
INTRODUCTION

Rodingites have been reported from several ophiolite
complexes (e.g. Capedri et al., 1978; Hatzipanagiotou,
1983; Tsikouras, 1994; Dubinska, 1995; 1997; Hatzipana-
giotou and Tsikouras, 2001), as well as from Archean mafic
sequences and present-day ocean floors (Honnorez and
Kirst, 1975; Anhaeusser, 1979; Baltatzis, 1984; Schandl et
al., 1989). They are interpreted as metasomatised Ca-rich
and SiO2-undersaturated rocks, usually associated with ser-
pentinites (Coleman, 1977; Mittwede and Schandl, 1992).
The petrogenetic process of rodingitization is rather debat-
able, as to whether the calcium necessary to produce their
calc-silicate assemblages can be derived either from the Ca
released during serpentinization (e.g. Coleman, 1977;
O’Hanley et al., 1992), or by the circulation of hydrother-
mal fluids rich in Ca+2 ions, and/or leaching of the parent
gabbroic rock (e.g. De, 1972; Hall and Ahmed, 1984).
However, it is generally accepted that rodingitization of
ophiolitic rocks is closely associated with the process of
serpentinization.

This paper aims to describe in detail the mineralogical,
textural and chemical features of some rodingite dykes
found in serpentinites in Lesvos Island, to investigate their
protoliths and to discuss their genetic evolution.

GEOLOGICAL SETTING

The lowermost sequence exposed in Lesvos Island com-
prises a pre-Alpine, low-grade metamorphic basement (Car-
boniferous to Middle Triassic; Hecht, 1972; Katsikatsos et
al., 1986; Serelis, 1995; see Fig. 1). This basement includes

schists with intercalations of metasandstones, quartzites and
limestones. 

An ophiolite mélange occurs above the crystalline base-
ment via a tectonic contact. It is a chaotic and heteroge-
neous formation that consists of rock-fragments of variable
composition, surrounded by a tectonised matrix. The frag-
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ABSTRACT

Rodingite dykes occur in serpentinised harzburgites from the southern part of Lesvos Island (Aegean Sea). Based on relict primary textures and chemical
data, doleritic protoliths are inferred. The rodingitic assemblage consists mainly of hydrogrossular, chlorite, diopside and epidote. In several cases, a chlorite
reaction zone occurs at the rim to the host serpentinite. 

The rodingitisation process developed in two stages: the formation of hydrogrossular + chlorite, and the formation of the diopside ± epidote and the chlo-
rite reaction zone. This two-stage alteration is associated with the earlier formation of chrysotile + lizardite and then of antigorite, in the host serpentinite.
There is a variable extent of element mobility in the rodingites, at constant mass, which is suggestive of diffusional mass-transfer. This behaviour is further
supported by the mobility of Ti, Zr, Y and Cr, and the antithetic chemical exchange between the rodingite and the serpentinite. However, a major influence of
a hydrothermal fluid phase is indicated by increase of silica activity at the second stage of metasomatism, when the diopside and the antigorite formed in the
rodingite and the serpentinite, respectively. Moreover, alteration of the harzburgites cannot account as the only source of the significant Ca amounts required
for the rodingitisation, and hence it is likely that considerable amounts of Ca+2 were introduced in the rodingite via a hydrothermal fluid. However, the rela-
tively smaller volume of the rodingite compared to the harzburgite may also account for this Ca-enrichment. Hydrothermal circulation and diffusion were
overlapping processes, but the first probably appeared during the second stage of rodingitisation. 

Initial formation of hydrogrossular and chlorite requires influx of Ca into the system and depletion of Si, whereas subsequent formation of diopside re-
quires influx of Mg. The chlorite reaction zone acted as a channel of high circulation of Mg- and H2O-rich hydrothermal fluids.

No direct thermobarometric information can be obtained from the rodingite assemblage. However, considering that chrysotile + lizardite and antigorite are
early and late products, respectively, during serpentinisation, their thermal stability fields (up to 350oC for chrysotile + lizardite and 350-500oC for antigorite)
are suggestive for temperature increase, during the two stages of the rodingitisation.

