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On the Genesis and Emplacement of Ophiolites in the
Oman Mountains Geosyncline

By B. M. Reinhardt (Rijswijk)*)

With 17 figures and 2 tables in the toxt

Abstract

Geological and petrographical ovidence suggests that the Oman Ophiolites are a
polygenctic assemblago of i igneous and metamorphie rocks. An important ago hiatus is
inferred separating the basaltic intrusivo-oxtrusive suite from the older ultrabasic host
rocks: the gabbroic-basultic suite ranges in age from Middle Permian to lower Upper
Cretuceous and covers the wholo goesynelinal eycle, whereas the bulk of ultramafic rocks
is thought to be pre-geosynelinal, i. e. pre-Middle Permian in age. The gradual transitions
betwoen both groups of rocks are thought to be the product of assimilation as a result
of gabbroic injection into peridotitos ut great depth. Observations in magmatic
breceius, the prosence of high-grade metamoerphic rocks and subvolesnic intrusions into
peridotites and gabbros suggest that large amounts of plutonic products have boen
expelled from depth in a solid state during the geosynelinal phase. With reference to
modorn oceanic ridges a new model of cmplacement is discussed which incorporatos

these observations and explaing the gencsis of the “ophiclite stratigraphy’™” ranging from
plutonic rocks at the base to extrusives at the top.

Zusammenfassung

Goologisehe und potrographische Beobachtungen lassen darauf schliossen, dags die
Ophiolithe von Oman {Persischor (olf) eine polygenetische Assoziation magmatischer
und metamorphor Gesteine darstellen. Ein Hiat trennt die intrusiven und extrusiven
gabbroiden Gestoine von don Peridotiten. Tder gabbro-basaltische Magmatismus war
withrend der gesamten (feosynklinalphaso, d. h. vom mittloren Perm his wum Beginn dor
oberon Kreide titig. Dio Peridotite jhrerseits schoinen prigeosynklinal, . h. mindestens
prapormisch zu scin, Die Kontakte swischon beiden Gesteinsgruppon werden als Intru-
sionskontakte gedoutot, und die ultrabasischon Gesteine als Intrusionsrahmen der Gubbro-
intrusionen interpretiort. Die golegentlich graduellon Ubergiingo swischen Gabbro und
Peridotit werden als Folge von Assimilationsprozessen des Rahmengesteins durch basal-
tisches Magma in grosser Tiofe angeschen. Beobachtungon an magmatischen Brekzien
und dio Anwesenheit metamorpher Gosteine in dor Hornblende-Granulitfazies lassen

*} Koninklijke/Shell, Exploratie en Produktie Laboratorium, Volmerlaan 6, Rijawijk
(Z.H.), The Netherlands,
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darauf sehliossen, dass withrond der geosynklinalen Phase grosse Mengen des ophiolithi-
schen Matorials in fostorm Zustand aus grosser Tiofo an die Oberflache geférdert worden
sind. In Anlehnung an das Vorbild moderner ozeanischer Riicken wird cin neues Modell
fiir die Platznahme der Ophiolithe vorgeschlagen, das den gemachten Beobachtungen
und auch der Entstehung dor , Ophiolith-Stratigeaphic' Rechnung trdigt, :

Résumeé

De nouvelles observations géologiques ot pétrographigues tendent 4 prouver gue les
ophiolites d’Oman (Golfe Persique) constituent. un ensemble polygénique de roches igndes
ot de roches métamorphiques. Llaateur suggére quian important hintus sépare le grovpe
do roches intrusives-extrusives des roches ultrabasiques: Tandis que les premiéres eris-
tallisnicnt pendant. toute la période géosynelinale qui durait du Permien Moyen au
Crétaecd Supdrieur, la plupart des roches ultrabasiques semblent. étre dige pré-gdéosymelinal.
¢ost-d-dire (Udge proé-Pormion Moyen. Les passagos graducls ohservés entre les deax
groupes sont interprétés comme les résultuts d'une assimilation due 0 des injections
gabbraiques dans les péridotites & grande profondeur. Les observations effectudes duns
les braches magmaticques, dans les intrusions subvolenniques teés différencices a intérieur
dos péridotites et des gabbros ainsi que la présence do roches i métamorphisme trés (‘lv\'t‘."
permottent. d'affirmoer que de lorges masses de produits plutonigues ont é1é rxpulsf‘os it
I'dtat solide pendant la phaso géosynelinale. Se référant aux cordillores mddio-ocdanigues
wctuelles, I'uteur propose un nouvenu modole pour la mise en plaes des ophiolites. Ce
modale tient compto des nouvelles observations présentées ol explique en méme teinps
Vorigine de 1a zonation i Vintérienr des ophiolites,
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Ophiolites in the Oman Mountains Geosyneline 3
INTRODUCTION

The idea that the ophiolite suite could be a polygenetic assembiage has
been expressed clearly by Hess (1955), e RoEVER (1957 and 1961) and Rost
{1959). According to these authors, the ophiolite sequence is composed of
plutonic members (peridotites and gabbros) which have been derived in solid
state from the Karth’s Upper Mantle, and of subvoleanic and extrusive mem-
bers which have crystallised from a basaltic magma, Many geologists are still
reluctant to accept this model beeause field observations do not suggest such
a genetic hiatus: often there are gradual transitions between the “plutonic”
and the hypabyssal and extrusive rocks. In such cases the ophiolite sequences
display what may be called a stratigraphy, ranging from ultrabasic rocks with
coarsely granular textures at the base to successively more intermediate
igneous rocks with fine-grained textures at the top. This highly organised
relationship seems to suggest an internally differentiated pluto-volcanic flow,
and this is how it has been interpreted by RouTHier (1946 and 1953), DUBER-
TRET (1953) and BRUNN (1954, 1956 and 1960).

On the other hand, new analytical investigations on ophiolitic peridotites
(Prrrgrs, 1967) support the idea that these rocks reached their mineralogical
equilibrium at a depth of more than 30 km, which is well within the mantle
in oceanic regions. Consequently these rocks seem to have heen expelled in
solid state hefore they were associated with extrusives, Tf this should prove
to be generally so in the case of ophiolite peridotites the geologist would find
himself in the diffcult situation of having to re-interpret field results which
apparently contradict the results based on experimental petrology. Under
such circumstances it appears to be useful to point to some new geological
and petrographical observations which may help to remove the apparent
contradictions,

GENERAL SITUATION

Fig. 1 shows the geographical situation of the Oman Mountains and the
distribution of outcropping ophiolites. The bulk of the ophiolites form an
individual nappe (Semail Nappe) which is the highest tectonic unit visible in
the mountains. This nappe overlies other imbricated nappes of geosynelinall)
sediments which lack any regional metamorphism. The total volume of the
nappe is of the order of thousands of cubic kilometres (a minimum of 450 km
axial cxtension, 50 km average width and ca. 1 km average thickness), Fig. 2
shows a cross section through the Semail Nappe. The additional structural
features found in the Oman Ophiolite Nappe that have not been described
from other ophiolite sequences are as follows:

1) The term “geosyncline™ is used here in the sonse of “part of an ccean. ineluding
its floor und sediment cover, that is involved in the development of & mountain range”,
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m Coarse granular gabbroic rocks
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Fig. 2.

