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EVIDENCE FOR HIGH PRESSURE METAMORPHISM IN THE
_ VERTISKOS GROUP OF THE SERBOMACEDONIAN MASSIF: THE
ECLOGITEOF NEA RODA, CHALKIDIKI

; S. Dimitriadis* and A. Godelitsas’

ABSTRACT

Small eclogihc bodies participate m the Vertiskos group of the Serbomacedoman massif
They crop out among folded migmaliic gneisses and amphibelles The sclogites nave been
amphibolitized and lurther refrograded to greenschist assemblages Near Nea Roda i Chalkidike,
nowever, refrogressien of the eclogdes was not very extensive and Ihe anginal gh pressure
assemblage 15 well preserved. Clinopyroxenes are emphacies (Jadaite = 30 mol per cent), garnels
~are almandines with = 20 el per cenl pyrope. Amphibales are moslly secondary and are ferrean
pargasthic hornblendes to lerrean pargasides. Albde s formng dunng the amphibohhization and the
fallowing greenschisl overprinting Gmpacihic pyroxenes are parlly c:-fm\.:c-rirari to amphibole-altale
symplecliles. Deformation of the eclegiles was certawmly pre-greenschisl bul s relabion lo lhe
amphipohzation event 15 not cerlam, Gamel-chnopyroxene geathermomelry yvielded lemperatines
arpund 530°C.

NEPIAHWH

MEAE TV IOl (ikpd EkAOYITIRG dwjiora noy BpeBrray omy NeEpioxn 1oy ywpol Nea Poda
XaoAniSikng. Ov exAoyiteg £ival oppifoliniupevor kol naponepa unoBafyiopsver oo
NPactyoo I TOMPIKED MapayevEdass, AlaInpouvTal dpwe katd BEGEIC Kol O apYIKES sRhodTIRED
napoyeveoeic, O khvonupaFsvol slval opgaxiteg pe 30% 1edsim O ypavateo akuavalved (e
20% mupwnd. O Sputepoveveic yadlov oupilokol sivol oilinpanagyao nxig keponoifies kat
adnponapyacitec. Karg v urmafofpion tov  ckhoviiwy  ammy o aggifiodiniken kas
ARAOWOOXIOTOAENKA Gaon oxnuarilstal gARiTng eviy OF CUPAKITES HETATREMOVTAL O
guprthek Tites appiBoRou-aAfitg  H o napapdappomn Ty EKAOYITIKIOY Uty dwpatmy Sivol
ApOYEVEQTERT NG iy nEactvogxtd oM Dinot) toug. eria Sy givas Refioin n oxeon e pE T
pam e aggiBoditmweng Toug, Epoppoyn tow vewlEppope ipon ypavarm-kKAonupoEEvon £8wns
Sepuokpooing yupw orouc 530°C

[RODUCTION

The metamorphic evolution of the Serbomacedonian massif is as yet
quately known. Hercynian magmatism and metamorphism has rather certainly
d the massif (BORSI et al. 1964), while its older formations had probably
tamorphosed in the Early Paleozoic or even in the Precambrian (ALEKSIC
. 1988). The polymetamorphic character of a certain group of this massif -the
0s group- has been contirmed by DIXON and DIMITRIADIS (1987) in pelitic
rs of this group, in which mineralogical evidence exists [or a sequence of
t high temperature and high pressure events. The regional extent of these
and the maximum pressures reached remained however unclear, due to
y of apropriate assemblages. Evidence has been accumulated recently
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howeverl, that a number of metabasites participating in the Vertislkos group are ip
fact retrograded eclogites; this leaves little doupt that pressures in this group
reached or exceeded 12 kb at some stage (or stages) during its tectonometamorphig
evolution,

In this paper we present the limited data at hand of a preliminary study of
one of the Vertiskos group-eclogitic rocks, recently found near Nea Roda at the
isthmus of Athos (Agion Oros) peninsula in Chalkidiki (map, fig.1). Other lithologies
present in the area ure migmatitic gneisses, mica schists, amphibolites and a faul
bounded serpentinized uliramafic body; Tertiary granites and granodiorites intrude
nearby (see also the IGME 1:50000 Ierissos sheet).
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Fig. 1. Geological map of the area of N. Roda, Chalkidiki.

