Sulfides inclusions in minerals from volcanic rocks of the Panagurishte ore region, Bulgaria.
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Introduction

The Panagurishte ore region is a part of the Banat-Srednogorie belt characterized by upper Cretaceous Calk-
alkaline to Shoshonitic magmatism and disposition of numerous copper, gold-copper and base metal deposits
and ore occurrences. In the Panagurishte ore region are disposed several important ore deposits as Chelopech,
Medet, Assarel, Radka, Elshitza, Tzar Assen, Krassen, and others. At present days in exploitation are only,
Chelopech and Assarel.

The problem with the genetic relation between the upper Cretaceous magmatism and the ore processes is
discussed from different point of views — time and space relations, geochemical similarities, favorable
conditions and characteristics of the magmatism for the formation of the orthomagmatic hydrothermal system.

One of the important questions for the ore formation is the origin and the behavior of the sulfur needed for
the formation of the huge amount of sulfide minerals in the deposits. The investigation of the sulfide inclusions
in magmatic rock minerals could give some information in the approach of this important problem.

Geology

The geology of the Panagurishte ore region is characterized by Paleozoic basement and a Mesozoic to Tertiary
cover. The basement is composed of by Paleozoic high grade metamorphic rocks (biotite and two mica gneisses,
amfibolites, and schists) (Arnaoudov et al., 1989; Velichkova et al., 2001) intruded by variscan mainly
granitoide plutons (Smilovene, Strelcha, Poibrene, Koprivshtitza)(Dabovski et al., 1965). The cover is
composed of Triasic and Cretaceous (Karaguleva et al., 1974) sediments and magmatites. The Upper
Cretaceous volcanic activity is localized in five subparallel volcanic stripes (VS) (from north to south -
Chelopech VS, Assarel VS, Krassen-Petelovo VS, Pesovetz VS and Radka VS) with WNW direction (100-
130°). The last investigations explain the formation of the volcanic stripes as strike-slip basins formed in
transtensional regime (Ivanov et al., 2001). In recent publications on the magmatism (Kamenov et al., 2003,
2004) it has been determined its subduction related character and it consecutive rejuvenation from north to
south during a time span of 14 million years. The magmatic activity operated in several magmatic centers
building volcanic or volcano-plutonic structures. The volcanism is subaerial producing predominantly
volcaniclastic rocks and also effusive and subvolcanic magmatic bodies. The volcanic rocks in the four southern
VS are presented by basalts (small amounts at Ovchepoltzi), basaltic andesites, andesites, latites, trachytes,
dacites, rhyodacytes and rhyolytes (the last three rock types present mainly in the Radka VS). For the present
study only volcanic rocks from the peripheries of the ore-magmatic centers, unaffected by hydrothermal
alterations are investigated.

For some of the magmatic centers of the Panagurishte region magma mixing phenomena between more
primitive basaltic in composition melt and more evolved intermediate to acid magma recipient were established.
The petrological investigations of the magmatism from the Panagurishte region show that the parental magma
was derived from a slightly enriched mantle and main magmatic processes are crystal fractionation, magma
mixing and a slight crustal contamination (Kamenov et al., 2004, Nedialkov et al., 2006). The generated and the
evolved magma are hydrous with water content up to 5-6% H,O (Nedialkov et al., 2006).

Sulfide inclusions
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In scientific geological publications, sulfide inclusions in magmatic rock forming minerals are interpreted as
indicators for relatively high S fugacity and as indicators for fO, (often between the FQM and NNO buffers) of
the magma during the crystallization (Hattori, 1993). With fO, increasing the sulfide blebs are destroyed and
sulfur moves in the residual melt as SO.. It is well known that the acid magma do not dissolve and do not carry
sulfur enough for the formation of the ore deposits (Hattori, 1993; Hattori & Keith, 2001). Basaltic magmas
have clearly higher S contents (up to 1000-2000 ppm, up to 3000 ppm in primitive magmas) and are estimated
as the main supplier of S in the ore magmatic centers (Hattori & Keith, 2001; Maughan et al., 2002). The sulfide
melt concentrates ore elements (Gorbachev, 1989; Halter et al., 2005). Recent investigations of Halter et al.,
(2002) demonstrate that the ratio Au/Cu from the sulfide melt inclusions is similar to that in the copper deposits
emplaced in those magmatic rocks.

