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Intensive mining was carried out in the Alshar 
mine from 1980 to 1912 by Englo-French 
companies which had the concessions given to 
them by Turkish authorities. Arsenic and antimony 
were predominant ores that w'ere mined and 
transported to Freiberg and other towns in 
Germany. Several minerals such as vrbaite (Jezek, 
1903) and lorandite (Krener, 1884, 1885. 1889) 
were discovered in samples taken from railway 
cars in the Freiberg smelter at that time. 

Important ore reserves of antimony with 
significant arsenic concentration were determined 
in the deposit after World War II (between 1958 
and 1965). Exploration was completed in 1974. 

Possible gold reserves were analyzed, but 
first detailed data was obtained during 1989 and 
1990 (Percival et al. 1990). The large presence of 
thallium minerals in the Alshar deposit gave rise to 
the interest of many geologist in the issue of 
application of thallium minerals to solar neutrino 
detection. Geologists who worked on various 
issues related to the Alshar deposit are Soev and 
Lepitkova (1990), Boev and Percival (1990). Soev 
and Serafimovski (1990, 1993), Soev and 
Stojanov (1993), Ivanov (1965, 1986). Jankovic 
(1960, 1979, 1982, 1993, 1994). Jezek (1912), 
Locka (1904). Johan et al. (1970, 1975), Laurent 
at al. (169), Balik, Stafilov (1993), Pavicevic and 

Rakic (1991). Pavicevic and EI Gores; (1988). 
Palme et al. (1988). Pasava et al (1990). 

REGIONAL GEOTECTONIC AND 

METALLOGENIC SETTING 


The Alshar deposit is located in the Kozuf 
metallogenic area (according to Ivanov. 1986) or 
the Kozuf - Aridea metallogenic area (according to 
Jankovic. 1993). This metallogenic area is situated 
within Mount Kozuf volcanic complex on both 
sides of Macedonian - Greek border. 

Ore mineralization is related to the Pliocene 
volcano-intrusive complex which developed after 
tectono- magmatic processes in the unstable 
Vardar zone and the strong crystalline mass of the 
Pelagonian massif during the formation of the 
Kozuf - Kilkis transverse structure during Miocene 
- Pliocene (Soev, 1988). Mineralization includes 
Cu, Pb-Zn. and Au in the central parts (Alshar and 
Smrdliva Voda) and Sb, As, TI, Au, and Ba (Alshar) 
(Fig. 1). 

The Kozuf volcano-intrusive complex which is 
present as intermediary to acidic igneous rocks 
developed in a basement composed of Triassic 
sediments, Jurassic ophiolite formations (gabbro
peridotitic) and Cretaceous carbonates and clastic 
sediments. Magmatic activity took place during 
the Miocene - Pliocene (6.5 to 1.8 m.y.) (Soev. 
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Fig. 2. Geological map of the Alshar deposit (Ivanov. 1986. modified by Boev. 1990) 

1988. Kolios. 1980). Rocks are dacite-quartzlatitic 
to trachy-rhyolitic mainly enriched in L1L elements 
(BoeVe 1988). Extrusive magmatic activity was 
intense and represented by various types of tuffs. 
breccias and lacustrine volcanic-sediments. The 
intrusive phase of the magmatic activity is 
represented by subvolcanic bodies which were 
entirely hydrothermally altered by later 
hydrothermal processes. 

GEOLOGIC STRUCTURE OF ALSHAR 
DEPOSIT 

The geologic structure of the Alshar deposit 
consists of rocks of different composition and age. 
They belong to the following geologic 
lithostratigraphic complexes (Fig. 2). 

1. A complex of Pre-tertiary sedimentary and 
metamorphic rocks (dolomites. marbles and 
schists) 

2. Tertiary (7) carbonate and Pliocene volcanic 
rocks and pyroclasts DOLOMITES are widespread 
in Alshar deposit. They are one of the 
environments in which metasomatic processes 
took place during the hydrothermal activity (the 
processes of deposition of ore- bearing materials). 

The series of dolomites is probably the oldest 
stratigraphic unit in the geology of Alshar and 
underlies the marbles ..One determination of the 
age carried out by fissioa- tracke method gave 
value which corresponds to the Triassic (250 m.y.) 
(Lepitkova. 1995). 

