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Pre-Tertiary A-Type magmatism in the Serbomacedonian
massif (N. Greece): Kerkini granitic complex

G. CHRISTOFIDES', A. KORONEOS', G. PE-PIPER?, K. KATIRTZOGLOU®
and A. CHATZIKIRKOU?

ABSTRACT

The Kerkini granitic complex occurs in Mt. Kerkini intruding the NW Vertiskos unit of the
Serbomacedonian massif in northern Greece. It consists of three bodies, the Muries granite (MUR)
which is the largest intrusion, an apophyses of it to the south known as the Miriofito granite (MIR), and
the Kastanusa (KAS) granodiorite to the east. The complex is intensively deformed and weathered.
The main rock-type is two-mica granite with subordinate biotite and white mica granite. The rocks are
medium- to coarse-grained, leucocratic to mesocratic, with allotriomorphic granular to hypidiomorphic
inequigranular textures.

Feldspars are represented by albite and pertitic microcline. Biotite is late in the crystallization
sequence (interstitial} and its composition is mostly close to annite end-member. White mica is phengite.
Minimum pressure calculated from the phengite barometer ranges from 4 to 10 kbar. Accessory
fluorite is also present.

The rocks have features characteristic for A-type granites. They are peraluminous (A/CNK=1.0-
1.3), depleted in MgO and CaO0, enriched in total alkalis and have high FeOt/MgO ratios. They are
enriched in Zr, Nb, Y, Ga and REE, and have strongly negative Eu anomaly. They plot in the A-type
granite fields of various discriminant diagrams and their chemistry suggests a WPG tectonic environ-
ment. The KAS granodiorite shows a few differences in chemical composition compared with the MUR
and MIR granites. Sr initial ratio for one MUR sample based on 130 Ma is 0.7275.

K-Ar dating on micas yielded a Lower Cretaceous age for the Kerkini granitic complex (MUR
granite). Biotite separates gave ages of 130+3 Ma and 131*3 Ma and muscovite an age of 133+3 Ma.
These ages are younger than the ages of the rest of the "Jurassic" granitic rocks in Serbomacedonian
massif and Axios (Vardar) zone and are concidered to reflect an unroofing or retrograde metamorphic
event. The genesis of the Kerkini granitic complex is probably related with a Late Jurassic magmatic
event.

The most probable genetic model for the origin of the MUR and MIR granites is fluid-absent melting
of a biotite-rich tonalitic source at 6 - 10 kbar and 950 - 975 °C, leaving behind a granulitic residue
dominated by orthopyroxene, quartz and plagioclase.

NEPINAHWH
To ypavitiké odunieypa tne Kepkivng Bpioketal oto dpog Kepklivn dieiobloviag tn oeipd tou
NA Beprtiokou tn¢ LepPopakeSovikic pdzac otn B. EAAGSa. Xuviotatal and tpia ompata 1o Jeyaiu-
1€pP0 ané ta onoia €ival o ypavitne twv Moupiwv (MUR). Mia andguon tou npo¢ voto anoteiel to
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ypavitn tou Mupidputou (MIR) eve pia dAAn dieicduon ota avatodikd elvar yvwoti ¢ ypavitng mg
Kaotavooaag (KAS). To olpnAeypa eival éviova napapgop@wEVo Kal apketd arioiwpévo. O Kipiog
NETPOYPapIKOC TUnoC eival o Sipappapuyiakdg ypavitng eve anaviolv tonikd o BIotItkOG Kal o
pooxofItkog ypavitng. Ta netpwpata eivar JEOOKOKKA €W xovOPOKOKKaA, AEUKOKPATIKG €wC PECO-
KPATIKG, e aAAQTPIGUOPMO KOKKDON Kal uididioppo avioétpono 10106.

01 dotpror avtinpoownetovtal and aAfitn kai nepOiikéd pikpokAvA. O Brotitng KpuoTahoveral
o1a Oidkeva twv aotpiwv Kai Tou xaAazia perd and autodc Kai n olotagn tou, pe pia e&aipeon,
nAnoiazer tn olataon tou avvitn. O ACUKGC pappapuyiac eivar (PEVYKITtNG Kar pe 10 yewPapdperpd
10U unoAoyioBnkav eXdxioteg niéoelc nou kupalvovial and 4 péxpr 10 kbar. Xapakinpiotkd tou
oupnA€ypatog eival n napoucia @Bopitn WG €noucIOEOUC OPUKTOU.

Ta netpwpata 1ou cupunA€ypatog napouctdzouv yvwpiopara xapakinplotikd twv A-tunou ypavi-
tav. Efvar unepapyIAikd (A/ CNK=1.0-1.3), ntwxd oe MgO kai Ca0, epnAoutiopéva oe ohikd arkdieq,
Kal éxouv UwnAég avaroyieq FeOt/MgO. Eivar epndouuiopéva oe Zr, Nb, Y, Ga kar REE, ki napou-
oidzouv évtovn apvnuki avwpaAia Eu. MpopdAioviar oto nedio twv A-tinou ypavitwv o€ didpopa
BIAKPITIKA D10y PAPLATA EVW N YEWXNUEIT TOUC UNOOTNPIZE! YEWTEKTOVIKG NEPIBAAAOV €vEONAQKIKGV
(WPG) ypavitwv. O ypavobiopitng g Kaotavodoag napoucidzel pepIKES D1a@opég w¢ Npoc T
XNUIKA ToU 000Taon OUYKPIVOPEVOC HE Toug ypaviteg twv Moupiwv kat tou Mupidgputou. H apxiki
avahoyia Sr, Baciopévn otnv nAikia twv 130 Ma, yia éva eiypa and 1o ypavitn twv Moupiwv eival
0.7275.