Fig. 1 - Geological sketch map of Lesvos Island (after Hecht 1972; Kat-
sikatsos et al., 1986; and our own observations); 1- Quaternary and Neo-
gene deposits, 2- Serpentinised peridotites, 3- Amphibolite sole, 4- Ophio-
lite mélange, 5- Metamorphic basement, 6- Rodingite localities, 7- Geolog-
ical boundary, 8- tectonic contact, 9- thrust.



ments include ultramafic rocks, basalts, cherts, Triassic
limestones and schists. The basalts within this mélange are
bimodal: one group displays a within-plate affinity, similar
to some Triassic volcanic rocks of Eastern Tethys, and a
second group has mid-oceanic affinity, analogous to several
ophiolitic basalts of the Aegean Sea (Tsikouras et al., 1994;
Pe-Piper et al., 2001). Metasedimentary rock-fragments in
this sequence display mineralogical parageneses of low
greenschist facies (Katagas and Panagos, 1979). 

Remnants of an ophiolite nappe are thrust over the ophio-
lite mélange. They contain mostly ultramafic rocks and mi-
nor dolerite dykes. The ultramafic rocks comprise intensive-
ly serpentinised lherzolites, harzburgites and minor dunites
(Gartzos et al., 1992; Hatzipanagiotou and Pe-Piper, 1995;
Migiros et al., 2000). The gabbroic dykes occur mostly in
the southern parts of Lesvos (southern Amali Peninsula and
Polychnitos area) and they intrude the serpentinised
harzburgites. They dip steeply and display a thickness vary-
ing from some centimetres up to 1.5 m.

Locally, a medium to fine-grained amphibolite sole tec-
tonically underlies the ophiolite. Hornblende separates from
this sole have been radiometrically dated, suggesting a Late
Jurassic age (153 ± 5 and 158 ± 5 Ma; Hatzipanagiotou and
Pe-Piper, 1995). 

On top of the pile there are Neogene lavas, pyroclastic
rocks (Pe-Piper, 1980; 1984; Pe-Piper and Piper, 1992) and
Quaternary deposits.

Rodingitised dykes

Rodingitic rocks are associated with gabbroic dykes oc-
curring at southern Lesvos. Characteristic rodingite dykes
were observed just a few metres westwards from the road
that links the Vatera and Polychnitos villages, as well as at
approximately 600 m southwards and 400 m eastwards from
the Panagia Amali (see Figs. 1, 2a). The dykes occurring at
Polychnitos are completely rodingitised while those found
in the Amali peninsula often preserve relict gabbroic tex-
tures in the inner portions. The rodingite dykes are in sharp
contact with the serpentinite host and frequently display a
greenish, several centimetres thick, chloritic blackwall (Fig.
2b). In places, the rodingitised dykes are deformed and
sometimes boudinaged. 

PETROGRAPHY

Both the rodingites from the Amali peninsula and Poly-
chnitos of southern Lesvos display common features. Due to
incomplete re-equilibration, several domains of these rocks
retain relics of their primary subophitic texture, which is
suggestive of doleritic protoliths (Fig. 3a, b). Relics of pri-
mary clinopyroxene (mostly diopside), olivine and scarce
plagioclase are frequent (Fig. 3b, c). The rodingite locally
shows cataclastic textures as a result of brittle deformation,
where mylonitised garnet is the most characteristic phase.
Frequently garnet is pseudomorphic after plagioclase and
displays corroded margins, suggesting that it is a rather ear-
ly metasomatic phase (Fig. 3a, b, d). However, segregations
of garnets are also dispersed in several places within the
rodingite (Fig. 3c). The garnet is locally altered to a fine-
grained aggregate of vuagnatite and rare paragonite (Fig. 3c,
see also Mineral chemistry section). Vuagnatite (CaAl-
SiO4(OH)) is a rare secondary mineral which developed
within cracks of the garnets from the Lesvos rodingites or as
pseudomorphs after garnet, forming admixtures with very
fine grained paragonite. To our knowledge, the occurrence
of vuagnatite has not been reported elsewhere in Greek
rodingites. 

Chlorite and tremolite replacing igneous clinopyroxene
at rims and along cleavages may be interpreted as early al-
teration products. A second chlorite generation is also abun-
dant in the rodingitic assemblage and is commonly associat-
ed with garnet. 

