It has been
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discovered in Serbia for the first time in 2004 [8].
Macroscopically, white translucent to opaque
bands interchange with translucent to transparent
brown-coloured bands.

Quartz is present as small, densely packed
crystals filling up the central parts of chalcedony
geodes. This form of quartz is not regarded as
gemstone, except with chalcedony base, market-
named "drusy quartz".

Fig. 3. Silica gemstone varieties found during fieldwork (a — mottled grey-red jasper, b — red jasper, ¢ — green jasper,
d — pale purple chalcedony with drusy quartz on upper right side of the specimen, e — sard, f — colourless chalcedony,
g — ibid., with red crust, h — chalcedony onyx, i — carnelian).

LABORATORY EXAMINATIONS

In this paper we have focused the laboratory
examination works on jasper specimens. As occur-
rences of jasper in red hues are abundant in central
Serbia and green jasper is very rare, the spectro-
chemical examinations were focused on green jas-
per specimens, in order to establish the possible
colouring agents.

Microscopic examination in transmitted light

Microscopic examinations and photomicro-
graph capturing are performed in Petrology De-
partment of the Faculty of Mining and Geology —
Belgrade University, Serbia, on polarizing micro-
scope for transmitted light type Leica DMLSP with
digital camera.

Dacite has massive structure and porphyritic
texture. It is impregnated with secondary silica

(Fig. 4) in botryoidal aggregates with fluidal struc-
ture.

Fig. 4: Photomicrograph of the silica vein in dacite
(crossed polars).
Key: Si —silica vein; Dc — dacite host rock

POWDER X-RAY DIFFRACTION ANALYSES

These analyses have been performed in the
Petrochemistry Laboratory of the Faculty of Min-
ing and Geology — Belgrade. The results are shown
in Figs. 5 and 6.

The X-ray examinations of the samples were
performed by the X-ray powder diffractometer
type PHILIPS PW 1710 with Cu anode with radia-
tion wave-length of CuKa = 1.54178 A and a
graphite monochromator.
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Operating voltage U = 40 kV, current inten-
sity / = 30 mA. Samples are examined within 5—
60°26 with 0.02° step and time-hold 0.5 s on each
step (goniometre speed). Obtained data of diffrac-
tion peak positions (°26), interplanar spacings d
(A) and intensities are compared with literature
data and JCPDS standards.



36 L. Kuresevi¢, S. Devi¢

500

3,35

400~

| (imp)

300 A

200 -] .
(20)

- &
190 i 2 /ﬁ % o & ©
- 3 e 0T B T g
o (=] w M o —
10 20 30 40 50

Fig. 5: Powder X-ray diffraction analysis diagram
of dark green jasper
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Fig. 6. Powder X-ray diffraction analysis diagram
of red-grey mottled jasper

SPECTROCHEMICAL ANALYSIS

Spectrochemical analysis is performed by
Geoinstitute — Belgrade Laboratory. Recording of
the previously prepared sample is performed on the

Table 1

The results of spectrochemical analysis

high dispersion spectrograph type LITROU- of green jasper

HILGER E-478 in visible and UV light spectrums Content Content

(27009000 A). Sample ignition is carried out in Element (ppm) Element (ppm)

DC electric arc by current intensity of 8 A. Maxi- Al ~10 000 v 60

mum electric arc temperature is 3000—7000°C. The

sample mixture with carbon powder (1:1) is com- Fe > 10000 Cu 12

pletely burned during 3 minutes. Inner standards Mg 2500 Zr 150

used are Germanium and Palladium. Quantitative Ca 6 000 Ni 75

determination is done by work-sheets in logarith- Ti 1 600 Co 10

mic scale with concentration span 0.0001-1.0%

(1-10000 ppm). Determination absolute error is Mn 95 Sc 9

+15-20%. Ga traces Cr 50
The results are shown in Table 1. Ba 210 Sr 230

RESULTS AND DISCUSSION

Microscopic study of a jasper vein shows that
dacite is veined with secondary silica in botryoidal
aggregates with fluidal structure. This type of fab-
ric points to amorphous silica-opal.

Powder X-ray diffraction analysis on opaque
silica (jasper) specimens has shown the predomi-
nance of quartz, with most intensely pronounced
peak on 3.35 A and smaller ones on 4.26, 2.46,
2.28, 2.24, 2.13 and 1.99 A. Minor amounts of
feldspar (small peaks on 2.99, 3.22, 4.05 and 6.54
A) and clay (small peaks on 2.58 and 4.45 A) in
green jasper sample come from the host rock,
which couldn't be avoided due to small thickness
of the silica vein. Presence of clay points to ad-
vanced phase of weathering or hydrothermal al-
teration of the host rock.

Spectrochemical analysis of green jasper has
shown the presence of colour-giving elements.
Alumina and iron contents are above detection lim-
its for this method. The intense green colour can be
caused by the presence of iron, chromium and
nickel. Some of the present elements point to con-
nection with ultrabasic (Cr, Ni, Co) and basic (Cu,
V) rocks, which is a characteristic of all the gem-
stone deposits in the Vardar zone of central Serbia.

In deposit type division by Paradis et al. [9],
this occurrence belongs to Hydrothermal silica
veins in volcanic host rocks type ("IO7"), closely
related to Hydrothermal volcanic-hosted opal
("Q11"), agate ("QO03") and jasper ("QO05"), but
also to Hydrothermal silica-carbonate Hg deposits
("108"), to which belong all the other silica gem-
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stone deposits found in the Vardar zone of central
Serbia (the difference being the host rock — serpen-
tinite in the latter case).