— the sequence gabbro-dolerite-diabase forms a fan structure;

— the gabbroid rocks are layered, but the diabases form dyke swarms; the
dykes cut each other; the transition betwecen layering and dyke swarm is
gradual;

— the subhorizontal extrusives overlie disconformably the subvertical dyke
swarms of diabases and arc fed by these dykes; the diabase dyke swarms
are, therefore, regarded as the uppermost part of a voleanic feeder and the
subvertical attitude is thus & primary feature.

PETROGRAPHY

Ulwrabasie rocks

The most common type is an enstatite peridotite which may contain some
diopsidic clinopyroxenc (olivine = Foyg 100/ Fan, o; enstatite = Enyy_gs/Forry,_,,
with (100)-lamellac of clinopyroxene). Small subhedral grains of picotite are
regularly present in minor quantity. The texture is coarsely granular to cata-
clastic. All peridotites are partly serpentinised and there are gradual transitions
to pure serpentinites,

The scrpentinites, for the main part composed of lizardite and chrysotile,
are well developed along the base of the nappe. They are preferentially schistose,
but massive types are also found that still display the texture of the coarsely
granular parent rock.

These two rock types form more than 60%, of the total volume of the
ophiolites.




6 B. M. Reinhardt

Basic rocks

The gabbros are layered. In the basal part of the gabbroic sequence the
dark layers have a troctolitic mineralogy (olivine and plagioclase ca. Anm/A.bm)
whereas the lught layers are eucritic (plagioclase ca, Ang,_4:fAby,_; and endiop-
side) to plagioclasitic (Ang,/Ab,,)?). r

The gabbros grade into horablende-gabbroid types with parallel texture. The
gradation is characterised by :

a) change in the succession of crystallisation: as opposed t'o the gram.llar
gabbros where plagioclase erystallises contemporaneously with mafic mine-
rals, the plagicclase of the hornblende-gabbroid rocks precedes the mafic
minerals. As a result of this,

b} increasing idiomorphism of plagioclase (plates (010)) and arrangement of
these phenocrysts parallel to layering, . .

¢) increasing presence of brown basaltic hornblende that intergrows with
endiopside and surrounds it, N

d) appearance of normal zonation in plagioclase laths. The compositions range
from AngAb,, in the centres to Ang Al,; along the rims.,

e} disappearance of dark troctolitic layers. The layering in the h()I‘I]lJ-I(}-I‘l(i(‘-
gabbroid rocks is more a result of textural variation than of compesitional
difference.

The term dolerite has been reserved for rocks which range between horn-
blende gabbro and fine-grained diabase. The main mafie mineralls are brown
and light green hornblendes that surround the subparallel pla.mgloclase laths.
These are strongly zoned (centre AngAby,, rita AngAbg,). Chlorite kLI’-l(? skeletal
ilmeno-magnetite are regularly present. The texture is coarsely ophitic. T.hese
rocks are found as a quantitatively increasing member in the top part of the
layered gabbrog and also in the succeeding sequences of diﬂ,}).a.:.-;(!.

"The diabases are fing-grained and have an intersertal-ophitic texture, -The
plagioclase is zoned (Ang, .;Abg o5 in the centres, Ang mAkfmo,-’eu at the I‘HI.IS)
or it may be albitised, the result of which is a “‘cloudy albite :qpockleq with
mierolithic inclusions. Diopsidic pyroxene is present as a reliet mineral of early
crystallisation but is surrounded by mostly light green hornblende. Skeletal
ilr;mm)-magnetite is regularly present and surrounded by younger })1'0(111%3
such as “lencoxene” and sphene. The mesostasis (originally interstitial glass)
is usually filled with chlorite with which fibrous hornblende and lfell(soxen<a
may be associated. These rocks are best represented in the subvertical dyke
swarms that follow the layered gabbroic sequences. _

Most of the extrusizes ave spilitic pillow lavas, a great part of which are rich

2) Measured by universal stage methods as outlined in Burki, PARKER and WENK
(1967).
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in hematite. Many spilitic rocks, however, are also found together with dia-
bases in the subvertical dyke swarms. Breccia lavas with hyaleclastic matrix
and angular components of pillows arc also quite common, especially amongst
the vesicular extrusive rocks, The sediments associated with the subhorizontal
lavas found on the back of the Semail Nappe are mudstones and cherts of
early Upper Cretaceous age. However, the extrusives found in the sediments

of the lower tectonic units (see fig. 2) are Upper Permian to Lower Jurassic
in age,

The hiatus hetween ultrabasic and gabbroid rocks

Regionally a sharp line of separation exists between the gabbros and the
underlying ultramafic rocks. In places this is due to secondary decollement,
but well preserved igncous contacts between hoth types suggest that the
gabbros are intrusive into the peridotites. On the ultrabasic side of the contact
a zone of peridotites and serpentinites has boen mapped that is characterised
by the presence of large quantities of dykes. The dyke rocks are cucritic
gabbros, plagioclasites, dolerites, porphyrites, gabbro pegmatites and diabases.
The zone has a thickness of up to 500 m and represents the “edge-facies™ of
the ultramafics along the gabbro contact. Although petrographically inter-
mediate rock types between ultrabasic rocks and gabbros are found within the
dyke zone as well as within the basal gabbro sequence, the geological line of
separation is an casily mapped feature, The suggestion that the contact reflects

a hiatus separating the ultramafic frame rock from the gabbroic intrusions is
based on observations of:

— the dyke relationships;
— the relationships along the igneous contacts.

The dyke relationships

Table 1is a summary of the relationships observed between dykes and host
rocks. It shows that all basic rocks (gabbros, dolerites, dinbases and spilites)
may be found as dyke rock in any other member. The ultrabasic rocks arc cut
by all of them, without themselves oceurring as dykes in any other member
of the suite. Additionally, the diabase dykes cutting through ultramafic rocks
often follow a pattern which suggests fracturing of the peridotites and serpen-
tinites before the intrusion of the gabbroic magma.

Assimilation of host rock by the gabbroic magma

Near to the contacts with the surrounding ultramafics the plutonic gabbroie
rocks contain large amounts of peridotitic host rock fragments. This has been
observed in dykes as well as in the basal part of the gabbro sequence. Usually
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Tablo 1. Uccurrence of dyke rocks und related host rocks in the ophiolites of the Oman Mourdains

Dykes
Host. racks 771—‘(11‘icl.n.t"i.t_(:;“_ 7 7 o
) o Gabbroa Dolerites Dinbasos Spilites
| Borpentinites
' |
Ultrabasics X X X ¢}
Serpentinites
Peridotitos
iabbros N X 0
Dalorites 0 X X
Diabuages 0 X X
spilitic lavas X X
X == frequent
O — present, not very frequent

void - - not abserved

these xenolithic “*Schollen’”” are elongated and preferentially aligned parallel
to the contact plane and to the plane of layering in the gabbros. Fig. 3 illu-
strates this situation in a eucritic dyke. Often the intrusive gabbroic magma
has infiltrated the xenoliths as well as the wall rock to form dark “‘migmatites’ ?}.
These are characterised by the presence of small veins and capillaries of euctite
or plagioclase that give the ultrabasic rock a dotted or veined appearance.

