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TYPES OF HYDROTHERMAL ALTERATION WITHIN THE ILOVITZA DEPOSIT
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Abstract: Asaresult of the recent detailed explorations, Ilovitza deposit is separated to the polymetallic
Cu-Au-Mo porphyry deposit, located within Tertiary intrusive complex, whose mineralization is closely related to in-
tensive hydrothermal alterations of surrounding rocks. This deposit represents a part of several porphyry systems in
eastern Macedonia and northern Greece, which are in association with igneous complexes and is one of deposits of
the type of the deposit Bukovi¢—Kadiica in Macedonia and Scouries in Greece. Hydrothermal alterations, as a special
marc of the deposit, with our laboratory examinations, were determined as an alteration that characterizes porphyry
systems. Between them are distinguished neobiotitization, quartz—sericitization, silicification, argillitization et al one
of the most intensive alteration is silicification (around 49 %), which in association with alunitization (around 40%),

encompasses the apical parts of intrusive complex.

Key words: porphyry system; intrusive complex; neobiotitization; quartz—sericitization; silicification; argillitization

INTRODUCTION

From the historical aspect, Ilovitza deposit,
which is located in eastern Macedonia, in the vi-
cinity of Strumica city, have always been interest-
ing for exploring, as indicated by the data in the
form of travel notes, as well as numerous papers
submitted by Tomwuu, 1936; Illontpajanosa, 1957;
Crojanos, 1966; Stojanovi¢, 1972 etc.. Recent in-
vestigation which started in 2004 were made by the
company Phelps Dodge, and today, extended from
the company FurOmax, on whose basis llovitza
deposit is separated as deposit whit porphyry type
of Cu-Au-Mo mineralization (Aleksandrov and
Bombol, 2008). Shows characteristics of the con-
nection with Tertiary magmatism and the same is
considered as deposit of the type of deposits from
the zone Lece-Chalkidiki (Serafimovski, 1990,

1993). Examinations which include X-ray and mi-
croscopic examinations of the samples, proved the
presence of hydrothermal alterations which is
closely related to the porphyry mineralization
(Poroxapena, 2010). Between them could be sepa-
rated: supergene sulphide alteration, weak pro-
pyllitic alteration, advanced argillic alteration,
quartz-sericite-pyrite (‘“phyllic”) alteration and po-
tassium metasomatism with the presence of inter-
mediate argillic alteration. In addition, in view of
the mineralization especially are interesting deeper
parts of the deposit, especially zones and their con-
tact parts where the quartz-sericite-pyrite alteration
is developed and potassium metasomatism with the
presence of intermediate argillic alteration.

REGIONAL GEOLOGY, GEOTECTONIC AND METALLOGENIC POSITION

In the Republic of Macedonia even and broa-
der, “Tlovitza” deposit represents one of the more
significant porphyry deposits of Cu-Au-Mo.

It is located on the territory of the Republic of
Macedonia, more precisely in its southeastern part,
at about 17 km at a distance from Strumica city, in
the immediate vicinity of the Ilovitza village.

In view of the regional geotectonic position,
“Ilovitza” deposit belongs to Serbian-Macedonian
Massif (Zagorchev et al. 2008) and the Serbian-
Macedonian Metallogenic Zone (Jankovi¢, 1977;
Serafimovski, 1990), in belt, in whose geological
construction participate late Proterozoic to Palaeo-
zoic metasediments and granitoids (Figure 1).
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Fig. 1. Regional position of the “Tlovitza” deposit (Serafimovski, 1990)
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The processes that took place in the frame of
the SMM have caused structure of the volcanic
apparatus, domes and regional dislocations, as the
Tupal dislocation and dislocation Besna Kobila-
Osogovo  (Serafimovski, 1990; Aleksandrov,
1992). These regional dislocations are separated as
very important in the structural control on the in-
trusive complexes of granitoides (PakuueBuk et al.
1980; Jankovi¢ et al. 1995; Jankovi¢ and Serafi-

movski, 1997). Actually, creation and spatial dis-
tribution of the magmatism and the ore are in func-
tion of the structural factor of a control or disjunc-
tive-depth structures that are present in the
Ograzden granite massif and have direction along
the borders of the basic geotectonic units: Serbian-
Macedonian Massif and the Vardar Zone (Serafi-
movski, 1990).

