—

Rudarsko-geolosko-naftni zbornik

Vol. 13

Zagreb, 2001.

UDC 552.321(234.422.1)

Izvorni znanstveni clanak

Projekt ' Magmatizam, metamorfizam i mineralna lezista Dinavida” financivan od Ministarsiva zna-
nosti i tehnologije Republike Hrvatske

PLAGIOGRANITES FROM THE OPHIOLITE COMPLEXES OF DINARIDES
AND VARDAR ZONE

Vladimir MAJER, Vesnica GARASIC

Rudarsko-geolosko-naftni fakultet Sveucilista u Zagrebu, Pierottijeva 6, HR-10000 Zagreb, Republika Hrvatska
E-mail: vgarasicl@rudar.rgn.hr

Key-words: Plagiogranite, Ophiolite, CDOB, VZOB, Supra-subduc-
tion ocean ridge granite, Volcanic arc granite, Crystal-liquid differentia-
tion process

Geochemical data of plagiogranites associated with ophiolite com-
plexes of Central Dinaride Ophiolite Belt (CDOB) and Vardar Zone
Ophiolite Belt (VZOB) are presented. Plagiogranites occur as dikes or
small intrusive bodies in the upper part of the gabbrodolerite or diabase
section in the ophiolite sequence. On the basis of normative An-Ab-Or
diagram most of studied plagiogranites are classified as trondhjemites.
They are typically low in K,O, FeO and MgO and contain low to moder-
ate Al,Os, but light Si0, and Na,O. Their ocean ridge granite normal-
ized patterns of trace elements displaying low contents of HFS and high
contents of LIL elements are very similar to those of the volcanic arc
granites. But assuming that in trace element pattern elevated K,0 and
Rb contents are result of alteration, the studied plagiogranites have also
strong similarity with typical Troodos supra-subduction ocean ridge gran-
ite, The using of Peacock index reveals that they are characterized by
calcic character what is typical for supra-subduction ocean ridge gran-
ite. The studied plagiogranites are probably formed in extensional con-
ditions above a subduction zone and in terms of their origin the most
probably related to crystal-liquid differentiation process.

Introduction

In nearly all ophiolite complexes in small volumes high-
S10,, low-K,0 leucocratic rocks of hypabyssal type. They
usually belong to the upper section of the ophiolite se-
quence. Because this leucocratic rocks contain potassium
feldspar only in very rare instances the term plagiogranite
is used as a general descriptive term. Their compositions
encompass a large spectrum of rocks including tonalites,
trondhjemites, albite granites, albitites and quartz diorites.
To avoid the confusion with the same rock types originated
in the continental environment Coleman & Peter-
man (1975) proposed the name “oceanic plagiogranites”
for the plagiogranites associated with ophiolites.

Three different petrogenetic models have been sugested
to explain the genesis of ophiolitic plagiogranites. They
could be produced by: 1) crystal-liquid differentiation proc-
ess from primitive basicmagma(Coleman & Peter-
man, 1975; Coleman & Donato, 1979; Pal-
lister & Knight, 1981;Wildberg, 1987); 2) lig-
uid immiscibility in silicate melts(Dixon & Ruther-
ford, 1979); 3) partial melting of basic rocks under hy-
drous conditions (Helz, 1976; Malpas, 1979; Ger-
lach etal., 1981).

The plagiogranites were also found at numerous locali-
ties within Central Dinaride Ophiolite Belt (CDOB) and
Vardar Zone Ophiolite Belt (VZOB). Shematic position of
CDOB or lherzolite province and VZOB or harzburgite
province are shown in the Fig 1. This paper has the goal to
summarize the unpublished and published analyses of pla-
giogranites occurring in the ophiolite complexes of these
two ophiolite belts and discuss their geochemical charac-
teristics, possible tectonic setting and origin.

