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1. IHIROD!JCIION 

It is generclly accepted that ophiolites represent slices of 
the oceanic lithosphere generated at least 1n two ~in 

geotecton i c environments os those of mid-ocean r idge8. wi th 
major or small width oceanic basins. cnd thoee associated with 
011 evolutionary stages of the island arcl back-arc ba8in 
systems (Miyashiro, 1975; Sun and Nesbitt. 1978; Beccaluva et 
01., 1979: Pearce. 1980; Sounderl:! et aI., 1980, Serrl, 1981; 
Pearce et al .. 1984). 

This distinction is based not only on geochemical and 
petrological dClta of the different OphlOliUc complexes but 
a180 on the clinopyroxene and epinel chemical compositions of 
extrusive rocks rSigurds80n and Schil11ng. 1976; Nil5bet and 
PeClrce. 1977; Capedri and Venture 11 i. 1979. 1980: Becca J uva et 
al .. 1980. 1989; Camoron et 81 .• 1980; Leterrier et 0.1 .• 19B2; 
Molard et al. 1983: Dick (Ind Bullen. 1984). 

This paper besed on the crystallochemical study of 
clinopyroxenes and spine1s at the diverse extrusive rocks, 
constituting the ophiolitic "melange" at Southern Argolis. aims 
at the investigation ot the geodynamic origin. 

2. GEOLOGY AND LITHOSTRATIGBAPHIC POSITION Of OPHIOLIIES 

In Southern Argolis (Fig. 1). the ophioUtes (50 to 150m 
thick) of the Upper Jur"sl!lic in the surroundings of Fourni. 
Il iokastro, Ermion i. Kouverta and Kran idi. consi st exc I us ive 1y 
of brecciated and schistosed serpentinitic harzburg1tes 
containing bloc};s and conglomer"tee of volcanic rocks such as 
boninites and basalt!! and blocks of amphibolites. marble!!! and 
chromitit'es (near the Fourni village), in less proportion 
(Gaitanakis and Photiades. 1991). 

As r8;ards their nature and their contents. these ophiolitic 
forrnatlons are similar to those of the ophiolitic "m'l"nge" 
(serpentinites with bon1nitic blocks) ot the !'forthern Argoli8 
(Photio.de~. 1986; Dostal et al., 1991). A.fter Clitt and 
Robertson (1989. 1990a.b.1991) however, the oph1011les of 
Southern Argol is are comparable to 01 istostroms composing the 
"Potami Format1on"of 80umgartner (1985) and derive from the 
P j ndos zone. 

The ophjolites abducted during tho eohetlenlC phal!le on the 
neritic Triassic-LiaS5ic carbonate platform with &mmoni~ico 

rosso (Vrielynck. 1982). are unconformably overlain by the 
limestones of Tjthonian~Kimmerldg1an age (Decroucz et "1_. 
1983). These latter tollowing in turn the limestonel!l ot 
Barremian-M"estrichtian age. are passing gradually Into the 
Po. 1eocene-Eocene f I ysch (Bachmann i1nd Rich. 19791. 

During the early Terti"ry tecton~c phllse, the slJbduction­
dccretiu" crJmplex of Ermloni (f1yschoid fcrmationl! "'Hh 
volcanic .Il~ces laotertson et 1\1. 1987). ,)5 well as the 
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Ermioni and Poros pelaglC 1 ime:ltones of Aptian and 
M4estrichtian age (Clitt and Rohert90n op.cit.) are overthrust 
on the top of the previous units. 

3. PEIEQGRAPUY Of EXTRUSIVE ROCKS 

In the ophiolitic "melange". two type~ of volcanites such a9 
bonlnites and basolt~ ore distinquished in serpentinitic 
motrix. 

These rocks appearing In the shape of both blocks and 
con511omerates. can reach a size of 30m ln diameter. Based Oil 

chemI ca 1 ana lyses by XRf spectromet.ry in bu I k rock chemistry. 
not reported ln this paper. the ~salts (rich in TI 1.02-2.0%) 
are weakly porphyritic IlInd vesicullllr. On the contrary. the 
boninites of olive-greenish colour (very low in Ti 0.16-0.4%) 
are more porphyrjtic and rarely veslcular. 

