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ABSTRAGT

The phenomena of partial melting in plagioclase lherzolites included within the
harzburgites (tectonites) from different ophiolitic complexes of Greece are examined.
These phenomena consist in the formation of the “in situ” small lenses and veinlets of
plagioclases, clinopyroxenes and gabbros. The boundaries of these concentrations with
the surrounding host rock are not clearly defined, the size of the crystals of the minerals
of the concentrations is much bigger than that of the respective minerals of the enclos-
ing rock, whilst by the contact with the concentration the surrounding host rock is de-
pleted in the respective minerals of the concentration. Orientation of the crystals of the
concentrations is not observed, whilst with the use of a Rontgen Texture Goniometer
has been proved the existence of a preferred orientation of the clinopyroxene crystals
of the host rock. The occurrence of the “in situ” concentrations and their development,
appear to be related with the tectonic elements of the surrounding tectonites. The compo-
sition of the plagioclases in the “‘in situ” concentrations and the surrounding host rock
was determined by electron microprobe analysis and it has been concluded that the pla-

¢

gioclase composition of the “in situ” concentrations is similar to that of the plagioclase
of the surrounding host rock. In both cases the variation in An% takes place entirely
within the bytownite but predominate values above 80%, varying between 80 and 909
An. Electron microprobe analysis is also carried out for the determination of the compo-
sition of the clinopyroxenes for the ““in situ” concentrations and for the clinopyroxenes
of the surrounding host rock. In both cases the composition is similar. From the presence
of zoisite in the parageneses of the rodingites included in tectonites it is concluded that
the metamorphism has not exceeded the upper levels of the greenschist facies. Therefore

the high temperature minerals of the “in situ” concentrations cannot be related to meta-

morphism.

The harzburgites, with are the main representatives of the tectonites,
are considered as the remnants of the mantle rocks, which have undergone
partial melting for the formation of the ophiolite parental magma. A number
of authors believe that such rocks which have undergone partial melting,
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are the plagioclase lherzolites. This is supported by the presence within the
harzburgites of small gabbroic pods and local development of plagioclase
lherzolites. The gabbroic rocks are considered as products of crystallization
of small quantities of melt, which did not escape from the harzburgites,
whereas the plagioclase lherzolites of local development are considered as
remnants of plagioclase lherzolites, which have escaped the partial melting
process or have undergone this in such a small degree, that only a smali
amount of melt was produced.

I. PRODUCTS OF PARTIAL MELTING (“IN SITU” LENSES AND VEINLETS
OF PLAGIOCLASES, CLINOPYROXENES AND GABBROS)

F. Boudier and A. Nicolas (1972) describe phenomena of partial melt-
ing in the plagioclase lherzolites in Lanzo area of northern Italy. The pri-
mary stages of melting lead to the formation of small lenses of plagioclase
derived from the anatexis of plagicclase of the original lherzolite, whereas
at later stages there were formed veinlets of gabbroic composition “in situ™
and finally sizeable gabbroic veins intruded into the surrounding rocks.
The lherzolites of the Lanzo area are plagioclastic. The rock has undergone
plastic deformation, which is considered responsible, according to the authors,
for its foliation. The “in situ” veinlets are inclined with respect to the folia-
tion of the rock and are usually developed “en enchelon” between two folia-
tion planes of the rock. Therefore, the arrangement of the veinlets “in situ”
has been mostly influenced by the development of the plastic deformation
of the rock.

Veinlets of pyroxenites together with anorthositic gabbros in
harzburgites of the Antalya ophiolite of Turkey, are considered by T. Juteau
et al. (1977), as the result of partial melting of the ultrabasic rocks. During
the plastic deformation of the rock which accompanied the partial melting
the rock was foliated and a lineation was produced. The veinlets have also
undergone plastic deformation and their surfaces are related with the ductile-
flow direction of the rock material. From direction measurements it is con-
cluded that the veinlet development is taking place along the fold axial
plane of the surrounding harzburgites, on planes including the direction of
the lineation of the surrounding rock.

Similarly, F. Boudier and R. G. Coleman (1979) reported the presence
of veinlets of clinopyroxene and patches of pegmatitic texture of pyroxe-
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nites consisting of orthopyroxenes, websterites and gabbros in the
harzburgites and the dunites of the ophiolites of the Semail area in Oman,
which they consider as partial melts, trapped within the rocks during the
process of their plastic deformation.

Phenomena of partial melting of plagioclase lherzolites of the Makri-
rachi area in northwest Orthris Greece, are reported by M. Menzies (1973).
These include the formation of small lenses and veinlets of gabbroic com-
position, within the plagioclase lherzolites. These gabbroic concentrations
occasionally attain an elongated form along the direction of the plastic
deformation of the rock which took place under solid state conditions. The
irregular boundaries of the non idiomorphic crystals of these concentrations
is characteristic of their texture.