We do not adress here either the geotectonic significance of the “eclogite
event”™ or its age, since a much wider perspective is needed for such an attempt;
these are anyhow subjects to be considered in the beforementioned Theses projects.
Also, we do not discuss regional corellations with the Rhodopce eclogites recently
discovered and studied by LIATI (1036).

FIELD OBSERVATIONS
The two eclogitic exposures in the area are not impressive in the field, The

Theses projects in progress oy A, Kaurou and by N. Sidiropoulos in the Vertiskos group under
the supervision ol the fitst of the present authors
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|arger (the inland one, map fig.1) crops out of the alluvials. as a 50 x 100‘ n
isolated hummock, densely covered by thick bushes. Com.acté with thg surrou_ndmg
folded migmatitic gneisses are nowhere visible. The eclogite is rather isotropic and
Jacks any penetrative fabric. ' ) -

The smaller eclogite (at the north shore, map fig.1) is a mere 5 x 20 m
pody comformably enveloped by the surrounding gneiss. The internal part of the
eclogite is mesoscopically isotropic but its margins possess the same planar fabric
ag the enveloping gneiss, which is parallel to the contacts between the two
lithologies. The impression is that the eclogite body, apart from its outer shell
which sheared, behaved more coherently during deformation than its gneissic
envelope. Extensive greenschist overprinting in this body wiped out most of the
original eclogite mineralogy, leaving behind a retrograde greenschist assembiage with
2 random orientation of its minerals even in the case they replace the sheared
outer shell of the eclogite. Shearing thus around the cclogitic body apparently
happened while it was possessing the eclogitic (or rather a pre-greenschist)
mineralogy and prior to a static greenschist overprinting.

The sporadic presence of eclogitic bodies among the migmaritic gneisses (we
pelieve there are more such bodies scattered betlow the alluvial cover), their
elongate shape and the localization of intense shearing only at their margins rather
suggest that they are far separated parts (possibly boudins) of an originally more
continuous mafic formation.

PETROGRAPHY AND MINERAL CHEMISTRY

The Nea Roda eclogite is an isotropic, medium grained rock composed mainly
of garnet and clinopyroxene,with a green to bluish green amphibole interstitialy or
synanteticaly grown among them (fig.2a). Amphiboles have been observed in a few
cases tottaly inside garnet crystals, but it is not ciear whether they are true
inclusions traped during garnet growth or are late infilings of cracks and holes in
garnets. In most cases however there is no doubt that amphibole invades and partly
replaces garnet (fig.2b). Extensive amphibole growth may eventually form large
Poiciloblasts including isolated remnants of the original garnets. Finer grained
(second generation?) amphibole commonly 1ims or replaces pyroxenes along cracks;
In such cases the two minerals share a common ¢ crystallographic axis (fig.2¢).

Plagioclase is always spatially related with amphibole. It forms pools and
Streems at the contacts between garnets and pyroxenes; in these pools amphibole
BTOWS in almost completely idioblastic crystals (fig.2d) or as poiciloblasts (fig.2e).

Other minerals present are: rutile, zoisite, apatite and occasionally quartz,
White mica, clinozoisite, biotite and titanite.

Tunua MewAoyiag. A.T.O.
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. a. Homblende (hb) grown at the contact berween gamet (gt) and

clinopyroxene {cpx). N parallel, x 125.
. Hornblende (hb) replacing garnet (go). N parallel x (25
. Actinelitic amphibole (ect) replacing clinopyroxene (cpx). N parallet x 125.
. Idioblastic hornbiends (hb) grown with albite (4b) &t the contact between
gamet (gt) and clinopyroxene (cpx). N parallel & 125,
dioblastic poiciloblast of hornblende (hbj ncluding albite (@b), berween
garnet (g1) and clinopyroxene (cpx). M parallel x 125
f. Formation of biotite (bio) by reaction hetween homblende (hb) and white
mica (wm), albite (ab} and clinozoisite (cz) are lkely products of the
same reaction.

o o
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The garnets (analyses 1-3, table I) are ~60 per cent almandine with ~20 per
- each pyrope and grossular. In fig.3 the analyzed garnets have been plotied
diagrams of SMULIKOWSKI (1968) and LOVERING and WHITE (1969).

