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Swiss National Committee for the International Geodynamics Project
Working Group 9a (Geneva): Ophiolites

Studies on Ophiolites in Selected Regions of the World

Report by J. Bertrand*), M. Delaloye*) and M. Vuagnat*)

WESTERN ALPS

MONTGENEVRE MASSIF (FRANCE AND ITALY)

- Field and laboratory work clearly demonstrate that the «Flasergabbros» of
the Chenaillet area have been deformed before the intrusion of the doleritic
dykes, which are considered to be possible feeders for the pillow basalts
resting on the gabbros. Evidence of a very early, deep oceanic floor deforma-
tion phase accompanied by metamorphism in the amphibolite facies may be
emphasized (VUAGNAT, 1975; STEEN, VUAGNAT and WAGNER, 1977). There is
general agreement between our results and those of MEvEL et al. (Earth
Planet. Sci. Lett., 39, 98-108, 1978).

- Detailed mapping of the saddle between the Chenaillet and the Grand
Charvia (or Soureou) indicates the existence of a serpentinitic melange zone
here. There are blocks and lenses of serpentinized peridotites, ophispherites,
dolerites, spilites, pillow lavas and pillow breccias, ophicalcites, and rare
clastic sediments. The matrix is often a serpentinite breccia, which in places,
has an important calcareous cement, probably of sedimentary origin. Ophis-
pherites are derived from fragments of pillow basalts, dolerites or gabbros.
This serpentinite melange zone is tentatively compared to similar zones
observed on the ocean floor and considered to result from ultramafic diapirs.
This zone has undergone further alpine deformations.

HIGHLY DISMEMBERED OPHIOLITIC SEQUENCE IN THE FLYSCH OF LES GETS
(HAUTE -SAVOIE; FRANCE)

K-Ar ages have been determined on hornblende gabbros-diabases and on
albite-chlorite pillow basalts.
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CH-1211 Geneva 4 (Switzerland)
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Most of the individual ages obtained range between 200 and 100 m.y. (BER-
TRAND and DELALOYE, 1976). New analyses were recently done because of tech-
nological and methodological improvements in K-Ar geochronology and deve-
lopment of new graphical methods permitting the verification of the presence
of excess *°Ar. The results from whole rocks and from melanocratic concen-
trates agree closely. The most probable age is mid-Jurassic; there is no evidence
of excess 40AT.

A detailed electron microprobe study has been done on most important min-
eral phases (basaltic hornblende, pyroxene, plagioclase) of the main rock types
in order to obtain a reasonable idea of the nature of the original magma(s) of
the rocks, some of which were almost unaffected by metamorphism. Two main
groups of basic rocks may be distinguished: hypabyssal gabbros-diabases with
basaltic hornblende and/or pyroxene and intermediate to sodic plagioclase,
and spilitic pillow basalts with albite and chlorite, very exceptionally with small
relics of pyroxene (MEVEL C. and VELDE C., Earth Planet. Sci. Lett. 32, 158-164,
1976). Rare earth element distribution is also being studied in the main groups
of this ophiolitic sequence.

ALPINE GRAYWACKES OF TERTIARY AGE

Detailed mapping, SW of the river Arve in the Thones syncline, revealed
that the metamorphic grade of the Taveyanne Formation in this area is lower
than that further east between the rivers Arve and Giffre (Sawatzki, 1975).
Relics of heulandite are found in some places.

Geochronological and petrographical work show that ophiolitic fragments
in the conglomerates equivalent to the Val d’llliez Graywackes, have been
metamorphosed, in an alpine context, prior to their erosion and deposition.
Diabases of the «Grés du Val d’llliez» give Lower Eocene radiometric age.
Whole rock ages of mid-Oligocene were obtained for the andesitic fragments of
the «Grés de Taveyanne». Both these ages are interpreted as ages of metamor-
phic events (FONTIGNIE, 1977).

In order to further over understanding of the pumpellyite-actinolite facies,
work was done on the metamorphic minerals of the Taveyanne graywackes of
the Loéche region (Valais, Switzerland) (Coomss et al., 1976).

OPHIOLITES OF THE HAUTE-UBAYE (FRANCE)

The geological mapping, petrographical, mineralogical and chemical stu-
dies, have been completed (STEEN, 1975; STEEN and BERTRAND, 1977). A meta-
morphic history of this large ophiolitic sequence has been established: a high
pressure-low temperature phase (blue amphiboles, lawsonite, jadeitic pyroxene
and jadeite) has been followed by retromorphosis in the greenschist facies.
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APENNINES OPHIOLITES

A mineralogical and petrographical study (CriveLLl, 1976) on the ophiolitic
sequence of the Pisa-Livorno area has pointed out tectonic nature of the con-
tacts between the different units of the trilogy. Numerous diabasic dykes form,
in some places, true sheeted-complexes, but on a very small scale. A least two
metamorphic events affected these rocks; the first one (low greenschist facies) in
the ocean floor and the second one (pumpellyite-prehnite facies) during the
alpine orogeny.

