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Ophiolite obduction mechanism 

w. K. Gealey, 
Chevron Overseas Petroleum Inc., P.O.Box 7643, San Francisco, CA 94120 , USA. 

Abstract 

Many of the major Phanerozoic ophiolite belts of ·the 
world appear to represent the forearc limb of an island arc 
which collided with the passive margin of a continent or 
continental fragment. Their present structural position at 
continental crustal level results from underthrusting by 
continental crust and their subsequent up I itt as the con
tinental crust moved to isostatic equilibrium. Metamor
phism to blueschist or greenschist facies of rocks in the 
footwall of the obduction plane indicates that obduction 
proceeds at depths up to, perhaps, 20-25 km. Pre
collision convergence of the continent and island arc is 
accomplished by subduction along the Benioff Zone. 
Post-collision obductfon takes place along a separate 
master fault developed as the continental crust and its 
sedimentary cover interact with the dence oceanic crust 
and mantle in the forearc portion of the arc edifice. Ophi
olite belts believed to have developed by the above 
mechanism are the following: Oman, New Guinea (Main 
Oph iolite Belt), New Caledonia, central Palawan (Philip
pines), Northwest Alaska, Bay of Islands Complex (New
foundland) , Cuba, Villa de Cura (Venezuela), Rocas 
Verdes (Chile), Cyprus and the Ura ls. 

The foregoing major ophiolite belts produced by arc
continent collision are distinctly different in their evolu
tion from the numerous small, partial ophiolite sequences 
occurring in subduction complexes, for instance, the 
Franciscan terrane of California or the Uyak Complex, 
Kodiak Island, Alaska. These latter are slivers of oceanic 
crust which have been sliced from the undertrhusting 
oceanic crust, transferred to the hanging wall of th e Beni
off Zone and incorporated in the melange. 

General model 

The inference that the forearc limb of island arc structures 
is composed of oceanic crust, whe,n combined with 
known evolution of a number of collisional areas around 
the world, leads to the conclusion that the majoJ:_ophiqlit!'! 
~.eJ~s ... t:Jai/J~ .. .l~sw1t~d_lr:t. .. ii 1L .. cases .. from::-Wide rthrusting of 
i~lar1starcsby pas .. ~ ive contine~otal.rnargi.o~. Geophysical 
data directed to determining crustal st ructure of forearc 
areas are few. However, those available, from th e forearc 
~r-~_<!._off Java and Bali (Curry et al.,1977) and from tfie 
forearc underlying the Weber Deep , eastern Banda Sea 
(Purdy et al., 1977), indicate them to be floored by ocea
!:1.\<:: .~.r_ust. Dickinson and Seely (1979);-inthelr analysis-Of 
forearc basin structure, conclude this to be the case in 
many, probably most, ·forearc areas. 

Given that the forearc portion of island arc structures 
is ocean ic crust, collision with a Q..assive_cont..ioental mar7 
gir:J pro9_~,J_ces an obdu~}:~(fo_p~_Iql.it~ ~ehby unper~tuffj_ng 
of light continental cru st under the forearc limb of the 
rsrand .. arc structure .. along t.h .. e Benfoff Zone '"ana· subse
qu"e nt jj~J.Iff !(). ~.Q~ti-neOJal ~ l eve..r~:~(Jf.._tfi~_-o.c~ani c~ crusta I 
ffoor of the . fore~rc .basement when s.ubductio n .ceas.es 
and isostatic uplift bri_ngs ttl§ l:Jnd_erthrustcontinental slab 
to· eguilibrium positio rJ. · · 

The post-co llision geometry o f major ophio lit e belts 
shows a re lationship between co ntinental crust, subdue-

tion complex, ophiolitic slab, and foreland sediments that 
requires very specific emplacement mechanism. Figure 1 
shows these relationships as deduced from what is known 
in Oman, one of the best preserved major ophiolite belts 
in the world. 

PERIPHERAL FORELAND 
BASIN ROC~S 

PELAGIC$ 

Fig. 1 Spatial relationship of geological elements 
developed during ophiolite obduction. 

In general terms, the collision produces a basement 
of__c_s>.Il.!in~ental. G~ryst. uild:ei:a·sequer]C~~ of .. t:151P·Pe""s orcrrfep 
ocean sediments, in turn under the ophiolite sfa5:Tor·e~ 
~~~ridj'eg irrien_!.s derived from "tf)e coJfisionaf or_ogenrecora 
the emplacement sequence_. Oldest debris is typically thaf 
derived' from the advaQ.cJf"lgdeep~ ocean nappe sequence, . 
fo llowed _l_!Py."a.rQ. QY. g_e~risf_rom the abd-ucting ophiolite 
slab. The order in which th e various lypes of clastfcs :. 
appear in th e section indicates the order in which the dif- .' 
ferent units are tectonically uplifted to sea level to 
become sou rce areas. 

The above relationships are produced by a two-stage 
mechanism. EariL.iD .. Jh~ ~glli sion process, continent~! 
yrljst .. unde~t_t"]rust s the subduction corri'plexof dee[J water 
sec!] ments oc<;·0-p0ng fne.leadi""ng edge of th .. e forearc limb. 
T~j~ _l.JncJ~rtt:nustiog}akes place along the . pre~existing 
Beni_Qff_ ?;on_~· Later in the collision p-rocess, wh en conti ri
~rlfa l crust underthrusts far enough to interact with dense 
mantle rock underlying the forearc limt:i, a new 'regionai 
ta,ult, th.e obdl.J<:;ti on plgne._, b.reaks ttir-ou!::l~.- a.J>ove .ffi~ . 
Benioff, resulting in underthrustir'1g of subduction com
"plex roc-ks under the forearc linibopilio liti .. c-basemen!. At" 
·this time, rocks from th~ un~derthru~ting continenfaT~Iate
may be transferred to the hanging wall 6fthe.9bduction · 
plane, as, for instance," happ.ened lri Oman to prOduce a
discontinuous-zan§ of §J.<o~c · fn:igrrients jusf aboire th-e 
obduction plane. ' .. .. .. _ - . ... . . . .- ... 

The above sequence of events results in the colli
~ioQal _ _geQmetry of conti nental crust with its related"Sedl- · 
ments, overiain· -by ... deep sea se<li'mentS;-overlaTri-bY" an 
oph io-iite slab, which appears to be the unTvers.aJ sigriature 
of an ?rc~coo}inenLc.0lJLsi()nJigure~2 sliows the general· 
model. For illustration of the postulated evolutionary seq
uence leading to arc-contin ent collision geometry in 
Oman, see Gealey (1 977). 

In some collisional belts, substanti al fragmentation of 
the underthrusting continental basement may occur, 
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Fig. 2 Model showing relationships expected to develop 
during arc-continent collision. Legend same as Figure 1. 

producing basement upthrusts, seen for instance in the 
Swiss Alps (Aar Massif) and under the frontal zone of the 
Ouachita foldbelt of Texas (Waco Uplift; Nicholas and 
Rozandel. 1975). 

A metamorphic aureole is developed immecli~tely 
belowffie.base ottlle ophiofiie slab iri a·numberof obd.uc; 
Han· areas. for instance"n6rthern Oman (AIIemann and 
Peters, 1912) and Bay of ls fands Complex, Newfoundland 
(Malpas et al., 1973). The metamorphi cs reach upper 
amphibolite stage locally-;- are of limited thickness. and . 
-~fraae- Tnv·ersefy · dow-nward ·· through · greenschist into 
uninetamorph¢sE;!a _seaimerit. . As · concluded by Mal pas. 
et al. (1973), their origin appears to depend on jux
taposing of hot manTieln--the-·hariging wall, brought rap-
Idly up· trom- m-uch--greater.depth arii:fhigher .. temperatl.ire· 
-reg ime· auring fhe - obCfucUO"n- process; "pfuS, -perhaps;· 
some ad_dit_tqn_anieat ccir~t.ri~~ted _by - lci"c~Ui-Jdional hea-t7 
·ing alo~9 t~eobdu~fioii __ plane.. · - · 

Examples 
Regional considerations suggest that many, if not most, 
of the major ophiolite belts worldwide have resulted from 
arc-continent collision as described. The following sec
tion discusses the regional relationship leading to this 
conclusion. 

Oman 

A geological model explaining the evolution of the Omal) 
Mountains in terms of an arc-continent collision was 
developed in detail in Gealey (1977) and will not be 
repeated here. 

New Guinea 

The Main Ophiolite Belt of New Guinea has been for some 
time considered an example of an arc-continent coHision 
(Dewey and Bird, 1970; Davies and Smith, 1971 ). There is 
ample evidence for the collisional event, although subse
quent superimposed volcanic and tectonic activity has 
complicated the picture. 

Figure 3 shows the regional geology involved in this 
arc-continent collision. Main elements are: 

1. The north margin of the Australian continent. a 
passive margin from Jurassic to Lower Tertiary, along 
which a sequence of marine shelf-slope-and-rise clastics 
many thousands of metres thick .accumulated. This belt, 
now strongly deformed and in part metamorphosed to 
greenschist facies (Davies. 1968; Visser and Hermes, 
1962; Davies and Smith ; 1971), comprises much of the 
southern part of. the main range of New Guinea. 

2. The Main Ophiolite Belt immediately ,to the north, 
exposed discontinuously from the south end of Geelvink 
Bay to the east end of New Guinea. Davies and Smith 
report that two K-Ar ages on gabbros from this belt in 
eastern New Guinea are 147 and 150 m.y. 

