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Abstract. Several stages of intraplate deformation are dis-1 Introduction

tinguished in North Arabia from the Late Paleozoic to Cain-

ozoic. The major rifting episodes occured in the Late Studies of stress-state in intraplate regions show that it de-
Carboniferous-Permian, Middle-Late Triassic and at the endoends essentially on plate boundary forces (Zoback and
of the Early Cretaceous. None of them shows clear connecZoback, 1989). However it is uncertain whether the stresses
tion with plume activity. The first event correlates with the transmitted from plate boundaries are sufficient to produce
rifting of several microcontinents from the Gondwana pas-thinning of the continental lithosphere and rifting.

sive margin and the origin of the Neotethyan spreading cen- There are several examples of the direct links between
ter. It is speculated that it happend when the Paleotethyacompressional and wrench-dominated intraplate deformation
ridge was subducted and the slab-pull was directly transmitand collisions at plate boundaries. The best documented
ted from the active margin to Gondwana. Triassic rifting cases are the alpine deformation of the European foreland
in North Arabia (probably 2-stage) is related to rifting and (lllies, 1975; Ziegler, 1990) and the Cainozoic defomation of
transition to spreading in Mesogea. Extension ceased on theoutheast Asia caused by the India-Eurasia collision (Molnar
Gondwana margin when new spreading axes were formed imnd Tapponier, 1975; Zonenshain and Savostin, 1981). The
Neotethys and Mesogea in the Permian and Late Triassic (®ituation with intraplate rifting is less clear. Continental rifts,
respectively. Early Cretaceous rifting coincided with forma- including those which become sites of continental breakup,
tion of the south-facing Peri-Arabian trench system. Againoriginate as intraplate structures. The mechanism of their ori-
the slab pull was a possible source of extension. Collision ofgin is still debated. Are rifts (or at least some of them) “ac-
the Arabian passive margin with the trench system and im+ive”, i.e. formed above a local energy source usually referred
mature island arcs culminated in ophiolite obduction in theto as a mantle plume, or do they evolve “passively” as a re-
Campanian-Early Maastrichtian. This event correlates withsponce to the remote plate boundary-forces? Both points of
the 1st phase of inversion in the North Arabian rift basins andview have their “pros and cons”. Active plume-related rifting
in North Sinai (formation of the Syrian arc). Later stages of is usually advocated on the grounds of the close spatial and
inversion correlate with Africa-Eurasia and Arabia-Eurasiatemporal relationships between flood basalts and triple junc-
collision. To explain simultaneous shortening in the colli- tions, formed above the plume head, and continental breakup
sion zone, compression in the North Arabian rift basins and(Burke and Dewey, 1973; Hooper, 1990; Campbell and Grif-
rifting in the Red Sea and Gulf of Aden in the Oligocene to fits, 1990; Hill, 1991).

Pliocene, a numeric model by L. Lobkovsky (1988) is used. A case for “passive” rifting was recently presented by
According to it, the mantle lithosphere is detached from thewhite and McKenzie that rifting and continental breakup
crust and continues to subduct through the time of collision.may occur without any link to mantle plumes i.e. that
The slab pull creates extension in the lithospheric mantlehot (plume-related) and cold (unrelated to plume) rifts are
and rifting along pre-existing “weak zones" (Red Sea), while equally likely, but differ strongly in morphology and scale of
compression is transmitted at the crustal level to cause involcanic activity.

version of the intraplate basins. It appears that the slab pull Close to this view is a compromise model recently sug-
is a major force behind all intraplate deformation in North gested by Courtillot et al. (1999), who consider plume activ-
Arabia. ity to be a pre-requisite factor for continental breakup, which
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at the same time, must be allowed by the plate boundary- Interpretation of multichannel seismic data suggests flat-
forces. tening of faults at a shallow detachment along Triassic evap-

A new approach to the problem of intraplate deformation orites. Structural disharmony between the folded Mesozoic-
was developed recently. It is based on the detailed correlaCainozoic sequence and the Paleozoic deposits is well
tion of intraplate events with events at the plate boundariesexpressed in the western, but disappears in the eastern
For the Paleozoic to Cainozoic intraplate deformation of thePalmyrides (Mc Bride et al., 1990; Chaimov et al., 1990;
East European platform this correlation was attempted byChaimov et al., 1992).