The author reports that veins of gabbros and pegmatitic gabbros
are also found in the deeper layers of the ultrabasic rocks represented by
harzburgites, dunites and lherzolites. These deep layer gabbros have a com-
position which is comparable with that of an anorthositic gabbro and are
composed of plagioclases and clinopyroxenes, in similarity to the composition
of the gabbroic lenses and veinlets of the plagioclase lherzolites. The pla-
gioclases of the gabbro veins within the deeper ultrabasic layers (harzbur-
gites, dunites, lherzolites) are more acidic than those of the plagioclase Ther-
zolites, whereas their clinopyroxenes (of gabbro veins) are richer in ferro-
silite molecules, in comparison with the pyroxenes of plagioclase lherzolites.
The bulk composition of these gabbros is, according to the above author,
that of an anorthositic gabbro. However, it is not clarified by the author
whether the composition of the plagioclases and the pyroxenes of the small
lenses and veinlets within the plagioclase lherzolites is the same with that of
the plagioclases and the pyroxenes, of the gabbro veins of the deeper layers.

Further M. Menzies (1973) believes that the composition of the gab-
bro veins should not be representative of the composition of the parental
magma, because in the meantime, until the formation of the gabbro, it could
have undergone fractionation or removal of a part of the melt. The compo-
sition of the primary melt (parental magma) depends on the composition
of the original material (rock) of the mantle, its degree of melting and the
depth at which the melt was separated from the remaining rock.

Here below we present some personal observations on ophiolite com-
plexes of Greece with regard to the partial melting.
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At first, the presence of plagioclase lherzolites in the tectonites is very
widespread. These tectonites were observed close to cumulates, near their
borders, of the south Pindos complex as for example in the Lambanovon
valley between the villages of Korydallos and Panayia (Kato Koutsoufliani),
in the Mileotikos valley between the villages of Milea and Kranea, in the

Fig. 1. Plagioclases concentration «in situ» from partial melting
of plagioclase lherzolites. The gradation from the «n situ»
concentration to the surrounding rock is made without clear
boundaries. Lambanovon valley of Pindes complex, Greece.

Aspropotamos valley, east of the village of Perivoli, but also away from the
cumulates, as in the area west of the Panayia village, towards the Metsovon,
and elsewhere. Within the plagioclase lherzolites, concentrations of plagio-
clases or of clinopyroxenes or of plagioclases and clinopyroxenes (gabbroic
composition) are observed. These are developed in the form of minor lenses
or veinlets within the rock (fig. 1 and 2) and represent “in situ™ concen-
trations, originated from the crystallization of products of partial melting
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Fig. 2. Plagioclases concentrations «in situ» from partial melting of plagioclase
lherzolites. The gradation from the «in situ» concentration to the surrounding rock
is made without regular boundaries. Mileotikos valley of Pindos complex, Greece.
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of the plagioclase lherzolites. These concentrations are included and isolated
within the rock, and correspond to a phase completely different than that
of the intrusive gabbros, i.e. of the vein type which cross not only the pla-
gioclase lherzolites but also the other members of the tectonites, usually
lherzolites and harzburgites. The intrusive gabbros, as a pure intrusive
phase, is represented by dykes which attain a length up to several decades
of meters, a few meters width and have clear boundaries with the rock which
they cross. This is a later phase, than that of the small lenses and veinlets
of plagioclases, clinopyroxenxes and gabbros formed “in situ” within the
plagioclase lherzolites. The two phases are distinguished, not only by their
form of occurrence, but also by their composition and texture.

(i) Plagioclases concentrations. These are concentra-
tions ranging in size from poorly defined cloudy crystal accumulations of
plagioclase to well defined, rather small lenses and veinlets, of plagioclase
up to a few centimetres in length. The gradation of these concentrations
into the enclosing plagioclase lherzolite takes place without clear or
regular boundaries and in the poorly developed concentrations it is smooth
and gradational (fig. 1, 2). The presence of concentrations of clinopyroxe-
nes in the form of small lenses and veinlets in place close or even in contact
with areas of plagioclases concentrations is common. It may also be observed
development of plagioclases and clinopyroxenes in the same place. In the
pure plagioclases lenses there are occasionally small greenish “eye” inclus-
ions which correspond to serpentinized remnants of plagioclase lherzolite
isolated within the lense during the concentration of the plagioclase crystals.
The plagioclase lherzolite becomes poorer in plagioclase near its contact
with the concentrations of plagioclases and this becomes more obvious and
stronger when the concentrations of plagioclases are of larger development.

