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YeTBPTN MaKeJOHCKM re0noLLKN KOHrpec
Four Macedonian Geological Congres

MPEJATOBOP

Yerptot Konrpec Ha I'eono3ure nHa Make-
JOHWja Tpebame 1a ce oapxu muHatata, 2020 ro-
IvHA, HO mopanu mnangemujata Ha KOBUWJI-19,
Konrpecor 6eme oanoxen 3a oBa 2021 roauHa, co
HaJeX JIeKa MaHAeMHjaTa Ke IIOMUHE U IeKa Ke Mo-
KeMe BO HOPMAIHU OKOJHOCTH Ja TO OJAPKUME
Konrpecor. Meryroa naniemujata Ha KOBUJI-19
MPOJIOJKU U BO TekoT Ha 2021 roguHa a co Toa u
olpxyBameTo Ha KoHrpecot Ha reosio3ute Ha Mak-
¢JI0HHUja CTaHa Heu3BeceH U Bo TekoBHara 2021 ro-
IIMHA, 3aT0A OPraHU3aLHMOHUOT 0A00P Ha KOHIPECOT
OJUTy4r COOpaHHUTE KOHTPECHU MaTepujainu na Ou-
naT o0jaBeHHu BO nocebno mzganue Ha 'EOQJIOI' M-
KA MAKEJOHUKA (2021) u co Toa na Oumar
3aTBOPEHU aKTUBHOCTUTE OKONy 4-oT KoHrpec Ha
I'eonosure Ha MakesoHuja.

4-ot Konrpec Ha ['eono3ure Ha Makenonuja
nNpeTCTaByBa KOHTUHYUTCT BO KOHI'PECHUTEC aKTHB-
HocTH Ha MakenoHckoto I'eonomko JpymrTBo u
OCHOBA TIpaBM MpeceK Ha JOCTHTHYyBamaTa Ha reo-
morujaTa BO MakenoHuja MoMery JBaTa KOHTpeca.

MakeIOHCKOTO T'€OJIOIIKO JAPYIITBO KaKo
acolyjalyja Ha CUTE Ie0j03U U MCTPaXyBaud OX
cdepaTa He Teo-HayKuTe BO MakeaoHHja yIiTe o
cBoeTo hopmupame Bo 1952 rouHa na ce 70 IeHecC
BO CBOJOT (JOKYC Ha MHTEPEC I'M UMa I'€0 HAyKHUTE
KaKO MHTETpajIeH A€ BO Pa3BOjOT Ha OMILUTECTBOTO
W BO pa3BOjOT Ha TUIaHeTaTa 3eMja BO IIeJIMHA.

I'eo-HaykuTe BO MIHUHATA KE€ C€ 3aHMMaBaat
CO U3yUYyBamkETO Ha TUHAMHUKATA HA caMaTa IJIaHe-
Ta 3eMja, OAHOCHO KIIyYHUTE JBUraTeIH U IIPOLecH
KOHM YIpaByBaaT CO €BOJNYIHjaTa W OJHECYBAmHETO
Ha MJIaHeTaTa, KaKo KIyYHU eJIEMEHTH 3a CTpaTell-
KHTE TUIaHMpama 3a pa3BojoT Ha [lnanerara u 3a-
YyBYBaE€TO HA HEj3MHHUTE MOCEOHOCTH KaKo IITO
CC: IMHaMHUKaTa Ha ABMXKCHCETO Ha nyfeTo, JUHa-
MHUKaTa Ha NPOMEHUTE BO JWBEP3UTETOT Ha (IIo-
pata u ¢ayHara (€KoJoruja), a moceOHO BHUMaHHE
Ke ce MIOCBETH Ha OHHME €KO-CUCTEMH KO 'l Hace-
JyBaaT HEKOJKYTE HajoJIaiecdeHd MecTa Ha oBaa
uaHera, 4uj paguyc e 6370 km, ke 3azemaar ueH-
TPaJHO MECTO BO MIHMHATA Ha 3eMjaTa, HAYHMHOT Ha
KOj pearupaar Ha (rjo0ajHHUTE) XUBOTHU U KIIHU-
MaTCKH MTPOMEHA.