Correlation between marbles and dolomites 
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Table 1..Chemlca composition 0 f vo camc roc kS rom AI hf S ar 
1 2 3 4 5 6 

SiO, 57.28 57.43 61.90 62.30 61.17 65.50 
TiO 0.72 0.77 0.'70 10.65 10.53 0.58 
AIO 17.29 17.41 17.80 18.01 15.91 16.45 
Fe 0 5.60 5.84 4.60 4.80 4.68 3.43 
FeO I 

MnOI 0.06 0.08 0.10 0.09 0.04 0.10 
MjJO 1.89 f'60 11.30 1.39 1.24 1.49 
CaO 4.42 4.23 4.72 4.30 3.37 3.84 
NaO 4.01 I 4.10 4.01 3.61 3.82 2.33 
K.O 5.60 5.70 4.30 4.10 0.24 3.50 
P,O~ 0.57 10.51 0.50 0.50 0.24 
HO 2.30 2.30 0.85 0.88 4.77 6.79 
SUM 99.74 99.97 100.78 100.63 98.31 98.97 
1,21atites 
3, 4 trachytes 
5, andesites, 6, dacites 

are present as normal stratigraphic relationships. 
Dolomitic series is represented by greysh-white 
to dark middium to small-grained crystalline 
dolomites. Iron oxides deposited in fracture 
systems and gave dolomites yellowish colours. 

MARBLES are widespread in Pre-tertiary 
rocks. They are present as grey-white to white, in 
places bluish marble built of calcite grains of 0.5 
mm in size. Marble mainly occurs as massive 
rocks but bedded in some parts. They are 
intersected by later white calcite veins in several 
places. The 'marble unit occurs as uncontrolled 
wrench fault blocks unevenly underlying the 
Tertiary rocks almost all over the area. The contact 
between marbles and tuffs in the south of the area 
is present as a mineralized irregular plane. 

SCHISTS occur in two stripes of Triassic 
rocks along the eastern part of the Alshar area. 
Stratigraphic relationships between the schists 
and other Triassic rocks are not clear. Schists are 
silvery-grey to dark grey in colour. They consist of 
of quartz, sericite, feldspar and some chlorite. 
They possess lepidoblastic structure and 
pronounced schistosity with folding in some 
places. 

The series of DOLOMITE-TUFFACEOUS 
SEDIMENTS is probably of Tertiary age. It 
unconformably overlies the Mesozoic basic rocks 
in the northern and western parts. They consist of 
dark- white to dark grey dolomites which contain 
variable amount of volcanic ash or tufaceous 
material. Hydrothermal alteration can be seen in 
part of the series which resulted in the yello\"fish 
to reddish colour of the rocks. They appear as 
banded sedimentary rocks and are very common. 
The relationships between the series and other 

I 

members of the geologic structure in the field are 
not clear, but in one place (north of the part which 
contains antimony) volcano-sedimentary nature 
can clearly be noticed. The massive tuffaceous 
dolomites contain local intercalated sequances of 
small-grained tuff, volcanic ash and glass. The 
intercalations are several centimeters thick. 

Most of the Alshar deposit is covered by tuffs 
of Tertiary age. The sequence of volcanic 
pyroclastic material consists of volcanic ashes, 
real volcanic tuffs, tuffaceous breccias and 
lacustrine tuffaceous materials. The material is part 
of the large Pliocene volcanic sequence in Mount 
Kozuf massif. Studies on petrochemical features of 
tuffaceous material indicate that its composition is 
consistent with latite delenitic volcanic material. 
The contact between the series of tuffs and the 
Tertiary tuffaceous dolomites and Pre-Tertiary 
rocks is represented by a noncomformable zone 
which can clearly be distinguished in the field. 
The zone which is 2 to 10m thick is a mixture of 
unsorted detritic material with fragments of 
various size. Most probably there is normal 
stratigraphic sequence between the series of 
tuffaceous dolomites and that of tuffs due to the 
nature of volcanic activity. In many places the 
contact zone underwent mineralization processes 
which points to inception of ore mineralztion 
phase and the age of mineralization processes in 
Alshar. The tuffaceous series consists of volcanic 
rocks of various size and volcanic ashes. 
Occurrences of real lacustrine tuffs can be seen in 
several parts of the terrain (particularly in the 
southeast). They are thin layers with intercalations 
of clayey material. 
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VOLCANIC ROCKS 

Volcanic rocks are widespread because the 
Alshar deposit is situated in the large Mount Kozuf 
complex. Two phases of volcanic activity in which 
volcanic rocks developed can be distinguished. 

