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ABSTRACT

tamor phozed wltranalic rocie arc hosted a3 lensurd bodies in notapeltes of
blueschist Unit (Arna Urit) ot the Esternal mzlamcrphic belt of the Helle-
de- in Felopsnnesus and bythira 1cland. They arc charactor:ced by the folle-
wing mineral assenblage: antigorite, diopside, chlorite and magnetite. Treasli-
: 15 comnonly found cloze to the contacts with the country racts. Their chemi -
tharacterictics andicate that they are metamorphosed harzburgites. Their

1gin and mode of arplacement 15 discussed.
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i. THNTKRODUCTICHN 3 3 -
ed pressures ot 10-13 Kb and temperatures of 400-450aC.

Radiometric dating on micas from metapelites of the Arna

Recent petrologic, metallogenetic, geochemical and sq¢ ijn Peloponnesus would suggest. that the HP/LT metamorphic epi-

tural studies cf the Lxternal mctamorphic belt of the Hellepng may be of Late Oligocene-Early Miccene age (Scidel et al

in Peloponnesus, proved that the Arna Unit is a distinct 'e;q{'

allocthonous nappe relative to the adjaccnt Hani (Plattenkalk) The purpose of this paper 1s to discuss the occu
5 rrence,

nit and the Tyros beds of the Tripolis Unit. The Arna Unit po alogy and origin of metamorphosed ultramafic rocks of the Ar-

the characteristics of typical blueschist belts. It is also- it

as "Principal Crystalline System" (Ktenas, 1320), ”Phyllitesq
zite serics" (Jacobshagen et al. 19765 Seidel, 1978) and “Lg
Phyllite nappe" (Thiebault, 1982). Its major part in Peloponn ﬁ-HORPHOSED ULTKAMATFIC ROCKS

and Kythira includes mectamorphosed sedimentary, and mafic and g.

ramafic igneocus rocks. Intermediate and felsic igneous rocks Hetamorphosed ultramafic rocks in the Arna Unit were re

not found. The age of the protoliths of these rocks is not kn d by Tataris and Haragoudak:is (1965) and Bassias (1984) from

The stratigraphic data for Arna Unit are limited and contradic Ht., Theodoropoulos (1973) from Kythira island and by Sk
Y Tar-—

ry. Phytofossils of Oligocene age were found in quartzites (1982) from N. Taygetos Ht. Another ultramafic body was map
. ap-

Selasia village (Lekkas and loakim, 1980) and Triassic ostra Pson:s (1985 pers. communication) in the area of P
i : arnon

in carbonate beds in Xyli peninsula in SE Lakonia (Doert et close to Vresthena village (Fig. 1). It is noteworthy th
- - at

1985). In Crete, in rocks equivalent to those of the Arna Unit, afic rocks have not been identified in equivalent parts of

Upper Paleozoic and Triassic fossils were recognized (Krahl na Unit in Crete. The metamorphosed ultramafic rock
. S <S are

al., 1983) sh-green in colour and occur as massive lenticular bodies en-

The following mineral assemblages were identified in in metapelites. Individual lenses appear with their long
tasedinentary rocks (meta-pelites, -sandstones, -—conglomera parallel to the regional foliation of the host rocks Distin-

marbles}: foliation 1s developed at the periphery of the lenses. The me-

Fe—glnucephsnL+94rnut1chlor1tuxjralblte+phcnq1t&fchlarlta+parnq0nlt Lites nea
r the contact are characterized by tl g
1e follouwing mi-
sphenethamatitetquarts assemblages:
- phanglte+chlorlto1dtpgragon1te+cnlor1ta+th5t1teicalc1tuVrut1IE+qu - Fe-p -
glaucophane+garnet+chloritoid+chloritetpara i
aragonite+t
= lawzcnitetpheagites-hlorytondiquarts Phengite+hemat itetquartz
~ glavcophanesphengitctohlorttoideguart: =~ phengite+chloritetalbite+quartz
Ontacts of the wultramafic bodies Wwith the country rocks are

dant.

~ H:«\jneilocarphgl1tcf:hlomtmd+th1Dr1ti;«+p-;\ragamt|_-ip-,-rc-pr.,111t&

- calcitetguarts4phengits o boudinaged carbonate bods
Metabasalts are composed of glaucophanes/crossite, actinolite,
dote, chlorite, albite, sphene, hematite and calcite.

