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INTRODUCTION

Ce mémoire de thése comporte deux parties: I'une sur les ophiolites et l'autre sur la
minéralisation de divers complexes basiques - ultrabasiques, dont les ophiolites, les komatiites et
les sills archéens et protérozoiques.

Les travaux réalisés lors de la these de 3¢M€ cycle sur les ophiolites ont abouti 4 deux
résultats majeurs: 1) la reconstitution du puzzle ophiolitique corse; 2) la diversité des ophiolites
avec une classification en deux grands types, dont le magmatisme de 1'un (ophiolites de
Méditerranée occidentale) s'apparente a celui des rides médio-océaniques, tandis que le
magmatisme de 'autre (ophiolites de Méditerranée orientale) ressemble a celui des arcs insulaires
immatures. Les études ultérieures ont conforté cette classification par la quantification des
processus magmatiques et en ont montré l'intérét d'un point de vue métallogénique.

Les minéralisations magmatiques de nickel sulfuré associées aux laves basiques et "
ultrabasiques archéennes et protérozoiques ont été étudiées dans le cadre de 1'action concertée
DGRST "Facteurs controlant les minéralisations sulfurées de nickel". Des guides permettant de
comprendre la répartition des gisements ont été recherchés. Les ophiolites, réputées stériles en gites
de nickel sulfuré, ont €té également étudiées comme contre-type par opposition aux associations
basiques et ultrabasiques archéennes et protérozoiques porteuses de gisements de nickel.

L'intérét économique évoluant du nickel vers les métaux de la mine du platine m'a
conduit a travailler sur les platinoides, et principalement sur la cristallochimie de quelques minéraux
du groupe du platine dans des sills archéens (Bird River Sill, Fosse du Labrador) et protérozoiques
(Coldwell complex). Des travaux en collaboration portant sur la géochimie et la pétrologie des
complexes ont souvent été menés en parallele, afin de mieux comprendre la gitologie des PGE et
des métaux de base associés ou non.

De toutes ces études sur la minéralisation des corps basiques - ultrabasiques, il ressort
que la nature du magma parental est importante pour juger de leur potentiel métallogénique (Cr, Ni,
PGE). Cette hypothése a été émise des les premiéres études sur la métallogénie des ophiolites
(Ohnenstetter et al., 1979) et s'est confortée par les études successsives sur les concentrations de
Ni sulfuré ainsi que sur les PGE.

Le taractere saturé & sursaturé des magmas basiques a été noté dans les ophiolites
porteuses de gisement de chrome, dans les lopolites stratifiés enrichis en Cr, PGE et autres métaux
de base (Stillwater, Bushveld) ainsi que dans d'autres complexes mafiques - ultramafiques
(Sudbury, Fosse du Labrador). Des magmas de type boninitique seraient & 1'origine de certains de
ces complexes mis en place dans des domaines différents: continental a oc€anique.

Ce constat nous a conduit a étudier en détail, tant du point de vue pétrologique que
géochimique, les boninites récentes de Nouvelle Calédonie dont les premiers résultats sont
présentés. D'autres études portant sur la potentialité métallogénique de ce type de magmatisme
seront engagées a l'avenir.

En conclusion de la these est présentée une classification des complexes
basiques-ultrabasiques basée sur l'ordre de cristallisation des minéraux qui permet de discuter de
l'origine des gisements de PGE par rapport & celle des autres minéralisations (chromite,
concentration sulfurées).






PREMIERE PARTIE
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CHAPITRE I
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PREMIERE PARTIE
CHAPITRE 1

Lors de notre reconstitution du puzzle ophiolitique corse, (thése de 3&me cycle),
l'originalité de cette séquence ophiolitique est apparue par rapport a celles décrites de par le monde,
entre autre en Méditerranée orientale. L'idée de la dualité des ophiolites téthysiennes a ainsi été
formulée des 1975 d'apres la nature du manteau, des cumulats et des laves des différents
assemblages ophiolitiques (Rocci et al., 1975). En fait, cette dualité résulte de processus
pétrogénétiques distincts, réalisés dans des environnements tectoniques particuliers (voir chap. 2).

L'idée, trés simple, de la dualité des ophiolites téthysiennes a été trés fructueuse: de
nombreux travaux dans la littérature traitent de cette distinction que ce soit a propos de la
comparaison géochimique ou minéralogique des différents membres des ophiolites ou a propos de
leur environnement géotectonique.

En particulier, de nombreuses discussions ont porté sur le lieu de formation des
ophiolites selon qu'on adoptait 1'hypothese (1) d'une origine unique a partir de rides
médio-océaniques ou de bassins marginaux, (2) d'origines multiples a partir de dorsales
médio-océaniques mais aussi d'arcs insulaires, voire de rifts inracratoniques.

Les ophiolites jurassiques de corses, représentatives des ophiolites de Méditerranée
occidentale, montrent de fortes ressemblances avec le manteau et la crofite des océans actuels,
tandis que les ophiolites de Méditerranée orientale présentent de fortes analogies avec le
magmatisme des arcs insulaires immatures (Ohnenstetter et Ohnenstetter, 1975; Ohnenstetter et al.,
1975; Ohnenstetter et Ohnenstetter, 1976).

Au fil des ans, un consensus s'est dégagé sur les affinités géochimiques respectives des
différents types d'ophiolites. Toutefois, de nombreuses discussions portent encore sur le site
géotectonique possible, bien que 'hypotheése d'une origine & partir d'un grand océan ait été
progressivement abandonné. Ainsi les ophiolites constitueraient des témoins de bassins océaniques
étroits dont les produits des dernieres activités magmatiques ont été préférentiellement charriés sur
la marge continentale.

J'ai' participé 2 plusieurs articles traitant des problémes de distinction entre les
assemblages ophiolitiques au moyen des diagrammes de discrimination sur les laves (Beccaluva et
al., 1979) ou sur les minéraux (Kornprobst et al., 1981; chap. 4), et en réalisant des études
statistiques (Marchal et Ohnenstetter, 1984; Ohnenstetter et Marchal, 1984; 26M€ partie). Les
conséquences métallogéniques de la dualité sont également discutées dans la deuxieéme partie du
mémoire (Ohnenstetter et al., 1979; Marchal et Ohnenstetter, 1984).

Dans ce premier chapitre, trois articles ont été sélectionnés pour présenter la diversité
des ophiolites. Le premier, qui porte sur la dualité des ophiolites (Rocci et al., 1975), souligne le
contraste lithologique entre les assemblages des ophiolites méditerranéennes. Il montre que les
ophiolites de Méditerranée occidentale (type I) sont constituées d'un manteau lherzolitique peu
appauvri, de cumulats, ol le plagioclase apparait précocement, et de laves (tholéites & olivine)
riches en titane. Au contraire, les ophiolites de Méditerranée orientale (type II) comprennent un
manteau harzburgitique appauvri, des cumulats, ol les pyroxénes sont souvent plus précoces que
le plagioclase, et des laves pauvres en titane (tholéites & quartz). Ce deuxieme type peut €tre
subdivisé en fonction de la nature des laves mais aussi selon la prépondérance et la précocité des
pyroxénes les uns par rapport aux autres. -
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Le deuxi€éme article présenté traite de la discrimination des laves dans les ophiolites en
fonction des €quivalents actuels (Beccaluva et al., 1979). L'importance du titane est trés vite
apparue en raison de sa stabilité€ lors de 'altération, de son pouvoir de discrimination ainsi que de
l'obtention aisée d'analyses (Pearce et Cann, 1971; 1973; Pearce, 1975; 1980; Rocci et al., 1975;
Bebien, 1980). .

Ceci nous a conduit & proposer en collaboration avec Béccaluva un diagramme Ti/Cr vs
Ni permettant de séparer de part et d'autre d'une droite empirique les basaltes des rides
médio-océaniques (97%) de ceux des arcs insulaires immatures (93%).

. Les laves des ophiolites tombent de part et d'autre de cette droite, en accord avec la
classification précédemment proposée. De plus, dans les ophiolites du type II, deux sous-types ont
pu étre définis. Les laves les plus pauvres en titane (<0,6% de TiO9) forment un sous-type mis en

place tardivement et accusant par-la les caractéristiques du magmatisme d'arc, variables avec le
temps.

Le troisi¢me article (Marchal et Ohnenstetter, 1984) présente un traitement statistique des
données portant sur plus de 7800 roches analysées. Dans les basaltes (=1000 analyses), la
discrimination en deux types est évidente. Toutefois dans chacun de ces types, trois sous-types
peuvent €tre définis selon les teneurs de TiO».

Dans les ophiolites de type I, la premiere population, a 1,35% de TiOj, est la plus

abondante. Elle correspond aux basaltes normaux des rides médio-océaniques (MORB). La
seconde population, & 1,9% de TiO», est représentative des MORB enrichis et des ferrobasaltes

peu évolués des MORB normaux. La troisiéme population, centrée autour de 2,25% de TiO»,
représente des ferrobasaltes et des ferroandésites des MORB normaux.

Dans les ophiolites de type 11, la premiére population centrée a 0,25% de TiO) présente

de fortes analogies avec les séries boninitiques d' arcs. La deuxiéme population, la plus importante,
montre un maximum a 0,6% de TiO et est caractéristique des tholéites pauvres en potassium des

arcs insulaires immatures. La troisiéme population avec un maximum a 0,9% de TiO; est
transitionnelle entre les AT et les MORB.

Dans les ophiolites de type I, les variations graduelles en TiO7 (1,35<TiOp <2,25%)

s'expliquent principalement par un processus de cristallisation fractionnée. Dans les ophiolites de
type II, les variations plus tranchées de TiO7 (0,25<Ti09<0,9%) résultent de fusions partielles

distinctes a partir de manteaux plus ou moins appauvris (voir chap. 2).