CENTRAL AND SOUTH AMERICA

CARIBBEAN OPHIOLITES: GUATEMALAN ULTRAMAFIC BELTS

Petrological and geochemical investigations of rocks collected in several out-
crops of the two main belts of ultramafics of Guatemala have confirmed that
these are part of an ophiolitic sequence (BERTRAND et VUAGNAT, 1977).

Pillow lavas (BERTRAND et VUAGNAT, 1975) have been found in the Motagua
fault zone with textures well preserved although these basalts have been sub-
jected to a prehnite-pumpellyite facies metamorphism.

The Motagua zone appears as a typical melange zone (BERTRAND et
VUAGNAT, 1976). Deformed dykes and several blocks of different origin (rodin-
gites, albitites, albite-granites, amphibolites, etc.) are inbedded in a serpentinite
matrix. There are clear indications that some of these blocks have been retro-
morphosed from high pressure-low temperature assemblages. This is in agree-
ment with the description of eclogitic and jadeitic «boulders» by several
authors for instance MCBIRNEY et al (Americ. Miner., 52,908-918, 1967). Ultra-
mafics of the northern belt are less deformed. In some associated dykes of
gabbro there is evidence of rodingitization; in one outcrop the new mineral
vuagnatite was found for the first time in Guatemala (BERTRAND et SARP, 1976).

Several K-Ar age determinations were made on specimens collected mainly
in the southern belt (BERTRAND, DELALOYE, FONTIGNIE et VUAGNAT, 1978). An
isochron age of 58.5 + 3.7 m.y. was obtained. A Palaeozoic age of metamor-
phism and emplacement of these rocks can thus be excluded.

COLUMBIAN OPHIOLITES

A study of the ophiolites from the Patia basin in the Andes has almost been
finished (Ph. D. Thesis, A. Espinosa). The relationship between the ophiolitic
sequence and the different geological formations has been described for the
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first time. A model of the tectonic evolution of this area has been proposed. A
geochronological study of the Altamira Range ophiolitic rocks is in progress.
Cretaceous to Paleocene ages has been recorded.

EASTERN MEDITERANNEAN
OPHIOLITES OF GREECE

In collaboration with Drs C. Economou and St. Skounakis, of the Depart-
ment of Mineralogy and Petrology of the University of Athens, petrographical,
mineralogical and chemical investigations have been undertaken (J. BERTRAND)
on part of the ophiolitic sequence from central Euboea and the Othris Massif.
The zone studied in Central Euboea, with chrysotile-lizardite serpentinites,
rodingites and other xenoliths, associated with a chaotic complex of diabasic-
sedimentary composition mainly, appears very similar to certain ophiolitic
areas of the Apennines for example.

OPHIOLITES OF CRETE

The ophiolite and melange terrains in Crete were investigated by K-Ar
dating (DELALOYE, ECONOMOU et SKOUNAKIS, 1977). Two major groups of ages
were found: Lower to mid-Cretaceous and Eocene. The Cretaceous ages agree
fairly well with the general model of rifting of the continental crust and collapse
of an ocean basin. Eocene dates reflect the emplacement ages.

OPHIOLITES OF TURKEY

Several Ph.D. theses on ophiolitic areas of the Taurus Chain (Turkey) have
been completed (Tuzcu, 1972; P1sKIN, 1972; YAZGAN, 1972; SARP, 1976).

In continuation of one of these studies (SArP et al., 1976, 1977, 1978), several
new mineral species (vuagnatite, chantalite, parthéite) of the lime silicate suite
of rodingitic rocks have been discovered in collaboration with the laboratory of
X-Ray crystallography of the University of Geneva and the mineralogical
Department of the Museum of Natural History of Geneva.

OPHIOLITES OF THE KIZIL DAGH (HATAY; TURKEY)

The geological study of the Kizil Dagh ophiolite began in the sixties. Three
major aspects have been investigated: geochemistry, geochronology and paleo-
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magnetism (CoGULU, DELALOYE, VUAGNAT, et WAGNER, 1976). These were
backed by microtectonic, petrological and mapping studies.

Chemical analysis of major and trace elements including REE were used to
identify the parental magma(s) of the ophiolite as well as of some lavas of
komatiitic affinities in the area.

The ophiolite crystallized on the Tethysian ocean floor between 110 and 150
m.y. ago and subsequent metamorphic events took place between 90 and
30 m.y. These are probably related to the emplacement history of the massif
(DELALOYE, VUAGNAT et WAGNER, 1977).