~ According 1o the field relations, the eclogites here studied could be type B
. i.e. eclogites found among high grade gneisses and migmatites, but there is
ason 10 exclude the possibility of being type C (or II) i.e. eclogites related
!'m.cophane schists, although glaucophane rocks have not been found. Lets
here, however, that the above distinction is old fashioned and is today
ered rather unnecessary (YARDLEY 1989).

 The clinopyroxenes (analyses 4-6, table [) are omphacites with a tendency
chloromelanitic compositions (fig.4a). Jadeite content is ~30 per cent. They

‘Three green amphiboles have been analyzed (analyses 7-9, table 1). They are
| typical ferroan pargasitic hornblendes (nomenclature after LEAKE 1978, as
ed by ROCK and LEAKE 1984). Two amphibole analyses (nos 10, 11, table
from the greenish blue margins sometimes present in these amphibole
als; their composition is ferroan pargasitic with compuaratively higher Fe:Mg and
t Al in relation to the green amphiboles they rim.

~ The plagioclase (analysis no 12) is Abg|Ang.

The possibility exists that the pargasitic hornblende was an equilibrium
n of an original garnet + omphacite + hornblende eclogitic assemblage.
, textural features rather suggest that it mainly formed by a reaction
en garnet and clinopyroxene, during which albitic plagioclase was also formed.
;Eaﬁ 10 be a hydration reaction for which a semiquantitative scheme could be:

* Mg,Ca)3A1,Si7015 + (NaAlNaFedt Cay Mgs FeZ¥)Si,0g + n Si0p + HpO
Garnet Clinopyroxene

Cay,Na(Mg,FeZ* Fe3* Als(Si.AlgOy7(OH ), + NuAlSizOg
Hornblende Albite

The presence of free quartz is & prerequisite for this reaction to proceed: 1t
ase when either water or quartz is no more available at the site of the
On. In our case it is possible that the reaction did not completed due to
Hlaustion of free quartz rather, than due to lack of water, since free quartz is
Ty scarse in the rocks studied here.

Wneiakni BiBAI0OAKN "Oedppaa wAoyiag. A.N.O.
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b. The Na - Al - Ca diagram
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The proposed amphibole producing reaction was not necessarily retrogressive;
it could had been progressive if hydration of the rock was accompanied by heating
under nearly the same pressute 1o that prevailed during the main eciogite event.
This suggestion is strengtnencd by the fact that pargasitic hornblendes are the
rypical amphiboles forming during hydration of mantle rocks at high pressures and
temperatures (JENKINS 1983: OLAFSSON and EGGLER 1983; GALER and
O'NIONS 1989).

Retrogressive reactions and textures in eclogites are known for long and have
peen extensively described in the literature (ALDERMAN 1036; SMULIKOWSKI
1968; SANTALLIER 1983; KLEIN and WIMMENAUER 1984; TAKASU 1984;
GODARD 1988, among others). A common retrogressive reaction is the
replacement of the original omphacite by a diopside-plagiocliase symplectite. This
reaction is, however, favoured in dry conditions. Destabilization ot omphacitic
pyroxene with simultancous hydration will most probably lead to the formation of
amphibole + plagioclase symplectites. In our rocks such a reaction is probably
responsible for the riming of the clinopyroxenes by needls of actinolitic amphiboles
(fig.2¢).

White mica (analysis 13, table Iy is scarcely present in the N. Roda eclogite.
It is 66.73% muscovite, 23.44% celadonite and 9.83% paragonite, with 6.48 Si atoms
p.f.u.