Les diagrammes de variation effectués a partir des cumulats reflétent, d'une part,
I'enrichissement en fer des ophiolites de type I avec possibilité d'immiscibilité en fin de
différenciation entre un liquide riche en fer et un autre riche en silice et, d'autre part,
l'enrichissement en silice des ophiolites de type IL
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Note bréve -

Pérrologie, 1975, t. I, n° 2, 172.174

Short communication

La dualité des ophiolites téthysiennes

Duality of tethyan ophiolites

G. ROCCI, D. OHNENSTETTER et M. OHNENSTETTER
Université de Nancy I, Laboratoire d= Pétrologie, C.O. no 140, 54037 Nancy Cedex.

ABSTRACT. — The comparison of different cumulates, hypabyssal rocks and lavas leads
to the separation of two ophiolitic arcas : a western one and an eastern one. The western unil
shows plagioclase peridotites, trociolites. gabbros, ferrogabbros, massive dolerites, scarce dvkes
and olivine tholeiitic basalis. The easiern unit shows harzburgites, dunites, chromitites, pyro-
xenolites, norites or olivine gabbros and diorites. Sheeted complex and lavas are well diffe-
rentiated. The boundary of the two areas lies in Greece and Yougoslavia.

Dans la Tethys, certaines constatations récentes
dont la répartition des péridotites (NicoLss et
Jackson, 1973), I'importance du complexe filonien
(MaxweLL, 1973), les 4ges des sédiments associés
(SMITH, 1973), laissent pressentir une dualité d'évo-
lution des provinces orientales et occidentales
durant la période dite géosynclinale mésozoique.

Unk comparaison succinte de certains éléments
tcumulats, roches hypabyssales, laves) conduit a la
séparation de deux types d’ophiolites (types I et II)
qui correspondent probablement & des situations
gdotectoniques différentes.

1. — Dans la plupart des ophiolites, on observe
deux sortes de péridotites (cf. MEsSoORIaN, 1973
les tectonites et les péridotites 2 cumulats. Certains
auteurs (THAYER, 1969) pensent que les tectonites
sont d’anciens cumulats. Néanmoins, quelle que
soit I'histoire des ultramafites, on constate des
varjations significatives dans Jeurs assemblages
minéraux et leur contenu chimique. Dans le type I,
des harzburgites passent progressivement aux lher-
zolites par l'intermédiaire des péridotites plagife-
res : Pinde (BRUNN, 1955 ; PArRrROT, 1967 ; TERRY,
1974), Othris (MENZIES et ALLEN, 1974) et en Corse
(OHNENTETTER et al., 1975 a). Dans le tvpe II, il
existe des harzburgites en masses souvent trés
importantes surmontées par des lherzolites, des
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wehrlites et quelques péridotites plagiféres accom-
pagnées de niveaux dunitiques importants associés 2
des chromitites : Vourinos (BRUNN, 1955 ; MOORES,
1969), Troodos (WiLsoN, 1959), Antalya JUTEAU,
1974), Hatay (PARROT, 1973), Neyriz (Ricou, 1974),
Esfandagheh (SaBzeHE!, 1974), Oman (REINHARDT,
1969 ; ALLEMANN et PETERS, 1972).

Le passage des cumulats péridotitiques aux gab-
bros se fait par une « zone de transition » (MOORES,
1969) dont BRUNN reconnaissait dés 1955 la double
nature pétrographique : troctolitique ou pyroxéno-
litique. Dans Jle type I, le passage des péridotites
aux troctolites a été observé dans le Pinde (BRUNX,
1955 ; PARROT, 1967 ; TERRY, 1974), en Othris
(MEexzies, 1973), dans les Apennins ligures (BEzz1
et Piccarpo, 1971) et en Corse (OHNENSTETTER et
al.,, 1975). Dans le type II, la transition s'effectue
par des pyroxénolites : Vourinos (Bruny, 1955 ;
MooRres, 1969), Troodos (WILSON, 1939), Antalya
(JuTEAU, 1974), Iran (SaBzeHEI, 1974) et Oman
(ALLEMANN et PETERS, 1972).

2. — Les gabbros sont également de deux sortes.
Les troctolites sont suivies de gabbros a clinopy-
roxene (euphotides) auxquels succedent des ferro-
gabbros dont la présence n'a €té signaléde gqu’en
Corse (OHNENSTETTER et al, 1975 a, 1975 b). Aux
pyroxénolites succédent dans le Vourinos, le Troo-

.
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Note bréve — Short communication 173

dos et les nappes d’Antalya, des gabbros 4 olivine,
des gabbros noritiques puis des diorites. Les trond-
jhémites, produits finaux de la différenciation.
recoupent gabbros et laves susjacentes, mais leur
importance est trés inégale. Dans le type I, elles
sont discrétes et essentiellement albitiques. Dans
le type II, elles peuvent occuper des volumes
importants et constituent les termes ultimes riches
en quartz de la suite diorites-tonalites-granophyres.

3. — Les roches hypabyssales se répartissent éga-
lement en deux lots (BEBIEN et al.,, 1975). Le type I
présente des dolérites tholéitiques d'aspect massif
a la base des pillows et en rares filons recoupant
gabbros et laves. Dans le type II, on observe des
complexes filoniens plus largement développés, sou-
vent différenciés et d’affinité calco-alcaline. Clest

ainsi que les teneurs élevées en silice du « sheeted
complex » et des laves basales du Troodos sont en
grande partie primaires comme I'a  souligné
MivasHIrRO (1975).

4. — La dualité se poursuit dans les laves. Dans
le type I, la différenciation est faible. Il s’agit essen-
tiellement de basaltes transitionnels ou de tholéites
a olivine. Dans le type II, ce sont le plus souvent
des tholéites & quartz pouvant évoluer jusqu'aux
andésites et dacites. A cet égard, il faut noter dans
la répartition des éléments une particularité chi-
mique : les laves et les roches hypabyssales du
type I ont une teneur en TiO, comparable aux
basaltes des rides océaniques. alors que celle du
type II est anormalement faible. .

Le tableau ci-dessous résume les faits précédents :

SUCCESSION TYPE I
Tectonites Lherzolites
I. —  Peridorites a curnulats
Zone de transition Troctolites
Gabbros
2, — Ferrogabbros
Trondjhemites rares
3. —  Roches hypabyssales rares filons, dolérites massives
tholéitiques
4. — Laves Tholéites & olivine

Harzburgites plagiferes, lherzolites

Gabbros a clinopyroxéne (euphotides)

TYPE II

Harzburgites

Lherzolites, wehrlites, dunites,
chromitites
Pyroxénolites

Norites ou gabbros 4 olivine
Diorites
Tonalites, granophyres abondants

Complexes filonien développé, sou-
vent & tendance calco-alcaline

Tholéites & quartz + andésites

Dans chaquet type d’ophiolite, on constate que
les laves et surtout les roches hypabyssales possé-
dent les mé&mes caracteres chimiques que les cumu-
lats sous-jacents. De ce fait, le chimisme des roches
hypabyssales est représentatif du magma initial.

Le tableau montre également deux types d'évo-
lution : une série 4 enrichissement rapide en fer
(tendance FENNER) bien représentée dans la Tethys
occidentale, et une série & enrichissement en silice
(tendance BoweN) bien développée dans la Tethys
orientale.

Les processus d’accumulation magmatique sont
caractéristiques des deux types d’évolution. Les
cumulats tholéitiques (type I), adcumulats et loca-
lement hétéradcumulats, possédent en abondance
des plagioclases en cumulus conférant aux gabbros
leur texture « doléritique ». Le plagioclase peut
méme apparaitre antérieurement aux clinopyroxé-
nes dans les harzburgites et dunites plagiféres. L’or-
thopyroxéne disparait trés vite dés la base des troc-
tolites dans les Apennins et en Corse ; les rares
orthopyroxénes (3 % max.) qui existent dans les

gabbros du Pinde disparaissent vers le milieu de la
série gabbroique (PARROT, 1967), de méme que les
olivines au niveau des gabbros inférieurs. Le litage
des cumulats est le plus souvent fruste et s’estompe
rapidement dans les gabbros. La croissance par
adcumulat a expulsé vers le haut de la chambre de
nombreux éléments qui, & partir des ferrogabbros
4 méso-orthocumulats sont entrés dans les miné-
raux tardifs tels que apatite, zircon, tourmaline,
allanite, etc... Au cours de la cristallisation fraction-
née, la fugacité d’oxygéne toujours réduite expli-
que le peu de chromite (HiLL et ROEDER, 1974) et
I'apparition de titanomagnétite dans les ferro-
gabbros et les ferrodolérites.

Les cumulats d’affinité calco-alcaline (type II) &
méso-orthocumulats et hétéradcumulats possédent
des rubannements nets dus en partie a I'alternance
de lits monominéraux. Ils sont riches en orthopy-
roxénes qui subsistent jusque dans les termes diori-
tiques. Les orthopyroxénes peuvent manquer mais
alors, l'olivine reste présente jusque dans les termes
supérieurs. De larges amphiboles peecilitiques appa-
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raissent relativement tét, tandis que les plagioclases
ne sont automorphes que dans les termes supérieurs
(REINHARDT, 1969 ; JUTEAU, 1974).

Ainsi, la comparaison d'un certain nombre de
massifs ophiolitiques mésozoiques tethysiens per-
met de distinguer d'ouest en est, deux domaines
dont la jonction s’effectue au niveau de la Grece et

PETROLOGIE

de la Yougoslavie. Il est encore prématuré de choi-
sir entre diverses hypothéses qui expliqueraient
cette dualité : rifts successifs de type Mer Rouge,
nature et profondeur de la fusion pyrolitique,
vitesse et durée d’expansion, mer marginale. etc...
Enfin, il est probable qu'une telle distinction se
retrouve au niveau des crottes océaniques actuelles.
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Two discriminative diagrams are proposed to separate island-arc tholeiites (IAT) and ocean-
floor tholeiites (OFT). The first diagram. Ti/Cr vs. Ni. has been drawn using 84 island-arc (IAT)
and 178 ocean-floor (OF T) samples with silica contents between 40 and 56%. About 97% of OF T
and 93% of IAT samples fall, respectively, on opposite sides of the empirical boundary. In the
second diagram, where the Ba/Y is less than 4.4 for the OF T and more than 3.9 for the IAT, the
overlap between the two groups is about 6%.

