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A b stract: The Pelagonian metamorphic complex, or tectono-stratigraphic complex, extends approximately
420 km in length and 60 km in width in a NNW-SSE orientation, forming part of the central Hellenides. The occurrence
of pegmatites within the Pelagonian metamorphic complex is quite common. They appear within the metamorphic
complex of the gneisses and in direct contact with the granitic intrusive bodies. Mainly these pegmatite bodies are made
of quartz, feldspars, micas (bioite, muscovite, paragonite, vermuiculite) as well as are the occurrence of rare minerals
such as tourmalines, epidotes, apatites, garnets and zircons. The paper presents the new information related to the age
of two pegmatitic bodies by the U/Pb dating and the K/Ar dating: Alinci and Caniste. The obtained age is Cretaceous.
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INTRODUCTION

The Drina-lvanjica-Pelagonian belt (Pelagoni-
des) lies between the Sava suture, located to the
west of the Vardar zone, and the Dinarides ophiolite
belt (west Vardar). It is primarily composed of
Precambrian and Paleozoic complexes, which are
overlain by Triassic and Jurassic carbonates. These
formations are thrust and imbricated within a west-
verging nappe system situated west of the Vardar
s.s. zone. The belt was covered by Upper Creta-
ceous flysch deposits and subsequently underwent
additional west-verging thrusting during the Palae-
ogene (Zagorchev, 2020).

The Pelagonian metamorphic complex, or
tectono-stratigraphic complex, extends approxi-
mately 420 km in length and 60 km in width in a
NNW-SSE orientation, forming part of the central
Hellenides (Figure 1) (Palinkas et al., 2012). The
Pelagonian massif, the largest unit of this belt, spans
North Macedonia and Greece (Florina “terrane”).
This high-grade metamorphic complex, which
reaches amphibolite facies with relict eclogites, is
divided into two main parts: (1) a lower complex
composed of biotite and two-mica gneisses, amphi-
bolites, hornblende and epidote-hornblende gneis-
ses, leucocratic gneisses, magmatites, and ortho-
gneisses; and (2) an upper complex consisting of
gneisses, micaschists, amphibolites, calcareous
schists, and massive marbles (Sivec marbles). Rb-

Sr age determinations from the northern part of the
massif in North Macedonia, along with recent U-Pb
data from Greece (Florina terrane), indicate poly-
metamorphic Neoproterozoic ages for these comp-
lexes, with significant dates up to 700 Ma in the
metagranites. An important Late Carboniferous me-
tamorphic and igneous event occurred around 300
Ma (Zagorchev, 2020).

The base of the complex consists of a Precam-
brian crystalline core, primarily composed of ortho-
and paragneisses, micaschists, and amphibolites.
Granitoid magmatism was emplaced during two
main episodes: (1) the Upper Carboniferous and (2)
the Late Permian to Early Triassic (Most, 2003).
Pelagonian granitoids vary in composition from
granite to quartz-diorite, but are predominantly
granodioritic (Dumurdzanov, 1985; Most, 2003).
The Upper Carboniferous granodiorite (299 + 1 Ma,
U-Pb zircon dating; Most, 2003) experienced
compressional deformation, resulting in a green-
schist to amphibolite-grade metamorphic overprint.
In contrast, the Late Permian to Early Triassic
granodiorite (~245 + 1 Ma, U-Pb zircon dating;
Most, 2003) formed as massive intrusive bodies in
the eastern Pelagonian zone, including the Sele¢ka
Mountain. Investigations of pegmatite ages in
Alinci (K/Ar method, 105.2 Ma) suggest significant


https://doi.org/10.46763/GEOL

98 I. Boev, T. Sijakova Ivanova, S. Lepitkova

magmatic activity during the Cretaceous, beginning
in the Lower Cretaceous (Boev I. et al., 2021).