Epidote (and clinozoisite) is also an early alteration prod-
uct of igneous plagioclase, though in several samples, late
epidote is commonly associated with neoblastic diopside. 

The neoblastic diopside is the latest phase in the rodin-
gitic assemblage and grows after garnet. Primary diopside
relics are not easily distinguished from the neoblasts.
Neoblastic diopside forms in general clearer and smaller
crystals than the igneous relic clinopyroxenes. Due to this
uncertainty, only a rough quantitative estimation for the
neoblastic diopside of up to 10% of the mode can be made. 

Accessory phases in the rodingite assemblage include ti-
tanite, magnetite and rare quartz grains. Veinlets filled with
chlorite and epidote usually cut the rodingite. 

The greenish blackwall mostly consists of chlorite, and
very scarce titanite. The chlorite crystals are fine-grained
and may display a weak preferred orientation towards the
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Fig. 2 - a) View of a rodingite dyke in serpentinised ultramafic rock; b) Detailed view of a rodingitic dyke with the chloritic reaction zone (CRZ).



rodingite, whilst towards the serpentinite, they become larg-
er in size and are oriented almost perpendicular to the mar-
gins of the dykes. 

Serpentinised harzburgites

Unaltered ultramafic rocks from the Lesvos ophiolite are
rare, while most of the lower members of the suite are
strongly serpentinised. These rocks have been deformed pri-
or to serpentinization as it is indicated by the occurrence of
relic kink-banded pyroxene porphyroclasts (and rarely
olivine) and by formation of neoblastic pyroxene and
olivine. The earliest phases are chrysotile and lizardite
(pseudomorphic after olivine and pyroxene) that are locally
replaced by irregular blades of antigorite, commonly associ-
ated with chlorite. Relics of primary spinel are common.
Two generations of magnetite have been observed: the earli-
er one comprises primary hypidiomorphic to idiomorphic
crystals and the latter includes secondary allotriomorphic
grains formed after spinel and primary magnetite. Accessory
phases include carbonates and talc commonly found in
pods. Veins of carbonates, magnetite, clinozoisite and rare
chalcedony are ubiquitous within the serpentinite and are
likely related to late hydrothermal circulation.

ANALYTICAL METHODS

Mineral analyses were performed at the Department of
Geology, University of Hamburg, Germany, with a CAME-
CA microanalyser, equipped with an Energy Dispersive
System (EDS) and controlled by a Link system. Operating
conditions were 15 kV accelerating voltage and 20 nA sam-
ple current. 

Whole-rock chemical analyses were carried out at the
Department of Earth Sciences, University of Leeds, Eng-
land, using a PHILIPS PW 1400 XRF spectrometer. Fusion
pellets were used for major-element and pressed powder
pellets for trace-element determinations. Fe2O3 was deter-
mined by titration according to the method described by
Wilson (1955). 

MINERAL CHEMISTRY

Clinopyroxenes

Representative analyses of neoblastic clinopyroxenes are
given in Table l. The analyzed crystals are diopside accord-
ing to Morimoto et al. (1988). For comparison, a representa-
tive microprobe analysis of an igneous diopside is also list-
ed (Table 1). The metasomatic diopside is richer in Ca and
Ti, and poorer in Al and Na relative to the igneous one.
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Fig. 3 - a) Relict subophitic texture in a rodingite from southern Lesvos. Garnet (Grt) replaced the plagioclase crystals. The bright crystals are relict igneous
diopsides. Sample P 15b, Nicols +; b) Neoblastic diopside (new Di) forms clearer crystals than the relict igneous diopside (old Di) that displays a dusty ap-
pearance due to alteration, in the Lesvos rodingite. The lath-shaped crystals are hydrogrossulars, which pseudomorphically replaced plagioclase. Sample P 18,
Nicols +. c) Garnet dispersed in the rodingite matrix. The very fine-grained crystals are a mixture of vuagnatite and paragonite. The larger crystals are igneous
diopside. Sample 78, Nicols +. d) Neoblastic diopside (clear crystals) and pseudomorphic garnet after plagioclase (lath-shaped isotropic crystals) in a rodin-
gite dyke still showing a relict subophitic texture. Sample 81, Nicols +.
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Garnet