lewxpovoroynoeic K-Ar oe pappapuyiec and tpia delypara tou ypavitn twv Moupiov €dwoav
nAkia Kduw Kenubikou. Zuykekpipéva o fotiteg €6woav nhikieg 13043 Ma ka1 13173 Ma evd o
pooxofitng 133£3 Ma. O1 nAikie¢ autég eivar vedtepec and TG NAIKIEG Twv GAAWV "loupasikaov”
YPavItIKwv NeTpwdtwv tne ZepPopakedovikne pdzac kar ing zwvng tou Afiol kar Bewpeitar 6u
avTINPOGWNEUOUV €va avadpopo HETAUOPPIKO YEYOVOC N TEKTOVIKN anokdAuyn (unroofing) Katwkpn-
ubikAc nAikiac. H yéveon tou ypavitikold cupnAéypatog tne Kepkivng ouvdéetal niBavotata pe tov
avwIoupacikAg NAIKIaC paypatopd nou €6woe apketolg ypaviteg otnv nepioxi.

INTRODUCTION

Two fundamentally different types of granitic
rocks were recognised by Chappell & White (1974)
and White & Chappell (1977) who designated those
with characteristics indicating derivation from
meta-sedimentary protoliths as S-type and those
with characteristics indicating derivation from
meta-igneous or igneous protoliths as I-type. White
(1979) defined a third granitoid type (M-type) which
was presumably directly derived from the melt-
ing of subducted oceanic crust or the overlying
mantle. Another distinctive group of granites has
since been designated "A-type" by Loiselle & Wones
(1979) who used the term to emphasize the
anorogenic tectonic setting and the relative alka-
line composition as well as the supposedly anhy-
drous character of the magmas. These authors
(Loiselle & Wanes pers. comm. 1980, 1984, from
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Clemens et al., 1986) also emphasized that unlike
the S-, I- and M-type, A-type classification does
not imply a specific source or mode of origin.
However, since then various proposals have been
made concerning source and mode of origin of A-
type granites (Clemens et al., 1986; Whalen et al,,
1987; Eby, 1990, 1992; Creaser et al,, 1991, Skjerlie
& Johnston, 1993 and Landenberger & Collins, 1396).

In the Serbomacedonian massif (SMM) in north-
ern Greece numerous felsic plutonic and volcanic
rocks of Jurassic to Tertiary age occur. The pres-
ence of granitoids in such a complex geotectonic
unit as is the SMM is of particular importance
since, through their geochemistry and tectonics,
they can potentially constrain the timing of the
main tectonic events in it. Some of the young
(Tertiary) granitoids (Sithonia, Ouranoupolis;
Christofides et al. {1986), D' Amico et al. (1990),
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Figure 1. Geological map of the
Kerkini granitic complex. TAlluvial;
2:Muries (MUR) granite, 3:Miriofito
(MR} granite; 4: Kastanusa (KAS)
granodiorite; 5:Metamorphic base-
ment; 6:Fault; 7:State boundary.

rocks. K-Ar age data on biotite
and white mica are presented
along with petrological and
geochemical data to add con-
strains on the SMM magmatism.

GEOLOGICAL SETTING

The SMM is a complex geo-
tectonic unit which underwent
major mid-Mesozoic metamor-
phic, magmatic and
deformational events (Dixon &
Dimitriadis, 1984; Sakellariou,
1989) followed by Eocene and
Oligocene plutonism (D' Amico et
al,, 199G; Frei, 1992). It extends
as along and narrow zone in a

De Wet et al. (1989), have been studied in some
detail, contributing thus in the establishement of
the Tertiary geological history in this area. Among
the older, however, intrusions, known as the "Ju-
rassic" granitoids (Kockel et al,, 1977), only a few
have been investigated. Christofides et al. (1990)
and Soldatos et al. (1993) gave geochemical data
and presented major and trace element models
for the Late Jurassic Fanos granite evolution. De
Wet et al. (1989) and De Wet (1989) gave signifi-
cant isotopic data on the Late Jurassic to Early
Cretaceous Arnea granite. Monopigadon granite
which is also of Late Jurassic age was investi-
gated by Ricou (1965) and Michard et al. (1998).
The rest of the SMM "Jurassic" granitoids, e.g.
Kerkini granitic complex, have been given little
attention.

In this work we investigate the Kerkini granitic
complex which mostly comprises A-type granitic

SSE direction from near Belgrade
in Serbia to the Chalkidiki peninsula in Greece.
Based on lithologies and grade of metamorphism
it is divided into two units namely the Kerdyllia
unit, @ small area in NE Chalkidiki comprising
gneisses, amphibolites and marbles metamor-
phosed under upper amphibolite facies conditions
and the Vertiskos unit to the west which is in a
tectonic contact with the upper marble horizon of
the Kerdyllia unit and comprises various types of
gneisses, and amphibolites, metamorphosed un-
der lower amphibolite facies conditions.