3. A sedimentary and volcanic belt constituting the 
northern part of New Guinea between the Main Ophiolite 
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Belt and the north coast. In western New Guinea (Irian 
Jaya) the Auwewa formation, although exposed in rela
tively few areas through the cover of younger sediments, 
appears to underlie an important part of this belt The 
Auwewa formation comp rises a lower part with predomi
nant volcanic roc ks consisting of basalt and spilite, vol
canic breccias, tuffs, and tuftites, with subord inate 
intercalations of limestone near the top; and an upper part 
in which calcilutite predominates over volcanics. The 
limestones often contain abundant pelagic foraminifera 
and occasionally larger benthonic forams (Visser and 
Hermes, 1962). Age of the younger part is Late Oligocene 
and Early Miocene at the type locality east of Geelvink 
Bay, but farther east , associated with basic extrusives. 
cherty pelagic limestones and cherts at one locality carry 
faunas of Eocene and Paleocene age and one sample is 
dated Senonian. 

In northeastern most Irian Jay a, near Hol land ia, the 
Auwewa consists of spilites, andesites, tuffs and tuffites 
with intercalated pelagic limestones of Ol igocene age and 
shoal limestones of Late Oligocene and Early Miocene 
age. Graywackes and subgraywacke sandstones are also 
prominent. 

In eastern New Guinea, Davies and Smith report that 
Eocene tonalites (50-55 m.y.) intrude the northern part of 
the Ophiolite Belt, and that andesitic volcanics associated 
with cherty limestone containing Eocene planktonic fo·r
aminifera overlie basalts of the Ophiolite Belt 

Although much geolog ical mapping remains to be 
done in northern New Guinea. I concl ude that data pres
ently available suggest strongly that the sedimentary and 
volcanic belt north of the Main Ophiolite Belt represents a 
Paleogene-Early Neogene forearc basin over most of its 
extent, adjoining a volcano-plutonic belt represented by 
the andesites near Hollandia and the tonalites and andes
ites of eastern New Guinea. Age of the oldest pelagic 
limestones, associated w ith the basalts believed part of 
the ophiolite sequence, is Upper Cretaceous. I surmise 
these were deposited on oceanic crust that was later 
incorporated into the forearc structure when the arc was 
formed to the north of the Australian continent, probably 
in concert with the beginning of spreading between Aus
tralia and Antarctica about 55 m.y. ago. I interpret the 
deep water limestones with volcanics of the Auwewa for-
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Fig. 3 New Guinea. Distribution o f geological elements 
in relation to the Main Ophiolite Belt. 
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mation in western New Guinea to be forearc basin depos
its. 

Figure 4 illustrates schematically the relationships of 
the three belts described above. 

First evidence of the arc-continent collision in west
ern New Guinea (Vogelkop) is registered by deposition of 
the Sirga formation, of Oligocene and Early Miocene age, 
a wedge of quartz sand, locally conglomeratic, derived 
from the north. Visser and Hermes relate the Sirga to 
compressional movements of loWer Late Oligocene time. 
It is the first recognized foreland deposit developed dur
ing collision. 

s N 

~ ~~:::i"1st~.~.~rm.wiCto; ~ C!::J ~ .. ~ ,0~~ .. ·= - t-PHI0\,11';[ 

-~ ~~ss~~t~~~~ .. I~~~~I·~~ wi.,.~ ~MIG~ ~/Lt>w T "-!UUIOR,....,t<::5 E..!..:::J tO~fllltNTAL Cll'u ST 

NOr TO SCIIL E 

Fig. 4 ·Schematic section across the New Guinea Mobile 
Belt, interpreted as result of arc-continent collision during 
Oligocene and subsequent plate margin activity along 
north coast (modified after Visser and Hermes, 1962). 

In easternmost New Guinea, Davies and Smith con
clude that the collision took place in Early Eocene, based 
on rad iometric ages of 50-55 m.y. f or hornblend e granu
lites in the thrust zone and for tonalite intrusio ns in the 
upper p lat e. However, they observe that t here is no record 
of Lower and Middle Oligocene clast1c deposition there, 
whereas an eastern landmass began to emerge in Upper 
Oligocene w hen clastic sediments aug mented by andesi
tic volcani sm were poured into the A ure Trough. I con
clu de that this emergence marks the actua l collision 
during Oligocene and that the earlier dates re late to sub
ducti on activity t hat p receded it. 

After colli sion, p late boundary act ivity jumped t o the 
north side o f the arc. an d subsequent activity appears t o 
have included a period of subduction on a south dipping 
Benioff a long th e north side of the we lded arc, res ulting in 
ca lc-al ka line vo lcanism, the Highlands Vo lcanic Province, 
t hat developed within the co llisionary zone during part of 
the N eogene (Johnson et al. , 1978), foll owi ng whi ch 
plat e inte raction changed t o a left - lateral transform mode 
that continues at present a long the north margin of Irian 
Jaya. A second arc collision on a north dipping subduc
ti on zone is now is progress between eastern N ew guinea 
and the western part of the Bismark Arc. 

Figure 5 is a diagram o f re lat ionships leading to the 
Oligocene arc-continent collision. 

New Caledonia 

The geology of New Caledonia is similar to that of N ew 
Guinea in th at a major oph io lite body was emplaced 
la rgely during the Oligoce ne. I conclude this t o have 
resulted from collision of an inactive arc that o ri ginated 
from the marginal part o f th e Australi an continent with th e 
same arc that was involved in the O ligocene collision in 
New Guinea. Un like New Guinea, which appears t o have 
developed as a pass ive or transform marg in from Early 
Jurassic to Early Tertiary (Hamil ton , 1977), N ew Caledo
nia exhibits a sequence of sedi ments and ig neous rocks 
of Perm ian to Cret aceous age t hat appear to have deve
loped along an active ly subduct ing margin (Guerange et 
al., 1977). 

w. K. Gealey 
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Fig. 5 Interpreted Paleogene plate tectonic evolution 
leading to arc-continent collision and obduction of the 
Main Ophiolite Belt, New Guinea and the ophiolite 
masses of New Caledonia. Position of the continents and 
continental fragments are those of Crook and Be/bin 
(1978). 

Figure 6 shows the relationships of the geological 
belts of New Caledonia and the Loyalty Islands that indi
cate development by arc collision. Timing of the culmina
tion of collision is very accurately recorded by some 
areally limited exposures of Oligocene to Early Miocene 
foreland deposits along the southwest coast. The lower 
part of this seq uence, some hundreds of metres thick. is 
fl ysc h that inc ludes arenites co mposed of plagioclases, 
aug ites, fragments of volcanics and c hert and sha les wit h 
a chemical co mposition very close to that o f basa lt. T ow
ard t he t op, the regular layerin g gives way to a disturbed 
complex with olist ost romes derived f rom the lower part of 
th e same sequence. Because of poor preservation o f 
pl anktoni c fo raminife ra along wit h reworked Eocene 
Rad io laria, age of th e lower part of th e seq uen ce has no t 
yet been determined. Better preserved benthic foraminif
era toward the top are of Upper O ligocene-Lower Mio
cene age, accom panied by reworked Eocene species. 
This lower part of t he O ligocene-Lower Miocene sequ
ence is interp reted as synd epositional with ophiolite 
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Fig . 6 N ew Ca ledonia. Distribution of geologica l 
elements. 
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obduction (Coudray, 1977). Its basalt provenance indi
cates that the obduction process had already advanced to 
a stage where oceanic Layer 2 crust was exposed above 
sea levels. 

The upper part of the Oligocene-Early Miocene sequ
ence. the Nepoui Formation. consists of 120m of subhor
izontal sediments. The lower part, 30 m thick, is a detrital 
unit of silicified peridotite conglomerate. arenites and 
lateriti c clay that appears to be an alluvial fan deposit. 
Overlying is a 40 m carbonate unit grading upward from 
continental through supratidal dolomite and gypsum and 
intertidal shelly and coral limestone t o subtidal mud
stones contai ning gastropods and echinoids of Lower to 
Mid-Miocene age (Coudray, 1977). The entire Oligocene
Early Miocene section was subsequently broken by a nor
mal fault system with predominant N 120° E trend. 

It is clear from the above that collision and obduc tion 
were in progress in Late Oligocene and ended during 
Early Miocene. Addi tional data beari ng on timing of the 
col lision are a number of radiometric ages for blueschist 
facies rocks developed during the process. Coleman 
(1967) obtained K-Ar ages of 21 m.y. (Early Miocene) and 
38 m.y. (Eocene-Oligocene bound ary) for these and 
Blake et al. (1977) reported five additional samples with 
radiometric ages between about 30 and 39 m.y. These 
dates record subduction related metamorphism, some of 
which could have occurred during convergence of the 
island arc prior to actual collision. Hence onset of colli
sion and obduction is not precisely timed. However, its 
completion in Early Miocene is accurately determined by 
the Late Oligocene-Early Miocene sediments of the 
southwest coast. Distribution of metamorphic facies that 
relate to the collision indicate presence of an important 
post-collision dextral strike-slip fault, with at least 150 km 
offset, separating the southwestern coastal area and its 
ophiolite masses from the remainder of the island (Broth
ers· and Blake, 1973) . 

The history of New Caledonia prior to collision is 
complex. The exposed rocks consist of sedimentary and 
igneous rocks of Permian, Mesozoic and Eocene age. 
Along the west coast, oldest rocks are Permian tuffs, 
dacite and rhyolite with intercalated graywacke sand
stone. These are succeeded by T riassic sandstones con
taining much andesitic debris and interbedded dark shale 
and limestone. Jurassic is dominantly graywacke with 
some sandy limestone. Inland, Permian to Jurassic rocks 
are graywackes and shales only locally fossiliferous. 

Along the west coast, earlier Mesozoic rocks are 
overlain locally by Upper Cretaceous coarse grained 
andesitic sandstones interbedded with conglomerates. 
These are succeeded by Middle to Upper Eocene flysch. 
usually resting with angular unconformity on Triassic or 
Jurassic. Basalts and dolerites of supposed Paleogene 
age c rop out extensively in this area. Their composition 
verges on tholeiitic and some pillow structure is observed. 
