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The magmatic center is
in the easternmost part
of the Apuseni-BanatTimok-Srednogorie Late
Alpine belt.
The center is disposed
close to the border
between the Strandja
Collage Unit (SCU - from
south) and the Eastern
Srednogorie Volcanic
Zone (ESVZ – from the
north).

Geologic map of the Zidarovo ore-magmatic
center
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The eastern part of the volcano is
built up mainly by basaltic to
trachybasaltic lavas (manly pillow
lavas) and a small amount of
volcaniclastic rocks.

The western part is with a
relatively larger participation of
pyroclastic and epiclastic rocks (up
to 30-40%).

Lava effusion is from central vents
and linear fissure channels.

The subvolcanic dyke rocks occupy
a big horse-tail splay structure
probably due to the westward
moving of the SCU.

The volcanic and subvolcanic rocks
are crosscut by the multi-phase
Zidarovo differentiated small
intrusion, exposed 3-4 km2.
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Previous K-Ar dating of the rocks of the Zidarovo
magmatic centre give a life span of the magmatic
activity of about 27 Ma (Nedialkov 1994).
The K-Ar age of basaltic volcanites is 108 Ma; for
subvolcanic rocks it is 92 Ma; for intrusive rocks – 81-83
Ma.
The ore deposit is mainly Au-Cu and Au-base metal vein
type disposed close to and northwest of the intrusion.
The Au appears as native gold and electrum with
increasing of the Ag contents from the central part to
the periphery (from 5 to 51 % Ag - Atanasov, 1991).
Hydrothermal alteration is represented by K-alteration
(in the intrusion and close to it), propilitisation (in the
main part of the district), Q-sericitic alteration (close to
the ore veins) and advanced argilitisation (at the area
Tepeto).

Petrography








Effusive rocks are presented mainly by basalts and
trachybasalts and small amounts of shoshonites, latites
and trachytes.
They have big phenocrysts of CPx and smaller and rare
phenocrysts of Ol (in basalts) and Pl and Hb in more
evolved volcanites. Groundmass is intercertal.
Subvolcanic rocks (porphyritic and aphanitic basalts,
dolerites, porphyritic monzogabbro, monzonite and
syenites) have different crystallinity. They are similar to
volcanites but often holly crystalline.
Intrusive rocks of the Zidarovo differentiated pluton are
porphyroide to equigranular, small- to medium grained,
gabbro to gabbro-pyroxynites, monzogabbro,
monzodiorites, monzonites, quartz-monzonites to
syenites, gabbro-diorites, diorites to quartz diorites.

K-alkalinity of the magmatic rocks from the
Zidarovo magmatic center
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The bigger part of volcanic and
subvolcanic rocks have similar
characteristics and are grouped in
a small SiO2 interval (46-51%)
with significant K2O increasing
(from 1,3 to 6.2%). Sparse
samples show higher SiO2 and K2O
around 3 – 3.5 %.
This evolution of the basic rocks
could be explained by
fractionation of Px at high
pressure (10 kbars – 30 km
depth) in a Moho level chamber
(Meen, 1987).
The more silica rich rocks could be
the result of a differentiation in a
crustal magmatic chamber.
All volcanic to subvolcanic rocks
belong to the high-K series.

Harker diagrams of the major oxides from
subvolcanic and volcanic rocks of the Zidarovo
magmatic center

Harker diagrams for major oxides from
the Zidarovo pluton

Geochemical composition and
magmatic evolution






Harker diagrams with trace elements show enrichment in
Th, Ba, Cu, Hf, Rb, Sr and depletion of Cr, Co, Sc with
magmatic evolution in deep Moho level magmatic
chamber for volcanic and subvolcanic rocks.
For the shallower crustal magmatic chamber is
characteristic the magmatic evolution lead to the
decreasing of Cr, Co, Sc, Rb, Cu and the increasing of
Th, Ba, Hf, Sr.
The contents of Cu = 20-440 ppm for Au = 0.003-0.006
ppm; Pb=10-30 ppm; Zn = 20-190 ppm.