The Kerkini granitic complex intrudes the NW
Vertiskos unit north of Muries village in Mt. Kerkini
straddling the Greece - F.Y.R.O.M. border (Fig. 1).
It comprises a large intrusion namely the Muries
granite (MUR}, and the Kastanusa (KAS} grano-
diorite which consists of a small intrusion to the
east. An apophyses of the Muries granite to the
south, known as the Miriofito granite (MIR)
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SRETNTF Al A % L RN Figure 2. Classification of the
IUR analysed samples of the Kerkini gra-
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(Sidiropoulos, 1991), is separated from the main
granitic body by the Doirani-Kerkini basin. The
country rocks comprise two-mica and amphibole
gneisses, schists and amphibolites. Small outcrops
of meta-ultrabasic rocks and marbles are also
present. The southern and the western contacts
of the MUR granite are strongly deformed.
Mylonitic fabrics in the granite, especially at the
western contact, are well-developed. No contact
metamorphism has been observed. Along the road
leading to the Border Control Army Station, the
MUR granite alternates with muscovite schists simi-
lar to those found along the southwest margin of
the granite.

PETROGRAPHY

The Q-ANOR diagram (Fig. 2) of Streckeisen
& Le Maitre (1979) has been used for the classifi-
cation of the rocks studied. MUR and MIR rocks
are classified as alkali granite to granite whereas
KAS rocks classify as granodiorite.

The Kerkini granitic complex is intensively
deformed and weathered. The less deformed is
the MIR granite which, however, is hydrothermally
altered. Fresh samples can only be collected from
road sections and torrent tracks. The less weath-
ered is the KAS granadiorite which is also the
most biotite rich. The main rock-type is two-mica
granite with subordinate biotite and muscovite
granite. The rocks are medium- to coarse-grained,

mica matrix occur in the latter tex-

ture. Graphic intergrowths are often developed.
The main mineral constituents are quartz, K-
feldspar, plagioclase, biotite and white mica. Ac-
cessories include opaque, mostly sulfides, zircon,
allanite, apatite, fluorite and titanite. Chlorite, epi-
dote and sericite occur as secondary minerals.
Quartz occurs in large subhedral crystals although
it more commoenly is found as fine-grained anhedral
grains. It is sometimes recrystallized and forms
symplectites with micas. K-feldspar (Or,, ),
mostly microcline, occurs as perthitic to micro-
perthitic anhedral crystals and as subhedral to
euhedral perthitic phenocrysts. Plagioclase is mostly
albite (core: Abg, ., rim: Abg, ), occurring in
subhedral to anhedral crystals, often poorly zoned.
Alteration to sericite is not uncommon. Biotite is
close to annite end-member except one analysis
in KAS (Tab. 1). It is late in the crystallization se-
quence occuring as interstitiat grains between feld-
spars and quartz. Biotite is frequently altered to
chlorite and sometimes to epidote and Fe-Ti ox-
ides. On the discriminant diagrams of Abdel-Rahman
(1994) (Fig. 3a-c) biotites from MUR plot either in
the alkaline field or straddle the peraluminous-al-
kaline fields. The same behaviour is shown by MP-
13 of KAS group while MP-12 of the same group
plots in the calc-alkaline field. On the Nachit et al.
(1985) Al, - Mg diagram the MR and MP-13 samples
plot in the sub-alkaline field (Fig. 3d) while MP-12
falls in the peralouminous field. The Si content of
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Mg0 Figure 3. Plot of the
biotites of the MUR and
KAS rock-groups on the
Abdel-Rahman (1994)
{a, b, ¢) and on the
Nachit et al. (1985) (d)
p discrimination diagrams.

A: alkaline; C:calc-alka-

Al0, line; P: peraluminous; S:

sub-alkaling; A-PA: al-

kaline-peralkaline field.
Symbols as in figure 2.
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the white mica ranges from 6.4 to 6.7 (based on
22 0) and its celadonite component is 22.8 - 36.8
indicating that it is actually a phengite. Microscopi-
cally it has features (grain size comparable to
other primary phases, subhedral form, not enclosed
by other minerals) favouring a primary origin. How-
ever, its chemistry rules out such an origin; in terms
of Ti, Na and Mg, its analysed grains mostly plot
in the secondary muscovite field after Miller et al.
(1981). Moreover its TiO2 content is <0.6% {Zen,
1988). If it is of primary origin and if we assume
temperatures of 400°C and 500°C (presence of
microcline) minimum pressure calculated for the
phengite formation using the Massonne & Schreyer
(1987) barometer ranges from 4 to 10 kbar. These
pressures must be considered with caution due
on the one hand to the potential of the phengite
barometer (see Anderson, 1996) and on the other
hand to the ambiguity of the origin of the white
mica in the Kerkini rocks.

Microprobe analyses of the mineral constitu-
ents are given in table 1.

GEOCHEMISTRY

Major and trace element analyses of 18 se-
lected granitic samples were determined by XRF.
Six of them were analysed for REE and some

Mg

trace elements by INAA. Chemical data of the
analysed samples are presented in table 2. Major
and trace element compositional variations are
depicted in figures 4 and 5 respectively, while
REE pattern and variation diagrams are shown in
figure 6.

The SiO, content of the MUR granite complex
range from 70.4% to 75.8 wt%. All major elements
decrease with increasing SiO,. Na,0+K,0 is high,
ranging from 8.2 to 9.5 wt% while Ca0 is low <15
wt% and in most samples <0.7 wt%. Although
(Na20+K20)/AI203 is high, none of the rocks is
peralkaline. FeO, /MgO ratio ranges from 6.2 to
19.1. The trace elements are negatively corre-
lated with SiO, except Rb which is either constant
or shows a slight increase. The rocks in general
are enriched in Zr, Nb, Rb, Y, Th and U (Table 2).
The REE paterns of all samples are similar and
quite enriched relative to chondrite (LaCN=150-220)
but with slight LREE enrichement [(La/Lu),,=3-6]
which increases with SiO,. IREE ranges from 214
to 315 ppm decreasing with Si0,. The REE pat-
terns show a large negative Eu anomaly (Eu/
Eu=006-0.30) which increases with increasing Sr
contents.

