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A b s tract The intrusive magmatism of Tertiary age can be scen near the village of Pantclej in the Vardar
zone, the Republic of Macedonia. This intrusive magmatism is present as a relatively smaller pluton built up of
quartzmonzonites and monzonites. The chemical composition of the rocks is very similar to the composition of the

volcanic rocks that occur in the wider vicinity of the Kratovo —

related to the contents of strontiun isotopcs.

Zlctovo volcanic arca. The paper also prescnts data

Key words: intrusive rocks; Tertiary; quartzmonzonites; monzonites

INTRODUCTION

A strong volcanism appears at the end of Pa-
leogene and the beginning of the Neogene in the
Vardar zone connected with the processes of clo-
sure of the Tcthys Ocean (Bocv and Yanev, 2001).
The literaturc regarding the intrusive magmatism
connected with the mentioned volcanism are very
scarce. The pluton is for the first time mentioned in
the Explanation note of the Geologic Map — Stip
sheet (Dumurdzanov and Petkovski, 1976), later dis-
cussed by Boev et al. (1992). In both papers one little
body called Pantelej, near the village of Tursko Ru-
dare, and located in the Kratovo-Zletovo volcanic
area is shortly presented. It consists of quartz-monzonitc
porphyrites and monzonites, cut the Mesozoic gab-

GEOLOGICAL

The intrusive body is part of the Paleogene-
Neogene Kratovo-Zletovo volcanic area. The region
is built up of Paleozoic quartz-graphite schists, phyl-
lites, quartzites, quartzitized sandstones and chlorite-
seriete schists. These rocks are cut by the Mesosoic
gabbros and are covered by the Paleogene scdiments.
On the other hand, all mentioned rocks are pene-
trated by the Pantelej pluton. The largely predomi-
nated rocks in the Kratovo-Zletovo area are volcanic,
whose magmatic activity of Oligocene~Miocene age
is discussed by Serafimovski (1990), Stojanov & Sc-

bros and Palcozoic sediments, on the south being in
the tectonic contact with the volcanic rocks of the
mentioned arca (Fig. 1). The scarns and hornfels
along the contact of the pluton are developed. Intru-
sive rocks are also present in other localities, having
mainly granodioritic and somewhere dioritic com-
position. Tn the borcholes located in the Budim area,
the maflic intrusive bodies are also recognized.

The purpose of this paper is to characterize
the most investigated intrusive body called Pantelej
presenting the petrographic and the petrochemical
characteristics of the plutonic rocks, the K/Ar age
as well as the St isotope ratio.

SETTING

rafimovski (1990), Boev & Lepitkova (1991), Kara-
mata et al. (1992), Boev et al. (1992, 1995, 1997),
Alcksandrov (1992), Boev (1998), Boev & Yanev
(2001). The intrusive rocks from this area are sepa-
rated from amphibole-augite-biotite andesites by tec-
tonic structures. Some subvolcanic bodies with ande-
site-latite composition penetrate the pluton. The age
of the investigated pluton is 32.2 Ma. The ¥Sr/®Sr
ratio is 0.70883, being a little higher compared to the
corresponding values for the volcanic rocks in the
same area (0.7063 - 0.7077; Boev et al., 1995).
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From a macroscopic point of view these rocks
are gray and strongly tectonized. Under micro-
scope they  manilest  hypidiomorphic  structure
showing tendency (o turn to holocrystulline and
porphyritic one. The phenocrysts (Table Ta, Tb) are
presented as zonal plagioclase, partly or entirely
albitized, biotite very rich in CH (up (o 054 wt. %)

PETROGRAPITY

and quartz, The groundinas consist ol K-Na feld-
spars (eryptopertite where the albite forms irregu-
L spots in the orthoclase). The appearance of
slightly altered augite s rare. The accessory miner-
als are: 'l-magnetite, apatite and ttanite. The sec-
ondary formed minerals are: albite, quartz veinlets,

chilorite and pyrite.