Tectonic setting




On the discrimination
diagram Ti-Zr (Pearce &
Cann, 1973) volcanic
rocks plot in the field of
Calc-alkaline subduction
related basalts.
Analogical are the results
from the ternary Tb-ThTa diagram of Cabanis
and Thieblemont (1988).

Thermo-barometry








The peculiarity of the magmatic evolution presume
pressure of 10 kbars (about 30 km) at the Moho level
magmatic chamber.
Pressure estimation based on Hb geobarometry is about
4.5 – 5.4 kbars (13-16 km).
Estimation of the temperature crystallization based on
the pyroxene geothermometer of Lindsley (1983)
determine t(oC) 1185-1140oC for CPx phenocrysts and
1100-1110 oC fore CPx microlites. The second could be
the temperature of the lava at the earth surface.
The Pl-Hb temperatures for the Zidarovo intrusive rocks
range between 820-890oC.

Sr-Nd isotope ratios for magmatic rocks
from the Zidarovo magmatic center
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The 86Sr/87Sr and
144Nd/143Nd data for
different rocks of the
Zidarovo magmatic centre
(basalt, monzogabbro and
monzogabbro porphyrite)
plot into the mantle array
between BSE and HIMU.
The magma is primitive and
no crustal contamination is
observed

Water content during magmatism

Geohydrometer of Merzbacher and Eggler (1984)
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The estimation of the water
content is based on the
geohydrometer of Merzbacher
and Eggler (1984) applied for
volcanic rocks.
The evolution in the Moho
level chamber lead to water
enrichment of the evolved
magma and for shoshonites
and some trachybasalts water
content are between 3 and 6
wt %. For rare latite H2O is
around 5 wt %.
We can suppose that the
evolved magma in the crustal
chamber is with higher fluid
contents and could reach
water saturation.

S vs FeO for different magmas and
primitive melts (Hattori & Keith, 2001)


Sulfur correlates with
FeO in basaltic
magmas and
following the diagram
of Hattori & Keith (2001)
and the 4-7 wt% of
FeO in the studied
basalts S contents
could be 300-600
ppm.

Sulfide inclusion in pyroxene






Sulfur as one of the more
important elements for the
formation of ore-bearing
orthomagmatic hydrothermal
fluids and for the hydrothermal
ore formation.
Ore sulfide inclusions
(pyrrhotite and chalcopyrite) in
pyroxene phenocrysts of
volcanic and subvolcanic rocks
is an evidence for the sulfur
saturation of the magma.
The presence of sulfides in
magma indicates reduction
conditions (fO2 below
NNO+1).

Interstitial anhydrite in diorites from the
Zidarovo intrusion




No sulfide inclusions are
established in more evolved
volcanic and subvolcanic and
in plutonic rocks.
Interstitial anhydrite is
established in mozodiorites
and in quartz diorites as well
as in veinlets and as
alteration mineral. This could
be interpreted as the result
of high oxidation condition
in the late magmatic stage
and during the hydrothermal
process.

log f S2 – 1000/T diagram with estimates of
those parameters for the Zidarovo magmas
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Based on the magmatic
pyrrhotite composition
the f S2 is estimated to
2-5 at a temperature
1150-1180oC.
This sulfur fugacity is
greater than the normal
arc magmas.

Conclusions





In the Zidarovo magmatic centre there are three distinct
magmatic series with specific peculiarities and different
magmatic evolution.
- The first one is high-K (shoshonitic) with evolution
in a deep Moho level magmatic chamber.
- The second is high-K to medium-K with, probably
derived from the first but with crustal chamber magmatic
evolution characterized by stability or depletion of
alkaline elements.
- The third – with low-K series established only in
intrusive rocks.
Magmatism is subduction related (volcanic arc) and the
bigger part of the magma is primitive without crustal
contamination.

Conclusions







Water content in the magma increases with
magmatic evolution and for the evolved magmas
is 5-6 wt %.
The evolved magma is just a small part of the
erupted.
The magma has high f S2
The f O2 is increasing with magmatic evolution,
that is favorable for the exsolution of fluids and
ore components from the magma