(i) Clinopyroxenes concentrations. These are formed
by the accumulation of clinopyroxenes in isolated masses within the enclos-
ing rock. These concentrations obtain the form of small lenses, usually a
few centimetres in length, or even the form of veinlets and are developed
at many points within the rock, even in places much close to each other.
Although they are pure concentrations of pyroxenes, they do not give the
impression of an “inclusion” or subsequent intrusion of pyroxene material
within the rock, because both the boundaries of the pyroxene concentra-
tion with the surrounding lherzolite are poorly defined and the pyroxene
concentration itself is totally isolated within the rock. These concentrations
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can be easily spotted in the field from the different size of their pyroxene
crystals. This is normaily much larger than the size of the pyroxene crystals
of the rock. From this, it is indicated that the formation of these isolated
pyroxene concentrations took place at a different phase than that at which
the rock was formed. Near the contact with the concentrations under dis-
cussion, the rock is depleted in clinopyroxenes.

(1)) Gabbro veinlets “in situ”. These consist of plagio-
clases and clinopyroxenes and are found enclosed within the surrounding
plagioclase lherzolite, without any continuation towards a certain direction,
which would have been indicative of external supply.

The thickness of the veinlets is normally below 15 c¢m, whereas the
usual length is of a few decades of centimetres. The boundaries with the
enclosing rock are not clearly defined, whereas the size of the plagioclase and
clinopyroxene crystals is mach bigger, than that of the respective minerals
of the enclosing rock and remains the same at the centre and the outer
parts of the veinlet. The surrounding rock near its contact with the vein-
lets, is depleted in plagioclases or has no plagioclases at all, the same being

true for the clinopyroxenes as well.

II. TEXTURAL OBSERVATIONS

With regard to the texture in the “in situ” concentrations of the
products of the primary phase of melting, in greek complexes, further to
the difference regarding the size of the crystals between the minerals of
the concentrations and the respective minerals of the rocks, there appears
to exist also a difference in the emplacement of the minerals. The possible
existence of a preferred orientation of the crystals of the minerals of the
“in situ” concentrations was looked for, but without any result. On the
contrary, for the surrounding host rock an examination with the use of a
Rontgen Texture Goniometer has proved the existence of a preferred orien-
tation of the clinopyroxene crystals. The drawings of fig. 3 and 4 show
the readings on the reflections (220) and (202) faces of the clinopyroxenes
from a sample of plagioclase lherzolite of the Aspropotamos area, of the
south Pindos complex, which were carried out by professor P. Paulitsch
of the Laboratory of Mineralogy of the Technical University of Damrstadt,
to whom the present author is very grateful. According to professor P. Pau-
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Fig. 3. Reflections from (220) faces of clinopyroxenes from a plagioclase
lherzolite, Aspropotamos valley, Pindos. An imperfect distribution zone
is evident that is considered to be an ac-zone.
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Fig. 4. Reflections from (202) faces of clinopyroxenes from a plagioclase
lherzolite, Aspropotamos valley, Pindos. An imperfect distribution zone
is evident that is considered to be an ac-zone.
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litsch there exists an imperfect diagonal zone and taking into consideration
the fact that in the sample there is a recognized lineation, this zone can be
interpreted as an ac-zone. Finally the occurrence of the “in situ” veinlets
and their development, appears to be related with the tectonic elements
of the surrounding tectonites. No systematic work was done on this sub-
ject. The orientation of the minerals in the tectonites of the ophiolite com-
plexes, are related with the plastic deformation of the rocks under solid
state conditions which took place in the mantle or during the course and
intrusion in the crust (A. Nicolas et al., 1971, A. Nicolas et al., 1973 and
others).

III. COMPOSITION OF THE “IN SITU” CONCENTRATIONS

The composition of the plagioclase in the ““in situ” concentrations
and the surrounding host rocks was determined by microprobe analysis.
The assays were carried out at the Ore Deposits Geology Laboratory of
Athens University with a microprobe Microscan 5 Cambridge analyser.

Table 1 shows the microprobe analysis results together with the com-
puted Ab and An 9 values.

From table 1 it is concluded that the plagioclase composition of the
“in situ” concentrations is similar to that of the plagioclase of the sur-
rounding host rock. In both cases the variation in An 9% takes place entirely
within the bytownite but predominate values above 809 An, varying
between 80 and 90 % An. For each sample the variations of the An %
composition (neglecting the decimal values) are as follows :

Plagioclases Plagioclases
of the concentrations of the surrounding
Sample «n situ» An %} host rock An %
4 74 - 87 76 - 87
17 71 - 90 75 - 86
18 70 - 89 73 - 88

It has been attempted also to determine with a microprobe analyser

e

the chemical composition of the clinopyroxenes of the “in situ” concentra-

tions and the clinopyroxenes of the surrounding host peridotite (lherzolite).
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These results are presented in table 2. The analytical work was carried
out in the Ore Deposite Geology Laboratory of the University of Athens
with the same microprobe analyser as for the case of plagioclases analyses
discussed above.