Microprobe anadysis on the maiecminerals from the
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Table Ib

Microprobe analysis on the biotite from the intrusive rocks Pantelej

hiotite

wit% biotite hiotite hiotite

Si0, 3811 - 3 /.k;l 7 37.01 37.94
TiO, 5.39 5.0¢1 5.30 4.79

ALO, 14.24 114 13.72 12.91
FeO 12.03 11.97 12.24 10.65
MnO 0.24 0.32 (.34 0.54

MgO 17,208 10.R7 16.75 [8.01
BuO 0.07

Na,O 0.37 0.0:4 ().84 0.89

K,0 272 9.57 9.72 9.50

Cl 0.54 0.54 0.47 0.10

H,0 1.45 273 2.46 3.27

Sum of the cations on the basis of 24 (O)

- Si 5.585 -5,36 l. 5.405 5423
AlY 2.415 24412 23438 2.173
A 0.043
Ti 0.594 0.615 0.586 0.515
tic? 1.474 £.450 1.487 1.273
Mn 0.030 0.039 0.042 0.065
Mg 3.775 3.643 3.628 3.972
Ba 0.004
Na 0.105 0.180 ().237 0.247
K 1.817 1.769 1.802 1.732
Cations 15.838 15.469 15.599 15.400
CccCl 0.268 0.2065 (0.232 0.048
OH 1.419 2.640 2.386 3.121
(0] 24.00 24.00 24.00 24.00
l'c-FeMg 0.28 0.28 0.29 0.24
Mg-FeMg 0.72 0.72 0.71 0.76

MAJOR AND TRACE ELEMENT COMPOSITION

The analysis of the main and trace clements
was carried out on 12 samples using ICP-MS tech-
nique. The composition of the studied samplcs is
shown in Table 2.

The obtained chemical composition of plu-
tonic rocks corresponds to the volcanic rocks from
the Kratovo—Zletovo volcanic area (Boev and
Yanev, 2001), showing little variation in the con-
tent of SiO, (from 54.9 to 61.6 wt.%). On the TAS
diagram, they plot in the ficld of latite, which cor-

responds to the monzonites in plutonic rocks (Fig.
2a). The SiOy/K,O diagram (Fig. 2b) determincs
these rocks as high potassium, because of the prevail-
ing content of potassium (between 4.0 and 4.7 wt.%)
over the sodium (between 2.7 and 3.1 wt. %). The
morc precise determination of the rocks is per-
formed from the diagram of Debon and Le Fort
(1983) (Fig. 3). From this diagram it is evident that
these rocks are quartz-monzonites. It corresponds
with the established petrographic composition.

