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ABOUT DYKES IN ORE BEARING ENVIRONMENT OF TERTIARY
MAGMATOGENIC COMPLEX OF GOLIJA (SERBIA)

by
Bosko Stajevic*

The paper, apart from presenting general properties of dykes as specific products of magmatic proc-
esses, gives, on examples of certain ore bodies within Tertiary volcanogenic complex of Golija, a compara-
tive review and analysis of the relation between dykes and Pb, Zn, W and Bi mineralization. Conclusions
are based on the material obtained from additional geological studies evidencing, apart from a series of
relevant geological features, numerous dykes of intermediate igneous rocks that failed to be recognized in
this form on previous geological maps (particularly on Base Geological Map). The very description of gen-
eral features of dykes is based on both the author’s perceptions and literature data, while the general meth-
ods of geological-structural and metallogenic analysis of original data were used for results presentation.
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y 3 npHKa3 omuTitx KapaKTepHCTHKa najKoisa Kao ciichhc|}H'iiihx npoflytcaxa MarMaToreHHx npoyeca, y
paliy ce, Ha npHMepy Heiotx Matte no3HaTHX h Matte iipoyieiinx py/ivnx nojta -jana/inor nena Konaomi'iKe
ofwiacTH, y CKliony Tepnnjapiior ByjiKaHoreHO-nnyxoreHor KOMnjteKca Fojinje, ajtH no MHiujbeity ayropa ;to-
bojlho penepeseHTaTHBHHM, /iaje KOMnapaXHBHH npnKa3 a aHajiH3a oflHoca /(ajKoisa npcMa opy;(H,cH,HMa Pb,
Zn, W h Bi. 3aKjby>inn cy 6a3HpaHH Ha MaxepHjajiy «onyHCKHX reojiottiKHX npoy'ianaH.a, KojHMa cy chhjichth-
paHH, nopcji HH3a pejieBaHXHHX o6elie>Kja, h 6pojHH j(ajxonn HHxepMeflHjapHHX MarMaxa kojm Ha paHHjHM
reoJioniKkHM 0CHOBaMa (noceCmo Ha OrK) HHcy cf>HrypHpajm y Toj <}>0pMH Y onncy onmxiix o6ejte*ja ;tajKona,
ys jtHMHa onaxaH.a, KopmnhcHH cy ;iHTepaTypnn noflaim, rok ce y npHKa3y pe3yjixaxa ayTop cnyxHo onuiXHM
MCTOjjaMa reonouiKo-crpyKTypHe h MexajioreHexcice aHajiH3e opwrHHaJtHHX nojiaxaica.

K.lvihc pcin jjajkOBH, MarMaxH3aM, MexajioreHHja, pyflOHOCHOCcx, TojiHja, Cpfinja.
INTRODUCTION
Endodykes are intrusive geological bodies that are present within different types of

magmatic complexes formed throughout long history of the Earth's crust development.
They are formed at various depths within abyssal and hypabyssal as well as subvolcanic
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facies of alkaline, intermediate and acidic magmatic differentiations*. The majority of in-
vestigations of dykes, carried out so far, referred to granitic intermediate plutonic, vol-
cano-plutonic and volcanic complexes, namely to those environments where dykes are
most represented. There are several reasons why the problem of dykes, within Tertiary
magmatic complexes of Serbia, is underlined. Namely, on geological maps different in
scale, especially on older ones, but also on sheets of "The Basic geological map of Yu-
goslavia”, regardless certain restrictions caused by relatively small scales, the pheno-
menon of dykes was neglected in certain circles, instead to be the adequate significance.
It is known, however, that dykes may be a good observation point when reconstructing
the evolution of polyphase magmatism, the same being evident in our case. Furthermore,
in ore-bearing environments such as are ore-fields, deposits and ore bodies, dykes are
often very important parameters for estimation of mineralization. Dykes are specially im-
portant for defining the criteria of prognosis in those cases when they are spatially and
paragenetically connected with products of mineralization, and they represent both a fac-
tor of control and a locating indicator of mineralization. Numerous examples support this
statement, starting from Podrinje (south-east border of the Boranja granodiorite massif
with the Pb-Zn-Ag deposit Veliki Majdan), Sumadija (polymetallic deposits at Avala,
Kosmaj, Rudnik and Kotlenik) through the Kopaonik ore district (Belo Brdo, Rajiceva
Gora, Kizevak-Karadag and Crnac) and deposits within the Lece massif (Lece) to Terti-
ary ore fields and deposits east and south of the Surdulica massif (Blagodat, Ruplje and
Karamanica). The objective of this paper, apart from all, is to induce certain ideas on
further approaches to geological mapping as well as on revision and interpretation of
geological bases within Tertiary volcano-intrusive complexes in Serbia.

This paper gives a comparative review and analysis of relations between dykes and
Pb, Zn and W mineralization, through examples of several less known and less studied
ore fields, but enough representative according to author, located in the west part of
Kopaonik area within the Tertiary volcanogenic-plutonic complex of Golija. Conclusions
are based on the data obtained by additional geological researches strongly supporting the
existence of numerous dykes of intermediary magmatic formations that were not pre-
sented adequately in previous geological bases (particularly BGM). For results presenta-
tion the author used general methods of geological-structural and metallogenic analysis.

