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Radiometric K/Ar data as evidence of the geodynamic evolution of the

Zdraljica Ophiolitic Complex (central Serbia)

KRISTINA RESIMIC’—§ARIC’1, VLADICA CVETKOVIC!, KADOSA BALOGH?

Abstract. The study presents age data and petrologic characteristics of igneous rocks of the Zdraljica ophi-
olitic complex (ZOC), situated in central Serbia, 150 km south of Belgrade. The complex consists predominate-
ly of a MORB/VAB-like tholeiitic suite, represented mostly by gabbros and diabases. The tholeiitic suite is intrud-
ed by calc-alkaline intermediate and acid magmas of a VA-affinity, which presumably formed in a pre-collision-
al setting. The whole complex is intruded by peraluminous granite magmas. The crystallization age of the calc-
alkaline pre-collisional quartzdiorite is 168.4+6.7 Ma and it post-dates the formation of the here exposed ocean-
ic crust. Geological evidence suggest that the emplacement of the complex occurred during the Upper Jurassic.
With respect to their petrology and age, the Zdraljica ophiolitic rocks are similar to the south Apuseni Mts. ophi-
olites, situated to the north, and to the KurSumija and Guevgeli ophiolites, situated to the south. All these ophiolit-
es probably formed as parts of a single Jurassic belt, which can be termed the eastern branch of the Vardar Zone.
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AnctpakT. Y OBOM pajly NpUKa3aHy Cy MOfALH O CTAPOCTH U O HajBAaXKHUjUM IETPOJIOUIKUM OfIMKaMa Mar-
MaTCKHX CTE€Ha O(pHOINTCKOT KOMIUIeKca 2Kyipaspuiie Koju ce Hamasy y nentpairnoj Cp6uju, 150 km jyxkHO of
Beorpapga. Komnnekc je msrpaben mperexkno op Toneutckux creHa MORB/VAB kapakTepa Koje cy npen-
CTaBIbEHE YITIAaBHOM rabpoBuMa H nujabazuma. OBy TOJEUTCKY CBUTY MHTPYAYjy KaJIKO-aJKaJTHE MHTEPMeE[H-
japHe u kucene marme VA-auHHTETa, 32 KOje Ce MPETIOCTaBlba fja Cy 00pa3oBaHe Y Npe-KONMU3UOHUM YCIOBH-
Ma. Ileo kOoMIUIEKC je MHTPYAOBaH NEPATYMHUHMjCKHM JIEYyKOKpAaTHHM TIpaHUTHMa. BpeMe Kpucramusanuje
KaJIKo-aJIKaJHOT KBapupuopuTa je 168.4 + 6.7 Ma u OHO HajBepOBaTHHjE YKa3yje Ha MPe-KOIMU3NUOHU CTAM]jyM.
Tl'eonomku okasm ykasyjy fa je opHOIMTCKH KOMIUIEKC 2Kjpajbuiie CMEIITeH TOKOM ropme jype. IIpema
NETPOJIOTUjH U CTAPOCTH, MCIIUTHBAHN KOMIUIEKC II0Ka3yje BEJIUKY CIMYHOCT ca O(PUOIUTHAMA y>KHUX AIyceHa
Ha ceBepy 1 ca opuonuTckuM KoMiuiekcnMa Kypmymnuje n Hesbennje Ha jyry. CBu oBu 0pHOTUTH CYy BEpOBAT-
HO (popMupaHu Kao [IeNOBH jeJHOT jyPCKOT I0jaca KOju JaHac Ipumafa ucrouHom obony Bapnapcke 30ne.

Kmbyune peun: Bappapcka 30Ha, jypcku opuonutu, K/Ar nopany, reoguHamMuka, CyoayKIuja, KOJIu3uja.

Introduction

Ophiolitic complexes are remnants of the oceanic
lithosphere which where obducted onto colliding conti-
nental plates. They give precious information about the
composite evolution of the oceanic crust/lithosphere,
including spreading, lateral movements and closure of
oceanic realms by subduction and obduction processes.
These phases of the oceanic evolution were followed
by metamorphic processes which usually make the in-
vestigation of magmatic processes very difficult.