The chemical composition of the clinopyroxenes of the “in situ” con-
centrations, is also similar to that of the clinopyroxenes of the surrounding
host rock, as it may concluded from table 2. For the assays which were
carried out, the slight decrease of Al,0; of the pyroxenes of the “in situ”
concentrations, are accompanied with a respective slight increase of SiO.,.

The presence of monomineralic concentrations of high temperature
minerals (bytownite, clinopyroxenes), cannot lead to any other interpre-
tation as to the genesis of the “in situ” concentrations, than in their deriva-
tion from the anatexis of the respective minerals of the surrounding ultra-
basic rock. The different texture and the irregular mineral boundaries of
the “in situ” concentrations agrees with this origin provided, that these
concentrations represent products, derived from a melt, which was concen-
trated in very small amounts, practically slightly or none at all removed
from the places of their origin. Under these circumstances it is possible to
form both monomineralic concentrations and irregular boundaries of the
intergrouths of the allotriomorphic erystals. It should be noted that, in the
areas where phenomena of anatexis have been reported, the influence of
metamorphism is extremely weak and in a few cases weak.

In the ultrabasic members, the formation of serpentinites is reported,
as well as the presence of rodingites and based on the presence of zoisite
in the parageneses of the rodingites, it is concluded that the metamorphism
has not exceeded the upper levels of the greenschist facies (G. Paraskevo-
poulos, 1969). From the basic members, the effect ol metamorphism is appa-
rent mainly in the diabases, by their rather frequent conversion into spi-
lites with parageneses which are classified between the zeolite and green-
schist facies (G. Paraskevopoulos, 1975, G. Paraskevopoulos, 1979). There-
fore, the high temperature minerals of the “in situ” concentrations cannot
be related to metamorphism.
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XPUGTAMNA®Y THE GUYREVTPMGEWS B8v ¥atéatn duvatdy v Swumictwlf, vé pe iy
Bonbztoy Evdg ywviopérpou iotol Roéntgen dmedeiyln # mapovstio éxdnrov mpocu-
YoToALGOD TAY XPLGTIAAWY TAHV LoVOXAYEY TUpokévmy ol meptBdAhovTtog mETEM-

e

patog. ‘H éupdvicig t@v ouyrevtpwoewy “in situ” xol % avantuiig adtdv, Qat-
o ’ \ \ N ~ ~ ’ ~ 3
vetar 67t oyetiletar wé o TexTovixd oroiyela TéV mepLPadibvrwv Textowitéyv. ‘H
6LGTAGLE TRV TAAYLOXALGTOY TGV GLYXEVTPMGEnY ‘In situ” xol Tob meptBdAhovrog
! ! - g ~ e ~ \ 3 ’ 14 e !
TeTPMPATos TEoadloplaly SU Hhentpovinod YmooyieTob nal dmedelyOy éti 9 oboTa-
6Lg ToD TAXYLOXAAGTOL TGV GLYrevTpmeewy ‘In situ” clvar 6pote pe éxetvyy Tod
mAaytoxhaoTov Tol meptBdAhovrog guhokevolvrog metpwuatos. Bic dupotépasg Tog
TEPLTTWOELS, 1) Stanbuavels cig AnY, ebploneror 5 Ghoxinpov &vtog Tol PuToPvitov,
emuixpatoly Spuws Tipal dvebey tol 809, xupawbpevor petafd 80 xal 909%. *Avd-
netg 8 Hhextpovixol HmoroyieTol Empaypatomornln émiomg Sud OV mpoodiop-
GROY THG GUGTAGEMS TV LOYOXAWEGY TLEokévmy Sue Ta¢ cuyxevrpmaelg “In situ”
%ol TGV povoxAwdv mupokévey tol mepBdAlovrog griokevolvrog metpopatos. Kig

> 7

a - \ 4. e e ’I "’I\’ i ’8/ QE‘ "_:\' /& t ~" ’

ppotépas Tog TEELTTWGELS T oboTtactg elvat 7 dla. “Ex thg mapovstag Loisitov
cle Tag TapayEvésEls TEY podwyLTdY TMY EyxAclopéveyv EvTos TGV TEXTOVLTRY,
gEdyeTar 10 cuuTmépaoua Gl N peTapbpewats d&v mepéPn Tdg avmtépas Babuidug
THe mpacwocytotohbixfic @docwe. Toloutotpdmwg ,ta dpuxte OdmATic Ozpuoxpo-
clog TGV oLYxevTphoewy “In situ” dev Svavror va oyetilovror pete Tig peto-

/
LOPOGGEBC.
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