The PT conditions of metamorphism are those oOf LYTICAL PROCEDURES

Mg-carpholitesFe-Mg chloritoid facies (Skarpelis, 1982) uwhich
equivalent to the blueschist facies in Al-rich metapelites (ChOI Chenical analyses of the rock samples were carried out by

- 3 Sssure tur!
and Schreyer, 1983). Pressures greater than 7Kb and temperd fluorescence. FsZ* was determined oxidimetrically according

o ] ‘ , 83) .
around 350-4000C are inferred (Skarpelis, 1982). Theye (13 uethod of Peters (1968). Hz0 was determined using the PEN-

Yneiakn BiBAoOrkn "G pa Mewhoyiag. A.MN.O.
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n method. Electron microprobe analyses wcre done 1n Kiel Uni-

W.Germany, with a CAMECA-type CAHEBAX-energy dispersive

gy w B sity.
y E "-d_l ] cem under the following operating conditions: specimen current
. ]
: g i § g = § = accelerating voltage 15kv. Fe®™/Fe*~ calculation of pyroxene
parnongg - ol i .
3 :g% = > pade after Papike et al. (1974).
i o 5 L 5 :
b g E gf g ¥ £ “
L ] o — g o g T g P <
. % % 5 & g g
!:\ﬂ‘ g ! g é 2 8 ‘:
E.; £ 8 £8 5% 2 - PETROGRAPHY AND HINERAL CHEMISTRY
4 4 = i,
4 HIRTA | RERTERENE
. dj ¥
§ o% -gg § §E g A The original texture of the studied rocks is not preser-
- =2 a < L
3 3z é}ﬁ < 55 § ;;ﬁ . Regional metamorphism has transformed them 1nto massive sSer-
= 5 E = E n; sinites characterized by the mineral assemblage: antigorite,
g B I;,f‘ opside, chlorite, magnetite, +tremolite. An t i gor ite is
o
o o pajor constituent of the ultramafic rocks (roughly 70-80%). It
o - = L]
R = (3 ?:z ijdentified on the basis of its X-ray diffraction pattern, par-
< ' — w_.g = g = aes é'& wlarly by utilizing the peaks in the 28 areas of 4=, 24°, 38°
é e ——*m—————g:: ﬂ.@ g0=. The texture of the antigoritic mass is bladed, although
TF\] pg, 'H"D arrears to be disturbed in certain schistcse parts. The blades
e e o i W .
e x ] terpenetrate one another and are more or less of the same size
o 4
s i wxhibiting a variety of shapes. Microprobe analyses (Table 1) pro-
i L
%E e that antigorites are enriched in SiOz and depleted in HgO rela-
& Bk
o 3 ive to the i1deal stoichiometric ratio (Fig. 2), a result which is
0 oy :
a8 n accordance with the data of Wicks and Plant (1979) for antigo-
g* es. Diopside occurs as relictic disseminated subhedral
;2 I&ll: within the antigoritic matrix (Fig. 3). HMost diopside grai-

are surrounded by magnetite. As shown in Table 2 the MHgr/Hg+Fe™

ratio is 0.92 and the Al and Cr contents are moderate (Q.105-0,120

S AW 2 Ty 1

0.020~0.025 per formula unit, respectively). Based on 4 catio-

S
i
5]
o
F
V]

the number of Na atoms ranges between 0.049 and 0.056. These

mical characteristics are essentially identical to those obtai-

1
etor, D.Vresthena, Parnon M.

¢ =
%% from clinopyroxenes of ultramafic rocks (Deer et al., 1978).
i’% hlorite appears in aggregates of colourless flakes and is
.§ﬁ mmonly associated with magnetite (Fig. 3). It is enriched 1in Cr
.?S ; 225-0.272 per formula unit) (Table 2, particularly where it
giﬁ:ﬂ 'Orms reaction rims around grains of magnetite. The analysed chlo-
i ‘1tes posses Fe/Fe+Hg ratios of 0.057 =0 0.074, Si between 6.440

6.612 and hence are members of the penninite series, after the

SSificatjon of Hey (1954). Chromium magnetite and m a gn e -

WYneiakn BiBAoBrkn "©gd pa Mewloyiag. A.MN.O.
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x%
Si0, X 50
FeO MgO
40
e 22 1 A Zal raY N
20 10 MgO

FeO-Mp0-Si0, pl t after WICKS and PLANT(1979)
of microprobe analyscs of antigorite.

TpoRoir Twv puxpoavardoewy aviryopltn o100 Sud-
ypaupa Fe0-Mgl-5i0, watd WICKS and PLANT(1979).

Diopside (di) in the antigoritic matrix (ant).
Magnetite (mt) and chlorite (chl) formed at the
expence of chromite grains (XPL).

Grodglbrog (Di) néoa otnv pdra avrtueyopltn (ant).
Mayvntlrng (Mt) xau ylwpltns (chl) axnpatloTnHav
oe Bdpogs wdunwyv ypuwpltn (XPL).