They are associated with tuffs, red shales, some with 
Radiolaria, and with ultramafics. I interpret them as part of 
the abducted ophiolite sequence, their reverse re lation
ship to the overlying main ultramafic mass a result of 
overturning and thrusting during obduction . 

Inland, Cretaceous is represented by a thick sequ
ence of poorly fossiliferous deep water black shales with 
minor fine grained quartz sandstone and a few conglom
erate lenses. These are overlain with no observed uncon
formity by a deep water facies of Eocene shale, chert and 
limestones rich in Globigerina as well as co ntaining some 
larger foraminifera. This in land facies of deep water 
Eocene is tectonically much more disturbed than the 
Eocene flysch of the southwest coast. The foregoing stra-
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tigraphic summary is taken from Li llie and Brothers 
(1970) and Brothers and Blake (1973). 

Guerange et al. (1977) st ress that the Permian to 
Jurassic deposits may be diff erentiated into a more terri
genous facies with abundant carbonaceous debris and 
neritic faunas found in the southwest part o f the island 
and a more distal volcanogenic facies found in the central 
part. 

Both Paris and Lille (1977) and Guerange et al. con
sider schistose rocks th at crop out in the central part of 
New Caledonia as the oldest on the island. They appear to 
represent acidic and basic tuffs interbedded with· pillow 
basalts and cherts metamorphosed in a high temperature
/ low pressure regime to greenschist grading toward 
amphibolite facies. Rocks are undated, but Paris and Lille 
consider them to be Permian or o lder and oceanic in ori
gin; Guerange et al. consider them to be pre-Permian , 
perhaps Devono-Carboniferous, and sialic in orig in. In my 
view, these schistose volcanic rocks and cherts probably 
represent slices of oceanic crust incorporated into the 
subduction complex that underli es most of the central 
part of the island. I conclude it probable that the crustal 
structure of central New Caledonia, where the Moho is 
somewhat over 30 km deep, consists of subduction com
plex rocks f loored by oceanic crust. This appears to be 
consistent with known geology and with the gravity model 
proposed by Collot and Missegue (1977). 

The older rocks of central New Caledonia have been 
metamorphosed in pre-Senonian time to prehnite
pumpellyite, lawsonite and lawsonite-glaucophane facies, 
with grade increasing southward, interpreted to be result 
of involvement with south dipping subduction (Guerange 
et al. , 1977). A number of rad iometric analyses of these 
metamorphics have yielded ages from 159 to 128 m.y. 
(Middle Jurassi c to Early Cretaceous; Blake et a l., 1977). 

A second belt of younger high pressure/ low tempera
ture metamorphics crops out in northwestern New Cale
donia, with metamorphic grade increasing northward 
from prehnite-pumpellyite to lawsonite, to glaucophane 
to amphibo lites (Coleman. 1967; Brothers and Blake, 
1973; Paris and Lille, 1977; Guerange et al., 1977). As pre
viously mentioned, t his metamorphism, with radiometric 
ages from about the Eocene/Oligocene boundary to Early 
Miocene, resulted from involvement with the north
dipping subduction zone responsible for collision and 
ophiolite obduction during Oligocene-Early Miocene. 

rm:~~ ITIJ Sk~~ •=:~ B~ 
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Fig. 7 Schematic section across New Caledonia, in te r
preted as collision between intra -oceanic arc and arc 
developed from original active margin of the Australian 
continent. Adapted in part from crustal model of Co/lot 
and Missegue ( 1977 ). 
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Obduction mechanism 

Structure of the central part of the island is extremely 
complex. Guerange et al. report that folds in pre
Senonian rocks that were originally overturned northeas
tward during evolution of a subduction complex related to 
south-dipping subduction, were subsequently tilted 
southward so their axial planes now dip north. This latter 
tilting must have been imposed during the Oligocene
Lower Miocene collision along the north-dipping subduc
tion zone. 

Figure 7 is a schematic cross-section showing my 
interpretation of the regional structure of New Caledonia. 

Based on the geology outlined above, I interpret the 
evolution of New Caledonia as follows: 

1. During Permian to pre-Senonian Cretaceous, New 
Caledonia evolved as part of the actively subducting east
ern margin of the Australian continent in front of an 
Andean - type magmatic belt to the west. The metamor
phosed graywacke sequence of the central part of the 
island represents subduction complex rocks being 
accreted to the Australian margin along a west-dipping 
Benioff Zone, as visualized by Guerange et aL (1977). The 
Permian or pre-Permian high temperature/low pressure 
schistose rocks of this belt are slices of oceanic crust, age 
unknown, incorporated into the subduction complex 
along with the graywackes. The more markedly terrigen
ous Permian to pre-Senonian Cretaceous rocks of the 
southwestern part of the island, less deformed and unme
tamorphosed, represent an outer forearc locale. 

2. During Late Cretaceous to about Mid-Paleocene, 
80-60 m.y.a., the active eastern margin of the Australian 
continent fragmented as sea floor spread ing occurred in 
the Tasman Sea and Fairway-South N ew Caledonia 
Basin, as an arc, evolved from the former Australian mar
gin, advanced before them. Tasman Sea spreading separ
ated Lord Howe Rise continenta l crust from the present 
Australian margin and Fairway-South New Caledonia 
Basm spreading separated th e Fairway Ridge-West Nor
folk Ridge from the Lord Howe Rise (Crook and Belbin, 
1978, and Fig. 8). T his eastward expansion was accom
plished by Pacific plate consumtion westward under the 
New Caledonia-Norfolk Ridge. Seismic and magnetic 
data suggest th at the magmatic arc re lated to the above 
expansion is represented by apparent basaltic promi
nences along the Fairview Ridge that forms the west edge 
of the New Caledon ia Basin (Ravenne et al., 1977). It 
seems probable that the N ew Caledonia Basin, situated 
between the Fa irview Ridg e and New Caledonia, is a fore
arc basin related to this magmatic arc. 

3 . Subduction southwestward under New Caledonia 
ceased during Lower T ert iary, probably about Mid
Paleocene, as spreading terminated in the Tasman Sea. In 
concert with the beginning of sea floor spreadi ng 
between Australia and Antarctica in Early Eocene (Anom
aly 22), the boundary between the Australian and Pacific 
plates moved to a south-facing intra-oceanic arc that 
developed an unknown distance to the north of New Cale
donia and New Guinea. As spread ing between Australia 
and Antarctica continued, oceanic crust between the now 
dormant margin of New Caledonia was consumed along 
the north-dipping subduction zone of the arc. Collision 
and ophiolite obduction from northeast to southwest 
clear across the isla nd (Avias, 1967) commenced proba
bly during th e Oligocene and was completed during Early 
Miocene. Subduction during this event is recorded by the 
blueschist-amphibolite metamorphism with northward 
increase in grade that affects the northwest part of the 
island . 

4. After collision and obducti on, plat e inte raction 
ceased in the New Caledonia area and the new plate 
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boundary between the Australian and Pacific plates 
shifted to the north-dipping subduction zone under the 
Solomon-New Hebrides arcs, where it continues at pres
ent. 

Figure 5 illustrates the relationships leading to the 
Oligocene collision. 

IC0 

~~-4 

,........ / 
..,.G~/ 

·<~"-.j/ 
~/ 

-!'/ 
~<?:'/ 

ao'/ 0 
~ 

lr60 ll8o 

-. 

C> 

C01':1"1NENTAL 
FRAGMENT 
FRO~ ASIA 

V r() 
~'<-,--' ~ 
r ~-----

,_\ ,-, 
il-"'{1>- .. /<:.>r::f1 

~o-6 ,_, 
~-, SULU SEA 

/or$' u.: 
[}[]PERMIAN-CRETACEOUS SEDlMENT 

~PALEOGENE MELANG£ 

-OP'HIOLITE 

••• • • • BOUNDARY o:: CONTINEN'fAL BASEMENT 

----WATER D£F"TH {~€TEASI 

tzo<> 122:0 

Ia' 

Fig. 9 Regional geological elements associated with the 
abducted ophiolite of central Pa/awan (after Hamilton, 
1978). 

Palawan 

Evidence that the oph iolite exposed in central Palawan 
was emp laced by arc-continent collision is largely 
regional in nature. 

T hese regional relationships are shown in Figure 9. 
T he northern third of Palawan , the Calamian Islands, and 
the northwestern tip of Panay consist o f Permian to Creta
ceous rocks--underlain by continental crust derived, 
apparently, from the Asian mainland (Hamilton, 1978). 
This a rea cont inues offshore into Reed Bank and Danger
ous Ground, also, apparently, an area of foundered con
tinental crust (E. S_ Parker, 1976, personal communica
ti on) . The central third of Palawan is a major oph iolite 
mass. The southern thi rd is melange of Paleogene age, 
west of which is the Palawan Trench, a dormant subduc
tion zone reactivated during the Miocene. The extinct 
Cagayan arc in the Sulu Sea is presumed to be the mag
matic counterpart of the Paleogene subduction terrain 
(Hamilton, 1977). Recent magnetic observations in the 
central South Ch ina Sea have provided good evid ence 
that Mid-Oligocene to Early Miocene sp reading occurred 
there (Hayes and T aylor, 1978). 

The above reg ional re lat ionships are consistent with 
an interpretation that the Central Palawan ophiol ite was 
emplaced during the Miocene when fragments of Asian 
Continenta l crust, migrating southeast ward in front of the 
spreading South China Sea, collided with the forearc 
structure under central and southern Palawan. This 
accords with Hayes and Taylors inference that spread ing 
in the South China Sea ceased at about the same time as 
emplacement of the ophiolites on Palawan recorded the 
cessat ion of subduct ion there. 