The various ophiolites of the central and western
Balkan Peninsula, mostly occurring in Serbia and Bo-
snia, and southward to the F.Y.R. of Macedonia and
Greece, belong to a planetary ophiolitic zone connect-
ing the Alpian and Himalayan orogenic belts (e.g. Co-
LEMAN, 1977). Their nature has been a matter of ongo-
ing debate, especially regarding the number of inferred
paleo-oceanic domains which existed during the Meso-
zoic in this region. Most authors generally distinguish
Dinaride and Vardar Zone ophiolites. They are regard-
ed as belonging to separate sutures, situated in the west
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and in the east of the Drina-Ivanjica—Pelagonian block,
respectively (e.g. KARAMATA et al., 1999, KARAMATA et
al., 2000b, RESIMIC-SARIC et al., 2000). While there is
consensus for the Jurassic age of the emplacement of the
Dinaride ophiolites, the ophiolites of the Vardar Zone are
still the subject of various interpretations. For a long
time the Vardar Zone ophiolites were regarded as being
entirely Jurassic in age (CIRIC, 1996). During the last
decades, evidence appeared that the Vardar Zone itself
is a composite suture. This conclusion was mainly
derived from geological observations that the ophiolites
of the western part of the Vardar Zone are connected to
a Sennonian olistostrome mélange (KARAMATA et al.,
2005 and references therein), but those in the eastern
part are covered by transgresive Tithonian limestones.
On this basis, KARAMATA et al. (1999, 2000a) distin-
gushed the eastern and western branches of the Vardar
Zone, which are separated by the almost north-south
stretching Kopaonik unit. They regarded the eastern
branch as a relict of the main Vardar Ocean, which was
closed in the Upper Jurassic, and the western one as a
younger oceanic realm, closed in the Upper Cretaceous.

In this paper, the K/Ar radiometric ages of the Zdra-
ljica ophiolitic complex (hereafter ZOC) are presented
and discussed. The complex is located near Kragujevac
in central Serbia, about 150 km south of Belgrade and
it covers about 30 km? (Fig. 1). This ophiolite complex
is geotectonically situated along the easternmost margin
of the Vardar Zone and shares the following general
characteristics of the ophiolites of the eastern branch of
the Vardar zone (KARAMATA et al., 1999): (i) they are
predominantly composed of igneous members of ophi-
olites, (ii) they are characterized by rare exposures of
peridotitic bodies commonly severely serpentinized, (iii)
they contain various granitic rocks, and (iii) their over-
step sequence is Upper Jurassic in age (e.g. KARAMATA
et al., 2005).

Analytical procedure

The radiometric K/Ar data was obtained using a mag-
netic sector mass spectrometer designed in the Institute
for Nuclear Research ATOMKI of the Hungarian
Academy of Sciences in Debrecen (Hungary). The ana-
lytical procedure was given in detail by BALOGH (1985).

The instrument works in the static mode with a ra-
dius 150 mm and a deviation of 90°. For the Ar-analy-
sis, the line for the Ar-extraction was also used. The
most suitable samples were crushed, care being taken
that the smallest grain size was not less than 0.05 mm.
Dusty material was avoided because it increases the
binding of atmospheric argon to the particle surfaces,
which leads to an increase of the Ar-content of the
samples. For the whole rock analyses, the samples were
only roughly crushed, but for mineral analyses separa-
tion by firstly an electromagnetic separator and subse-
quently by heavy liquids was performed. In the final

stage, the most fresh grains were picked out under
binocular lenses.
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Fig. 1. Geotectonic position of the Zdraljica ophiolitic com-
plex (ZOC). The terrane boundaries and distribution of
Mesozoic ophiolites are given by KARAMATA et al. (1994)
and DIMITRUEVIC (1992).

Petrography and Geochemistry

Igneous rocks of the ZOC can be divided into two
petrogenetically different rock suites: (1) a predominant
suite of tholeiitic affinity and (2) a subordinate suite of
a calc-alkaline affinity (Resmmi¢, 2000).