Depending on whether the intrusive rock is eucritic or leucocratic (plagio-
clase only) the dark “migmatite” is either a dark variety of clivine gabbro
(olivine, bytownite-anorthite and diopsidic clinopyroxene) or a troctolite
(olivine and bytownite-anorthitc). Fig. 4 shows such dark “Schollen” of host
rock surrounded by the various products of gradually increasing assimilation.

All dark ‘“migmatites” have in common a very characteristic texture:
sub-round corroded olivine grains are imbedded in a xenomorphic matrix of
cither pure plagioclase or combined plagioclase and diopside (fig. 5). This
texturce suggests strongly that the corroded olivine phase represents an older
generation which has heen penectrated by intergranular capillaries of a younger
gabbroic liguid.

The result of very advanced assimilation is the formation of gabbroic rocks
with regularly distributed olivine nodules (fig. 4 and fig. 6). A large part of the
olivine grains found in the laycred gabbros might, by analogy, also represent
partly assimilated host rock material,

3y The term is used horo to designate 8 mixture of host rock and injected melt.

Fig. 4, Partial assimilation of peridotite.*Schollen™ by leucocratic gabbro.

A -: unaltered enstatite peridetito; host rock.

B = peridotito with capiliaries of anorthite; dark “migmatite” {compare with fig. 5).
C == troctolitie olivine gabbro; light “migmatite’” (compare with fig. 6).

1> - genuine intrusive rock; leucocratic anorthite cucrite.

Fig. 4.

Ophiolites in the Omuan Mountains Goosyneline

(];‘.;ig‘i;-o.ic?z[)h::-n of }m]qt rot:k. peridotito ina dyke_ of anorthite cucrite. The lighter parts of the
o purcely Oll?fltlc (unorthite and diopside). The darker “*Sehlioren’ (B) eontain

mounts of nllvu_m. 1}1(5 black fragments () and the host roek of the dyke are o i
peridotites. Rustaq Arca, Central Oman Mountains. o e bt
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Fig. 5. Texture of dark “n!igma‘tit-ef'_(oli\'inr‘
gabbro). Round corroded grains of qlnmu (cl:_nt--
ted) in a groundmass of xPr}nmurph!n anorthite
(linear hachure) and diopside (cross hachure).

Special attention has been paid to the layered gabbros at the base 1nlf t]ll]e
feldspathic sequence, because there, the dark layers have petrograp rically
much in common with the dark “migmatites’ described above (same xlnm(:ra,-
logy and texture). It was often noted that the dark layfsl's are t.1ot. (:ontmum;s,‘
but that they may grade laterally into gabbroic rocks in a similar way as the
partly assimilated “Schollen™ (fig. 7). The thought that the dark layers really

Fie. 6. Anorthite-eucritic gabbro with nodules of olivine, This rock type is a common [lmanl_:m-
u[Lt‘hn- layered gabbro sequences. Compare with “0" in fig. 4. South of Bahlah, Central Oman
ke Mountains.
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Fig. 7. Dark, olivine-rich member of layered gabbros grading laterally into leucocratic anorthite-
eucrite, North of Ibra, Eastern Oman Mountains.

could represent fragments of host rock peridotite is supported by observations
made in outcrops where the light and dark rocks are neatly divided by a clear
line of separation and only locally grade into each other. Fig. 8 shows such a
situation: the dark bands are locally broken and the disconnected parts are
displaced relative to each other. The leucocratic bands of fresh granular
gabbro smoothly fill the ruptures. This suggests that the dark sheets behaved
in a brittle way before or during the intrusion of the gabbroic magma; they
may well be regarded as solid fragments sheared off the peridotitic host rock
during the gabbroic igneous activity.

All these observations suggest that the gradual transitions occasionally
observed between peridotites and gabbros are not only the result of differen-
tiation but also the result of mixture of intrusive gabbroic magma with ultra-
mafic host rock.

Hybrid rocks in the intrusive-extrusive suite

Many of the hypabyssal and extrusive members of the suite (dolerites,
diabases and spilites) contain considerable amounts of phenocrysts that are
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eucoeratic gabbro into peridotites. The gabbroic liquids have been l!lJvntw]:
Local gradual transitions between the two roc
Castle of Samad, Central Oman Mountains.

Fig. 8. Intrusion of 1 4
between sheets of the ultramafic host rock.
types oceur (right-hand side, lower part)
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compositionally similar to the constituents of peridotites and plutonic gabbros.
These are olivine, diopsidic clinopyroxene with (100)-lamellae of orthopyroxene
and plagioclase. Depending on the amount of such phenocrysts the rocks are
mineralogically hybrid as in the case illustrated below.

Fig. 9 shows a plagioclase phenocryst as commonly found in quartz- and
albite-rich porphyrites. These leucocratic rocks are assumed to have been
intruded at rather shallow depth because they are regularly found within
diabase dyke swarms or as plugs within extrusive sequences. In such rocks
the plagioclase phenocrysts form about 509, of the rock volume. They usually
show traces of strong corrosion. From figure 9 two phases of corrosion can be
inferred: the earliest plagioclase at the centre is extremely calcic (Angy_g,/
Abyy_19). The second shell of plagioclase that envelops the corroded centre
has a composition ranging between An,,/Ab,, and Angy/Abg,. This shell is
again slightly corroded and surrounded by a groundmass of quartz, albite
and some chlorite (in fig. 9 only quartz is visible). The quartz and albite of the
groundmass may display graphic intergrowth suggesting the presence of a
eutectic residual melt,

Similarly, large corroded and strongly deformed diopside phenocry
corroded grains of olivine are found in diabases and spilites with fres

3]

undisturbed igneous textures. The strong disequilibrium between pheno-
erysts and groundmass may be levelled out by secondary (“autometamorphic’)
reactions and the compositional discrepancies may, therefore, disappear. Still,
the recognisable crystals of “abyssal” origin found in hypabyssal and extru-
sive rocks are estimated to represent an average of around 109, of the total
rock volume.

“Autometamorphic” reactions

tion
which are common in basic igneous rocks, some reactions have been observed
that also are quite peculiar to the Oman Ophiolites.

