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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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PETROGRAPHY OF THE DREN-BOHULA MASSIF
AS A PART OF THE OPHIOLITIC COMPLEX DEMIR KAPIJA-GEVGELIJA

lvan Boev

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

Abstract: The Dren-Bohula massif covers the western parts of the ophiolite complex Demir Kapija Gevgelija
and geologically it does not represent a separate tectonic segment. It is built of the following rocks: verlite, troctolite,
olivine gabbro, gabbro, Uralite gabbro, diorite, basalt, diabase, and quartz-diorite. The interrelationships of these types
of rocks, as well as their mineral composition, indicate a continuous magmatic differentiation of basic magma.

Key words: ophiolitic complex, Dren-Bohula, gabro

HETPOI'PA®UIJA HA MACHUBOT JAPEH-BOXYJIA
KAKO AEJ O OPUOJIUTCKHOT KOMIIVIEKC JEMHUP KAIINJA-TEBI'EJINJA

Macusot [pen-byxyna ru 3adaka 3amagaute AeI0BH 01 opuomuTckuoT Komiuieke Jemup Kammja ['eBrenmja u reomomku
IJIEIaHO HE IIPECcTaByBa MOCEOCH TEKTOHCKH CerMEHT. M3rpajieH e 0/ CJIeAHUBE KapIli: BEPIIUT, TPOKTOJIHUT, OJMBHH-CKU radpo, radpo,
YPAIUTCKH Trabpo, THOpHT, Ga3ant, nujada3, KBapIyiMopuT. MefyceOHHTE OJHOCHM Ha OBHE THIIOBH Ha KapiH, KAKO W HUBHHUOT
MHHEpaJIeH COCTaB YKa)KyBaaT Ha KOHTHHYHpaHa MarMaTcka qudepeHiyjanmja Ha 6a3ndHa Marma.

Kiyunu 36opoBu: opruomurckn kommuieke, pen-boxyma, rabpo

INTRODUCTION

The Demir Kapija-Gevgelija ophiolite com-
plex is the largest remnant of oceanic crust within
the Vardar Zone in the Republic of North Macedo-
nia. The Vardar Zone is centrally located on the ter-
ritory of the Republic of North Macedonia (along
the river VVardar) and it consists of the Western Oph-
iolite Belt (Schmid et al., 2008) or the Dinar Ophi-
olite Unit (Karamata, 2006) and the Eastern Ophio-
lite Belt. The Eastern ophiolite belt is locateds in the
SE part of the Republic of North Macedonia and the
ophiolite complex Demir Kapija-Gevgelija (Figure
1) is located in it. The Eastern ophiolite belt is a sep-
arate part of the Vardar zone, different from the Di-
naric ophiolite belt or the western ophiolite belt of
the Vardar zone (Karamata, 2006; Schmid et al.,
2008), Bozovi¢ et al, 2010, Prelevi¢ et al, 2017,
Prelvi¢ et aa, 2014, Boev et al, 2013.

The complex extends in the NW-SE direction
and to the north the ophiolite complex of Klepa
joins, while to the west there is the massif called the
gabbro-diabase complex Dren-Bohula. On the terri-
tory of the Republic of North Macedonia this com-
plex is about 50 km long and 25 km wide. The com-
plex continues to the south into neighboring Greece
where it is called the Gevgelli series (Zachariadis,

2007). In the northwestern part of this complex in
the region of Tikves it is covered with Upper Eo-
cene and Pliocene sediments and volcanic clastic
sediment rocks, and in the southern parts of the ter-
ritory of Greece this complex is covered with Plio-
cene and Quaternary sediments. The research of ge-
ology, tectonics and lithostratigraphy of the ophio-
lite complex so far has determined the presence of
the following lithological formations: a formation
of gabbros and accompanying plutons; a vein com-
plex; a formation of massive basalts; a formation of
spilitized pillow basalts; a spilite — keratophyre level,
a basalt chert formation; a flysch formation, and a
carbonate formation with titonic age (Lepitkova,
2002).