Tholeiitic affinity suite

The tholeiitic suite is represented by massive gab-
bros and diabases with subordinate cumulitic gabbros
and peridotites. Basalts and plagiogranites are very rare.
The whole suite was metamorphosed under low- to me-
dium-T conditions. Therefore, some rocks can be clas-
sified as spilites, metadiabases or even greenschists.
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Although the ZOC is a dismembered complex, an
almost complete oceanic crust section can be recon-
structed. The deepest part of the ZOC is represented by
highly serpentinized cumulitic wherlites, which devel-
oped as rare pods and layers within gabbros. They are
allotriomorphic and orthocummulitic in texture, com-
posed of olivine (Fogs,3) and diopside (Mg# 89.8).
Gabbros appear as irregular blocks or sheets of massive
and cummulitic facies. Texturally, they are coarse-,
rarely fine-grained and poikilitic to coarse-grained
ophitic and orthocummulitic, and contain plagioclase
(fresh: 63.8-97.6 % An or albitized: 3.7-19.6 % An),
clinopyroxene (diopside with Mg# 73.0-93.3 and augite
with Mg# 62.4-86.7) and, very rarely, totally serpen-
tinized olivine. The accessories are magnetite, sphene
and apatite. Secondary minerals are epidote, uralite,
chlorite, tremolite, calcite, serpentine, pyrite and, rarely
magnesiohornblende. Diabases appear as single dykes
or dyke-swarms intruding gabbros or irregular massive
bodies. They show ophitic, intergranular or intersertal
textures. The main mineral phases are plagioclase
(70.2-85.7 % An) and augite (Mg# 61.3—80.2), while
accessories are magnetite, sphene and altered glass.
Metamorphosed diabases are mostly composed of albite
(2.3-6.9 % An), epidote/zoisite, uralite, tremolite, mag-
nesiohornblende, calcite and pyrite. Basalts mainly occur
as pillow lavas and, primary and redeposited, hyallo-
clastites. They have glomeroporphyritic, ophitic, aphyric
and intersertal textures. Phenocrysts are albitized pla-
gioclase (7.7-11.7 %An), relicts of augite (Mg# 60.2
and 77.7), opaques and serpentinized olivine, while the
groundmass is composed of chloritised glass and micro-
lites of plagioclase. Plagiogranites occur as small dyke-
or sill-like intrusions and irregular bodies within dia-
bases and fine-grained gabbros. They display hypid-
iomorphic and fine-grained granular texture. They are
composed by albite and quartz, accessories are magne-
siohornblende, magnetite and apatite, while epidote/zoi-
site and chlorite are secondary products.

The geochemical characterization of these suite is gi-
ven in detail in REstmi¢ (2000) and RESIMIC-SARIC e al.
(2004) and will only be summarized here. According to
their major element composition, these rocks show a
tholeiitic affinity (IRVINE & BARAGAR, 1971). Their
MORB characteristics are suggested by HFSE ratios, e.g.
Zr/Y(around 2.5) and Ti/Y (around 240) (SAUNDERS &
TURNEY, 1984). On Nb*2—Zr/4—Y (MESHEDE, 1986) and
V vs. Ti (SHERVAIS, 1982) diagrams these rocks occupy
both MORB and VAB fields. This is confirmed by the
chemical compositions of clinopyroxenes plotted on
Ti+Cr vs. Ca (LETTERIER et al., 1982) and F, vs. F,
(NISBET & PEARCE, 1977) diagrams. In addition, the pla-
giogranites show an ORG affinity according to (Y+Nb)
vs. Rb and Y vs. Nb (PEARCE et al., 1984) discrimina-
tion diagrams. Geochemical modelling shows that the
most primitive rocks of the tholeiitic suite could have
originated from 10—15 % non-modal batch melting of a
spinel-lherzolite  (Ols;Opx,5 sCpx,5Sp,5) source. The

most important process of magma modification was frac-
tional crystallization (F=0.6), with the fractionating
assemblage: Pls, oCpx, sOl,¢ ; Ttn, gAp, Mgt .