The first is older and probably of Miocene age 
(latest investigations carried out on individual 
relict materials from the Crven Dol site such as 
plagioclase determined age of 12 m.y. by the 
ArlAr method, Frantz, 1994). Subvolcanic bodies 
in the shape of dikes formed in several sites such 
as Alshar, Dudica etc. but were completely 
transformed and distroyed by later hydrothermal 
activity. Only in some places relicts of this old 
phase can be seen. 

The second volcanic phase is younger and 
belongs to Pliocene. Most of the volcanic rocks 
formed in this phase are fairly fresh and fa~urable 
for detailed petrographic investigation. This 
volcanic phase is characterized by large explosion 
event in which a vast complex of pyroclastitic 
rocks built of tuffs, tiffaites and ignimbrites was 
formed. Products of the younger Pliocene volcanic 
phase covered the products of the older volcanic 
phase, whereas hydrothermal solutions completely 
transformed it. Based on detailed petrographic
petrologic investigation carried out in the terrain 
several types of volcanic rocks such as latites 
(trachyandesites), trachytes, andesites and dacites 
were determined (Fig. 3) (Table 1) 

STRUCTURAL CHARACTERISTICS 

Alshar deposit is situated on the Alshar -
Radovish structure which has a NE - SW strike. 
This regional structure is clearly seen on satellite 
scanograms. It does not end in the Alshar deposit 
but continues to neighbouring Greece. Most of the 
Kozuf volcanism emerged along this structure and 
the Kozuf - Kilkis transverse structure from 
Miocene - Pliocene to Pleistocene. 

Alshar deposit is located on the crosscut 
between this strucure and those with NNW - SSE 
to N - S strike and separate the Pelagonian block 
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Rg. 3: Classification of volcanic rocks from the 
vicinity of Alshar (La Maitre, 1989) 

from the Vardar zone. 
The structure with strikes N - S strike along 

the Majdanska Reka and those with NNW - SSE 
and NE - SW strikes. can easily be distinguished. 
Most of them, however, can not be seen easily 
because they are covered. . 

The basic criteria in distinguishing these 
structures are the intensive hydrothermal 
alterations which took place along large 
discontinuities. Analysis of stratigraphic 
relationships between individual series and those 
of the relief and morphology of the Alshar block 
can also help to distinguish them. 

ORE MINERALIZATION (TYPE AND BASIC 
CHARACTERISTICS) 

Alshar deposit consists of several bodies and 
occurrences characterized by specific association 
of elements and minerals. It is the only depost 
which contains ~conomic concentrations of 
thallium, antimony, arsenic and gold. 

Thallium content ranges from 0.1 % to 0.3% in 
some parts. The content of antimony amounts to 
2.5%, whereas arsenic to 1.5%. 

It should be mentioned that gold is not 
distributed uniformly. The largest gold presence 
was detemined in the so called jasperoid zones (in 
the south of the deposit where it amounts to 3 
ppm). 

Based on association of elemnts the 
following mineralization styles can be determined: 

1. The first type is characterized by high Fe 
and S but low As and TI concentrations. 

2. The second type contains high Sb but low 
Fe and TI concentrations. 

3. The third type contains high As and S but 
low TI concentrations. 

4. The fourth type contains large amounts of 
As, S, Fe and TI. 

Several distinct morphostructural 
mineralization types can be distinguished as well. 

1. Mineralized brecciated zones developed 
either along the contact between the subvolcanic 

FcO· 

Irvine.t Banopr 1971 (6s 2) 

N120 + 100 MaO 

Rg. 4: Na
2
0+Kp-MgO-FeO diagram for the volcanic 

rocks from the vicinity of Alshar (Irvine and 
Baragar, 1971) 
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Fig. 5: Morphology of ore bodies in Alshar deposit ( Geol. zavod. Skopje) 

intrusions and d.olomites. dolomitic tuffs or along 
fractured zones In carbonate rocks. 