GEOLOGICAL CHARACTERISTICS OF THE BROADER AREA

The Ograzden granite massif is located in the
southeast part of the Republic of Macedonia, in to
large-scale geotectonic unit of the Serbian-Mace-
donian Massif (Figure 2). The fundament in which
the broken the Palaeosoic Variscan granite massif
is represented by Precambrian and Rif-Cambrian
rocks. The Precambrian lithological is represented
by gneisses (the two mica, the biotite, the musco-
vite, the phorphyroblastic) micashists, amphibo-
lites. The Rif-Cambrian is represented by the am-
phibole and epidote-quartz-sericite-chlorite shists.
From the structural aspect, the massif Ograzden
represent a batholite, which during the Variscan
orogen phase was intrude in the fundament and is
characterized by intense disjunctive tectonic or
fault shape with general direction NW-SE.

During the Tertiary, along rupture structures
in the consolidated Ograzden granite masses in the
gneisses had volcanic acts that contributed to crea-
tion of dacite and andesite with which is connected
hydrothermal changes. They represent subvolcanic
to volcanic disruption in the granite and gneisses
(Ilovitza, Dvoriste, Stuka, Susica).

Mineralogical-petrographic caracteristics of
the Ograzden massif indicate that is it quite hetero-
geneous and is basically represented by calcalca-
line granites. These granites shall occupy the cent-
ral parts of the mountain Ograzden and is repre-
sented by: biotite coarse-grained granites, leuco-
crate coarse-grained granites, graniteporphyres,
muskovite leucocrate granites, two mica medium
grain granites, biotite porphyry granites and grano-
diorite, leucocrate schist granites.

From mineralogical aspect, the Ograzden
massif is represented by large crystals of feldspar,
a large amount of biotite and quartz. From petro-
graphic aspect, the same are characterized by al-
otriomorfic grain to porphyry structure with mas-
sive, and sometimes the weaker schists texture.

Hydrothermal changes in the dacite—andesite
caused almost completely destroyed primary struc-
ture and changes in the mineral composition. These
changes are manifested in the form of silicification,
sericitization, alunitization, kaolinitization and
some places opalitization and chloritization.

The zone of intensive silicification and serici-
tization space is expressed on the west side of the
dacite—andesite disruption.

The zone of intensive silicification and aluni-
tization space is expressed on the east part of the
dacite—andesite disruption, in which the presence
of alunite varies from 20-50%.

Noticed that in the parts where alunite con-
tains are moving within the limits of 20-48%, sul-
phide mineralization is missing, similar as well as
in Plavica polymetallic systems (Stojanov, 1980)
and Dudica (Ivanov and Ivanova, 1980). However ,
in the parts of intensive silicification and alunitiza-
tion are registered and certain contents of gold
(over 19 g/t), which mark one epithermal area,
where the mineral components are products of
acidly sulfate solutions (Serafimovski and Alek-
sandrov, 1995).

TYPES OF HYDROTHERMAL ALTERATIONS

According typomorphic minerals and on the
basis of the results derived from X-ray examina-
tion of samples, as well as so far, the degree of ex-

Geologica Macedonica, 24 (2), 91-101 (2010)

plorations, within the Ilovitza deposit may be sepa-
rated the following types of hydrothermal altera-
tions (Figure 3).