Owing to alteration effects, only the discrimination diagram Ti/Cr vs. Ni has been applied to
ophiolitic basalts from the Mediterranean belts, Newfoundland. Central and North America. and
Mongolia. The effusive and hypabyssal formations plotting either in one group orin the other lead
to the suggestion that they have been formed in several possible geotectonical environments. It
appears that ophiolites generated in a mid-oceanic ridge are scarce in opposition to those formed
in an island-arc setting. In this latter case, ophiolite associations may correspond to the juxta-
" position of either island-arc ~ marginal basin or island-arc - offshore oceanic crust formations.

. Deux diagrammes de discrimination sont proposés pour séparer les tholéites d*arc (1IAT) de

celles de la croiite océanique (OFT). Le premier diagramme Ti/Cr vs. Nia été établi a partir de 84
roches des arcs et de 178 échantillons des rides médio-océaniques dont les teneurs en silice sont
comprises entre 40 et 56%. Environ 97% et 93% des laves des OFT et des IAT tombent
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respectivement de part et d"autre d’une limite empirique. Dans le deuxieme diugm{nme o sont
reportées les valeurs du rapport Ba/Y: inférieures 3 4.4 pour les OF T et supérieures 3 3.9 pour les
[AT. le recouvrement des deux groupes concerne 655 des échantillons. )

A cause de U'altération. seul le diugramme de discrimination TiCr vs. Niua été applique aux
basaltes des ophivlites de Méditerranée. de Terre-Neuve, de la cordillére de I"Amérique centrale
etdu nord. et de Mongolie. Les formations effusives et hypabyssales tombantdans 'unoul'autre
domuaine laissent suggérer plusieurs environnements géotectoniques possible§ pour leurs formu:
tions. Happurait que les ophiolites formées dans une dorsale de type médio-vceanique sont rares a
I'oppusé de celles créées duns un environnement darc insulaire. Dans ce dc!'nicr cas. elles
peuvent correspondre A la juxtaposition de formations issues soit de bassins marginaux etd’arcs. -

soit de crotte océanique “avant-arc’ et d'arcs.

Can. J. Earth Sci.. 16. [874~1882(1979)

Introduction

During the last few vears, many attempts.'based
on geochemical parameters. have been carried out
in attempting to identify the serial character of
basic volcanic rocks (Floyd and Winchester 1975;
Winchester and Flovd 1976) and (or) their original
tectonic setting (Pearce and Cann 1971, 1973;
Pearce 1975, 1976). However, as far as tholeiitic
basalts are concerned. serious difficulties continue
to exist in discriminating between ‘‘ocean-floor”
and “island-arc®’ tholeiites (Jakes and White 1972;
Hart es al. 1972; Pearce and Cann 1973; Gill 1976).
Generally, the island-arc tholeiites have (some-
times drastically) lower contents of Tti, Cr, Ni. Zr.
Y. Mg, and Fe and higher Ba. K, Rb. Cs, Pb,and Sr
(Jakes and Gill 1970; Gorton 1977), but the chemi-
cal variations resulting from differentiation pro-
cesses prevent any simple discrimination based
on the absolute values of these elements.

In this paper we propose new discriminant dia-
grams for distinguishing ocean-floor and island-arc
tholeiites based on the distribution of Ti, Ni. Cr,
Ba,and Y.

Furthermore, the results obtained are applied to
test the original tectonic setting of some well-
known ophiolitic complexes. The diversity of
ophiolites. according to the geochemistry of their
lavas orthe petrography of their cumulates (Allegre
et al. 1973; Mésorian 1973; Pearce 1975; Church
1977; Church and Riccio 1977; Parrot and Ricou
1976) has lead to several classifications (Miyashiro
19754, 1977; Rocci et al. 1975). The differences
observed may be assigned to geophysical varia-
tions in a single setting (Church and Riccio 1977;
Parrot and Ricou 1976) or to various tectonic envi-
ronments as follows: (1) oceanic environment:
njid-oceanic ridges, aseismic ridges, etc., (2) mar-
ginal basins or inter-arc basins, and (3) immature
island arcs.

The first two geotectonical settings are more or
less accepted, the last has been much more con-
troversial (cf. Miyashiro (1973, 19756,¢) and the
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successive replies (Gass er al. 1975, Hynes 1975:
Moores 19735)). Nevertheless. it appears that differ-
ences of petrography and geochemistry between
ophiolites are more and more assigned to various
geotectonic settings (Ohnenstetter and Ohnen-
stetter 1975; Beccaluva er al. 1977; Ohnen-
stetter ¢f al.. in press: Sun and NesbitE 1978).

Discrimination between Ocean-floor and Island-arc
Tholeiites

Selection of Data
A total of 262 analyses. taken from the recent

literature. were classified into two main a priori

“groups: (1) ocean-floor tholeiites (OFT, 178 anal-

yses) from present-day mid-oceanic ndge envi-
ronments and (2) island-arc tholeiites (IAT. 84
analyses) from present-day volcanic island-arcs.
The data were selected as follows:

Only tholeiitic volcanic rocks with SiO, between
40.0 and 56.05% were used. This compositional
range includes the picritic and andesitic end mem-
bers of the basaltic clan. The OFT group includes
normal ridge basalts as well as tholeiites probably
slightly enriched in incompatible elements (cf.
Schilling 1975), but volcanics referred to by authors
as plume-ridge segments, and hot spots (i.e..
oceanic islands) were excluded.

Analyses of samples with strong evidence of ac-
cumulation phenomena as well as of severe altera-
tion (like abnormally high loss on ignition) were
disregarded.

Analyses carried out with semiquantitative
methods or of doubtful quality were disregarded.

A list of references and localities of the analyses
from the literature is reported in Table 1.

Ti/Cr vs. Ni Plot

A discriminant diagram based on Ti and Cr con-
tents has already been shown useful for distin-
guishing between ocean-floor basalts and low-
potassium tholeiites of island arcs (Pearce 1975). A
new discrimination diagram is proposed by consid-
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TABLE 1. Localities and references of analyses

Location

Reference

Ocean-floor tholeiites

(1) Mid.-Atlantic ridge, DSDP Leg. 37
(2) Mid.-Atlantic ridge, DSDP Leg. 37
(3) Mozambique ridge, DSDP Leg. 25
(4) Southeast Indian Ocean, DSDP Leg. 28
(5) Pacific Ocean, DSDP Leg. 32
(6) Central Indian ridge
(7) Indian Ocean, DSDP Leg. 26
(8) Rift valley, Atlantic Ocean, 36°50' N
(9) Nazca plate, Leg. 34
(10) Mid.-Atlantic ridge, DSDP Leg. 37
(11) Mid.-Atlantic ridge, DSDP Legs. 2 and 3

Island-arc tholeiites

(12) Tonga

(13) Viti Levu, Fiji

(14) Lau-Colville

(15) Lesser Antilles

(16) New Hebrides

(17) South Sandwich Islands
(18) Tonga—Kermadec

(19) Mariana trench

Baragar et al. (1977)

Flower et al. (1977)

Erlank and Reid (1974)
Ford (1975)

Marshall (1975)

Engel and Fisher (1975)
Kempe (1974)

Bougault and Hekinian (1974)
Rhodes et al. (1976)
Lambert and Holland (1977)
Frey et al. (1974)

Ewart et al. (1973)

Gill (1970)

Gill (1976)

Brown et al. (1977)
Gorton (1977)
Hawkesworth er al. (1977)
Ewart et al. (1977)
Dietrich et al. (1978)

T T 1 U 17T

. Ophiolites

.o
12

type ophiolites (1) are well discriminated. as well as up to 92% of the island-arc ophiolites (2).
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Fic. 1. Ti/Cr versus Ni diagram. On the left, are plotted the present-day basaltic rocks (40% < SiO. < 56%) of tholeiitic
affinities coming from island-arc and oceanic environments. One hundred and seventy-eight analyses of ocean-floor tholeiites
(1) and 84 analyses of island-arc tholelites (5), have been used to draw the empirical boundary between the two types. Special
attention has been paid to the Ca basalts from Leg 37 (3). and to basalts from marginal basins (2), fore-arc lavas (4). and
boninites (6). On the right, basaltic and metabasaltic rocks from different ophiolites have been splitinto two groups. For each
ophiolite. a geotectonic environment has been assumed after discrimination (see Fig. 3). Ninety-six percent of the oceanic-,
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ering Ti. Cr. and Ni. the Ti/Cr ratio being lower in
[AT at a given Ni content. Ocean-floor tholeiites
and [AT in the Ti/Cr vs. Ni diagram of Fig. 1. are
clearly separated by an empirical boundary. About
97¢¢ of OFT and 93% of IAT samples fall. respec-
tively. in distinct fields. Owing to the scarcity of
data. there is a higher degree of uncertainty in the
lower part of the boundary (i.e.. that regarding the
picritic rocks). In such a diagram. the trend of frac-
tional crystallization is parallel to the boundary and
the more differentiated rocks are displaced towards
the upper left with increase of Ti/Cr and Ni de-
crease according to tholeiitic fractionation trends.
High-calcium oceanic basalts (CaO > 14%%) defined
in the DSDP 37 (Deep Sea Drilling Project) (espe-
cially in holes 332 A and B, and 333 holes; Flower ¢t
al. 1977: Lambert and Holland 1977) and lavas from
marginal basins and from fore-arc are also re-
ported.

All the lime-rich basalts fall in the IAT field. As
noted by Lambert and Holland (1977). their com-
pusition can not be solely explained by accumula-
tive phenomena (mainly plagioclase). but is also
indicative of peculiar magmatic characteristics,
different from associated typical OFT. The effi-
ciency of the discrimination is, however, main-

. tained owing to the restricted field of the Ca basalts

which cluster around an IAT minimum distribu-
tion. Most of the lavas from the marginal basins
(Hart er al. 1972; Hawkins 1976; Dietrich et al.
1978). although scattered, fall in the OFT field. The
fore-arc tholetiites. dredged from the nearshore
Mariana trench (Dietrich er al. 1978), plot along the
boundary in the two fields.