The detailed mapping, at scale of 1:50.000, and the microtectonic study are
currently in progress. It is already possible to describe in great detail the tec-
tonic relationships existing between the various members of the ophiolitic com-
plex.

OPHIOLITES OF CYPRUS

The Troodos ophiolite, studied in collaboration with the team of Prof. Rocci
in Nancy (DESMET et al., 1978), was investigated in order to compare its age and
chemistry with that of the Hatay massif especially. It now seems evident that the
Troodos is 10 to 20 m.y. younger than the Hatay (DELALOYE et DESMET, 1979).

OPHIOLITES OF IRAN

The Iran Ophiolites (in collaboration with J. Desmons, Nancy), were exten-
sively dated by K-Ar method.

Melanges and ophiolite complexes composed of ultramafic units mainly
represent block margins active in Alpine times. Crystallization, emplacement at
continental margins and melange formation are post-Palaeozoic events that are
considered, from stratigraphical data, to be pre-Upper Cretaceous to Cenozoic
in age (DELALOYE et DESMONS, 1979).

OTHER REGIONS

OTHER OPHIOLITES

It is also worth mentioning geochronological studies made on ophiolites
from New-Zealand, Norway (Alta-Kwaenangen Window), Italy (Apennines
and Calabria) and Turkey.

Many of these ophiolites are more or less dismembered but age data from
them are useful for a better knowledge of the history of the areas in which they
OCCur.



176 J. Bertrand, M. Delaloye and M. Vuagnat

References

BERTRAND, J. et M. DELALOYE, (1976); Datation par la méthode K-Ar de diverses ophiolites du
flysch des Gets (Haute-Savoie, France). Eclogae geol. Helv., 69/2, 335-341.

BERTRAND, J., M. DELALOYE, D. FONTIGNIE ¢t M. VUAGNAT (1978): Ages K-Ar sur diverses ophiolites
et roches associées de la Cordillére centrale du Guatémala. Bull. suisse Minéral. Pétrogr., 58/3.

BERTRAND, 1. et SARP H. (1976): Sur la présence de vuagnatite dans un gabbro ophiolitique du Guat-
émala. Bull. suisse Minéral. Pétrogr., 56/3, 540-544.

BERTRAND, J. et VUAGNAT M. (1975): Sur la présence de basaltes en coussins dans la zone ophioli-
tique méridionale de la Cordillére centrale du Guatémala. Bull. suisse de Minéral. Pétrogr. 55/1,
136-142.

BERTRAND, J. et VUAGNAT M. (1976): Etude pétrographique de diverses ultrabasites ophiolitiques du
Guatémala et de leurs inclusions. Bull. suisse Minéral. Pétrogr., 56/3, 527-540.

BERTRAND, J. et VUAGNAT M. (1977): Données chimiques diverses sur des ophiolites du Guatémala.
Bull. suisse Minéral. Péetrogr. 57/3, 466-483.

Cocury, E., M. DELALOYE, M. VUAGNAT et J.J. WAGNER (1976): Some geochemical, geochronolog-
ical and petrophysical data on the ophiolitic massif from the Kizil Dagh (Hatay, Turkey). C.R.
Séances Soc. Phys. Hist. Nat. Genéve, 10, 141-150,

Coowmss, D. S., Y. NakaMURA et M. VUAGNAT (1976): Pumpellyite-actinolite facies schists of the
Taveyanne formation near Loéche, Valais, Switzerland, J, Petrology, vol. 17, No 4, 440-471.
CriverLl, N. (1976): Etude minéralogique et pétrographique des ophiolites situées dans les pro-
vinces de Pise et Livourne (Toscane Maritime, Italie). Thése No 1737, Université de Genéve.
DeLALOYE, M. et DESMET A. (1979): Nouvelles données radiométriques sur lgs pillow-lavas du Tro-

odos (Chypre). C.R. Acad. Sc. Paris, 288, 461-464.

DEeLALOYE, M. et DEsMoONS J. (1979): Ophiolites and melange terrane in Iran: a first geochronolog-
ical approach and paleotecionic implications. Paper submitted to Tectonophysics.

DELALOYE, M., C. ECONOMOU et ST. SKOUNAKIS (1977): Radiometric ages of some ophiolitic rocks of
Crete Island. VL. Coll. Geol. Aegean Region, Athens.

DELALOYE, M., M. VUAGNaAT et J. J. WAGNER (1977): K-Ar ages from the Kizil Dagh ophiolitic com-
plex (Hatay, Turkey) and their interpretation. Sym. intern. Histoire structurale des bassins
méditerranéens, Split, Yougoslavie, 73~77, Technip. Paris.