GENERALLY ABOUT DYKES AND THEIR RELATION TO MINERALIZATION

A term dyke originated from an English word "dyke/dike" meaning embankment or
a protective banker and was likely accepted by researchers as evokes visual sensations of
a barrier. According to some definitions (Petrov et al.,, 1981; Ryka & Malishewska,
1989; Lahee, 1952; Hall, 1987; Ragun, 1979; Tihomirov, 1985, Kumpan, 1978;
Koptev-Dvornikov et al., 1967, followed by the author's comment), dykes are plate-
-like discordant, intrusive, explosive and rarely, non-mjigmatic/sediment (Neptunian dy-

Due to presence of dykes within subvolcanic facies, particularly the facies of magma inflow chan-
nels of fissure type, the author is of the opinion that the “expression"” in the definition "intrusive bodies" is
relativelly disputable.



kes) bodies of silicate composition and variable dimensions. According to genesis, dykes
are classified into injected-endodykes, metadykes and exodykes. According to shape and
dipping conditions they are divided into hypomagmatic, intramagmatic (aschistic and dia-
schistic), perimagmatic, subeffusives and subvolcanic. Intrusive dykes are spatially connec-
ted with rupturable structures where they fill parallel or cross-cutting fissures thus forming
serial groups/swarms, individual-namely straight line (subparallel, spreading, cross-cutting
and radial), arch-like and circular-concentric/ringlike (conical and cylindrical) and step-like
dykes. According to internal structure and way of filling dykes may be simple (single
rock), complex (composite), substitutions and fillings (by flowing or explosive filling).

Dykes, as facies varieties of magmatic complexes, result from increased endogen
activities under specific conditions of tectonic predisposition of the upper parts of the
Earth's crust. They mostly occur as accompanying subvolcanic bodies within volcano-
genic-intrusive complexes, but also as individual bodies, so-called "small intrusions”.
Position of dykes within complex magmatic complexes is conditioned by relations be-
tween tectonic and particular teetonomagmatic rupturable and morphostructural elements,
as a structure of inflow channels, in relation to "primary or secondary magmatic hearths".
Connection between magmatic dykes and products of postmagmatic activity, particularly
mineralization, through mutual structures, represents the main indicator of their paragenetic
bond. Under present conditions, when establishing these relations, it is very important, apart
from applying classic methods of geological mapping, to introduce observations referring to
morphostructural analysis of a relief based on application of different methods (especially
photogeological). Due to morphological properties, position and dimensions, dykes are, in
fact, connected with ruptures of taxonomically different classes that, primarily belong to
systems of shearing: rectilinear, linear-radial (intermediate-boundary surfaces with tectonic
clays and sills of stable dipping) or injected segmental arch and circular-concentric. Dykes
may also be present within greater magmatic bodies and contractile gapping ruptures.

Relations between dykes and mineralization may be analyzed from aspects of gene-
sis and deposition (Smirnov, 1982; Abdullaev, 1954; Krejter, 1965; Volfson &
Yakovlev, 1985; Yakovlev, 1982, 1984; Nevskij, 1979; Lukin, 1986, Efremova,
1983, Kushnarev et al., 1984, etc.). The first type of connection (genctic-paragenetic
and temporal) is important when explaining genetical process and defining criteria of
mineralization for magmatic complexes, while the significance of the second one is seen
in direct structuro-lithological control of mineralization setting in relation to dykes.

DYKES AND MINERALIZATION OF GOLIJA VOLCANOGENIC COMPLEX

Due to inadequate geological interpretations and presentations on the previous geo-
logical bases-maps, the presence of dykes, particularly frequency of occurrence within
Tertiary volcanogenic complex of Golija, was rather neglected and consequently the im-
portance of dykes in relation to postmagmatic ore was insufficiently considered. There-
fore, characteristic examples illustrating the above mentioned author’s opinion are pre-
sented hereinafter.

The ore field Lisa-Cmi Vrh-Dugi Laz, several tents of square kilometers in area,
encompasses a contact-metasomatic, impregnation-veins high-temperature hydrothermal



mineralizations W (Mo, Fe, As, Bi and Cu), partly Pb-Zn. It is located in the belt of
contactly altered Paleozoic rocks: amphibolite, amphibole-biotites, amphibole-pyroxene-
-garnet-wollastonite-epidote intrusively silificated rocks under influence of pulsating
Tertiary subvolcanic-plutonic intrusions, mainly of dyke type. Relations between magma-
togenic products within this ore field highly indicate the character and dynamics of Ter-
tiary magmatism and explain its relation to mineralization of this environment and more
widely, the relations between magmatogenic products within this ore field. Interpretation
of structure of the same geological environment - Lisa, according to data of BGM and
recent additional observations - mappings in scale of 1:5000 is given in Figs. 1 and 2.

Fig. 1. Map of geological structure of the Lisa-Crni Vrh ore fields. Legend: 1. Paleozoic metamorphites
(phyllites, quartz-sericite schists and sandstones), 2. Paleozoic metamorphites (marbled limestones), 3.
flysch clastites of Upper Cretaceous, 4. quartzlatite-latites subvolcanic-volcanic facies of the Tertiary
age, 5. granodiorites-quartzmonzonites of highplutonic hypabyssal facies of the Tertiary age, 6. dykes
of aschistic vein-like rocks of subvolcanic facies of the Tertiary age, 7. rupture lines and 8. occur-
rences and deposits of mineral materials (W and Pb) of Tertiary metallogeny.

Cji. 1. Kapra reojloiuKe rpatjc py/uior nojta Jinca Kajiyflpa. Jicrc haa: 1 MeTaMopctwrH (4jhjihtohah, Kisapn-
-cepHUHTCKH liiKpHJtitH h neni'iapH) naJte030HKa, 2. MexaMocj)HTH (McpMcpucaiiH KpcMH.ann) najieo-
ClapoCIH, 5. rpaHOHHOPHT-KBapitMOHHOHHTH BHCOKORjiyTOHCKHX XHII()af)HCaJIHMX cjiaUHja TepUHjapHC
crapoci’H, 6. jjajKOBH autHCTHHX * hmhhx creHa cySByjiKaHCKHXx cjjattnja 'icpnnjapnc crapoc™ , 7. Tpace
pyin ypa h 8. nojaBe h jioKHiirra MHiicpa.TiiHX cupoBmta (W h Pb) Tcpnnjapiic MCTaliorciiMjc.