Suite of calc-alkaline affinity

The calc-alkaline affinity suite is predominantly rep-
resented by leucocratic granodiorites and granites and by
rare quartzdiorites and quartzmonzodiorites. These rocks
have a similar mode of occurrence. They generally apear
as irregular bodies or smaller dykes, which show sharp
and sheared boundaries in contact with gabbros.

Leucocratic granodiorites and granites are hypidiomor-
phic medium- to coarse-grained in texture. Poikilitic,
perthitic and granophiric textures are also observed. They
consist of quartz, K-feldspar, albite (0-6.9 % An), chlo-
ritised biotite and amphibole. Accessory phases are
apatite, magnetite, and zircon, while sericite and chlorite
are alteration products. Quartzdiorites and quartzmonzo-
diorites show a medium-grained, hypidiomorphic texture.
The main minerals are plagioclase (48.142.2 % An)
and magnesiohornblende (Mg# 0.63—0.74), while K-feld-
spar is very rare and occurs only as interstices in quartz-
monzodiorites. The accesorites are sphene, apatite, zircon
and opaque minerals.

Geochemically, both the leucocratic granodiorites/gra-
nites and the quartzdiorites/quartzmonzodiorites are
calc-alkaline and differ from plagiogranites in having
higher LILE and lower HFSE and Cr, Ni contents.
However, the leucocratic granodiorites/granites are per-
aluminous and have a similar composition to the Furka
and Fanos granitoids found more to the south in the
F.Y .R. of Macedonia and Greece, respectively. These
granitoid rocks occur within the ophiolitic complexes
which geotectonically belong to the eastern branch of
the VZ. In addition, the ZOC leucocratic granitoids
show syn- to postcollisional character (HARRIS et al.,
1986, PEARCE et al., 1984), as do the Furka and Fanos
granitoids (§0PTRAJANOVA, 1967, CHRISTOFIDES et al.,
1990). On the other hand, the 70C quartzdiorites and
quartzmonzodiorites are metaluminuous and are akin to
VA-granitoids, i.e. they show a pre-collisional charac-
ter on the above mentioned discrimination diagrams.

K/Ar data of the ZOC

The K/Ar radiometric age determinations of the
whole rock (w.r.) samples and the mineral separates
(amphibole, plagioclase and K-feldspar) from both the
tholeiitic and calc-alkaline suites of the ZOC are pre-
sented in Table 1 and Fig. 2. There is a wide range of
age data (168.4—77.3 Ma), which probably mark vari-
ous events in the evolution of the ZOC. Thus, these
radiometric data can be interpreted as showing: (a) the
age of igneous processes and (b) the time of various
metamorphic events.
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Table 1. K/Ar radiometric data for minerals and rocks of the ZOC.