Geologica Macedonica, 18, 31-39 (2004)
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Table 2a
Chemical analyses for inajor (wt%) and trace elements (ppm)
of selected samples from Pantelej intrusive rocks
! 2 T 5 0 7 8 9 10 1 12
Si0; 6100 5829 5679 5797 6157 6057 5794  S58.19 5626 5862 5488  56.17
TiO, 0.61 0.71 0.79 0.75 0.64 0.63 0.79 0.79 0.87 0.75 0.87 0.82
ALO; 1513 1592 1531 1560 1546 1509 1570 1548 1571 1550 1595 1547
Fe,0;  5.69 7.49 7.59 7.33 7.92 6.23 740 7.44 8.06 7.05 8.13 7.69
MnO 0.18 0.17 0.16 0.16 .13 0.21 0.1 0.14 0.15 0.15 0.16 0.16
MgO 2.82 3.57 3.71 3.71 1.72 2.05 3.65 3.85 4.13 4.03 4.72 4.04
CaO 5.93 5.87 6.14 5.63 3.54 489 5.59 5.74 (.29 4.54 7.12 6.63
Ni.O 282 3.06 2,86 2.84 298 23l 2.08 278 281 2.84 3.01 272
K>0 4.34 438 62 A6 65 dS6 L7300 432 402 474 420 4.63
P,0s 027 029 0.39 040 028 029 038 039 043 0.33 040 040
LOI 1..35 0.69 2,14 0.93 143 274 114 .43 0.74 1.66 0.74 .44
Ba 934 1169 1533 1576 1002 1039 1432 1666 1646 1305 1558 1523
Rb 180 194 198 185 218 201 189 164 152 203 159 190
Sr 560 765 798 8443 S5 562 746 776 823 650 902 816
Y 30 32 ) 34 3 i 36 30 31 35 31 32
Z 202 196 209 207 200 216 215 154 178 219 172 193
Nb 2 20 21 21 20 24 24 20 1% 28 8 20 20
Th 31 36 29 27 30 15 259 278 25 20 26.4 25.6
Ga 17.8 18.3 19.2 19.5 8.9 174 19.9 185 19.7 9s 19.9 18.5
Zn 75 76 JE! 121 7 83 80 91 116 57 97 108
Cu 53 49 37 55 D) 19 51 62 3 21 58 60
Ni 1 9 22 23 12 I 30 26 27 158 25 25
\Y 116 18 170 162 145 123 162 164 186 45 186 165
Cr 18 22 ) 59 X 31 59 63 50 9 50 60
Ht 9 8 8 7 7 I 7 10 5.1 10 10
Cs 0 10 b 7 ¢ 4.5 0 6 273 4.6 6.5
Sc 25 17 20 21 253 o0 26.2 5 5 1.2 223 202
Ta L5 2 > 2 s 2 17 1Y 1.6 L4 L8 1.8
Co 8 8 12 2 2 3 13 2 20 0.5 20 19
U 5.9 9.2 7 5.6 RIS 3.8 3.8 5.2 4.5 2 4.5 52
W 5 7 5 3 3 3 2 2 2 | 2 2
Mo 2 5 2 2 2 2 f 2 2 | !
Table 2b
REE dbundance (ppimn) of sclected samples from Panteles intrusive rocks
t_ 3 3 4 3 6 7T & 9 10 il 12
A A A A A A
2 : 102 110 102 98
Sm 5 6.9 St 6.1 0.0 5.0 6.3 0.1 6.7 7.1 5.8 7
Eu L2 1.2 ! | | | [ |
Tb 0.7 z 0.9 0.9 1 0.9 0.8 ‘ " . -
: . . 0.9 0.9 0.8 0.9 0.8
Yb 3 3 2 3 g A 3 3 : '
Lu 0.2 0.2 0.2 0.2 0.2 " ' ’ ’ ’ 5
2 : 2 0.2 0.2 0.2 0.2 0.2 0.2
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Fig. 2. TAS and SiO; vs. K,0 diagrams (after Le Maitre,
1989) for Tertiary mtrusive rock in Pantele). Republic
of Macedonia
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Trace clements composition, normalized on
the primitive mantle, shows strong enrichment
compared to the mantle with LILE + U positive
anomaly, less expressed one for the HESE + Sy and
slight but clearly expressed negative anomaly for
Nb (FFig. 4a). The content of the typical mantle
clements (Cr and Ni) is rclatively low. All these
facts indicate that the discussed rocks are products
of the metasomatized mantle above a subduction
zone (suprasubduction mantle) during the subduc-
tion ol the occanic crust or during a collision. The
rare carth clements (Table 2) are strongly differen-
fiated as LREE towards HREE ratio which is rela-
tively high (La/llu = 200 — 260). Well expressed
Fu anomaly is observed (Ew/Eu’ = 2.5 - 3.8) (Fig.
4b). It means that the investigated plutonic rocks
are products of the strongly evolved magma.

600 3 T4
=100 =
S [ -
@ 3
bt ]
E -
& E
) ]
E" 0.1 =
5 ;
[95] N

0.01 & -+

0.004 (R Y U0 N T Y N T Y S Y | 13
Cs Rbh U Nb Sr Zr Tbh Cr Ni Ta

Ba Th Ph Li Ce Y n
100 ]
|
J

10

Sample/Primitive Mantle

1 Loy aa!

2 I OO N S N S T Y (O A OO A
La Pr Eau Th o Tm Lu
Ce Nd Sm Gd Dy Er Yb

IFig. 4. Trace clements distribution spiderdiagram (top)
and REE distribution pattern (botom) for the intrusive rock
of thc Pantclej

Geologica Macedonica, 18, 31-39 (2004)


http:O~O-'---!=..L...--..JLL.-..I._J..ll

Teutrary pluton Panteley in the Vardar Zone, Republic of Macedonia 37

GEODYNAMIC SETTING

The development of the Tethys Ocean in the
East Mediterranean during the Upper Cretaceous —
Paleogene period is conneclted with successive
closing of some ocean branches (Ricou, 1994).
Consequently, the subduction zones successtvely
migrate towards the south. During the closing of
the corresponding branch, the collision of the con-
tinental microplates block the subduction produc-
ing the break-oft and sinking ol the subducted
plate. It is followed by the rise ol the thermal
diapire from the low part of the mantle, generating,
the magima in the metasomatized mantle (Yanev et
al,, 1998; Yanev, 2003).