Results and interpretation

Sulfide melt inclusions are established in all the volcanic rock varieties from the four southern volcanic stripes
of the Panagurishte ore region (form basalts to rhyolites). Sulfide inclusions are trapped in pyroxene and
amphibole phenocrysts. Sulfide melt inclusions were not established in plagioclases, magnetites, biotites, quartz
or the groundmass. They are predominantly spherical to oval with dimensions up to 35 microns but in rare cases
such with complicated irregular shape or groups of inclusions are established (fig. 1). Those with complicated
shape are disposed either in one surface (predestination from the crystal structure of the mineral host — fig. 1a)
or irregularly in the volume of the mineral host (fig. 1b, ¢ and e¢). The elongated shape of these inclusions is
probably due to the gradual insertion of a relatively big sulfide melt bleb from the magma in the host mineral.
The bigger part of the sulfide inclusions are pyrrhotites (determined under microscope and with microsond
analyses — table 1) and also small occasional chalcopyrite melt inclusions were established (under the
microscope).

Fig. 1.Microphotographs of sulfide inclusions and group of inclusions in passing (a, b, ¢) and reflected (d, e, f)
light in amphiboles and pyroxenes from volcanic rocks of the Panagurishte region. Scale bars — 50 microns.

The beginning of the crystallization for the observed mafic phenocrysts (pyroxenes and amphiboles) in the
hydrous magma took place in intermediate magmatic chambers approximately at depth 15 to 25 km (pressures—
400-900 MPa - Nedialkov et al., 2006). The crystallization conditions in the hydrous magma at these depths are
relatively reductive and the sulfur occurs as H,S which favors the formation of the sulfide blebs. As mentioned



above, sulfide blebs concentrate ore elements. The LA-ICP-MS analyses of sulfide (pyrrhotites) inclusions in
amphiboles from volcanites of the Panagurishte region (fig. 2) show that they concentrate Cu, Ni, Au. The
intensities for Au do not demonstrate a raised plateau but just irregularly dispersed pikes only in the melt
inclusion. This could be related to the irregular distribution of Au in the sulfide melt inclusion as
submicroscopic mineral segregations.
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Fig. 2. Transient LA-ICP-MS signal of selected elements from sulfide melt inclusion in amphibole phenocryst
in basaltic andesite.

sample 30 30 30 BKX 28 103
rock Lat Lat Lat Ban Ban Trach
Host min Hb Hb Hb Px Hb Px
Fe 61,01 61,15 62,09 57,79 57,39 62,88
S 38,32 39,23 35,78 38,26 41,65 36,14
Cu 0,55 0,00 2,45 3,55 0,37 0,14
Ni 0,00 0,00 0,20 0,37 0,33 0,44
Total 99,9 100,38 100,51 99,96 99,73 99,60
Fe 0,91 0,89 1,00 0,87 0,79 1,00
S 1,00 1,00 1,00 1,00 1,00 1,00
Cu 0,01 0,00 0,03 0,05 0,00 0,00
Ni 0,00 0,00 0,00 0,01 0,00 0,00

Table 1. Chemical composition of sulfide inclusions in mafic minerals from volcanites of the Panagurishte
region. Abbreviations: Lat — latite; Ban — basaltic andesites; Trach — Trachyte; Hb — amphibole; CPx —
Clinopyroxene;

Reduction conditions in the magma will preserve the existence of the sulfide segregates that leads to the
inhibition of the ore bearing orthomagmatic fluids formation. Ore elements, trapped in the sulfide blebs could
not be extracted with the exsolved from the magma fluids. The investigations on the Panagurishte volcanites
show that oxygen fugacity increases with magmatic evolution (Nedialkov et al., 2006). Oxygen fugacity, with



values more than 2 units above the NNO buffer, provoke the destruction of the sulfide blebs and the trapped ore
elements move into the residual silicate melt. Thus they could be exsolved from the magma by aqueous fluids.