Northwest Alaska 

Although muc h remains to be learned about thi s difficult 
area, I conclude that data now avai lable support the inter
pretation that an arc-continent co llision has been a major 
element in its evolution. 
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Figures 10 and 11 show the regional relationships of 
the various geological te rranes involved. These are: 

1. A fragment of continental crust, its northern mar
gin at the southern edge of oceanic crust in the Canada 
Basin and its south marg in at the approximate southern 
edge of the Brooks Range. Within the Brooks Range itself, 
the Paleozoic miogeoclinal cove r is co mplexly imbr i
cated. Rocks possib ly as old as Precambrian are exposed 
in the axial part of the range as a metamorphic core 
intruded by several granitic plutons of Cretaceous age 
(Patton et al. , 1977; Roeder and Mull, 1978; Beikman, 
1978). 
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Fig. 10 Nortwest Alaska. Distribution o f geological ele
ments in relation to ophiolite occurrence (after Patton et 
a/., 1977). 
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Fig. 11 Sketch gection across Brooks Range, interpreted 
in terms of arc-continent collision (modified after Roeder 
and Mull, 1978). 

Rocks belonging to the continental block are g lauco
phane bearing in a belt along the southern Brooks Range 
just north of the Yukon-Koyukuk ophiolite belt. North of 
the Paleozoic imbricates, in th e Arctic foothills, there is a 
thick Jurassic marine section of ammonite-bearing shale 
w ith clay-ironstone concretions o f Early Jusassic age, 
overlain by fl ysch-type graywacke, mudstone, shal e and 
siltstone of probable Middle and Late Jurassic ages. In the 
central and western Brooks Range, two dissimilar coeval 
facies o f Jurassic are recognized in places, a coarse clas-

W. K. Gealey 

tic facies of graywacke and conglomerate locally tuffa
ceo us, adjacent to a f ine clasti c siltstone. shale and chert 
section, in a structurally d isturbed belt. The coarse 
grained rocks were apparentl y deposited a considerable 
distance to the south and thrust northward during the 
Brooks Range orogeny (Detterman, 1973). 

Furth er north in the foothills belt , foreland clasti c tur
bidites of Early Cretaceous age show progressive north 
ward migration of the imbricating front as the orogen 
advanced (R. C. Crane, 1979, personal communication). 
The main orogen ic event affecting the Brooks Range 
appears to have ceased in about Midd le A lbi an. Subse
quent deposits of marine and non-marine Late Creta
ceous clastics in the Colville Geosyncline are better 
sorted (Detterman, 1973), suggesting to me they are post- · 
orogenic. 

2. An ophioli te belt is exposed disconti nuously all 
around the Yukon-Koyukuk Province of centra l western 
Alaska. T he ophiol ites consist of a relatively continuous 
internal zone dipping under the volcanic terra ne of the 
Yukon-Koyukuk Province, and external bod ies in the 
western Brooks Range and Rampart Belt that appear to be 
broad syncl inal remnants of allochthonous sheets. The 
observed f ield relationships in all these exposures show 
the ultramafic-layered gabbro complexes thrust over the 
basalt-diabase-chert complex, a reverse order to that ord
inarily found in abducted ophiolite slabs (Patton et 
al., 1977; Roeder and Mull, 1978). Roeder and Mull 
ascribe this reverse relationship to origin of the basal t by 
generation either within the hanging wall or footwall of 
the subduct ion zone during subduct ion lead ing to the 
arc-continent collision. 

The oph iol ite bodies rimm ing the Yukon-Koyukuk 
ProvinG€ are structurally underlain, in a regional sense, by 
a Pal eozoic and Precambrian(?) metamorphic com pl ex of 
pelitic schist, quartzite and carbonate rocks o f greensch
ist and locally amphibolite· metamorphic facies. 

3. An extensive terrane of calc-alkaline igneous 
rocks and volcanogeni c sed iments of most ly Early Creta
ceous age compose the Yu kon-Koyukuk Province (R. C. 
Crane, 1979, personal communication). 

In addition to the above relat ionships, which appear 
to me consistent w ith an arc-continent collision, the 
larger regional picture of evolution o f the Arctic area 
seems consistent with it. 

Tailleur (1973} postulated that northern Alaska. from 
the north coast to the south edge of the Brooks Range, is 
a continental fragment that r ifted from the north margin of 
the North Am erican continent in the area of Canada's A rc
tic Islands and rotated counter-clockwise in front of the 
opening oceanic Canada Basin to its present position. 
Subsequent paleomagnetic data have proved it, demon
strating that Late Devon ian and Miss issipp ian sed iments 
in the Brooks Rang e have been rotated 70° counterclock
wise since deposition (Newman et al., 1977) . 

Timing of the rifting and rotation is not fu lly known. 
The Late Perm ian -Early Tri assic Sadleroch it Format ion 
along the north flan k of the Brooks Range in northeastern 
Alaska is a c lastic wedge of locally conglomeratic quartzi ~ 
tic sandstone. siltstones and shale of nearshore deltaic 
environment. Facies re lationships indicate its source area 
to be to the no rth (pre- rota tion east; Detterman, 1973), 
implying uplift that might well be attributed to onset of 
rifting. Appearance of abundant chert and ophiolite 
debris in Early Cretaceous flysch in the Colville basin 
foredeep at the north edge of the Brooks Range indicates 
that the collision was advanced at that t ime (Patton et a l., 
1977). Presence in the Brooks Range of coarse tuffaceous 
turbidites of Jurassic age, derived from further south , 



Obduction mechanism 

Structure of the central part of the island is extremely 
complex. Guerange et al. report that folds in pre
Senonian rocks that were origin ally overturned northeas
tward during evolution of a subduction complex related to 
south-dipping subduction, were subsequently tilted 
southward so their axial planes now dip north. This latter 
tilting must have been imposed during the Oligocene
Lower Miocene collision along the north-dipping subduc
tion zone. 

Figure 7 is a schematic cross-section showing my 
interpretation of the regional structure of New Caledonia. 

Based on the geology outlined above, I interpret the 
evolution of New Caledonia as follows: 

1. During Permian to pre-Senonian Cretaceous, New 
Caledonia evolved as part of the actively subducting east
ern margin of the Australian continent in front of an 
Andean - type magmatic belt to the west. The metamor
phosed graywacke sequence of the central part of the 
island represents subduction complex rocks being 
accreted to the Australian margin along a west-dipping 
Benioff Zone, as visualized by Guerange et al. (1977). The 
Permian or pre-Permian high temperature/low pressure 
schistose rocks of this belt are slices of oceanic crust, age 
unknown, incorporated into the subduction complex 
along with the graywackes. The more markedly terrigen
ous Permian to pre-Senonian Cretaceous rocks of the 
southwestern part of the island, less deformed and unme
tamorphosed, represent an outer forearc locale. 

2. During Late Cretaceous to about Mid-Paleocen e, 
80-60 m.y.a., the active eastern margin of the Australian 
conti nent fragmented as sea f loor spreading occu rred in 
the Tasman Sea and Fairway-South N ew Caledonia 
Basin, as an arc, evolved from the former Australian mar
gin, advanced before them. Tasman Sea spreading separ
at ed Lord Howe Rise cont inental crust from the present 
Australian margin and Fairway-South N ew Caled onia 
Basin spreading separated the Fai rway Ridge-West Nor
folk Ridge from the Lord Howe Rise (Crook and Belbin, 
1978, and Fi g . 8) . This eastward expansion was accom
plished by Pacific plate consumtion westward under th e 
New Caledonia-Norfolk Ridge. Seismic and magnetic 
data suggest that the magmatic arc related to the above 
expans ion is represented by apparent basaltic prom i
nences along the Fairview Ridge that forms the west edge 
of the New Caledon ia Basin (Ravenne et al., 1977). It 
seems probable th at the New Caledonia Basin, s ituated 
between the Fairview Ridge and New Caledonia, is a fore
arc basin related to this magmatic arc. 

3. Subduction southwestward under New Caledonia 
ceased during Lower Tertiary, probably about Mid
Paleocene, as spreading terminated in the T asman Sea. In 
concert with the beginning of sea floor spreading 
between Australia and Antarctica in Early Eocene (Anom
aly 22), the boundary between the Australian and Pacific 
plates moved to a south-facing intra-oceanic arc that 
developed an unknown distance to the north of New Cale
donia and New Guinea. As spreading between Austra lia 
and Antarctica cont inued, ocean ic crust between the now 
dormant margin of New Caledonia was consumed along 
the north-dipping subduction zone of the arc. Collision 
and ophiolite obduction from northeast to southwest 
c lear across the is land (Avias, 1967) commenced proba
bly during the Oligocene and was completed during Early 
Miocene. Subduction during this event is recorded by the 
bl ueschi st-amph ibo l ite metamorphism with northward 
increase in grade that affects the northwest part o f the 
island. 

4. After collis ion and obduction, p late interaction 
ceased in the New Caledoni a a rea and the new plate 
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boundary between the Australian and Pacific plates 
shifted to the north-dipping subduction zone under the 
Solomon-New Hebrides arcs, where it continues at pres
ent. 

Figure 5 illustrates the relationships leading to the 
Oligocene collision. 
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Fig. 9 Regional geological elements associated with the 
abducted ophiolite of central Palawan (after Hamilton, 
1978). 

Palawan 

Evidence that the ophiolite exposed in central Palawan 
was emplaced by arc-continent collision is largely 
regional in nature. 

These regional relationships are shown in Figure 9. 
The northern third of Palawan, the Calami an !stands, and 
the northwestern tip of Panay consist of Perm ian to Cret a
ceous rocks.~ underlam by continental crust derived, 
apparently, from th e Asian mainland (Hamilton, 1978). 