In conclusion, the proposed diagram allows one
to discriminate between island-arc tholeiites on the
one hand and ocean-floor tholeiites from mid-
oceanic ridges and marginal basins on the other.
Thus, this diagram may be usefully applied to the
tholeiitic basalts of ophiolites since the elements
involved in this diagram have been postulated as
being relatively insensitive to secondary mobiliza-
tion (Pearce 1975).

BalY Plor

The usefulness of Ba as an indicator of island-arc
or ocean-floor tholeiitic affinity has been remarked
by Pearce and Cann (1973) and Hart et al. (1972),
who also state that the K/Ba ratios are invariably

: less.than 30-40 in island-arc tholeiites.

Figure 2 shows the distribution of Ba/Y ratios in
OFT and IAT, which generally have values less
than 4.4 and more than 3.9 respectively. The over-
lap between the two groups of rocks is very small
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FiG. 2. Ba/Y ratio distribution in ocean-floor tholeiites (OFT)
and island-arc tholeiites (IAT). In general. the Ba/Y ratios are
less than 4.4 for OFT and more than 3.9 for IAT. Numbers
correspond to those listed in Table 1.

and involves only about 6% of the samples. How-
ever, it must be noted that in ridge rocks, large-
ion-lithophile enriched tholeiites present higher val-
ues of barium which would cause an overlap over the
IAT range. The mobility of Ba during secondary
processes limits the use of thisdiagram for ophiolites.

Application of Ti/Cr vs. Ni Diagram to Ophiolites

Analyses of ophiolitic basalts from the Tethyan
belt, the Appalachian system. the Central and
North America Cordillera. and the western Mon-
golia complex, are plotted on the Ti/Cr vs. Ni dia-
gram of Fig. 3. The rocks in question occupy the
two previously defined fields (Fig. 1). Basalts from
each lava group generally plot in a single field, thus
emphasizing the validity of the discriminative
boundary. Despite the scarcity of analyses in some
groups, most of the ophiolite analyses plot in the
IAT field, thus confirming the observation that
ophiolites with pure oceanic character are scarce,
especially in the Tethyan belt (Cann 1976; Rocci et
al. 1976).

Ophiolites in the Ocean-floor Tholeiite Field

The ophiolites from the western Alpine system
(Corsica, Alps, Apennines, Calabria) and from
Central and North America occupy the OFT field.

In the western Alpine system, the Ti/Cr and Ni
variations may be related either to primary mag-
matic features and (or) to fractional crystallization.
Basalts from Balagne, Corsica (Baud 1975; Gruppo
di Lavoro sulle Ofioliti Mediterranee (GLOM)Y
1977), and the Mt. Maggiorasca, Apennines (Bec-
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caluva er al. 1976; Ohnenstetter and Beccaluva,
unpublished data). despite fractionation. show the
highest initial Ti/Cr content. The hypabyssal rocks
from eastern Corsica (GLOM 1977; Beccaluva et
al. 1977) show the most evolved ferrobasaltic com-
positions. The variations of Ti/Cr and Ni of the
lavas from the French Alps (Bertrand 1970; Mevel
1975) appear to be closely related to their respec-
tive geographic locations. Alteration from core to
matrix in pillow lavas mainly affects the Ni dis-
tribution: the matrix is generally enriched in nickel
and the rim is often depleted, resulting in a right to
left alteration trend in Figs. | and 3 which could
shift lavas across the boundaries and introduce er-
rors in characterization. This trend may be clearly
observed for the Get lavas whose pillows plot in the
IAT field and the cores near the boundary. Four
means of metabasalts from the eastern Alps, Au-
stria (Raith er al. 1977), plot in the centre of the
distribution for the western Alpine system. These
results emphasize the lack of geochemical evidence
of island-arc magmatism among ophiolitic basalts
from the Alps, Apennines, Corsica, and Calabria.

In the Antalya ophiolites, Turkey (Juteau 1975),
dikes cutting the harzburgites and gabbros fall in
the OFT field.! :

Tholeiitic lavas from Central and North Ameri-
can ophiolites: Preston Peak, California, western

'The data about the dikes of Antalya have been obtained with
semiquantitative methods.

1879

Ecuador, northwestern Colombia. and southeastern
Panama (Goosens et al. 1977; Snoke et al. 1977)
plot in the OFT field except for a sample from the
upper basic igneous complex of Ecuador. In
Ecuador. the development of IAT and calc-alkalic
magmatism (Goosens et al. 1977) after OFT sug-
gests an evolution of an island arc above oceanic
crust. Ocean-floor tholeiite lavas of the Preston
Peak ophiolites probably formed in a basin where
independent island-arc magmatism developed as
for several other ophiolites of the Klamath Moun-
tains (Snoke er al. 1977).

In the western America Cordillera. the genera]
association of OFT lavas with IAT and (or) calc-
alkalic rocks is in favour of the generation of
oceanic crust in marginal basins near the continen-

tal margin.

Ophiolites in the Island-arc Tholeiite Field
Most of the eastern Tethyan, the Newfoundland
ophiolites, and those from the Khan-Taishir com-
plex of western Mongolia plot in the IAT field.
About 83% of the Troodos basalts (Smewing
1975: Desmet 1977; Simonian and Gass 1978) fall in
the IAT field. They show a wide variation in Ti/Cr

.ratios, which decrease from the so-called axis se-

quence towards the upper piliow lavas reaching the
boninite field. The Arakapas fault basalts (Simo-
nian and Gass 1978) fall in the boninite area. Simi-
larly, the Vourinos lavas from the Krapa and As-
prokambo areas (Paupy 1976; Beccaluva et al., in

Fic. 3. Ti/Cr versus Nidiagrams for different ophiolitic complexes.
Corsica: Dolerites (1) and pillow lavas (4) from Inzecca massif; basaltic dikes from Monte

Piano Maggiore (3) (after

Beccaluva et al. 1977). Prasinites (2), from eastern Corsica. pillow lavas from Balagne (6) (after GLOM 1977); dolerites from

Balagne (5) (after Baud 1975).
Calabria: Metabasalts (7) (after Dostal et al. 1979).

Apennines: Pillow lavas of Monte Penna (1), Monte Quatese (2), and Monte Maggiorasca (3) (after Beccaluva et al. 1976;
Ohnenstetter and Beccaluva, unpublished data). Pillow lavas from Levanto, Aulla, Crevole, Vallerano, Roccafederighi, Rio
nell’Elba. and Capo Stella (4); basaltic dikes from Impruneta, Rosignano, and Fiume Farma (5); massive lava flows from Val
Graveglia. Bargone, Levanto, Fiume Pavone, and Rio nell'Elba (6) (after Ferrara et al. 1976). ]

Alps: Pillow and dolerite from the Deux Pelvats (1) and (8), pillows and a dike from the Gets (2). pillows and a dike from
Roche Noire (3), pillows from Ubaye —~ Roche Noire (4). pillow lavas and a massive flow from Péas (5). pillow lavas from
Combe Bremond (6), pillow lavas and dikes from Chenaillet (7). pillow lavas and dikes from Pic Marcel (9) (after Mevel 1975).

Means of metabasites of the lower and upper Schiefferhiille (10) (after Raith et al. 1977), and diabases from the Gets (11)
(after Bertrand 1970). The symbols are as follows: d = dike.do = dolerite. ¢ = core of pillow, i = intermediate zone of pillow,

r=rim of pillow, m = intra-pillow matrix.

Vourinos: Pillow lavas, massive lava flows, sills, and dikes of Krapa (1) and dikes from Asprokambo (2) (after Beccaluva et

al.,in press).

Pindos: Spilitic lavas (3) and a dolerite (4) (after Montigny er al. 1973; Montigny 1975). .

Troodos: Pillow lavas, prismatic lavas, and dikes from the basal group and lower pillow lavas (1), and upper pillow lavas (2)
(after Desmet 1977); the ““axis sequence” (3) and upper pillow lavas (4) (after Smewing 1975); the “"axis sequence™ (5) and
upper pillow lavas (6) from the Arakapas fault (Simonian and Gass 1978).

Turkey: Tholeiitic dikes cutting the Antalya ophiolitic complexes (after Juteau 1975).

Mongolia (Khan-Taishir): Pillow lavas (1) and dikes (2) (after Zonenshain and Kuzmin 1978).

America Cordillera: Lavas from Panama (1), Ecuador lower unit (2) and upper unit (3), Colombia (4) (after Goosens et al.
1977); diabases from Preston Peak ophiolite (5) (after Snoke et al. 1977). . .

Newfoundland: Lavas from Stag Island, intrusive member (1), lower basaltic group (2), and upper basaltic group (3) (after
Kean and Strong 1975). Betts Cove lower pillow lava member (4) (after Coish 1977). C = core and r= rim of the pillows.
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press) plot in the previous two different fields. the
Asprokambo rocks corresponding to the Troodos
upper series.

In all the above mentioned sequences. a bimodal
distribution of Ti/Cr ratios may be observed which
suggests at least two different magma pulses.

A dolerite from the Pindos (Montigny er al. 1973;
Montigny 1975) plots in the OF T field (Bébien et al.
1975), whereas two spilites have an IAT character.
This distribution improves the existence of two
different ophiolite associations in this area (Paupy
1976).

In Mongolia, lavas from dikes cutting the gab-
bros. those belonging to the sheeted complex. and
from the pillows (Zonenshain and Kuzmin 1978).
mainly fall in the two previously noted IAT fields of
the eastern Tethvan rocks.