Geologic setting on the regional scale is the
complex geotectonic evolution of the Vardar zone
[11]. Connected with the closure of the Tethys
Ocean through collision and thrusting occurred the
Tertiary sincollisional to postcollisional magmatic
activity of the Vardar zone, predominantly of calc-
alkaline character, exerted along regional and splay
faults. JeSevac volcanic rocks, including Kreme-
njaca dacite are formed as its part. As extension
phases within the predominantly collisional setting
were short-lived, huge portions of molten magma
did not reach the field surface. Thus formed the
hidden plutons, which have caused hydrothermal
activity in the overlying rocks.

Ore controls are the open spaces and other
permeable zones open to silica-bearing solutions.
Volcanic-hosted veins are associated with major
faults related to crustal extension which control the
ascent of hydrothermal fluids to suitable sites for
silica deposition, in this case most probably due to
cooling. The fluids are believed to be derived from
calc-alkaline intrusions of Tertiary age. Also the
cooling magma can cause the formation of exten-
sive meteoric waters heating and circulation sys-
tem. This locality was in the close neighbourhood
of the so-called Cacak-Kraljevo lake, which ex-
isted in Miocene, and this is a common characteris-
tic for all the silica gemstone deposits found in the
Vardar zone of central Serbia.

Most authors exploring hydrothermal silica
agree on the fact that relations between crypto- to
microcrystalline silica (chalcedony) and crystalline
silica (quartz) precipitated from hydrothermal solu-
tions depend on relations of silica saturation, tem-
perature and pressure (e.g. [10]). The formation of
crystalline quartz at higher temperatures has been
noted, while at lower temperatures, solution satura-
tion has more influence on the silica precipitates'
crystallinity degree. Oversaturated solutions give

amorphous silica, which by solid-state transforma-
tion over geological time gives chalcedony. On the
other hand, after the silica surplus has precipitated
from the solution, quartz forms from the undersatu-
rated solution (in the closed system). This is the
reason why in all silica gemstone occurrences of
this type in the Vardar zone of central Serbia, chal-
cedony veins are covered by drusy quartz crystal
crusts [8].

The results of our analyses have proved that
one type of analysis is not reliable enough for
characterization of silica precipitates. Microscopic
examination has shown silica to be amorphous, i.e.
opal. X-ray diffraction analyses have shown silica
to be crystalline, i.e. quartz. Rapid cooling of silica-
bearing solutions near the field surface, in the open
system, has caused rapid precipitation, producing
amorphous silica, which, through the processes of
the solid-state transformation over geological time
gained an ordered crystalline lattice. As this silica
still appears amorphous under microscope, it is
identified as chalcedony-cryptocrystalline silica
variety; in this case — jasper, macroscopically
opaque chalcedony.

Presence of the elements typical for ultrabasic
(Cr, Ni, Co) and basic (Cu, V) rocks in jasper indi-
cated by spectrochemical analysis points to circula-
tion paths of hydrothermal fluids through ophiolite
sequence typical for Vardar zone, although it does
not crop out at this part of terrain.

Considering significant amounts of dark red
and mottled red-grey, and minor amounts of dark
green jaspers in the Kremenjaca site and their qual-
ity, this site has economic importance for gemstone
raw materials, although jasper is generally consid-
ered a lower value gemstone named "semi-
precious" or "ornamental" [9]. Other present gem-
stone types (translucent to transparent chalcedony
varieties and rock crystal) do not have economic
importance as gemstone on this site due to inap-
propriate morphological characteristics and scar-

city.
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Pesume

CKANOIIEH KAMEH — CJINIIUYMCKH KUIH BO BYJIKAHCKH KAPITA HA KPEMEIbAYA
(CPBHJA)
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K.ﬂy‘ll—[ﬂ 360pOBI/I: CKaIlol€H KaMCH; CUJIMIIUYMCKH XU, jacrmc; JanuT

JemreBal e ByJIKAHCKH KOMIUIEKC U3TPaJeH O PasIndHU
BYJIKAHCKH Kapmu oJ TepuujapHa aoba, Koj ce Haora BO LCH-
tpanuuot nen Ha Cpouja. Punor Kpememaua ce Haora Ha jy-
ro3anagHuoT pab Ha BYJIKaHCKHOT MacuB Jeruesarl. CHIMKOH-
CKHTE WL KOU Ce T10jaByBaaT Ha OBOj JIOKAJIHUTET CE€ HU3rpa-
JICHH O] BapHETETH Ha XaJKUIOH M KBapl. Bo OBOj MpoOeKT
MOTEMENHO ¢ HCIUTaHa U CE MPE3CHTUPAaHH PE3yJITaTHTE OJ
aHanM3aTa Ha JKMIATa Ha jaciuc. MUKPOCKOICKHOT Mperien

HAa jacIuC MoKaxka Jieka ce paboTH 3a KPUNTOKPUCTATIHA CHITH-
Ka co (uiynmanHa TEKCTypa, a pe3yJITATUTEe OJ HUKC-3palfHaTa
mudpakiyja mokaxa Jeka Toa € KBapll, CO UCKIYYOK Ha IpH-
CycTBO Ha aMOp(eH CHIMIHMKATCH omaji. Pesymrature on
CHEKTPOXEMHCKA aHaln3a MOKakaa MPUCYCTBO HA KOMIIOHEH-
TH CO TOTEKJIO O]l yATpadanuHu U Ga3uuHH KapIiu Ha [Orolie-
Ma JU1abovrHa, IITO MPEIN3BUKYBa OOCHE Ha jacIuc.
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