This area continues offshore into Reed Bank and Danger
ous G round, also , apparent ly, an area of foundered con
tinental crust (E. S. Parke r, 1976, personal commun ica
tion). The cent ral third of Palawan is a major ophiolite 
mass. The southern third is melange of Paleogene age, 
west of which is the Palawan T rench, a dormant subduc
tion zone reactivated during the Miocene. The extinct 
Cagayan arc in the Sulu Sea is presumed to be the mag
matic counterpart of th e Paleogene subduction terrain 
(Hamilton, 1977) . Recent magnetic observations in the 
central South China Sea have provided good evid ence 
that Mid-Oligocene to Early Miocene spreading occurred 
there (Hayes and Taylor, 1978). 

The above regional relationships are consist ent with 
an interpretat ion that the Central Palawan oph iolite was 
emplaced during the Miocene when fragments of Asian 
Continental crust, migrating south eastward in front of the 
spreading South Ch ina Sea, collided with the forearc 
structu re under central and southern Pal a wan. Thi s 
accords with Hayes and Taylors inference that spreading 
in the South China Sea ceased at about the same time as 
emplacement of the ophiolites on Patawan recorded the 
cessation of subduction there. 

Northwest Alaska 

A lthough much remains to be learned about this d iffi cult 
area, I conclude that data now available support the inte r
pretation that an arc- continent collis ion has been a major 
e lement in its evolution. 



Obduction mechanism 

adjacent to fine clastics and cherts suggests that an ocea
nic area was still present between continent and island 
arc at that time. Triassic rifting, foll owed by drifting dur
ing the J urass ic, fo ll owed by collision and telescoping of 
the Brooks Range through Lower Cretaceous (t o A lb ian) 
is consistent with data presently known. 

Based on the above, I conclude that an arc-continent 
collision with ophiolite obduction is responsible fo r the 
Early Cretaceous Brooks Range orogeny. I vi sualize, in 
very general terms, that th e northern Alaskan continenta l 
fragment rotated in a counterclockwise direction away 
from the Canadian Arctic Islands during Jurassic. Ocea
nic crust along its leading edge was consumed at the sub
duction zone of an encroaching arc system moving into 
this oceanic area in the same fash ion as the Banda Arc 
has consumed oceani c c rust between the Southeast 
Asian and Australian plates or the G ibraltar Arc between 
the European and African plates. Probably by Late Juras
sic, certainly by the beginning of Early Cretaceous, the 
southern margin of the northern Alaska continental frag
ment had collided wi th the arc. Ophiolite obduction took 
place at this time, but convergence cont inued throughout 
Early Cretaceous up to A lbian t ime, with some crustal 
melting to produce Cretaceous intrusions in the axia l part 
of the Brooks Range. Compression continued w ith dimin
ishing st rain rate during Late Cretaceous and Paleogene 
(Roeder and Mull, 1978), accompanied, I surmise, by 
major post-coli ision uplift due to isostatic readjustment. 
Glaucophane-bearing rocks of the southern Brooks 
Range, metamorphosed in a high pressure/ low tempera~ 
ture environment at considerable depth, have been 
exposed in th is process. 

The reverse stacking observed between the ultrama
fic-layered gabbro complex and the basalt-diabase-chert 
complex all around the abducted ophiolite belt is enig
matic. However, the apparent close association o f under
lying basalt-diabase with overlying ultramafic-layered 

. gabbro complex seems to me highly suggestive that the 
reverse relationship is due to tectonic causes rather than 
to separate origin. If the basalt diabase sequence deve
loped during the subduction process, as suggested by 
Roeder and Mull, its di stribution shou ld be independent 
of the distribution of the ultramafic-layered gabbro rocks. 
It seems much more probable to me that the observed 
relationship is due to tectonic rearrangement by complex 
overthrust relationships and quite possibly unrecognized 
overturning of som e of the sequence. 

Alth ough in many areas of ophiolite obduction , for 
instance Oman, Cuba and Newfoundland , there appears 
to be one clear-cut obduction plane, I see no reason why 
there cannot be multiple breaks in the abducted mass that 
would rearrange the relationships of the original forearc 
basin floor. I suspect that the ultimate structural relation
ships developed in an arc-continent collision may depend 
on the steepness of dip of the subduction zone along 
which forearc and conti nental crust interaction takes 
place. 

Newfoundland 
Th e Bay of Islands Ophiolite Complex has been the sub
ject of study by many geologists for a number of years. It 
is generally recognized as one of the world's best exam
ples of an abducted ophiolite. Most workers involved 
believe the obduction mechanism is related to subduction 
along the continental margin , but there are many opinions 
on polarity of the subduction zone and on how obduction 
actually t ook place. 

The regional relationships of continental crust, deep 
sea sediments, metamorphic aureole and ophiolite slab 
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are well established and conform exactly to the relation
ships expected from the arc-continent collision model 
developed for Oman. These relat ionsh ips, in brief, are an 
autoc hthonous carbonate platform f loor of Cambrian
Early Ordovician age on Grenville province basement, 
overlain by an alloc hthonous sequence of marine sedi
ments show ing progressively more distal oceanic facies 
upward, topped by the Bay of Islands ophiolite slab and 
its immediately underlying metamorphic aureole of 
garnet-amphibolite grading downward to greenschist. 
Figure 12 shows the distribution of the main rock t ypes . 
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Fig. 12 Newfoundland. Distribution of geolog ical ele 
ments believed to relate to the Bay of Islands Ophio li te 
Complex (modified after Dewey and Bird, 1971 ). 

The allochthonous units are all interdigitated with 
ophiolite-bearing flysch (wh ich I interp ret as a foreland 
deposit of eastern provenance) sou rced from the advan
cing sedimentary and ophiolite nappes during coll ision in 
Mid-Ordovician (Dewey, 1976; Malpas and Stevens, 
1977). Based on the re lationships described above, I con
clude that obduct ion of the Bay o f Islands Complex ophi
o lite resulted f rom continent-arc collision along an east
dipping subduction zone during the Ordovician, as 
visualized by Malpas and Stevens (1977). Geochemical 
evidence confirms east-d ipping polarity of the subduction 
zone (Strong et. al., 1974) . It seems likely that the obduc
tion plane along which the Bay of Islands Ophiol ite was 
emplaced has its roots in the Baie Verte L ineament (Will i
ams, 1977). Will iams believes that the ophiol itic melanges 
scattered through the Birchy Complex developed as the 
abducting ophiol ite slab moved westward over the Fleur 
de Lys terrane to the west of the Baie Verte Lineament. He 
interprets the Fleur de Lys to be a Late Proterozoic-Early 
Ordovician slope-rise prism o f main ly clastic sediments 
deposited along the passive cont inental margin of North 
America. The original sandstones, shales and limestones 
have been metamorphosed in part to greenschist, marble, 
and locally hornblende amphibolites . I interpret the Fleur 
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de Lys terrane to be a slope-rise clastic prism, later incor
porated into the subduction complex developed at the 
front of the westwardly advancing arc and finally over
ridden by the Bay of Islands ophiolite nappe in Mid
Ordovician. The magmatic belt of this arc may be 
represented by the Burlington granodiorite and asso
ciated mafic metavolcaniclastic and metavolcanic schists 
and overlying silicic volcanogenic schists of supposed 
Early Ordovician age occupying a belt immediately east 
of the Baie Verte group rocks, described by Kidd (1977). 

Cuba 

Figure 13, shows the areal relationships of geological ele
ments in Cuba. Emphasis in this discussion is on the 
better-known geology of central Cuba. Formation names 
used are taken from Georges Pardo's detailed review of 
Cuban geology (1975). 
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Fig. 13 Cuba. Distribution of geological elements in 
relation to ophiolite occurrence. Radiometric ages in m.y. 
are from Meyerhoff eta/., (1969) and Khudoley (1967, 
reprin ted 1977). 

The main elements are disposed as longitudinal belts 
roughly paralleling the present long dimension of the 
island. From north to south , they consist of the following: 

1. The extension under northern Cuba of the Florida
Bahamas carbonate platform with accompanying slope 
deposits (Pardo's Coastal , Yaguajay, Sagua La Chic.a, and 
Jatibonico Belts). Belts include shelf and slope deposits 
of Upper Jurassic to Mid-Eocene age. In the Coastal and 
Yaguajay belts, the carbonates are underlain by Jurassic 
salt and redbeds. Paleocene age rocks are not recog
nized. 

2. A pelagic belt (Pardo's Las Villas and Placetas 
Belts) of deep ocean limestones, cherts and some inter
calated turbidites, dated Upper J.urassic to Turon ian, 
overlain by apparently shall ower marine Maestrichtian 
fragmental to conglomeratic I imestone. Interbedded 
swelling clays, shales and fragmental limestones in the 
Placetas Belt, in an otherwise pelagic limestone environ
ment, indicate influx of turbidite material from a southerly 
volcanic source fringed by shallow water carbonate 
banks. The youngest rocks in the Las Villas sector of the 
pelagic belt are carbonate conglomerates with chert peb
bles increasingly abundant to the south. They contain 
components representing the entire section of the Yagua
jay belt as well as of the Las Vi llas. Upward, the section 
becomes shale, siltstone and sandstone, derived from 
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basic and ultrabasic igneous and basic volcanic rocks, 
clast size coarsening upward. The lower part of the sec
tion is rich in radiolaria and nannofossils, indicating deep 
marine deposition. Age of these rocks is Early to Middle 
Eocene. I interpret. the E~rly_lo Middle_ Eo.cene. r.ocks.of 
the L_a~ Y.il.l.aifu be to.relandJ:>_asin deposits derived from a· 
(,Jev.~lop_ing __ thrljst b~lt to_Jh~ sout_h,. The sequence in 
which various rock types were deposited -first carbon
ates and cherts clasts, subsequently clastics derived from 
basic and ultrabasic igneous rocks- record the order in 
which they were uplifted above sea level and eroded as 
arc-continent collision progressed. This progression from 
carbonate and chert clasts to igneous clasts is the same 
order observed in foreland basin deposits in Oman that 
relate to ophiolite obduction there. In Cuba, the Early to 
Middle Eocene tectonic event recorded by the Las Villas 
has been termed the "Cuban Orogeny" by many previous 
workers. 