Representative garnet microprobe analyses are listed in
Table l. Fe+3/Fe+2 partitioning was calculated on a stoichio-
metric basis; most iron in these garnets occurs in the triva-
lent state. The analyzed crystals are essentially pure grossu-
lar with only minor amounts of the andradite and spessartine
components. Several microprobe totals tend to be less than
100% (see Table 1) indicating the existence of the hy-
drogrossular molecule. The garnets have a chemical zona-
tion, which shows no systematic core-to-rim evolution. It
can be inferred from Table 1 that most of the analysed ele-
ments display variable contents at the core, intermediate
area and rim of the crystals. In general, there is an increase
in Mg and a decrease in Fe+3 in the cores of the analysed
crystals, reflected as increments in pyrope and decrease in
andradite contents, respectively. This variation does not
contradict a growth via oscillatory zoning, but unfortunate-
ly, no complete garnet profiles are available to establish
such a hypothesis. 

Epidote-clinozoisite, chlorite and vuagnatite

Epidote group minerals and chlorite occur both as matrix
phases and in veins usually associated with the neoblastic
clinopyroxene and garnet, respectively. Epidote is composi-
tionally homogeneous having a rather low Fe+3 (stoichio-
metric calculations assuming total Fe as Fe+3) and high Al
contents and a narrow range of low pistacitic contents (5.80-
9.67%). Chlorites from the rodingites have a rather broad
Fetot/(Fetot+Mg) variation, showing three distinct composi-
tions (i.e. ripidolite, clinochlore, and penninite; see Table 1
and Fig. 4).

A representative microanalysis of vuagnatite is shown in
Table 1 indicating a stoichiometry close to its ideal formula
CaAlSiO4(OH). The vuagnatite probably accommodates Ca
released during the alteration of garnet (identification of
vuagnatite was also tested by XRD analysis). Microprobe
analyses of paragonite are not reported here, because they
are of low quality due to extremely small crystal size.

Whole-rock geochemistry

Bulk rock analyses of the rodingites of Lesvos Island are
displayed in Table 2. An average of 6 fresh dolerites from
the Lesvos ophiolite, which gives an approximation of the
unrodingitised material, is given as a representative compo-
sition of the rodingitic protolith. Evidently, the rodingites
are poorer in SiO2, Na2O and K2O and richer in CaO con-
tents relative to the inferred protolith. 

On the ACF diagram, the studied rodingites plot away
from the Coleman’s (1977) rodingitic field, but they can be
correlated with analogous rocks from the Abitibi Greenstone
Belt, Canada (Schandl et al., 1989), which derived from
metasomatism of mafic and ultramafic rocks (Fig. 5). Devia-
tion of the rodingite compositions from the “rodingitic” field
is common, thus its validity has been strongly argued and
the variable chemistry of rodingites has been ascribed to
variatons in chemistry, mineral assemblage and degree of
metasomatism of their protoliths (e.g. Capedri et al., 1978;
Wares and Martin, 1980; Rice, 1983; Schandl et al., 1989;
O’Hanley et al., 1992; Dubinska, 1997). The unmetasoma-
tised average dolerite composition plots in the three phase
field of clinozoisite + clinochlore + actinolite, consistent
with the incipient greenschist-facies, ocean-floor alteration
of this assemblage that includes epidote + chlorite + tremo-

lite. The bulk composition of the metasomatized rocks is
shifted towards the AC tie line leading to the possible stable
coexistence of epidote together with diopside and grossu-
laritic garnet. The apparent distribution of the rodingite sam-
ples parallel to the C-F tie line of the ACF diagram (Fig. 5)
would reflect both the strong influence of grossular on the
chemistry and different extents of rodingitisation (O’Hanley,
1996). As it is expected, the composition of the chloritic re-
action rim plots close to the clinochlore composition. 

A well-developed chloritic reaction zone, from a dyke in
the Vatera area, was chosen for the study of the metasomat-
ic exchanges. Three chemical analyses of a traverse from a
rodingite and the reaction zone to the host serpentinite
(analyses P 17A2, P 17A1 and P 158, respectively) are
shown in Table 2. The bulk-rock chemistry of the serpenti-
nite, particularly the low Cr, Ni, Al and Ca contents, is com-
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Fig. 4 - Plot of the analyzed chlorites from the south Lesvos rodingites, on
the classification diagram (after Hey, 1954). 