Wherever the white mica comes in contact with green hornblende a biotite +
albite symplectite with clinozoisite intervenes between the two minerals. Textural
evidence suggests (fig.2f) that biotite is forming at the expence of both, hornbtende
and white mica. The following reaction is likely:

hornblende + white mica = biotite + clinozoisite + albite

ROCK CHEMISTRY

There is only one complete analysis of N. Roda eclogite available at the
moment (table I1). The provisional conclusion is that this eclogite belongs to the
Fe-Ti gabbro type (MOTTANA 1977). In a MORB-normalized trace clement
variation diagram (fig.$) a general enrichment in all but the large ion lithophiles is
marked. The depletion in Nb might be due to crustal contamination; an accompanied
enrichment in K and Rb is unlikely in eclogite rocks due 1o lack of potassium rich
Phases in them. The general enrichment in all trace elements (apart from Cr)
relative to MORB and the gentle sloping from Ba to Sc arc suggestive of a
transitional basalt 1ype protolith; the pattern resembles (PEARCE 1983) oceanic
island and continental flood basalts.

' - Tunpa MewAoyiag. A.M.G.
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Fig. 5. MORB normalized trace element variation diagram of the N. Roda eclogite.

CONDITIONS OF METAMORPHISM .

The garnet-clinopyroxene Kpy Fe/Mg geothermometer has becn ap](i'ed 1o
eight pairs of mineral analyses for an infered pressure of 12 Kb (fig.6). Although
this geothermometer is not strictly ap]rigablc 1o eclogitic rocks (ESSENE 1982.1989)
it has been extensively used with reasonable results and forms the basis for the
most recent temperature based classification of eclogites in low T, medium T and
high T types: (NEWTON 1986; CARSWELL 1990). The calibrations of ELLIS and
GREEN (1979) and of POWELL (1985), combined with the RYBURN et al. {1976)
correction for Fe3+, are generally accepted as the most reliable for this
geothermometer (CARSWELL and HARLEY 1990). In accordance with common
experience, the Jowest temperatures were yiclded with the KROGH (1988)
calibration, while the CANGULY (1979) calibration vielded substantially higher
temperatures.

An equilibration temperature of ~5209C (Powell's callibration) or ~550°C
(Elis & Green calibration) characterizes the N. Roda eclogite as transitional
between the low T and medium T types of the eclogite facies (CARSWELL 1990).

There is a very limited choise of geobarometers for typical eclogitic rocks.

[n summary, we propose the following scheme for the metamorphic evolution

of the N. Roda eclogite (fig.7):
|, ECLOGITE STAGE: (520-5500C, ~12 kb). o
assemblage: garnet « omphacite + rutile + quartz + zoisite + white mica +

apatite

2. PROGRADE AMPHIBOLITIZATION (hydration and heating at high
pressures).

reactions: '
a: garnet + omphacite + quartz +H,0 = hornblende + albite

b: white mica + hornblende = biotite + clinozoisite/epidote + albite

assemblage (metastable): garnet + omphacite + hornblende + albite + rutile +
zoisite + white mica * biotite * clinozoisite/epidote + apatite = quartz

3 RETROGRADE GREENSCHIST O\"ERPRINTING (depressurisation and

cooling).

reactions:
a: omphacite + H20 = actinolite + albite
b: garnet chlorite + clinozoisitc/epidote
c: rutile titanite + ilmcnite

assemblage: o '
albite + chlorite + actinolite + clinnzoisite/epidote + titanite + apalte

|
ZDL .
‘LOGlTb - 10
1 Y D*Q'L
15 60
[ENS .
: 12 Urplh
. 40 (Km)J
- 10
Eo8F 3
E I 20
4._
10
[

1 L 1 L 1
400 300 60 100 Bo0 (CJ

Fig. 7. Schematic diagram of the metamorphic evolution of the N. Roda eclogite.
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The only one aplicable to our rocks is the jadeite + quartz + albite (HOLLAND
1980y geobarometer. The presence of jadeitic pyroxene (de = 0.3) in equilibrium
with quartz and albite (at least in the few cases where quartz is present) testifies
for pressures around 12 kb for infered temperatures in the range. S00-550°C.

We proposed that the amphibolitization event reflects a high pressure (near
isobaric to the eclogite event) heating of the rock accompanied by hvdration. It is
ditficult to determine specific values of P and T for this event. The garnet-
hornblende geothermometer is not aplicable to eclogites in which, as in our case,
amphibole growth might have occured later than the garnet and clinopyroxene
(GRAHAM and POWELL 1984). We applied this thermometer in one pair of

garnet and amphibole however. and the obtained temperature of 748°C only

demonstrates the anyway expected lack of chemical equilibrium between hornblende
on the one hand and garnet and clinopyroxene on the other.
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Al present we do not have cnough evidence concerning possible relationships
petween the N. Roda eclogite and the garnet amphibolites also occurring among the
migmutitic gneisses in the wider arca. We atso just stress the possibitity that the
ultramafic body near N. Roda could have genetic links with the eclogite. We hope
that future work will clarify these subjects.