Kako pesynrat Ha IIpBroT 3aKk0H Ha TepMOAU-
HaMHKa KOj ce OJJHeCyBa Ha 3a4yByBame€ Ha eHep-
rujata BO CHCTEMOT, CUTE MOJU(PUKAIIUN HA OaaH-
COT Ha €HeprujaTa (M Macara) BO BHATPEITHOCTA Ha
IUTaHeTaTa MOpa Ja uMaaT e(eKkT Ha MOBpIIMHATA
Ha IJIaHeTaTa ¥ Hej3uHara Onocdepa, BKITyqIyBajKu
ro u ommTecTBOTO. [loceqyBameTo Ha COOJBETHO

PREFACE

The fourth Congress of the Macedonian geol-
ogists was supposed to take place last year, 2020,
but due to the COVID-19 pandemic, the Congress
was postponed for this year, 2021, hoping that the
pandemic will pass so that we could hold the Con-
gress under normal conditions. However, the
COVID-19 pandemic continued to spread in the
course of 2021 and as a result of it, the holding of
the Congress of the Macedonian geologists proved
to be uncertain in the current 2021. So, the Organ-
izing Committee of the Congress decided to publish
the collected Congress materials in a separate pub-
lication GEOLOGICA MACEDONICA (2021) and
with that, to close the activities around the fourth
Congress of the Macedonian geologists.

The fourth Congress of the Macedonian geol-
ogists presents a continuity in the Congress activi-
ties of the Macedonian Geological Society and ba-
sically shows the achievements of geology in Mac-
edonia between the two Congresses.

The Macedonian Geological Society, as an
Association of all the geologists and researchers in
the field of the geological sciences in Macedonia,
has had the geological sciences in their focus of
interest since its establishment in 1952 until today,
as an integral part in the development of the society
as well as within the development of our planet in
general.

In the future, the geological sciences will be
focused on studying the dynamics of the very planet
Earth, i.e. the key moving forces and processes that
govern the evolution and the behavior of the planet,
as crucial elements for the strategic planning of the
development of the Planet and preserving its parti-
cularity, such as the movement of the people, the
dynamics of the changes in the diversity of the flora
and fauna (ecology). A special attention will be paid
to those eco-systems that have been populated at the
most distant places on this Planet, whose radius is
6370 km. They will take the central place in the
future of the Earth, the way in which they react to
the (global) living and climatic changes.

As a result of the First Law of the thermody-
namics, which refers to preserving the energy within
the system, all the modifications of the energy
balance (and the mass) in the interior of the planet
must affect the surface of the planet and its bio-
sphere, including the society as well. Possessing the
appropriate knowledge and better understanding of
such processses at a higher level is a precondition
for comprehending the processes of the occurrence
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3Haeme ¥ N0J00p0 pazdupame Ha TAKBUTE MPOLIECH
Ha TOU1a00K0 HHBO € MPEIyCclIOB 3a pa3doupameTo
Ha TpOIECUTE 3a I0jaBaTa HAa YOBEUYKH U APYTH
(dhopmu Ha )XUBOT Ha ToBpmuHaTa. O cute chepu
BO 3eMjUHHUOT CUCTeM, eHa (reo cdepara) € oco-
OCHO TpeManKy 3acTareHa BO MPOTPaMUTE 32 HC-
TpaKyBame Ha IaHeTaTa 3emja Bo uaHuHaTa. Ce-
Koja ambuirja mogoopo ma ce pazdepar MexaHW3-
MUTE KOU TH IOKPEHYBaaT MPOMEHUTE BO )KUBOTHA-
Ta CpelluHa, IITO € OYUTIICTHO BAXKHO, € HEIIEIIOCHO
W HajBEPOjaTHO MOTPEIIHO aKo He ce BKIy4YaT Haj-
pelieBaHTHUTE JHUCUUILIHHU 07 cdepata Ha Treo-
HaykuTe OWICjKHM MPOMEHUTE BO reo cdepara ru
MOKPEHYBaaT MPOMEHHUTE BO KMBOTHATA CpPEIWHA
Ha OBaa IUIaHeTa.

MHory acrekTH MoBp3aHu co 3eMjaTa 4ecTo ce
riaBeH (oKyc 3a MUPOK CIEKTap Ha reo HayYHUIH
KOM CEKOJTHEBHO C€ 3aHMMAaBaaT CO HAyKHTE 3a
3emjara. 3a BpeMe Ha MUHATHTE JICKaJH, I'eo Ha-
YYHUIMTE MPOYYyBaJIe IIUPOK CIIEKTap HA TEOPET-
CKHU M IPUMEHETH acTieKTH Ha 3eMjaTa U U3rpaauie
orpoMHa 0asa Ha 3Haeme, Koja MOXe Ja 00e30emu
MHOT'Y OJITOBOPH Ha IMpallamaTa 32 UCTPaKyBarbe
KOHM Ce PEJICBaHTHH 3a re0 HAYKUTE BO WIHWHATA.
Jen o1 oBaa 0a3a Ha 3HACHE CE TEOJIOIIKUTE 3aMUCH
KOH CE OTKPUCHHU MPU UCTPAXKYBAHATA HA AHTAPK-
TUKOT BO HCKOJIKYTC MPETXOAHU ACKAAH, U KOj MO-
ke J]a ce KOPUCTAT KaKO COOJ[BETHA MPHUPOJIHA pe-
(bepeHua 3a UIHU KJIIMMATCKU IMTPOMEHHU BO OJHOC Ha
OTIOPHOCTA HA €KOCUCTEMHUTE U YOBEIITBOTO O]
rojieMa pa3HOBHJIHOCT Ha aTMOC(EPCKU U KIMMaT-
CKH YCIIOBH.

