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Abstract

Scarce intensely epidotised doleritic dykes, up to 1.5 m thick, penetrate in sharp contact serpentinised
peridotites of the remnant ophiolite nappe of the Iti ophiolite. They are generally whitish rocks char-
acterised by distinct and irregularly distributed, olive-green areas within the rock mass. Petrographic
evidence reveals that their assemblage is dominated by quartz and epidote. Albite, chlorite and titanite
occur as accessory phases. Minor opaque minerals are represented by magnetite, pyrite and chal-
copyrite, as well as relic Cr-spinel,. The mineral assemblage of the studied rocks comprises replace-
ment products of the original phases under greenschist facies conditions. Moreover, the almost
exclusive bi-mineralic (quartz + epidote) assemblage of the altered doleritic rocks, as well as oblit-
eration of the original doleritic textures imply extensive recrystallisation, controlled by hydrothermal
circulation. The compositions of the phases in these dykes mark the most alteration-resistant chemi-
cal components that have the potential to remain in their original associations, during such extensive
recrystallisation.
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1. Introduction

Ophiolites provide significant information on the geological, petrological and hydrothermal
processes taken place beneath ocean ridges. A major difference between hydrothermal alteration in
ophiolites and modern oceanic crust is that the former invariably exhibit evidence of extensive epi-
dotisation relatively to the latter. Various aspects of epidosite-type alteration have been described
worldwide from the Troodos (Bettison-Varga et al., 1992; Gillis, 2002; Cann and Gillis, 2004; Jowitt
et al. 2007), the Semail (Stakes and Taylor, 1992), the Josephine (Alexander et al., 1993), the Tonga
(Banerjee and Gillis, 2001) and the Mirdita (Muehlenbachs et al., 2004) ophiolite complexes. Sev-
eral studies have also been devoted on the hydrothermal alteration in the Pindos and Othris ophio-
lites of Greece (Valsami, 1990; Valsami and Cann, 1992; Valsami-Jones and Cann, 1994
Valsami-Jones and Ragnarsdéttir, 1997).

The aim of this study is to describe the evolution of hydrothermally altered dolerite dykes in the Iti
ophiolite.
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Fig. 1: (a): Simplified geological map of the Iti Mountain; asterisk (*) marks the location of the epidotised do-
leritic dykes, (b) outcrop of the epidotised doleritic dyke within serpentinised peridotite of the remnant ophio-
lite nappe.

2. Geological setting

The Iti Mountain lies to the south of Othrys Mountain and the Sperchios River, in continental Cen-
tral Greece. It belongs to the “Pelagonia terrane” (Stampfli, 1996; Stampfli et al., 1998) a carbon-
ate platform, equivalent to the “Internal carbonate platform” of Papanikolaou (1989). The geological
structure of the Iti Mountain includes four westward verging tectono-stratigraphic zones, repre-
senting different paleotectonic domains. They comprise, from west to east: the Pindos, Parnassos,
Beotian and Pelagonian zones (Wigniolle, 1977). The Iti Mountain (Fig. 1) is composed of a stack
of nappe units. From bottom to top, they include: (1) the flysch of the East-Pindos syncline, (2)
Mesozoic platform carbonates along with flysch of the Parnassos zone, (3) the Beotian flysch, (4)
the Jurassic platform carbonates of the Pelagonian zone, and the overthrust ophiolite unit (Celet,
1976; Celet et al., 1977; Richter et al., 1997). The latter includes a lower ophiolite mélange, which
is locally, tectonically overlain by a sub-ophiolitic metamorphic sole (s). Both formations are over-
thrust by a remnant ophiolite nappe of upper mantle tectonites (harzburgite and lherzolite; Karipi,
2004; Karipi et al., 2006; Karipi et al., 2008). The ophiolite unit is transgressively overlain by Upper
Cretaceous formations (Celet, 1962; Wigniolle, 1977).
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Fig. 2: (a-d): Photomicrographs (XPL) of epidotised dolelitic dyke from Iti showing the main mineral consti-
tutes, quartz (qz) and epidote (ep), developing granoblastic (qz, ep) and tiny, embryonic crystals (ep).

Rare epidotised dykes, up to 1.5 m thick, trending NNE-SSW crosscut variably serpentinised peri-
dotite, in an area northwest of the Pyra village (Fig. 1a; Mavri Tsouma). The epidotised dykes are
in sharp contact with the peridotite host that belongs to the remnant ophiolite nappe (Fig. 1b). They
are generally whitish rocks, characterized by distinct and irregularly distributed olive-green patches
due to the presence of epidote.

3. Petrography

The epidotised dolerite is mainly composed of quartz, epidote and accessory albite, chlorite and ti-
tanite. Minor opaque minerals are represented by magnetite, pyrite, chalcopyrite and relic Cr-spinel.
Original textures are obliterated by granoblastic, poikiloblastic and locally cataclastic textures. Typ-
ically poikiloblastic epidote forms in a granoblastic matrix of quartz and epidote crystals of variable
size (Figs. 2a, b); epidote also shows aggregates of tiny, embryonic crystals filling the quartz inter-
stices (Figs. 2¢, d). The poikiloblastic epidote crystals are either homogeneous or inhomogeneous
with irregularly distributed rich and poor in pistacite component areas (Figs 3a, b). Local relics of
dolerite with subophitic plagioclase and altered clinopyroxene have been observed.