Compared with the MUR granite the KAS gra-
nodiorite shows a few differences. The most no-
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PLAGIOCLASE K-FELDSPAR
Sample MP-101 MP-102 MP-104 MP-106 MP-105 MP-23 MP-21 MP-108MP-111] MP-12 MP-13] MP101 MP-102 MP-104 MP-106 MP-105 MP-23 MP-21MP.108MP-111
Type MUR MIR KAS MUR MIR
8i0, 6496 6639 6802 6645 6898 68.31 68.51 67.02] 67.42] 68.63 6725 6540 6489 64.54 6550 64.71 6577 6577 6526, 66.11
TiO, 013 002 000 000 000 000 000 005 004 006 o000l 009 000 003 000 000 000 000 0.07f 0.00
ALO; 20.89 20.13 20.03 2026 19.57 20.09 19.84 20.07] 19.78] 19.81 2098} 1856 18.71 1826 18.82 18.03 17.63 18.16 1880 17.82
FeO* 0.00 002 005 000 006 006 022 004 010 001 000 015 000 007 000 004 004 001 007 003
Ca0 160 075 062 118 042 148 065 062 007 0.73 222f 000 000 0.01 0.00 0.01 005 003 000 0.00
Na,;0 1172 1216 1187 1180 1115 9.50 11.06 1219} 1248/ 1086 963] 060 053 052 060 058 040 038 055 026
K;0 016 001 013 010 008 011 002 008] 0074 005 013 1505 1553 16.00 1560 16.16 16.19 1567 1552 1592
Total 9946 9947 100.71 _99.79 100.27 9956 100.31_100.03] 99.95{100.15 100.21] 99.86 99.67 99.44 100.51 99.53 100.09 100.02 100.26| 100.14
Structural formulae on the basis of 8 O

Si 288 293 296 283 300 298 298 294 2096] 299 293] 300 300 300 300 301 303 302 299 304
Al 108 105 103 105 100 103 102 104 102} 102 108 100 102 100 101 099 096 098 102 096
Fe* 000 000 000 000 000 000 001 000] 000 000 000 001 000 000 000 000 000 000 000 000
Ti 000 000 000 000 000 000 000 000f 000 000 00 000 000 000 000 000 000 000 000 000

Zi 398 398 399 398 400 402 401 399 399 401 4.01 402 401 4.00 401 399 399 401 4.01 4.00
Ca 0.08 004 003 006 002 007 003 003 060f 003 010 000 000 000 000 000 000 000 0.00 000
Na 1.01 1.04 1.00 1.01 094 080 093 1.04 106 092 0.81 0.05 005 005 005 005 004 003 005 002
K 0.0t 000 001 00t 000 001 000 000 0060f 000 001] 088 091 095 091 096 095 092 091} 093

Xl 108 1.08 1.04 107 09 088 096 1.07 107, 095 092! 094 096 1.00 096 101 099 095 096! 096
or 083 003 068 050 044 072 014 030 038 031 0.78) 94.27 9507 9521 9448 Q468 0612 96.31 94.92| 97.54
Ab 9221 96.69 96.53 9431 97.43 91.39 96.71 96.88| 9932| 96.12 88.02 573 493 475 55 521 362 353 507 246
An 696 328 279 518 213 789 315 272 o029 357 11.19] 000 0.00 0.04 000 011 0.27 017 0.01 0.00

BIOTITE WHITE MICA
Sampie MP-101 MP-102 MP-106 MP-105 MP-23 MP-21MP-108] MP-12 MP-13MP-101 MP-102 MP-104 MP-105 MP-108MP-111
Type MUR KAS MUR MIR FeOr=total iron as ferrous
Si0, 3439 3509 3443 3398 3452 34.87 34.18] 3B.09 3258] 46.75 4658 4669 4545 47.11] 49.94
TiO, 1.88 213 250 240 281 189 257 176 377 036 0.31 054 030 034f 075
Ai,0, 1562 1582 1595 1447 1534 16.19 16.44] 17.55 1542] 27.77 2890 26.81 27.25 29.35 27.77
FeO* 29.44 3003 3025 31.95 3272 3220 3262 1763 2947 7.15 764 674 694 670] 586
¥nO 055 054 052 034 047 000 032] 012 026 006 011 006 006 009 004
Mgo 3.81 328 285 247 1.42 1.54 1.86) 1224 377 1.39 1.05 1.70 1.02 076 0.97
Ca0 0.00 | C.00 0.01 0.01 0.02 0.01 0.00 0.00] 0.01 000 000 000 0.00f 001
Na,O 3.81 039 052 0.04 019 0.25 054] 029 038 046 0.41 027 020 039 0.14
K,0 0.41 888 867 916 896 882 844, 9.06 907 1031 1038 10.78 1093 1058 10.47
Total 8990 9615 9568 9483 9644 9577 96.87] 9675 9471] 9425 9536 9360 9315 9531] 9596
Structural formulae on the basis of 22 O

Si 565 560 554 5539 558 563 547 562 5.32 650 6.41 654 655 6486 6.73
AlY 235 240 246 241 242 237 253F 238 268 1.50 1.58 1.46 1.45 1.54 1.27