morphic overprint during the
Cretaceous. Of the dated miner-

Rock type Sample Analised K Ar}(md) At Age als, K-feldspar loses Ar at the
number material (%) (cm’/g) (%) (Ma £ o) lowest temperature (130£15° C)
gabbro B amphibole | 0.0765 4.718 x 10”7 | 26.8 | 15204210 ~ and this is in accordance with
plagioclase | 0.32 | 1.250x10° | 195 | 978+ 7.3| the youngest ages measured on
‘ wir. 0285 | 1567 x10° | 58.7 | 136.2+ 77| the K-feldspar from the leuco-
diabase E-530 1 lagioclase | 0.71 | 3.066 x 100 | 683 | 1078+ 45|  cratic granite.
quartzdiorite V-306/7 amphibole 0.38 2.607 x 106 | 62.8 | 168.4+ 6.7
plagioclase 0.75 2,683 x10°° | 540 | 90.0+ 3.7 . . .
Vs | feldspars | 274 | 1233x10% [ 831 | 1123+ 43 Discussion and concluding
quartzmonco- amphibole | 1.30 | 6.725x10° | 59.1 | 1285+ 52| Tremarks
diorite V.3s3c | feldspars 2416 | 1.172x 105 | 68.5 | 120.7 £ 4.8 o .
¢ | amphibole | 1.249 | 7.340 x 10 | 789 | 1452+ 5.7 The ophiolites of Zdraljica
leucocratic Va306/6 | W 460 | 1.819x105 | 940 | 99.0+ 38| predominantly consist of tholei-
granite K-feldspar | 7.45 | 2.286x10° | 89.0 | 773+ 3.6| itic MORB-affinity —igneous
V-353b | plagioclase | 1.55 | 5917 x10° | 79.0 | 956+ 3.8 rocks, which represent slices of
the ancient oceanic crust. The
crystallization age of these rocks
could not be directly radiometri-
 g0- metamorphic cally dated by the K/Ar method. All the K/Ar estimates
x | overprint on tholeiitic rocks are younger than the presumed em-
— 5 / placement age of the ophiolites. The time of ervnplace-
| over-step ment can be inferred from the fact that the ZOC is
S 120- sequence associated with a Middle/Upper Jurassic diabase-chert
Ma) 1 formation (MARKOVIC et al., 1968, DOLIC et al., 1981)
140 4 | and that its immediate overstep sequence is represent-

crystallization
- _| of the Zdraljica
) quartydiorite AN /

crystallization of the
—160

/ rejuvenation of the Fanos granite (SPRAY et al.,
J quartzdiorite ages 1984; BoRsl et al, 1996)

___________ R ——

2

1801

oceanic crust formation

Fig. 2. K/Ar data for analysed minerals and rocks of the ZOC.

The oldest ages were obtained on amphiboles from
the quartzdiorite samples. The value of 168.4+6.7 Ma
(sample V-306/7) most likely represents the age of
intrusion of the quartzdiorite magma. The effects of cer-
tain rejuvenation can be taken into consideration be-
cause partial chloritization of the amphibole from the
quartzmonzodiorites could have caused some loss of
radiogenic Ar. This can explain the younger estimate of
145.2+5.7 Ma for the amphibole from sample V-353c.

Amphiboles from a gabbro sample (8-B) revealed an
age of 152 Ma but with a very high error of +21 Ma.
It is not likely that the crystallization age of these rocks
is lower than 152 Ma because this gabbro is intruded
by the above mentioned quartzdiorites. Therefore, this
estimate indicates some metamorphic overprints and
may represent the age of the emplacement of the Zdra-
ljica ophiolites. The much younger whole rock age of
136+7.7 Ma obtained on a whole-rock diabase sample
for certain post-dates the age of ophiolite emplacement.

The ages of the feldspars from all lithologies of the
70C revealed a similar range of 120.7-77 Ma. These
ages suggest that the whole ZOC underwent a meta-

ed by Tithonian limestones and Lower Cretaceous
paraflysch (MARKOVIC et al., 1968; DOLIC et al., 1981).

The magmatic age of the ZOC can possibly be in-
ferred on the basis of the crystallization age of the calc-
alkaline quartzdiorites, which was estimated at around
168 Ma. These rare rocks are metaluminous and show
a pre-collisional VA-character. This can indicate that at
least some parts of the ZOC are relicts of an immature
island arc. In this context, the minimal formation age
of this oceanic crust can be regarded as Middle/Late
Jurassic. On the other hand, the crystallization age of
the leucocratic granitoids cannot be inferred from the
available K/Ar data. Their geochemical characteristics
suggest that they formed under a syn- to post-collision-
al setting, i.e. after the emplacement of the ZOC. As
mentioned above, petrochemically similar counterparts
are the Furka and Fanos granitoids which occur more
to the south, within the Guevgeli ophiolitic complex.
The Fanos granite was dated 148+3 Ma (K/Ar on
biotite; SPRAY et al., 1984) and 150+2 Ma (K/Ar and
Rb/Sr on biotite; BORSI et al., 1966). These ages can
correspond to the time of intrusion of Zdraljica leuco-
cratic granitoids in the syn- to post-collisional phase
following the emplacement of ophiolites.