Apart from alterations such as albitisation, uralitisation and chloriti

Contacts olivine-plagioclase

In many feldspathic rocks (such as dark gabbroid rocks, dolerites and
diabases), olivine and plagioclase are commonly associated. Usually both
members have reacted with each other intensively to form halos of low grade

Fig. 9. Plagioclase phenoeryst in a quartz-rich porphyrite (subvoleanic ophiolite member;

compare with fig. 16). The phenocryst shows two phases of magmatie corrosion. The oldest

corroded plagioclase phase (A) ranges in composition between 80 and 90 Mol-9, An. The compo-

sition of the surrounding shell (B) is 43 to 50 Mol-9, An. This generation is again corroded and

surrounded by quartz (C') and albite (the latter is not visible in this picture). Sample Rht 415,
Crossed polarisers,
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metamorphic minerals. As a result of this two types of pseudomorphs can be
recognised depending on the relative amount of the parent minerals olivine
and plagioclase: in plagioclase rich rocks, pscudomorphs afier olivine are
found, whereas in olivine rich rocks the feldspar is altered.

Pseudomorphs after olivine

The following reaction products are regularly found: elinozoisite, chlorite 1)
(sheridanite-type), actinolitic hornblende, tale, serpentine and magnetite.
Their relative position is illustrated in fig. 10. The rim of chlorite I is only

Fig. 1t Psoudomorph after olivine in o aneritie gabhro. Olivine (O1) is largely altored Lo ehrysotile
and lizardite (Serp) and to maguetite (Magn). Further altorations ked to the assomblage tale
(Te), uetinolitie hernblende {Ho) and panninite-chlorite (not present hore). Along the contacts
with piagioclase (lag) the pseudomorph is surrounded hy sheridanito-typoe ehlovite (Chl 1) and
elinnzoisite (Clinoz). The diopsidic clinopyroxens (Pyrox) does nol take part in the reactions,

developed along direct contacts olivine-plagioclase. Tn cases where diopside is
in contact with the olivine pseudomorphs, the actinolite ncedles grow directly
on the surface of the pyroxene grain and extend from there into the talc-
serpentine assemblage. In more advanced stages the assemblage olivine-
serpentine-magnetite-tale is consumed and chlorite TT (penninite-type) has
developed instoad. The result is a felty mixture of chlorite TT and actinolite
surrounded by the rim of chlorite T. Tt is interosting to note that the more
advanced stages are found in the more differentiated and fine-grained members
of the gabbroic sequence {dolerites, diabases), whereas the less advanced
stages are characteristic for the plutonic gabbros.

4} Ax opposed to chlorite TT, the ocourrenee of whieh is described later.
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Pscudomorphs after plagioelase

In olivine rich rocks wher i ;
! 0F1v1nc rich rocks where plagioclase is an accessory {dark “migmatites”
peridotites with plagioclase capiilarics) the followin rencti gl < are
. | 3 ‘ ing reaction pro S A
found: serpentine, magnetite, actinolitic hor W ' fte 1 gummot
il o 1 metite, ac itic_hornblende, rim of chlorite I, garnot
- pyrope-almandine intergrowing with brown-red iron oxide) g;garnct

. - 3 - . * i} o

. (pymp@ almandine intergrowing with grossular), very fine-grained inter
TOW ehni Jinozoisi i i unks J ‘ o
g 1 of prehnite, clinozoisite, mica. chlorite, an unknown Ca-Al-hydro-

8 e an(l flll y a Z0 E €, l © |l‘lﬂll P Orae ‘h He mine 2]
k} [ g ]lt h
lll(at al] ne ()I Jure )I(‘,]H B L g LAY d T i
) Ot (se 1 ,l&]

"‘_J’J
arnef rim L.

Fig. 11. Pseud o lagi ; .

i L i der Aol n. Here, the reliet mineral is sur ' o
pure prehnite (T . T . 1t mineral 15 surrounded F O
llnknfwn Cﬁ,fA([I.}:sziﬁzs?;i]fﬂt(f(?'0;‘:;:y {":”rgl)'u‘i’;-]h O rnnite, dlinozoisite, snion ch[”:i:‘;::?::::
. 1A 3 b by mixture). The periphoral are oo ’ :
in turn is rir o . , peri al arcas are composed of gar :
two minﬂ!‘alsn;:'::"l_::"?"sih‘“tndt?lnlt“?“‘yp“ chlorite ((,‘_hl I) and actinolitic lu;‘;nblﬂmlug;tji]l{l:;t :;“}::‘{;l:

1 nto the mesh.type sorpentine of tho surronnding ultrabasic "HR(\';]!)I&g(‘

Th(.B transition from serpentine to chlorite I seems to be gradual. All second
ary minerals ‘insidc the rim of chlorite [ are extremely ﬁne-frra,incd F‘v;;i(?v]?t}_
1900 x magnification {electron-probe microaualvser).ﬂ homne;eneou'; ;ha,/w e
dlﬂicult. t‘io see. The alteration is more advanced in rocks that az} Bt»"H alre
serpentinised than in rocks with much fresh olivine. Ti)e secondar ) 'mnfgly
have been determined by optical methods, by X-ray diffrm-tién a dybmmem .
of an electron-probe microanalyser. ' ' h A

T?le resu'lts of the determinations are given in table 2.

'F.‘lg. 12 illustrates the results obtained by seanning across a plagiocl
olivine contact with the electron-probe microanalyser. The distribultioré: c:;' rom
shows a marked concentration along the contach where the garnet fnt;(}m
Ey;ope-.alma,ndine series is developed and associated with drfd-br‘ow(; F::

ydroxides. The chlorite-serpentine zone, however, is rather poor in jron
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Table 2

Prohnite: confirmed by N-rny

Clinozoisito: confirmed by X-ray; results from elestron microanalyser (KM)*):

Bi), prosent (384 0%%, assumod)
('a0) 23 26 9
Mgt -1 L'
AL, prosernt. {ea. 309 assumerl)
eyt 15 v

Mica: confitmed by X-ray

confirmed by Xeray: water eontent suggostod bocause of hroad
refleetions

FM-results:

Hydro-garmot :

Hydrograssular:

Rit), prosent {159, assumed)
Q) 28859,
Mg 2-3 %
Al O, 2025 9
Fe,0, 58

Pyrope-nlmanvline:; TEM-resulta:

Hil, prosent (3A-40%, assumed)
MO 1020 0,
ALO, 16 19 9

Fo, 0, 2024 v

Chlorite 1 (shevidanite-type): “chlorite’ confirmed by X-ray: EM-rosults:

Sil), prosent fea. 30Y%, assumed)
() o w,
Mgt 25 30 v,
AlO, 18 25 Y,
Fe, 0y 8-13.5%,

Actinolitic hornblende: “harnblende™ confirined by X-ray: EM-rosnlts:

Ri)y, presont. {A0-55, ussumoed)
Nu,() o, 1.4 9,
) 1.5 %
Mg 20 w
Al 0, 7-10 9
Fe,0, 3 %

Chlorite 11 (penninite-type) s inferred from optical propertios

*) Type: JEOLJXA 3, Bean 7 2 1. Beam carrenl = 6 p A, Sample eurrent a2 0.1 w0 AL
Int. time = 1%, Cryatals: Quartz: Fe, Ca. KAEP: Al Mg, Na, Si.

ompared with the unaltered olivine, This suggests migration of iron away
from the olivine member towards the plagioclase contact. The distribution
curve of Al suggests migration in the opposite direction into the serpentine
area. i

The produéts of these “autometamorphie” reactions have much in common
with the pseudomorphs after olivine known from the Allalin Gabbro in the
Swiss Alps (BEarTh, 1967). There, the alterations have been interpreted as a
result of the Al‘pine regional metamorphism. However, the widespread occur-
rence of less advanced but very similar reactions in the Semail Nappe suggests
that part of the alterations observed in regionally metamorphosed ophiolites
may be inherited features of an early phase,

Mg

20k
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Fig. 12. Results obtained hy scanning with electron probe microanalyser.
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Prehmitisation of gabbroic rocks

Prehnite is a very common mineral in all feldspathic members of the ophiolite
suite. It is always developed at the expense of plagioclase. The degree of
alteration is extremely variable; as a rule, fractured and sheared rocks are
more prehnitised than undeformed rocks. Also does prehnite preferentially
develop along microscopical rock fractures and ghear planes. This suggests a
close relationship between the prehnitisation and a deformation phase. A
systematic variation of the degree and quality of alteration on a regional scale
has not been noticed.