Respecting all generalizations deriving from differences in graphic scaling of working
bases, the relevant geological elements of structure, considered from dynamics of Tertiary



magmatism, and the relation between its products, were omitted at the BGM survey.
Having analyzed the relations between already existing and newly collected information
on geological structure, synthesized presented in Fig. 1, it might be concluded with
certainty that dykes represent a crucial observation point for both the estimation of mi-
neralization and phasic magmatic activity at the area of Golija. Mineralizations of skarn-
-hydrothermal impregnation-vein type (Jurija, Lisa, Ostri vrh, Crni vrh) were monitored
through local fault-fissured and lithological predisposition of Paleozoic siltstone-carbon-
aceous schistosity fundaments and tectonic-prototectonic elements within a highly pluton-
ic-subvolcanic block formed of granito-monzonite-quartzmonzonite core with quartzlatite
dykes. This complex of Tertiary magmatic rocks gradually transforms southwards into
typically waste subvolcanic facies.

Fig. 2. Interpretations of geological relations between Tertiary magmatic rocks on the BGM (Base Geologi-
cal Map-Sheet Sjenica K-3429, Scale 1:100,000). Legend: 1. Paleozoic phyllites and albite-chlori-
te-actinolitic schists; 2. Paleozoic marbled limestones and marble, 3. Senonian flysch (arenites, marls
and slates), 4. Tertiary quartzlatites, 5. Tertiary granodiorites and quartz monzonite, 6. faults and fault
zones and 7. ore occurrences and old mining works.

Cji. 2. MHTepnpexanHja reojiomKHX ojtHoca n3Met)y TcpunjapHHx MarMaxa npeMa O rK (jihct CjeHHua K34-29,
1:100.000). JlereH jta: 1. 4>hjihtohah h aji6HT-xjiopiiT-aKTHHOJMTCKH imcpHIMtH najie030HKa, 2. Mepme-
thth TepuHjapa, 5. rpaHOAHopHTH h KBapitMOHuoHHTH Tepunjapa, 6. pace/in h pace;tHe 30He n 1. pyflHe
nojanc n crapw py/iapcKH pa;(OBH

From aspect of geological-structural, faciability and petrologic-petrochemical char-
acteristics, the volcanic products of the ore field are characterized by the following prop-
erties. Spatially, they belong to the most southern segment of the Tertiary magmatic
complex of Golija, where transition highly plutonic-subvolcanic rock facies are present at



the surface. A small mass is concerned, being probably of chalcopyrite, granitoide inter-
medial intrusive (like a satellite apical cupola at the edge of the "central Golija vault" or
less possible, a relatively separated small intrusion type of a local hearth pervaded by
subvolcanic aschistic facies of considerably wider spatial distribution; Fig. 1).
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Fig. 3. Position of grained-porphyry hypabyssal and dyke porphyry subvolcanic varieties of Tertiary magmatic
rocks within classification diagrams SiOj-NajO+KjO and SiO”"NajO/K”~O (according to TkPkOGGG AN
SSSR. Andreeva & Baskina, 1983).

Git. 3. riojioxcaj -spHacro-nopcl:iiip<m/ninx xnnoa6 HcajiHHX h /(QjKOBCKHXx nopcj)HpcKHX cyOQisyjiKancKMX BapujereTa
rcpuHjapHHx MarMara Yy OKBHpy miacHcjjHKai;HOHHX /jnjarpaMa Si02NaD+K2D h Si02NadD/K,0 (npelia
TkPkOGGG AN SSSR. Andreeva & Baskina, 1975).

These facies, essentially connected with rupture system stretching SW-NE are pre-
dominantly of dyke type, in central north and particularly northeast part of the ore field,
while towards south they are “marked” by greater masses of volcanic rocks. A granitoide
"core" petrographically belongs to porphyry-granophyric (Janjic, 1994; Djordjevic,
1998) unevenly grain-like granodioritic-quartzmonzonitic varieties. Basically, the com-
plex of dykes belongs to vein-like biotic-hornblende facies with distinct structural oscil-
lations as regards degree of crystallinity and single dimensions of both the main mass
and phenocrysts tending to transfer into transition facies of deeper levels of consolidation.
Due to slightly distinguished thermal alterations and similarities in petrography properties
between dyke rocks of granitoide stock, some authors believe, on the grounds of obser-



vations within microscopic samples (Djordjevic, 1998) that a unique magmatic mass
consolidated in subvolcanic-hypabyssal level is concerned, in the framework of which all
variations result from the so-called phenomenon of "frozen edges”. The above mentioned
author, in fact, underlines that quartzlatites with transitions into granodiorites correspond
to the utmost subvolcanic-hypabyssal level, what was already accepted by previous
researches as indisputable, and that in medium deep levels (porphyritic and fine grained)
granodiorite granophyres predominantly of hypabyssal level were formed, while small
grained to unevenly grained granodiorites represent the last and the deepest conso-

FeO*

A granular-porphyritie variety (3pHacro-nopct>HpoHAHH BapHje'reTH)
« porphiric variety (nop*wpcKH BapMjeTcTH)

Fig. 4. Position of grained—porphyry hypoabyssal and dyke porphyry varieties of Tertiary magmatic rocks in
diagram Fe0-Na20+K20-M g0 (according to Irvine & Baragar, 1971).