3.1.Booioite; (very low Til 

The me.jor-ity of boninitic lovtls llI.re porphyritic and very 
altered. The only original preserved parogeneses contain both 
clinopyroxene phenocrysts fO.9-Bmml of endiopsidic-auqitic 
chemical composition. often transformed 1nto a tremoJjte­
actinolite amphlbole senes. chlorite and idiomorphic 
microphenocrysts (O.2-0.Srm\J of chromian spinels_ OJivine /lnd 
orthopyroxene phenocrysts. on the other hand. are completely 
destdbilized in serpentIne. iroll oxieles and dmphiboles (Mg­
hornblende-actinolitic hornblende). 

The mesostdsis conSIsts of albitised. !Ierlcitised dod 
epidotltised microlaths of plaqioclase quartz. microcryatal~ 

of primary amphibole (Hg-hornblende). chlorito. devitrified 
glass. magnetite grlllnulate5 and sphene_ The rare vesicles are 
filled with epidote. quartz. chlorite and calcite. 

The boninitic rocks are characterized by secondary 
mineralogical aeeemblaaes of static greenschlst facies 
netamorphism. 

3.2.8A9g1ta <high Iil 

Basolts lovas with or without vesicles reveal cooling 
texture~ whose the microlites of albite and the microlo.th= of 
oligoclase. represent arborescent and fibrous textures. 

The clinopyroxenes of augitic chemical composition. the 
destabilized olivines-in calcite and iron oxides-and finally 
the phenocryst of t1lo.n~gnetites. constitute the rare primary 
phol:lee into d mesostasis ~de up of devitrltied gloss. 
chlorite. opaque minerals and sphene. 

Bcoide•. a variety of low temperature minerals ouch as Ne.-Ca 
zeolltes. coladonite. calcite and oultide groins. is observed. 
tillIng e1ther the microfractures or the rock vesicles. 
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It should be noted thot the al terotions cnd the observed 
minerclogical cssemblages are comparable to those 
characterizing a seawater st4tic hydrothermal metamorphism of 
zeolitic focies (Photiades cnd Economou, 1991), 

4. MINERALOGICAL STUDY Of CLINOPYRQXEHES AND SPINELS 

To study the mineralogicol composition of clinopyroxenes and 
spinels, a series of mIcroanalyses has been realized by the aid 
of the electronic mIcroprobe (JEOL-733. under work conditIons 
20 KV, 3nA. counting time 20 se~). 

Tables 1 and 2. illustrate the l'epresentatlve analyses for 
each petrogr4phic type separately (phenocrysts of pyroxenes and 
spinels at the same tim~). 

4.1.ClioopyrQxenes 

Chemlc41 compositl0n is 01 basic element not only for the 
identification of the type of magma generating the lovas 
(Kushi ro. 1960; Le 80S, 1962; Ni sbet and Pearce, 1979; 
Leterner et. al., 1982). but IlIlso for the identIfication of 
thel r geodynamic enVl ronment (Nlsbet and Pearce, 1979; 
LeterrIer et 1lI1., 1982; Molard et al., 1983). For the most 
part, the boninltlC clinopyroxenes are of endiopside type 
(W043-38 En49-~6 FS8-6) with much less IlIUgitlC proportion 
(W043~34 En47-54 F's10-12): on the other hl:lnd, they ~re 
complllrat.ively chromlferous and very calclcs, while those of the 
basaltic llllvas are of augitic typo (W042-38 En37-50 FS21-12) 
with 0 low proportion of chrome, tending towards salltic 
compositions (W047-48 En34-41 FS19-l1)' 

This IS lllustroted on the dUlgram (Fig. 2) vf Polderv(l,art 
and Hess (1951), where the cllnopyroxene phenocrysts of 
boninites are sItuated In the fleld of endl0pslde-ougite. 
which, atter aeccaluv~ et al. (1989), char~cterJ2eg the 
clinopyroxene rocks wlth low to very low-Tl. Nevertheless. the 
abund~nce of these llllv~s in phenocrysts of cl Inopyroxenes , 
their endiopsidic composition and their hlgh contents In Ca and 
Hg, charlllcterize rather orogenic Javas than tho~e of MORE-type 
basalts (Bougault et al., 1981; Gill, 1981; Bablen, 1984). 