Z| 800 800 800 800 800 800 800| 800 800 8.00 8.00 8.00 800 800 800
aM 067 058 056 039 050 0.71 0.57 068 029] 305 3.10 297 3.07 319 3.14
Ti 023 026 030 030 034 023 031 020 046| 004 0.03 006 003 004 008
Fe? 404 401 407 439 442 435 436 218 402 083 088 0.79 082 077 086
Mn 008 007 007 005 006 000 004 0.01 0.04| 0.01 0.01 0.01 0.01 0.01 0.00
Mg 093 078 068 061 034 037 044 269 092 023 022 036 0.21 0.16 020

Y| 696 569 568 4874 567 565 573 576 573 4.21 424 418 4.15 4.16{ 4.07
Ca 0.00 000 000 000 000 000 000/ 000 000 000 000 000 000 000 0.00
Na 1.21 0.12 0.16  0.01 006 008 017/ 008 0.12 0.12 0.11 0.07 0.06 010/ 0.4
K 0.08 1.81 1.78 1.92 1.85 1.82 1.72 .71 1.89 1.83 1.82 193 1.97 1.85 1.80

X| 130 193 1.84 1.94 1.91 1.90 1.89 1.79 201 1.96 193 200  2.02 1.95 1.84

Table 1 Microprobe analyses and structural formulae of plagioclase, K-feldspar, biotite and white mica from

the Kerkini granitic complex

Rb-Sr-Ba diagram of Bouseily & Sokkary (1975)

where the MUR plots in the normal and strongly

table are the higher Al,0, and Na,Q contents and

the significantly lower K,O content in the grano-

differentiated granite fields while the KAS fails in

diorite. Its trace elements are also different par-

the field of granodiorite and quartz diorite {Fig. 7).
The KAS REE paternis similar to those of MUR in
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Sample

MP101 MP107

MP19 MP102 MP104 MP6 MP105 MP22 MR1-4 MR1-2 MR1-8 MP23 MP21  MP5/MP112 MP111] MP12 MP13

Rock type Muries (MUR) granite Miriofito (MIR) |Kastanusa (KAS)
granite granodiorite

§i0, 7036 7238 7316 7322 7354 7362 7427 7434 7434 7445 7503 7509 7522 75.74] 71.80 7228/ 69.25 71.00
TiO, 041 024 022 024 029 016 015 017 011 009 010 014 009 0.13] 026 024] 047 0.45
AlLO, 1461 1450 14.00 1362 13.67 1470 1347 1393 1439 14.18 1433 1346 1359 13.23| 1537 1533} 1654 15.44
Fe,0, 107 026 084 072 082 073 024 061 134 082 08 032 063 043} 063 049] 045 0.90
FeO 168 168 125 146 104 054 131 093 036 042 029 094 056 076 098 091 198 2.20
MnO 008 008 002 003 008 002 007 002 001 002 001 002 002 002 005 005 001 0.03
Mgo 023 010 018 015 041 011 009 010 025 020 011 009 008 011| 014 015 135 0.38
Ca0 148 064 057 096 1.06 039 067 044 017 027 020 060 039 045 014 014 105 1.41
Na;0 376 376 321 347 348 325 379 323 297 308 307 315 312 313 371 328 718 6.01
K;0 565 573 550 561 542 578 539 559 521 529 517 552 559 537 581 619 098 1.08
P,0s 013 008 006 008 009 003 006 005 003 004 001 004 003 003 006 004 013 0.16
Lol 053 055 097 038 040 066 050 058 074 056 067 064 068 058 1.05 090 063 0.94
Total 99.99 100.00 99.98 100.00 100.00 99.99 100.01 99.99 99.92 99.52 99.96 100.01 100.00 99.98{ 100.00 100.00{ 100.02  100.00
Cr 13 19 19 14 15 5 17 6 7 6 8 3 13 8 16 13 20 15
Ni 7 8 4 9 7 2 7 2 13 15 12 2 4 3 8 7 6 4
Co 5 4 40 4 3 31 3 39 1 1 1 32 32 43 3 2 32 35
v 16 7 14 10 10 5 6 7 8 8 9 4 4 5 10 9 34 25
Rb 181 207 168 168 110 226 203 191 237 269 225 205 184 215 232 244 35 42
Ba 455 127 229 293 248 81 74 147 205 196 187 79 41 57 95 93 126 225
Sr 50 21 30 44 47 20 21 20 12 18 15 14 13 16 23 14 108 142
Nb 31 28 17 20 27 24 24 19 15 11 12 19 13 20 19 16 20 18
Zr 675 463 249 403 461 237 281 199 253 230 214 188 62 158 223 203 525 448
Y 97 84 44 67 72 70 86 45 a7 47 30 59 44 66 58 58 39 36
La 62 46 56 50 44 52 45 47 33 48 39 53
Ce 120 112 107 106 109 108 75 100 84 96 57 110
Ga 25 26 22 22 20 22 24 21 18 16 19 21 21 21 24 19 19
Sc 10 4.6 4 35 57 13
Zn 133 50 32 34 34 79 50 50 93
Sb 35 8.5 1.7 1 8.3 1.6
Cs 5 4 6 3 4 2
Ta 35 3 24 1.6 3.2 21
Hf 22 12 7 5 10 15
Th a3 39 23 26 20 25 31 42 12
U 10 9.4 5.8 5.6 17 36
La 66 69 57 47 41 32
Ce 140 150 120 100 93 65
Nd 72 64 53 47 41 34
Sm 15 13 11 10 9 7.2
Eu 1.6 0.5 0.3 0.2 05 1.6
Tb 8 26 2 1.7 2.1 1.5
Yb 15 133 7.2 6.9 89 6.4
Lu 2.08 1.85 1 1 1.29 0.95

Table 2. Mazor {(wt%) and trace element {ppm) analyses of the Kerkini granitic complex.