The gabbroic formation is composed predomi-
nantly of fine — grained and medium — grained cli-
nopyroxene gabbros, rarely of olivine gabbros, py-
roxene gabbros with olivine, troctolites and amphi-
bole gabbros and quite rare are serpentinized duni-
tes and hornblende peridotites as well as dikes of
basalts, gabbropegmatites, aplites, granite — porphy-
ry and quartzdiorites. This formation of various
types of intrusive and vein type rocks is a result of
magmatic differentiation and the processes of
amphibolitization.
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Fig.1. Ophiolitic complex Demir Kapija-Gevgelija (Bozovic et al, 2010, modified by I. Boev, 2021)

Ultrabasics are present as tectonically forced
masses along fault structures or they occur along
with troctolites. They are present as serpentinized
dunites, amphibolized peridotites as well as weh-
rlites. They are made up of hornblende, serpentine,
actinolite, olivine and accessory magnetite.

A vein complex occurs in the contact parts of
the gabbroic formation and the formation of mas-
sive basalts as a well-developed 200 to 300 (maxi-
mum 500) meters zone made up of basalt — dolerite
dikes and segmented gabbro masses. The miner-
alogical composition is similar to the massive basalt
and gabbroic mass.

Massive basalts are found in the central and
eastern portions of the ophioltite complex. They are
present as fine-grained ophiolite and intersertal
composition with occasional occurrences of entire
recrystallization of the glass groundmass. They are
altered rocks in which feldspars are heavily al-
bitized. Basic plagioclases occur as relic kinds (Lab-
rador — bytownite), whereas albite — oligoclase —an-
desine are present as plagioclases. Femic minerals
as found in augite, hornblende, secondary chlorite,
epidote, magnetite, apatite.
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Spilite — keratophyre level occurs in the top
most portions of the formation of basaltic pillow la-
vas. It is present as a concentration of dikes and out-
pourings of keratophyre masses, quartzkera-
tophyres, rhyolites and seldom andesites which
form keratophyre level together with spilitized bas-
alts. These acid differentiates occur as pink to red,
grey — green to grey — white rocks with micro por-
phyritic to porphyritic structure composed of alter-
ated feldspatic mass with relics of plagioclase (oli-
goclase — albite), K — feldspar, also chlorite, quartz,
epidote, seldom crystals of hornblende, chloritized
biotite and calcite (Saric et al, 2009).

Upper parts of ophiolitic complex are com-
posed of chert formations, flysch formations and on
the complex there are massive carbonate rocks of ti-
tonic age.

METHODOLOGY

In the summer of 2020, in the part from the vil-
lage Dren (west of Demir Kapija) to the village Bo-
hula, samples of basic and acid rocks were collected
that appear in this part of the ophiolite complex. Mi-
croscopic transmissions and chemical analyses were
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made on the collected samples using the ICP-AES
method. The microscopic preparations were pro-
cessed in detail using a Leica polarizing microscope
and microscopic preparations were made.

MICROSCOPIC ANALYSES

1. Verlite

Verlite is made of serpentinized olivine, ser-
pentinite, augite (dijalag) and accessory minerals
(hypersthene, chlorite, feldspar, uvarovite and a

small amount of magnetite). Due to the processes of
serpentinization, the primary structure is changed in
some places and in other places the whole rock is
built of serpentinite, which has a typical network
structure.

Olivine occurs in allotriomorphic grains (about
1 mm in size) is mainly serpentinized and there are
some veins of magnetite. In some places the occur-
rence of small tiny crystals of augite (dijalag) and
amphibole is often observed, which in places form
a typical kelephite structure (Figure 2).

Fig. 2. Microscopic photography of verlite (crossed Nicols)

Pyroxene, augite (dijalag) occurs in much
smaller amounts. These are usually large individu-
als (about 5 mm) that almost always contain olivine
grains. Prismatic cleavage is not very pronounced.
Rhombic pyroxene, hypersthene, sometimes occurs
with the dialogue.

Magnetite occurs in irregular grains or in the
form of veins.

Chlorite occurs in larger piles and is character-
ized by blue interference colors.

Feldspar is very rare and belongs to the group
of basic plagioclases.

Uvarovite occurs in fine green isotropic grains,
especially in association with chlorite.

The normative composition (Table 1, analysis
1) does not correspond to the modal composition,

because serpentine does not belong to the group of
normative minerals (NORM minerals). In the mi-
croscopic examination there are less plagioclases
than in the normative composition (13%). Other
normative minerals are in accordance with the
modal mineral composition determined under a
microscope.

