UDC 55 CODEN - GEOME 2 ISSN 0352 - 1206

GEOLOGICA MACEDONICA
Geologica Macedonica | T'ox. Bpoj cTp. Tum
Geologica Macedonica | Vol. 24 No 1 pp. 1-74 Stip 2010




Geologica Macedonica | T'ox. Bpoj cTp. HITumn
| | 24 1 1-74 |, 12010
Geologica Macedonica | Vol. No pp. Stip
GEOLOGICA MACEDONICA

Published by: — U3naga:
The "Goce Deléev'" University, Faculty of Natural and Technical Sciences, Stip, Republic of Macedonia
YHusepsurer ,,I'one [lerdyes®, @akyJiTeT 3a NPUPOIHHA U TeXHNYKH Hayk, IlITun, Peny0mmka Makenonuja

EDITORIAL BOARD
Todor Serafimovski (R. Macedonia, Editor in Chief), Prof. BlaZzo (R. Macedonia, Editor), David Alderton (UK),
Tadej Dolenec (R. Slovenia), Ivan Zagorchev (R. Bulgaria), Wolfgang Todt (Germany), acad. Nikolay S. Bortnikov
(Russia), Clark Burchfiel (USA), Thierry Augé (France), Todor Delipetrov (R. Macedonia), Vlado Bermanec (Croatia),
Milorad Jovanovski (R. Macedonia), Spomenko Mihajlovi¢ (Serbia), Dragan Milovanovi¢ (Serbia),
Dejan Prelevi¢ (Germany), Albrecht von Quadt (Switzerland)

YPEAYBAUYKHU OJIBOP
Tonop Cepadumoncku (P. Makenonuja, thasen ypeonux), baaxo boes (P. Makenonuja, ypednux), Jlejsun
Onpepron (B. bpuranuja), Tanej Jonenen (P. Cnosenuja), Misan 3aropues (P. byrapuja), Bongraunr Ton (I'epmanuja),
akaz. Hukonait C. bopraukos (Pycuja), Kinapk bapsdun (CAN), Tuepu Oxe (Ppanmmja), Tonop Jenunerpos
(P. Makenonuja), Bnano bepmanen (XpBarcka), Munopan JoBanoscku (P. Makenonnja), CiomeHKo MuxajnoBuk
(Cpbuja), paran Munosanosuk (Cp6uja), lejan [Ipenesuk (I'epmanuja), Anopext Bon Ksan (1lIBajuapuja)

Language editor  Jlektypa
Marijana Kroteva Mapujana KporeBa
(English)  (amrmmckw)
Georgi Georgievski, Ph. D.  n-p I'eopru I'eopruescku
(Macedonian)  (MakeZOHCKH)

Technical editor
Blagoja Bogatinoski
Proof-reader

Alena Georgievska

Address

GEOLOGICA MACEDONICA
EDITORIAL BOARD

Faculty of Natural and Technical Sciences
P. O. Box 96

MK-2000 Stip, Republic of Macedonia
Tel. ++ 389 032 550 575

TexHUYKU ypeIHUK
Baaroja BoraTuHocku

Kopekrop
Anena I'eopruescka

Anpeca

GEOLOGICA MACEDONICA
PEJAKIINJA

dakyaTeT 32 NPUPOIHA M TEXHUYKN HAYKH
nowTt. pax 96

MK-2000 IITun, Penydauka MakenoHnuja
Ten. 032 550 575

E-mail: todor.serafimovski@ugd.edu.mk

400 copies
Published yearly
~ Printed by:
2" Avgust — Stip

Price: 500 den
The edition was published in December 2010

Tupax: 400

W3sneryBa eanai roadiirHo
IlewaTn:

2P" Apryct — ITun

Iena: 500 neH.
Bpojot e ornieuaten Bo pexemBpu 2010

Photo on the cover:

Argillitic alteration, Kadiica, Republic of Macedonia

Ha xopunara:

Aprunurcka antepanuja, Kagunia, Penyonuka Mekenonuja



Geologica Macedonica | T'ox. Bpoj cTp. Tum

24 1 1-74 2010

Geologica Macedonica | Vol. No pp. Stip

COAPKAHA

Cnomenko J. MuxajinoBuk, Pyau Yon, [1aono Ilananuuno
CTpYKTypa HA TOTEMHUTE MATHETHH OYPH ...c.uvveeeveeeiieeriieesreeesereesseessseesssessssseesssessssesssssesssessnsns 1-12