I'eo HayuHWIIMTE HANpaBUIIe 3HA4YaeH Harpe-
JIOK BO Pa3B0jOT HA OCOOCHO PENIEBAHTHUTE MOJICITU
3a [peJIBU/IyBambe Ha CITydyBambaTa BO JJuTochepara
u arMocdepaTta ¥ NPEeKy THE OTPOMHU JOCTHTHY-
Bamba BO UCTPAKYBAHETO Cera I'M pa3doupaaT Hajro-
JIEMHOT JIeJ OJ] MEXaHU3MHUTE U BPEMETO Ha CIy4y-
BamaTa Ha IOTOJEMHUTE, MOMAaJHWTE 10 OHHE Ha
HaHO-HMBO Tiporieck Ha 3emjata. Kora nuckyru-
pame 3a MIHUHATA Ha 3eMjara, Hej3uHaTa reocgepa,
atMocgepa, xuapochepa u 6rnochepa, He MOXKAT J1a
ce UTHOpHpaaT pe3yiTaTHTe Ha TaKBUTE 3HAYAjHU
HCTPaXKyBamba.

['eo-HayyHHMIIMTE MOXXKE 3HAYajHO Ja AONPHU-
Hecar Jia ce JIajie OCBPT HAa CUTE MPHOPUTETH TIOJ
temara: JluHamnyna manera. BeymHocT, He Moxke
Jla ce Jajie OCBPT Ha HajroJeMHUOT JeNl O]l OBHE
npuoputetd (>65%) mon temara [luHamuvHa ra-
HeTa, 0e3 BUTAIHUTE 3HACH¢ Ha 3a¢/IHUIIA HA Hayd-
HHUTE 01 00J1acTa Ha T€0 HAyKHTE.

3atoa u IV-or Konrpec Ha reono3ure Ha
MakxkenoHnuja Tpeba 1a Ouie MOCBETEH HA TEMH KOU
C€ UCKITYIHUTEITHO BaXKHU 32 €BOJTyIIHjaTa U Pa3BojoT
Ha camaTa IulaHeTa 3emja.

OpranuzanoHes 0160p

of human and other forms of life at the surface.
Considering all the spheres within the Earth system,
one of them (the geo-sphere) has been particularly
little represented in the programs for the exploration
of the Earth system in the future. Each ambition and
effort to better understand the mechanisms that are
moving forces for the changes in the environment,
which is obviously very significant, is incomplete
and most probably wrong if the most relevant
disciplines in the sphere of the geological sciences
are not included, because the changes within the
geo-sphere are moving the changes within the envi-
ronment of this planet.

Many aspects related to the Earth have been a
major interest for a wide spectrum of geo scientists
who are continually working on the sciences about
the Earth. In the course of the past decades the geo
scientists were studying a wide scope of theoretical
and applied aspects of the Earth and they have
established an enormous knowledge base which can
provide many answers to the questions considering
the exploration, answers that are relevant for the geo
sciences in the future. A part of this knowledge base
presents the geological records that were found out
in exploring the Antarctic during the last decades.
They can be used as an adequate natural reference
for the future climatic changes in relation to the
resistivity of the eco-systems and the humanity
under a great diversity of the atmospheric and
climatic conditions.

The geo scientists have achieved a significant
advancement in the development of the particular
relevant modules for predicting the occurrences
within the lithosphere and the atmosphere. Owing to
that vast achievement in exploring, they can now
understand the greatest part of the mechanisms and
the time of the occurrences of the greater, the small-
ler to those at the nano level processes of the Earth.
When we discuss about the future of the earth, its
geosphere, atmosphere, hydrosphere and biosphere,
we cannot ignore the results of such significant
exploration.

The geological sciences can significantly con-
tribute for providing a review to all the pri-orities of
the Subject: Dynamic planet. In fact, a review
cannot be provided to the greatest part of these
priorities (>65%) under the subject the Dynamic
planet, without taking into consideration the essen-
tial knowledge of the association of the scientists
from the field of the geo sciences.

Accordingly, the fourth Congress of the Mace-
donian geologists should be dedicated to subjects
that are exceptionally important for the evolution
and the development of the very planet Earth.

Organizing board
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NEW INFORMATION ABOUT THE AGE OF THE PELAGONIAN
METAMORPHIC COMPLEX (??)