Olivine grains that are not related to augite (di-
jalag) have irregular shapes, while olivine grains
that are embedded in augite (dijalag) have a rounded
shape. This structural relationship of the rounded ol-
ivine grains that are incorporated in the augite (dija-
lag) is the consequence of the genesis of these peri-
dotite varieties within the ophiolitic complex Demir
Kapija—Gevgelija.

27
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2. Troctolite

Macroscopically, this rock is of greenish color
with a pronounced dark shade, it has a speckled tex-
ture where the speckles are represented by black
grains of olivine and white grains of plagioclase.
Under a microscope it can be seen that the rock is
made up of irregular olivine grains, mostly involved
in the serpentinization process and irregular grains
of plate plagioclase. Around some grains of olivine
there is an edge of augite (dijalag) (symplectite).

The presence of actinolite as well as the presence of
small green isotropic grains of uvarovite are noticed
in the rock. Magnetite also occurs in the serpentin-
ized olivine grains themselves. Feldspar occurs
rarely and is involved in transformation processes
(Figure 3).

The normative composition (Table 1, analysis
2) corresponds to the calculated modal composition
in terms of the presence of olivine, plagioclase,
magnetite and pyroxenes.

Table 1
Normative minerals composition of the rocks from Dren-Bohula Massif

Niggli Norm 1 2 3 4 5 6 7 8 9 10 11 12 13 14
quartz - - - - 3,397:10,562: 25,983 35,487, — - - - 8.510:13.399
orhoclase 0.060 0.060! 0,466 0,943: 1,422 3,216 1,686 0,365 0,118 0.479: 0.830: 0.958 1.315 0.984
albite 2.171 5.547! 6,991 6,757:17,563 26,00:35,148 38,888:20,506 11.375: 9.548:17.289 28.671 31.315
anorthite 10.842:35.471 46,109:61,439 46,731:39,206 23,866: 18,835 34,705: 32.456 43.677 46.572:30.344:22.987
corundum - - - - - - - 1,032 - - - - - 1.414
nepheline - - - - - - - - - - - - - -
leucite - - - - - - - - - - - - - -
kaliophilite - - - - - - - - - - - - - -
Na2Si03 - - - - - - - - - - - - - -
calcite - - - - - - - - - - - - - -
apatite - - - - - 0,301 - - - - - - 0.223; -
pyrite - - - - - - - - - - - - - -
ilmenite - - - - - - - 0659 1424 - — 1638 2211 2.988
magnetite 8.246; 4.934: 2,957 0,907: 2,758 4,553 2,121: 1,764 3,173 3.602; 1.898: 1.949 2.893 3.744
hematite - - - - - - - - - - - - - -
rutile - - - - - - - - - - - - - -
titanite - - - - - - - - - - - - - -
perovskite - - - - - - - - - - - - - -
diopside 13.118 3.702:25,788 21,885:21,784 3,480: 0,088: — 20,901:27.555 28.575:11.940' 6.626: -
hyperstene 19.625 6.734; 7,207, - 6,345 12,673:11,109;: 2,969:17,973:12.305 7.550:15.283:19.207 22.169
olivine 45.936:43.553.10,481; 7,824 — - - - 1,199:12.198 7.921 4371 - -
wolastonite - - - - - - - - - - - - - -
larnite - - - - - - - - - - - - - -
acmite - - - - - - - - - - - - - -
norm En 99.0: 985 957: 942 929 785 747 775 83,7 852 862 738 692 779
Norm An 833 865 868 896 72,70 601 404 326 629 741 821 729 514 423
Norm Color 869 589 464 306 309 20,7 133 54 447 557 459: 352 309 289
CIPW Norm 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Quartz - - - - 3.656; 11.10i27.516:37.240: - - - - 9.494:13.895
Orthoclase 0.059: 0.059: 0.473: 0.945; 1.418 3.132: 1.655: 0.355; 0.118 0.473: 0.827: 0.945 1.359: 0.945
Albite 2.031 5.161 6.684: 6.38316.499! 23.86:32.491 35.622 19.291:10.576 8.969 16.076:27.922 28.345
Anorthite 10.761:35.020:46.774:61.580:46.578 38.16:23.407:18.306:34.642:32.049:43.529:45.947:31.353.22.076
Corundum - - - - - - - 0919 - - - - - 2.124
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Niggli Norm 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Nepheline - - - - - - - - - - - - - -