Mapjan Jlenunerpesn, 7Kaun JI. Pacon, biaaruna /loneBa, Toxop Jdeaunerpon
Mpexa Ha MEpHH CTAaHUITA ¥ TEKTOHCKA peoHn3aIja Ha Permybnuka MakenoHuja................... 13-21

Mugopana JoBanoBcku, Aspa llInaro, Urop IemeBcku
Jujana3oH Ha BpeIHOCTH Ha WHKEHEPCKO-TEOJIONIKN KapaKTePUCTHKN Ha HEKOU
KapOOHATHH KapIIECTH KOMIUIEKCH O] OATKAHCKUAOT TTOILYCTPOB. ...eeeuvreerereeasrreesereeanreeesseesseeenens 23-30

Iowe Ietpos, Buoiera Crojanosa, Bojo, Mupuoscku, Auapej lmyu, opru Juvos
TekToHCKa €BOTyIIH]ja Ha MAJICOTCHUTE O0aceH! BO PemyOmmka MaKeIOHH]A........cccvveevveeeerennee. 31-37

Tomop CepadumoBckn, I'opan Tace, Kpcro. baaskeB, Ajiekcanap Bojikos
I'maBHuTe Annucku cTpykrypu u Cu-nopdupcka MUHEpalIn3alyja
BO CPIICKO-MAKEITOHCKHOT MACHB ......veeeuveeerreeereeasseeesssesssesssssessssessssssssssessssssesssessssesssssesssessnses 3948

Tena lllujakoBa-UBanoBa, Becna AM6apkoBa, Vassiliki Topitsogloy, Becna IlaneBa-3ajkoBa
3aBHUCHOCT ITOMETY KOHIIEHTpallKjaTa Ha GIyop ¥ OCTAHATUTE €IEMEHTH BO HEKOH
T€OTEPMAaTHU BOJH BO PEITyOIUKA MaKEHOHUJA .. ccvveeeevieeereeeieeesereesreeeereesreeesseessseesssseesssenns 49-52

Cuexana lumoBcka, Tpajue Craduion, Podept llaju
OnpesenyBarme Ha akTHBHOCTa Ha *’K M BKyIHaTa 6eTa akTHBHOCT BO IT0YBATA
o1 KaBaziapiil ¥ HETOBATA OKOJIHHA. .......veeevreerereeereeessreesseesssseessessssssssssessssssesssessssesansseessesansns 53-62

Caouna Ctpmuk [Hanunkam, Cudouia bopojesuk lllomrapuxk , Jlagucinas Iamunkani,
3oatan Ileukaj, biaxo bBoes, Biagumup bepmanen
l'acHO-TeYHM MHKJIY3MH U OJPEIyBambe Ha CTapocTa cropen MeToaoT K/Ar
Ha Au-Sb-As-T1 HaoranuITETO ANIIAD, MAKCITOHM]A ....cuvvevrevreeereenreenreesreesseeesreereeveesseesssesens 63-71

VHATCTBO 38 ABTOPHTE .......ccuveieeieeeeieeeireerereeateeeseseesseeessseessseesssssassseeassssessssessseeassssessseesssesssssessssesesns 73-74



Geologica Macedonica | T'ox. Bpoj cTp. Tum

24 1 1-74 2010

Geologica Macedonica | Vol. No pp. Stip

TABLE OF CONTENTS

Spomenko J. Mihajlovi¢, Rudi Cop. Paolo Palangio
The structure of the big MAagNEtic STOTMS.........cvevvieriiriieiieieree e ste e rre e e e eresbeeseesseesenes 1-12

Marjan Delipetrev, Jean L. Rasson, Blagica Doneva, Todor Delipetrov
Net of repeat stations and tectonic regionalization of the Republic of Macedonia..................... 13-21

Milorad Jovanovski, Azra Spago, Igor PeSevski
Range of engineering-geological properties for some carbonate rock complexes from
Balkan Peninsula...........cccocioiiiiiiiiiiiic s 23-30

Gose Petrov, Violeta Stojanova, Vojo Mir¢ovski, Andrej Smuc, Pordi Dimov
Tectonics evolution of the paleogene basins in the Republic of Macedonia............ccecevenuennee 31-37

Todor Serafimovski, Goran Tasev, Krsto BlaZzev, Aleksandr Volkov
Major alpine structures and Cu-porphyry mineralization in the Serbo-Macedonian massif....... 3948