DESMET, A., J. DESMONS-BoOQUET, C. GAGNY, H. LAPIERRE, J.-F. PARROT, G. RoCcI et J.-J. WAGNER
(1977): Nouvelles observations sur le complexe filonien du Troodos (Chypre). 5S¢ Réunion
annuelle des Sciences de la Terre, Rennes, France, p. 197.

DESMET A., J. DEsMoNs, C. GAGNY, H. LAPIERRE, J.-F. PARROT, G. Roccr et J.-J. WAGNER. Petro-
genése et évolution d’un complexe filonien ophiolitique: Exemple du Troodos (Chypre). Nou-
velle approche méthodologique. Dans: «Associations basiques et ultrabasiques dans les zones
orogéniques» colloque International du CNRS-Grenoble 1977, in press.

DEeSMET, A., H. LaPIERRE, G. Roccl, CL. GAGNY, J. F. PARROT et M. DELALOYE, (1978): Constitution
and significance of the Troodos sheeted complex. Nature, vol. 273, No 5663, 727-530.

DieTRICH. V., M. VUAGNAT et J. Bertrand (1974): Alpine Metamorphism of Mafic Rocks. Schweiz.
Mineral. Petrogr., vol. 54, 2/3, 291-332.

Espinosa A. (1978): Sobre una secuencia ofiolitica imcompleta, el Macizo de Los Azules, Cordillera
Occidental de Colombia. Memorias Segundo Congreso Colombiano de Geologia, Bogota (sous
presse).

EsPINOSA, A., I. HEDLEY and J.-J. WAGNER (1978): Paleomagnetic reconnaissance of the grupa dia-
basico, Western Andes (Colombia). Memorias Segundo Congreso Colombiano de Geologia,
Bogota (sous press).

FoNTIGNIE, D. (1977): Géochronologie des galets diabasiques des conglomérats du val d’1lliez dans
le synclinal de Thénes (Haute-Savoie, France). C.R. séances Soc. phys. et hist. nat. Genéve, vol.
12, fasc. 2-3, 84-95.



Ophiolites 177

PiskiN. O (1972): Etude minéralogique et pétrographique de la région située a I’Est de Celikhan
(Taurus oriental, Turquie). Thése No 1569, Université de Genéve.

Sarp, H. (1976): Etude géologique et pétrographique du cortége ophiolitique de la région située au
Nord-Ouest de Yesilova (Burdur-Turquie). Thése No 1731, Université de Genéve.

Sarp, H., J. BERTRAND et E. MCNEAR (1976): Vuagnatite, CaAl (OH) SiO,4, a new natural calcium
aluminium nesosilicate. Amer. mineral., Vol. 61, 825-830.

Sarp, H.,, J. DEFERNE et B. W. LieBICH (1977): La chantalite CaAl, SiO, (OH),, un nouveau silicate
naturel d’aluminum et de calcium. Bull. suisse Minéral. Pétrogr. 57, 149-156.

LA PARTHEITE SARP, H., J. DEFERNE, H. BizOUARD et B. W. LIEBICH (1979): La parthéite CaAl,Si,Og.
2 H,0O, un nouveau silicate d’aluminium et de calcium. Bull. suisse Minéral. Pétrogr., 59, 5=13.

Sawartzki, G. (1975): Etude géologique et minéralogique des Flyschs & grauwackes volcaniques du
synclinal de Thénes (Haute-Savoie, France). Grés de Taveyanne et grés du val d’llliez. Arch.
Sciences, vol. 28, fasc. 3, 265-368.

STEEN, D. (1975): Géologie et métamorphisme du complexe ophioclitique de la Haute-Ubaye
(Basses-Alpes, France). Bull. suisse Minéral. Pétrogr., 55, 523-566.

STEEN, D. et J. BERTRAND (1977): Sur la présence de ferrocarpholite associée aux schistes a glauco-
phane de Haute-Ubaye (Basses-Alpes, France). Bull. suisse Minéral. Pétrogr., 57, 157-168.

STEEN, D., M. VUAGNAT et J. J. WaGNER (1977): Early Deformations in Montgenévre Gabbros.
BUMA. Intern. Meeting Grenobile, (in press).

VUAGNAT, M. (1975): Les ophiolites: faits, hypothéses et problémes. Bull. suisse Minéral. Pétrogr.,
55,108-116.

Tuzcu, N. (1972): Etude minéralogique et pétrographique de la région de Bagkisla dans le Taurus
occidental (Karaman, Vildyet de Konya, Turguie). Mémoire du Département de Minéralogie
de I’Université de Genéve, No 1,

YazGan, E. (1972): Etude géologique et pétrographique du complexe ophiolitique de la région
située au Sud-Est de Malatya (Taurus oriental, Turquie) et de sa couverture volcano-sédimen-
taire. Thése No 1575-1, Université de Genéve.

Manuscript received July 23, 1979



	Studies on ophiolites in selected regions of the world