The alteration of plagioclase-rich dykes to “rodingites”

Feldspathic dykes that cut through ultrabasic rocks are always altered to
some degree. It has been noted that there is some direct relation between
degree of serpentinisation of the host rock and degree of alteration of the dyke
rock. The reaction products are the same as those described from the olivine-
plagioclase contacts in olivine-gabbroic rocks.

A very characteristic feature is the development of a chlorite-actinolite-
serpentine rim?%) along the dyke contact. Within the dyke rock the most
common product of alteration is prehnite, but chlorite, clinozoisite, garnet,
diopside and other Ca-Mg-rich minerals are also present. Again, the iron rich
garnet develops near to the contact with the ultrabasic neighbour (compare
w. fig. 11).

Clontacts enstatite| plagioclase

The rare enstatite grains found in feldspathic rocks are always altered and
usually only few remnants are left. The reaction products are actinolite which
is surrounded by a finé rim of Mg-rich chlorite (* clinochlore). Fig. 13 shows
the result of this process in a less advanced stage.

All “autometamorphic” reactions described here have the following in
common :

a) the products are assemblages of very low grade metamorphic minerals;

b) a close relationship seems to exist between the “autometamorphic” reac-
tions and rock deformation;

¢) the reactions seem to have taken place in the same environment as the
serpentinisation of ultrabasic rocks, which reaction is also strongly related
to deformation.

5) Minerals mentioned in the order as they occur from dyke towards host rock.

Ophiolites in the Oman Mountains Geosyneline 19

Fig. 13. Reacti i ; inoliti
g. 1: chtu)]nl rim of l'l.(‘.t.llll)llt-lc h_m'nhlnmln and chlorite (clinochlore?) along the enstatite/
anorthite contact in a eueritic gabbro. Sample Rht 252. Crossed polarisers

Fig. 14. Large block of coarsely grained layered olivine gabbro (dark “migmatite™) imbedded

in fine-grained diabase. Wadi Andam, Central Oman Mountains.
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subvoleanie level of the ophiolite sequence. ]*‘hmgme;tﬂ nt)i"
7 i i 't ite-ric rphyrite
odium-grained dolerite reworked in a matrix of leucocratic quartz- a‘(‘;tl aﬂl:;t;s :«:-(;idzz;p]i(};“itl_
i 'ngﬁ 9). Note partial resorption of the dark fragments by tl(‘ ight re
itk North-West of Al Misfah, Central Oman Mountains.

Fig. 15. Magmatic breceia in the

Fig. 16.

Ophiolites in the Oman Mountains Geosyneline 21
Deformation during igneous activity

Magmatic breccias

Magmatic breccias have been observed within all feldspathic members of
the ophiolite suite. As a rule the angular components of these formations are
represented by members that are less differentiated than the matrix by which
they are surrounded: gabbro fragments may be found in a dolerite or diabase
matrix, dolerite fragments in a diabase matrix, diabase fragments in extrusive
or highly differentiated subvolcanic rocks. The size of the fragments is enor-
mous in cases where gabbros and olivine gabbroic components are reworked.
Fig. 14 shows a block of layered olivine gabbro (dark “migmatite”’) surrounded
by diabase. Such blocks by no means represent the maximum size. Undisturbed
sequences of fresh dolerites and diabases on the NW side of the mountain
range include slices of coarsely grained gabbroic rocks of at least 500 m length.
Smaller fragments in the em to m size are very commonly found in diabase
sequences. The latter sequence of breccias is a regionally mappable unit that
ranges between gabbros and diabases in the ophiolite “stratigraphic column”.
A characteristic feature of this zone is the partial resorption and “secondary
assimilation™ of the breccia components by the residual liquids of the matrix.
Fig. 15 shows an example of this process in an advanced stage.

Fracturing of the coarse-grained rocks

Gabbroic rocks are commonly fractured, and one tends to attribute this
process to deformation connected with nappe transport. However, in many
instances the fractures are rewelded with undeformed and highly differentiated
dioritic to quartzdioritic rocks that are otherwise found in the subvoleanic
sequences. This suggests that important movements and uplifts occurred
while differentiation and crystallisation of the intrusive-extrusive suite was
still not complete. The largest intrusions of such leucocratic residual liquids
are found along impotant planes of décollement such as may be developed
along the contacts between gabbros and ultrabasic rocks (fig. 16).

The shear planes in the dyke swarms

Subvertical diabase dyke swarms are often cut at about 20-45 degrees hy
normal faults. The displacement may be of much the order of some metres or

Fig. 16. Intrusion of quartz-rich labradorite-porphyrite into peridotites. The leucocratic intrusive

rock is a common member of the subvoleanic assemblage and otherwise does not oceur in rela-

tionship with abyssal igneous rocks. This large dyke follows a line of decollement that approxi-

mately follows the contact between peridotites and gabbros (right-hand side of photo).
P = peridotites, G = gabbros. South of Wadi Ahin, Central Oman Mountains,
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more: in the latter case, control over displacement distance is lost. Younger

diabase intrusions follow these fault planes for some distance before they turn
back to the general subvertical dyke direetion,

The presence of garnet bearing “amphibolites”

At the base of the Semail Nappe a discontinuous thin sheet of strongly
laminated metamorphic rocks has been mapped. The rocks involved are low
grade dynamo-metamorphosed geosynclinal sediments and extrusives. Tran-
sitions to recognisable sedimentary formations are gradual, so that to some
oxtent, the origin of the metamorphic members is known. However, the
seattored oveurrence of exotic ‘amphibolites” in this unit is somewhat enigmatic.
The mineralogy and texture of these rocks show two phases of metamorphism:
a late, very dynamic phase of low grade metamorphism, similar to that observed
in surrounding sediments, and an carlier phase of very high grade recrystallisa-
tion. In cases where this first phase is well preserved, the following rock is
recognised : coarse and rather massive “amphibolite” with granular texture and
poor planar lineation (the term “amphibolite” ig, therefore, inadequate and
put between inverted commas). The composition of plagioclase ranges between
AngyAhg, and AnggAbyy and the hornblende is of brown colour. Occasional
garnet porphyroblasts of up to I em gize are surrounded by kelyphitie reaction
rims composed of an intimate intergrowth of plagioclase and hornblende.