Tena Sijakova-Ivanova, Vesna Ambarkova, Vassiliki Topitsogloy, Vesna Paneva-Zajkova
Fluoride content and dependence on other elements in some geotermal waters in
RepUDLIC Of MaCEAOMNIA ......cceeiiieiieiieiiesieste ettt e et e et eebeesteesteeseeessseenseensaessaenseennnes 49-52

SneZana Dimovska, Trajée Stafilov, Robert Sajn
Determination of activity concentration of *’K and gross beta activity in soil
from Kavadarci and it NVIIONS .........cc.evuerieiiiiiiiiieiiee ettt 53-62

Sabina Strmié Palinkas, Sibila Borojevi¢ Sostari¢, Ladislav Palinka$, Zoltan Pecskay,

BlaZo Boev, Vladimir Bermanec
Fluid inclusions and K/Ar dating of the AllSar Au-Sb-As-T1 mineral deposit, Macedonia........ 63-71

INSEIUCHIONS T0 AUEIOTS .......eeeeeeeeeeeee e sssnnnnes 73-74



GEOME 2
Manuscript received: April 21,2010
Accepted: October 10, 2010

Geologica Macedonica, Vol. 24, No. 1, pp. 63-71 (2010)
ISSN 0352 - 1206
UDC: 550.84 : 553.3(497.715)

Original scientific paper

FLUID INCLUSIONS AND K/Ar DATING
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Abstract: The Allsar Au-Sb-As-TIl mineral deposit, Macedonia, occurs in the southern part of the Vardar
zone. The deposit carries Carlin-type of mineralization hosted by calcareous sedimentary complex. Mineral assem-
blages and alterations display characteristic zonal distribution. According to the fluid inclusion data, mineral deposi-
tion occurred as a result of cooling, dilution and neutralization of the ore-bearing fluids. Neogene magmatism (4.6 to
5.8 Ma) served as the heat source responsible for driving convective hydrothermal circulation at the AllSar deposit.

Key words: carlin; gold; thallium; arsenic; antimony; fluid inclusions; K/Ar dating

INTRODUCTION

The Allsar Au-Sb-As-T1 mineral deposit is
located at the north-western margins of Kozuf Mts.
in the southern part of the Vardar zone, 110 km SE
from Skopje, Macedonia (Fig. 1). The deposit is
unique in the world because of the presence of the
mineral lorandite (T1AsS,), which is of particular
interest for nuclear physicists and geochemists.
Lorandite offers the possibility of geochemical de-
tection of proton—proton-solar neutrinos which
have very low detection limits and threshold ener-
gies (Pavicevi¢ et al., 2006).

Several studies have been carried out at the
Allsar deposit, including ore-stage mineral par-
agenesis (Jankovi¢, 1988; Jankovi¢ & Jelenovic,
1994; Percival & Radtke, 1994), characterization
of the petrological and geochemical features of the
volcano-intrusive complex of the Kozuf Mts.
(Boev, 1988; Karamata et al., 1994), age of vol-
canic and hydrothermal activity in the area (Jakupi
et al., 1982; Lippolt & Fuhrmann, 1986; Kolios et
al., 1988; Boev, 1988; Troesch & Franz, 1992),
and others. However, the questions about the na-

ture of mineralizing fluids (Beran et al., 1994),
sources of metals and the role of magmatism
(Frantz et al., 1994) are still open. Similar prob-
lems remain a contentious issue for the worldwide
Carlin-type deposits as well (e.g., Hofstra & Cline,
2000; Su et al., 2010).

The deposit displays distinctive features of
the Carlin-type of mineralization as (1) strong
structural control of mineralization by faults and
folds; (2) calcareous sedimentary host rocks of di-
verse facies + igneous rocks; (3) decarbonation,
silicification, argillization and sulfidation altera-
tions; (4) submicron gold in association with py-
rite, arsenian pyrite and arsenopyrite and (5) geo-
chemical signature of Au, As, Hg, Sb and Tl (Rad-
tke, 1985; Hofstra & Cline, 2000).

The mineralization occurs within the three,
not sharply defined, zones (Fig. 1): (1) Southern,
high temperature, zone characterized by domi-
nance of Au mineralization accompanied with
variable amount of Sb and As minerals; (2) Central
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part of the deposit beside Au, Sb and As minerali-
zation contains significant amounts of T1 minerals,
minor amount of Ba, Hg and traces of Pb and (3)
Northern, low temperature, zone is represented by
As and TI mineralization, accompanied by minor
Sb and traces of Hg and Au (Ivanov, 1986; Jank-
ovi¢ et al., 1997).