Cji. 4. FloJiTOKgj :ipHacTO-nopc|5HpoM/(HHX XHiioaC)Hca;iHHx h flajKOBCKHX nopclinpcKnx BapHjeTera repi;HjapHHX
MarMaTa h /(HjarpaMHMa Fe0-Nad+K2D-M g0 (npeMa lrvine & Baragar, 1971)

lidation product of hypabyssal level. Such an explanation, based on model of static ma-
gmatic consolidation from one magma flow where quartzlatites belong to relatively oldest
differenciates, and granodiorites to the youngest, is denied by geological-structural rela-
tions expressed through the presence of dykes within tectonized, to a certain degree alter-
ed and mineralized granodiorites/quartzmonzonite by quartz-tungstens. Consolidation of a
pluton, as stated by Huang (1967), starts from its outer part. The inside possibly liquid
or partially liquid causes tension within a solid edge. Tension cracks are formed being
filled with penetrating magma in form of dykes. Dynamics of those processes in the ore
field Lisa-Crni Vrh was much more intense due to active complex tectonic kinematics.
Namely, dyke facies within inflow channels along large, several-kilometers long tectonic
subparallel cracks are concerned. It is obvious that the same are not sinkinematic for-
mations but products of multiphase dynamic magmato-tectonic activities originating from



the same magmatic sources/hearths, but formed through pulsating-stageous magmatic
activity within one and the same geological environment. Petrologic and petrochemical
similarities (Figs. 3 and 4) and differences in morphology and internal structure of analy-
zed magmatic bodies and particularly their mutual relations, being considerably predeter-
mined by tectonics, are the elements of a wide geological milieu of Golija that indicate
such a conclusion. Dyke facies within granitoide complexes, as quoted by Ragun
(1979), usually belong to the early phases, so called paravolcanic granitizations. As to
mineralization, the author believes that it resulted from multiphase magmatogenic ac-
tivity where subfacies of dykes played essential role not only within this ore field but
also more wider (Golijska Reka, Ostatija, Kaludra etc.). Thus, facies of dykes of chalco-
-alkaline magmatic rocks of Tertiary subvolcanic-highly plutonic complex represent sig-
nificant factors in magmatogenic control within a series of endogene postmagmatic ore
fields of the western part of Kopaonik ore district.

CONCLUSION

This paper gives a general analysis of endodykes of magmatic rocks as specific
morphopetrological forms within volcanogenic-intrusive complexes. Their geological im-
portance, particularly metallogenetic, has been more or less generalized or neglected in
our country, being, first and foremost, reflected, through geological maps as the initial
basis for elaboration of concepts and approaches to discovery and research of occurrences
and deposits of mineral materials, to results obtained and their interpretation. On the ex-
ample of a smaller ore field within the ore region of Golija, a comparative review of
geological structure is given, according to both previous and most recent studies, as well
as the analysis of the role of dykes from aspect of petrometallogenesis, stating in the
conclusion that dykes are important element of metallogenetic prognosis and possible in-
dicator of endogene mineralization not only in local but also in wider frames of Tertiary
volcanogenic-plutonic complexes of the south west Serbia.
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PE3SVNME

O JAJKOBMMA Y PYAOHOCHNM CPEAVNHAMA TEPUMNIAPHOTI
MAIMATOINEHOIr KOMITJIEKCA TTOJIMJIE

YBO/,

EHA04ajKOBM Cy MHTPY3MBHA reo/olWlKa Tena Koja Cy MpUCyTHa y OKBUPY pas-
NNYUTUX BPCTA MarMaTCKMX KOMMAeKca CTBapaHMX Kpo3 Lyry UCTOpMjy passoja 3em/buHe
Kope. HacTtajy Ha Behum munm mMawbmMm gybuHama, Kako y OKBMpPY abucasHux 1 xunoabu-
C/IHUX TaKo 1 cy6BYNKAHCKMX (aunja 6a3MyHuX, MHTEPMeLNjapHUX U KUCENUX Marmar-
CKuX guepeHumjata. BehrHa gocafallbunx npoyyasamwa fajkoBa, Be3aHa je 3a rpaHuTo-
naHe HTepMeAujapHe NIYTOHCKE, BYKAHO-MNNYTOHCKE M BY/IKAHCKe KOMIIeKce, 0fHOC-
HO OHe cpefVHe Y KOjuMa cy [ajKoBU Haj3acTyn/beHUju. Mpobnem fajkosa y OKBUpPY Tep-
LMjapHUX MarmaTckux komnnekca Cpbuje noTeHuupamo n3 Buwe pasnora. Ha reonow-
KM KapTama pasninumTux pasMepa, Noce6HO OHWM CTapujuM, asim Uy OKBUPY /IMCTOBA
"OcHoBHe reoniowke kapte COPJ", 6e3 063upa Ha M3BECHA OrpaHunyera 360r penaTue-
HO CUTHMX pas3mepa TUX KapaTa, (DeHOMEeH [ajKoBa Huje Yy MOTpe6bHOj Mepu UCTAKHYT, Yak
je y oapehieHumM cpeguHama 3aHemapuaH. [Mo3HATO je, MehyTuMm, fa AajkoBuU Mory fa
6yay nobap penep 3a PEKOHCTPYKUWUjY eBonyumje nonmgasHOr marmatnsma, a Herosu
NPOAYKTU Cy eBUAeHTHM y Cpbuju. Hagame, y pyLOHOCHUM CpeArHama Kao WTo cy pyaHa
nosba, NieXnWwTa U pyaHa Tena, 4ajkoBu Cy 4eCTO BaXXHO obenexje 3a NPOrHosy pypgo-
HocHOCTU. TMoce6HO Cy 3HauajHU 3a AeUHUCaEe KpuTepujyma nporHose y OHuM cn\-