Moreover its ZREE is significantly lower (150 ppm).

respect to LREE enrichement [(La/ Lu)CN=3.5] but
shows smaller Eu anomaly (Eu/Eu*=062) and is

less enriched relative to chondrite (La,,=100).

The MIR granite follows in general the MUR
oxide trends. However, it is distinguishable in terms
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273
similar to those of MUR granite with small slope

[(La/Lu)CN=3.3] and strong negative Eu anomaly
(Eu/Eu=0.15). MIR, however, is significantly poorer
in REE compared to MUR at the same Si0, con-
tent (LaCN=132, YREE=197 ppm). The rocks
analysed are peraluminous in terms of A/CNK
molar ratio which ranges between 10 and 1.3.
Only one sample has A/CNK=038.

Preliminary Sr isotope analyses gave a initial
Sr ratio, based on 130 Ma, for one MUR sample
of 0.7275.

GEOCHRONOLOGY

Three samples from MUR granite have been
radiometrically dated using the K-Ar method on
fresh mica separates and yielded biotite ages of
1303 Ma and 1313 Ma and white mica age of
133%3 Ma (Table 3). All three samples are fresh.
Sample MP-101 is fine grained equigranular, slightly

ordinate white mica. Biotite is subhedral to anhedral
and contains zircons. Its contacts with quartz and
feldspar are sharp. Sample MP-104 is medium to
coarce grained inequigranular white mica granite.
It is deformed exhibiting a gneisic texture with
"augen" perthitic microcline, White mica is euhedral
to unhedral with sharp contacts with neighbouring
phases. Sample MP-105 has the same features
with MP-104 but it is a two-mica granite.

The above ages are slightly older than the
ages determined for the part of the complex situ-
ated in F.Y.ROM. (109 and 125 Ma with K-Ar on
muscovite and biotite respectively; Karamata, pers.
comm.). They are also comparable, although
younger, to the ages given for the "Jurassic" gran-
ites of Axios (Vardar) zone and Serbomacedonian
massif: Fanos granite - 1535 Ma, K-Ar and Rb-Sr
on biotite (Borsi et al., 1966); 1483 Ma, K-Ar on
biotite (Spray et al., 1984). Monopigado granite -
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Figure 5. Selected trace element variation diagrams of the Kerkini granitic complex. Symbols as in figure 2.

149 Ma, K-Ar on biotite (Kreuzer, in Mussallam &
Jung, 1986); 141£3 Ma, K-Ar on biotite (Michard et
al, 1998). Arnea granite - 155111 Ma, Rb-Sr whole-
rock (MSWD 280); 136%1 Ma, Ar-Ar on phlogopite
(De Wet et al. 1989).

The radiometric ages for both biotite and white
mica of Kerkini granitic complex are essentially
identical (differing by 2 Ma), despite the 100 °C
difference in blocking temperatures for the two
minerals. They are very close to the Ar-Ar age on
phlogopite of 1361 from the Arnea granite (De
Wet et al. 1989) which is geochemically similar.
These similarities suggest that there was rapid
cooling, either as a consequence of igneous em-
placement or of rapid uplift and unroofing. How-

ever, throughout the Serbomacedonian massif of
Greece, there is a general eastward decrease in
radiometric ages in metamorphic rocks that has
been regarded as evidence of diachronous retro-
grade metamorphism (Harre et al., 1968; Kockel
et al,, 1977) of Cretaceous age. Hercynian radio-
metric ages (Borsi et al, 1965} are found at the
western margin of the Serbomacedonian massif
but K-Ar and Rb-Sr mica ages of 102 to 131 Ma
(Papadopoulos & Kilias, 1985) were found in the
Vertiscos unit. These ages were interpreted to
reflect a retrograde and deformation event or a
lower Cretaceous rejuvination (Frei, 1992). The last
event was considered by Sakellariou {1989) equal
to the regional lower amphibolite facies meta-

WYnoiakn BiBAI0BAKN "OedppaacTog” - TunRua Mewloyiag. A.MN.O.



140

1000 grraive

§

RockiChondrite

1

La Ce Pr

PO S S SV YR W i
Nd Sm Eu Gd T Dy Ho Er Tm Yb Lu

morphic event responsible for the main struc-
tural overprint in the Serbomacedonian massif
rocks. It is therefore quite possible that the
radiometric ages from the Kerkini granitic
complex represent an unroofing or retro-
grade metamorphic event. As was mentioned
above several other granites in the area are

attributed to the Late Jurassic and thus the
s00 o8 Kerkini granitic complex may be part of the
SREE EuEw same intrusive episode, probably at the end
400 o] B
06 of it.
300 + +
+ 0.4
200 , * + TECTONIC SETTING
100 0z a, For the establishement of the tectonic
0 . . . . ,  setting of the Kerkini granitic complex dis-
o B0 L 150 crimination diagrams based on both major

Figure 6. REE patterns, IREE vs. Si0,. and Eu/Eu” vs. Sr
variation diagrams of the Kerkini granitic complex. Symbols

as in figure 2.

Rb

3/ %% 7 5\

Figure 7. Rb-Sr-Ba diagram for the Kerkini granitic
complex (after Bouseily & Sokkary, 1975). 1. strongly
differentiated granites; 2: normal granites; 3: anoma-
lous granites; 4: granodiorites and quartz diorites; 5:
diorites. Symbols as in figure 2.