The Pelagonian zone also includes sedimenta-
ry sequences of carbonate and clastic rocks depo-
sited during the Triassic and Jurassic. Its geological
structure largely reflects polyphase tectono-meta-
morphic events that occurred during the con-
vergence of the Apulian and European plates from
the Upper Jurassic to the Upper Tertiary (Most,
2003).

In this study, we report for the first time the
occurrence of spectacular zircon and microcline
crystals within the pegmatites near Prilep, which

have not been dated until now. We present chemical
and geochronological data that demonstrate a Lower
Cretaceous age for this magmatic episode.

Local geology

To examine the age of the pegmatites in the
Pelagonian metamorphic complex, samples were
taken from two localities: Alinci and Caniste. A
microcline sample was taken from the Alinci
locality to determine the age (for K/Ar geochrono-
logy) (Figure 1), and from the Caniste locality
zircon was taken (for U/Pb geochronology).
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Fig. 1. Geological map of the Pelagonian metamorphic complex (by Palinkas, S. 2012, completed by I. Boev, 2024)

The Alinci locality is situated near the village
of Alinci, approximately 3 km from the Prilep—
Bitola regional road. It is located within the Pe-
lagonian metamorphic complex, in a metamorphic
belt that separates the Prilep and Bitola fields. At
this site, metamorphic rocks (gneisses) form three
elevations descending from the northern branches of
Selecka Mountain into the Pelagonian valley. The
locality itself is on a hill known as Crn Kamen
(Mari¢, 1949). The pegmatitic occurrences here are

found within a series of alkaline syenites and
gneisses. These pegmatites consist of microcline,
arfvedsonite, albite, titanite, augite, zircon, and
apatite (Bari¢, 1964).

A distinctive feature of the Alinci deposit is its
rare mineral paragenesis, which includes uranium
minerals. Of particular interest are the frequent
nests, several centimeters in size, filled with needle-
like crystals of arfvedsonite. Arfvedsonite, a mine-
ral from the amphibole group, typically occurs as
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acicular crystals with a greenish, dark, or blue hue
and is often found as inclusions in other minerals.
Albite is also common, presenting as platy white to
completely transparent crystals, with some reaching
up to 10 cm in size. Twinned grains, such as
polysynthetically twinned albite, or Carlsbad twins,

are frequently observed. Arfvedsonite crystals are
often found as inclusions within albite. Noteworthy
are the well-developed quartz crystals, large titanite
crystals (up to 2 cm in size), and the presence of
monazite and macedonite (Figure 2).

Fig. 2. Microcline+albite+arfvedsonite from the Alinci locality

In addition, the occurrence of rare minerals
associated with uranium, such as davidite, is notable
(Damjanovi¢, 1961; Zorz et al., 1988/1989, 1999).
The Canidte pegmatite is one of numerous
pegmatite occurrences within the eastern Pelagoni-
an zone. These pegmatites vary in size, ranging
from a few decimeters wide and tens of meters long
to larger bodies that span tens of meters in width and
hundreds of meters in length. They differ in minera-
logical characteristics, internal structures, and de-
gree of fractionation. Among these, pegmatites en-
riched in uranium and thorium mineralization (such
as those at Alinci and Crni Kamen) are particularly
interesting (lvanov et al., 1966; Radusinovi¢ &
Markov, 1971; Bermanec et al., 1988, 1992).

The Caniste pegmatite, a lens-shaped body up
to 10 meters wide, cuts through Precambrian gneis-
ses (Dumurdzanov, 1985; Most, 2003). At the
Caniste locality, the pegmatite vein reaches up to 15
meters in width and 50 meters in length. It consists
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mainly of potassium-sodium feldspar and quartz,
with smaller amounts of biotite and epidote in large
crystals. Garnet and amazonite are less common,
while zircon appears as well, making Caniste the
only locality where zircon occurs within the pegma-
tites (Bermanec et al., 2001).