Kljuéne rijeéi: Plagiogranit, Ofiolit, CDOB, VZOB, Graniti supra-
subdukeijskog oceanskog grebena, Graniti vulkanskog luka, Proces
kristalno-likvidne diferencijacije

Prikazani su geokemijski podaci plagiogranita koji se nalaze u ofi-
olitnim kompleksima Centralne ofiolitne zone Dinarida (CDOB) i Vard-
arske ofiolitne zone (VZOB). Plagiograniti se pojavljuju kao dajkovi ili
mala intruzivna tijela u gornjem dijelu gabro-doleritne ili dijabazne jedin-
ice ofiolitne sekvence. Na temelju normativnog An-Ab-Or dijagrama
vedina prouavanih plagiogranita je klasificirana kao trondhjemiti. Oni
tipi¢no imaju niske sadrZzaje K0, FeO 1 MgO, niski do srednji sadrZaj
AlO;, ali visoke sadrzaje Si0O; i Na,O. Usporedba elemenata u tragovi-
ma u plagiogranitima s onima tipi¢nim za granite oceanskog grebena
pokazuje da plagiograniti imaju visi sadrZaj elemenata velikog radijusa
(LIL elementi), a niZi sadrzaj elemenata malog radijusa i visokog naboja
(HFS elementi). Sli¢no ponadanje elemenata u tragovima pokazuju i grani-
ti vulkanskog luka usporedeni s onima u granitima oceanskog grebena.
Medutim, ako se pretpostavi da je poviseni sadrzaj K,0 i Rb u prouga-
vanim plagiogranitima rezultat alteracije, tada oni imaju takode veliku
sli¢nost s Troodos granitom koji je tipicni predstavnik granita supra-
-subdukeijskih oceanskih grebena. Upotreba Peacock indeksa pokazuje
da su plagiograniti karakterizirani kalcijskim karakterom 3to je tipi¢no
za granite supra-subdukcijskih oceanskih grebena. Prou¢avani plagi-
ograniti su vjerovatno formirani u ekstenzijskim uvjetima iznad sub-
dukcijske zone, a njihov postanak je najvjerovatnije vezan za procese
kristalno-likvidne diferencijacije.

Analytical techniques

Major elements and the trace elements of sample PGL-
2 were measured by wavelength-dispersive X-ray fluores-
cence spectrometry in the Mineralogical institute in Hei-
delberg using fusion discs and pressed powder tablets re-
spectively. International reference samples, some of which
were also run as unknown, were used as standards. The
wet chemical analysis of the whole rock was done on the
sample PGL-13, PGL-14, PGL-16, PGH-4, PGH-5 and
PGH-6 in the Institute for Mineralogy, Petrology and Min-
eral Resources (Faculty of Mining, Geology and Petrole-
um Engineering) in Zagreb. The measurement conditions
of other plagiogranites used in this paper are described in
the reference articles.

Field relations and petrography

Leucocratic acid and intermediate rocks are found at
more than twenty localities in ophiolitic complexes of Ban-
ija, Kozara, Ljubic, Bosnian Ozren, Krivaja-Konjuh, Bor-
ja, Mahnjaca, ViSegrad, Varda, Zlatibor, Sjenica Ozren,
Maljen, Ibar-Kopaonik and Dren Boula (Karamata,
1958; Majer, 1963; Karamata & Pamic, 1964;
Pordevi¢ & Stojanovic, 1964; Pami¢ &
Olujic, 1969;Pami¢ & Tojerkauf, 1970;Dor-
devi¢c & Mojicevic, 1972; Jovicé, 1984;
Lugovié¢, 1986). They usually occurr as vein, dike or
small intrusive bodies in the upper part of the gabbrodoler-
ite or diabase section in the ophiolite sequence. Sometimes
they also intrude the mantle peridotite parts of the ophio-
lite sequences. The thickness of the dikes is commonly in
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Fig. 1. Shematic position of the Central Dinaride Ophiolite Belt (CDOB)
or lherzolitic province and the Vardar Zone Ophiolite Belt (VZOB)
or harzburgite province, modified after Herak (1986, 1990.). Shad-
ed area represents Banija region from where come two analyses
with trace element data,

A - Alps

B - Banija region

B - Carpatho-Balkan Arc

) - Pelagonian Basin

PB - Pannonian Basin

SP - Subpelagonian zone
SMM - Serbian-Macedonian mass
up - Inner Dinarides

VD - Outer Dinarides

Sl 1. Shematska pozicija Centralne ofivlitne zone Dinarida (CDOB) ili
lercolitne provineije i Vardarske ofiolitne zone (VZOB) ili harcbur-
gitne provincije, modificirano prema Heraku (19586, 1990). Os-
Jencano podrudje predstavija Baniju odakle potjecu dva uzorka
s analiziranim elementima u tragovima.