Ba Sr

and trace elements have been used. On
Brown's (1982) diagram (Fig. 8) the analysed
samples plot in field B (extensional suites).
Moreover, their major element geochemis-
try is consistent with those of late-orogenic
and anorogenic granitoids defined by Batchelor &
Bowden (1985) as their plots straddle fields 4 and
5 of R -R, diagram (Fig. 9) with KAS samples fall-
ing definitely in field 4. In agreement with the above
is their plot in the within-plate granites (WPG) field
of Pearce et al. (1984) diagram (Fig. 10). Lastly,
among the samples analysed for Ta and Hf the
MUR granite straddles the WPG and post-COLG
fields of Harris et al (1986) Rb-Hf-Ta diagram
(Fig.11), the MR granite plot in the post-COLG field
and the KAS granodiorite in the WPG field. The
above show that the genesis of the Kerkini gra-
nitic complex is very probably related to a within-
plate tectonic setting. However, the characteris-
tic geochemical features of the Kerkini complex

Table 3. Radiometric dates from Kerkini granitic complex

Sample Component %K rad. “°Ar (ppm) Age (Ma) Lab. No
MP-101 biotite 7384 006875 13043 B-10264
MP-105 biotite 6.362 005986 1313 B-10266
MP-104 white mica 9.148 008738 1333 M-10265

Using Steiger & Joger (1977) decay constants
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Figure 8. Calc-alkali index vs. Si0, for Kerkini

2‘ — Acompr: granitic complex (after Brown, 1982, modi-
S ol fied by Wu and Kerrich, 1986). Symbols as
g in figure 2.
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Figure 10. Plot of the Kerkini granitic complex samples on the Pearce et al. (1984) discrimination
diagrams. VAG: volcanic arc granites; syn-COLG: syn-collision granites; WPG: within-plate granites and ORG:
ocean-ridge granites. Symbols as in figure 2.
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Figure 11. Plot of the Kerkini granitic complex
samples on the Rb-Hf-Ta discrimination diagrams of
Harris et al {1986). Symbols and fields as in figure 2
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could be related to its source material rather than
toits tectonic environment. The same is suggested
for the Arnea granite by Baltatzis et al. (1992).

DISCUSSION

The plot of the Kerkini granitic complex in the
WPG field of Pearce et al. (1984) discriminant
diagram (Fig. 10) is an indication that it is related
with A-type granite magmatism (Pearce et al,
1984; Whalen et al., 1987; Eby, 1990). In fact the
Kerkini granitic complex has features characteris-
tic for A-type granites as has been pointed out by
many authors for various suites of such type e.g.
Collins et al. (1982), Whalen et al. (1987), Eby (1990),
Landenberger & Collins (1996), Mohamed et al.
(1999). In particular the rocks investigated:
1 plotin the WPG field of Pearce et al. (1984)

discriminant diagram,

2. are peraluminous,
3. are depleted in MgO and Ca0, enriched in to-
1000 ¢
A
o 100 §
5 o
< 10i °
0.1
100 ¢
S +
3
8 10
§ 2
o]
! Figure 12, Plot of
the Kerkini granitic
1000 complex samples on
the Whalen et al.
{1987) discriminant
S 1% ++ diagrams. Rectangu-
" lar boxes: |-, S- and
M-type granites; rest
field: A-type granites.
1o " Symbols and fields
10000"GalAl as in figure 2.
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tal alkalis and they have high FeOt/MgQ ra-

tios,

4. are enriched in Zr, Nb, Y, Ga and REE, and
they have strongly negative Eu anomaly,

5." contain iron-rich interstitial biotite (annite), and
fluorite, indicating dry or almost anhydrous
melts with elevated fluorine content.

6. fallin the A-type granite field of Whalen et al.
{1987) discriminant diagrams K20+Na20, K,0/
MgO, (K20+Na20)/ Ca0, FeOt/Mg0, Zr, Ce, Zn,
Nb, and Y vs 10000*Ga/Al (Fig. 12) and of
Eby's (1990) discriminant diagrams FeOt/MgO
and 10000*Ga/Al vs Zr+Nb+Ce+Y (Fig. 13a,b).
However, the pressure estimated from the

phengite barometer and the absence of a con-

tact aureole are in contrast with a high level intru-

sion which is a characteristic feature for many A-

type granites (e.g. Collins et al., 1982; Clemens et

al, 1986; Whalen et al., 1987). Here it must empha-
sized that KAS granodiorite do not fulfill completely

points 3,4, 5 and 6.

Several mechanisms have been postulated to
explain the generation of A-type magmas. The
maijor ideas that have been discussed include the
following (Clemens et al., 1986, and references
therein): (1) Mantle-derived alkaline magmas frac-
tionate to produce residual granitic liquids. (2)
Mantle-derived alkaline magma reacts with crustal
rocks to produce a syenitic derivative that frac-
tionates to a granitic composition or alternatively
the syenitic magma further reacts with quartzose
crustal rocks and eventually forms a granitic hy-
brid. (3) Liquid immiscibility occurs on a small scale
in many basaltic liquids and has been suggested
as a possible origin for peralkaline granitic mag-
mas. (4) Liquid-state thermogravitational diffusion
has been suggested as the origin of chemical
variations in some A-type rhyolite magmas. (5)
Fractionation of an I-type parent magma to pro-
duce an A-type residual liquid. (6) A-type magmas
are the result of melting of the lower crust under
the fluxing influence of mantle-derived volatiles.
(7) Direct high-temperature partial melting of a
depleted I-type source in the lower continental
crust forms the A-type magmas. A major goal of
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all these models is to explain the high absolute
abudances of a number of incompatible and HFS
elements and the generally H,0-poor, but often
halogen-rich, character of the magmas and the
resulting rocks (Eby, 1990).