Analyses of Newfoundland effusive tholeiitic
rocks (Kean and Strong 1975; Coish 1977). of the
Stag Island formation and the Betts Cove ophiolite,
fall in the IAT field except for the Stag Island lower
lavas which plot in the OFT field. The Betts Cove
samples fall towards the lower part whereas the
other rocks are spread out in the upper part of the
diagram. A special occurrence exists for the OFT
Stag Island lavas which occur between two [AT
formations. The andesites of Long Island corre-
spond-to a later development of a mature island arc
above an immature arc (Kean and Strong 1975) and
perhaps above oceanic crust.

Conclusions

The Ti/Cr vs. Ni diagram and the Ba/Y ratio
permit an efficient separation of present-day
oceanic and island-arc tholeiites (from picrites up
to basaltic andesites and ferrobasalts). The Ca-rich
oceanic tholeiites occupy a peculiar position in the
IAT field of the Ti/Cr vs. Ni diagram, which cor-
responds to a minimum in the frequency of the
island-arc tholeiites.

Application of the Ti/Cr vs. Ni diagram to
ophiolitic complexes shows that their constituent
basalts may generally be clearly assigned to one or
the other type. Ophiolites composed only of IAT
basalts have probably been formed in or near an
immature island arc. Among IAT. the effusive
rocks which show a picritic character are also
sometimes (Troodos), of younger age.

Ophiolitic basalts belonging to the OFT field may
have been formed in two main settings: eitherin an
ocean or in a marginal basin.

If these basalts are found with ophiolitic lavas of
IAT character, this association would suggest an
island-arc —~ marginal basin or island-arc — offshore
oceanic crust environment. It is to be noted that
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some marginal basin basalts might plot also in the
IAT field if they were being generated in a spread-
ing centre above a subduction zone.

Consequently. the geotectonical environment of
ophiolites may be proposed after considering the
spatial and chronological relationships of the whole
association. In this respect, it appeared that on-
land ophiolites generated in mid-oceanic ridges are
probably scarce in contrast to those developed in
an island-arc - marginal basin system.
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Résumé

Dans la banque de données OPHRA sont stockées sur bandes magnétiques plus de 7800
analyses chimiques concernant les ophiolites et roches associées.

Chaque échantillon est décrit d'un point de vue géologique: 3ges stratigraphique
et/ou radiométrique, localisation sur le terrain par coordonnées précises, désigna-
tion de la roche avec tous les adjectifs, minéralogie détaillée (jusqu'a 11 miné-
raux). 86% des échantillons proviennent de suites ophiolitiques principalement is-
sues de la Téthys. .

Les basaltes plus ou moins métamorphosés sont représentés par 1011 analyses et
forment la plus importante famille de roches. Les roches effusives et hypabyssales
sont représentées par 3500 échantillons alors que les roches plutoniques et mantel-
laires sont au nombre de 3000.

A 1'aide de nombreuses études statistiques (spécialement sur les teneurs en Ti0,),
i1 apparait gye la classification des ophiolites en deux groupes définie par Rocci
et al. (1975) est confirmée. Cependant, les discriminations plus fines permettent
de distinguer plusieurs sous-types dans chaque groupe. '

Les roches effusives et hypabyssales de la suite ophiolitique riche en titane
(Type 1) peuvent étre subdivisées en trois sous-types en fonction des concentrations
en Ti0,:

- .7<Ti0,<2 avec un maximum & 1.35. Ce sous-type correspond aux roches basaltiques

les plus répandues d affinité de MORB;

1.5<Ti0,<2.2 avec un maximum & 1.9. I1 correspond aux MORB enrichis et aux ferro-

basaltes;

- 1.9<Ti0,<3 avec un maximum autour de 2.25. Ce sous-type représente les ferrobasal-
tes évolués et les ferrocandésites.
La suite faible en Ti0, (Type II) peut étre également subdivisée en trois types:
- 0<Ti0,<.6 avec un maximum & .25. Ce sous-type représenté par les roches basalti-
ques a trés faible teneur en Ti0,, présente des ressemblances chimiques avec les
boninites;

= .3<Ti0,<.7 avec un maximum 3 .6. Ce sous-type correspond aux basaltes faibles en
titane caractéristiques des tholéiites pauvres en K des arcs insulaires;

- .7<Ti0,<1.3 avec un maximum autour de .9. Ce sous-type présente quelques analo-
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gies avec le type I. L'affinité océanique plus importante de ce sous-type est éga-

lement confirmée par le comportement des &léments traces. Ce sous-type existe dans

Tes ophiolites grecques (Pinde et Othris) ol i1 coexiste avec les sous-types fai-

bles en titane, ainsi que dans les filons recoupant la plupart des membres des

ophiolites turques.

Les différents sous-types sont mis en paralléle avec les nouvelles classifications

des complexes ophiolitiques. Une relation &troite entre géochimie et environnement
géotectonique est constatée.

Abstract .

Over 7,800 published chemical analyses of ophiolitic and associated rocks (Ophiol-
ites et Roches Associées) are stored on magnetic tapes in the Ophra data bank.

Each sample is described from a geological point of view: stratigraphic and/or ra-
diometric ages, field location with precise coordinates, designation of the rock with
all its attributes, detailed mineralogy (up to 11 minerals). 86% of the samples be-
Tong to the ophiolitic suites coming mainly from the Tethyan Belts.

Basalts (more or less metamorphosed) are represented by 1011 analyses and are the
most important rock family. The effusive and hypabyssal rocks are represented by
3500 samples; plutonic and mantle rocks are about 3000 in number.

From many statistical studies (especially on the Ti0, content), it appears that
the two main groups of ophiolites defined by G. Rocci et al. (1975) are confirmed.
However, fine chemical discrimination can distinguish several types in each group.

The high-Ti ophiolitic suite (type 1) may be subdivided into three subtypes
based on the Ti0, content of the effusive and hypabyssal rocks:

- 7<Ti0.<2 with the maximum at 1.35 represent the most common basaltic rocks with
norme] MORB affinity;

- 1.5<T0,<2.2 with a maximum about 1.9 correspond to enriched MORB and to ferroba-
salts;

- 1.9<Ti0,<3 with a maximum around 2.25 represent the evolved ferrobasalts and fer-
roandesites.

The low-Ti suite (type II) may be subdivided too into three subtypes:

- O<T102<.6 with a maximum at .25 represent basaltic rocks of the very-low Ti0,
group which shows some chemical resemblance to boninites; )

- .3<Ti0.<.7 with a maximum at .6 correspond to low-Ti basalts characteristic of
island arc low K tholeiites;

- .7<Ti0,<1.3 with a maximum at .9 show some resemblance to type I. The more oceznic
affinity of this subtype is also confirmed by its trace element behaviour. These
samples are mainly located in Greek ophiolites (Pindos and Othris areas) where
they coexist with the two other low-Ti subtypes, or in the dyke swarms often in-
truded in Turkish ophiolites.

These different subtypes may be linked to recent ophiolitic classifications. A
relationship between the chemistry and the geotectonic environments is observed.

Introduction

There has been a marked increase in the amount of available data on ophiolites in
the last decade. It seems, therefore, that the creation of a geochemical data bank
would greatly facilitate the retrieval of geological and petrographical information.
To this end, in 1979, the Nancy Group began collecting and logging all published da-
ta relating to ophiolites and associated rocks. The aims of this paper are:
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coded rock name; 3 - Author's rock name; 4 - Massif and ages; 5 - coordin- ,
ates; -6 - petrography and mineralogy; 7 - comments; 8 - trace elemants.
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- to present the descriptors and the method for the storage of the data;

- to describe statistically the different sample populations contained within the
file;

- to present some uses of the file's geochemical data;

- to replace and to compare the different evolutionary trends of the ophiolitic 1i-

-~ quids and cumulates with respect to the preexisting classifications;

- to give the keys of the data bank - which may be open in 1984 - to the IGCP working
group on .ophiolites and to all future users.

Constitution of the data file and formalization of the data

Document retrieval

Chemical analyses included in papers and theses without exception are stores with-
in the data files. The sources of chemical analyses have been compiled using various
bibliographic files: e.g. Pascal, Chemical Abstracts and Georef. The different ar-
ticles are annotated and a sequence number is given for each geological sample.

Each sample also has an indicator which comprises a) the first letters of the au-
thor's name, b) the last two numbers of the page in the review where the analysis is
located and ¢) the number indicating the position of the analysis within the page.

The coding forms

Each example is described by eight coding forms (see Fig. 1):

1) The first coding form comprises:

a) The first set of nine characters indicating the bibliographic reference of the
sample corresponding to the sequence number described above. In the other example
given in Fig. 1 we can observe the first three characters of the author's name
B E C caluva et al.; followed by the two characters representing the two last num-
bers of the year in which the article was published: 19 .7, 7; the next two charac-
ters are the last two page numbers of the scientific article: 00 1 4 ; and the last
two characters of this set represent the position of the analysis within the page:
oL .

b) A secopd set of characters represents the journal code; for example 2,1 indic-
ates that the analysis has been taken from Contributions to Mineralogy and Petrolo-
gy (for the list of codes see appendix 1) the nature of the analysis is indicated
by the next character: bank = raw data, 1 = recalculated analysis (this kind of in-
formation is often seen in papers giving analyses of glass, or of highly weathered
rocks such as calcitized basalts or serpentinized peridotites which are often re-
calculated water free); the following character shows whether the analysis repre-
sents a single sample or a mean composition of less than ten, ten to one hundred,
or more than a hundred analyses (see appendix 3); the last character of this set
concerns the analytical method used to obtain the analysis; in the example given,

1 indicates that the analysis was performed by the XRF method.

¢) The major element chemistry is reported at the end of the first coding sheet and
the beginning of the second. Each major element is represented by five characters;
four for the weight percent of each oxide; for example 5i0, 470 3, - The first
character can also show a less than or greater than sign, which may be useful for
Jow abundance: e.g. K,0 00,0, 1, . On this coding sheet special attention is given
to the description of the iron oxidation state as given by the author. For this
reason four columns exist for iron: total iron may be expressed as FeQ, Fe,0,, or

Lt
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as both divalent and trivalent iron. Similarly water and C0O, may be shown as loss on
ignition (= PF, perte au feu), H,0*, H,0" and €0, or total water content.