Table I: Representative analyses of plagiogranites from CDOB
Tablica | Reprezentativne analize plagiogranita iz CDOB-a

the range of centimeter to meters. Plagiogranites can also
form dike swarms as is the case in the peridotite near Bosan-
sko Petrovo Selo in Bosnian Ozren. Plagiogranite dikes
exhibit sharp boundaries in contact with serpentinized peri-
dotite, whereas contact paragenesis containing commonly
tale, hrysotile, brucite and carbonate minerals is usually
developed in serpentinized peridotite(Majer & Slov-
enec, 1973). Additionaly, small plagiogranite blocks and
conglomerates containing the pebbles of plagiogranite com-
position are found in the ophiolitic melange.

Investigated plagiogranites encompass a wide spectrum
of rock types ranging from dominant albite granites and
plagioclase granophyric granites to granophyres, trond-
hjemites, quartz diorites, albitites and oligoclasites.

The textures of the plagiogranites are determinated by
their position in the ophiolite sequence. They vary from
alotriomorphic and hypidiomorphic granular types to sub-
porphyritic type being characterized by the micrographic,
myrmekitic or granophyric groundmass. The plagiogran-
ites generally exhibit more or less cataclastic deformation.

The principal minerals in plagiogranites are quartz, al-
bite or acidic plagioclase and sporadically amphibole. The
plagioclase is often zoned. Accessory minerals are repre-
sented by apatite, zircon, rutile and magnetite. The rocks
are always more or less altered containing different sec-
ondary minerals such as actinolite, chlorite, epidote, coisite,
prehnite, muscovite, sericite and sphene.

Geochemistry

Representative major and trace element data of plagi-
ogranites from CDOB are shown in Table 1 and of those
from VZOB in Table 2.

In the Ab-An-Or normative triangle of O Connor
(1965) the most plagiogranites fall within the trondhjemite
field and few od them into tonalite and granite field (Fig.
2).