BlaZo Boev, Ivan Boev

Faculty of Natural and Technical Sciences, “Goce Delcev” University in Stip,
Blvd. Blvd. Krste Misirkov 10-A, P.O, Box 210, 2000 Stip, Republic of North Macedonia
blazo.boev@ugd.edu.mk

Abstract: Regarding the problem of the age the Pelagon, two questions can be asked: the first question is the
age of the metamorphic rocks (??) and the second one is the age of the consolidation of the massif (?). The metamorphic
complex of the Pelagon is polymetamorphic and polydeformational, and the age of the oldest relics has not been deter-
mined yet. This information paper for the first time presents information about determining the age of metamorphic
rocks using the U / Pb method of samples representing titanites from the lower metamorphic complex (gneisses). The
information obtained indicates an age in the range of about (1840 £25 m /y. This is the first information that has been
received and, in any case, it should be rechecked in some further research. The second question concerning the age of
the consolidation of massifs has been documented in more detail in almost all crystalline massifs on the Balkans and
that age ranges from about 550 to 600 million years, and this consolidation ends with an intense granitic (Herzinian)
magmatism of about 300 million years of age.

Key words: age, Pelagonian, metamorphism, metamorphic rocks

HOBU UTH®OPMAIIMHA 3A CTAPOCTA
HA MEJJATOHUCKNOT METAMOP®EH KOMIUJIEKC (??)

Bo oaHOC Ha Ipo0IeMoT 3a crapocTta Ha ITenaroHoT, MOe 1 ce TOCTaBaT JBe Mpalliaka U Toa: MPBOTO € Koja
e crapocTa Ha Metamop¢HHUTE KapH (??) ¥ BTOPOTO Ipallame Koja € CTapoCcTa Ha KOHCONUAANHjaTa Ha MacuBoT (7).
MepramoppHHOT KoMIUIeKe Ha IlenaroHoT e mosmMeramopdeH u monuaehOpMalMOHeH, NMPH IITO CTapocTa Ha
HajCTapuTe PEJMKTH JI0CeTa He € yTBpAeHa. Bo 0Boj HH(pOpPMAIOHEH TPY/I 3a MPB NaT ce NIPUKaKyBaaT HHPOPMAIHH
3a OfipeyBame Ha CTapOCTa Ha MeTaMop(HUTe Kapiu co npuMeHa Ha U/Pb MeTona Ha npuMepoly ko mpeTcTaByBaat
TUTaHHUTH O IOJTHUOT MeTaMopdeH KoMIuieke (rHajcer). HpopMaruuTe Kou ce T00HeHn yKayBaaT Ha CTapOCT BO
rpanunuTe o okoury (1840 £25 m.y.). OBue ce npBu nHGOPMAIMU KOH ce JOOMEHH U BO CEKOj ciydaj ou Tpebao Bo
HEKOU MOHATaMOLIHH MCTPa)KyBama Ja OMIaT IIOBTOPHO NPOoBepeHH. BTopoTo nparame Koe ce 0JjHeCyBa Ha CTapocTa
Ha KOHCOJIMJAIMjaTa Ha MAaCHBHTE € JIOCera MOJETalHO JOKYMEHTHPAaHO BO CKOPO CHUTE KPHUCTAJECTH MacHBH Ha
0aJKaHOT M Taa CTapoCT Ce JBMXKM BO TpaHHIUTE 0f okoiy 550 mo 600 MUIMOHM TOAMHU W MCTAaTa KOHCOJUAAIN]ja
3aBpIyBa CO MHTEH3UBEH IPaHUTCKH (XEPIUHCKH) MarMaTu3am ol okoiy 300 MIIHOHU TOTUHU.

Konyunu 360poBu: crapocr, [lenaron, meramopduzam, MmeTaMop(HH Kapmu

INTRODUCTION

The Pelagonian massif is the largest unit of the
belt. It is situated between the Vardar zone and the
Dinaride (West Vardar) ophiolite belt on the territo-
ries of North Macedonia and Greece (Florina “ter-
rane”) ( Arsovski, 1960, Stojanov, 1958, 1960), (Ja-
cobshagen, 1986; Pe-Piper & Piper, 2002; Yarwood
& Aftalion, 1976; Mountrakis, 1984; Koroneos et
al. 1993; Katerinopoulos et al. 1998; Vavassis et al.
2000; Reischmann et al. 2001; Anders et al. 2003;
Most, et al. 2001; Zagorchev, 2020.