GEOLOGICAL MAP
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MASSIF

1] 3 km
Eee————

[26-]
5-11-17 [sm |23 ~ 26_,,:-"
o - 5/

Fig. 2. Structural-geological map of the Ograzden granitoide massif
Quaternary — 1. Proluvium; 2. Lower terrace; 3. Higher terrace. Tertiary — 4. Clays; 5. Andesites; 6. Dacites; 7. Volcanic sediment
sandstones, conglomerates and tuffs. Lower Palaeozoic — 8. Amfibole gabbro; 9. Leucocrate coarse—grained granites (metasomatic);
10. Aplitoide granites; 11. Muscovite leucocrate granites; 12a. Biotite porphyry granites; 12b. Biotite porphyry granodiotites;

13. Leucocrate shist granites; 14. Phyllites. Riphean-Cambrian — 15. Amphibole shists; 16. Epidote-quartz-sericite chlorite shists.
Precambrian — 17. Micashists; 18. Micashists and leptinolites; 19. Amphibolites; 20. Biotite gneisses; 21. Migmatite (porphyryblastic
gnaisses); 22. Two mica fibre gneisses; 23. Elements of the decline in the foliation; 24. Axis of syncline;

25. Faults (set, covered and fotogeological); 26. Gradual transition; 27. Lump of the flakes
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Supergene sulphide alteration

One of the important features of the “Ilovitza”
porphyry Cu-Au-Mo depositis the presence of the
deep supergene sulphide zone of alteration, which
locally reaches a depth more then 150 m, similar to
the appearances in the polymetallic system
Bukovik—Kadiica (Tasev, 2010).

Is characterized by oxidation, leaching and in-
tensive argillitization and includes the appearances
of pyritization, limonitization and secondary sul-
phide enrichment.

Oxidized and leached zones on the surface are
recognized by the "coverage" of metals in the su-
pergene clay minerals, limonite (goethite, hematite
and jarosite) and residual quartz. The secondary
(supergene) zones containing chalcocite, covelline
and other Cu,S minerals (digenite et al.), hrizokol,
native copper and copper oxides, as well as car-
bonate and sulfate minerals (Panteleyev, 1995; Ta-
sev, 2010).

Pyritization is a direct indicator that there
were conditions for sulphide mineralization. Limo-
nitization is widespread, especially in quartz—
alunite—limonite breccias (Figure 4).

Fig. 4. The core of silica—alunite-limonite breccia

Is manifested with occurrence of hematite,
goetite and jarosite, which mark the zone of oxida-
tion. Their occurrence is noticed at the surface of
the terrain and also by microscopic and X-ray ex-
aminations, when it is determined that limonite
meet cracks of the tectonic weaken rocks, so all
rock mass is filled with them and simultaneously
making pigmenting of the silica which is present in
the rock (Figure 5).

In the products which occurred after the for-
mation of the primary mineralization, and as a re-
sult of supergene sulphide oxidation is among the
secondary sulphide enrichment, occur in the area

of the oxidation-reduction zone (Emmons, 1917;
Garrels, 1954; Cifliganec, 1993; Tasev, 2010).
This area on the secondary sulphide ore in
“Ilovitza” deposit, which in some parts is possible
over and above 100 m (locally over 150 m) was
built by chalcocite and covelline and the same has
no particular economic significance.

o

Fig. 5. Intensely altered core of the drill hole PDIC-04-01

Propylitic alteration

This alteration phenomenon occurs in the
end-edge areas of the zone of alteration and is
characteristic of the andesite porphyry which are
characterized by the presence of chlorite-epidote-
clay with limonite veinlets and Mn oxides in out-
crops (Donkova, 2006).

Occurs in the vicinity of the other alteration
types and is characterized with very weak intensity
associated with the zeolites, so in the individual
parts almost is absent (Ivanov and Ivanova, 1980).

The zeolitization, which registered a low oc-
currence is manifested in the surface, more shal-
lower parts of the terrain with appearance of anal-
cime, who is the registered in PDIC-06-07 in sam-
ple number 1, with contents of 14 %.

Advanced argillic alteration

Advanced argillic alteration is widespread,
immediately over Cu-Au-Mo porphyry system in
the peripheral parts of the intrusive, controlled by
the presence of deep normal faults.

Includes kaolinite and quartz, as well as alu-
nite, natroalunite, natrolite, ilite, sericite, limonite
and pyrite.

Associated with silicification and alunitizati-
on, which are manifested with structurally-con-
trolled appearance, in which the silicification and
silica- or silica-alunite-sulphide-limonite alteration
is surrounded by narrow zones of clay alteration
and bleaching, hosted in both fractured zones
within basement granite, or within dikes/pods of
Tertiary tuff-breccia (Carter, 2007).