Leucite - - - - - - - - - - - - - -

Kaliophilite - - - - - - - - - - - - - -

NazSiO3 - - - - - - - — — - - - - -

Calcite - - - - - - - - - - - - - -

Apatite - - - - - 0.348: — - - - - - 0274 -

Pyrite - - - - - - - - - - - - - -

limenite - - 4161 - - - - 0.874; 1.937 - - 2.203 3.115: 3.913
Magnetite 11.353; 6.757: — 1.261 3.813: 6.148 2.885: 2.378 4.393! 4.930 2.624: 2.668: 4.147: 4.988
Rutile - - - - - - - - - - - - - -

Titanite - - - - - - - - - - - - - -

Perovskite - - 25611 - - - - - - - - - - -

Diopside 12.686: 3.564: 6.684:21.520:21.343: 3.398: 0.087 . — 20.78127.018:28.264:11.898 6.960: —

Hypersthene 17.627: 6.025 9.133: - 5.832:11.877.10.609;: 2.787:17.013:11.459: 7.082:14.721:19.635:20.535
Olivine 38.603 36.485: — 6.780: - - - - 1.083:10.815 7.065 4.062: - -

Wollastonite - - - - - - - - - - - - - -

Larnite - - - - - - - - - - - - - -

Acmite - - 95.7 - - - - - - - - - - -

Norm En 99.6: 98.6: 87,5 941 927 75.1 70.2 734 817 832 846 700 694 739
Norm An 841 872 456 90.1. 738 615 419 339 642 752 829 741 529 438
Norm Color 8.03; 528 — 29.6. 310 214 136 6.00 452 542 450 356; 339 294
Indices

Mg/(Mg+Fe) 0.834: 0.859 0.817: 0.870: 0.707: 0.485 0.544 : 0.324: 0.668 0.730: 0.774. 0.617: 0.513. 0.533
Mg/Mg+Fe?+1/MgO 0.933: 0.940. 0.907: 0.918: 0.844: 0.656: 0.667 : 0.484: 0.752: 0.809: 0.832. 0.671: 0.588 0.630
Mod.larson -36.25 -28.40: -17.57: -13.36. -6.666: 0.246: 0.333 | 1.216: 0.109! 0.076: 0.098: 0.138: 0.179: 0.161
Thort. Tutt. 2.090: 5.220 7.157; 7.538:21.574:38.093:61.662:73.217:19.410:11.049; 9.796 17.022:38.775 43.185
Ratios

(Na+K)/Al 0.093: 0.073. 0.075: 0.062: 0.169: 0.272: 0.436 . 0.478: 0.229. 0.154: 0.106: 0.164: 0.331 0.358
Na+K+2Ca/Al 2371 1.121 1.647: 1.416: 1.484: 1.098 1.00 : 0.937: 1.580: 1.897: 1.731 1.268: 1.198 0.866
K/(K+Na) 0.027: 0.011 0.062: 0.116: 0.075: 0.110: 0.046 : 0.009: 0.006: 0.040: 0.080 0.052: 0.044 0.030
Mg/Fe 13.971:15.790; 9.708:11.235; 5.424: 1.907: 1.999 | 0.938: 3.037 4.240: 4.951: 2.037. 1.426: 1.701
Niggli Endmembers

Olivine - - - - - - - - - - - - - -

FO 45473 42.893:10.030: 7.372 - - - - 1.004:10.392: 6.828. 3.226: — -

FA 0.466: 0.661 0.451: 0.452: - - - - 0.196: 1.805 1.093: 1.145 - -

Dipside - - - - - - - - - - - - - -

DI 12.985: 3.646:24.680:20.620:20.737. 2.733: 0.066 . — 17.487 23.477:24.632: 8.811 4.584; -

HD 0.133: 0.056. 1.109: 1.264 1.547: 0.747 0.022 @ - 3.414 4.078: 3.943; 3.129 2.042 -

Hypersthene - - - - - - - - - - - - - -

EN 19.426: 6.632: 6.897. 0.00; 5.894: 9.953: 8.301  2.301:15.037:10.484: 6.509:11.278 13.288:17.281
FS 0.199: 0.102. 0.310: 0.00 : 0.451: 2.720: 2.808 : 0.667: 2.936: 1.821: 1.042. 4.005: 5.918 4.888
CIPW Endmembers