Zircon in the Caniste pegmatite vein appears in
two distinct forms:

i) Zircon found in microdig forms small crys-
talline aggregates, cream to pale white in color, with
significant cracking. These cracks are not filled with
other minerals. In addition to zircon, plagioclase,
quartz, and fine-grained muscovite are also present
(Figure 3).

ii) Zircon which is dark yellow in color and
does not show any differences in the microscope
compared to the previous variety, this one is also
cracked and appears in association with plagioclase,
quartz and muscovite (Figure 4).
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Fig. 3. SEM-EDS of cream to pale white zircon from Caniste

Fig. 4. SEM-EDS of dark yellow zircon from Caniste

METHODOLOGY

Samples were taken on which mineralogical
separation of microcline was done and age was
determined using the K/Ar method.

K-Ar methodology

Aliquot of the sample was weighted into Al
container, loaded into sample system of extraction
unit, degassed at ~100°C during 2 days to remove
the surface gases. Argon is extracted from the samp-
le in double vacuum furnace at 1700°C. The deter-
mination of radiogenic argon content was carried
out twice on MI-1201 IG mass-spectrometer by
isotope dilution method with 38Ar as spike, which is
introduced to the sample system prior to each ex-
traction.

The extracted gases were cleaned up in two
step purification system. Then pure Ar is introduced

into custom built magnetic sector mass spectro-
meter (Reinolds type).
It shall be noted that the test was done twice
per sample to ensure the consistency of the result.
Two globally accepted standards (Bern-4M
Muscovite and 1/65 "Asia" rhyolite matrix) were
measured for *8Ar spike calibration.

For age calculations the international values of
constants were used as follow:

M =0.581x1071% 1 A5 = 4.962x10 102,
K =0.01167 (at.%).
Mineralogical separation of zircon was also
made from the samples taken from the Caniste

locality and the age was determined using the U/Pb
method.
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U-Pb methodology

U-Pb zircon ages were determined at the London
Geochronology Centre at University College, Lon-
don, using an Agilent 7900 LA-ICP-MS (laser abla-
tion-inductively coupled plasma-mass spectrome-
try) system, employing a NewWave NWR193
Excimer Laser operated at 10 Hz with a 25 pum spot
size and ~2.5 J/cm? fluence. No cathodo-lumines-
cence imaging was conducted. Two laser spots were
placed in each zircon grain to test the consistency of
the results. No common Pb correction was applied.
The mass spectrometer data were converted to iso-
topic ratios using GLITTER 4.4.2 software em-
ploying Plesovice zircon (Slama et al., 2008) as a

primary age standard and GJ-1 and 91500 as se-
condary age standards obtaining average ages of
605.0 £ 2.5 (n = 23; MSWD = 0.59, one outlier
removed) and 1048 £ 4 (n = 24; MSWD = 0.94),
respectively. A NIST SRM612 glass was used as a
compositional standard for U and Th concentra-
tions. GLITTER files were post-processed in R
using IsoplotR 6.1 (Vermeesch, 2018a, 2018b). Due
to the low U-concentrations, relatively young ages,
and small spot size, the 2Pb signals were too low
to permit precise 2°’Pb/5U ages, although they did
permit us to confirm the concordance of the U-Pb
system. We base our geochronological analysis on
a weighted mean of 2%°Pb/?3U ages.

RESULTS

The age of the pegmatite occurrences at the
Alinci locality was determined using the K/Ar iso-
topic method on a sample of the mineral microcline.
The mineral microcline is widespread within peg-
matite occurrences and occurs in coarser and finer
crystals. The performed isotopic tests show that the

pegmatite bodies in the Alinci locality have a
Cretaceous age (Table 1)

Table below presents the results of the K-Ar
geochronology test. The certainty of the ages cal-
culated fall within 26 error.