Geologica Macedonica, 24 (2), 91-101 (2010)
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The alunitization especially is characteristic
for the apical parts of the intrusive, where it is de-
veloped silica-alunite litho-cap, while the process
of alunitization is related to the mineralization, and
especially with the zones of stock-work minerali-
zation.

The alunitization also is registered in the core
of drill hole, more precisely in drill hole PDIC-04-
01, in which are determined the most contents of
alunite presence in the sample number 1 (37%),
where with the quartz represent the most dominant
minerals in the sample (Table 1).

Table 1

Results of X-ray analysis of the more significant
minerals (%) of drill hole PDIC-04-01

Content (%)

8
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Among the rest, the intensity in his appear-
ance shows and the silicification, which is proba-
bly a product of the completed leaching of the
cations and the result of the decomposition of feld-
spars.

In the Ilovitza deposit, it is manifested by the
presence of quartz in the form of two generations
or more fine-grained, which appears in the base of
the rock mass and than suppressed the primary
mineralization and coarse-grained, in the form of
vein-lets with varying thickness, which arise with
fulfill of the cracks and fractures with silica matter.

Quartz-sericite-pyrite (“phyllic”) alteration

Quartz-sericite-pyrite (“phyllic”) alteration is
located below the zone of the advanced argillic

Geologica Macedonica, 24 (2), 91-101 (2010)

alteration and is represented byintense quartz—
sericite-clay-FeOx alteration, which contains
which contains larger bodies of quartz-alunite al-
teration, and the same represents proximal zone of
significant ore changes. As such shall be deter-
mined in hosted in both basement granite and Ter-
tiary magmatic rocks (Carter, 2007).

This zone of alteration in the deeper parts is
associated of stock-work quartz-pyrite-FeOx al-
teration and intense clay-sericite alteration largely
confined to Tertiary dacitic breccia and dacite-
granodiorite intrusive rocks (Carter, 2007).

The silicification is the companion of the
phillyte alteration and variable is influential in the
most of part of stock-work and the most of the
most of the dykes. The quartz veins show an envi-
ronment of weak sericite halos.

The appearance of phillyte alteration is char-
acterized by an increase in the contains of musco-
vite, which arises by replacing of the orthoclase
and plagioclase and the same has gradually transi-
tion towards other alterations.

Also, iron free from the alterations of iron—
bearing minerals, as well as iron and sulphor addi-
tions of the fluid, can formed pyrite, which in-
creases in the deeper levels of this zone.

He is present in the form of veins and im-
pregnations, so the pyrite vein-lets reach a thick-
ness of (8—10 mm) and in some places they are
replaced by chalcopyrite. The numeral sulphide
vein-lets formed a stock-work which is accompa-
nied by quartz-sericite-pyrite and the traces of
chalcopyrite alteration with some content of kao-
linite (Figure 6).

Fig. 6. Quartz-sericite-pyrite alteration with intensive quartz
and pyrite vein stock-work

In the deeper parts and closer to the core of
the system, there are occurrence of intensive stock-
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work with lateral quartz veins of older generation,
crosscutting with younger quartz-pyrite and the
youngest pure pyrite veins and vein-lets. Among
the rest this zone is characterized by a higher de-
gree of copper contents.

Potassium metasomatism with the presence
of intermediate argillic alteration

Allocating of the potassium metasomatism
with the presence of intermediate argillic alteration
is a result of overlapping of these two alteration
types.

Intermediate argillic alteration is character-
ized by the appearance of kaolin, which is deter-
mined and with the X-ray analisis. Arises as a re-
sult of the alteration changes of the plagioclase,
which become replaced by kaolinite and appears
near the ore body. The potassium feldspar is less
afflicted with the processes of metasomatism,
when it is formed sericite, while similar biotite
formed chlorite. This alteration zone is represented
by central quartz-magnetite-sulphide FeOx stock-
work and dissemination, with matrix alteration of
illite—sericite, chlorite (“intermediate argillic al-
teration”) containing patches of residual secondary
biotite and K-feldspar, hosted in dacite-granodio-
rite porphyry, and minor andesite and latite—
andesite porphyry dikes (Carter, 2007).