· I h'd . I' ,2. Masslve su pie mlnera Izatlon 
(predominantly realgar) in carbonate rocks which 
passes into stockwork- disseminated. 

3. Mineralizaed system of veins and fractures 
which occur in Tertiary tuffaceous and Triassic 
doomites. 

4. Bedded sulphide mineralization in 
tuffaceous dolomites, 

5. Impregnated mineralization (predominantly 
antimony) ir'! which pyrite; marcasite and gold 
occur as 

a. bedded bodies along the contact part of the 
volcanosedimentray series (tuffaceous dolomite or 
tuffs) and Triassic carbonate rocks. 

b. in silicified volcanics and jasperoids, 

ASSOCIATION OF MINERALS 

The ore bodies in Alshar consist of a large 
number of minerals (primary and secondary). 
However. mineral composition of the deposit has 
not been investigated in detail particularly the 
primary (thallium) and the secondary. 

Mineral paragenesis determined so far 
consists of: aragonite CaCO. arsenolite As 0 3 2 3' 

arsenopyrite FeAsS. baryte BaSO.. bernardite 
TIAs.S.. calcite CaC0 • Cervanite Sb3+. Sb&+O. 

3 

cinabarite HgS. dolomite Ca Mg(C03)2" fibroferit~ 
.FeSO. (OH!.5.Hp. goethite FeSO.(OH)·5·H20. gold 
Au. glpsum CaSOi2·H20. hornesite . 
M93(AsOJ2·8.H20. lorandite TIAsS2' marcasite 
FeS2" melanterite FeSO ·7·H 0. orpiment As S

• • 2 23' 

paraplerotite TI(Sb.As).·S" pararealgar ~sS. 
farmacolite CaHAsO· 2·H ° picotpolite TIFe 5• • 21 23' 

plcropharmacolite H2Ca.Mg(AsOJi11.Hp. pyrite 
FeSt'. quartz Si02" regenite TIFeSr realgar As.S•• 
r~buhte TI.Sb.As.S22' romeite (Ca. Fe, Mn, NaM Sb, 
TI )P.(O,OH, F), rosenite FeSOi4.Hp, simonite 
TIHgAs3S" starceite MgSOi4·Hp. stibiconite 

Sb:J.o.SbtO,(OH). stibnite Sb2S3• native sulphur S. 
valentinite Sb ° . vrbaite TI Hg As Sb 5 

2 3 • 3 8 2 20falcamanite and fiselite, 

GENETIC ASPECTS 
. B~se~ on data available obtained by 
investigation carried out by Boev, Serafimovski, 
1992 and Jankovic, 1993 some aspects of the 
genesis in Alshar can be mentioned. Detailed 
information on the genesis of this low temperature 
hydrothermal deposit can be obtained by further 
field and laboratory investigation. 

ORIGIN OF MAGMA 

Data on this issue, particularly on origin of 
magma which formed the volcanic rocks of Kozuf, 
~a~ be found in the papers of Boev (1988). Data 
indicates that magmatic sources are located in the 
border zone between continental crust and the 
upper mantle. The isotope ' 1Sr/"Sr ratio supprts 
this assumption. 

Further investigation carried out by lepitkova 
(1995) proved the assumptions given by Boev. 
Namely, the values determined for the isotope 
'7Sr/"Sr ratio are ithin 0.708568 and are very 
close to those that Boev (1988) gave about the 
volcanic rocks of Mount Kozuf. 

Diagram . 6 shows that data plot in the 
continental plate basalts or the so called within 
plate basalts. 

Chemistry of magmas related to continental 
rift zones is conditioned by heterogeneity of 
mineral and chemical composition of the source 
located in the mantle. the degree of partial melting, 
depth of melting, amount of magma which came 
to the surface etc. The main problem in the study 
of continental magmatism is estimation of the role 
of the mantle in the genesis of primary magmas. 