The aim of the present study is to elucidate
the characteristics of fluid evolution by constrain-
ing the physico-chemical condition of Sb-As-TI

mineralization based on the analysis of fluid inclu-
sions. Beside microthermometry, analyses of
evaporate mound by scanning electron microscope
with an attached X-ray energy dispersive system
(SEM/EDX) is performed. Whereas the Au-Sb-As-
T1 mineralization shows close spatial relationship
to the volcanics, K/Ar dating of quartz latite is
used for the refinement of the mineral deposition
age.

GEOLOGICAL SETTING

The Allsar deposit is situated along a regional
fault belt between the Vardar zone on the east and
Pelagonian massif on the west. The deposit is re-
lated with a Neogene calc-alkaline volcano-
intrusive complex intruded into Paleozoic-
Mezozoic basement of the Vardar zone. The base-
ment is composed of Precambrian gneisses, meta-
morphosed Triassic complex (marble, dolostones,
minor schist) and Jurassic ophiolites followed by
Cretaceous and Tertiary flysch, carbonate rocks
and Neogene molasse deposits (Percival & Radtke,
1994; Jankovi¢ & Jelenovic, 1994). Volcanic activ-
ity in the area lasted between 7.0 and 1.8 Ma
(Boev, 1988). Its products are extrusive rocks,
ranging in composition from andesite, quartz-latite
to dacite, occasionally trachyte and latite, generally
enriched in K and Rb (Karamata et al., 1994), and
pyroclastic equivalents.

The mineralization, represented by dissemi-
nated submicrometer-sized gold particles and Sb-
As-T1 sulphides and sulfosalts and distributed over
an area extending 2500 m WE and 200 m SN,
shows a zonal pattern (Fig. 1). Zone I occupies the
southernmost part of the deposit. It is characterized
by extensive widespread replacement-induced sili-
cification containing variable concentrations of
gold, antimony and arsenic. The silicification var-
ies in intensity from partial to total replacement
(jasperoid). Central part of the deposit (Zone II)
beside gold, antimony and arsenic contains signifi-
cant amounts of thallium and minor amounts of
barium, mercury and lead. The mineralization is

hosted by argillized tuffs, Tertiary dolostones and
rarely Triassic carbonate rocks. Thallium minerali-
zation prevails within northern part of the deposit
(Zone I1I). The principal host rocks are altered car-
bonate and tuffaceous rocks (Ivanov, 1986; Per-
cival & Radtke, 1994, Jankovi¢ et al., 1997).

Sf('opje

S.tip
R.MACEDONIA

G
%,

AT Alluvium 15%
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0 250 500m

Fig. 1. Geographical and geological setting of the AllSar
mineral deposit, Macedonia (after Jankovié et al., 1997)

SAMPLES AND METHODS

Fluid inclusion studies were carried out to es-
timate the P-T-X conditions during the mineraliza-
tion. Microthermometric measurements were per-
formed on primary fluid inclusions within doubly

polished, ~0.3 mm thick, wafers of: (1) Quartz as-
sociated with high temperature sulfide mineraliza-
tion (Zone I, Fig. 1); (2) Quartz and calcite from
central part of deposit (Zone 11, Fig. 1), (3) Real-

Geologica Macedonica, 24 (1), 6371 (2010)
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gar, orpiment, lorandite and dolomite associated
with sulfide mineralization barren of Sb and en-
riched in As and T1 (Zone III, Fig. 1) and (4) Agate
associated with an low temperature mineralization
northernmost of Zone III (Fig. 1). Measurements
were conducted at Linkam THMS 600 stage
mounted on Olympus BX 51 microscope using 10x
and 50x Olympus long-working distance objective
lenses for visible light. Two synthetic fluid inclu-
sion standards (SYN FLINC; pure H,O, mixed
H,0-CO,) were used to calibrate equipment. The
precision of the system was +2.0°C for homogeni-
zation temperature, and +0.2°C in the temperature
range between —60 and +10°C.