The major lithostratigraphic features of the
Pelagonian metamorphic complex result from the

primary accumulation of petitic-psamitic and car-
bonate sediments accompanied by poorly expressed
initial magmatism. Over the Grenville orogenesis
the complexes were affected by metamorphic-mag-
matic and tectonic processes when they metamor-
phosed into metamorphic rocks of epidote-amphib-
olite facies. Present day understanding of the geo-
logical composition of the geological-geotectonic
unit makes it possible to divide the complex into
two parts: northern and southern. The northern part
is an asymmetric structure whose eastern portion is
raised and contains gneiss and micaschist formati-
ons, whereas the formations of the socalled mixed
series and the series of marbles have been found in
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the western portions of the segment. Plicative
structures are mainly of west and northwest
extensions. The south part of the Pelagonian meta-
morphic complex is also asymmetrically built with
uplift of the western wing where numerous plicative
structures of sub meridian direction that bend to the
north and north-west. The middle parts are built
mainly of granidiorite masses, so the part of the area
is rather raised or deeply eroded. The transition
from gneisses to marbles in the eastern margin of

the Pelagonian metamorphic complex is gradual,
with absence of micaschists and mixed series, which
have been preserved only as relicts. There, the mar-
ble series in the eastern rim is present as a band with
thickness almost twice smaller than that in the
northern part. The lithostarigraphic position of some
formations differs from that of the formations in the
northern part of the Pelagonian metamorphic com-
plex (Figure 1).

AN
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Fig. 1. Litostratigraphic map of Pelagonian metamorphic complex
(Scale 1: 200 000, Base Geologal map of Macedonia)
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Lithostarigraphic characteristics
of the northern part of the Pelagon

Besides, the lower part of the metamorphic
complex is connected with granitoid bodies of the
Prilep granitoids which in this part of the Pelagonian
metamorphic complex are connected mainly with
the terrains of Mt Babuna. In the series of gneisses
which make up the deepest parts of the Grenville
metamorphic complex several lithofacial types have
been distinguished: augen two-mica amygdaloidal,
band like, leucocratic muscovite and epidot-
muscocite-biotite gneisses. Augen two-mica amyg-
daloidal gneisses are connected with the contact
parts of the granitoid intrusions and gradually grade
into two-mica biotite-muscovite gneisses. In the
lower parts gneisses are massive and stratified
pseudo layered and schistose owing to the presence
of mica. On the surface they erode into various ir-
regular, oval shapes or sporadically there are half a
meter thick gneiss arenite. Gneisses are light red so
the portions that contain more quartz and feldspar-
albite are brighter and those with more mica are
grey-greenish. As arule, the lower parts of gneisses,
present as biotite muscovite gneisses, are character-
ized by prevalence of microcline, whereas in the up-
per parts most abundant are albite and microcline.

Porphyroblastic gneisses are closely related to
the contact parts of the granites or the gneiss-gran-
ites in the valley of the river Babuna (at Teovo). The
thickness of the gneiss series in the northern part of
the Pelagonian metamorphic complex is estimated
at 5000 to 7 000 meters. The series of micaschists
is less widespread than the gneiss series. It was dis-
covered at Plaven-ski Rid, Osoj and Silegarnik, Be-
govi Virovi and Kadino Pole, Ubava, north-west of
the Kadina Reka basin and Mt Kitka. To the east of
Prilep they were distinguished in Mts Prisoj, Viorila
and some other places. As a whole, the series of mi-
caschists is present as micaschists, quartzites and
graphite schists, which facially grade one into other
both latterly and vertically. Unlike gneisses, micas-
chists possess clearly pronounced dark brown to
dark schistose texture depending on the graphite
material in them. In addition to quartz, micaschists
also contain micas (muscovite, biotite, paragonite),
chlorite and garnets (of up to 30% in some parts),
distene, staurolite, albite, amphibole, tourmaline
etc. There are also garnet micaschists rich in garnet
with crystals attaining several centimeters in size.

Upper and lower parts have been distinguished
in the northern part of the Pelagonian metamorphic
complex in the Grenville metamorphic complex.
The lower part is present as a series of gneisses and
micaschists, whereas in the upper part a mixed se-
ries and a series of marbles have been determined.

They are abundant in Mt Viorila, north of Kozjak.
Large distene crystals of 10 cm in size have been
found in the micaschists in the area. The mixed se-
ries in the north part of the Pelagonian metamorphic
complex occupies a sequence of metamorphic rocks
of variable petrographic composition: augen schists,
feldspatised chlorite schists, cipolines, talc schists
and marbles where rocks grade one into other both
laterally and vertically. Of all lithological variet-ies
gneisses (mainly albite) prevail (the area of Mar-
kova Reka, Kitka, Ruen, the village of lzvor etc).
Metarhyolites are also present. The marble series
comprises the top parts of the Precambrian complex
in the Pelagon. In the north, the series of marbles
comprises the mountain masses of Jakupica,
Karadzica and Dautica and the River Treska valley.
Some areas north of Prilep (Sivec, Platvar and
Kozjak) are also made up of this carbonate for-
mation. Relicts of it are present in the northern
slopes of Kitka and in the eastern marginal part of
the Pelagon (the village of Izvor, Veles). The gran-
itoid formation is less present in the north part of
the Pelagon. It occurs as smaller granite bodies lo-
cated in the gneiss and micaschists series. The bod-
ies are 0.5 km? to several square kilometers in size.
Larger granitoid bodies have been found in the north
parts of Mt Babuna. Granodiorites prevail in the
north, and granites are less present in the formation.
A small diorite occurrence has also been found.
Pegmatites, aplites and quartz veins occur as lode
rocks.

