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IOLITE IN CHLORITOID-BEARING METAPELITES-METASANDSTONES OF
SKOPELOS ISLAND, N. SPORADES, GREECE

E..--Ili_;oskos' and A. Liati**
ABSTRACT

In Skopelos island, Panormos area, Fe-carpholite was
_jn chloritoid-bearing metapelites-metasandstones which be-
logically to the Mesoautochthonous Complex of the Pelago-
ine. The mineral assemblages of the metaclastic sediments
oritoid+Fe-carpholite-sericite-chlorite-pyrophyllite-quartz
pinel:rutile) and those of the adjacent metabauxites (chlori-
pore-hematite-rutile, chloritoid-diaspore-pyrophyllite-he-
rutile, chlorite-diaspore-rutile) suggest metamorphic con-
ns of blueschist facies. Fe-carpholite formed according to
eaction: pyrophyllite+chlorite+H,0=carpholite+quartz and Fe-
itoid by decreasing fyoqg with advancing metamorphic grade.
‘pressure limits of metamorphism were 4 kbar whereas upper
sure 1imits cannot be determined, due to lack of critical mi-
11 parageneses. Temperaturesof metamorphism ranged between 300
3300C (or 370°C).

nNeEPrPIAHWH

Ztn vnoo Ikdneho, mepLoxn Mavoppou, oudnpolxoc kapedii-
BPEBNKe 0t XAwpLTOELDOUXO UETAMAALTLKG-HETAPAUULT LKA METpwuatda
onoila avhkouv yewhoyLkd o1o MecoautdyBovo Z0umAeyupa tnc lNeha-
Lkne Cwvnc. Ta opuktoloyLkd aBpoiopata mou xapaktnplZouy ta
akhaotikd cZAuata (Fe-kapgdAirBoctFe-yxAupLroetdhc-oepikitng-xiw-
Tnc-nupopurritnc-xaradlactCr-anwvéALoc+poutiAto) kabueg xkaL auta
YeLTovikoy HetaBwiitov (xAwpitng-&idanopo-aLpatiTng-poutiieo,
LToeLdAc-drdonopo-nupopurhiTnc-arpaTitnc-povtiAo, xAwpitng-
@omopo-pouTidie) umodeLkviouv ouvBAkEG UETAPOPPWANC KUAVOOXLOTO-
L8Lkne waong. 0 oLdnpouxoc kap®6ALBoc oxnuatiaTnke oOUPWVA UE TNV
(Bpaon: nupoguiritnc+xiwpitnc+H,0=kappdArBoc+xaradiac kaL ToO
npolUxo xAwpLtoeldéc kaAta tnv npogoﬁou HETauOpOwon peE eAdTTWON
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INTRODUCTTON

Fe-carpholite, as well as its Mg-rich equivalent, 1s a
rather rare mineral known from a few places on earth.It develops
in iron-rich metapelites of the low-grade blueschist facies (see
Chopin and Schreyer, 1983 and references therein). Fe-carpholite
in Greece has been described from Ffastern and Central Crete (Sei-
del, 1978, Viswanathan and Seidel, 1979, Theye., 1988) and from
Amorgos island (Minoux et al., 1981) while magnesio-carpholite is
described from western Crete (Seidel, 1978, Viswanathan and Seidel,
1979, Theye, 1988}, Peloponnesus (Skarpelis, 1982, Papanikolaou ani
Skarpelis, 1986, Varti-Mataranga and Economou, 1986) and from Samo
island (Okrusch, 1981),.
The present work deals with a new Fe-carpholite occurren
ce on Skopelos 1sland. There, Fe-carpholite is found to be associa:
ted with Fe-chloritoid 1in metapelites and metasandstones,

GEOLOGICAL SETTING
Skopelos {sland belongs geologically to the Pelagonian
zone (Aubouin, 1959) subdivided by Jacobshagen and Wellbreckher ‘
(1984) into the following tectonic units: the lowermost is the Pe=
Tagonian Nappe comprising a metaclastic unit (Skiathos unit) of Up:
per Permian to Lower Triassic age (see also Matarangas and Skour=
tsis-Coroneou, 1989) followed by Pelagonian marbles {(mainly dolo-
mitic) of Middle Triassic to Upper Jurassic age (see also Papasta
matiou, 1963, Matarangas and Skourtsis-Coroneou, 1989). It is te-
ctonically overlain by the Eohellenic Nappe consisting of a melan-
ge with ophiolites and crystalline slices followed by a series of
calc-schists, platy marbles and spilites. Subsequent to the over-
thrust ,both nappes were partly eroded, developping karsts often
filled with bauxites, and were covered by the co-called Mesoauto-
chtonous Complex consisting nof M. Cretaceous to L.Tertiary metase-
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glastic sediments and metabauxites over

Bnents. The Mesoautochtheonous Camplex starting with breccias,
tong|gmerates and sandstones was followed by rudist limestones and
with flysch.