Most probably the genesis of the volcanic 
rocks from the vicinity of Alshar and those in 
Mount Kozuf can be interpreted as within the 
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evolution of the Vardar zone as a rift zone, 
repeatedly occurred in its evolution. 

p..,.,., .t. Norry 1979 (Sg 3) 
20 
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B: Island an: basalts 
10 

Zr/Y 

c: Mid..,.,,,,,,, ridge bosaIts 

A 

10 100 1000 
b (ppm) , 

Fig. 6: Relashionship of volcanic rocks ffhm the 
vicinity of Alshar to individual geotectonic 
zones (Pearce and Norry, 1979). 

Table 2: Rare Earth in volcanic rocks from Alshar 
(in ppm) 

La 
Ce 

70.8 
140 

78.5 
157 

Nd 50 63. 
Pr 7.5 7.8 
Sm 
Eu 

8.13 
1.7 

8.54 
' 1.71 

Tb 0.68 0.69 
Dy 3.56 3.80 
Ho 1.1 1.4 
Yb 1.85 1.84 
Tm 
Lu 

0.28 
0.28 

0.32 
1.84 

I 

Hf 5.14 5.93 
Ta 0.84 0.82 
W 4 3.2 
Th 31 34 
U 9.1 9.7 

Data related to the presence of REE in 
volcanic rocks in the vicinity of Alshar 
(determined as latitic rocks) (Table 2) 
shows that there was fairly larg~ 
enrichment in rare earths and points to the 
processes of geotectonic evolution in the 
area. The enrichment in light earths 
relative to heavy rare earth differentiates 
the continental formations from toleitic 
basalts and makes them similar to alkali 
volcanic rocks from the continental rift 
zones. Poorly pronounced minimum of 
europium (Fig. 7) as well as the better 
pronounced minimum in Dy point to the 
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fractionation processes in primary 
magmas and their contaminations by 
rocks of the lower and upper crust. 
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Fig. 7: Element distribution of rare earths in 
volcanic rocks from Alshar 

1. Source of Ore Metals 
Based on isotope composition of lead (Frantz, 

1992) it can be inferred that lead in hydrothermal 
solution originates from surrounding igneous 
rocks. Antimony, arsenic and thallium can have the 
same origin, their ultimate source being calc
alkaline magma which produced the large volcanic 
complexes in the area. Ultimate gold source is not 
clear but it can be assumed that it was mobilized 
from the surrounding ultramafic rocks. 

Isotope values of sulphur in sulphide minerals 
from Alshar range from +0.351 to -5.601 
(Serafimovski, Boev, 1992). This data points to a 
unique source and endogene origin (Table 3). 

Origin of ore-bearing solutions 
Origin of ore-bearing solutions can not be 

judged on direct measurements and investigations 
but must be reconstructed according to direct 
exploration and investigation. In order to get 
information about the origin of ore-bearing 
solutions it is necessary to know the origin of 
waters. It was considered that juvenile waters 
have great influence on hydrothemal solutions. 
Today examination on isotopic composition of 
HID, 0, C etc. have determined that waters 
participating in hydrothermal solutions also have 
other origin (conatic, meteoric water etc.). 

Results of examinations on isotope 
composition of 12C/13C and 110/180 in calcite from 
Alshar deposit indicate certain fractionation, 
particularly enrichment in heavy isotope of oxygen 
but impoverishment in the same isotope with 
carbon which points to the high participation of 
meteoric waters in the composition of 
hydrothermal ore-bearing fluids from which ore 
mineralization developed in Alshar deposit 

... ., ... - _ .. 



Table 3: Isotope composition of sulphur in sulphide minerals of Alshar 

Probe Mineral 

No 
1. 14564 stibnite 

2. 14565 stibnite 

3. 14566 stibnite 

4. 14567 stibnite 

5. 14568 stibnite 

6. 14569 stibnite 

7. 14571 I stibnite 

8. 14576 stibnite 

9. 14572 realgar 

10. 14573 realgar I 

11. 14574 orpiment 

12. 14570 marcasite 

8S34 % Variation S34 % 

+0.351 
-0.337 
-0.419 
-4.728 +0.351 do -5.601 
-5.600 
-1.750 
-5.220 
-3.560 
-1 .640 -1640 do -3.170 
-3.170 -
-3.690 -
-6.840 

Composition and temperature of solutions 
Fluids are composed of large amounts of 

antimony, arsenic and thallium. Over 6.000 tonnes 
of antimony, 6.000 tonnes of arsenic and about 
180 tonnes of thallium were deposited in ore 
bodies determined so far (gold content has not 
been determined yet). Large silica contents were 
also brought to several parts of the deposit by 
hydrothermal solutions. 