WnoiakA BiBAIoBAKN "C

¢t & occur as disseminations of 1ndividual grains or as trails
ains along schistosity planes into the antigoritic matrix. It
usually associated with chlorite as an alteration product of
1ATY disceminated chromite grains. Schistosity plances of the
are lined by chlorite and magnetite scams. Tr e mo l 1 t e
.;ponly found at or close to the contacts of the ultramatic
with the country rock on the ultramafic side. It forms mono-
alic or bimineralic aggregates along with antigorite. Tremo—
prisms in the massive parts of the rocks are conpletely uno-
nted, whereas in the intensely foliated ones they are aligned

.1lel to the foliation plane.

KOCHEMISTRY

The determination of the primary mineralogical composi-
and the characterization of the rock types could be done only
the normative mineralogy, based on whole rock major clements
ses (Table 3). This is due to the conplete Syrpentxﬁxzaonn
e primary silicate minerals and the alteration of chromite.
e normative composition of the rocks studied, provides a reliab-
dication of the primary mineralogy, since there 15 no eviden-
r a non-isochemical metamorphism of the analysed samples. For
normative calculation the method of Lensch (19G8) was used. As
is shown in Fig. 4 the meta-ultramafic rocks were initially of

gitic mineral composition.

SCUSSION

The mineral assemblage of the ultramafic rocks 15 compa-
€ With the PT conditions of metamorphism of the Arna Unit, as
have been determined on the basis of mineral assemblages in
€lites and metabasalts. Brucite is lacking from the tocks.
{5 possibly due to the high pyroxene content (more than 3E%)
€ protoliths. In such cases, as Hostetler et al. (19686) and
S and Blatt (1982) suggested, metamorphism in the presence of

Produces a rock consisting entirely of serpentine uWithout

a ewAoyiag. A.M.0.
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rich phase such as brucite or periclase. The formation of

jte at the peripheral parts of the ultramafic rocks is att-—
to metasomatic PpProcesses, that is interaction with the

Harzbugite 1ding metapelitic rocks.

Perdotites
The mode 0of occurrence of the ultramafic bodies and th-:

Lherzoite ¢hat they were metamorphosed and deformed to the same degree

enclosing rocks suggests their incorporation into the se

pefore the initiation or at an early stage of subduction

Olivine
websterite Pyroxenies

Arna Unit. The metabasalts show tholeiitic N-type MORB cha-
ristics and correspond to basalts erupted at spreading cen-

as it is proved by the discriminant analysis diagrans for

or and trace elements (Skarpelis, 1882) and the primordial

A /

Opx Cpx

normalized REE abundance pattern of samples from Taygetos
(Fig. 5). A light REE depletion and a zero Eu anomaly is ob-

Fig. 4. 01-0px-Cpx diwgram after STRECKEISLN (1976) for (
the normative valucs of the analysed metamorpho-= :

sed ultramafic rocks.

The REE pattern is nearly flat, Wwith concentrations of the

n the range of 15 to 20 X primordial mantle values. The pro-

Eux. 4. Avdypappa 01-Opx-Cpx watd STRECKEISEN (1976) npo=
forrc Twy BUVNTULXHGY TLPOY Tww availuddévtwy peTapop-
pupdvwy urcplaouxdy METPWHATWY .«

of the metasediments of the Arna Unit were pelites, cong-
tes and sandstones, that is sedimentary rocks of continental
ration (Skarpelis, 1982). Their coexistence with MORB-type ba-
s and harzburgites suggests that the Arna Unit can be interp-

as a mixture of incompatible lithologies (continental and o-

T T T T T T ¥ T
. Such mixtures are genetically related to the formatiocn of
S0 7 jonary prisms along subduction zones (Dickinson, 1974). Har-
0 7 rgitic bodies seem to have been sliced off from a descending o-
crust and incorporated into the accretionary prism assemb-
= 7 . Although, as it is known, harzburgites can be a part of an
o i itic complex, other members of such a complex (e.g. gabbros,
o Y - lavas, oceanic sediments}) are not found in the Arna Unit.
S it seems unlikely that these harzburgites originated from an
i*:ilc sequence by tectonic dismemberment. An origin from oce-
'100r ultrawafic masses Seemns more possible. Any proposal on
L i > L1 L —_— eotectonic setting of this ocean floor should be in accor-