YyajeBMMa Kafia cy y 6/MCKOj NMPOCTOPHOj WM MapareHeTCKOj Be3u ca MPOAyKTMMa opya-
HWaBatba W MnpefcTaB/bajy (DAKTOP KOHTPO/Ne U WHAWKATOP fNloKanusauuje opyhrera.
MprmMepyn 3a 0BY aprymeHTaumjy cy 6pojHu, o Mogpuwa (jyronctounm o6og Bopawckor
rpaHogmopuTckor macvea ca Ph-2n-A§ nexuwTem Bennkn Majgan), Lymaguje (nonm-
MeTanmuHa nexuwTa Asane, Kocmaja, PyaHuka n KotneHuka), npeko npoctpaHe Ko-
naoHuuYke pyaHe o6nactu (beno bpao, PajuheBa opa, Kmxesak-Kapagar, LipHay n
4p.) v nexuwTa y cknony Jleykor macusa (Jleue v Ap.), 4O TepuujapHUX pPyLHUX Mosba U
NeXuwTa UCTOYHO U jyxxHo of Cypaynuukor macusa (bnarogat, Pynsbe n KapamaHuua).
Linb oBora paga je, nsmehy octanor, ga ce Kpo3 HaBefeHU npumep, NOACTAKHY M3BeCHa
pasMul/bakba 0 fa/bMM NPUCTYNUMA NPU TEO0NOLWKOM KapTupaky anv v 0 peBusnjn u
penHTepnpeTaumju reonoWKUX OCHOBA Yy OKBMPY TepLMjapHUX BYAKAHO-UHTPY3MBHUX
komnekca Cpbuje.

Y pagy ce, Ha MPUMeEpPY HEKMX Mare MO3HATUX U Make MPOYYEHUX PYLHWUX MO/ba
3anagHor gena KonaoHnuke 061acTu, y CKNOMy TepLMjapHOT BY/IKAHOTEHO-MYTOreHor
Komnnekca onuje, anv No MULWbLEHY ayTopa LOBO/LHO Penpe3eHTaTUBHUM, faje KoMna-
paTUBHM NpUKa3 1 aHanM3a OfHOCa AajKoBa npema opyAawewuma PR, 2n n \Y. 3akmbyuum
cy 6asmpaHun Ha MaTepujany LOMYHCKMX re0NOWKNX NpoyYaBara, Kojuma cy eBuaeHTnpa-
HU 6pOjHY [ajKOBU UHTEpMeAujapHMX Marmarta Koju Ha paHujuM reofiollKUM OCHOBama,
noce6Ho OIK, Hucy yrypupanu y Toj hopMu. Y npukasy pesynrtata ayTop ce Kopuctuo
OMwTMM MeTojama reooWKOo-CTPYKTYPHE U METaNOreHeTCKe aHanumse.

ornuwTE O AAJKOBUMA N BN XOBOM OAHOCY MNMPEMA OPYOAHEHUMA

M3pa3 gajk notuye of, eHrnecke peun "cllbe/clyke" WITO y NPeBOAy 3HAUYU Hacun unu
3alUTUTHa orpaja-6apujepa v BepoBaTHO je HacTao 360r BM3yenHUX acaouujaumja Kopg
nctpaxunsaya. Mo Hekum gepumHuunjama (Pelroy el al, 1981; Kyka & MaHxhe\Y5ka,
1989; Nahee, 1952; Hall, 1987; y3 gonyHy ayTopa), AajKoBu Cy njo4vacTa AMCKOpPAaHTHa
WHTPY3MBHA, eKCNno3mBHa U pche amarmaroreHa/ceguMMeHTHa (“HENTYHUCTUYKM [AajKo-
BU") Tena CUIMKATHOI cacTaBa NPOMEH/bMBUX pa3mepa. MpeMa reHesn nNogesbeHn cy Ha
MHjeKLNOHe-eHA0AajKOBe, MeTajajkoBe, ersogajkose. [Mpema ycnoBuma 3aneraka u
thopMn fenie ce Ha XxunomarmaTrcke, MHTpamarmaTcke (allMCTHE U AWjALLIUCTHE), nepu-
marmaTcke, cy6edysnBHe, cyb6BynkaHcke. IHTpYy3WBHM [ajKOBM NPOCTOPHO CY Be3aHW 3a
pynTypHe CK/IOMOBe Yy KOjMa 3anyhasajy CUCTEME napanesHux unu npeceuajyhux ny-
KOTuHa hopmMmunpajyhu cepmjcke cKynuHe-pojese/rpyne, nojefHavyHe 0fHOCHO, NpaBo/n-
Hujcke (cy6napanenHe, rpaHajyhe, npeceuajyhe v pagujanHe), ny4yHe U KPY>KHO-KOHLEH-
TpuyHe/npcTeHacTe (KOHYCHE W LWAWHAPWYHE) U CTeneHacTe fajkose. NMpema yHyTpall-
H0j rpafiu 1 HauuHy 3anykaBarwa AajkoBM MOTY 6MTU NPOCTU (MOHOCTEHCKM), CI0XEHM
(KOMNO3MTHM), 3aMeHe U1 3anytaBama (TeYetbeM WUAN eKCMI03UBHUM 3aNyHaBatbeMm).

[ajkoBu Kao (haumnjanHu BapujeTeTn MarMaTcKuxX KOMMaeKca pes3yntupajy ns nosu-
LLIEHe eHAOreHe aKTMBHOCTW Y CNeunuyHnM yCroBMMa TEKTOHCKe npefucnosnuuje su-
KX genosa 3emsbuMHe Kope. Hajuewhe ce jaB/bajy kao npaTteha cy6By/nkaHcka Tena y
OKBMPY BY/KAHOTEHO-MHTPY3MBHUX KOMMJIEKCA, a/in U Kao camocTanHa Tena T3B. “Mmane
NHTPy3mje". Mo3uunja gajkoBa y CKIOMY CAOXKEHUX MarMaTcKux KOMMekca npegojape-
fleHa je 0QHOCOM TEKTOHCKMX W NOCe6HO TeKTOHOMArmMaTCKMX PYNTYpHUX U Mopdo-
CTPYKTYPHUX efleMeHaTa, Kao CTPYKTypa LOBOAHWUX KaHana, y OgHOCY Ha "mpumapHa uam
CeKyH[apHa marmaTcka orwbuwTa”. lNMoBe3aHOCT fajkoBa MarmaTta v npojykata nocT-
MarmaTCcKe akTMBHOCTU, NOCEBHO OpYArera, NPEKO 3ajefJHNYKNX CTPYKTYpPa, je OCHOBHU
MHAUKATOP HbUXOBE NapareHeTcKe Bese. Y AaHalltbMM YC/I0BMMA, Npu YTBpHMBakwy 0BUX