Tempertaure in ore-bearing fluids ranges from 
280/250 and 120°C or a little higher. 
Homogenization temperature of fluid in realgars 
from Crven Dol was determined from 144 to 
1700(: (Beran, 1990). . 

Based on data about fluid inclusions it can be 
inferred that salinity of solutions ranged from 7.9 
to 12.9 equivalent weight units per sodium 
chloride. Beran (1990) mentions the presence of 
possibile hydrocarnonate composition of fluid 
inclusions in realgar from Crven Dol. but data 
seems to be insufficient. 

Metalliferous hydrothermal fluids were acidic 
at the beginning of their development with high 
sulphur fugasity. The small occurreneces of 
native sulphur and traces of solfatara activity point 
to acidic hydrothermal fluids in Alshar. 

Transportation and Deposition 
Thallium together with antimony and gold 

were probably transported as complex ions 
(bisulphides) from acidic to slightly alkaline fluids 
of low salinity and reduction conditions. 

Deposition of metals as sulphides and 
sulphosalts was probably due to saturation due to 
temperature decrease and change in chemical 
properties of solutions in interaction with 
surrounding rocks (mixing with other fluids is' not 
important in the case of Alshar but should not be 
neglected). 

The role of secondary boiling in deposition of 
ore-bearing metals in Alshar has not been defined. 
Hydrothermal fluids probably boiled at 
temperatures from 120 to 1600C and shallow 

-

depths (lower than 500 m) releasing vapour, CO 
and HzS which resulted in an incresae of pH valu~ 
and ore deposition. This certainly needs further 
investigations. 

Deposition of mineralization in Alshar is 
closely related to lithogeochemical features of the 
environment through which ore-bearing fluids 
passed. Entering reactive lithologic environments 
such as dolomite, would result in rapid deposition 
of ore mineralization due to interaction with 
hydrothermal fluids. In this manner dolomite was a 
barrier for the deposition of mineralization for acid 
hydrothermal fluids with free sulphur ion. Ore 
bodies fonned in such processes are characterized 
by short vertical interval and are located in close 
proximity ' to the contact with intrusive magmatic 
bodies. Alternatively strongly silicified dolomites, 
volcanics and tuffs were environments which 
were slightly reactive to ore- bearing fluids. Such 
environments made possible fast movement of 
ore-bearing fluids along fault structures and 
brecciated zones. Deposition of mineralization in 
such environments took place in an area of 
hundreds of meters. Ore bodies mainly occur in 
the shape of elongated lenses of disseminated 
mineralization located close to magmatic 
intrusions. In these two environments depositon of 
ore took place in conditions of pyrite stability. 

Alshar deposit did not develop by a single 
hydrothermal system and based on available 
knowledge it can be inferred that at least two 
major hydrothermal sub-systems existed. . 

A SUb-system in the central and south part of 
the deposit (antimony and aresenic ore bodies). 

. This hydrothermal system includes Au, Sb, 

. As, TI. Hg, Ba and traces of Ag, Pb, Cu, Zn, as well 
as increased silica contents of various mineral 
types deposited in different periods of 
hydrothermal processes. Deposition of iron 
sulphides from coloid solutions was followed by 
deposition of arsenopyrite, antimony-lead 
sulphosalts, auripigmentum, realgar and thallium 
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sulphosalts. The place of gold deposition and its 
relationship to other sulphides has not been 
investigated. Ore bodies developed from-poly 
phase solutions in a time period of several cycles. 

The Crven Dol sub-system consists of As, TI. 
Fe, S mineralization with traces of gold and 
mercury with minor silica minerals. Ore bodies 
formed in dolomites and volcanics along the 
contact with sub-volcanic intrusive bodies. Some 
small ore bodies developed by rapid ejection of 
large amounts of ore-bearing components from 
the hydrothermal systems which resulted in 
development of massive realgar ore. Vertical 
extension of mineralization is from 20 to 30 m. 

It can be said that common features of both 
sub-systems are: 

. - poly phase mineralization and impulses of 
ore-bearing solutions due to fractionation, ~. 