The above presented data concerning the Zdraljica
ophiolite complex support the interpretation based on
the existence of two-branches within the Vardar Zone.
In many geotectonic interpretations, the ophiolites of
the Vardar Zone were generally believed to be related
with Jurasssic igneous sequences situated more to the
north in the South Apuseni (BLEAHU et al., 1981;
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NICOLAE, 1995; BORTOLOTTI et al., 2002, and references
therein). They are mainly based on K/Ar Upper Juras-
sic ages available for south Apuseni (Mures) ophiolites
(167.8+5 Ma — NICOLAE et al., 1992). In addition, south
Apuseni ophiolites are associated with radiolarian
cherts of Callovian to Oxfordian age (Lupu et al.,
1995). However, these interpretations did not take into
account that only the eastern part of the Vardar Zone
ophiolites can be considered as a continuation of these
occurrences. In this context, important evidence is pro-
vided by this study. For instance, the following char-
acteristic of the ZOC are similar to the south Apuseni
ophiolites: (i) the Zdraljica ophiolitic segment is dom-
inated by igneous members with only subordinate peri-
dotites, (ii) it was formed as a MORB-type oceanic
crust in Middle Jurassic, (iii) it contains calc-alkaline
rocks of a VA-signature, which presumably originated
in a pre-collisonal setting, (iv) the whole ophiolitic unit
was intruded by leucocratic peraluminous granites after
the emplacement, and (v) its overstep sequence is rep-
resented by Titonian limestones and Lower Cretaceous
flysch. The southern continuation of the eastern branch
of the Vardar Zone are the KurSumlija (south Serbia)
and Guevgeli (F.Y.RM. and northern Greece) ophio-
lites. The KurSumlija ophiolites are situated only about
150 km southwards from the ZOC. They are very sim-
ilar to Zdraljica rocks with respect to the characteris-
tics of the facies and petrochemistry (RESIMIC-SARIC,
unpublished) but radiometric data are still not available
for these rocks. On the other hand, the Guevgeli ophi-
olites also meet the above summarized characteristics
(e.g. IvaNovski, 1970). It is worth noting that the spe-
cific geotectonic position of the Guevgeli ophiolites
with respect to more westwardly situated Vardar ophi-
olites was emphasized in the seventies by MERCIER
(1973).

The presented data set is not sufficient to explain the
age and formation of the Zdraljica ophiolites in detail.
However, there is evidence that this is a specific Juras-
sic ophiolitic section with possible dismembered coun-
terparts in the north and in the south. They probably
represented (an) oceanic domain(s) situated along the
southern European margin during the Jurassic. After the
closure and accretion, they probably formed as a uni-
que ophiolite belt. The southern part of the belt more
or less preserved its continuation, while the northern
parts came into the present position during the tecton-
ic escape of Adria-related microplates during the Late
Paleogene—FEarly Neogene.
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Pe3ume

PaguomeTtpujcke K/Ar crapoctu kKao 1okas3
reofuHaMuuKe eposynuje Knpabsnukor
0(PMOIUTCKOT KOMILIEKCA (IeHTpaIHa
Cpouja)

Odmonurcku komimieke XKapamuie (2KOK) nana-
3m ce Hagomak KparyjeBma, oko 150 km jyxkHO off
Beorpaga. I'eoTeKTOHCKY, OH MpHIaja TJIaBHOM (Hc-
TOYHOM) 0607y Bapnmapcke 3oHe.

Marmatrcke crene 2KOK-a mory ce mopenuTu Ha
CBHUTY TOJIEUTCKOT apUHUTETA, KOja JOMUHHUPA, U CBU-
Ty KaJKo—aJKaJTHUX KapakTepucTuka. ToleumrTcka
CBHUTA IIpE/iCTaB/beHa je MAaCUBHUM rabpoBuUMa U [iuja-
6a3mmMa, mogpeheHo KyMyJlaTHUM TabpoBUMa W TEpH-
HOTHTHMA, JOK Cy 0a3aJiTH U IUIarHOTPaHUTH BEOMa
perku. OBe creHe mokasdyjy MORB-kapakTepucTtuke
npema caipxkajuma HFS enemenara, unp. Zr/Y(~ 2.5) u
Ti/Y (~240). Ha mujarpammma Nb*2—Zr/4-Y u V vs. Tu
3ay3uMmajy mojba 1 MORB-a u VAB-a, mro je mo-
TBPHEHO U XEMUjCKMM CacTaBOM IHPOKCeHa Ha [uja-
rpamuma Ti+Cr vs. Ca m F; vs. F,. [lnaruorpanuru