0fHOca, Nopes NpMMeHe KNacMyHUX MeToja reofoWKOr KapTupakwa, BeoMa je 3Ha4yajHo U
YK/bY4lBake OrcepBaLmnja Be3aHnX 3a MOPPOCTPYKTYPHY aHanu3y pesbeda Ha 6asm npu-
MeHe pas3nMumMTux mMetofa (nocebHO ¢oToreonowkmnx). O63UpomM Ha CBOje MOOJOLLKE
0C06eHOCTM, NO3NUMJY W AMMEH3Mje, AajKOBM Cy Y OCHOBM B€3aHW pynTypama TaKCOHOM-
CKW pasnnunTnxX paHroBsa, Koje npe cBera npunagajy cMCTeMmma cMuULamwa: npaBovHUj-
CKUM NINHEeapHUM-pagujanHum (rpaHNYHe NOBPLUMHE Ca TEKTOHCKMM F/iMHama v cTpuja-
Ma, NOCTOjaHOr 3aneramwa) Ui WHjeKTUBHUM CErMEHTapHUM IYYHUM U KPYXXHO-KOHLIEeH-
TpuuHum. C gpyre cTpaHe, y OKBMpY Behux marmaTckux Tena moryhe je npucyctso
[,ajKoBa 1y OKBUPY KOHTPaKLMOHMX 3janehux pynTtypa.

OfHocKM [ajkoBa NpeMa OpyAterwy MOry Ce aHaaM3Mpaty ca acnekaTa reHese u fge-
nosnumje (3rwrnoy, 1982; Afclnllaey, 1954; Krejler, 1956, YoHxon & Yakoyley,
1985; Yakoyley, 1982, 1984; Keyllj, 1979; bukln, 1986; u Aap). Mpsu run Bese
(reHeTCcKO-NpareHeTCKM M BPEMEHCKW) je 3Ha4vajaH 3a pasjalltbere reHeTCKOr npoweca u
JethvHMCcawma KpuTepujyma pyfoOHOCHOCTM MarMaTCKMX KOMMeKca, a Apyru ca CTaHo-
BULLTA HENOCPefHe CTPYKTYPHO-IMTOSOLWIKE KOHTPOMEe NOKanusauuje opyarerba y of-
HOCY Ha AjajKoBe.

OJAJKOBU N OPYOHEHE MATMATOIMEHOI KOMIMIEKCA IMO/INJE

360r HeajekBaTHe reo/iolWKe UHTeprpeTaumje 1 HauMHa NprKasa Ha paHujum reo-
NOLKMM OCHOBaMa-KapTama MpucycTBO AajKoBa HapOUYUTO HUXOBA YUYeCTaHOCT Y OKBU-
py TepuujapHOr MarmMatoreHor Komnnekca Fonuje je penaTMBHO 3aHEMapuBaHa, a caMnM
TUM W 3Hayaj [ajkoBa Y OLHOCY Ha MOCTMarMaTCKu PYLHW KOMMJEKC HUje WUCTULAH Y
noTpe6HOj Mepu. Y TOMe CMUCAY, HABOAUMO, KapaKTePUCTUYHE NMPUMEPE KOjU UIYCTpYjy
N3HECEHO MULL/bEHE ayTopa.

PyaHo nosse Jluca-LpHn Bpx-Ayru flas, nospLlivMHe BULlle AeceTUHa KBaApaTHUX
Kunometapa, obyxeaTta KOHTaKTHO-METacOMaTCKa, UMMPEerHaunmoHo-XnN4yHa BULLIETEM-
nepaTypHa xumapotepmanHa opyamwewa (Mo, Pe, Ax, BL, Cun), genom Ph-2n. Hanasn ce
y Nojacy KOHTAaKTHO M3MEHEHMX CTeHa Masneo3onka: ampuoboncknx, ampmb60oacKo-6mo-
TUTCKUX, aM(NOON-NMUPOKCEH-TPaHAT-BONACTOHUTCKO-eNUAOTCKUX WUHTEH3UBHO CWUWU-
(hMKOBAHMX CTeHa Nof yTuuajem nyncupajyhux tepumjapHmux cyb6BynKaHCKO-MAYTOHCKUX
WHTPY3Knja Koje Cy y 3HATHOj Mepu [ajKOBCKOr Tuna. 3a KapakTep W AMHaMUKY TepLu-
japHor marmaTtusama v TyMayere herosor ofHoca npema opyftbewy 0Be CpefuHe, anv u
MHOrO WK1pe, BEOMa CYy UHAUKATUBHU OAHOCK M3Mehy MarmMaToreHux npogykaray AOMeHy
oBOra pypHor nosba. Ha cnukama 1 v 2 gata je uHTepnpertaumnja rpahe UcTe reonoluke
cpeauHe - Jluce, npeMa nogaunma O K, v HOBUjUX HAKHAAHWUX Onaxawa - KapTupawa y
pasmepu 1:5.000. YBaxaBajyhu cBa yoniitaBaka Koja NpoucTudy n3 pasnuka y rpaguu-
KMM pasMepamMa pagHux oCHOBa, Ha npukasy Ol K n3ocTas/beHu Cy penieBaHTHU reonoLl-
KW eNeMeHTW cK/ona u rpahe ynpaso Mo nuTaky AWHAMUKE TepumnjapHOr marmatusma u
ofHoca usMehy wberosux npogykara. AHanusupajyhu ofHoce y KOHTEKCTY nocTojehunx u
HOBOMPUKYMN/bEHUX WH(OPMaLuja O reosiowKoj rpafu, CUHTETU30BAHO NPUKA3aHUX Ha
cn. 1, MoXe ce ca curypHowhy 3ak/byynuTu ga cy OajKoBu GUTaH penep Kako 3a OLeHy
PYLAOHOCHOCTM Tako M pasHOCTM MarmMaTCcke aKTUBHOCTW y nogpydjy Fonuje. Opyamere
CKapHOBCKO-XUAPOTepManHOr UMMPEerHaunoHo-xunyHor tuna (Jypuja, finca, OwTpu
Bpx, LLpHX BpX) KOHTPO/NMUCAHO je NOKAaNHOM pacefHO-MYKOTUHCKOM W NIMTOCTPYKTYp-
HOM Npefucno3nLMjoM Maneo3ojcKor aneBponmMT-KkapboHaTHOr WKPWU/baBor (yHAaMeH-
Ta U TEKTOHCKO-NMPOTOTEKTOHCKMUM €/1eMEHTUMA YHYTap BUCOKO MYTOHCKO-CY6BY/KaH-
cKor 6/10ka nsrpaheHor of rpaHUTMOHLOHUTCKOr-KBapLMOHLOHUTCKOT je3rpa ca fajko-