Lithostratigraphic features of the south part
of the Pelagonian metamorphic complex

The Precambrian metamorphic complex in the
south part of the Pelagonian metamorphic complex
extends south of the Pelagon to Mt Selecka, Dren,
Nidze and Kajmakcalan. The complex is deeply
eroded that can be seen from the metamorphic fa-
cies’ characteristic of the deeper parts of the am-
phibolite facies, then from the position of the micas-
chist series and the absence of mixed series. The
Precambrian metamorphic complex was formed in
conditions of regional metamorphism of pelite-
psamite sediments, basic and acid volcanic intrusive
rocks and carbonate rocks. The rocks are located in
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three lithostartigraphic levels: gneiss-micaschist se-
ries (lower metamorphic complex), mixed series
and a series of marbles. The gneiss-micaschist
series (gneisses and micaschists) comprises the
lower stratigraphic level of the metamorphic com-
plex and is made up of gneisses, micaschists, metad-
iabases, quartzites and granodiorites. Different tem-
perature and pressure conditions during metamor-
phism, different levels and the influence of poly-
phase of granodiorite magmatism, resulted in zonar
structure of the gniess micas-chist series. This made
it possible to distinguish:A lower zone present as
homogenized mass, made up of muscovite-biotite
gneisses, seldom amphibolite bands.An upper
zone, lithologically present as a fairly heterogeneo-
us mass in which various types of gneisses, mica-
schists, amphibolites and quartzites alternate both
vertically and horizontally. The mixed series is
well built and is present as a thick mass of layers in
the north part of the Pelagonian massif. In the south
the thickness of the massif decreases. Only partially
preserved relicts of mixed series occur in the slope
of the marble series. The marble series is well
preserved and has been found as a 1 500 to 2 000
meters thick mass in the margin of the south part of
the Pelagon, It is transgressively overlain, with an
angle discordance, by Riphean Cambrian low meta-
morphic rocks and Upper Cretaceous sediments that
are characteristic of the Vardar Zone. At the Nidze-
Labnica-Melnica-Vepréani-Belovodica strike the
marble series is present as two superposition hori-
zons. Dolomites and dolomite marble prevail in the
lower horizon, whereas quartzite marbles in the up-
per.

METHODOLOGY

From the lower metamorphic complex of Se-
lecka Mountain from the series of gneisses, samples
of gneisses were collected from which small grains
of titanium were extracted. The determination of
age is made nn two samples with the following
methodology.

Analytical Methods for LA-ICPMS Attom
(Laser Ablation Inductively Coupled Plasma Mass
Spectrometry) U-Pb dating analyses were per-
formed using a Nu Plasma AttoM single collector
ICPMS connected to a Photon Machine Excite laser
ablation system. Samples were ablated in He gas
(gas flows = 0.4 and 0.1 I/min) within a HelEx ab-
lation cell (Mdller et al., 2009). The He aerosol was
mixed with Ar (gas flow= 0.9 I/min) prior to entry
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into the plasma. The gas mixture was optimized
daily for maximum sensitivity. Ablation conditions
were: beam diameter: 35 pum, pulse frequency: 5 Hz,
beam energy density: 2.0 J/cm? A single U-Pb
measurement included a short preablation, 20 s of
He flushing 10 s of on-mass background measure-
ment, followed by 30 s of ablation with a stationary
beam. 2*°U was calculated from the signal at mass
238 using a natural 8U/?®U = 137.88. Mass num-
ber 204 was used as a monitor for common Pb. The
contribution of 2“Hg from the plasma was elimi-
nated by on-mass background measurement prior to
each analysis. In an ICPMS analysis, 2**Hg mainly
originates from the He supply. The observed back-
ground counting-rate on mass 204 was 200-250 cps
and has been stable at that level over the last two
years. Age related common lead (Stacey and
Kramers, 1975) correction was used when the anal-
ysis showed common lead contents significantly
above the detection limit (i.e. >50 cps). Because of
very high common Pb contents, a modern common
Pb correction was tested as well (Sheet “common
Pb T = 0”). Signal strengths on mass 206 were typ-
ically 100000 cps, depending on the uranium con-
tent and age of the titanite.