Radiometric K/Ar data as evidence of the geodynamic evolution of the Zdraljica Ophiolitic Complex 79

noka3yjy ORG adwunuter. Kanko-ankanHa cBuTa
IpejcTaB/beHa je MPETEXKHO JICYKOKPATHAM T'PaHHUTH-
Ma ¥ TpaHOMOPUTHMA U PETKUM KBapLMOPUTUMA U
KBapIMOHIoAopuTAMa. [IpemMa reoxeMmjcKiuM OfiIu-
Kama OBe CTeHe ce PasiiKyjy Off IUIarHOrpaHuTa II0
Behem caapxkajy LILE m mamem HFSE, Cr m Ni.
JIeyKOKpaTHU TPaHUTH W T'PAHOAMOPHUTH Cy Hepainy-
MUHUjCKHM U CIIMYHOT Cy cacTaBa Kao rpaHuTu ®Pypke
(Makepgonmja) n dPanoca (I'puka). OBy CIMYHOCT
noTBpbyje U BUXOB CHH- IO IIOCT-KOJIM3UOHU Kapak-
Tep. Ca apyre cTpaHe, KBapLJUOPUTH U KBapIMOHIIO-
OUOPUTH CYy METaalyMUHHjCKU, Onucku VA rpaHu-
TOUAMMA U NIOKa3yjy Ipe-KOJU3UOHU KapaKTep.

CrapocT kpucranusanyje ToneunTckux creia MORB
acuHuTeTa HUje fupeKTHO ofpebena K/Ar mepemuma.
Cse nobOmjeHe crapocTu cy miabe of mpeTmocras-
JbeHor BpemeHa cmelnraja 2KOK-a koje je ogpebeno
Ha OCHOBY ummeHHIE fa je 2KOK acomupan ca cpep-
BO/TOPHOjYPCKOM ija0a3-posKHaYKOM (popMaIiyjom
U J1a overstep CEKBEHIY IPeACTaB/bajy TUTOHCKH
Kpeumaly U JOKOKPEIHN NapadIInil.

CrapocT MarMaTckWx mpolueca of oko 168 Ma
yKa3yje KpUCTANM3aNHUjy KaJTKO-aJIKaIHOT TMPEeKOIH-
3MOHOT U MeTaallyMHHUjCKOT KBapuguoputa VA-adu-
auteTa. OBO yKasyje fa cy 6apem Heku penou 2KOK-a
PENMKTH HE3peJIor OCTPBCKOT JIyKa, OJHOCHO, fa ce
Kao MHHHUMaJIHa CTapoCcT 00pa3oBama OKEaHCKe Kope
MOKEe CMaTpaTH cpefimba/ropma jypa. C gpyre crpase,
BpeMe Kpucranus3alyje JeyKOKpaTHUX TpaHHTOuUsa
HHUje ce Moria goouTtu paguomeTtpujckuM K/Ar pgaTo-
BameM. Ibuxose opnuke, MmebyTum, ykasjy ga cy obpa-
30BaHU Y CHH- JIO IOCTKOJIM3UOHUM YCIOBHMA, OJHOC-
HO, mocne cmemrTaja KOK-a, cnuyHO TpaHuTUMA
dypke u Panoca. Crapoct rpanuTa PaHoca U3HOCH
148 + 3 Ma (K/Ar Ha 6uotuty u 150 + 2 Ma (K/Ar n
Rb/Sr Ha 6moTHTy). OBe cTapocTn Morye Ou fa Ofro-
Bapajy ¥ BpeMeHy MHTpyAoBama KIpalbniuKux JIeyKO-
KPaTHUX I'PaHUTOU/A Y CHH- 10 IIOCT-KOJIM3UOHO] ha3u
KOja je mpaTuia CMeITaj opuoaunTa.