2) The second coding form comprises the end of the major element description, the
total of the analysis given by the author, followed by the rock name indexed by the
compiler of the coding sheet (see code 9 in the appendix). This column is the most
subjective, since the compiler must sometimes reinterpret the chemical analysis with
respect to the petrographical description. For example, some Alpine blueschists have
been reclassified metagabbros or metabasalts and have been renamed G A B, bro and

M etamorphic respectively. Alternatively, if we take bulk chemistry into account,
the volcanics, for example, have been subdivided according to their Si0, contents
within the boundaries given by Peccerillo and Taylor (1976), The rock name is denot-
ed by three characters, with the possibility of two additional adjectives. For ex-
ample, a pegmatitic olivine gabbro may be coded G A 8,8 LI PEGM, the last cha-
racter indicating that the sample is metamorphic. The rock name given by the author
may be written on the third coding sheet so that the terminology used in Nancy is not
retranSmitted to the other data files such as IGBA or to other users of the OPHRA
band, Each user may himself rename the given sample according to the author's descrip-
tion, the petrography and the bulk .chemistry described in the file. The next five
characters are devoted to the geographical location; for example, C,0 R S [E, for Cor-
sica (see the coding Tist in appendix 21); the next three characters indicate the
arrival number of the publication within the PUBLOPH file; for example, paper 1,1 8,
corresponds to the paper by Beccaluva et al. (1977) in the ophjolite bibljoaraphic
file (this program has been written by Sarre); the last twenty free characters may
be reserved for comments.

3) The third coding sheet gives the rock name in the original language of the bi-
bliographic source.

4} The massif's name - for example L, N, Z E.C C.A ~ may be written on coding sheet 4
with a maximum of 36 characters. The age of the ophiolites are given in two forms.
The first one is based on De Bary's (1974) dichotomycal age table (Fig. 2 and appen-
dix 7). For example the Mesozoic is coded 0, 2,8 .0.6..0,with three characters for the
beginning of the era and the last three for the end of Mesozoic time. For the studi-
ed case, the pre-Malm age of western Mediterranean ophiolites - such as the Corsican
- must be indexed -, 99041 .

To be compatible with the IGBA data bank (Chayes et al., 1982) the age has also
been coded using the notes accompanying the IGBA coding sheet, as accepted by the
IGCP project 163 at the Bochum meeting (see appendix 8). In the present example the
age of Corsican ophiolites is indexed as Y, E Y A XM . The last 25 characters of
‘this coding sheet are reserved for comments concerning the method of age determin-
ation. This may be by isotopic, physical or stratigraphic means, or the age may have
been assigned according to the compiler's knowledge of the geology. For example,
while some Corsican ophiolitic rocks have been attributed by older authors to the Pa-
Teozoic, our present knowledge of the stratigraphy and radiometric data for these
rocks suggests an Early Mesozoic age (Lower to Middle Jurassic); for these reasons
the compiler of the coding sheet has reinterpreted the age determination.

5) Coding form 5 gives the exact location of the sample in the field, expressed
either in Lambert projection, UTM or geographic coordinates (for a comparison of

the systems, see Grandclaude; 1977). Altitude, if mentioned, may also be stored.

In the set of characters concerning the sample location, the first character indic-
ates whether the sample location is known specifically or only within the bounds of
a massif.

6) Coding sheet 6 shows the petrographic description of the sample using the lexicon
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Fig. 2 - Age Texicon following de Bary (1975).

LOWEE TRIASSIC

given in the IGBA petrographic coding form (see appendix 11). Fourteen characters
(7 x 2) permit the description of the structure and texture of the sample. In the
present example, the doleritic dyke may be indexed £ U A M indicating the intersert-
al texture ( E U ) and the dyke structure ( A M ). The mineralogy of the rock may

be indexed either through a generalized description of a rock-type given in the pu-
Tication or by a proper mineralogical description., The minerals are described with
& meximum of four characters., The first two characters correspond to the mineral
assemblage coding form of IGBA (see appendix 12), the third indicates the relative
abundance of the mineral (appendix 13), the fourth gives the description of the
shape of the mineral (appendix 14) and the last indicates whether the mineral is
of secondary origin or is pseudomorphosed.
7) The next coding form is reserved mainly for comments, The first four characters
indicate whether the samples possess a modal analysis, and whether the mineral has
been studied optically or by microprobe or X-ray (appendix 16 to 20). The comments
themselves may indicate whether the analysis has been published elsewhere (for ex-
ample, in a thesis or in a paper), or may link analyses: for example, whether the
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centre, border.and matrix of the same pillow lava have been analyzed.
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8) The last coding form permits the description and storage of trace elements and
the method of analysis. The code of the analytical method is described by Roubault

et al. (1968). In the present example if the Sr and Rb have been analyzed by atom-

ic absorption and XRF respectively, this will be expressed as S, R0 L5 24

00.2

and R,8,......0.0 .2

The capacity and completeness of ‘the data file

AEEX.

Statistical presentation of the data file

A4

Since the published data are accompanied with few or many comments, most of.de—
scriptors are more or less filled. The completeness of each descriptor is given be-

low:

- rock names 100%
- references 100%

- geographical location 99.99%
- major element analyses 80%

- stratigraphic and radiometric ages 80% (more than half given by the compiler)

- analytical method 60%
- petrography and mineralogy 60% (generalized description)

- detailed petrographic description 30%
-~ precise location with coordinates 5%

- altitude 2%
- other studies (optical, modal, etc.) 1%

Table 1 - Account of the OPHRA records according to the rock-names of the analyzed

samples.
NAME SAMPLE POPULATIONS NAME SAMPLE POPULATION
Basalt I 777 Picrite 47
C.':b'bra 872 Troctolite 38
Dlawa.?e 388 Norite 37
}[:Olerlte. 345 Lamprophyre 35
arzburgite 262 Plagiogranite 32
Lhcrzc.)lxte 259 Granophyre 31
:rjdx_:su:e 232 Labradorite 31
endUC}:'e 213 Euphotide 30
Serpentinite 197 Honchiquite 29
Amphibolite 165 Tuf 29
Eclogite 137 Tonalite 26
2un1|:e ) 136 Phonolite 25
yroxenite 134 Websterite 23
islm_iir'\glte 125 Ophicalcite 23
Df’l ite 115 Hyaloclastite 21
R;ori!:e 112 Granodiorite 18
Tryod{te. ) 98 Clinopyroxenite 17
c on._]hemute 88 Orthopyroxenite 15
I:ramte 82 Tephrite 13
K::r:ga:bro 77 Hicaschiste 12
ato
Trachy?eyre 67,(9) Volcanosédimentary
Dacite 66 :ampi: it :T
. nor os e
‘;f—::;:\;:e 62 Basani.l:el 1
53 Ankaramite 9
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Table 2 - Account of the OPHRA records according to the geogfaphica] location of the
analysed samples.

GEOGRAPHICAL SAMPLE GEOGRAPHICAL SAMPLE
LOCATION POPULATION LOCATION POPULATION
Italy without Alps 1 147 Chile 55
Cyprus 950 Taiwan 39
Turkey 845 Oregon 37
Yugoslavia . 441 New Zealand 35
Syria 398 Colombia-Equator 36
French and Italian Alps 392 Australia 33
Iran 360 Norvege 22 -
Greece 339 Oman 18
Corsica 294 Quebec 16
Newfoundland 195 Soudic Arabia 11
California 190 Spain 14
Switzlerland 139 Borneo 7
Austria 132 Great Britain 3
Maroco 126 Japan 2
Guatemala 93
Brittany 89
New Caledonia 69

Statistical analysis of the major element contents

Effusives and hypabyssal rocks

The abundance and behaviour of the major elements of effusive and hypabyssal
rocks are identical for both rock types, as demonstrated by Marchal (1983). Means
and standard deviations for the basalt, diabase and dolerite families and for the
whole effusive and hypabyssal rocks are given in Tab. 3. Histograms for the major
oxides are presented in Fig. 3.

Table 3 - Mean and standard deviation of the major elements in the basalt-dolerite
-diabase set (n = 1580) and of the effusive and hypabyssal rocks as a
. whole (n = 2011),

* variable Basalts - Dolerites - Diabases : Effusive and hypabyssal rocks
; : x o v F e v
i sio, Do49.66 :3.90 Dot §os1.6l D 6.79 MERER

I TR 192 P2z D 150 P 2.8 SRTRE

i Feo Pos.03 D192 Pazaz Pooss7 P 2.38 D278 2
P ougo Pogas 3.09 Dz ©6.63 3.77 D569 1
P ocao 13 NERT Doses A N T D336 IR ;
D oMa a8 Y N EN D368 Q165 Dasz :
K,0 0.57 0.74 P29 1 i 0.63 P o.88 139 1 :
i Tio, : 1.25 . 0.89 ., ss.21 N 1.15 0.70 60.7 X :
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Fig. 3 - Major element frequency histograms for the ophiolitic effusive and hyp-

abyssal rocks.
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A clear bimodality is shown in the Ti0, histogram, with maxima around .45 and
1.30 per cent; the very low potassium content of these rocks is shown. $i0,, Al.0,
Fe0t, and Mg0 exhibit well defined gaussian probability curves with maxima at 50.75,
15.12, 10.5 and 7.5 per cent respectively. The behaviour of Ca0 and Na,0 is more
erratic, due mainly to secondary alteration processes such as spilitization.

The plutonic rocks

The basic plutonic rock family includes 835 gabbros, ferrogabbros, norites and
euphotides. The chemical abundances are Tisted in Tab. 4. Large dispersion for Ti0,
and total Fe0 results from the presence in this group of ferrogabbros. Conversely,
high Mg0 are restricted to troctolites and 0T1-gabbros.

Table 4 - Mean and standard deviation of the major elements in the ophiolitic plu-
tonic rocks of the gabbro family (n = 853).