On the other hand, the cllnopyroxene phenQcrysts Qf basllIlts 
occupy the field of augite~saJite, where the cllnopyroxenes of 
boninites present the following differences (Table 3); It is 
noted that the clinopyroxenes of boninites show a Mq-index 
(Mg/(Mg ...Fe 2-t-tMnl much higher than that of the bosalts, whlle 
the contents in titanium,alumInium and sodium ore much lower 
compared with those of baslllltic clinopyroxenes. 

Apart from thlllt. the relllltively high vclues in Ti02 compared 
with the low values in Cr203 4nd in Hg-index of the crystalline 
atructure OIugite-basllIlt, reflect differentilllted melts. 
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• • ---------------------------------------------------------------------------
1 2 3 4 5 7	 9 10 

5i02 O. J7 0.32 0.20 0.27 
A120,!! 13. 27 14.94 12. 28 8.30 7.94 1 I . 95 12.04 14.40 11 . 55 10.03 
F.O	 10.17 11 .36 14.67 14.9 t 16.21 14.82 18.81 18.85 20. 18 15.96 

14.6a 14 _52 12.38 t 2 .37 1 I .39 12.87 9.21 9.88 7.96 11 .35"'0 
c.o 0.08 O. 13 O. 14 O. 19 0.31 
HO] 0.31 
,,"0 1 .61 1 .52 1 .50 1 .55 l. 21 0.64 2.30 1 .26 2.35 1 .67 
CrI0 3 56.62 54.66 56.67 58.79 61 .74 57. 19 53.40 5 1 . 4 1 14. 16 59. 16 
"'0 0.39 0.41 0.36 
V20~ 0.56 0.57 0.97 1. 05 0.77 0.97 0.92 0.55 0.58 0.83 
f&Z 0 3 2.48 1.83 0.66 2.70 I . 17 1 .37 3. Z2 2.66 2.60 1 .69 
----------------------------------------------------~----------------------

fot.'!] 100. 0. 99.98 99.26 99.99 100.77 100. 17 100.02 99.32 99.98 100.89 

Structure formula in base of 32 (0) 

Si 0.042 0.084 0.052	 0.073 
3.948 4.425 4.085 2.566 Z.455 3.620 3.743 4.438 3.623 3.075 

Fe]' 2.145 2.387 ?466 3.266 3.536 3. 185 4. 150 4. 123 4.495 3.472.," 5.597 5.437 5.374 4.833 4.455 4.930 3.621 3.851 3. 161 4.400 
c. 0.021 0.051 0.039 0.033 0.090 
\; 0.061 

0.343 0_324 0.354 0.345 0.269 O. 139 0.515 0.279 0.531 0.412 
C, 11 .29' 10.858 10.916 12.187 12.807 11 .621 11.138 10.626 11.40412.165.,." 0.080 0.084 0.074 
V 0.094 o 095 0.101 0.182 0.133 0_ 164 1 .600 0.095 1.020 0.142 
Fe 3 • o.47;' O. :)47 0.607 0.532 0.231 0.264 0.640 0.524 0.521 0.332 

c, 
C":+Al	 0.74 0.71 0.72 0.82 0.84 0.76 0_ 75 0.70 0.76 0.79 

~+Fel'O. 72 0.69 0.68 0.59 0.60 0.47 0.'48 0.41 0.55 

Tab'e 2. Representative analyses and chromian spinal structure formul~ 
11 of boninites. 

nLva~a~ 2.	 AV~Lrrpoauneu~LKE~ avanuae~~ KaL &O~LKOL ~unOL ~wv XPW~LOUXWV 

anLv£nnLWV ~wv ~novLv~~~V. 
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Table ], 80ntnitee (very low-Tt) BaSIlItS (htgh-Tt) 
... 