PALROGKEOGRAPHTIC CONDITIONS DURING EMPILACEMENT

The following results from the geological investigation are relevant to the
site, the mode and the time of the ophiolite emplacement:

L. From the extension of the Semail Nappe and from a palingpastic recon-
struction of the geosyneline it appears that the site of ophiolite emplacement
was a lincar feature with a length of more than 450 km that flanked the geo-
syncline on its internal edge. The site of “extrusion” thus formed the internal
limit of the geosynclinal realm.

2, From the presence of shallow water carbonates along this zone throughout
Upper Permian and Triassic and during part of the Lower Jurassic, it is inferred
that the ophialite belt was a topographically positive feature (ridge).

3. The lack of sialic rocks associated with the Semail Nappe suggests that
the site of emplacement was well within the oveanic realm. In these areas,
gpinel-bearing peridotites of the Karth’s Mantle are thought to form a layer
about 45 km thick, the top of which is assumed to be at only about five kilo-
metres depth below sea bottom (Hess, 1962).

4. The igneous activity lasted over a period of more than 100 million years.
The oldest extrusives belonging to the Oman Ophiolites are asgociated with
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tl::se1 earlti;a.?t geosynclinal sediments of Middle to Upper Permian age - the
Zg;_ng% avas are found together with sediments of carly Upper Cretaceous

5. During the Jurassic the internal shelf platform was submerged. The
sh&llow' water carbonates were “moved” into envir(mmen{;s of )olla,gr.i . .dl'(d
m.entatlon and thus became “exotic blocks”, now found togcbtl'IOI'I“;itﬁ ) :C .
of c9loured mélange (chaotic mixture of pelagic sediments (a;(tl'llq}vl V p(j
exotic blocks. In the case of the Oman mountains strong [’)O‘;t-"(‘g)% " 'Ifm]
movements have considerably deformed the coloured mélange) S

6. At about the same time, the baginal part of the creosync]in(" was soparated
from the volcanic belt by a continuous barrier. Thi:iﬂ ilnf(srre(i fr(;11;1 /‘zh(‘ ; (J~(t
that the. younger lavas produced did not flow into the external part (’)f :Ll(‘-,
geotsynchne. They were flowing on the internal side of the hat'rierl (-m’d fr N
their palaeo-flow directions, it is inferred that thoy were f‘(’)l]()ﬁ'!il;r tr “’(:1“
parallel to the orogenic belt. This corld be an indication for the (1(‘Vi ment
of a voleanic submarine rift valley. T feveopment

7. "l‘he fact that these younger lavas now form the extrusive cover of the
Semail Nappe and that the older lavas are found exclugively in tcctor#iv unit(:
lower than this nappe, suggests that the barrier dcvelupiné in Juraqqi;- ti )
was formed by the slowly upwelling mass of peridotites and gabhros tlmt ”'nf:
form the bulk of the Semail Nappe. Figure 17 summarises the hiqto;' “““f
emplacement as tentatively reconstructed from the goological ‘an(;{ p(vtlz

graphical data. The various conclusions tl
; . ous fusions that have led t i e
discussed in the final chapter, 10 thix model are

CONCLUSIONS

Th 46 : L1 * - -
e “eversion” of oceanic basement; discussion of a new model for the emplacement of ophiolit
olites

in the Oman Geosyncline

‘Fl‘om. tl?e observations made in the Oman Mountains it is concluded that
this ophiolite suite is not the product of a single liquid-magmatie extru/' K
agsumed in the pluto-voleanic model of Rourning, DUBERTRET‘ a'nd ];;On\fm
The Oman Ophiolites represent a polygenctic association of both i rneoquf; Nd-
metamog)llife rocks. Of the igneous suite only a minor part has l‘ia(;he& t?
geosynclinal environment as a magma. These arce the mostly spilitic (‘\xéru’ni l'e
Most of the other ophiolite members such as peridotites ‘(jhe; abbx'(;q at }1?}?'
high-grade .amphibolites have been expelled from great (’lupthﬁn a q(;lid lqtaJt-e
. 'The peridotites are part of the oldest generation of the whole 'quitc‘ Tt (
is lnferrfed from the contact relationships with the gabbros which su es:c tl “:
the pefl‘l(%m;ites represented a regional frame of host rocks for tl;eggm.bbro]'gi
bas?dltl(:.mtrusions. The environment in which the ultramatic ro(-i{sg (r(*a.(*l u;i-
their mineralogical equilibrium is assumed to be of high tcmpe;t'};ttlfe '(1(;



24 1. M. Reinhardt

1400°() and high pressure (10-20 kb, correspm}ding _to 307‘(‘%0 dlf.m S:Spg:e),
(PeTERS, 1968). This is a physical environment In Whmh,1 %?(,or mgqition i;
experiments of Kushiro and YODER (l!lﬁ(_i), ‘a,t melt of basa'm tru E:;unpc:_idoﬁte;
unlikely to crystallise in the “gabbroic facies”. However_, sm(? e pe ot IH
are nm'v intruded by abyssal, hypabyssal and h‘.ubvulcam(; gab 1;01'0 ro;‘.a. ,thi(‘k
thought that at the time of intrusion (gmsynchn;:l plmsu.) tlus); ‘01:1;( hmug};t
layer. close underneath the geosynclinal floor. \rT\r hatuve-l rilecmj]r.li., m brougat
t}{em up from the sitec where they had reached mmeralog.lca cqult 1})1 m o the
gite where they were intruded by gabbroic mcl.t., A long ‘mmc must.} lf“i ' ;,OJ:n(i !
between their ¢rystallisation and the gabbroie mt{'u&uc.ms. f)n ;,Sf, ibln.oi;:
it is thought that an age hiatus separates the pendotlt.es“f‘um nl:af bbrot
suite. The peridotites are thought to be at !(aast. pl‘B-N[ld'( o Perr ! be.u.i%l.

The volumetrically unimportant but l]llltﬂ- clmmct‘ermtm.garlae . ,cThigH
amphibolites could also be rocks derived in solid state hl'um fl-eat ¢ fl)m;r e
is inferred from the fact that similar rocks are usually found in metamory

8¢ ences 1(‘ IH e “l(’ } - J](](i(‘ 411 1 IE‘ acies alld 1 tl e h()]ll-
]h bO]l d 1 I ]
& (]u nees aeve p d 1 n h]g é‘ ]

blende granulite facies (Scnain, 1967). .