BMMa KBapufiatuta. OBaj KOMNIEKC TepUMjapHUX Marmarta npemMa jyry nocTynHo npenaswu
y TUNWYHe npocTpaHe cybBynKaHcke ¢auunje. Ca CTaHOBMLUTA Fe0NOLWKO-CTPYKTYPHUX,
(haumjanHUX M NeTPONOLIKO-NeTPOXEMUCKUX KapaKTepucTuka MpPOAYyKTM MarmaTusma
pygHor nosba umajy cnefeha csojctBa. MpoOCTOPHO npunagajy Hajjy>XHWjem CermeHTy
TepumnjapHor marmatckor Komnsekca Fonuje rge cy Ha MOBPLUMHMW MPUCYTHE MpenasHe
BMCOKOMNYTOHCKO-Cy6BY/IKaHCKe (paunje cTeHa. Pagu ce 0 Maw0j Macu, rpaHMTOMAHOr
MHTEpMeaMjapHOr MHTPy3MBa (Kao caTenuTcka anukanHa Kynosa Ha 0604y LeHTpanHo-
-rO/INjCKOT CBOAa WK, WITO je Makwe BepOoBaTHO, penaTMBHO M30/10BaHa XapnoanTonaHa
masia MHTpU3Mja Tuna f0KanHe OrbULWTHE CTPYKTYPE) Koja je, 360r NoBO/bHE pynTypHe
TEKroHO-mMarmaTcke npegucnosvumje, npoxketa Cy6BY/NIKAHCKUM allMCTHUM dalunjama
3HATHO LWKMper NPoOCTOpHOr pacnpocTpakera (cn. 1). OBe aunje, y OCHOBM Be3aHe 3a
pynTypHu cuctem ca Tpacama J3-CW, y LeHTpasHOM, CEBEPHOM W HApO4YUTO CeBepouc-
TOYHOM fefny PYLHOr Nnosba Cy AOMMHAHTHO [AajKOBCKOr TUMa, JOK Cy OHe Npema jyry
"MackupaHe" Behum Macama BynkaHuta. ['paHUTOMAHO "je3rpo™ nmeTporpagcku npunaga
nopupongHumM-rpaHohupckum (Janjlc, 1994; Bjondjcyic, 1998), HepaBHOMEpPHO 3p-
HacTUM TpaHOAVOPUTCKUM-KBAPLMOHLOHUTCKMM BapujeTeTuma. Komnnekc pgajkosa y
OCHOBM Mpunaga >XWYHUM KBapuUIaTUTCKUM 6UOTUT-XxopHONeHda thauujama ca uspaxe-
HUM CTPYKTYPHUM OcLunaumnjama y nornegy creneHa KpuctaamHutetTa U JUMEH3nja UHAW-
BUAya KaKO OCHOBHE Mace Tako u peHOKpucTana, ca TEHAEHLMjOM Mnpenacka y npenasHe
thaumnje ay6/bUX HMBOA KOHconuaauunje. 360r cnabo M3paKeHUX TEPMUYKUX NPOMEHA U
6/1MCKOCTM Y neTporpacKMM KapakTepucTnukama nsmely fajkoBa CTeHa rpaHUTOUAHOT
LUITOKa, HEKM ayTOpPWU, HA OCHOBY ONaXkarwa y OKBMPY MoApyyja MUKPOCKOMCKUX npenapa-
Ta, cmatpajy (OjorlJjcyjc, 1998), na ce pagu 0 jefMHCTBEHOj MarmMaTcKoj Macu KOHCONK-
[0BaHOj y Cy6BYNKaHCKO-Xx1noabucanHoM HUBOY, Y OKBUPY KOje CBe Bapujauuje npowc-
TMUY K3 T3B. (DeHOMeHa "3amp3HyTuX py6osa". TMOMeHYTW ayTop, Haume uCTudye, fa
KBapuaTUTK ca Npenasumay rpaHoAnmopuTe oArosapajy Hajsuwem cy6BynKaHCKO-XUMO-
abucanHom HUBOY, LWITO je npuxsBaheHO jowl 0Of paHUjUX UCTpaxKmeaya U HWje CMOpHO, Y
cpegwum ay6/bum HMBOMMa oopmibeHun cy (NnophrpongHn n GUHO3PHACTKN) FPaHOANO-
PUT-rpaHoM@UpPKU NPETEXHO XMNoabucanHor HUBOA, AOK CYy CUTHO3PHMU 40 HEPABHOMEPHO
3pHACTU FPaHOLUOPUTU MOCNefbU U Hajayb/bM KOHCONNAALMOHN NPOAYKTU Xunoaéucan-
Hor HMBoa. OBakBO 0O6jalltbere 3aCHOBAHO HA MOJeNy CTaTMyKe MarMaTtCKe KOHconmAaa-
uuje 13 jefHOr mMarmatckor Toka, rge KeapunaTuTu npunagajy penatmBHO HajcTapujum
AudepeHymjaTuma, a rpaHOAUOPUTU HajMnahum, AeMaHTyjy ynpaso reonoLKO-CTPYK-
TYPHU OLHOCU UCMO/bEHU KPO3 M3PAXEHO NPUCYCTBO AajKOBAa YHYTap TEKTOHU3UPAHUX, Y
M3BEHO] MepW W anTepucaHuMx W PygHO MUHepann30BaHUX FPaHOAMOPMTA/KBaApPLMOHLO-
HWTa KBapu-Bongpamatuma. KoHconupauwja jefHOr nnayTOHa, Kako HaBogu Huan»
(1967) nounke of HEroBOr Cnosballiter Jefa, YHYTpalbOoCT Koja MOXe BUTK TedyHa unm
[LeNMMMYHO TeYHa M3a3nBa HanoH y O4BpC/IOM 0604y, HacTajy TeH3UMOHe NYKOTUHE Koje
3anykwasa Hagupyha marma y Bufy fajkosa. [uHamMuka OBMX Mpoueca y pyaHOM Mosby
Nuca-UpHn Bpx 6una je MHOro MHTEH3MBHM]ja 360 aKrMBHE CI0XKEHe TEKTOHCKE KUHe-
maTuke. Pagu ce, Haume, 0 [ajKOBCKMM (baumjama y LOBOLHUM KaHanuma LYX KpYmHUX
BULLEKUTIOMETAPCKNX TEKTOHCKMX cybnapanenHmx nNykKoTuHa. OuurnefHo fa TO HUCy
CUHKUHeMaTCKe TBOpeBMHE Beh MpOAyKTW BuLedasHe ANHAMUYKE MArmMaTo-TEKTOHCKeE
aKTMBHOCTW KOjW BOLE MOPEKNO U3 UCTUX MarMaTCKUX M3BOPa/OrkuLLTa, anu HacTaium
KpO3 Nyn3aumnoHo-cTafjMjHy MarmaToreHy akTUBHOCT Yy OKBUPY UCTE Fe0/I0LWKe CPefuHe.
MeTposowWwKe 1 NeTpoXeMunjcke CAMYHOCTU (C. 3 U 4) 1 pasnuke y Mopgposiornju n yHy-
Tpawk0j rpahn aHanM3MpaHUX MarmaTCcKux Tena, a nocebHo hMxXoBu MeRyCO6HN ogHOCK
KOju cy Y 3HaTHOj Mepu npefogpeheHn TEKTOHUKOM, CY eNIeMEHTU LUMPEer reo10WKor My-