Ultraviolet (UV) fluorescence microscopy of
hydrocarbons bearing inclusions was performed at
Olympus BH 2 photomicroscope under magnifica-
tion of 300x. The technique involves stimulation of
a thin section by UV (ultraviolet light at 450—490
nm wavelength), which causes the specimen to
fluoresce in the visible light spectrum. This visible
light is captured in a specially adapted optical mi-
croscope. Organic materials, mostly hydrocarbons
in the form of mobile oil, bitumen and “dead” oil,
kerogen and other detrital organic components, are
activate UV fluorescence. Therefore, mineral hosts
with organic inclusions can be identified. Matura-
tion degree of hydrocarbons is a function of colors
displayed under UV and can be approximated us-
ing method described after Hagemann & Hollen-
bach (1986) and McLimans (1987).

Analyses of evaporate mounds were carried
out to constrain the chemical composition of min-
eralizing fluid. Analyses were focused on realgar
and orpiment used for microthermometry. Evapo-
rate mounds were prepared according to the proce-
dure described by Kontak (2004). The doubly pol-
ished wafers of realgar and orpiment were rapidly
heated at heating-freezing stage described above.
Massive decrepitation of fluid inclusions within
realgar occurs in the range between 180 and
220°C. Although leaking of fluid inclusions within
orpiment starts at temperature below 100°C, sam-

ples were heated at 160°C to produce enough
evaporate mounds. Decrepitated wafers were re-
moved on Cu tape attached to metal plate and
transferred to the SEM, ready for chemical analy-
sis. Evaporate mounds were located using back-
scattered (BSE) and secondary electron (SE) imag-
ining. The analyses were done using the following
operating conditions: 340 pum beam, accelerating
voltage 15 kV, current 10 nA and counting time 40
seconds.

Measurements of K/Ar ages were performed
at the Institute of Nuclear Reasearch of the Hun-
garian Academy of Science (ATOMKI), Debrecen.
The samples were crashed to 0.063-0.315 mm
size. Mineral separation was done by magnetic
field and heavy liquids. One aliquot of samples
(100 mg) was pulverized for potassium determina-
tion. Powders were digested in HF with the addi-
tion of some sulphuric and perhloric acids. The
digested samples were dissolved in 100 ml 0.25
mol/1 HCI and diluted fivefold. Na and Li (100
ppm) were added as buffer and internal standard.
Potassium concentration was measured with a digi-
talized flame photometer. Another aliquot of sam-
ples (500 mg) was used for Ar analyses. The sam-
ples were degassed by high-frequency induction
heating, and the conventional getter materials were
used for cleaning Ar. The **Ar spike was intro-
duced to the system from a gas pipette before de-
gassing. The cleaned Ar was directly introduced
into the mass spectrometer, operated in the static
mode. Recording and evolution of Ar spectra was
controlled by a microcomputer. Details of the in-
struments, the applied methods and results of cali-
bration have been described by Balogh (1985).

X-ray diffraction spectra were obtained on
random oriented powders with a Phillips PW
3040/60 X’Pert PRO X-ray diffractometer with Cu
Ko radiation at 45 kV and 40 mA (a counting time
of 0.5 s per 0.5° step was used for 20 in the 4-63°
range). Samples powder was pressed on holder
before measurements in order to minimize possible
orientations effects.

RESULTS

Microthermometry of fluid inclusions

Microthermometric measurements were per-
formed on primary, L+V, inclusions within quartz
samples from the Zone I (Fig. 2.a). First melting
(eutectic temperature, Te) obtained in interval be-
tween —44.0 and —58.0°C (Fig. 3.a) indicates the

Geologica Macedonica, 24 (1), 63-71 (2010)

presence of bivalent cations, probably Ca*" or
Mg*", within the system (Crawford, 1981). Final
melting of hydrate (T hydl) was recorded in tem-
perature range between —24.2 and —42.0°C (Fig.
3.b). Ice melting temperatures (Tyice) in interval
from -2.4 to —18.1°C (Fig. 3.c) point to salinity
between 4 to 21.3 wt.% NaCl equ. Homogeniza-
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tion (Ty,) by vapor disappearance occurred in tem-
perature range from 131 to 200°C (Fig. 3.d). Only
one fluid inclusion nucleate recognizable chlatrate
phase melted at temperature of —0.5°C (T,chl),
suggesting presence of CO, and salinity of 16 wt.%
NaCl equ. Homogenization temperature was re-
corded at 201°C.

Microthermometric  measurements ~ within
quartz (Fig. 2.b) and calcite (Fig. 2.c) from Zone 11
were conducted on two-phase (L+V) inclusions of
the primary origin. The initial melting temperature
(T.) in range between —50.0 and —56.0°C indicates
presence of bivalent cations (Fig. 3.a). Final melt-
ing of hydrate (T,hydl) was noticed between —
27.2 and -39.0°C (Fig. 3.b). Ice melting tempera-
tures (Tpice) in interval from —10.5 to —13.1°C
(Fig. 3.c) is in concordance with salinity between
14.5 and 17.1 wt.% NaCl equ. Homogenization
into liquid phase occurred in range from 120 to
165°C (Fig. 3.d).