Olivine - - - - - - - - - - - - - -

FO 38.036 35.688: 8.575: 6.227 - - - - 0.844: 8.641 5.735; 2.682: - -

FA 0.565: 0.796. 0.558: 0.553; — - - - 0.239; 2.174 1.330; 1.380: - -

Diopside - - - - - - - - - - - - - -

DI 12.539: 3.502:24.358:20.108:19.625: 2.588: 0.063 . — 16.98222.534:23.884: 8.457 4.608: -

HD 0.147: 0.062. 1.254; 1.412. 1.719: 0.810 0.024 @ - 3.799: 4.484 4.380: 3.441 2351 -

Hypersthene 17.392; 5.906: 6.311. 0.00; 5.300: 8.739: 7.344  2.018:13.539 9.330: 5.851:10.036 12.385:14.970
EN 0.234: 0.120. 0.373; 0.00: 0.532: 3.158 3.265: 0.769: 3.474. 2.130: 1.231 4.684; 7.250 5.565
FS - - - - - - - - - - - - - -
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Fig. 3. Microscopic photograph of troctolite (crossed Nicols)

3. Olivine gabbro

Olivine gabbro is built up of plagioclases of
the bitovnite-anorthite type, augite (dijalag) and a
very variable amount of olivine. There are very few
accessory minerals and they are represented by am-
phibole-actinolite, magnetite, and sometimes hyper-
sthene. In some specimens of olivine gabbro, biotite
is also present.

The rock is very coarse-grained, it has a typical
gabbroic structure (allotriomorphically granular),
crystals are presented with different sizes, as fol-
lows: feldspar are up to 2 mm in size, while pyrox-
enes and olivines are up to 1 mm in size.

Feldspars are fresh and they build the main
mass of the rock. They have isometric shapes, regu-
larly appearing as twinned individuals or in the form
of polysynthetic lamellae (Figure 4).

Augite (dijalg) occurs in allotriomorphic forms
with a pronounced occurrence of prisms after the
first pinacoid and with very weakly pronounced
prismatic cleavage.

Olivine occurs in xenomorphic grains with
small dimensions and is not very common in quan-
tity. It is almost always involved in serpentinization
processes, and, as a result, magnetite veins occur.

30

The normative composition (Table 1, analysis
3) fully corresponds to the modal mineral composi-
tion.

In the decomposed specimens of the olivine
gabbro, biotite and green hornblende occur.

4. Gabbro

The central place in the ophiolite complex
Demir Kapija-Gevgelija is occupied by gabbro
(sensu stricto); it is built of a mineral association of
anorthite and augite (dijalag). Occasionally there is
a small occurrence of olivine which is associated
with the ultrabasic parts of the complex, and some-
times there is an occurrence of amphibole with
which it associates with the diorite part of the ophi-
olite complex.

It has a typical gabbro structure (allotriomor-
phic granular). Xenomorphic grains of one mineral
enter incorrectly into another mineral. The grain
size is variable. Pyroxenes occur up to 2 mm in size
while plagioclase occurs up to 1 mm in size.

Feldspars are quite fresh, and they belong to
the group of basic plagioclases (anorthite). They
very rarely occur as individuals, usually as twinned
crystals of one or more individuals (polysynthetic
lamellae) (Figure 5).
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Fig. 5. Microscopic photograph of gabbro (crossed Nicols)

Pyroxene, based on its microscopic character- There is no olivine in the modal composition,
istics, can be determined as augite (dijalag). It oc- while in the normative composition (Table 1, anal-
curs in allotriomorphic grains, often in groups. Pris- ysis 4) there is olivine, which is understandable if
matic cleavage is weakly pronounced. we have in mind the method of calculations accord-
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ing to the CIPW method. The amount of anorthite
determined in the normative composition is in ac-
cordance with the modal composition (microscopi-
cally determined composition).

It should be mentioned that in the field within
the ophiolitic complex Demir Kapija-Gevgelija
there are certain zones in which there are pro-
nounced metamorphic changes of the gabbros.
These metamorphic changes are represented by a
process of uralitization (the occurrence of a uralite
that develops with a change of pyroxene). Pyroxene,
augite (dijalag)) gradually turns into fibrous or
compact amphibole along the edges of the augite or
on the surfaces of the augite cleavage.