g

Sample PGL-1 PGL-2 PGL-3 PGL4 PGL-S PGLS PGL-7  PGL-8  PGLY9 PGL-10 PGL-11 PGL-12 PGL-13 PGL-14  PGL-15  PGL-16  PGL-I7
Author Majer Garadi¢  Golub Pami¢ & Pamic¢ & Majer Pord & Pamic& Dord & DPord & BDord & Pamié&  Majer  Majer Karam. & Majer Karamata
Kapeler Kapeler Mojiciv.  Tojerk. Mojidiv, Mojitiv,  Stojanov.  Olujié Pami¢
Year of publ. 1983 1962 1969 1969 1963 1972 1970 1972 1972 1964 1969 1964 1958
Localities  Banija  Banija Kozara  Kozam  Kozara Ljubié ia Borja i Borja Zeple B.Ozen B.Ozren B.Oren  Konjuh  Zlatibor 8j, Ozren
Si0, T4E2 7139 616 65O 6125 6731 75.68 7469 MMM 65.23 714 7246 6765 73l 68.68 70.15 67.36
Ti0y, 0.00 015 0.00 048 042 074 .26 0.05 0.64 0.28 0.24 .04 0.25 0.30 0.50 0.00 0.2
ALOy 1360 1250 2261 17.11 1915 1597 1326 1246 1925 18.39 13.02 10.83 1495 1273 17.60 14.18 15.06
Fe;0, 0.20 098 055 Pai| 189 109 127 117 1.52 0.35 164 1.86 in 1.75 0.95 23 0.68
FeO 0.53 000 0.06 249 041 298 0.00 0.37 0.47 (1.69 3.03 |28 .68 0.55 2.0 27 14
Mn0) 0.02 0.01 0.00 0.05 0.06  0.05 0.00 0.00 0.00 0.00 0.04 0.02 0.00 0.02 (.06 0.10 0.09
Mg0 0.00 0532 000 2.3 240 136 1.19 1.28 1.40 2.63 0.60 37 0.53 n .64 0.10 (L83
Cal 19 0.64 37 165 373 213 (.68 .78 Y 0.52 140 290 .63 .72 290 0.43 T
Na,0 5.56 570 818 4.86 930 681 539 639 906 1011 4.30 6.05 405 195 449 131 5.09
K;0 1.68 042 1.48 022 023 016 1.16 1.10 0.18 0.00 1.21 045 il 327 1.19 0.89 .94
P50 0.62 0.06  0.00 0.09 017 017 023 0.00 032 0.09 0.07 0.18 030 0.05 0.12 0.00 0.0%
Hy0¢ 0.30 067 1.26 140 107 135 0.74 0.82 0,55 1.14 0.99 0.98 220 0.04 1.29 1.16 0.69
H;0- 0.00 000 035 0.52 002 013 0.00 0.12 0.09 0.15 .00 0] 0.54 .39 0.07 0.23 0.69
C0, 0.00 006 .00 0.00 0.00 0,00 0.00 0,00 0.00 0.00 1.07 0.00 0.00 0.00 0.00 0.00 0.00
L 8962 9900 9992 10051 10010 10025 9986  100.23  100.09 99.58 100.55 10033 10061  100.10 1(H).46 9970 10032
Cr 3 14
Ni 4 5
Co 3 4
Cu 3 0
n 12 8
Vi 1] 13
Ba 206 73
Sr 76 94
Rb 128 11
Pb 50 20
Ir 70 9
Ga 13 13
Th 5 3
Y 18 32

Nb 5 7
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Table 2: Representative analyses of plagiogranites from VZOB
Tablica 2 Reprezentativne analize plagiogranita iz VZOB-a
Sample PGH-1 PGH-2 PGH-3 PGH-4 PGH-5 PGH-6 PGH-7 PGH-8 PGH-9
Author Lugovi¢ Jovié Jovié Majer Majer Majer Lugovic Ivanov [vanov
ctal etal.
Year of publ. 1986 1984 1084 1986 1987 1987
Localities Maljen  Ibar-Kop. Ibar-Kop. Ibar-Kop. Ibar-Kop.  Ibar-Kop. Dren-Boula Dren-Boula Dren-Boula
510, 67.23 64.07 65.10 6891 69.04 64.86 [JRE 67.98 1585
TiO, 0.35 0.42 1.25 0.36 0.25 0.43 0.99 0.25 0.30
Al O4 14.41 20.92 21.97 14.77 12.54 2118 14.22 12.35 13.30
Fe,04 1.54 0.14 1.45 1.58 1.78 0.14 3.56 2.05 0.89
FeO 2.63 1.00 0.06 2.70 172 1.01 5.67 7.60 0.59
MnO 0.01 0.00 0.00 0.01 0.10 0.00 0.13 0.10 0.02
MgO 1.75 0.59 0.20 1.79 1.06 0.60 2.15 1.04 0.30
Ca0 3.67 1.85 2,50 3.76 4.10 1.87 4,67 4.04 1.10
Na,O 5.46 9.35 7.95 5.60 3.01 9.49 4.65 2.96 6.80
K,0 0.41 0.40 0.41 0.42 0.30 0.40 0.53 0.30 0.06
P,0; 0.10 0.02 0.02 0.10 0.10 0.02 0.57 0.10 0.00
H,0* 2.07 1.00 .11 0.00 0.00 0.00 2.09 .18 0.62
H,Or 0.00 0.66 0.40 0.00 0.00 0.00 0.00 0.18 0.35
CO, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
b 99.63 100.42 100.42 100.00 100.00 100.00 100.38 100,13 100.18
An 100 3
2 Plagiogramites from 1
@ CDOB plagiogranites % s . ® cpop
|O vzoBphgiogmies | £ WA | Voleamc ar gt
E‘J 10 E - _J 1 P 557 granite of
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Fig. 2. Ab-An-Or normative diagramm of O'Connor (1965) showing
that the most studied plagiogranites plot into the trondhjemite
field,

81 2. Ab-An-Or normativni dijagram O 'Connora (1963) koji pokazuje
da su vecina istrazivanih plagiogranita po svom karakteru trond-
hjemiti.