The rocks studied in the frame of this work include meta-
the dolomites in the Pa-
normos area, Skopelos island (Ffg.1) and belong to the base of
the Mespautochthonous Complex. According to Jacobshagen and Wall-
in S.Pelion and N.
facies metamorphism du-

precher (1984), the Mesoautochthonous complex
Sporades area has undergone a greenschist
ring Tertiary times. Papastamatiou (1963) who studied in detail
the metabauxites of the Panormos area reports metadiabasic rocks
and metatuffs dncorporated in the dolomites. According to the
above author, chloritoid, glaucophane (7)., albite, sericite and
chIdr1te appear in these rocks while chloritoid, diaspore, fllite

and chlorite are fhe metamorphic minerals in the metabauxites.

Fig.1, Map showing the location of the study area on the island
of Skopelos, N.Sporades.

Xdptng tng vhoou Zkontprou, B.Znopddeg, drmou paiverar n ound
HEAETN nepLoxh.
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RETROGRAPR HM
1. Metapelytes-metatandstones

F

The metapelftés ‘and Imetasandstones are dark grey to greep.
t&h_ﬁyimﬁred fipe-graineds pocks .« Depending on the bulk rock chemf-'
STryY T greatuvarfety ofimodal compositionsappears. The conzent in
clasgtic quartz grafns ranges from a few percent up to 50% per
vo}umg. The paommon mise radyassemtlage s

_J Fe-gh]o;#toisze-carpho]ite-sq;#c{te-ch]orite-pyrophyl-

£l lite-quartf-Cr-spinel:rutile

Chloritoid appears as porphyroblasts forming rosette-11ike
aggregates in a microcrystalline matrix of sericite, pyrophyllite
and chlorite (Fig. 2A). Numerous tiny inclusions of pyrophyllite,
Fe-carpholite, quartz and rutile are usually observed.

Fe-carphaolite appears only as a relic in form of very
fine grained crystals enclosed, together with pyrophyllite and
quartz, in chleritoid porphyroblasts, The association of Fe-carpha-
lite with pyrophyllite and quartz indicates that Fe-carpholite was
formed according to the water-consuming reaction:

pyrophyllite+rchlorite+H,0 = carpholite+quartz (1}

Pyrophyllite appears in aggregates around resorbed quartz
grains forming a reaction coreona (Fig. 2B) thus indicating that
it was formed according to the reaction:

kaolinite+tquartz = pyrophy]]ite+H20

It appears also as small crystals in the matrix and as fnclusion

in chloritoid. In some cases, pyrophyllite occurs in paragenetic

: ; mm
association with chlorite and quartz. 03

gttt b

Sericite appears as fine-grained mineral or in mineral

aggregates in the matrix. Cr-spinel appears as clastic grains in

{A) Rosette-like aggregates of chioritoid in a Ticrocrysta1—
line matrix of sericite, pyrophyllite and chlarite. )
(B) Pyrophyllite (py) as reaction rim around quartz (q) in-
dicating that the veaction: kaolinite+quartz = pyrophyllitet
+H,0 took place. . ) p

(A% SuogowpaTwpoTa ¥Awplroetloug We uou@ﬂ BEVIdALGCI ﬁE'ULd
ULkpokpuaTarhien xOpra pada ano OEPLKLTIN, nupouAiiiTn Kat
Xhwpitn. . . )
(B) Nupowurritnc (py) o omoloc meplBahre xakalia (q) oxnua
tiZovrag uird drAw avicBpadgnc, unoldeukviovrag OtL EAGBE xu-
pa n avribpaon: xaohivirtnerxakadlag - nupowuthtnceHED.

the matrix, suggesting a scurce of ultramafic material during se-
dimentation,

2. Metabauxites
The petrography of the metabauxites is described in de-
tail by Papastamatiou (1963). X-ray diffraction analyses of va-
rious metabauxites from Panormos area yielded the following mine-
ralogical compositions for these rocks:
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¥ ~C 10E+te diaspore- h%ﬂ tite~rutile {:)
[ |
jf#"(b] Fghlkor faﬂa'gfﬁgpore gyrogg}llite-hema -rutile - 1: Representative microprobe analyses of minerals and bulk
rock chemistry of two metapelites from the Fanormos

area. Skopelos island.

AP cmoﬂlg‘,\maqun -~

| . i )
1“ | 1]“1 tic graing’ﬁ“‘.l'he coe
i|," wit @ in the metabauxites indica-
at emperatures