Fig. 5 - ACF diagram for the analyzed rodingites. For comparison, the
fields from other rodingite localities as well the “rodingitic field” after
Coleman (1977) are shown. (Data after Capedri et al., 1978: Pindos;
Schandl et al., 1989: Abitibi; Dubinska, 1997: Lower Silesia). Circles:
rodingites; square: chlorite reaction zone.



parable with harzburgites from Alpine peridotites. The nor-
mative composition, calculated following the method of
Lensch (1968), argues also for a harzburgitic protolith
(Table 2). Ti and Cr contents are similar in both the reaction
rim and the rodingite (Fig. 6). Very low Mn concentrations
and total depletion of alkalies, along with Rb are common
features of all rocks. Si is enriched in both the rodingite and
the serpentinite but depleted in the chlorite reaction rim,
whereas Ca is clearly high in the rodingite and low in both
the chlorite reaction rim and the serpentinite host (Fig. 6). 

DISCUSSION

Initial serpentinization of peridotites and simultaneous
rodingitization of dykes typically occur in an oceanic envi-
ronment, in ophiolitic rocks wordwide, as has been reported

in many ophiolites ranging in age from Archean to Pleis-
tocene (e.g. Laurent, 1980; Schandl et al., 1989; O’Hanley
et al., 1992; Dubinska, 1997; Hatzipanagiotou and Tsik-
ouras, 2001). The observed assemblages in the Lesvos
rodingites are similar to those from worldwide Phanerozoic
rodingites. Chlorite, epidote and tremolite are typical phases
that first appear during an incipient, ocean-floor metamor-
phic episode. The rodingites are temporally associated with
ocean-floor metamorphism. However, unlike the assem-
blages observed in ocean-floor metamorphic rocks world-
wide, which are consistent with growth via interactions of
low-pH solutions with the country-rock, the rodingitic as-
semblages are related to high pH solutions (Bird et al.,
1984). The formation of grossular and a second chlorite
generation which appeared during rodingitisation processes
in Lesvos Island, was apparently induced by high activity of
Ca+2 in a highly alkaline environment (Barnes et al., 1972;
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Major elements %

Sample P 15C P 17A P 33 P 67 P 17A2 P 17A1 P 158 Average

(internal) (rim) (serpen.) dolerite

SiO2 35.40 35.30 35.36 36.78 35.39 28.74 40.08 45.90
TiO2 1.29 0.88 1.12 1.17 1.20 0.99 0.02 1.63

Al 2O3 14.48 17.58 15.60 14.58 14.88 21.50 0.58 15.18

FeO 2.76 1.31 1.99 2.12 1.91 10.20 6.69

Fe2O3 7.25 4.10 5.84 5.33 6.18 4.62 *7.20 3.11

MnO 0.13 0.05 0.08 0.07 0.06 0.01 0.03 0.15

MgO 13.96 12.61 14.50 14.48 16.58 22.21 37.94 7.18

CaO 17.59 19.11 17.50 18.86 15.66 2.03 0.17 10.20

Na2O -- -- -- -- -- -- -- 3.28

K2O 0.17 -- 0.08 -- -- -- -- 0.33

P2O5 0.08 -- 0.07 0.05 0.05 -- 0.06 0.20

LOI 7.40 7.20 7.70 7.18 8.50 10.70 12.60 5.45

Total 100.51 98.14 99.84 100.62 100.68 101.00 98.68 99.31

Trace elements ppm

Ba 522 188 280 102 99 36 -- 171
Rb 9 -- -- -- -- -- -- 8

Sr 32 22 28 18 30 4 8 96

Y 35 28 36 26 44 30 -- 28

Zr 67 35 51 55 50 31 -- 111

Nb -- -- -- -- -- -- -- 9

Th -- 10 -- -- -- -- n.d. n.d.

Ga -- 9 7 8 7 8 -- n.d.

Zn 43 15 27 38 23 24 43 n.d.

Cu 8 5 6 5 5 4 -- n.d.

Ni 221 380 348 322 442 867 2545 118

V 230 201 231 221 263 341 n.d. n.d.