VARIABLE MEAN STANDARD VARIATION
b3 DEVIATION © COEFFICIENT
Si.O2 48.08 6.69 9.7 2
A].ZO3 16.16 3.97 24.5
FeOL 7.42 3.80 51.1 2
Mg0 9.57 4.76 49.7 2
Ca0 11.65 3.96 34.0 2
NaZO 2.21 1.51 - 70.1 Z
KZO 0.28 0.45 160 Z
Ti.O2 0.81 1.20 148 4

The acid differentiates are the least represented family in the data bank, due
in part to their scarcity in ophiolitic complexes. The mean composition of 219 dio-
rite§, granophyres, trondhjemites, albitites and plagiogranites is given in Tab. 5.
The Targe coefficient of variation is due to the heterogeneity of this family. The
same may be true for the ultramafic rocks in which pyroxenites and peridotites are

included (Tab. 6).

Chemical composition versus geographic location

Bimodality of some major elements suggests that the different populations may
arise from the geographical location of the samples. Two main populations may be
defined. (Rocci et al., 1975). The Student test (Hald, 1952}, program written by
Isrard (1982), confirms that significant differences in the major element compos-
ition of the two groups exist. The mean, sigma ratio and sample population permit
the calculation of the significance levels of these differences.

Application of the Wilcoxon ranking method (Wilcoxon, 1945; program written by
Piboule, 1979} indicates that Ti0,, Al,03, Si0, exhibit the most striking differ-
ences between the two groups. Data for Na,0, Ca0, and K,0 must be treated cautious-
ly, given their mobility during alteration (Tab. 7).
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di fferentiates (n = 219),.
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5 - Mean and standard deviation of the major elements in the ophiolitic acid

s n s U
Si0, 65.45 8.93 13.6 2
Alzc-)z 14.37 2.71 18.3
I>'e0c 4.94 3.02 61.1 %
Mg0 2.69 2.82 105
Cs0 4.61 3.01 65.3 %
Naz‘J 4.20- 1.85 44,1 T
K, 0.76 1.07 166 %
T;Ol 0.48 0.23 69.8 X

Tabie 6 - Mean and standard deviation of the major

tramatic rocks {(n = 880).

elements in the

. - STANDARD
VARIABLE N Ti FriCit
MEAN X DEVIATION 9 VARXAA.OHVCOE..IC;-XT
sio 41.83 .63 1.1 2
A120 2.98 3.o8 103,3 =
Feot 7.84 1.67 213 2
¥g0 35.54 '7.48 21,1
ca0 3.16 4.16 132 1
¥2,0 0.26 0.44 169 2
K,0 0.08 0.13 162
Tio, 0.15 0.20 133 1

ophiolitic ul-

k

Results of a Student test between the means of the major elements of the

Table 7 -
effusive and hypabyssal rocks of the Tethyan Belt.
EFFUSIVE AND HYPABYSSAL. ROCKS
WESTERN EASTERN
MEDITERRANEAN MEDITERRANEAN
BASALTS ANDESITES DOLERITES-DIABASES (Type 1) (Type 1I)
sio, ) NO No YES(953) 49.92¢% 4.3) [51.28 & 6.1)
AL, YES(957) YES(902) YES(951) YES(993) 16.10¢2 1.8) | 14.48 (5 2.1)
Feo, X0 YES (903) YES(951) No 8.63¢*2. | 840 (F 1w
Hg0 YES(952) No %o ) 6.58(%2.4) 711 (% 4.8)
ca0 YES(953) o YES(952) YES(95%) 7.10¢}3.0) 8.43 (¢ 3.2)
¥a 0 YES(953) YES(953) YES(952) YES(397) 4.58("1.6) 3.17 (* 1.8)
X0 YES(953) YES (907) NO YES(903) 0.52¢%0.7) 0.67 (¢ 0.8)
Tio, YES(99%) YES(953) YES(997) YES(991) 1.65¢0.5) 0.89 (& 0.6 |
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Fig. 4 - A1,05 versus Ti0, for the effusive and hypébyssa] rocks. 85% of the type I
samples lie to the right side of an empiric line detined by y = -3x + 20
while 82% of the type II samples lie to its left.

Petrogenetic implications of the two groups of ophiolites

Effusive and hypabyssal rocks

Since Miyashiro's (1973) pioneering study on the Troodos ophiolitic complex, it
has become increasingly apparent that most ophiolites do not represent oceanic crust
formed in mid-oceanic ridge systems (Rocci et al., 1975; Cann, 1976). Furthermore,
the duality of low Ti and high Ti ophiolites corresponds respectively to the east-
ern and western Tethys. Using the step by step discriminant analysis programme MAHAL
3 (Piboule, 1979) or the DISCR programme (Isnard, 1982), we can calculate the mean
and standard deviation of the chemical variables for each group and thus allocate in-
dividual samples to group I or to group II. The stepwise technique takes an increas-
ing number of variables and determines at each step the proportion of samples which
may be characterised by the variables. Since the process follows the law of diminish-
ing returns a decision is made concerning the variables which most conveniently di-
scriminate between the groups. The results of this procedure are shown below:

- Tio, 77.9%
- Ti0,-A1,0, 83.1%
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4.0

364 MHHHH Type

TIO,

T

16 18 20

Fig. 5 - T]’O2 versus FeQy for the effusive and hypabyssal rocks. 83% of the type I
samples lie to the left side of an empiric line defined by y = 0.2 x - 1
while 81% of the type II samples lie to its right.

]

- Ti0,-A1,0,-Fe0t 85.2%
- Ti0,-A1,0,-Fe0-Mg0 86.7%
- Ti0,-A1,05-Fe0-Mg0-Na,0 86.8%
= Ti0,-A1,0,~Fe0y-Mg0-Na,0-5i0, 86.6%

It appears clearly from these results that Ti0,, combined with Al,0;, FeOy and
Mg0 are the variables which best separate the two groups. The different diagrams
proposed, some of them already used by several authors, clearly distinguish the two
populations: :
- A1,0, versus Ti0, (diagram proposed for Icelandic lavas by Sigvaldason in 1974)
separates 85% of type I rocks from 82% of the type II rocks.

- Ti0, versus FeOy proposed in this study, separates 83% of type I samples from
81% of type Il samples (Fig. 5).

- Miyashiro's (1973) Ti0, vs Fed./Mg0 diagram separates 75% of type I samples from
90% of type II samples (Fig. 6).

- The other diagrams proposed in this paper Ti0, vs Mg0 (Fig. 7), Al,05 vs Mg0 (Fig.

8) and A1,0, vs FeOy (Fig. 9) separate respectively 82%, 95% and 71% of type I
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Fig. 6 - Miyashiro (1973) diagram: Ti0, versus Fe0,/Mg0 for the effusive and hyp-
abyssal rocks: 75% of the type I samples lie to the left side of an em-
piric 1ine defined by y = 0.5 x + 0.5 while 90% of the type II samples
lie to its right.

effusivq and hypabyssal rocks from 73%, 71% and 65% of type II samples.

The diagrams of Ti0, vs the mafic index IM (Wagner and Deer, 1939) - Fig. 10 -~
or the solidification index IS defined by Kuno et al. (1957) - Fig. 11 - clearly
differentiate the two groups: respectively, 80 and 70% of type I samples are se-
parated from 84 and 82% of type Il samples.

" Discrimination and evolution of the liquids

Each diagram indicates the evolutionary trends of the two groups. In most of
Miyashiro's diagrams, the two trends lie parallel to the dividing line. Ti0,, the
most significant element in the discrimination analysis, suggests an island-arc
origin for the liquids.(Fig. 5). However, type II does not exhibit a true calc-al-
kaline trend. In Fig. 5 the eastern ophiolites show a slight iron enrichment with
respect to Ti0,, coupled with a marked decrease in Mg0 (Fig. 7). On the contrary,
western ophiolitic lavas are strongly enriched in Fe0y and Ti0, (Fig. 4) but are
slightly depleted in Mg0 (Fig. 7). Type I lavas show either a small Al,0; decrease
for Tow Mg0 contents (Fig. 8) or strong FeOy (Fig. 9) and Ti0, (Fig. 4) enrichment,
On the contrary, A1,0; increases strongly and then decreases with respect to Ti0,

e
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Fig. 7 - Ti0, versus Mg0 for the effusive and hypabyssal rocks: 82% of the type [

samples lie to the right side of an empiric line defined by y = -0.16 x
+ 2.2 while 73% of the type II samples lie to its left.

Type |

£—= Type Il

AU AU
12 16 20 24

Fig. 8 - A1,0, versus Mg0 for the effusive and hypabyssal rocks. 95% of the type I

samples lie to the right of an empiric line defined by y = -0.5 x + 18
while 71% of the type II samples lie to its left.

in type II ophiolitic effusive and hypabyssal rocks (Fig. 4). Similar behaviour may
be observed on the Al,05 vs FeO, (Fig. 9) diagram; the opposite behaviour may be ob-
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Fig. 9 - Al1.05 versus FeQOy for the effusive and hypabyssal rocks. 71% of the type I
samples lie to the right of an empiric line defined by y = 0.2 x + 17 while
65% of the type II samples lie.to-its left.

40
3.2
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= = e

40 050 0.60 0.70 0.80

Fig. 10 - Ti0, versus Mafic Index (as defined by Wager and Brown, 1939) for the eff-
usive and hypabyssal rocks: 80% of the type I samples lie to the left side
of an empiric line defined by y = 3 x - 0.7 while 84% of the type Il sam-
ples lie to its right.
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TIO,

Fig. 11 - Ti0. versus Solidification Index (as defined by Kuno et al., 1957) for
the effusive and hypabyssal rocks: 70% of the type I samples lie to the
rignt side of an empiric line defined by y = - 0.04 x + 2.5 while 823
of the type II sampies lie to its left.

served on the A}.0; versus Mgd diagram (Fig. 8). In summary, both series show a

Ti0~ increase during differentiation (Figs. 10 and 11). Nevertheless, some differ-

ent variation trends may be distinguished.