Fe-carpholite Fe-chloritoid Chl?rit&
y . SK30-1 SK31-1 SK30-6 2KIi-4§ SK3Id-8
of metamorph1sm exceeded the stability cur- J 55 |
5.9 36 4 24,2 246 0
| 31.1 30. 4 40.9 41.3 23.
\ k“]ﬂ I\.r ﬁophy'ﬂﬂﬁdiay 50 (2) 81, 1 304 8 el 250
- ¥ 5 :, ‘_'d
L@ aﬁﬁ'fﬁat they were lower than those gi en'!j the reaction: 1.26 2. 10 l-gi “'fé 3 S
Ryeaphyl! Hiwsd Tnsnome= kyan”e+H20 (3 g!:f_éé 88 97 93 83 g93. .15 B7.84
MINERAL CHEMISTRY B(0) 12 () At
Representative microprobe analyses of the analysed mi- 1.983 5 03l 1.549 uopua i 5. 433
: 1 2,567
nerals, as well as the bulk rock chemistry of two metapelite sam- P Alsv ___?_
i 2.051 2.001 3.389 3,389 :
ples are given in Table 1, 891 893 1.84F 1,635 8,000
Fe-carpholite : Fe-carpholite composition is characteri- . 104 ATE .3§i .5?2
zed by ng between 0.10 and 0.18 thus corresponding to the iron _607 L0620 :023 - Al 3.32ﬁ
carpholite in the sense of dé& Roever (1951) who first described ” 5 & i b s g; g.ghl
this mineral from Celebes area (Indonesia). It is of great fmpor- . 2R o Mn ,Nee
tance that carpholite develops in metapelitic rocks involved in 1;_é£;
metamorphism where Tow geothermal gradient (H-IOOC/km), similar
to that of blueschist facies terrains, predominates (see Chopin SK-30 SK-31
and Schreyer, 1983). 42.5 491
Chloritoid is also iran-rich with Xmug values ranging 1225 l-gﬂ
2.3 29,
between 0,08 and 0.15, It {is a characteristic mineral of high alu- ié:é iD.B
mina metapelites and {s stable over the whole range of blueschist z2.70 .16
. b8 .06
and greenschist facies fields. . 0a N7
Chlorite has Fe/Fe+Mg values around 0.55 and is chara- 1.99 1-2?
7 B
cterised as ripidolite (according to the nomenclature of Hey, 5:&% 4. EE
los4). S Sereps
53.80 24,86

PHASE RELATIONS AND PT-CONDITIONS
As already mentioned, Fe-carpholite generally develops
in jron-rich pelitic rocks of the blueschist facies. With rising
metamorphic grade it reacts continuously toward more magnesian
carpholite and the ferrous component breaks down in favour of Fe-
rich chloritoid (Chopin and Schreyer, 1983, E.W.F. de Roever,1977).
According to Seidel (1978), the following paragenetic relation-

60

F 61
Wneoiokr BiBAI0BRkn "Ogd “ewAoyiag. A.lN.O.




3! ear w awxﬂcfng metamorphi¢ Yrade, in blueschist ter-
fn,!-l-lm.pluun o

Blghmgjnﬁn‘ite-’hhrite Fe-cﬂ]orffé;t;vFe!Hg

C@rphali yro zclr't .
pA ite and pyrophyllite as inclu-

_s;rgs 1n chloritoid in the rocks of PanorMos area indicates that

mer‘iﬁpnp@nﬁimhﬂyﬂﬂq the fieldfdefined by the paragene-

$1s Fe-carp ‘1]iai hyllite-chlorit d that high water acti-
1a Viky 'coﬁdﬂﬁn ed at that st etamorphism (see reaction
T =,

v THpp J€C€Teased prohibiting fur-
ther formation of carpholite and favouring instead that of chlori-
toid, according to the reaction:

chloritetpyrophyllite = chToritc1d+quertz+H20

An analogous case is described by Theye (19ag)

from metape)itic
rocks of Crete.

In Fig.3, the nphase relations indicate a stepwise meta-
morphic evolution in the metaclastic sediments of the Panormas
drea, expressed in AFM diagrams.

The minera) assemblages af the metapelites-metwmsandstones

and metabauxites of the Panormas area allow estimation of the me-
tamorphic conditions of the Tertiary metamorphic event {connected

with the Neohellenic tectonism according to Jacobshagen and Wall-
brecher, 1384). In the diagram of Fig.4,

marphic reactions are shawn. The presence
re and the lack of kyanite in the metaha
vailing temperatures between the Curves:

Lhe most relevent meta-
of pyrophyllite+diaspo-
uxites restricts the pre-

kaolinite = pyrophy]1+te+dfaspore+H20 (2) and
pyrophillite+diaspare = kyanite+H20 (3)

Regarding pressures, rhe presence of Fe-carpholite (with
ng: 0.2)+quartz, as inclusions in chloritoid indicates that du-

ring prograde metamorphism, Pressures exceeded those defined by
the reaction:

chloritetpyrophyl]itesy 20 = Fe-carpholite+quartz

which, for the temperature range defined by the curves (2)

(3), are  in the order of 4 kbar (Goffe, 1982,
1984, Goffe 1985) (Fig.4),

and
Goffe and Velde,
Upper pressure limits cannot be deter-
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the metapelites-
See text for

for

AFM diagrams.

Panormos area, in

of the metamorphic evolution assumed
island,

Skopelons

Schematic presentation
metasandstones of

discussion.
Ixnuatien

Fig.3.

og AFM fSraypduuata. Bh.keiyevo via ouln-

anetkayLan tng vetagopwLlkne cféhifng nou unéotnoav OL pETANMAALTEC-HeETO-
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with certainty on the basis of the recognised assemblages.
aragenesis:ch]or!toid+pyrophyl1ite+ch1or1te is stable within
pressure range (greenschist and blueschist facies).
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