The kelyphitic reaction rvims surroundmg the garnet hyroblasts b
likely to be a result of the transition fron} higher grade presmu‘e:ﬂ ‘u‘ I])“litionu;
conditions of the hornblende granulite facies to the more m();.lelta ( (,OM. mrv(_l
of the amphibolite facics. If this is so, tl'lesu 1‘(_)(:1{3 display features acquire
during their migration up to the geos‘y?clma] floor. l L altic

The relationships between the various membets of tle gat_ " n 0; i
igneous suite suggest that thiy a.}re all p(rioc;u::s( ::;;tgzli‘iﬁl:: ::(.kg ' one

agma — they may thus be regarded as consang g rocks
SSEE:“HTWZW" the wide variation of igneous f'a,clfss (abyssal, lllly}(i&::zts::
étnd extrusive members) strongly suggests that they did 'r\()t"cryﬂflaBliUNN in
a small range of depth. Contrary to ROUTHIF_:R, |)I,‘TBE]jt[‘RfuI‘da1tl‘ S e
tend to interpret the, considerable differ(:n(:'es in grain size im ‘ (i(t 1]1: J EOI()gi-,
expression of crystallisation Ltti widel.y Va:‘?t.n%r’, (11:;512?;\, 2’1?:;{11(;;3; b(,;;wi{;n -
cally Teasonable to attribute t-m “‘-mlgma itic f ;La”isat.i(mjexceeding
plutonic gabbros and the peridotites t”,a depth‘ 0 (rvq fisation oot g
i rtres. B hese rocks there are petrographically gra ual itic
:c()) E:L.O(I::';E‘Ilf;—vgl:lz:hurs. Within this suite, the mechanism of differentiation

has led to the.following situation:

porphyroblasts are

. s o and
the abyssal members are relatively poor in silica, rich in magnesium

i Their ical cquivalent is not known amongst
have a ‘“‘dry”’ mineralogy. Their chemical cquiv

the subvoleanic rocks and extrusives,

- 5’ [ ].IQS.
bhﬂ"owf‘l l()(:k tr s Han(l I&U(lfj are moro &L(,l(l an(l ]l(/h in mron &Ild V()]a;t
\J J L: b ¥ O r am lg 1
_].h(/ , 1n tur 11, ha;ve A (‘JJIIIpOHlth‘n WhlL}l d()E‘S |l()t C¢Ccu o rat, l k L]

abyssal members,
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— there is thus a dircct relationship between the stage of differentiation and
the depth of crystallisation inferred from petrographical evidence,

— the dolerites and diabases seem to bridge the gap between these extremes
in terms of both chemical evolution and depth difference,

— the extreme anorthite-cucritic mineralogy of the gabbros strongly suggests
that their chemical composition is not “normal basaltic”. If one assumes
that the igneous suite developed from a basaltic magma, then these gabbros
have also to be regarded as differentiated members. The normal basaltic
composition of the original magma was intermediate with reference to the
differentiated end members. The linking diabases best match the chemical
composition of a basalt,

— large quantities of fragments of abyssal igneous rocks and phenocrysts of
the abyssal ““facies” are reworked in rock types of successively shallower
“facies”. This suggests that large amounts of solid matter have been dragged
from depth into the shallower environments of the gradually more acid and
volatile rich residual liquids. Tt also suggests that during the uplift of
abyssal gabbroic members igneous activity was not interrupted. Clontinuous
intrusions and subsequent differentiation produced the younger more
differentinted members in which the uplifted fragments became reworked.

The process of differentiation seems, therefore, to by elosely linked in space
and time to the mechanism of emplacement. Strong movements of uplift are
combined with a prograding evolution of the magma. Based on these obser-
vations and on the conclusions concerning the palaeogeographic conditions,
the model of an ““oceanic ridge s. 1" has been tentatively chosen as a possible
approach to illustrate genesis and cmplacement of ophiolites in the case of the
Oman Mountains Geosyneline,

Ocean ridges are the site of basaltic igneous activity. The vertical attitude
of an abyssal fissure along the ridge that is filled with injected magma, allows
for a rather unrestricted upward circulation of volatile matter contained in the
undifferentiated magma. The emission of large quantities of gas at the surface
(nearly all cxtrusives are vesicular) will encourage cooling in the upper part of
the fissure. As a result of this, both temperature and chemical composition
are likely to differentiate in a vertical direction. The rate of upward diffusion
of some components of the magma such as iron and sodium may be increased
by a strong temperature gradient. In addition, fractional crystallisation does,
of course, also contribute considerably to differentiation of the gabbroic suite.
The rocks crystallising along a large voleanic vent are thus likely to become
differentiated into plutonic members at depth that have a different compo-
sition from the members near to and at the surface. Provided there is sufficient
time available for differentiation to take place (very slow cooling), each depth
level within the fissure will be characterised by a certain limited stage of
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magmatic evolution, which is preeisely the situation observed in ophiolite
sequences.

In addition, oceanic ridges can be regarded as epidermal features created
by the uprising columns of mantle convection cells. The hypothesis of gradual
spreading of new crustal material away from the ridges has gained support
from palaeomagnetic measurements (Vine, 1966). The ridges can thus be the
sites of occanic crust generation. By analogy, one may regard the ophiolite
emplacement as a very active phase of crust production along these abyssal
voleanic figsures, 1t is assumed here, that the piling up of large ophiolite masses
during the geosynclinal phase is the result of a high rate of upwelling in the
Upper Mantle that is not sufficiently compensated for by tangential transport
away from the ridge.

Figure 17 itlustrates the various phascs of emplacement envisaged. In
figure 17a the situation during the early geosynclinal phase (Middle Permian
to Lower Jurassic), is shown. The basinal parts of the geosyneline are flanked
on their internal side by a shallow water carbonate platform. Kxtrusives pro-
duced on this platform flow into the basinal arcas. Frosional products from
the internal shelf (shelf talus, oolites and voleanic debris) are transported into
more external areas of sedimentation. It is assumed that during this carly
stago, gabbros alrcady crystallised at greater depth within the frame of the
older, ultrabasic host rocks.

Figure 17b shows the situation as developed during Jurassic times:

the internal shelf is submerged and becomes a sheet of large exotic blocks
associated with the extrusives and pelagic sediments. The voleanic belt is
also submerged and a voleanic rift valley is assumed to have developed.
The arrow indicates the movement that could explain;

— slumping of cxotic blocks because of increasing steepness of the shelf slope,

— development of a barrier between the voleanic belt and the hasinal part of
the geosynceline, -

-— uplift of plutonie rocks that have crystallised in the abyssal fissure at an

carlier stage (fig, 17a).