Calibration standard MKED-1 (1518 £1.4 Ma;
Spandler et al., 2016) and in-house control sample
A1756 (1857 +3 Ma, unpublished) were run at the
beginning and end of each analytical session, and at
regular intervals during sessions. Raw data were
corrected for the background, laser-induced ele-
mental fractionation, mass discrimination and drift
in ion counter gains and reduced to U-Pb isotope
ratios by calibration to concordant reference zir-
cons, using the program Glitter (Van Achterbergh et
al, 2001). Further data reduction including common
lead correction and error propagation was per-
formed using an inhouse excel spreadsheet. Errors
include measured within-run errors (SD) and quad-
ratic addition of reproducibility of standard (SE). To
minimize the effects of laser-induced elemental
fractionation, the depthtodiameter ratio of the ab-
lation pit was kept low, and isotopically homogene-
ous segments of the timeresolved traces were cali-
brated against the corresponding time interval for
each mass in the reference zircon. Plotting of the U-
Pb isotopic data and age calculations were per-
formed using the Isoplot/Ex 4.15 program (Ludwig,
2011). All the ages were calculated with 2¢ errors
and without decay constants errors. Data-point error
ellipses in the figures are at the 2 ¢ level.

Titanite samples did not show signs of zoning,
hence they were not extensively imaged with a
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SEM. U-Pb ages were obtained along traverses
across the grains. After analysis, a backscattered
electron image was obtained on grain A of sample
A20-02856-1 to confirm the internal homogeneity.
All titanite data are severely hampered by very high
levels of common Pb, hence numerical results can-
not be given. The standard data processing involves
age-related common Pb-correction. As the ages
used for the common Pb composition are based on

measured 207Pb/206Pb ratios, they are obviously
unrealistically high in extreme common Pb concen-
trations. Therefore, a modern common Pb correc-
tion was attempted also. While it does produce more
concordant results, the data are too scattered for a
definitive age result to be given. As a summary
weighted average age of 206Pb/238U was calcu-
lated.

RESULTS AND COMMENTS

The results obtained and the concordance dia-
grams are shown in Figure 2. The values indicate an
age in the interval from 1840 £25 million years. In
the paper by Anders et al, 2014, several points were
obtained on the terrains in Greece that had values up
to 1777 13 million years; the determinations were
performed on the mineral zircon, and they are men-
tioned only as points, without going into a more de-
tailed comment. These age values indicate Gren-

villian age (1.5-1.8 GA), although all published re-
sults indicate Neoproterozoic age (699-713 m/y)
(De Leon, 1966, he presents the age of granitoid of
Prilep area around 1 GA). However, it should be
mentioned that, although certain problems were ob-
served during the measurements of age and that the
obtained values should be rechecked in further
work, still these values may arouse interest for fur-
ther research on the age of the Pelagonian metamor-
phic complex.

data-point error enipses are Zc

0,38

0,36 |

0,34

206pp/238Y

0,32

0,30

1900

Concordia Age = 1840 +25 Ma
(95% confidence, decay-const.
errs ignored)

46 48 50 572
207pp/235(

54 56 58 6,0

Model 1 Solution (+95%-conf.) on 15 points
Lower intercept: 120 +110 Ma

Upper intercept: 4497 £1700 Ma

MSWD = 0.35, Probability of fit = 0.98

(0] 2000 4000
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8000 10000 12000

Fig. 2. Concordia age of Pelagonian metamorphic complex

23



YeTBPTU MaKeJOHCKM reOnOLLIKN KOHrpec
Four Macedonian Geological Congress

REFERENCES

Anders, B., Reischmann, T., Poller, U., Kostopoulos, D.
(2003):. First zircon ages from South Pilion and Skiathos
Island, Greece. Berichte der Deutschen Mineralogischen
Gesellschaft, Beiheft zum European Journal of Mineral-
ogy, 15 (1), 5.

Anders, B., Reischmann, T., Kostopoulos, D., Poller, U. (2006):
The oldest rocsk of Greece: First evidence for a Precam-
brian terrane within the Pelagonian Zone, Geol. Mag. 143
(1), pp. 41-58.

Apcoscku, M. (1960): Hekon 0coOEHOCTH Ha TEKTOHCKHOT
CKJIOII Ha HEHTPAJIHUOT ACJ Ha IlemaroHuCKUOT XOpcCTaH-
TUKJIMHOPUYM M HETOBHEO OJHOC co Bapnapckara 30Ha,
Tpygosu na I'eosowxuoin 3a6og na CPM, Cs. 7., 1960,

Je Jleown, P. (1966): Ilornen Ha reoJomikaTa CTapocT Ha rpa-
HHUOTOHUJIHUTEC CTCHHU BO IICJIarOHMCKAaTa 30Ha BO Maxeno-
HUja Ha OCHOBa Ha HHBHATa M30TOIICKAa CTAapoCT, Peghe-
paiuu Ha 6 Coseitiysarve Ha I eonosuitie Ha JyTocaasuja,
Oxpuz, 1966,

Jacobshagen, V. (1986): Geologie von Griechenland. Berlin/
Stuttgart: Gebrueder Borntraeger, 363 pp.