In order to relate the investigated magniatisi
with the corresponding process, the discrimination
diagrams based on the content of the some trace
elements are used. The diagrams contirm that the
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investigated quartz-monzonites are related to the
subductive processes. The conclusion that quartz-
monzonites are generated under collision condi-
tions (according to the diagram of Thiebelmont &
Tegyey, 1994), postcollision processes (according
to the diagram of Batchelor & Bowden, 1985) or
are connected (o the oceanic subduction under ac-
tive continental margine (according to the diagram
of Miiller et al., 1992) (Fig. 5) are contradictory.
According to the discrimination diagrams of
Pearce et al. (1984) the ratio Rb and Y+YDb sug-
gests the relation with the last process. On the
other hand, on the Nb vs. Y diagram presented by
the latter authors, these rocks are plotted in the
non-determined field between the orogenic gran-
ites and the within- plate granites (Fig. 6).

)ooo[ \
o
sof \ ,
300} \ )
ol N
o E
S ek PAP N\
© sof
L0F \
0} \
20}
1 L Jbb L L ! S : 1O G

1 1
10 20 30 50 70 100 200 400 600 1000

Batchelor & Bowden 19685 (tig 10)

2608 (= —— T—— _—‘T ———

1 - Mantle Fractionatez

=~ Pre-plate Collision

2000 — 3 — Post-collision Uplite
B - Late Cronjeni,
= Y — Anorogenlic
8 b Syn-collisian
:. 1Luu |— 7 = Posteorogenic
i
-
A
T 1000 [
P

s00 o2

u L 1o Phaaty
| S 0 )

Kl o= 470

Fig. .5. Lefi: Zr vs.Nb/Zr, (after Thicbelmont & Tegyey, |
Right: Ce/P3y0s5 vs. Zi/Ti0; discrimination diagram
CAP —continental arc, PAP - postcollisional

S s Hign s
Sl 1 Ty

Y9:0) discrimination diagram of the intrusive rocks of the Pantelej area.
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ars magmatic rocks. Bottom; Petrogenctic interpreration of granitoid rock series using

multicationic paramcters (Batchelor & Bowden, 1985)
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Having in mind the geological sctting during
the Oligocene and the absence of the occanic sub-
duction in this part of Tethys (Ricou, [994). the
conclusion that Tertiary magnatism (inctuding the
investigated quartzmonzonite pluton) s related (o

volcanic are sranites, ORG — orogenic granifes)

the colliston processes, is more acceptable. The
magiatic activity probably are product of melting
of the lTower, amphibolitized parts of the mantle
(Pearce ctal., 1990), mctasomatized during a older
suduction process.
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Pesnnce

TEPUUEPHHUOT NNIYTOH NAHTEIES BO BAPIAPCKATA 30HA
BO PEMNYBJIWKA MAKEJOHHNJA

Brawo Boes', Jono Janes?

'Wiuspesuitieiti Co. Kupua u MeiiioOu), Kailiedpa 3a flefliponoZuja, autnepaaoziyja u Zeoxeauyd,
Pydapcro-zeoaowixi paxyaitiei, Foye Qeaues, 89, MK-2000 Uitiui, Peiy6aikca Maredonuju
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Oya. Axd. I Bonwes 24. L1113 Cochuja, Lyzapuja

Kﬂy‘lllll 360])011": NHTPY3UBU Kapitl] 'l'L‘I)lUljll[Y, KBAPUMOHHOHHTHG MOHITOHNTIH

HHTpysuBHtaTa aKTHBHOCT O Tepijapta Crapocy
Jiocera € MHOTY MaAKy HPeTCTABCHd BO PCONOMIKATA JITe-
parypa Bo Penybnuka Makejonija. Onaa akTHBHOCT KOja
C¢ MOjaByBa BO HEKOAKY JOKQJIMTETH BO BaplapcKata
jona BO PenyGnnka Make/jonuja najjiobpo ¢ uiyena 3o
pamkHTe Ha KKPATOBCKO-3METOBCKATA RyJIKAlUCKa 06-
nacT. TyKa Bo Henoepe)ia 6misitia Ha cenoro Tlanrene)

CUC HOJaBYRA CREH IYTOH KOJ 0O CBOMTE JUMETIH3M € MHO-
Y HOFOJCM BO ONHOC Ha JIPYTHTE HHTPYSHBHM Tena (BO
OKOJIMHATA Ba By'wiiM H 30 OKOTHHaTa 1a BoposiK) Kou
CC NOJARYBAAT BO PaMKHTE Ha BapajfapcKarta soHa. OBo)
NAYTOIL € BO OCHOBA M3TPAfEH Ol KBAPIMOHUOHHTIT I
MOHIOIKTH M HETOBATA CrapocT HiHecyBa 32,2, MUAROHM
rOJULIL,