- coloform textures, particularly with iron 
sulphides and their gradual enrichment in arsenic, 
antimony and thallium locally. 

Events Accomp(j;JYing the Development of 
Mineralization 

Separation of the main mineralization mass 
did not put an end to all phases of hydrothermal 
ore mineralization. There were certain events 
which accompanied the final ore mineralization in 
the deposit. They are halos of scattering, 
hydrothermal altrations and zonal distribution. 

Halos of scattering 
. large number of elements occurring in 

. incresaed concentrations have been established 
. in, above and round the major ore bodies with Sb, 

As, TI etc. 
The geochemical association of elements in 

_ the vicinity of Alshar was defined by distribution 
" of elements such as: arsenic, antimony, thallium, 

mercury, gold, silver, barium, lead. zinc and 
;' copper. This association of elements is 
' ! . characetristic of low temperature (epithermal) 

deposits of arsenic, antomony and gold. 
Distribution of these elements in different 

lithologic alteration styles is inadequate. Analyses 
show that the contents of individual elements 
amount to 700 ppm As, 50 ppm Sb, 6 ppm Hg. 
27 ppm TI. 50 ppm Zn and 20 ppm Pb. Cu 
amounts to 50 ppm, whereas Ba to 250 ppm. 

Selenium content is relatively low and 
amounts t05 PP!11. It should be mentioned that 
nickel~r)~ crom,ium contents are relatively high 
andam~unt .$0 100 ,I>pm and 400 ppm 
respec, tiv~ly. . The high nickel and chromium 

"contents are "du~ to high assimilation of these 
! elements from ultrabasic rocks located close to 

c' .the deposit Gold content in the deposit varies 
" ~ 	 depending on the mineralization style. It is highest 

in the so called jasperoids or silicified tuffs where 
it amounts to 3 ppm. 
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Alteration of surrounding rocks 
Alteration of different degree and intensity is 

very common during hydrothermal processes of 
ore mineralization. Investigation has proved that 
alteration of rocks in Alshar deposit was versatile 
and took place in a large area. ' 

Silification in the central and south parts was 
the most important hydrothermal alteration. It 
appears as quartz veins, stockwork or jasperoids 
(silicified tuffs). Silification is represented by 
microcrystalline quartz which either disseminates 
or completely replaces primary rocks. 

Argillitization is also very common. It is 
located in Tertiary tuffs and igneous rocks and 
parts of tuffaceous dolomites. It is characterized 
by large presence of clay materials developed as a 
result of feldspar transformation. Occasionally it is 
represented by several meters thick clayey zones. 
This means that there is a complete replacement 
of primary rocks by. secondary clayey materials. 
These secondary clays contain occurrences of 
hydrothermal quartz and sulphide minerals such as 
pyrite and marcasite. Alterations are zonal starting 
from a silicified core which laterally grades into 
argillitized rocks. The alterations are mixed locally. 

Rocks also underwent calcitization which was 
post-ore and can be seen as veins or large calcite 
aggregates. 

Sericitization is. another hydrothermal 
alteration which took place in the area. It can 
hardly be distinguished because it occurs in 
association with argillitization . 

Chloritization took place in some places. It 
occurs in femic minerals of primary volcanic rocks 
and tuffs. 

Apart from hydrothermal alterations. the 
phenomena of supergene mineral transformation 
can be distinguished as well. They are due to 

- iron sulphide oxidation 
- argillitic alteration due to influence of 

sulphuric acid which forms at the expense of 
sulphide minerals 

- alteration of primary volcanic and other 
rocks due to climate factor. 

Oxidation of sulphide minerals took place 
extensively in the whole area and resulted in 
occurrence of yellowish and brown limonite and 
jarosite. The occurrence of powdery limonites and 
ochers as well as manganoan oxides in association 
with clayey products mark the structural 
mineralization zones. Sulphide arsenic and stibnite 
minerals oxidate in yellowish green arsenates and 
yellowish oxides. 

Occurrences of so called green rocks can 
easily be distinguished in several places in the 
field developed as a consequence of strongly 
pronounced alteration. 