/bea lMNonuvje koju ynyhyjy Ha Takas 3ak/bydak. @aunje AajkoBa y OKBMPY FPaHUTOMAHUX
Komnekca, kako Haeoan Kagun (1976), 06uyHO npunagajy nosHum hasama T3B. napa-
BY/IKAHCKe rpaHuTu3aymje. Ca cTaHOBMULLITA PYLOHOCHOCTM, ayTop je MULL/berwa [a je OHa
ynpaBo M MPOUCTEK/Na M3 BuLIe(a3He MarmMatoreHe akTMBHOCTU Yy KOjoj cy cybdauuje
JajkoBa umane GUTHY ynory, He camMo Y OKBUPY 0BOra pPyAHOr Nnosba HEro MHOro Lwupe
(Fonnjcka Peka, OcTtatnja, Kanygpa v ap.). Ha Taj HauuH, dayuje fajkosa Kanko-af-
Ka/IHUX Marmara TepumjapHor cy6BY/NKAHCKO-BMCOKO MYTOHCKOI KOMMJ/eKca 3HavajaH
Cy (haKTOp MarmatoreHe KOHTpPO/e Y OKBUPY HU3a eHOOreHUX MOCTMarmMaTCKux pyaHuX
nosba 3anagHor gena KonaoHu4yke pyaHe 061acTu.

3AK/bYYHAK

Y pagy ce npukasyjy Uy onwTUM LpTama aHanusnpajy eHAo4ajKoBuM Marmara Kao
cneungpumyHe Mop@oneTposiolke (Qopme Yy OKBUPY BYNKAHOTEHO-UHTPY3UBHUX KOM-
nnekca. Hb1XoB reonowWKM a NOCE6HO METANOreHeTCKM 3Hayaj, y HallMM ycrosuma je, y
Mar0j unu sehoj mepu yonwtaBaH WM 3aHemapuBaH, LITO Ce, Npe CBera, Npeko nocro-
jehnx reonoWKNX KapaTa Kao MOMasHMX OCHOBa 3a M3pady KOHUenuuja v npuctyna y
NMpoHanaxekwy N UCTPXKMBaky MNoOjaBa M NeXUWTa MUHEPATHUX CHMPOBMHA HEMOBO/LHO
petieKTOBaN0 Ha MOCTUTHYTe pesynTaTe U bUXOBY MHTepnpeTtauujy. Ha npumepy jen-
HOI Maker pyAHOr nosba y OKBUPY pyAHOr pejoHa [Fonwuje, y3 ynopeLHn npukas reosoLl-
Ke rpahe, npema paHujuM M HOBUjUM M3yYaBara, aHanM3upa ce ynora Aajkosa ca acrnekra
NneTpo-MeTanoreHese y3 3ak/byyak [a OHW NPefCcTaB/bajy BaXaH eneMeHaT MeTanoreHeT-
CKe MPOrHO3€e U NOTEHUMja/IHN MHANKATOP eHAOreHe PYyAOHOCHOCTM He Camo Y JIOKaTHUM
Hero v WWUPUM OKBMPUMA TePUUjapHUX BYNKAHOTeHO-MIYTOHCKUX KOMMJeKca jyrosa-
nagHe Cpbuije.