3. A belt of igneous rocks (Pardo's Domingo and 
Cabaiguan Belts) comprising an ophiolite suite of gab
bros with associated serpentine. dolerites and basalts, 
overlain by basalts, andesites, volcanogenic sediments 
and carbonates, of which the datable upper part spans the 
interval Early Cretaceous through Maestrichtian. Fossils 
of Cenomanian to Senonian age in the upper part of the 
section are pelagic, indicating moderately deep water, 
whereas higher Maestrichtian fossils indicate locally shal
low water reefal conditions as well as pelagic areas. Tow
ard the north, Maestrichtian is overlain by pseudo-oolitic 
limestones containing igneous grains and marls of possi
ble Paleocene age, overlain in the northwest part of the 
Cabaiguan Belt by Early to Middle Eocene igneous
derived clastics, locally with well-rounded granite and 
basalt boulders, and occasional limestones.Un.terp.cetJbe 
f?orT)i_ngo .. B~tt to. J>e.Jhe .. Qp_h_i_()lite pas~m entofa f()rea.rl<. 
basin, the Cabaiguan to be the f orearc basin volcanic and 
yolcanogenic sedimentary fill - . --· 

4. The southern . belt of central Cuba (Pardo's 
Metamorphic-Trinidad belt) consists of low to medium 
grade regionally metamorphosed sed iments associated 
with diorite intrusions. A radiometric age of 180 m.y. for 
the diorite is considered suspect by some authorities 
(Meyerhoff et at., 1969). Radiometric dates on a schist and 
an amphibolite in the T rinidad Mountains metamorphics 
is 81 m.y. (Khudoley, 1967). I interpret the Metamorphic- <' 
Tri nidat belt to be the volcano-plutonic portion of the .;, 
Cuban arc during part of Late Cretaceous. 

A narrow belt of uncertain origin (Pardo's Cifuentes 
Belt) occurs locally between the ophiolite sequence 
(Domingo Belt) and the adjacent deep water sedimentary 
Placetas Belt. In a number of places, a plutonic rock grad
ing from granite to a labradorite-quartz-amphibole rock 
showing catac lastic alteration is observed. Locally a num
ber of inclusions of coarse crystalline marble and other 
metamorphics are present, as well as associated serpen
tine. Basement is overlain in places by an old weathered 
zone. then by a granule- to pebble-sized conglomerate of 
quartz, other igneous clasts, and limestone detritus. Thi s 
basal conglomerate is overlain by Neocomian limestone 
and contains pebbles of the same age, so is of Neocom ian 
age. Section above the conglomerate is pelagic limes
tone, Neocomian to Aptian in age, with muscovite-rich 
quartz sandstone toward the top. This in turn is overlain 
by thin bedded cherts and clays with minor dense limes
tone, Albian through Turonian in age, almost certainly of 
volcanic orig in . Section above is shallow-water fragmen
tal limestones with occasional pelagic influx similar to the 
Campanian-Maestri chti an secti on of the Placetas Belt, 
next to the north. 
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The significance of the plutonic and metamorphic 
rocks of the Cifuentes belt is poorly understood. Pardo 
notes that the plutonics grade from granite to a 
labradorite-quartz-amphibole rock. They are associated 
with serpentine and are apparently allochthonous. One of 
these bodies, the Tres Guanos Quartz Monzonite, is con
sidered a Late Jurassic intrusion by Khudoley and Paleo
zoic by Meyerhoff and Hatten, although its K-Ar age is 61 
m.y. (Mayerhoff et al., 1969). I believe it probable that the 
Cifuentes Belt plutonics are fault slices of a dismembered 
ophiolite sequence, representing the late stage leucoc
ratic differentiate observed in associat ion with gabbros in 
ophiolite sequences worldwide (Coleman, 1977). I sur
mise it is of probable Jurassic or Early Cretaceous age 
;r;·cris part of the ocean_ic-cr~st for;,e<{dlHing·t~~ebreakup· 
,ofPangea .. fhe K~Ar date reflects ·subsequent rehe-ating: 

Regional position of the Cifuentes metamorphics. 
between the abducted ophiolite slab and ttie belt of deep 
ocean sediments, is identical in position to the metamor
phic aureole developed along the obduction plane imme
diately below the ophiolite slab in, for instance, northern 
Oman (AIIemann and Peters, 1972), Bay of Islands Com
plex, Newfoundland (Malpas et al. , 1973), and numerous 
other areas (Williams and Smyth, 1973). 

Figure 14 is a schematic cross-section illustrating the 
relationships of the geologica.:~.~~~!!len!~ __ o~ Cuba 
described above, intepreted as having evolved by arc:· 
Q.O_rltinent cql!ision-cuimmat1ngTn ffie"Ecicene· f6' prOduce 
th~_Cu_I?.C!n . Qr:._o~gerii Figure ·15-shows my interpretation of 
regional evolution involving Cuba in the arc-continent 

· collision. The collision developed when the Cuban arc 
separated from the older arc structure that comprises the 
Nicaragua Rise-Northern Greater Antilles, migrated 
northward in front of the spreading Yucatan Basin, and 
collided with the continental margin of the Florida
Bahamas platform. It appears that before Cuba separated 
from the Nicaragua Rise-Northern Greater Antilles, the 
entire structure had undergone antecedent movement. 
Paleomagnetic evidence for major counter-clockwise 
rotation of this system during Late Cretaceous has been 
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Fig. 14 Schematic section across central Cuba, inter
preted as result of arc-continent collision in M1d-Eocene 
during the Cuban Orogeny (modified after Meyerhoff and 
Hatten, 1968). 
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Fig. 15 Interpreted plate tectonic evolution leading to 
arc-continent collision and ophiolite obduction in central 
Cuba (modified after Maffait and Dinkelman, 1972). 
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established in Honduras (Gose and Swartz, 1977). I SUQ

gest the combin.e.d . .arc ~ystem reached more or IEr~rs its 
preseriTpositlon in Maestrichtia-n. In process it crushed a 
'Jli rassT~~Creta~eous passive margin sedimentary wedge· 
"that "'lay qff the easf and sOuth- coast o f Yucatan during 
Maestrictltian~ an ev-ent' recorded in Cuba's. Pinar· del Rio . 
pro~ince ~by " development of a conglomerate/ breccia" 
facie.s that rests unconformably on_ ~ll i>re~ious litholo-. :· 
·gies •. VJ.ith compositiol) r efle_c:;tiqg immediately adjacent· ~
sources. (Pardo, 1975). There-after. during main ly Paleo-· 

. cene, Cuba alone migrated norfhward asan adTve·~-rc;:-,j_he 
YucatanBasin :open.i n~La§. a -:bac~a_r~ - b_l!,:;; i ri ·beh ind h. 
oceanic crust of Ju r:.assic-Cret<!ceous (lge to the nofltl" 
being consumed_,_ and _i_ts west e.nd (pinar. del Rio) moving · 
n"ortli"ward along a transform fault system .between it and " 
the ea_stern margit, QfYucatan .. Absence of Paleocene em. 
the extension of the Florida-Bahamas carbonate p latform 
under northern Cuba is bel ieved due to uplift as the bath
ymetric outer swell preceding the approaching arc 
affected the platform edge as its underlying lithosphere 
bent into the t rech . A regional unconformity produced by 
this process is characteristic of foreland basins, accord
ing to observations of J . 0. Salveson (1975, personal com
munication) . Cub~ _..c..ollided witb the .Fiorida:_eahamas 
pl<!tform dwin-g Early and M iddle Eocene as ~~_g_i_:>teresJ_ by 
coarse foreland facies delivered onto the Florida-· 
Bahamas Platform trotn the south . Thereafter, Cuba has 
been part of the North American pliile· ancrpl~f~)!iargin _ 
activity, of largely transform type, tr:ansferred to the Cay-
-man ... Tfench. . . 

Villa de Cura (Venezuela) 

Maresch (1974) developed an evolutionary model for the 
Caribbean Mountain System of Venezuela involving arc 
interaction wi th the originally passive margin of northern 
South Ameri ca. One result of this interaction was 
emplacement of the Villa de Cura group rocks as a klippe 
thrust from the north (see Figures 16 and 17). 

----&· 

[I]] CCIIIrJ•UfT•L 
~rrat~o~ 

J;. .. ·~· 

1 1 111 · ~ ! 
~w-~l~v- rzz.a~(~· .. c 11111 :~~0l:utl4 1 

L_ __________ L_ _____ .,_~_u_•_•_,.,_~_~ __ ' ______ ~- ~ 

Fig. · 16 Northern Venezuela and Lesser Antilles. Distri
bution of geological elements in relation to the Villa de 
Cura Klippe. 

s 
--EA~~~MIO _ _ _ _ 

V.E 2X 

E: BASEMENT ~ r~~~~pp~E~~~~~~~l mJ k~(oE ~~~~0~1~~us 

Fig. 17 Schematic section across the mobile belt of cen
tral northern Venezuela at about 67° west meriduan, inter
preted as result of arc-continent collision (modified after 
Maresch, 1974). 
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The Villa de Cura Group crops out in the southern 
part of the Venezuelan Coastal Ranges in a belt about 250 
kms long and up to 28 km wide stretching S 75° W from 
near the Caribbean to about 68°25 'W. It is described as 
consisting of spilitic basalts and associated volcanic sedi
mentary rocks, 3000 m or more thick, metamorphosed to 
greenschist facies (Shagam, 1960; Oxburgh, 1966). Ess
entially unmetamorphosed spilitic basalts, locally with pil
low structures, and volcanogenic sediments that Shagam 
considered to be younger than the Villa de Cura and 
named the Tiara Volcanic Rocks, are now included in the 
Villa de Cura. The Tiara has been dated radiometrically as 
100 m.y. (Lexico Estratigratico de Venezuela) . 