Microthermometric measurements were car-
ried out on the primary, L+V, inclusions hosted by
realgar (Fig. 2.d), orpiment (Fig. 2.e), dolomite
(Fig. 2.f) and lorandite (Fig. 2.g) from Zone III.
The eutectic temperature (T.) in an interval betwe-
en —50.3 and —54.2°C indicates presence of biva-
lent cations (Fig. 3.a). Melting runs in the tempera-
ture range between —35 and 0°C determined exis-
tence of two hydrates. Melting of the first hydrate
(Tyyhyd1) was recorded in temperature interval be-
tween —22.0 and —24.5°C (Fig. 3.b). Temperature
interval of the final melting of the second hydrate
(Tyyhyd2) is observed between —11.0 and —15.4°C
(Fig. 3.b). The ice melting temperature (Tyice) the
interval between —1.5 and —4.1°C (Fig. 3.c) corre-
sponds to salinity of 2.6 to 6.9 wt.% NaCl equ.
Homogenization within quartz and dolomite into
liquid phase (T,) was recorded between 120 and
152°C (Fig. 3.d). Temperature of total homogeni-
zation within orpiment and lorandite was not re-
corded due to massive decrepitation of fluid inclu-
sions at lower temperatures.

Fig. 2. Fluid inclusions within a) quartz (Zone I); b) quartz (Zone II); c) calcite (Zone II); d) realgar (Zone III);
e) orpiment (Zone III), f) dolomite (Zone III); g) lorandite (Zone I11); h) agate (north of Zone III).

Geologica Macedonica, 24 (1), 6371 (2010)
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Fig. 3. Frequency distribution of a) the eutectic temperature; b) melting temperatures of hydrates; c) the last melting temperature of
ice; d) homogenization temperature within vapor phase.

Microthermometric measurements were per-
formed on aqueous inclusions containing CO, and
hydrocarbons and multiphase hydrocarbon inclu-
sions within agate (Fig. 2.h). During heating of
aqueous inclusions containing CO, and hydrocar-
bons first homogenization in temperature range
from +31.0 to +33.0°C occur within vapor bubble
(liquid to vapor transition). Total homogenization
to liquid state was recorded between 102 and
125°C (Fig. 3). Melting of chlatrates at tempera-
ture range from 2.4 to 7.0°C corresponds salinity
from 6.0 to 13.5 wt.% NaCl equ.

Complex hydrocarbons bearing inclusions are
remaining unfrozen at minimum stage temperature
of —180°C. During subsequent heating, only ob-
served changes within these inclusions were reduc-
tion in size or shape of some of the components,
omitting the complete phase transitions. None of
these inclusions were homogenized before decripi-

tation, which occurred at temperatures range from
170 to 180°C.

Ultraviolet fluorescence microscopy

Ultraviolet (UV) fluorescence microscopy
was performed on hydrocarbons bearing inclusions

Geologica Macedonica, 24 (1), 63-71 (2010)

trapped within agate. This type of inclusion shows
yellow and green fluorescence suggesting imma-
ture organic matter (e.g., Hagemann & Hollerbach
1986; McLimans 1987; Bodnar 1990). The inten-
sity of fluorescence is increasing with the size of
inclusions. Also, UV microphotographs show
presence of various pieces of organic matter
trapped within agate, with similar fluorescence
colours to the described inclusions.

Composition of evaporate mounds

Analyses of realgar samples indicate Na and
K chlorides composition of evaporate mounds. The
presence of Al is also observed. A comparison of
composition of evaporates mounds and microther-
mometric measurements points to composition of
hydrates present within frozen inclusions. Hydrate
with final melting temperature in the range be-
tween —22.0 and —24.5°C (T,hyd1) is hydrohalite
(NaClx2H,0). Hydrate with temperature interval
of the final melting between —11.0 and —15.4°C
(Tyyhyd2) is KCIx2H,O0.