The plagiogranites from CDOB display highly variable
K,O contents (0.00-3.27%) indicating that some of them
have undergone secondary alteration process, what also can
be seen in the presence of abundant secondary muscovite
and sericite. The K,O contents of plagiogranites from
VZOB are low (0.06-0.53%). The contents of Na,O in both
group of plagiogranites are very high, being in the range
between 2.95 and 10.11 wt.%. Their Al,O; contents are
low to moderate varying between 10.83 and 22.61 wt.%,
whereas SiO, contents show high values (61.15-77.39
wt.%). The contents of iron and magnesium oxide are gen-
erally low (Table 1 and 2). All these features are typical for
plagiogranites from ophiolite complexes all over the world
(Coleman & Peterman, 1975).

K.O Rb Ba Th Ta Nb Ce Hf Zr Sm Y Yb

Fig. 3. Trace element patterns of plagiogranites from CDOB normalized
relative to an ocean ridge granite are compared with typical vol-
canic arc granite from Chile and typical supra-subduction ocean
ridge granite from Troodos. The normalizing and comparing val-
ues are from Pearce et al. (1984).

Sl 3. Elementi u tragovima u plagiogranitima iz CDOB normalizirani
su u odnosu na elemente u tragovima u granitu oceanskog grebe-
na i usporedeni s elementima u tragovima u tipicnom granitu vul-
kanskog luka iz Cilea i tipicnom granitu supra-subdukcijskog
aceanskog grebena iz Troodosa. Normalizirajuce i usporedne vri-
Jednosti za elemente preuzete su iz rada Pearcea i dr. (1984)

Trace elements are determinated only for two plagiogran-
ites of CDOB. Their ocean ridge granite (ORG) normal-
ized patterns are presented in Fig. 3. The plagiogranites
display enrichments in K, Rb, Ba and Th and are depleted
in Nb, Zr and Y relative to the normalizing composition.
This pattern is typical for volcanic arc granites, what is
also demontrated by plotting of the typical volcanic arc
granites of Chile on the same diagram (values from
Pearce etal., 1984). In the logRb-log(Y+Nb) tectonic
discrimination diagram (P earce etal., 1984) the studied
plagiogranites plot in the volcanic arc granite field (Fig.
4). However, in this diagram volcanic arc granite cannot
be geochemically distinguished from plagiogranites of su-
pra-subduction ocean ridges which plot in the same field
(Pearce etal., 1984). Comparing the trace element pat-
tern of typical supra-subduction ocean ridge granite from
Troodos with studied plagiogranites, it is evident from Fig.
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3 that the plagiogranites from CDOB are very similar io
Troodos granites too except for high K,O and Rb, which
may be, on the basis of sometimes abunda ntly present sec-
ondary muscovite and sericite, attributed to alteration, Us-
ingthePeacock index (Peacock,1931)reveals that
the plagiogranites of CDOB and VZOB have calcic char-
acter (Fig. 5).

@ Plagiogranites from CDOB
[ Volcanic arc granite of Chile
& SSZ granite of Troodos

P

Syn-COLG /
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T
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Y+Nb

Fig. 4. The logRb-log(Y+Nb) tectonic discrimination diagram for granitic
rocks (after Pearce et al., 1984) shows that studied plagiogranites,
voleanic are granite from Chile and supra-subduction ocean ridge
granite from Troodos all plot into the volcanic arc granite field.
VAG - volcanic arc granite, ORG ~ ocean ridge granite, WPG -
within plate granite, syn-COLG — syncollisional granite.