€ With the generally accepted vieuw that the Arna Unit is an

Cthonous exotic nappe (possibly of Cycladic origini Papaniko-

I'ig. 5. Primordial mantle-normalizcd REL patterns of Arnd
Unltlmﬁigziidlts' Wormalization valucs atter Hooy d Skarpelis, 1986) set between the adjacent Mani Unit and
et u . . -
L B R B = 'ros beds of the Tripolis Unit. Horeover the inferred greater
LLex. 5 Katavopr REL petaBacuitdv tng Lvotntag Apvag xavo

vixornoLnpéves wg npog TLS TLudg TOU wpwtoycvods HE 25 Kn depth of subduction and subsequent uprising of the Arna

6da watd WOOD et ul.(1981). t together with the lack of exact stratigraphic data, render

WneoiakA BiBAIoBAkn "© nua MewAoyiag. A.MN.O.
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the deciphering of the origin and enplacement more difficule
refore additional work on. the stratigraphy and the met&marph.. F.EH., COLLEMAM, R.G., MURETON, F.oa.,  EVANS, B.W. 1966: Brucite 1n
Alpine =serpentinites. Am. Mineral., S1, 75-94.

story of the Unit in the context of the geological evolyt;,
N, V., MAKRIS, J., RICHTER, D., BACHMANW O., DOERT, U., GIESE, F.,

the Hellenides could be pertinent.
RISCH, H. 1976: Alpidischer Gebirgsban und  krustenstructur

der Feloponnes. I. dt.geol. Ges., 127 ,337-35%
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nle it Microprobe an:

Eyrnouria—Labonia area {(Felaponnesus). Bull. Geol
FrEece, fa 545-3584. B 1 2 5 6 7 a 1
THEODOROPOULOS) D. 19774 | Fhysicall | geo 1 3 s S S S S — S
. ks raph f =5 . i, i
o gecgraphy  of the  Island of Kyng, 502 43.30 | 44.10 | 43.70 | 42.30 | 43.1 43.90 | 42.90
Habilitationschrift, University of Athens, 94p. Ti0= - - - - - - -
THEYE, T. gm. @ F 0 0.82 0.99 0.10 - 0.48 0.4l 0.52
HEYE, T. 198Z: Fetrologische untersuchurgen an  metamnorphiten der phy m‘iT:o: 2_5T 1.82 2.37 2.13 1.61 2,011 2.55
quart:it ‘einheit auf = dem  Fel _ ' | fe0= 4.44° 4.73 5. 08 4.77 4.24 1.76 4.82
_ etoponnes  (Griechent im0 0.07 | 0.08 | o0.08 | o.13 | o0.12 | 0.03 | o0.00
oiplomarbert, T.U. Braunschweig, 13&p. HgO 36.30 37.40 33.00 35.80 36.30 34.60 35.80
THIEBAULT, F. '1%82: L'evolution geodynamique des  Hellenides externes | E'u____ - . I R T S D
Faloponnese- meridional. Fubl. Soc. Geol. Nord, & 5?: ol B7.54 89. 22 84.33 89.13 65.85 85. 87 97.08
L v . o, L X - ' —
WICES, F.Jd. & FLANT, A.G. 1979: Electron-microprobe and X-Ray microbeam st Bbbie 1 (contin.)
of serpentine testures. Can. Mineral., 17, 785-83d.
WOOD, D.A., TARNEZY, J., & WEAVER, B.L. 1981: Trace element variations in @ Iz | AaD 3 AD S} AD 1| AD 2 ADE
tic Ucean Basalts amd Froteroczoic dykes from northwest - -1510, 43.8 40.6 44. 1 39.7 40.89 2.2
- . . i Ti - 0.01 0.20 Q.05 Q.02 -
land: their bearing upon the nature and geochemical eyglyt; 1 ;;233 0.39 0.70 0.01 1_13 0.9372 0.98
of the upper mantle. Tectonophysice, 75, §1-112. f | Alz0a L. 94 c.10 1.53 3.83 2.64 Z.r2
FeO* 4.86 4.65 4.45 4,82 4,73 4.60
MnO 0.10 0. 10 0.10 0.05 0.03 0.08
 Hg0 34.80 | 33.30 | 35.80 | 34.84 | 35.80 | 36.10
caQ - 0.10 0.15 0.15 0.13 0.15
Total 85.89 81.36 87.44 841,56 85,26 86.73
Hicroprobe analyses of clinopyroxene and chlorite
1 2 3 4 3 9 10
52.30 52.20 52.20 52.10 S5i0= 33.40 33.50 33.70
0.22 0.21 0.30 0.27 TiO= 0.40 0.20 0.30
0.72 0.70 0.70 0.85 Cr=0s 1.80 1.40 1.50
4.92 4.90 5.10 5.07 Al=0o 12.80 12.50 13.70
2.36 2.50 2.43 2.35 leO* 4.30 3.90 3.60
0.03 0.05 0.10 0.10 HnO 0.81 0.36 Q.20
15.50 15.30 15. 10 15. 43 HgO 33. 20 32.00 33.40
23.00 23.08 23.15 23.40 Ca0 0.20 0.10 0. 10
0.80 0.80 0.80 0.70 Na=z0 - 0.10 —
0.01 - - - K=0 0.20 0.10 0.10
939.86 59.74 99.88 99. 48 Total 87.11 §4.16 B86.60
Structural formulas
Structural formulas calculated calculated on the
on the basis of 4 cations bdsis of 28(0)
1.900 1.901 1.900 1.888 St 6.483 6.612 6.440
0.100 0.099 0.100 0.112 ALTY 1.5101 1.388 1.560
2.000 2.000 2.000 2.000 8.000 8.000 8.000
0.111 0.112 0.120 0.105 ALV 1.420 1.520 1.535
0.008 0.006 0.008 0.007 Ti 0.0086 0.001 0.008
0.020 0.020 0.021 0.025 Cr 0.272 0.225 0.226
0.072 0.076 0.074 0.071 Fe* 0.751 0. 647 0.580
- — 0.003 0.003 HMn 0.007 0.008 0.003
0.840 0.830 0.818 0.834 Hg 9. 441 9.413 9.542
0.836 0.3901 0.902 0.910 Ca 0.004 0.002 -
Wneiakr] BiBAoBrAKN " fua FeWAEEs. A.F.Q56 0.053 0.043 Na - 0.004 -
356 - e - - K 0.005 0.004  0.002
2.001 2.001 1.938 2.004 11.906 12. 124 11.8094