4. Analytical Methods

Electron microanalyses were carried out at the Laboratory of Electron Microscopy and Micro-
analysis, University of Patras. All elements were analyzed by an electron-dispersive X-Rays (EDX)
using EDS and WDS detectors attached to a JEOL JSM-6300 SEM. Operating conditions were ac-
celerating voltage 15 kV and beam current 3.3 nA with 4 um diameter beam. EDS and WDS spec-
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Fig. 3: Back-scatter-electron images (SEM) of inhomogeneous epidote crystals in epidotised doleritic dykes.
In (a), line-scan analysis across the different compositions mainly shows variability in Al and Fe contents.

trum information with the ZAF correction software information was used. The total counting time
was 60 sec and dead-time 40 %. Synthetic oxides and natural minerals were utilized as standards for
our analyses. Detection limits are ~0.1 % and an accuracy better than 5 % was obtained.

5. Mineral Chemistry

Representative microanalyses of epidote, chlorite and plagioclase from the epidotised doleritic dykes
of Iti are given in Table 1. The analysed epidotes show variable contents of Fe** (stoichiometric cal-
culations assuming total Fe as Fe**) and A1Y! (see Table 1 and Fig. 3a). Pistacitic (Ps) contents range
from 11.9% to 34.4% (Table 1).

The analysed chlorites plot in the pycnochlorite and clinochlore fields on the classification diagram
of chlorites (after Hey, 1954; not shown) and they display a rather broad Fe'/(Fe'+Mg) variation
(Table 1).

The analysed plagioclases are albites with An contents ranging up to 6.8 and negligible Or (Table 1).

6. Hydrothermal alteration of the Iti ophiolite: Discussion and Conclusions

Hydrothermal systems beneath ocean ridges have been summarized by Alt (1995). Hydrothermal cir-
culation beneath ocean ridges is a fundamental process governing the heat transfer and chemical
compositions of ocean crust. It was generally considered that penetration of seawater into fast-spread
ocean crust is rapidly decreased beneath sheeted dike complex due to closing of fractures by pre-
cipitation of minerals (Lister, 1974; Mevel and Cannat, 1991). Chloritisation, sericitisation, silicifi-
cation, and pyritisation are well-known alteration features associated with volcanogenic massive
sulphide ore deposits related to ophiolites and other submarine and non-oceanic contexts (Honnorez
et al., 1998). Our knowledge of the deep portions of hydrothermal upflow zones only comes from
ophiolites, where epidosites are thought to indicate the root zones of upflow zones at the base of the
sheeted dyke complex (Richardson et al., 1987; Schiffman et al., 1987; Harper et al., 1988; Nehlig
etal., 1994). Epidosites are well documented in suprasubduction-zone ophiolites (Richardson et al.,
1987; Schiffman et al., 1987; Harper et al., 1988; Nehlig et al., 1994) whereas they are rare in rock
collections from modern oceanic setting. According to Banerjee et al. (2000), epidosites discovered
from the Tonga forearc representing the first documented suite recovered from a modern oceanic set-

XLII, No 5 —2620



- L0 - 10 vie 90¢ 1T 611 88l sd

89 €0 70 uy 61°0 0 LE0 | BNHRDMRI | SOT9T | 6009T | 82091 | T66'SI | 6h6'ST |1eD wng
T¢6 066 866 qQv SKEY | P00V | 9L6E | LT6E 876'€

9¢6'y 000°S L66'y | veyumng | 9ps6l | 81661 | 98861 ‘Je)y umg - - - - - !

8880 01 100'T - | S000 | Lzo0 D - - - - - A

- - - D ¢Iro - | €800 eN - - - - - h!

- L00°0 - I ¥S0'0 | S90°0 | LT00 8] - | 8200 | 1600 - - eN

8280 LL60 6660 eN 8169 | 66IS | 8L8C SN | SvEV | 9L6€ | S88¢ | LT6E 86'¢ ©)

0900 €000 2000 8] Se00 | $0I'0 | 6200 uN - - - - - up
- S20°0 - 3N - - | 6200 D | 09LS | S009 | TSO9 | S90'9 L00'9

- - - uN U9 | suv | 66re 24| 0961 | Op8T | 08TI | 0TLO 0CI'l 2

8h0'y 886'€ 966'€ ¥200 | €000 - IL | 1900 - - - 6100 1L

L2700 1100 1100 2 06LT | LIYT | IET AV | 6ELE | S9TY | TLLY | SKES 868t AV
- - - 1L 0008 | 0008 | 0008 0009 | 0009 | 0009 | 0009 109