Ore Mineralization Zoning 
The major metals present in the Alshar 



deposit are Sb. As. TI. Fe and Au accompanied by 
minor Ag. Hg and Ba as well as traces of Pb. Zn. 
and Cu. The spatial distribution of these metals 
and concentration indicate certain zonality. 

Fig. 8: General model of the mettalogenic 
environment of the Allchar deposit 
(Jankovic. 1990) 

In the north a zone rich in As and TI but poor 
in Au and Sb was distinguished. 

In the centra! part a zone which contains the 
largest conce~tration of Sb V1ias distinguished. The 
zone is located in the so called jasperoids in which 
besides antimony there are increased As. Au and 
Fe concentrations. 

In the south a zone with the largest Au was 
distinguished. The concentrations of other metals 
such as Sb and As are very low. Gold 
mineralization is located within the series of 
silicified tuffs and dolomites. 

Successive Order in Tectonomagmatic and 
Ore-bearing Processes 

Information presented so far leads to the 
conclusion that development of Alshar deposit 
was a complicated and long process closely 
related to the Mio-Pliocene tectonomagmatic and 
mineralization phase. 

In general. the hydrothermal phase of the 
occurrence of Alshar deposit began with high 
temperature alteration phase followed by ore 
mineralization phases. Hydrothermal alteration 
intensively affected silicates. carbonates 
environments and mixed silicate-cabonate parties. 
Hydrothermal alterations are present as silification. 
sericitization-argillitization-kaolinization etc. The 
intensity of alteration in surrounding rocks varies. 
but it can be said that in some parts of the deposit 
they were so stong that the primary rock was 
completely destroyed. 

Ore mineralization began by separation of 
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minerals of the high temperature sulphide 
paragenesis represented by arsenopyrite. pyrite. 
melnikovite. marcasite. maucherite etc. Most of 
the minerals in this sulphide phase developed 
from geo- mixutres which is indicated by their 
structures and presence of malnikovite. At the 
beginning development of ore minerals in this 
paragenesis took place along crackle-joint areas. 
Later metasomatic processes played the major 
role when intensive thrusting of carbonate 
minerals. first of all marcasite (seen as massive 
marcasite bodies), pyrite, melnikovite etc. 

After separation of minerals from the first 
minerlaization phase a change in physical and 
chemical conditions took place (temperature and 
presure drops) favourable for the formation of ore 
minerals of the second phase in which dominate 
stibnite accompanied by falcmanite, phizelite, 
pyrite etc. Precipitation of stibnite took place 
mainly in void joint spaces predominantly along 
silification zones and carbonate environments. 
Fairly quiet conditions of crystallization and 
favourable environment of precipitaion of ore 
minerals in hydrothermal solutions made possible 
formation of large stibnite crystals of over 10 cm. 
in size. During intramineralization tectonic phases 
part of stibnite was fractured, brecciated and 
additionally cemented mainly by realgar which 
was a product of later mineralization phase. 

The third mineralization phase is characterized 
by massive separation of As - TI minerals such as 
realgar, auripigmentum, lorandite. vrbaite, alsharite. 
picopolite etc. Separation of these minerals took 
place mainly in intensively hydrothermally altered 
carbo-carbonate environments with prevailing 
metasomatic mineralization processes. 

The hydrothermal phase ends with relatively 
low temperatures by separation of baryte, calcite, 
native sulphur, calzedony etc. 

Supergene conditions are characterized by 
development of large number of minerals with low 
extensity and intensity. Such are valentinite, 
senarmonite, cermesite, servantite, epsomite. 
melanterite. gypsum. Fe - hydoxides etc. 

It can be inferred that in terms of conditions 
of development. the environment of deposition. 
association of elements and minerals, and the 
relation to Pliocene magmatism Alshar deposit 
belongs to hydrothermal volcanogene deposits 
formed of highly differentiated hydrothermally 
solutions at relatively low temperatures (below 
200°C) mainly in epithermal phase of 
hydrothermal phase. Mineralization partially 
formed by filling of empty crackle - joint spaces 
and a large part by metasomatosis in carbonate 
environments which were previously 
hydrothermally altered. Three mineralization styles 
formed in this manner: vein, disseminated and 
metasomatic. 
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Based on available knowledge it can be said 

that metasomatic ore bodies are widespread 
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