Analyses of orpiment samples point that
evaporate mounds consist only of Na and K chlo-
rides (Fig. 4).
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Fig. 4. Bivariate plot of homogenization temperature versus salinity

K/Ar dating

The K/Ar age dating was performed on
quartz-latite sample collected on the Kozuf Mts.,
approximately 0.5 km N from the deposit. The
whole rock and separated concentrate of horn-
blende, feldspar and biotite obtained K/Ar ages
range from 4.6 to 5.8 Ma. The analytical data and
ages of whole rock sample and separated minerals
are shown in Table 1.

Table 1

The K/Ar data obtain on quartz-latite from the
Kozuf Mts., Macedonia.

Dated K OAr* OAr*  K/Ar age

Sample fraction % cm’/g % (Ma)

MK-1. Wholerock 3.05 5.486x107 40.6 4.62+0.19
MK-1. hornblende 1.90 4.399x107 33.1 5.79+0.21
MK-1. Biotite 4.45 9.719x107 362 5.61+0.20

MK-1. feldspar 2.14 4291x107 389 5.15+0.21

DISCUSSION

The AllSar deposit shares several common
features with the Carlin-type deposits worldwide:
(1) structural controls of mineralization; (2) cal-
careous sedimentary host rocks mostly accompa-
nied with igneous rocks; (3) alterations including
decarbonization, silicification, argillization and
sulfidation; (4) submicron-sized gold in association
with Fe-sulfides and (5) enrichment in Au, As, Hg,
Sb and TI.

The deposit is characterized by a zonal distri-
bution of mineral assemblages and alterations. The
fluid inclusions study reveals a change in tempera-
ture and composition of the mineralizing fluid

across the different zones of the deposit (Fig. 4).
Homogenization temperatures and salinities de-
crease from the southern toward the northern part
of the deposit interpreted as a result of cooling and
dilution. The main dissolved salts in the southern
zone are Ca-Na-chlorides with a Na/Ca molar ratio
between 0.2 and 19.3. In the central part of the de-
posit, the Na/Ca molar ratio varies in a narrow
range between 0.3 and 1.3. In the northern part of
the deposit, fluids are enriched in potassium. The
presence of CO, is related to Sb-bearing jasperoids
(Zone 1) and to the opal precipitated north of the
Zone III.
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The ore fluids transported gold, arsenic, anti-
mony, thallium, mercury and iron. The dominance
of marcasite over pyrite in Zone I suggests a pH
below 5. The mineralization consisting mainly of
sulfides suggests that the ore forming fluids were
enriched in reducing sulfur. Under such condition
thallium is a very mobile element (Vink, 1993).
Chemical analyses of country rocks within the
Allsar deposit suggest volcanic and tuffaceous
rocks as a possible source of thallium (Percival &
Radtke, 1994; Frantz et al., 1994). Reaction of the
ore fluids with the host carbonates resulted in an
increase of pH in the northern part of the deposit.
Whereas thallium sulfides show a small stability
field under alkaline and reducing conditions (Vink,
1993) an increase in pH would optimize the thal-
lium precipitation.

Although the Carlin-type deposits worldwide
are spatially affiliated to organic rich carbonate
rocks the role of organic matter in this type of min-
eralization is still unknown. Early observations on
the Carlin deposit, Nevada, USA (e.g. Joralemon,
1951) suggested that metals were precipitated by
reactions between mineralizing fluids and organic

matter from the wall rocks which had served as a
reductant or that metals were transported by or-
ganometallic complexes. Furthermore, the metal
sources of the world’s largest mercury deposits,
Almadén (Spain: Saupé & Arnold, 1992) and Idrija
(Slovenia: Palinkas et al., 2004), are inferred to be
in organic rich volcano-sedimentary complex.
Contrary, some of recent works have suggested
that the organic matter did not play an important
role during the formation of Carlin-type minerali-
zation (e.g. Kuehn & Rose, 1995; Gize et al.,
2000).

However, it is important to notice that Beran
et al. (1990) reported hydrocarbon bearing fluid
inclusions within realgar from the AllSar deposit
(Zone III) and that fluid inclusions hosted by opal
show involvement of organic matter as well.

According to the fluid inclusion data Neogene
magmatism (4.6 to 5.8 Ma) was the heat source
responsible for driving convective hydrothermal
circulation at the AllSar deposit, similar to that
proposed for other Carlin-type deposits worldwide
(e.g., Sillitoe & Bonham, 1990; Henry & Ressel,
2006; Johnston et al., 2008).