The presence of pyrrhotite inclusions, with determined composition, allows us to evaluate the S fugacity in
the melts. Pyrrhotite composition was determined only from volcanites of the Assarel, Krasen-Petelovo and
Pessovetz VS. Calculated S, (after Toulmin & Barton, 1964) varies in a big interval from —9 to +6 probably due
to the different conditions of magmatic evolution in the different VS and magmatic centers and to the influence
of Cu and Ni concentrated in pyrrhotites. The estimated fO, in rhyolites from the Radka VS (after Spenser &
Lindsley, 1981 — Ilm-Mt equilibrium) is 2,5 units below the Mt-Hm buffer at 770°C. In such oxidation
conditions sulfide blebs are destroyed and S and ore elements move in the residual silicate melt.
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CynduaHu BKJIKOYEHUSI B MUHEPAJIN OT BYJIKAaHCKUTE cKaju HA [Ianaropckusi pyaeH paio,

bbarapus
Pocen Hensnkos', Anera 3aprosa', ®pancoa Brocu %, PoGept Mopur °.

[Tanarropckus pyzieH palioH BMECTBA €IHU OT Hal-3HAUMMUTE PYIHU HaXOAMIIA HA M U 371aT0, KOMTO ¢a 00EKT
Ha BCECTPAHHO HM3CJIEABaHE OT MHOTO ToAWHW. EawH oT mo crnabo m3ydeHHTE TpoOlieMH € 3a poisiTa H
MPOU3X0/la Ha cspara B Ipoleca Ha (popMHUpaHEeTO Ha Te3W HaXOMAHWINA, KBIETO IMpeodnamaBaT Cyl(UIHHUTE
MuHepaiau. V3Xokmaliki OT MO3WNMATAa HAa OPTOMArMaTHYHUS XapakTep Ha XUAPOTEPMATHHTE CHCTEMH, B
HacTosiata pabora ¢ oObpHATO BHHUMaHHE Ha MOBEACHUETO M (popMmara Ha MPHUCHCTBHETO Ha csApara mpes
MarMaTHYHUS TEPUO]] HA CHINECTBYBAHETO HA MArMaTOTCHHO-PYIHUTE CHCTEMHU. YCTAHOBSIBAHETO HA CYA(DUIHU
BKJTFOUEHUS (MMUPOTHH W TO-PSAKO XAJIKOIHUPHUT) BBHB (PeMUUYHHTE (EHOKPUCTANIM Ha BYJIKAHHTHTE OT
[Manarropckust pyJieH paiioH ca ykazaHHe 32 OTHOCUTEIHO BHUCOKHS MOTCHIMAN Ha csApaTa W 3a OTHOCHUTEIHO
peAyKIMOHHATa OOCTAaHOBKA MPU HAYaJIOTO Ha KpucTanu3anumonHus mporec (mpu fO, mexny QMF u NNO
oydepn). Cyndumau BKIOYSHHS C pa3Mepu 0 35 MHKpOHa Ca YCTAaHOBEHU B NMPAKTUYECKU BCHYKU CKAITHU
pasHoBuaHOCTH. [1o Mopdosorus Te ca NPeIUMHO CPEPUIHM IO SIMIICBUIHH, HO CE CPEIAT U BKIIFOUCHHS ChC
cinoxxHa wmopdonorusi. Cynduaaure o00coONeHHsT ce sBABAT KOHIIGHTPAaTOpU Ha XaJIKOQHIHHUTE PYIHH
€JIeMEHTH TIpe3 MarMaTtu4Hus eran. lIpum moBwimmaBaHeTo Ha (PYTHTUBHOCTTAa Ha KHCIOPOAA MPH CTOHHOCTH
noede oT ABe eauauny Hax NNO Oydep CyndunHuTe BKIIOYSHHS C€ pa3pyllaBaT W OCBOOOXaBaT cspara U
PYAHUTC KOMIIOHCHTHU B OCTaTbuHaTa CHUJIMKATHA TOIIWJIKA, OT KBACTO T€ Ca B CHCTOAHUEC Ja INMPEMUHAT B
OTACTIALNIUTE C€ OT MarMara HAAKPUTUYHU BOJHU Pa3TBOPH.
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