Table I. Microprobe analyses of minerals of the N. Roda eclogite.
Analyses: 1,2,3: clinopyroxenes; 4,56 garnets; 7,8,9,10,11: amphiboies; 12: plagoclase;

13: white mica.

1 2 3 4 5 8 7 3 3 10 AR 12 13

S0y 5482 54.32 53.62 S0, 38.43 3952 3814 50, 42.94 43.41 4324 41854200 80, 6672 SO, 4768
AlyOy 1009 957 864 Al,0;2094 2184 2089 AO;14.44 1486 1487 1514 1514 ALOsy 2064 AlZO; 2924
FeO 673 727 722 FaQ 2483 2567 2626 FeD 1422 1433 1469 1594 1588 FeO 0.1  FeQ 2.86
MgQ 753 786 868 MgO 477 657 495 MgC 1046 1035 1007 888 $13 MgO 000  MgO 2.57
MnO 005 005 004 MnO 092 028 108 MnO 007 007 010 0.18 021 CaC 1.87  TiOp 0.94
CaQ 1324 1431 1493 CaD 1003 7.43 861 CaC 924 947 9.58 971 965 BaO 0.00 Na,O 074
TO, 020 020 019 T.C, 010 004 008 TiOp 078 086 065 062 045 NaQ 1126 K0 10.27
Na;,O 720 674 624 Cr,0, 003 C.00 000 HNayO 448 435 413 412 401 K0 0.01

Cr0q 0.04 003 -— K,O 045 054 041 035 0.48

SUM 99.90 100.35 99.56 SUMI100.16 101.41 100.01 SUM 97.08 98.09 97.74 9679 97.11 SUM 100638 SUM 8430

Numbers of ions

0=6 0=6 0=6 O0=24 O=24 C=24 C-23 0©-=23 Q=23 0=23 C=23 Q=32 C=22
S 1.98 197 196 S 6.01 6.03 5.99 S B6.39 639 6.39 630 6.30 S 1167 S 6.48
Al 043 041 037 Al 3.86 393 387 Al 253 254 2.59 289 268 Al 425 Al 4.68
Fe 020 022 022 Fg 325 3238 3.44 Fa 1.77 .77 1.32 201 201 Fa 0.03 Fe 0.3z
Mg 0.41 042 047 Mg 1.1 1.43  1.16 Mg 2.32 227 2.22 199 2.06 Mg 0.00 Mg Q.52
Mn 0.00 0.00 0.00 Mn  0.12 0.4 015 Mn 000 0.00 0.01 0.02 0.02 Ca 035 Ti Q.10
Ca 051 Q.56 059 Ca 168 1.22 1.45 Ca 1.47 1.49 1.52 1.57 1.8 Ba 0.00 Na 0.19
T 0.01 001 000 T 0.01 0.00 0.00 T 009 o010 0.07 0.00 0.05 Na 382 K 1.78
Na Q.51 0.47 044 Cr 0.00 0.00 0.00 Na 129 1.24 1.18 120 117 K Q.00
000 000 - K 009 010 008 000 009
SuM 4.05 4.06 405 SUM16.05 16.00 16.06 SUM15.95 15.91 15.87 1592 1593 SUM20.12 SUM 14.07
0¢" - Tunpa Mewloyiag. A.M.O. 77
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Table II. Chemical analysis of the N. Roda eclogite.

% p.p.m.

$i0, 46.06 Ni 59
Al O3V | (1462 Cr 148
Fe,04 3.08 v 393
FeO 11.49 Sc 55
MnO 0.26 Zn 120
MgO 7.02 St 130
Ca0 10.33 Rb g
NayO 3.67 Th -
K,O 0.12 La 10
TiO, 3.00 Ce 32
P05 0.32 Nd 20

Y 58
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