Table 1
K/Ar age determination of microcline from the Alinci pegmatite body
Minerals K,%=+o “Arrad, (ng/g) %  “Arair  Age, Ma 26
Microcline 12.3940.13 93.1+0.3 55 105.2 2.3

The age of the Caniste pegmatite body was
determined by the U/Pb method based on the mine-
ral zircon. The separation of the mineral zircon

showed that there are two varieties of zircon in this
locality (W — zircon graine, and Y — zircon graine).
(Figure 5).

mean = 134.9+ 1.8 Ma (25/26)
MSWD = 0.95, p(x°) = 0.53 ppm U
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Fig. 5. Age of the zircon grain from Caniste pegmatite body
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CONCLUSION

The Pelagonian metamorphic complex has un-
dergone prolonged exposure to polyphase tectonic
deformation and metamorphism, resulting in a
complex thermal evolution. Based on K/Ar age in-
vestigations of biotites (Most, 2001), four distinct
tectono-magmatic phases have been identified
within the Pelagonian metamorphic complex, which
occurred on a pre-Cambrian foundation. The first
phase occurred between 447 + 17 Ma and 267 + 10
Ma, followed by a second phase of dynamo-thermal
metamorphism, accompanied by partial melting,
between 148 + 6 Ma and 114 + 4 Ma. The third
phase took place between 102 + 4 Ma and 86 + 34
Ma, while the fourth phase spanned from 64 Ma to
36 Ma.

These data indicate that the Pelagonian meta-
morphic complex experienced a complex and

prolonged thermal evolution lasting approximately
half a billion years. The formation of pegmatite
bodies at the Alinci locality most probably resulted
from partial melting within the gneisses during the
Cretaceous period (105.2 + 2.3 Ma), which cor-
responds to the third phase of the complex’s thermal
evolution. Additionally, the formation of pegmatite
veins at the Caniste localities occurred during the
second phase of thermal evolution, around 134.9 +
1.8 Ma.

APENDIX: Photografs of zircons grains under
the ICP-MS-LA.
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Peszuwme

CTAPOCT HA HETMATHUTHUTE BO INIEJJAT'OHCKHOT METAMOP®EH KOMIIJVIEKC

HBan Bboes, Tena lllujakoBa UBanoBa, Comwa JlenuTkoBa

Dakyaitieit 3a UpupogHu u texnudxku Hayku, Yuusepsuiein “I'oye [eaues”, LLinuil,
oya. ,,Toye Heaues™ 89, i.gpax 201, 2000 LLinui, Cesepna Maxegonuja
ivan.boev@ugd.edu.mk

Kityunu 360poBH: [eJTarHOHCKH MeTaMOP(eH KOMIUICKC; MErMaTHTH; CTapOCHa orpeaenta

TenaroHucKHOT MeTaMOP()EH KOMIUIEKC, MM TEKTOHO-
cTpaTHrpadCKu KOMILIEKC, ce mpoTera npuommkHo 420 km Bo
nomwkuHa U 60 km Bo mupuHa Bo opuenranuja CC3-JJU, dop-
MHUpajKu Aen o neHTpainauTe XeneHuau. [lojaBata Ha merma-
TUTH BO paMKHUTE Ha ITEJIATOHUCKUOT METaMOp(eH KOMILIEKC €
JocTa 4ecTa IojaBa. Twe ce I110jaByBaaT BO METaMOP(GHHOT
KOMIUIEKC Ha THajCEBUTE U BO JUPEKTCH KOHTAKT CO TPaHUT-

HHUTE UHTPY3UBHH Tena. OBHE MErMaTUTHH Tella Ce HAMPaBeHU
TJIaBHO Of KBapl, denacmnar, Muka (OHOTHT, MyCKOBHT, Mapa-
TOHHT, BEpMUKYJIHNT), 3 IMa [10jaBa 1 Ha PETKH MUHEPAIIH KaKo
LITO Ce TYPMAIIMHH, MHUIOTH, alaTHTH, TPAHATH U LUPKOHH.
Bo TpyzoT ce npercraBeHH HOBUTE HH(OPMALIUK TOBP3aHHU CO
CTapocTa Ha JIBE MErMaTHUTHH Tena o AMMHIM B YaHHIuTe O
natupame U/Pb u K/Ar. JlobueHara ctapoct e kpena.

APENDIX

Photografs of zircons grains under the ICP-MS-LA
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