The shallow level of the alteration may be in-
terpreted as supergene (zone of secondary sulphide
enrichment) cover over the deposit, so it is not ex-

cluded and probability and deeper clay alterations
of the feldspar to have the same origin. In this zone
in individual parts and chalcocite occurs in the
form of impregnations and vein-lets arise with the
suppression of the chalcopyrite (Figure 7).

. s e, o Bl 5@
Fig. 7. Core of intensely altered stock-work with chalcocite
in impregnations and veinlets

This zone is characterized by gradual transi-
tions towards the potassium alteration, which
represents the earliest and relatively high tempera-
ture alteration, which results in enrichment with
potassium.

This type of alteration has a chance to be
formed before the full crystallization of the mag-
ma, as indicates the presence of unrelated flexuous
vein-lets.

Is represented by the appearance of orthoclase
and secondary biotite, accompanied by a chlorite
and sericite, but also we can notice the appearance
of calcite and siderite in the deeper parts of the
drill holes (Figure 8).

EOIC-07-10
Sample 11

250 ~

Intensity p/s

Ouartz 33-1161
Orthoclase 76-742
Muscovite 1-1098
Pyrite 6-710

+3-768

Siderite 8-133

393

I: " I . I L I . I
10 9 8 T ]

D-Distance

Fig. 8. Roentgenogram with the results of X-ray analysis of the sample number 11 of EOIC-07-10
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Based on the X-ray analysis of the core of the
several drill holes is found that the level of the oc-
currence of the potassium metasomatism starts
from about 165.00 m, what exactly is determined
by the appearance of the orthoclase, whose appear-
ance with variable contents is present until the end
of examinated drill holes.

Its genesis probably is a result of the metaso-
matism of the plagioclase in the K-feldspar, while
secondary biotite with metasomatism of horn-
blende or chlorite.

Magnetite and hematite are general. The com-
mon sulphides are pyrite, molibdenite and chalco-
pyrite.

In the following are shown individually pho-
tographic images of the core of this zone, as well
as mineralogical-alteration features of the core of
the deeper parts of the drill holes.

On Figure 9 is given chlorite-sericite-clay-
magnetite alteration with the quartz-magnetite
vein-lets. In the deep parts, chlorite and magnetite
become stable. Originally, the rock is altered to
chlorite and magnetite. Replacement of the plagio-
clase by dark brown montmorillonite to the rock
gives yellow-brown appearance.

Fig. 9. Chlorite-sericite-clay-magnetite alteration
with quartz-magnetite vein-lets

In the deepest levels of the examinated drill
holes biotite has been preserved. At this level, is
present facies of quartz veins (Figure 10), but,
should be said that the density of the veins was
reduced than in the stock-work zone of the higher

level of the drill holes or the developed intensive
stock-work go reaches its maximum in the periph-
ery of the intrusive, while in the deeper parts more
prevalent is the disseminated mineralization, which
is accompanied by chlorite-sericite-magnetite—
biotite alteration, which is covered with a late ar-
gillitization.

Fig. 10. Quartz veins with presence of argillitization
of late stage

Among the rest, clearly can be noted that the
deeper parts of the drill holes are characterized by
late igneous occurrances as clasts of quartz veins,
igneous breccias with quartz basis mass and some
aplite structure. Also, should be said that at the top
of this deep intrusive system is registered an ap-
pearance of typically developed system of altera-
tion to the "worm-like" silicification.

Based on data derived from examinations and
explorations, Ilovitza deposit by its characteristics
can be set aside as copper porphyry deposit of type
of deposit Scurries in Greece, which represents one
of the first discovered porphyry deposits in Lecce—
Chalcidice metallogenic zone.

Similar hydrothermal alterations, altered zones
and mineralization which are present in Ilovitza
deposit can meet and among many other porphyry
deposits, such as Chukvikamata, Chile (Sinclair,
2009).