Table 3: Chemical analyses of mstamcrphosed ultramatic rocks

( KY 2 LAD t§ LAD 2| LAD 3 LAD~:;

Sample| VR § VR 2 KY 1

Sil0a 42.50} 42.60) 41.30f 40.90] 41.20} 40.80] 33.50] 41.30
Ti02 0. 02 0.03 0.09 0. 10 0.05% 0.08 0.03 0.04
AlaOs 1.05 1.29 3.07 3.03 A = 2.45 2.77 2.71%
FeaxDa 3. 16 3.87 4.88 4.75 2.47 3.46 5.3 3.45
FeO T 5.41 4.91 2.60 2.50 5.22 4.79 2.37 2.:09]
HnO a.138 O] )Y oLz O. 12 0.12 0.03 0. 14 0.083
NiO 0.30 0.31 0.31 0.32 0.30 0. 32 0.31 G.24
HgO 35.90| 35.33] 35.394| 35.83| 36.50| 36.%0 35.50| 3%.03
€a0n 0.11 0. 12 0. 2€ .13 0. 27 ¢.03 0.61 0.13
Na=0 - - — - 0.05% 0. 05 0.05 -
K=0 0.01 0.0t 0.01 0.01 ©.03 0.03 0.03 0.01
Cr=0a 0. 16 0.20 0.22 0.22 0.10 0.z G. 15 0. 17
P20e - - — — 0.03 0.03 0.03 -
CO=a — - - - 0.1z 0. 10 0.10 -
H20 11.60( 10.80] 11.70} 10.50( 11.80] 11.80| 11.40] 11.70
Total [100.35] 939.64 100'501 99.59(100.57100.51{ 98.939| 99.88

Norm=~

SP Q.18 0.23 0.25 .25 a. 11 0.23 0. 17 0.19
cp .05 1.29 3.26 3.27 2.38 2.47 2.91 2.87
ILH 0.03 0.04 0.13 0. 14 0.07 C.08 0.12 .06
crx 0. 45 0. 43 1.06 4.79 G.98 0.12 2.3 0.53
OPX |45.77 [47.52 2.19 |35.39 }35.48 [36.98 }33.01 33.75
OL 52.24 (506.11% §52.77 [55.81 [57.20 {59.24 [80.51 l 56,32

ol-opx-cpx tria:;le

CPX 0,46 0.50 1.10 4.99 0.99 0. 12 2.48 0.55

OPX 46.48| 49.43] 43.94} 36.87) 39.81; 38.33| 34.42] 41.15

OL 53.06) 51.07) 54.86] 58.14} 53.20; £1.49] 63.10| 58.30
L

Hzb** Hzb Hzb Hzb Hzb Hzb Hzb Hzb

* Calculation of normazive minerals atfter the method of Lensch (1968)
** Characterization of the rock as Harzburgite on the basis of normatiVv
minerals (Fe total as FeQ)
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