nUl'Dber ot endiopBic1e auglte ll.ugtte 
analyee!l 42 12 20 

Mg/Mg+Fet 
... Mn 0.62-0.90 0.16-0.81 o. 62-0.61 

9i02 50-:55 51-:5<4 47-53 
112°3 0.00-2.20 0.00-2.20 0.00-4.70 
Foot 3.30-6.30 6.50-7.10 6.70-12.70 

0,00-0. 7~ 0.00-0.51 0.00-1.00N'~O 
0.00-0.40 0.00-2.50 0.SO-.2.66Tt ~ 

Cr2 :3 0.00-1.27 0.00-0.47 0.00-0.36 

In addition to the differences already mentioned above. the 
boninitic cl inopyroxenee are also rich in chromium ood much 
p~orer in iron compared with the basaltic clinopyroxenes. 

Diagram Cr203-feOt (Fig.3) shows that the boninitic 
c}inopyroxoneB are 4sBociatod to those ot Troodos and Vourinos 
(ophiolltic basalts with low to very low-Ti). While the 
basaltic cJinopyroxenes are rother similar to those ot rocks 
with high-Ti of the Western Mediterranean IBeccaluva et al .. 
1919). ProgroB"ive enrichment in iron Is observed during the 
evolution. accompanied by the decrease of chromium. Moreover. 
tho proBenee ot chromium is the characteristic of premature 
pyroxeneB in tholeiitic series (Schweftzer et al .. 107S). 

Using the discriminant diagrams ot LeterrIer et al. (1982). 
all the phenocrystl of bonlnitic clinopyroxenes can be grouped 
on the orogenic field (Ftg. 4), reveo!lling in thhl way. their 
relations with the arc-tholeiites besides. the basaltic 
cl1nopyroxenee are concentrated on 

J 
the anorogenlc rield and 

approach the MORB-type basalts. 

Theretore the chemical compositions of the phenocrysts ot 
boninitic and basaltic rocKs ot Southern Argolis are similar to 
those at Northern Argolhs (Photiades et al .. 1989; Dostal et 
al .. 1991). 

",2.9pl0.10 

According to claesifictltion by Stevtns {1944}, the chromian 
.pinel!! constitute an accessory phaae in the boninitic lavas 
.ither in the torm of inclusions within the altered olivines or 
in the torm ot miorophenocryste in the groundmass of the roc~. 

Th. microanalysee carried out by a microprobe (table 2). 
have given variable values of Mg/{Mg+Fe 2+} from 0.4 to 0.7 and 
high voluee oC Cr/{Cr+Al) from 0.7 to 0,84 in such a way thot 
the•• high values choracterize very refractory peridotitic 
.ourcel!l (Duncan and Green. 1987; Crawford et al., 1989). 
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It is also noted that the studied chroll'lian spinets (Fig. 5) 
occupy the fjeld of recent boninites (Umino, 1966) ood the 
boninites deriving from the ophiolites of Northern Pindos 
(Copedri et al .. 1981) of the island of Aegina (Dietrich et 
al .. 1987). of Northern Argol is IPhotiades. 1989: DostaI et 
al .. 1991) and of Betts Cove of Newfoundland (Coish, 1989). 

For this reason. these high values in er and 11.1 of the 
Southern Argol1s spinel::!. are in contrast with those of the 
MORB-t ype baso 1le (Sigurdsson and Schi II i n9 . 19715; Di ck ond 
Bullen.1984). 

~. DISCUSSION Olf TIlE GEODYNlJ1IC EHVIRQNMOO CONCLUSIONS 

In the ophiol:ltic "m6longe" (serpentinites with blocks) of 
Southern Argolis. two major types ot v01cllInic rOC)r;s dre 
distinguished. In the form ot blocks as those of boninites with 
greenschist facies and those of basalts with zeolitic facIes ot 
metamorphism. 