ITpukazanu nopamu o 2KOK-y norspbyjy unrep-
mpeTanyjy O MOCTOjaly fBa OrpaHKa yHyTap Bap-
[lapcKe 30He — MCTOYHY WM [VIaBHU 3a KOjU ce cMaTpa
7ia je 3aTBOPEH TOKOM jype | 3allajHN KOjH je 3aTBOPEH
y kpeau. Hanme, 2KOK nma omninke Koje cy KapakTep-
UCTUYHE U 3a JIpyre O(UOJIUTCKE KOMILIEKCE YHyTap
ucToyHor obona Bappgapcke 30He. Y MHOTUM T€OTeK-
TOHCKUM HMHTEpIIpeTanyjaMa o(pHOIUTH jy>KHAX ATy-
CeHa CMaTpajy ce JIeJIOM jypcKe MarMaTcKe CEeKBeIe
Bappapcke 30He, yriiaBHOM Ha ocHOBY K/Ar ropmo-
jypckux (167.8 £ 5 Ma). ITopen Tora oBE 0(hHOIUTH CY
acolMpaHd ca pPaguoapuTHIMa KaJOBHjCKE JIO OKC-
¢opncke crapoctu. OBe uHTepnperanuje, MebyTum,
HIICY y3UMalle y 003HUp Jia ce caMO Y UCTOYHOM 000ny
Bappapcke 30He Hanase mojaBe ouONNTA KOje Ipef-
cTaBibajy KoHTuHyuTeT. Cnepehe kapakrepucTuke
KOK-a cy cauyHe ca ofjnmkama O(HOJUTA jy>KHHUX
ArmyceHa: (a) KOMIUIEKC je m3rpabeH yriaBHOM Off Mar-
MaTCKUX 4iaHoBa oduonunta, (6) OKeaHCKa Kopa
MORB-Tuna 06pa3oBaHa je y cpefboj jypH, (B) KOM-
IJIeKC caip>KM KajlKoaJkainHe creHe VA aduHHUTETa,
KOje Cy BEpOBaTHO IPEKOIM3MOHOT KapakTtepa, (T)
eJra O(puoNMTCKa CEKBEHIA je TTOCIIe CMEITaja MHTPY-
[OBaHa JEYKOKPAaTHUM IIepaJIyMUHO3HUM IPAHUTOUNU-
Ma ¥ () overstep CEKBEHIa je IpEfCTaBbeHAa THTOH-
CKUM Kpeuwanuma 1 JomboKpenHuM duuiom. Hacra-
BaK UCTOYHOI obOofa Bappmapcke 30He Ha jyr npep-
ctaBibajy opuonutu Kypmymnuje u hesbenuje.

Ilpuka3anu ceT mHojaTaka HHUje MOBOJbAH fa cCe
meTasbHO oOjacHe ctapocT M HacraHak KOK-a. Me-
byTum, mokazaHo je f1a je ped o crenuPUIHOM jyPCKOM
o(UONUTY KOjU Ce Ha ceBep M jyr HacTaBlba ca
cnu4HUM 1ojaBaMa. CBH OHM BEPOBATHO NPEJCTABIbA]Y
jeaH WU BUILE JYPCKUX OKEAHCKUX JOMEHA 1yK jy>KHe
€BPOIICKE MapTuHe, KOj! Cy MOCHe 3aTBapama U akpe-
1yje 06pa30Bay jeANHCTBEH O(PUOIUTCKY nojac. Jyx-
HU JICO OBOT II0jaca cavuyBao je Mame-BHIIIe CBOj KOHTH-
HYUTET, 10K je BeroB CEBEPHHU [I€0 JOIIA0 Y AaHAlIbY
[I0JIOXKA] 32 BpEMe TOPH-ET NalleoreHa—ObEer HeOreHa.