SI. 4. Tektonski diskriminacijski dijagram logRb-log(Y+Nb) prema Pearceu
i dr (1984) pokazuje da se istrazivani plagiograniti, granit viulkan-
skog luka iz Cilea i granit supra-subdukcijskog vceanskog grebena
iz Troodosa svi plotaju u polje granita vulkanskog luka, VAG — gran-
it vulkanskog lika, ORG — granit oceanskog grebena, WPG — granit
unutar ploée, syn-COLG — sinkolizijski granit,

@ CDOB plagiogranites
() VZOB plagjogranites
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Fig. 5. The 8i0,-(Na,0+K,0) diagram after Peacock (1931) indicates
the calcic character of all studied plagiogranites. A-C — alkalic-
caleie, C-A — calcic-alkalic.

SI. 5. Dijagram §iOs(Na:0+K,0) prema Peacocku (1931) ukazuje na

kalcijski karaker svil proucavanih plagiogranita. A-C — alkali-
Jsko-kaleijski, C-A — kalcijsko-alkalijski.

Discussion

Tectonic setting

Pearce etal (1984) classified granites according to
their tectonic setting into collision, volcanic arc, within plate
and ocean ridge granite. Each group can be further divided
into tectonic and petrologic sub-groups. Oceanic plagi-
ogranite are assumed to have formed at ocean ridges. They
could be formed at subduction - unrelated ocean ridge, but
also at subduction-induced ocean ridges. The former are
named as “normal” if their main volcanic product is an N-
type MORB and “anomalous™ if dominates an E- of T-type
MORB (Wood, 1979). The subduction-induced ocean
ridges could also be *normal™ if their associated basalts
are N-type MORB, but they are described as “supra-sub-
duction zone” (SSZ) if their volcanic product has an island
arc tholeiite or boninite character (Pearce etal., 1984),
The plagiogranites formed in this four subgroup of ocean
ridge are distinguished by using the Peacock index. The
plagiogranites from normal and anomalous subduction-un-
related ridges plot into alkali-calcic field, those from nor-
mal back-arc ridges into calc-alkalic field, whereas plagi-
ogranites from SSZ ridges plot into calcic field (Pearce
et al., 1984). All studied plagiogranites from CDOB and
VZOB plot into calcic field (Fig. 5) indicating that they
could belong to supra-subduction ocean ridge granites. Al-
though it is difficult to relate the formation of the investi-
gated plagiogranites to definite tectonic setting only on the
limited data base, the available data indicate that they are
probably formed in extensional conditions above a sub-
duction zone. This opinion is in the accordance with con-
clusionof Lugovi¢ etal. (1991) that mafic extrusives
of CDOB show geochemical characteristics similar to back
arc spreading center.

Origin of plagiogranites

Some of the ophiolite complexes are characterized by
notable lack of intermediate compositions between gab-
bros and the plagiogranites. Dixon and Rutherford
(1979) pointed out that such compositional gap ranging
maximal from 50 to 60% SiO, could be explained by the
process of silicate liquid immiscibility. They performed a
series of experiments using a low-potassium abyssal tho-
leiite as starting material and showed that highly differen-
tiated basaltic magma after about 95% crystallization sep-
arates into two immiscible melts: a very Fe-enriched (~20%)
basaltic melt and plagiogranitic melt. According to the avail-
able data there is no evidence for the complementary very
Fe-enriched basaltic rocks in the ophiolite complexes of
CDOB and VZOB and the compositional gap of this com-
plexes is usually small (51.2%-54.72% SiO.). Thus the
genesis of the investigated plagiogranites by silicate liquid
immiscibility seems to be precluded.

Plagiogranite melts can also result from hydrous partial
melting of basalts and from the dehydration partial melting
of amphibolite (Helz, 1976; Spulber & Ruther-
ford,1983;Beard & Lofgren,1991). Experimen-
tal data on partial melting of tholeiite and olivine tholeiite
(Helz, 1976) are compared with studied plagiogranite var-
iation, relative to fractionation index (Si0,) on Harker’s
diagrams (Fig. 6). The trend of the studied plagiogranites
differs from the trend of partial melting showing on an av-
erage higher contents of Na and Mg, the same or higher
content of Fe and Si, and lower concentration of Ca com-
paring with partial melts of tholeiites.