Actuolly. there ore at 1eo.et two types of bonin:ltes the 
recent bonioites firBt described (ram the islond at Chichl-j:lmo. 
In the Bonin Islands et Co. pe Vogel. P~puo. New Guine",. the 
M4Filln", Trench slope. the Mari",na (oreare and at the Tongll 
Trench occur only In IIrc-trench Betting end. the booinites 
A8Bocioted witb opbiolitee reported in ssvera1 ophiolite 
complexes including Eastern Mediterranean (Plnd08. VourinoB. 
Troodos) and Betts Cove whsre "n "rc related history (Bloomer 
"nd Hawkins. (987) lInd references therein). 

eaeed on the study of prlmo.ry magmatIC phases of 
ellnopyroxenes ond splnels. the emphosis on their main 
differences has been allowed: 

the composition of the boninitie cl inopyroxene rocks 
oTlglnllted from orogenic doma]ns associ",ted with arc-tholeiites 
",nd are simi}l!r to those ot the Eoctern Mediterronean 
OphlOI Hie rocks charocterized by low to very low-Ti. 

- the chromion spinels. from the point of view of their 
composltion. are genetic"lly associated with refr"ctory 
peridotitic eOllTces "nd ere simil"r to recent boninites as well 
as to those occompenying the ophiolitic complexes of the 
Eo~tern Mediterrane",n and finally. 

the chcmicol campOSltions of the clinopyroxenes of bosaltlc 
racks ",re l!lmi lor to those of "norogenlC rocke being rich in Ti 
and chemico.lly Associated with the MORB type. 

The presence of boninitic rOCKS in the "melange" suggests a 
(urthermore islo.nd ore environment. Bince the boninitic m4~S 

poor in Ti. l!re cenerated in convergent (destructive). 
lithosnheric margins (Oietric;l (It. al .. lS'~8; Cr.r.meron et al .. 
1980~ t:ro.... !Ql'j t!t. 01 .. 1901; Becco:u"I\ et .,1 . 1983; £:ecco.!uv", 
and Sern 1961'1). 
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Recent studie~ on the empldcement of boninites: within the 
West Philippine r09ion (Crdwford et al .. 1981; HicKey and Frey. 
1982) have shown that these boninites occur adjacent to and/or 
above arc Idvas with thole1ltic affinities. Ohviously the 
boninitic lavo~ ore produced only slightly after incipient 
i91and arc volcaniC5 and erupt preferably in the fore-orc 
regions of an oceanic island arc. 

According lo Crawford et al. (1981. 1989) the formation ot 
boninites 18 rel"ted to the lnaial e:l"geO' of boc)e-arc basin 
development. early after the island arc volcani8m ftho1eiitic 
lavoB) had ceased. 

Consequently the occurrence of bonInites is thus an 
indicCltion ol back-arc BPreading in an incipient island arc 
(Crawford et al .. 1981. 1989). leadlng to lhe envolvement of 
MORB type tavas (eqUivalent to back-arc basins after Pearce et 
al .. 1984) deriving trom a m4ntle. which does not contain any 
component of the previously subducted oceanic lithoephere. 

Cl inopyroxene composi tiona I data from the Southern Argolle 
confirm that hIgh-Ti ophiolites compare tovorebly with the 
mogmatie association occurrIng at ~id-oceon ridges end mar~inal 
basins. whereoa low-Ti end very low-Ti ophiolites ore best 
eQuated with the magmatic series of island-ore boninitic type. 
respectively. generated above subduction %On8e. 

The coexistence of boninitic end boealtic lavas. proves that 
theBe levee had been generated before their obduction in supre­
SUbduction zone (SSZ) teclonic setting. Neverthelese. the some 
petrological ele~nt5 characterize the Ophlolile~ ot the 
Northern Argolie. whose the boninitic rocks were probably 
formed in a back-arc/inter-arc setting. where the various 
baeolts of MORB type are ettributed to dynamic partial melting 
of the rising mantle diapjr (progreseive depleted upper mantle 
per1dotites) COostal et 01 . 19911. 
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