Cr 405 429 498 514 661 683 2210 280

Normative mineralogy
Sample: P 158

Q -- Ab -- Lc -- Ol 59.45 il 0.04
C 0.48 An 0.53 Di -- mt 1.74 ap 0.15

Or -- Ne -- Hy 37.19 hm --

Table 2 - Representative whole-rock chemical compositions of the Lesvos rodingites and dolerite. 

-- below detection limit; * total Fe as Fe2O3; n.d. not determined; Average dolerite: mean values from 6 dolerite samples (data after Tsikouras et al., 1994).



1978). A second stage of metasomatism involves Mg- and
Si-increase to produce diopside ± epidote.

The onset of rodingitization is marked by the appearance
of grossular/hydrogrossular at the expense of plagioclase,
and may be described by a reaction proposed by Coleman
(1967):

CaAl2Si2O8 + 2 Ca+2 + 3 H2O + 0.5 SiO2
←→ Ca3Al2Si2.5O10(OH)2 + 4 H+ 

(anorthite) (hydrogrossular)

Furthermore, the crossed tie line relation indicated by the
dashed line in Figure 4 represents the reaction: 

16 clinozoisite + 3 tremolite + 25 CaO + H2O ←→ 3 clinochlore + 21 grossular 

Both reactions imply hydration by a fluid that has been
rich in Ca+2 ions and model the appearance of metasomatic
garnet and chlorite. Studies from rodingites suggest that this
metasomatic event may occur at pressures between 0.25 and
3 kbars (O’Hanley et al., 1992; Mittwede and Schandl,
1992; Schandl et al., 1989).

Schandl et al. (1989) describe a sequence of assemblages
in rodingites, which develop at different extents of metaso-
matism and include, towards the most advanced alteration
stages:
i) Epidote-rich rodingites (with the assemblage clinozoisite,

zoisite and minor diopside and titanite)
ii) Grossular-rich rodingites (with the assemblage hy-

drogrossular, prehnite and minor diopside), and
iii) Diopside-rich rodingites.

The mineral assemblage of the Lesvos rodingite correlates
with the second one or an intermediate between the second
and the third alteration stages. Formation of diopside in the
rodingites, suggests a relatively advanced stage of alteration,

and it is probably associated with the formation of antigorite,
after lizardite and chrysotile, in the host serpentinite. 

Bulk chemical compositions of the rodingites were used
to document the relationships between Ca-metasomatism
and element mobility. Since the patterns of losses and gains
during oceanic hydrothermal alteration are quite different
from those produced by rodingitic alteration, the composi-
tional trends correlating with gross variation in CaO are re-
garded as having been imposed by rodingitization. Indepen-
dence from CaO suggests stable behaviour during this
process. Linear variation trends of several elements versus
CaO suggest that most of them behaved as mobiles with the
exception of Al and Zr that show no particular correlation
with CaO (Fig. 7). 

The isocon method (Grant, 1988) was used as an attempt
to present a qualitative estimation of losses and gains during
rodingitization (Fig. 8). This is a graphical approach to the
mass transfer equation used by Gresens (1967) to determine
element mobility in metasomatised rocks. According to this
technique, when the composition of unaltered and altered
rocks plot as variables, the immobile elements during a
metasomatic episode must lie on a straight line (isocon),
which passes through the origin. The reciprocal slope gives
the total mass change during the metasomatic process while
the deviation of points for mobile elements above and below
the isocon gives respectively the gain or loss of each com-
ponent in the altered rock with respect to the concentration
in the original.

We do not intend to calculate elemental losses and gains
due to the uncertainty that arises from the lack of the actual
protolith of the rodingites. Comparison of a rodingite (sam-
ple P 17 A2; altered) with the average dolerite (unaltered)
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can only suggest a general qualitative determination of the
pattern of element mobility during metasomatism, while cal-
culation of gains and losses is meaningless. Evidently, mo-
bility of all elements has occurred to a variable degree (i.e.
the position of the elements above or below the isocon line
shows variable extents of mobilization). The isocon line, as-
suming constant alumina alteration, has a slope of 0.98, im-
plying a total mass gain of 2% (reciprocal ratio = 1.02) dur-
ing the rodingitisation (Fig. 8). This very low value, which
essentially intimates mass conservation during alteration,
suggests that chemical exchanges during alteration occurred
mainly by diffusional mass transfer between the rodingite
and the serpentinite. Besides the predictable gain of Ca and
losses of Si, K and Na, mobility of all other elements is ob-
vious (Fig. 8). The considerable Fe2O3 gain is mostly coun-
terbalanced by the FeO loss, thus only a small depletion of
total iron is possibly required. This fact suggests that most
Fe+2 was oxidised to Fe+3 rather than the Fe having been
substantially mobilised. High fO2 conditions account for the
oxidation of Fe. Such conditions are also suggested by the
relatively high Fe+3 contents of most minerals in the rodin-
gite, and also in the bulk chemistry of the rodingite itself.