The very small total amount of plagiogranites in the
ophiolite complexes and their close association with the
uppermost part of the ophiolitic gabbros are considered to
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Fig. 6. Harker’s diagrams of selected major oxide of studied plagiogranites are compared with experimentally produced partial melts of tholeiite and
olivine tholeiite by Helz (1976) in an attempt on finding out the mechanism of plagiogranite origin. The trend of plagiogranites differs from
the trend of partial melts precluding the genesis of plagiogranites by partial melting.

SL 6. Harkerovi dijagrami pojedinih glavnih oksida w plagiogranitima su usporedeni s glavnim oksidima eksperimentalno proizvedenih pareijal-

nih taljevina toleiita i olivinskog roleiita (Helz, 1970) u pokuSaju da se odredi mehanizam postanka plagiogranita. Trend plagiogranita se
razlikuje od trenda parcifalnih taljevina cime se iskljucuje geneza plagiogranita parcijalnim taljenjem.

be due to crystal-liquid differentiation process (Coleman
& Peterman, 1975;Coleman & Donato, 1979;
Pallister & Knight, 1981; Wildberg, 1987).
Plotting MgO, Ca0 and Na,0+K,0 contents of some avail-
able gabbros, dolerites, keratophyre and plagiogranites from
Borja and Kozara in CDOB versus Si0, (Fig. 7) reveals
that they may be related to fractional crystallization of oli-
vine and clinopyroxene. Additionally, some gabbro doler-
ite rocks from CDOB and VZOB exhibit porphyritic to
ophitic texture, with groundmass corresponding composi-
tionally and texturally to granophyric plagiogranites. Such
graphic intergrowth of plagioclase and quartz are usually
regarded as an indication of the incomplete extraction of
mnterstitial plagiogranitic melt (Wildberg, 1987).

In summary the most probable process responsible for
the origin of plagiogranites in CDOB and VZOB could be
crystal-liquid differentiation process. But additional stud-
les, specially those based on the REE patterns of the plag-
logranites and their asociated mafic rocks are necessary to
support this conclusion.

Conclusions

The most plagiogranites associated with CDOB and
VZOB are classified as trondhjemites and only few as to-
nalites and granites,

Their petrographic and geochemical characteristics
closely resemble volcanic arc granites having low contents
of HFS and high contents of LIL elements (ocean ridge
granite-normalized). But bearing in the mind the fact that
high K50 and Rb contents could also be a product of low-
-grade alteration, the investigated plagiogranites could also
be a product of low-grade alteration, the investigated plag-
iogranites could present supra-subduction ocean ridge gran-
ites. Using the Peacock index they classified as calcic ocean
ridge granites, what is typical for supra-subduction gran-
ites(Pearce etal 1984). Although it is difTicult to make
conclusions on the basis of only two available trace ele-
ment analyses, they indicate that the plagiogranites could
be formed in extensional conditions above a subduction
Z0one.
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Fig. 7. Comparation of selected major oxide of different ophiolite rocks (gabbros, dolerites, keratophyres) with associated plagiogranites relative to
crystall-liquid differentiation process as measured by increasing Si0,. Geochemical data for gabbros and dolerites are from Lugovi¢ et al.

(1991) and those for keratophyres from Pami¢ & Tojerkauf (1970).

Si. 7. Usporedba pojedinih glavnih oksida razlicitih ofiolitnih stijena (gabrovi, doleriti, keratofiri) s asociranim plagiogranitima u odnosu na
proces kristalno-likvidne diferencijacije koji je mjeren porastom SiO,. Geokemijski podaci za gabrove i dolerite potjecu od Lugovica i dr.

(1991) a oni za keratofire od Pamica i Tojerkaufa (1970).

Plagiogranites of CDOB and VZOB are in terms of their
origin the most probably related to crystal-liquid differen-
tiation process.
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