Katerinopoulos, A., Kyriakopoulos, K., Del Moro, A., Kok-
kinakis, A., Giannotti, U. (1998): Petrology, Geochemis-
tryand Rb/Sr Age Determination of Hercynian Granitic
Rocks from Thessaly, Central Greece. Chemie der Erde,
58, pp 64-79.

Koroneos, A., Christofides, G., Del Moro, A, Kilias, A. (1993):
Rb-Sr geochronology and geochemical aspects of the
Eastern Varnountas plutonite (NW Macedonia, Greece).
Neues Jahrbuch f'ur Mineralogie, Abhandlungen 165 (3),
pp 297-315.

Ludwig, K.R. (2011). User’s manual for Isoplot/Ex, Version
4.1. A geochronological toolkit for Microsoft Excel. Berke-
ley Geochronology Center Special Publication No. 4.

Most, T., Frisch, W., Dunkl, 1., Kadosa, B., Boev, B., Avgeri-
nas, A. & Kilias, A. (2001). Geochronological and struc-
tural investigations of the Northern Pelagonian Crystalline
Zone. Constraints from K/Ar and zircon and apatite fission
track dating. Bulletin of the Geological Society of Greece,
XXXIV (1), pp 91-5.

Miller, W., M. Shelley, Miller, P., Broude, S. (2009). Initial
performance metrics of a new custom-designed ArF ex-
cimer LA-ICPMS system coupled to a two-volume lase-
rablation cell. Journal of Analytical Atomic Spectrometry,
24: pp 209-214

24

Mountrakis, D. (1984). Structural evolution of the Pelagonian
Zone in Northwestern Macedonia, Greece. In: The geolog-
ical evolution of the Eastern Mediterranean (eds J. E.
Dixon and A. H. F. Robertson), pp. 581-90. Geological
Society of London, Special Publication no. 17.

Pe-Piper, G. & Piper, D. J. W. (2002): The igneous rocks of
Greece. The anatomy of an orogen. Berlin/Stuttgart: Ge-
brueder Borntraeger, 573 pp.

Reischmann, T., Kostopoulos, D. K., Loos, S., Anders, B.,
Avgerinas, A., & Sklavounos, S. A. (2001): Late Palaeo-
zoic magmatism in the basement rocks southwest of Mt.
Olympos, Central Pelagonian Zone, Greece: remnants of a
Permo-Carboniferous magmatic arc. Bulletin of the Geo-
logical Society of Greece XXXI1V (3), pp 985-993.

Crojanos, P. (1958): IIpeTxoqHu pe3yiTaTy O/ F€OJIOMIKUTE U
neTporpadckure ucTpaxyBama Ha Ceneuka [lnanuHa,
Tpygoeu na I'eonowkuo 3asog na HPM, Cs 6, 1958,

CrojaHoB, P. (1960): IIpeTxomHu pe3yaTaTd O FEOJOMIKUTE U
neTporpaCKuTe UCTPaXKyBarmba Ha BUCOKO MeTaMOp(hHUTE
CTCHH BO LCHTPAIHUOT JeN Ha [leJarOHHCKHOT MacuB,
Tpygosu na teosowxuoiu 3aeog na HPM, Cs, 7, 1960,

Spandler, C., Hammerli, J., Sha, P., Hilbert-Wolf, H., Hu, Y.,
Roberts, E., Schmitz, M. (2016). MKED1: A new titanite
standard for in situ analysis of Sm—Nd isotopes and U-Pb
geochronology. Chemical Geology 425, pp. 110-126.

Stacey, J. S., Kramers, J. D. (1975): Approximation of terres-
trial lead isotope evolution by a two-stage model. Earth
and Planetary Science Letters 26, pp 207-221.

Vavassis, I., De Bono, A., Stampfli, G. M., Giorgis, D., Val-
loton, A. & Amelin, Y. (2000): U-Pb and Ar-Ar geo-
chronological data from the Pelagonian basement in Evia
(Greece): geodynamic implications for the evolution of
Palaeotethys. Schweizerische Mineral

Van Achterbergh, E., Ryan C., Jackson, S. and Griffin W.,
(2001): Data reduction software for LA-ICP-MS, in: La-
ser-Ablation ICPMS in the Earth Sciences — Principles and
applications, Mineralogical Association of Canada short
course series, 29, St John, Newfoundland, Sylverster P.
Ed., 239-243.

Yarwood, G. A., Aftalion, M. (1976): Field relations and U-Pb
geochronology of a granite from the Pelagonian Zone of
the Hellenides (High Pieria, Greece). Bulletin de la
Soci’et’e G’ eologique de France 18 (2), 259— 264.