An alternative hypothesis which assumes Zr or Ti immo-
bility seems improbable since it will lead the isocon line to
pass below the Si composition, thus requiring Si enrichment
(see Fig. 8). However, such a scenario is unlikely, since Si-
depletion processes typically affect rodingites. Mobility of
Zr, Ti, Y and other icompatible elements has been estab-
lished in the last decades, although in the past they were
considered as immobile. These elements show a similar be-
haviour to REEs and can mobilize in hydrothermal systems
when incorporated into low-pH solutions, in the presence of

particular ions, such as chlorine, fluorine, phosphate and
sulphate that act as ligands for forming polynuclear com-
plexes (e.g. Gieré, 1986; 1990; Rubin et al., 1993). Howev-
er, the rodingitic assemblage in Lesvos requires basic condi-
tions of formation, therefore the mobility of Ti, Zr, Y, Cr,
Ni is assigned to diffusional mass transfer rather than to in-
filtration of a fluid, as was also previously mentioned. The
small length scale of the reaction zone is also consistent
with the control of diffusion rather than infiltration on the
mass transfer during rodingitisation (Brady, 1977). 

However, simple diffusional mass-transfer cannot satis-
factory explains the diffusion of components at a different
extent. Thus, we have to assume that either this process has
been controlled by the species which diffuse quickest
(Brady, 1977) or that fluid infiltration was also operating.
The first hypothesis is supported by the fact that there is an
antithetic correlation between the changes in bulk-rock
composition of the serpentinite and that of the rodingite.
The early serpentinisation and formation of lizardite and
chrysotile involves loss of Ca and gain of Si. However, the
concomitant early formation of grossular and chlorite after
plagioclase, epidote and tremolite show that Ca was added
and Si was removed from the rodingite. The second stage
involves the breakdown of chrysotile and lizardite to form
antigorite (without producing brucite) and requires the ser-
pentinite to have lost Mg and H2O. In this case, the loss of
Mg and H2O from the serpentinite host is counterbalanced
by the gain of Mg and H2O from the rodingite, to produce
the diopside and the chlorite reaction rim. Since the Cr/Ti
values, used as an indicator as proposed by Sanford (1982),
are rather similar in the rodingite and the chlorite reaction
zone (0.09 and 0.11, respectively) we suggest that the latter
formed at the expense of the dyke rather than of the host
serpentinite (with Cr/Ti = 1.84). Petrographic observations,
as well as major and trace element chemical variations
across the reaction zone between the rodingite protolith and
the serpentinised ultramafic rock are compatible with this
interpretation. This reaction zone was probably a glass-rich
rim of the dolerite dyke (chilled margin?), which allowed
high circulation of the Mg- and H2O-rich fluids. 

The formation of diopside in the rodingite, as well as the
formation of antigorite (and talc pods) within the serpenti-
nite, imply an increase in a(SiO2) in both rock-types, which
can be interpreted through the involvement of a hydrother-
mal fluid. In addition, the host harzburgite is normally poor
in Ca and hence it represents a source of low potential in Ca
for the significantly Ca-enriched rodingite. Therefore, the
significant amounts of Ca+2 ions that entered the rodingite
must have also been transported in a hydrothermal fluid
phase. Hydrothermal circulation of Ca-rich fluids is also
supported by the appearance of carbonate- and epidote-rich
veins within the serpentinised harzburgites in several places
of Lesvos Island (Serelis, 1995). Most likely, hydrothermal
circulation overlapped difussion events, at least for a short
period. As it was discussed earlier, the first process is most-
ly required for the second stage of rodingitisation (and the
associated formation of antigorite in the serpentinite) and
therefore it is considered as a late event. Another explana-
tion for the Ca-enrichment in the rodingitised dykes is that it
could be due to their relatively smaller volume compared to
that of the host, “Ca-releasing” harzburgite. Based on the
available data, both these factors may have contributed to
the Ca-enrichment, however, further evidence, especially
isotopic, is needed to clarify this point.