In type [: :

- Ti0. and Fe0t increase steadily during differentiation.

- Mg0 decreases slightly.

- A1,0; varies between 19 and 14%, implying the early appearance of plagioclase as
a liquidus phase.

- The high incompatible element concentrations associated with Tow Fe0/Mg0 variab-
ility may be explained by near equilibrium conditions of crystallization within
the magma chamber (0'Hara, 1977).

In type II:

- FeO/MqO exhibits great variability.

- Ti0; is always low, usually less than 1.2%.

- Mg0 varies greatly, FeO shows a low enrichment during differentiation,

- A1,0; increases and reaches 167%, and then decreases. This behaviour may be relat-
ed to the later crystallization of plagioclase compared to type I. However, this
type shows a slight Fe0 and Ti0, enrichment and may be more readily compared with
low K tholeiites (Jakes and White, 1971) than with the calc-alkaline system, even
if some complexes show more pronounced calc-alkaline trends - e.g. the Vourinous
{Beccaluva et al., in press), _

Comparison of the two Ti0; histograms suggests that each group exhibits a tri-mod-
al distribution (Fig. 12). However, it must be noted that for a given Ti0, range,
volcanic rocks are classified into type I or type Il rocks whatever their degree of
evolution. For example, in type Il ophiclites, the group with very low Ti0, contents
includes low-Ti basalts, picrites, andesites and rhyolites., For these reasons, vol-
€anic rocks are further divided according to their Si0, contents, following an in-
itial Ti0, based classification. The different subtypes thus selected are basalts and
basaltic andesites with 46% < Si0, <56%., It appears that all show Tow FeO/Mg0 ra-
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Mean and standard deviation of the major elements of the sub-types of the

Table 8 -
two main groups of ophiolites according to their Ti0, contents.
TYPE 1 TYPE II
11

R IA B IB _ Ic B _ 11 _ 11

X o X a X [} X o X [ X o
Sio2 49.85 2.21 51.12 2,42 50.61 2.14 50.51 2.45 51.21 2.34 51.28 2.13
Tioz 1.31 0.28 «1.91 0.10 2.44 0.36 1.39 0.53 0.6 0.13 0.28 0.07
A).ﬂt)J 16.239 1.73 15.66 L.15 15.17 1.43 14.99 1.3 15.17 1.35 13.48 1.86
FeO 8.03 1.55 8.93 1.32 .77 2.09 9.84 1.35 8.00 1.11 7.71 0.82
Hno 0.15 0.07 0.17 a.07 0.19 0.07 0.18 0.08 0.15 0.06 0.15 0.04
MgOo 6.81 1.98 6.14 1.62 6.04 1.54 5.81 3.49 7.06 1.65 9.31 2.87
Ca0 7.62 2.63 6.77 2.22 6.19 2.71 7.84 2.63 8.62 2.69 9.04 2.34
NRZO 4.47 1.26 4.88 1.14 5.09 1a1s 4.05 1.24 3.07 1.30 2.04 1.45
120 0.55 0.67 0.32 0.45 0.37 0.56 0.49 0.60 0.63 0.77 0.68 0.94
FzO:/HgO 1.18 - 1.45 - 1.61 - 1.69 - 1.13 - 0.83 -
D 321 111 88 360 278 132

tios (Tab. 8). Sub-types A and B of type I show significant differences in the Ti0,
content for a narrow variation in FeO/Ma0. Type I¢ is more evolved as shcwn by the
higher Fe0/Mg0 ratio. In type II, it must be noted that II¢ is the more magnesian
and silicic and has the lowest A1,0; content. Subtype IIp exhibits a similar compos-
ition to type Ic, except for the Ti0, contents, or to sub-type Ip, except for the
A1,05 contents and the Fe0/Mg0 ratio. These rocks occur mainly as dykes intruding
into the Taurus ophiolitic complexes (De Graciansky, 1972; Juteau, 1975) but are al-
so found cutting the amphibolitic basement (Cakir et al., 1978) and are present in
the Dinarides and Hellenides systems where they occur with low and very low Ti0,
lavas (Bebien et al,, 1980; Karamata et al., 1980).

Comparison with present-day volcanics

Gomparison of the data for all the effusive and hypabyssal rocks described here
with present-day volcanics (Tab. 9) suggests clear analogies between type I (oliv-
ine tholeiites) and mid-ocean ridge basalts (MORB) and between type Il (gquartz tho-
Teiites) and island arc basalts. The different subtypes presented in the preceding
section may be compared with different, specific environments. Subtype Iz shows
distinct similarities to normal ridge sections, whereas IIp has more affinity with
transitional (T) or enriched (E) MORB (cf. Schilling et al., 1983). This cenclusion
is supported by trace element studies.({Venturelli et al., 1981). Subtype II¢ is more
compatible with evolved rocks such as ferrcbasalts from fast spreading ridges (Kay
et al., 1970; Byerly et al., 1976, Perfit and Fornari, 1983) as indicated by their
higher FeO/Mg0 ratios and high FeO contents (up to 14%). While subtype II; is com-
positionally more similar to type I than type II rocks, its association with low-Ti
and very low-Ti basalts suggests that these rocks may represent basalts erupted in
marginal seas. Subtype Ilg represents the low K tholejites from island arcs whilst
subtype IIp with very low Ti0, contents bear some resemblance to boninites (Cameron
et al., 1979; 1980; see the discussion in the paper of Beccaluva et al., in press).
A1l these differences may be compared with the evolution of the plutonic rocks.

The plutonic sequences

The plutonic rocks from the ophiolitic complexes mey be generally subdivided in-
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to mantle rock sequences, representing residues after partial meiting, cumulates
evolving from ultramafic to gabbroic compositions and non-cumulate rocks such as’
isotropic gabbros and acid differentiates (Coleman, 1977). The mean compositions
of the different rock types are listed in Tabs. 4, 5 and 6. The discrimination
between gabbroic rocks of the two types, indicated by the step by step program,
is given by the follcwing major elements:

- Na,0 with 75.6% of "well classified”
- Na,0-Si0. 80.6%
- Na,0-5i0,-Ti0, 82.2%
- Na,0-5i0.-7i0,-Cal 80.25
- Na,0-Si0.-7i0,-Ca0-"e0¢ - 81.5%
~ Na,0-S10,-7i0,-Cal-7e0;-Mc0 80.5%

Given these resul:is it should not be too difficult to discriminate plutonic rocks
of both types with binary diagrams, such as Ti0, versus Fe0, or to plot the differ-
ent major elements acainst the mafic index. A behavioural study of major elements vs
the mafic index has been employed to characterize the evolution of the two most re-
presentative complexes for both types: e.g. Corsica for type I and Vourinos for type
IT (Chnenstettier et ai., 1679). Using this method, the Ti0, vs mafic index was em-
ployed by Serri (1981; to discriminate other ophiolite complexes. In the Si0, vs IM
diagram (Fig. 13) the behaviour of the two plutonic suites may be different. In type
I, silica increases from peridotites (%) to gabbros (9) and then decreases as the
evolution reaches the ferrogabbros (Fe-2), It must be pointed out that leucocratic
differentiates comprising mainly albitite and Pl-granites (Pl-vy), defined following
Coleman and Peterman (197%) and Ohnenstetter and Ohnenstetter (1980), have the same
mafic jndexes as evoived gabbros and ferrogabbros. The liquid immiscibility process
is the most likely phenomenon responsible for the division of Fe-rich magmas from Si
enriched liguids. This process has been most marked in the Corsican ophiolites (Ohnen-
stetter et al., 1979; Ohnenstetter and Ohnenstetter, 1980) and are in agreement with
the experimental work of Dixon and Rutherford (1979). On the contrary, silica in-
creases regularly frcm peridotites towards plagiogranites in type II ophiolites. It
must be noted that on this diagram the pyroxenites (Px) are clearly defined as type
IT rocks. The behaviour of the two suites is also different with respect to the iron
(Fig. 14) and titanium (Fig. 15) trends. Type I follows the Fenner trend with Fe and
Ti enrichmept while type II follows the Bowen trend with silica enrichment coupled
with Fe and Ti loss. In all these diagrams, the immiscibility phenomenon may be
clearly discerned at the end of the differentiation. As has been shown for the Cor-
sican and Vourinos ophiolites, A1,0, increases more rapidly in type I plutonic rocks;
this may be due to the early precipitation of piagioclase leading to troctolitic
and 0l-gabbros; on the other hand, type II rocks exhibit high Ca0 maxima for Tow
mafic indices. This behaviour may also be shown in the Al,0;-FeQ¢-Mg0 triangle (Fig.,
16) following Besson and Fonteilles (1974) and may be due to the early appearance
of pyroxene and the later precipitation of plagioclase. In the Besson and Fonteil-
les's diagram, the more depleted character of the western Mediterranean peridotites
compared with the A1,0; enriched peridotites from the western Mediterranean is shown,
in agreement with the different mantle material: lherzolitic in the western realms,
harzburgitic in the eazstern (Nicolas and Jackson, 1972)., The early appearance of
P1 in type [ is indicated by the field of troctolitic gabbros with high Al,0; vs
low FeO and Mg0 contents; the iron enrichment is also marked. Conversely, the plu-
tonic rocks from type Il evolve from peridotites towards diorites (n) and plagio-
granites along the caic-alkaline trend defined by Besson and Fonteilles (1974).
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Fig. 14 A and B - FeOy versus Mafic Index for the plutonic rocks.

Towards an ophiolite classification

The diversity of ophiolites has been illustrated in several ways: by petrograph-
ic studies (Rocci et al., 1975; Church and Riccio, 1977; Ohnenstetter et al., 1979);
on geochemical evidence (Pearce, 1975; 1980; Rocci et al., 1980; Shervais, 1982)
and trough the internal structure of the complexes (Ohnenstetter, 1980; 1982; Nico-
las and Violette, 1982). An island arc ori