CONCLUSION

The AllSar mineral deposit occurs within
sedimentary complex of the southern Vardar zone.
Structurally controlled mineralization comprises
mostly disseminated submicrometer-sized gold
particles and Sb-As-Tl sulphides and sulfosalts.
The mineralization and alterations display zonal
pattern which coincides with fluid inclusion data.
The southern zone (Zone I) hosts Au mineraliza-
tion together with variable amount of Sb and As
minerals. Alteration consists primarily of moderate
to strong silicification (jasperoids). Fluid inclusion
data accompanied with mineralogical features
(predominance of marcasite, strong silicification)
suggest participation of high temperature (T, = 131
— 200°C), saline (up to 21.3 wt.% NaCl equ.) and
low pH fluids. The central zone (Zone II), beside
Au, Sb and As, carries significant amounts of Tl
minerals, minor amount of Ba, Hg and traces of

Pb. The mineralization is hosted by argillized tuffs,
Tertiary dolostones and Triassic carbonate rocks.
Decrease in both, homogenization temperature (T,
= 120 — 165°C) and salinity (14.5 and 17.1 wt.%
NaCl equ.) points to the cooling and the dilution of
ore-forming fluids. The northern zone (Zone III)
represents the most important source of T1 miner-
alization. The deposition of thallium sulfides re-
quired reducing conditions. Fluid inclusion data
suggest precipitation from relatively cooled (T, =
120 — 152°C) and diluted (2.6 to 6.9 wt.% NaCl
equ.) solutions. An involvement of organic matter
within ore-bearing fluids was recorded by its con-
tribution in ore-forming processes is still obscure.
The authors suggest that Neogene magmatism (4.6
to 5.8 Ma) represented the heat source responsible
for driving convective hydrothermal circulation at
the Allsar deposit.
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Pesume

IFACHO-TExHU MHKJY3UHN U OAPENYBAILE HA CTAPOCTA CHHOPEJ METOJOT K/Ar
HA Au-Sb-As-TI HAOT'AJIMIITETO AJIITAP, MAKEJTOHHUJA

Ca6una Crpmuxk Iamuukam ', Cuéuna Bopojepuxk Mlomrapui %, JTagucaas Maaunkam',
3oaran Helncajs, Baaxo Boes®, Baagumup ]Sepmaneu1

! Mpupoono-maitiemaiiuuku Gaxynidieid, Yrueepsuitieid 6o 3aipe,
Xopsaiuosay 95, 10000 3aiped, Xpsaiticka
2 Daxynitieiti 3a pyoapciigo, teonotuja u Ha@wHo undicenepciiso, Ynusepsuiiei 6o 3aipeo,
Tuepoiuuesa 6, 10000 3atped, Xpsaiticka
3HHcmumyu7 3a HYKleapHu uciupaxcysara, Yutapcka Akademuja na nayxuiie,
bemTep 18y, 4001 [ebpeyen, YVuiapuja
*Daxynitieiti 3a dpupodnu u exnuuky nayku, Ynusepsuidei "Toye Jenrues”,
Toye [lenues 89, 2000 Llinui, Peityonuxa Makeoonuja
blazo.boev@ugd.edu.mk

Kayunu 360poBu: KapivH; 3J1aTO; TaJIMyM; apCCH; aHTUMOH; TaCHO-TCUHH WHKITY3HH;
oJllpeyBame Ha CTapocT cropea Meronot K/Ap

Au-Sb-As-T] naoramumrero Ammap, Makenonuja, ce
jaByBa BO jy)XHHOT Jien Ha Bapnapckara 3oHa. Haoranumrero
e Hocuten Ha KapiamHCKM TMN Ha MHUHepau3aluja CMECTEHO
BO KapOOHATEeH CEAMMEHTEH KOMIUIeKC. MUHEepalIHUTe acoLu-
jalMu ¥ antepaldy NpojaByBaaT KapaKTEPUCTHYHA 30HAIIHA
qucTpuOyiuja. Bo cormacHocT co momaronuTe of racHo-Ted-
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HUTE WHKIY3WH, (OPMHUPARETO Ha MUHEpalU3alujaTa € pe-
3yJITaT Ha JIAICHETO, Pa30iIaxyBameTo M HEyTpaau3alyjaTa
Ha pynoHocuute ¢uynau. Heorennot marmarusam (4.6 no 5.8
Ma) ciryxen Kako U3BOp Ha TOIIMHA OATOBOPEH 3a OAPXKYyBa-
€ Ha KOHBEKTHHATAa XMAPOTEPMAJIHA LIMPKYJIalija BO Haora-
JIUIITETo AJmap.