A broad estimation of the temperature of formation of
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rodingite can be made on the basis of the formation of the
serpentinite. Lizardite and chrysotile are stable at tempera-
tures up to 350oC (O’Hanley et al., 1987; Chernosky et al.,
1988), whereas antigorite is stable between 350oC and
500oC; above 500oC antigorite will recrystallize to forsterite
+ talc (O’Hanley et al., 1987). Furthermore, in the calculat-
ed phase diagram of O’Hanley et al. (1987) the reaction
antigorite forsterite + talc + H2O at 1 kbar is just below
500oC and at 2.5 kbars it is slightly above 500oC. Therefore,
the sequential appearance of chrysotile-lizardite and antig-
orite in the associated serpentinite provides evidence for in-
creasing temperature during rodingitisation. Furthermore,
the absence of forsterite from the assemblage of the serpen-
tinite is compatible with formation of the rodingites at tem-
peratures lower than, or close to, 500oC, depending on the
pressure of formation.

CONCLUSIONS

Rodingite dykes occur in serpentinised ultramafic rocks
at Polychnitos and the south Amali peninsula (southern
Lesvos). Hydrogrossular and chlorite first appeared in the
rodingite assemblage whereas diopside ± epidote subse-
quently grew after garnet. The late diopside development is
temporarily associated with the formation of the chlorite re-
action zone that rims several rodingite dykes. Relics of ig-
neous textures in the rodingite suggest doleritic protoliths.
The assemblage of the host serpentinite includes early-
formed lizardite and chrysotile, which were subsequently
overgrown by antigorite. The successive change in the stud-
ied rodingite mineralogy from CaAl-sil icates to
CaMg(±Al)-silicates is consistent with the two-stage serpen-
tinization of the Lesvos ophiolite.

The chemistry of the rodingite dykes is also suggestive of
metasomatic events after the inferred doleritic protolith. A
qualitative study of element mobility, based on constant alu-
mina alteration, shows typical Ca-enrichment and Si-re-
moval, as well as considerable mobility of all other ele-
ments. The significant partition of Fe+3 in the rodingites and
in the structural formula of the rodingite phases suggests al-
teration under relatively high fO2. This is also evident from
the apparent oxidation of Fe+2 to Fe+3, indicated in the iso-
con plot. The isocon plot involves mass conservation, which
is consistent with the control of diffusional mass-transfer
during alteration. The mobility of certain elements, such as
Ti, Zr, Y, Cr and Ni, is also assigned to diffusion, since the
basic conditions of formation of the Lesvos rodingite are
unfavourable for mobility of the above element via hy-
drothermal fluids. The antithetic geochemical correlations
between the host serpentinite and the rodingite also support
this hypothesis. Nevertheless, the increase in SiO2 (during
the second stage of alteration) and the depletion in alkalies
in both the rodingites and the serpentinite, are more compat-
ible with the contribution of an externally derived fluid.
Moreover, alteration of the harzburgitic protolith of the as-
sociated serpentinite cannot account as the only source of
the significant Ca amounts required for rodingitization.
Therefore, it is likely that significant amounts of Ca+2 were
introduced in the rodingite via a hydrothermal fluid. How-
ever, the Ca-enrichment in the Lesvos rodingites could also
be due to their smaller volume relatively to the harzburgite
that acted as the Ca source. 

Estimation of temperatures of formation during the two
stages of the rodingitisation can be grossly assessed from the

serpentinite host. The lizardite-chrysotile-bearing assemblage
(stable up to 350oC) and the antigorite-bearing assemblage
(stable in the range of 350-500oC) provide evidence for in-
creasing temperatures from the associated formation of
grossular + chlorite to the concomitant stage of appearance of
diopside, in the rodingite while absence of forsterite (stable
above 500oC) from the serpentinite assemblage provides an
upper thermal limit for rodingite formation in Lesvos Island.
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