LITT 9860 LL60 v 0681 | 89TT | SI0T AV | 86000 | 8000 | 200 | €900 - AV

06T 166C 800°¢ IS OL19 | TELS | S866 IS | 796 | T66S | 9L6S | LE6S 109 1S
Q % \e u.aﬁa E& uo w@?:ﬁe\ ?&Ea:&% Q %N &.Q z.bg& 3% uo wSE&.S\_ 3&5@3&% Q m.N &.@ m.aéa mﬁ uo wSSFS&. 3&50:&%

65001 | €0°001 | T0°00T [e10], S968 | 0I'S8 | €048 [IOL | T1€86 | LTS6 | SL'S6 | €066 6886 [e10L,

- - - ‘0D - 200 010 o - - - - - oM

- 0 - oM 1€0 - 020 0®N - 600 00 - - O®N

86 €SI 0811 O®N LT0 620 00 OBD | 90ST | Trsr | Trst | 96¢e £9°€T (e8]

671 L00 100 (0):0) ) 650 91°0 OUN - - - - - OUN

- 6£0 - 03N OLYT | LL9T | 9¥8I 03N - - - - - ‘0%1

- - - OUN 9701 | Tler | 656l 103 - - - - - '0°A

€80 €€0 €0 0™y - - LI0 09D | 6091 | 0£SI | 8801 79 09°'6 ‘0

Wi 91°61 0061 0V 88°0C | €6l | ITLI OTV | w861 | LI'TC | 8097 | T00¢ 89T 01V

- - - OlL LT0 200 - 0L 050 - - - wo ‘OlL

€899 189 8'89 ‘018 v8TE | 9SLT | 08T ‘O1S | ¥89¢ | 6FLE | LT8E | 188¢ 9L'8¢ ‘018

ph/STOL | vI/ST9I | 9/8191 adwes | (7/8191 | TI/819I | S/8191 adwreg | 8¢/8T91 | 2¢/8191 | 4€/8191 | qI/191 | ®I/QI9I | ddwreg

asepordeld AuIoy) opidy

‘1] JO saYAp onud[op pasnopide woiy seseoorSed pue s ‘sajopido aanejuasadal ur suoneLIeA [ednuay) ‘| A[qel,

XLIII, No 5 — 2621



ting that may represent a modern analogue for the tectonic setting in which suprasubduction-zone
ophiolites formed.

The Iti epidosites are characterised by metasomatic replacement of primary igneous minerals by
granoblastic and poikiloblastic assemblages of quartz + epidote + albite + chlorite + titanite + mag-
netite + sulfides. Mineral chemistry reveals that epidote, chlorite and plagioclase from the Iti epi-
dosites have a range in composition similar to that of ophiolite-hosted epidosites (e.g. Schiffman and
Smith, 1988; Nehlig et al. 1994) and Tonga forearc ones (Banerjee et al., 2000). The above-men-
tioned mineral assemblage indicates that the Iti dolerites underwent hydrothermal alteration under
greenschist facies conditions. According to Banerjee et al., (2000), epidosites formed by pervasive
alteration of basalt at greenschist facies conditions and at high water-rock ratios. The Iti epidosites
could be characterised as true epidosites as they are mainly composed of quartz and epidote with
minor albite and other phases. According to Cowan (1989) and Schiffman et al. (1990), the trans-
formation of basalt to a true epidosite involves considerable chemical change. On the scale of an epi-
dosite zone, the sheeted dykes are consistently depleted in Na and K and are enriched in Si. The
extent of Mg and Ca mobility is more variable, such that chlorite-rich epidosites are enriched in Mg
and depleted in Ca, whereas chlorite-poor rocks show the opposite trends. In terms of chemical com-
ponents, the Iti epidosites are dominated by quartz and Ca-rich minerals such as epidote =+ titanite
whereas they contain only minor amounts of albite and Mg(Fe)-rich minerals as chlorite. This almost
bi-mineralic assemblage (quartz + epidote) of the Iti epidosites could imply that the hydrothermal
fluids that metasomatically altered precursor dolerite were depleted in Mg and alkalis while en-
riched in Si and Ca. According to other well-documented ophiolitic epidosites (e.g. Richardson et
al., 1987; Nehlig et al., 1994), these highly focused upflow hydrothermal fluids that circulated in the
Iti ophiolite caused intensive alteration at the deeper portion of the dolerite dyke intruded the upper
mantle peridotites. The irregular distribution of variable Ps components in the epidote crystal is pos-
sibly related to changes of the composition of the fluid phase and different fluid pulses that likely
were evolving in composition as they were interacting with the peridotite and the dolerite. Hence,
it is probable that the fluid phase was recirculated through the serpentinite, slightly adjusting its
composition during chemical modifications that were taking place due to fluid-rock interaction.

The Iti epidosite could be thus interpreted as has been formed via extreme geochemical and miner-
alogical transformations at temperatures up to 400°C within reaction zones and deep hydrothermal
discharge zones (epidosite zones). These conditions are also consistent with the frame of epidote for-
mation, as according to Schiffman (1995) and Bird and Spieler (2004), hydrothermal epidote from
ophiolite sequences forms during intense fluid-rock interaction at temperatures between 300 and 400°C.
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