The most credible genetic model, from the
above mentioned, for the origin of the A-type gran-
ites involves high temperature partial melting of
melt-depleted I-type source rocks (a granulitic
residue) in the lower continental crust (Collins et
al, 1982; Clemens et al., 1986; Whalen et al., 1987).
In such a model, melting would probably involve
fluid-absent breakdown of residual, halogen-en-
riched micas and amphiboles. Melting could also
occur in a fluid-present regime where a subcrustal
source might be supply volatile species other than
HZO (Bailey, 1974; Clemens & Wall, 1981). In both
cases the melts would be relatively water poor.
Melting would necessarily occur at high tempera-
ture due to the relatively refractory nature of
such parent materials. Recently, however, the
genesis of A-type granites has been explained by
partial melting of non-restitic crustal igneous rocks
of tonalitic to granodioritic composition at mid-
crustal pressures (Creaser et al,, 1991 and Skijerlie
& Johnston, 1993). An alternative model for the
origin of A-type granites involves partial melting
of a lower-crustal source that was dehydrated,
but not geochemically depleted (Landenberger &
Collins, 1996).

The Y/Nb ratio in the Kerkini granitic com-
plex ranges from 2.4 to 4.3 and it remains con-
stant with SiO2 increase (Fig. 13c). The Y/Nb ra-
tio values fall within the range (1.2-7) for which
Eby (1990) considered a crustal involvment in
magma genesis (see also figure 13d). Sr initial
ratio is high (0.7275) but no conclusions can be
drawn since this value comes from only one sample.

Fluid-absent melting experiments an a biotite
(20 wt%) and hornblende (2 wt%) bearing tonalitic
gneiss (sample AGC150) were conducted by
Skjerlie & Johnston (1993) at 6 kbar (900-975 °C),
10 kbar (875-1075 °C) and 14 kbar {950-975 °C)
to study melt productivity from weakly
peraluminous quartzofeldspathic metamorphic
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Figure 14. A-B diagram after Debon and Le Fort (1983) modified by
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melting of pelitic protoliths {PJ, VH) and of a metaluminous igneous protolith

(C), dotted-dashed field: experimental liquids from melting of sample AGC150

(solid square} of Skjerlie & Johnston (1993). Symbols as in figure 2.

rocks. These experiments
showed that the dehydration-
melting of F-enriched biotite
source produces F-rich gra-
nitic liquids with compositions
within the range of A-type
granites leaving behind a
granulitic residue dominated
by orthopyroxene, quartz
and plagioclase. Initiation of
dehydration melting is caused
by intrusion of hot, mantle-
derived magmas into the
lower crust. The majority of
Kerkini granitic complex
samples plot on the A - B
diagram of Debon & Le Fort
(1983) fall in the field defined
by the experimental liquids of
Skjerlie and Johnston (1993)
mostly in the part of the field
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where the liguids were produced at 6 - 10 kbar
and 950 - 975 °C (Fig. 14). The melting pressure is
higher than the crystallization pressure calculated
from the phengite barometer. Note the dispersion
of the KAS granodiorite in the above field. There-
fore, a similar source and a similar mechanism
would give the Kerkini granites. The presence of
plagioclase in the residue could explain both their
strongly negative Eu anomaly and their low Sr
content. Further increase of the Eu negative
anomaly would be the result of plagioclase accu-
mulation which could also explain the Sr decrease.

CONCLUSIONS

1 The Kerkini granitic complex consist of three
intrusions: the Muries granite (MUR), the
Miriofito granite (MIR) and the Kastanusa (KAS)
granodiorite. The main rock-type is two-mica
granite.

2. Biotite is late in the crystallization sequence
(interstitial) and its composition is mostly close
to annite end-member. Its composition shows
an alkaline to peraluminous-alkaline character
for the host rock. White mica is phengite. Mini-
mum presure calculated from the phengite
barometer ranges from 4 to 10 kbar. Fluorite
is also pressent.

3. The rocks have features characteristic for A-
type: They are peraluminous, depleted in MgO
and Ca0, enriched in total alkalis and have
high FeOt/MgQ ratios; are enriched in Zr, Nb,
Y, Ga and REE, and they have strongly nega-
tive Eu anomaly; fall in the A-type granites
field of Whalen et al. (1987) and Eby's {1990)
discriminant diagrams and they plot in the WPG
field of Pearce et al. (1984).

4. The KAS granodiorite shows a few differences
in chemical composition compared with the
MUR and MIR granites.

5. Srinitial ratio for one MUR sample based on
130 Ma is 0.7275.

6. K-Ar dating on micas yielded biotite ages of
1303 Ma and 1313 Ma and white mica age
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of 1333 Ma. These ages are younger than
the rest "Jurassic" granitic rocks in
Serbomacedonian massif and Axios (Vardar)
zone and represent an unroofing or retrograde
metamorphic event of Lower Cretaceous age.
The granite genesis is probably related with
the Late Jurassic magmatism which gave sev-
eral granites in the area.

7. The most probable genetic model for the ori-
gin of the MUR and MR granites is fluid-ab-
sent melting of a biotite-rich tonalitic source
at 6 - 10 kbar and 950 - 975 °C, leaving be-
hind a granulitic residue dominated by
orthopyroxene, quartz and plagioclase.
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