The Villa de Cura appears regionally to occupy a syn
clinal belt on top of Early Cretaceous Caracas Group high 
pressure-low temperature metamorphosed sediments to 
the north and essentially unmetamorphosed Maestrich
tian-Paleocene sediments to the south . However, inter
vening between Villa de Cura and the underlying rocks on 
the north, is a narrow belt, the Paracotos Formation con
sisting of carbonaceous silty phyllitic shale and thin lenti
cular bodies of gray and pale green limestone and , toward 
the top, a conglomerate composed largely of mafic vol
canic pebbles. Abundant foraminifera in the limestones 
are of Maestrichtian age (Shagam, 1960). Contact 
between the Paracotos and Caracas Group metamorphics 
is marked by presence of numerous serpentinized perido
tite bodies of varying sizes. One of these, at about 
6J010 'W, is overlain by gabbro in turn overlain by Tiara 
Volcanics (Maclachlan et al., 1 960). Scattered small ser
pentinite bodies are present, as well, along the southern 
margin of1he Villa de Cura Group. I interpret presence of 
serpentinites along both the northern and southern mar
gins of the Villa de Cura to be fault related, supporting the 
conclusion of a number of workers (Menendez, Seiders, 
Jarvis and Bell) that it is allochthonous (Lexica Estrati
grafico de Venezuela 1970). 

Shagam maps an extensive body of pyroxenite at 
9°55 'N/67°30 'W, south of the town of Villa de Cura, and 
MacKenzie (1960) has described a gabbro-dunite body 
from Tinaquillo that appears to be at the west end of the 
Villa de Cura Group outcrop. MacKenzie interpreted 
metamorphism in gneisses adjacent to the peridotite to be 
contact metamorphism. 

The field work that mapped and defined the Villa de 
Cura Group geology was undertaken mostly during the 
1950's as part of Princeton University's Caribbean Rese
arch Project. None of these earlier workers interpreted the 
sequence to be an ophiolite. I conclude though, that 
enough elements of an ophiolite are present at scattered 
localities (for instance dunite, gabbro. pyroxenite, basic 
volcanics metamorphosed to greenschist facies, pillow 
basalts and volcanogenic sediments, coupled with evi
dence that it is fault bounded) to be convincing evidence 
that the Villa de Cura is an abducted ophiolite. I surmise 
that an important part of the Villa de Cura will prove to be 
a sheeted dyke complex, metamorphosed and deeply 
weathered, its initial origin thereby obscured. It may also 
be the case that the metamorphic aureole related to the 
Tinaquillo body (MacKenzie, 1960) is the type of metam
orphic aureole observed to accompany ophiolite obduc
tion in , tor instance, Newfoundland and Oman. 

Regional data that strongly supports obduction of the 
Villa de Cura ophiolite by an arc-continent collision 
model is the northerly increase in high pressure-low tem
perature metamorphic facies across the mountain system 
from unmetamorphosed in the foothills belt through 
zeolite-prehnite-pumpellyite to greenschist to epidote
amphibolite. This same relationship of metamorphic 
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facies is found in subduction complexes in Japan, Califor
nia and the Alps (Ernst, 1979). This increase in metamor
phic intensity indicates that a subduction zone lay to the 
north . Structural vergence toward the south confirms this 
geometry, leading to the conclusion that the northern 
ranges of Venezuela eastward from Barquisimet~.· were 
metamorphosed during interaction with an arc with north
dipping polarity. The magmatic part of this arc is pre
sumed to be represented by Cretaceous volcanic and 
plutonic rocks found on the Leeward Islands chain from 
Aruba to Blanquilla. 

The Maresch model postulates a convergence of an 
island arc from the northwest in Early Cretaceous. In Mid
dle Cretaceous, he believes that north-dipping subduc
tion under the arc ceased, followed by a short interval of 
south-dipping subduction under northern South America. 
During Late Cretaceous and Paleocene, subduction 
polarity flips once more to south-dipping on the outer 
side of the Leeward Islands chain. Maresch believes that 
the northern margin of South America underwent rapid 
uplift accompanied by southward gravity slide of klippen 
during this latter interval. 

I agree with Maresch's general view that northern 
Venezuela evolved through interaction of an arc and a 
passive continental margin. However, I believe that the 
metamorphic zonation in the northern ranges of Venezu
ela, coupled with the southward vergence imposed on the 
entire belt and presence of the major allochthonous belt 
represented by the southward thrusting of the Villa de 
Cura Belt, are persuasive evidence that the arc-continent 
collision went to completion and that there was no inter
val of subduction under northern South America during 
Middle Cretaceous. Thereafter, the subduction zone 
jumped to the Caribbean side of the arc and recom
menced activity with south-dipping polarity, attested by a 
substantial subduction complex indicated by seismic data 
to have accumulated along the north side of the Leeward 
Islands under the Curacao Ridge. 

Data are insufficient at present to develop a rigorous 
timing for the collision. Perhaps most pertinent is the 
appearance of mafic volcanic pebbles, supposedly der
ived from the Tiara Volcanics, in conglomerates of the 
Maestrichtian Paracotos Formation. The Paracotos is oth
erwise comprised of phylitic shales and limestones with 
abundant planktonic foraminifera that indicate an open 
marine, probably deep water, environment. Sudden influx 
of the volcanic pebbles probably records nearby presence 
of uplifted ophiolite, signifying that obduction was 
already in progress. Subsequently, the Paracotos itself 
was involved in the obduction process and overthrust by 
the Villa de Cura mass. Villa de Cura rocks are thrust over 
sediments as young as Paleocene in the Foothills Belt. 
Based on the above. collision was in progress in Late Cre
taceous with obduction of the Villa de Cura continuing 
into Paleocene. Eocene-Oligocene flysch and wildflysch 
along the south margin of the Foothils Belt are also 
involved in southward thrusting, but this probably post
dates collision, as northern South America shows evi
dence of compression associated with transform faulting 
since the end of Eocene. 

The abrupt termination of the high pressure metam
orphic belts of the Venezuela coastal range in the vicinity 
of Barquisimeto and occurrence of similar rocks in the 
Guajira Peninsula suggests a major regional offset. tt 
appears likely that the abrupt termination represents a 
transform fault (probably controlling the NW-SE trend of 
the coastline east of the Paraguana Peninsula) connect
ing the subduction zone of the coastal range with that 
along the Guajira margin in Late Cretaceous-Paleocene 
as postulated by Malfait and Dinkelman (1972) . 
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If such a transform existed, it has been subsequently 
obscured by major strike slip faulting in the coastal belt 
and by burial under younger sediments. It could, though, 
have been the connecting link in Late Cretaceous
Paleocene between the Colombian subduction system 
dipping under the continent to the northern Venezuelan 
arc subduction zone dipping away from the continent. 

Rocas Verdes (Chile) 

Dalziel and his co-workers have ably documented the f or
mation and subsequent destruction of a backarc basin 
floored by oceanic crust, remains, of which termed Rocas 
Verdes, are preserved in the Andean Cordillera from 51 os 
to Cape Horn (Dalziel et al., 1972; Bruhn and Dalziel. 
1977, Dolt et al., in press) . Figures 18 shows present distri
bution of the Rocas Verdes. 
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Fig. 18 Southern South America. Distribution of 
geological elements associated with Rocas Verdes 
ophiolite belt (a fter Bruhn and Dalziel, ·1977 ). 

In brief. they conclude that a marginal rift developed 
near the western margin of southern South America in 
Late Jurassic. The rift evolved into a marginal basin dur
ing Early Cretaceous behind a westward migrating arc sit
uated on a separated sliver of continental crust. Thick 
volcanogenic turbidites locally interdigitating westward 
with calc-alkaline volcanics. were shed into the marginal 
basin from the migrating arc. At the same time, re lative ly 
thin marine sha les with minor limest one intercalations. 
non-volcanic in origin, were deposited on the subsidi ng 
margin of the main continental area east of the developing 
marginal basin, in relative ly shallow water during Late 
Jurassic and lower Early Cretaceous, rapidly deepening 
toward the end of Albian time (Natland et al. , 1974). 

In Mid-Cretaceous, the volcanogenic turbidite sedi
mentary fill was deformed and uplifted as evidenced by 
appearance o f Cenomanian age flysch containing detritus 
eroded from the arc, marginal basin, and mainland con
tinental margin . This folding event produced a strong cra
tonward vergence and penetrative deformation of the 
sediments infilling the marginal basin along its east side 
but left the ophio litic floor relative ly undi sturbed. 

During Late Cretaceous, Cenomanian-Maestrichtian, 
up to 5,000 m of clastic turbidites, including some coarse 
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conglomerate, were deposited in deep water along the 
west side of the Magallanes Basin_ 

I interpret the above regional relationships and seqtJ

ence of events as follows: 
1. The marginal basin was considerably wider some

time during Early Cretaceous than the present width of 
the ophiolite bel t (Rocas Verdes). 

2. Toward end Early Cretaceous. polarity of subduc
tion under the Andean arc changed from east-dipping 
under the Pacific . margin to west-dipping by a break
through in the marginal basin floor east of its western 
margin. During development of the new west-dipping 
subduction zone, part of the ophiolite floor of the original 
marginal basin was incorporated into the hanging wall of 
the subduction zone as the forearc limb of the reversed 
arc. 