However, the characteristic mark of the Ilo-
vitza deposit is its intense and widespread hydro-
thermal alterations, the deep zone of sulphide oxi-
dation, leaching and argillitization.

CONCLUSION

The recent detailed explorations and examina-
tions of the “llovitza” deposit pointed out on the
presence of the polymetallic Cu-Au-Mo porphyry
deposit, located within Tertiary intrusive complex,
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whose mineralization is closely related to intensive
hydrothermal alterations of surrounding rocks.

The hydrothermal alterations are allocated on
the basis of the typemorphic and characteristic fol-
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low minerals. Between them can be separated the
following types of hydrothermal alterations: super-
gene sulphide alteration, weak propylitic alteration,
advanced argillic alteration, quartz-sericite-pyrite
(“phyllic”) alteration and potassium metasomatism
with the presence of intermediate argillic altera-
tion. The ore mineralization in the biggest part is
related to the zones where is developed the quartz-

sericite-pyrite alteration and potassium metasoma-
tism with the presence of intermediate argillic al-
teration, as well as in their contact parts. From as-
pect of the developed zones of hydrothermal al-
terations in "Ilovitza" deposit, may be noted that
with him have can been developed the main zone
of alterations that is also present almost in all por-
phyry deposits.
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Pesume

TUIOBU HA XUJIPOTEPMAJIHUA AJITEPALIAA BO HAOIAJIMIITETO ,,AJIOBULIA“

Jlodpuena Poroxapesa

Daxyniteii 3a Upupoonu u texHuuKy Hayku, Yuusepsuiveiu ,,I'oye [enues
Toye Jlenuee 89, MK-2000 Linui, Peiiyoruxa Maxedonuja
dobrielarogozareva@yahoo.com

Knyunn 360poBu: nop$hupcku CHCTEM; HHTPY3UBEH KOMILIEKC; HEOOMOTHTH3AIM]a; KBAPL-CepPUIIUTH3AIIN]a;

crHM(UKAIM]ja; apTHINTH3AIH]a

Kako pe3ynrar Ha HeOaMHEIIHUTE UCTPaXyBarba, HA0-
ramumrero ,JnoBuna“ € U3IBOECHO KaKO ITOJMMETAINYHO
nopdupcko Haofranmumre Ha Cu-Au-Mo, Bo pamkure Ha Tep-
LHEePHUOT UHTPY3UBEH KOMIUIEKC, Yija MUHEpATH3aLija Mpo-
jaByBa KapaKTEPMCTHKM Ha TECHa MOBP3aHOCT CO HMHTCH3H-
BHHUTE XUIPOTEPMAJHH ajTepaly Ha oKojaHuTe Kapmu. OBa
HaOTAJINIITE IIPETCTaByBa /eIl 0] HEKOJIKYTe MOP(GUPCKH CHC-
TeMu BO MCTOYHa MakenoHuja U ceBepHa I'piuja ko ce BO
acolyjandja co MarMaTCKUTE KOMIDIEKCH U ce BOpOjyBa BO
HaolajauiTaTa ol TUIOT Ha HaoramumTero bykoBukKannuma
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Bo Peny6nuka Makenonuja u Cxypuec Bo I'pumja. Xuapotep-
MaJIHUTE aNTepaluy, Kako moceOeH Oener Ha HAOraHILITETO,
CO HammTe JIAOOPATOPUCKH HCHTYBama, 0ca OXPEINeHH Kako
anTepaly KoM T'M KapaKTepu3upaaT MOpPHUPCKUTE CHCTEMH.
[Tomer'y HUB ce M3[BOjyBaaT HEOOHMOTHUTH3AIIM]a, KBAPLI—CEPH-
nUTH3anyja, cwindukanuja, apruautusandja utH. EnHa on
HAjUHTCH3MBHUTE ANTEPAlMOHU MMPOMEHH € cuiupUKanujara
(oxoy 49%), xoja BO aconujanuja co alyHHTH3aMjaTa (OKO-
ay 40%), tu 3adaka anMKaTHUTE NETOBH Ha MHTPY3HBHHOT
KOMILJICKC.