Fig. 17¢ shows a further step of the emplacement. Products of deepseated,
plutonic cerystallisation have been slowly uplifted and brought into environ-
ments where finer grained rocks crystallise. The increasingly more differentiated
products present in thesc shallower levels cover the plutonic rocks to form the
well known zonation of the suite. As the uplifted rocks approach the surface
they finally become covered with layers of extrusives. It should be remembered
that the products of shallower crystallisation are assumed to be differentiates
of younger magma that is continuously supplied from depth during the expul-
sion of already crystallised rocks. On the way through the shallower levels of
the oceanic basement the solid rocks are fractured. As a result, fine-grained
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hypabyssal and subvoleanic rocks crystallise along the fracturgs to fo?m ldykes
and the matrix of magmatic breccias, Further movement in the.n._ldmstt:ed
direction removes the suite from the environment of igneous activity. The
“gversion of oceanic basement” has created an ophiolitic sequence that now
forms a type of oceanie crust. ‘

Figure 17d illustrates the emplaced ophiolite mass shortly be'efnre the oro-
genic movements led to the formation of the nappes, A hypothetu‘:al low.?«ngle
thrust plane indicates the base of the future Semm? Nappe. "]he (')phfohte
nappe, after transport and partial erosion, is schematically outlined in hg}lr(&
17¢. On its way, it has overridden the exotic blocks, the ear-ly geosyl'wlmlal
extrusives and the basinal sediments of the geosyncline. On its bq,(’k it still
carries the delicate voleanic structures developed in carly Upper Cretaceous
time. .

The model discussed here also provides a Sat,isfactor).( solution to t.hu prob-
lem of strong “autometamorphism” observed in ophiolite gabbros, g\uch pT'o-
cosses could be interpreted as the result of the transport of crystallised rocks
up the still active igneous fissure. The close association of st-ro'ngly alt.cjred
gabbroic rocks with the beautifully preserved and unaltered jbasu: extrusives
as well as with unmetamorphosed sediments suggests th:.a,t 'th}&.; '?ype of metzfi-
morphism predates the geosynclinal phase. In this casc similarities may aga:1.r1
be found on the crust of modern ocean floors: MeLsoN and VAN- ANDEL (l?lfm)
have reported the presence of “grecnstones’” composed nt.“ epldott;, ('hln‘rlt-ei
actinolite and albite along the Mid-Atlantic Ridge at Latitude 22 N. (AN}\
and FunyiLL {1967) dredged various samples of uralitised gabbros and amphi-
holites on the Palmer Ridge. In hoth cases it has been concluded thalt meta-
morphism took place at depths exceeding two kilometres and that considerable
tectonic activity was necessary to expose these rocks on thc' ocean 'ﬂoor.

The “spilite problem” also appears in a new tight if csoniudered‘ in connec-
tion with large scale differentiation in an abyssal fissure. From direct obser-
vations on modern floors (e. g. ENGEL ct al., 1985) it appears that. the con-
version of basaltic lavas to spilites is not the “usual fate” of submarine fa.xtru-
sives. The reactions with sea water are thus not a dominant fa.ctor in the
petrogencsis of spilitic rocks, “Secular” alterations are also unlikely to be
respongible for the gpilitisation since spilites are well knm'vn .amo.ngst mo.d-ern
submarine extrusives (HEKTNTAN, 1968), In addition, the distribution of sy‘nlltes
in the Oman Ophiolites is not restricted to extrusives. A lar-g.e proportion of
the subvolcanie rocks in the vertical dyke swarms are also spilites. 'Ijhe oceur-
rence of these rocks is therefore likely to be the result of advanced dlﬁ'erf*ntla,-
tion rather than the result of subaquatic alteration. Probably both primary
crystallisation from hydrous residual liquids as well as secondaryf altera:“;m.n
by uprising sodium and volatiles are important factors in the genesis of spilitic
rocks. AMSTUTZ (1968) has presented good arguments to suggest that a large
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part of the “true spilites” are crystallisation products of a primary magmatic
differentiation. Considering the possible size of an abyssal igneous fissure of
which only the top part is finally involved in the formation of the ophiolite
nappe, the quantitative aspect of concentration of volatiles and sodium is not
a serious problem. The dominant condition is that enough time is allowed for
differentiation on a very large scale. This, in turn, demands a very high geo-
thermal gradient during the geosynelinal phase in order to prevent chilling of
the upper part of the magma chamber, where the spilitic residual liquids
continuously collect.

Finally, the world-wide association of cherts with ophiolites ((RUNAU, 1965)
may be duc to the fact that the sources of silica were large “ophiolitic" magma
chambers, the top parts of which were in dircet communication with the
oceans. Nimilarly, as in the case of spilite genesis, the quantitative problem
may be solved by assuming an intra-telluric differentiation of much larger
amounts of basaltic magma than are now visible in the ophiolite suite,

There are thus quite a number of reasons for comparing an ophiolite belt
with an active igneous fissure along an occan ridge-system. On the other hand
we are fully aware of the difficulties involved in the evaluation of the mechani-
cal aspeets of emplacement. To quite an extent this is a problem of scale and
of time similar to those encountered in cases where deep parts of continental
basement are involved in the formation of nappes.

In both instances the source of mechanical energy remains hypothetical
because it escapes direct observation. Therefore, the proposed model is only
an attempt to approach the ophiolite problems from a new direction. More
geophysical and oceanographic research in the coming vears will help to refine
the picture that here has only been sketehed.
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Etude comparative des diverses manifestations du
volcanisme préorogénique au sud de Chypre

N ) . . .
Par Georyes Rocei ot Henriette fa piierre (Nancy) *)

Avee 3 figures ot 2 tablewux dans v tox Lo

Résumé

La compuraison porto sur deux ensembl

es voleaniques apparemment. s ;
R L : g snblables )
trés différents on réalite. ' ibles maiy

: Le promicr fait partic du groupe de Mamonia. Les laves 8 strue-
tm‘lﬂ en pillow-davas largement développdes, eomprennent des trachytes adeali ' lt\l
latites, dos andésites, dos lubradorites, des basaltes ot des picrites, Cos rn.che‘-w H ui o '“ .
transformdos ot passent. i des laves i pseudomorphoses e Titer ot esocidon
& des wédiments siliceux ot earbonatés ’ge triasiquoe.
Le gecond ensemble est Ia partic mdéridionale

t des spilites, Klles sont assocides

da grand ynassil pluto-volean]
Troe Sroomd o \ i ; _ a1l pluto-voleanique du
dos-Kelluki. La ganune des laves on prodominent aussi les pillow-lavas est us

re?t:ruint:s: labradoritos, basaltes o pierites. ainsi que des laves transformédes of (
spilites. 1."age n'est pas conmut, muis probahlemoent erdétacs. ‘ - e e

Le vol?nmsrnc préorogénique de Mamonin est alealin sodi-potassinue tandis que eeluj
de Kellaki ost ealeoalealin, Une opposition apparnit done enire une sdrie phiolitique
(Trootlus—Kulluki) et une wério hybride (Manionia) 4
attribuds & U'influonco de In traversée d'un socle
le magma busique initial.

ophiolitique
dont. lew caractéres originaux sont.
dont on retrouve les fragments — par

INTRODUCTION

L’Ile de Chypre, située au carrefour de trois continents: africain, asiatique
et européen, est formée de trois grandes unités géologiques et ntruct!uralo‘! C lll;
sont du Nord au Sud: la chaine ctiére récente do Kérynia, la plaine ua,ti -
na,ire’ de la Mésaorée ct le massif pluto-volcanique du T;ood;)s (fig. 1) e

L’un des traits dominants et le plus original de sa géologic est -]e grand
développement du voleanisme sous-marin caractériss par d’abondantes laves
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