5. Uralite gabbro

Within the complex, the gabbro affected by
metamorphic changes occurs in several places, and
it has turned into uralite gabbro. In the microscopic
preparation it can be seen that the rock has a gab-
broic structure (made of pyroxenes and plagio-
clases). Pyroxene is intensively modified into ural-
ite which has the properties of actinolite. Plagio-
clases are slightly more acidic, mainly having a la-
mellar structure.

The normative composition (Table 1, analysis
5) does not fully correspond to the modal composi-
tion. Pyroxene appears in the normative composi-
tion and amphibole in the modal composition. The
normative composition of the plagioclase has a
higher percentage of anorthite, while in the modal
composition the plagioclase has optical characteris-
tics that indicate a more acidic plagioclase (with a
smaller amount of anorthitic component).

6. Diorite

It is made of plagioclase, hornblende, quartz,
and magnetite. It has a hypidiomorphic granular
structure. Plagioclases appear in hypidiomorphic to
idiomorphic crystalline shapes and in elongated
forms. They have a pronounced zonal structure as a
consequence of rapid cooling of the magmatic melt.
The rock is made of plagioclases, hornblende,
quartz and magnetite. Plagioclases appear in hypidi-
omorphic to idiomorphic shapes, and they have a
pronounced zonal structure.

7. Basalt

This rock can also be called anorthitic-uralite
basalt. It is dark gray to black in color, it has a char-
acteristic fine porphyric structure in which in places
there are larger phenocrysts of plagioclase. The
basic mass is holocrystalline, composed of basic
plagioclases and pyroxene of the pigeonite- augite
type, which are involved in the uralitization pro-
cesses. Plagioclases appear in twined individuals
and are elongated in the direction of the main axis,
idiomorphic in shape. Around the pyroxenes in
some places there are kelephite edges made of am-
phibole-actinolite. Magnetite and epidote occur as
accessory minerals.

8. Diabas

The rock is dark green, it is very hard and is
made up of rod-shaped albites and amfiboles that
occur in the form of sticks and irregular grains, epi-
dote, magnetite, and a little quartz (Figure 6).

Fig. 6. Microscopic photograph of diabase (crossed Nicols)
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9. Quartzdiorite

The rock is dark gray in color and it occurs in
the form of veins that in places intersect the ophio-
litic complex. Under a microscope the rock has
pseudo-porphyric  structure  with  plagioclase

phenocrysts and sometimes amphiboles. In addition
to these minerals, quartz also occurs in the rock. In
its optical characteristics, amphibole corresponds to
hornblende. Magnetite and epidote occur as acces-
sory minerals (Figure 7).

Fig. 7. Microscopic photograph of quartzdiorite (crossed Nicols)

CLASSIFICATION OF ROCKS

The classification of magmatic rocks from the
Dren-Bohula section is made based on the Middle-
most nomenclature (1994) (Figure 8), as well as on
the nomenclature of calculation of the normative
mineral composition (Norm Calculation) (Table 1).

From the diagram in Figure 8 it can be con-
cluded that this is a differentiation of a basic magma
which in a continuous sequence of differentiation
gave the following magmatic rocks: peridotite gab-
bro-gabbro-gabbrodiorite-diorite-granodiorite.

These rocks are part of the sequence of oceanic
crust that developed during the Jurassic in this part
of Tethys (the Tethyan Eastern Vardar ophiolitic
unit in the Eastern Mediterranean).

From the data presented on the normative com-
position of rocks (Table 1), it can be concluded that

there is a typical continuous differentiation of one
ultrabasic to basic magma with a classic series of
differentiation from basic plagioclases-intermediate
plagioclases-acid plagioclases-feldspar to quartz
and differentiation from olivine-pyroxenes-amphi-
boles-mica.

CONCLUSION

Within the ophiolitic complex Demir Kapija
Gevgelija, its western part called the Dren-Bohula
massif is built of the same rocks from which the
other part of the ophiolitic complex is built: verlites,
gabbros, troctolites, gabbro-diorites, diorites,
quartzdiorites, grandoirites. The classification made
and the nomenclature of rocks indicate a continuous
differentiation of an ultrabasic magma to basic
magma.
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Middlemost (1994)
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Fig. 8. Total alkali vs. silica (TAS) intrusive rock plot (Middlemost, 1994)
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