3. In the mid-part of the Cretaceous, the Andean arc 
converged on mainland South America. By Cenomanian 
time, all pre-existing marginal basin floor east of the 
newly established west-dipping subduction zone had 
been consumed and the continental margin of mainland 
South America rode down the subduction zone and col
lided with the incoming arc. This sequence of events 
accounts for the great deepening of the western Magal
lanes Basin during the Albian, for the penetrative defor
mation along the eastern front of the forearc structure by 
melange f ormation, for the relative lack of deformation of 
the ophiolite basement of the forearc limb itself, and tor 
the subsequent delivery of extremely thick marine turbid
ites and gravitites derived from the west but composed of 
debris of older rocks originally situated on both sides of 
the pre-existing marginal basin and of rocks of the margi
nal basin floor itself. 

4. During the collision, continental crust underthrust 
the forearc l imb ophiolite basement and now supports it 
isostatically as the exposed Rocas Verdes Belt. a typical 
abducted ophiolite slab. 

5. Subduction on the west-dipping subduction zone 
ceased after collision and continental underthrusting 
jumped once more to the Pacific margin, with change of 
polarity to east-dipping. This latter geometry obtains to 
the present, although the northward migration of the 
Chile Rise has introduced a very large left- lateral strike
slip component. 

Figure 19 shows a schematic of the above sequence 
of events. Whether or not this interpretation is valid 
should be readily p rovable when regional gravity cover
age becomes available. 

Cyprus 

General relationship of rock types on Cyprus appears to 
fi t the arc-continent collision model, although field rela
t ionships as reported in the literature are not so clear. 
Figure 20 hows these general relationships. From north 
to south they are: 

1. The Kyrenia Range, cored by Triassic-Jurassic 
sediments and volcanics and Late Cretaceous-Eocene 
sediments, surrounded by a thick section of Tertiary 
flysch. It thrust southward over the Miocene cover of the 
Mesaoria Plain during a Late Miocene orogenic phase 
(Pinar-Erdem and llhan, 1977). 

2. The Mesaoria Basin , an Alpine tectonic depression 
filled with Tertiary sediments. 

3. The Troodos ophiolite, overlain locally a long its 
south flank by the Kannaviou Formation, a Late Creta
ceous (Santonian-Campanian) deep sea turbidite sequ
ence derived from calc-alkaline volcanics. The Kannaviou 
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Fig. 19 Schematic cross sections showing postulated 
evolution of Rocas Verdes Belt by arc-continent collision 
and ophiolite obduction within a marginal basin. 
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Fig. 20 Cyprus. Distribution of subduction complex 
rocks in relation to the Troodos Ophiolite (after Ealey and 
Knox, 1975 and Robertson, 1977 ). 
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overlies umbers at top of the Troodos ophiolite with nor
mal contact (Ealey and Knox, 1975) . Ealey and Kn ox 
believe the Kannaviou is overthrust by Mamonia Belt 
rocks. 

4. The Mamonia-Moni Belt, an olistostromal and 
- melange assemblage of Late Triassic alkalic volcan ics. 

the lower part associated with coarse-grained sand
stones, the upper with , fi rst, fi ne-gra ined sandstone and 
Halobia limestone, then with pelagic limestone and radi
olarian cherts; overlai n by cherts with red shale and inter
calations of .l imestones of turbidite origi n contain ing a 
displaced benthonic fauna of Jurassic age; overlain by 
shales and quartz sandstones of Early Cretaceous age 
(Lapierre and Rocci, 1976). Robertson (1977) applies the 
term Kannaviou Formation to non-calcareous volcanog
enic clays with rad io laria and, at one locality, planktonic 
foraminifera of Maest richtian age const ituting the matrix 
of the Moni o listostromal complex. 

Late Maestrichtian and Paleogene chalks and marls, 
and Neogene limestones, marls and evaporites unconfor
mably overlie the Mamonia-Mon i rocks and lap onto the 
Troodos ophioli te. 

I conclude that the above relat ionships have evolved 
by arc-contine l')t collision along a north-dipping subduc
tion zone between a cont inental fragment, originally part 
of the north margin o f Africa, and an island arc. I in terp ret 
the Troodos ophioli te to have been basement of a forarc 
limb. It is composed of oceanic crust of probable Late 
Cretaceous (Campan ian) age, judg ing f rom the age of the 
overlying Kannaviou Format ion. It must have been incor
porated into an arc structure between Campanian and 
Early Maest richtian when it was obducted during the col
lision . The Mamonia-Moni Belt represents the subduction 
complex pic ked up a long the f ront of the forearc. The 
con tinental fragment involved is not exposed but, based 
on gravity, is present under the Troodos ophioli te slab 
(Gass, 1967). Evidence for the volcano-plutonic part of 
the arc structure is indirect but posi tive - the presence of 
calc-alkaline material in the Kannaviou Formation. I su r
mise that the volcano-p lutonic element is present in the 
vicinity of the present Kyrenia Range. Epidote-amphibo
lite schists and garnet amphibol ites, wi th intercalated 
bands of quartzite, marble and meta-pelite associated 
with the Mamonia rocks may well be the metamorphic 
au reole developed along the obduction plane. 

Evolution of Cyprus by arc-continent collision fits 
well with what is known of the geological evolution of the 
rest of the Middle East. It lies along a discont inuous belt 
of abducted ophi olite and deep sea sediments of Triass ic 
to Late Cretaceo us age con necting through eastern T ur
key and the Zagros Range to Oman. It represents the 
suture along which a southern arm of Tethys was con
sumed during Late Cretaceous (Gealey, 1977) . 

Urals 

Except for the Polar Urals, I propose to discuss the Urals 
on ly in general terms consonant with my limited know
ledge of the area. 

The Urals (Fig. 21) represent a collisional suture 
zone between the passive margin of the European plate 
and the active margins of the Kazakhstan and Siberian 
plates, commencing sometime durin g the Carboniferous 
and com pleted by Early Perm ian (Zonenshayn and Gor
odnitskiy, 1977; Vinogradov, 1969). Ophiol ite masses, 
some very extensive, are scattered discontinuously along 
the length of the orogen. Possibly only the most westerly 
are related to th is Late Paleozoic collision, as those fur
ther east may have resu lted from antecedent island arc 
activity related to the Kazakhstan and Siberian p lates 
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before complete cl osure with the European plate took 
place. 

Based on published information on the Vo ikar
Syninsky Ophiolite in the Polar Urals (Savel'yev and 
Savel'yeva, 1977; Bogdanov et al. , 1979) I suggest that at 
least some of these abducted ophiolite masses can be 
explained by the arc-continent coll ision model. 

In general terms, the geo logical relationships in the 
Voikar-Syninsky region are as follows (Bogdanov et al., 
1979). The western border of the orogen overlies the 
European plate on Which a th ick autochthonous Eocam
brian and Paleozoic platform sequence developed. It 
serves as floor of the foreland basin develop.ed by Late 
Paleozoic collision. as attested by presence of th ick Late 
Carboniferous-Early Permian flysch of eastern proven
ance overlying the older Paleozoic platform carbonates. 

Next eastward is a series of thrust sheets with wes
tward vergence consisting mainly of Paleozoic flyschoid 
and pelagic sed iments and spilitic lavas. Some of the fault 
slices show metamorphism to blueschist facies with 
development of lawsonite, glaucophane and other hig h 
pressure minerals~ I interpret these thrust sheets to be a 
subduction complex,composed mainly of deep sea sedi
ments, metamorphosed in a high pressure/ low tempera
ture environment 

Next eastward is the abducted ophiolite masswhich I 
interpret as originally floor of a forearc basin. Farthest 
east is a belt of Paleozoic volcaniclastic and subordinate 
volcanic rocks o f island arc affinity, older than latest 
Devonian. K-Ar age of an extehsive tonalite intruding the 
ophiolite sequence is 375 m.y. (upper Early Devonian) 
and perhaps dates the time the ophiolite sequence was 
originally formed at an oceanic spreading ridge. 

The above -relationship of continental plate, foreland 
flysch, deep sea sediments accum ulated in a subduction. 
complex and locally metamorphosed in a high-pressure/ 
low-temperature environment and overthrust by the main 
ophiolite slab is the familiar one we have associated with 
arc-continent collision. Consequently, I conclude that the 
Voikar-Syninsky Ophiolite was abducted during arc
continent collision along an east-dipping subduction 
zone. 

Timing of the collision is difficult to determine on the 
data I have at hand. Maps of the Lithological" 
Paleogeograph ic Atlas of the U.S.S.R. show abundant 
volcanics in the Uralian area. that might be construed as 
evidence of an island arc, only to aoout Mid
Carboniferous (Namurian). Thereafter volcanism is very 
limited. First ophiolite detritus in the rocks now incorpor
ated in the subduction complex appears toward the end of 
Early Carboniferous (Visean; Bogdanov et al., 1979) . The 
Late Carboniferous-Early Permian flysch deposited in the 
foreland basin could either accompany the collision or 
postdate it. Based on the above, my guess is that collision 
commenced about Mid-Carboniferous and was com
pleted or nearly so by end Carboniferous. 

Absence of any evidence of a volcano-plutonic belt of 
Paleozoic age anywhere along the eastern edge of the 
Russian Platform indicates that there had not been a 
west-dipping subduction zone under i.t during any part of 
that time. Dip of the subduction zone involved in emplac
ing the most westerly belt of ophiolites in the southern 
Urals, therefore, must have been to the east, same as in 
the Polar Urals. By inference. the western belt of ophio
lites in the southern Urals may likewise have been 
abducted during arc-continent coll ision. The same infer
ence cannot be made for the ophiolite masses in the more 
easterly part of the southern Urals, an area that Hamilton 



242 

(1970) suggests may have had a long and complex sub
duction history during the Paleozoic. Those more easterly 
ophiolites may have been abducted during antecedent 
arc-continent or arc-arc collision around the margin of 
the Kazakhstan plate before final closure of the Uralian 
Ocean welded them to the European plate. 
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