Nikishin et al. (1996) and for Africa by Guiraud and Bellon  North of the South Palmyra fault zone the Pre-Mesozoic
(1996) and Guiraud and Bosworth (1997). basement drops sharply from 5000 m depth on the Rutbah
Though physical aspects of the problem (the origin, mag-uplift to 10 000 m in the Al-Daww depression in the south-
nitude and transmission of stresses) are not considered iern Palmyrides (Brew et al., 1997). In the north the zone of
these works, the high level of correlation itself demonstratesdeep Mesozoic-Cainozoic subsidence (southern Palmyrides)
that there is a direct link between intraplate and plate boundis separated from the northern Palmyrides by the Jahr fault,
ary events. However, this type of correlation requires verywhich is expressed on the surface by a chain of discontinu-
precise knowledge of the geological history, which is not al- ous faults and flexures. Large vertical displacement on this

ways available. fault is probably accompanied by a sinistral slip of unknown
The northern part of the Arabian plate provides a goodamplitude.
record of intraplate deformation, obtained in course of the |n the northern Palmyrides the Pre-Mesozoic basement
regional mapping (Ponikarov et al., 1967, 1968 and others)occurs at 4000 to 5000 m, close to the basement depth on
deep drilling and multichannel seismic profiling (Chaimov et the adjacent Aleppo high. In contrast to tight linear fold
al., 1990; Best et al., 1990; Mc Bride et al., 1990; Al Saad pelts separated by wide synclines (depressions) characteris-
etal., 1992; 1993; Chaimov et al., 1992, 1993; Sawaf et al.tic for the southern Palmyrides, the structure of the northern
1993; Salel and Seguret, 1994; Brew et al., 1997). At thepalmyrides is simple and consists of a large anticlinorium
same time good plate tectonic reconstructions of the adjaknown as the Bilas block in the west and the Bishri arch in
cent portion of Tethys are available in several comprehensivghe east. As pointed out by Razvalyaev (1966) and Kozlov et
studies (Dercourt et al., 1986; Robertson et al., 1996; Derg|. (1966), this anticlinorium may represent a continuation of
court et al., 1993; Stampfli and Pillevuit, 1993; Natapov and Antilebanon separated from the latter by an undulation of the
Kazmin (Eds.), 1998). This makes it possible to make a prefold axis in the southern part the Homs depression (Fig. 1).
cise correlation between intraplate deformation and events at Drilling in the Palmyrides reveals a long and complex his-
the plate boundaries. For some cases, simplified schemes afgy, \yhich started with subsidence in the Permian or Late
suggested to explain dynamics of interaction between the ingarhoniferous (Ponikarov et al., 1967; McBride et al., 1990).
traplate and plate boundary processes. Marine sediments 500 to 1300 m thick were deposited in an
asymmetric trough with a steep northern and gentle southern
) o margin. The Permian was also a time of subsidence along
2 Late Paleozoic-Mesozoic rifts the future East Mediterranean margin (Garfunkel and Derin,
84).
The second period of subsidence and sedimentation, pos-
ibly induced by a renewed rifting, falls on the Middle and
_ate Triassic. From the Permian stage of active subsidence
this period was separated by a relatively stable interval in
the Early Triassic when detrital limestones and black shales
about 130 m thick, were deposited (Ponikarov and Kazmin,
1965). This was followed by accumulation of more than
1500 m of middle and upper Triassic clastic sediments and

Most prominent rift-related structures of Arabia are inverted !
intracontinental rifts or aulacogenes; e.g. the Palmyrides,
Sinjar trough and Euphrates and Anah grabens. To thi
group, the Drouz depression buried beneath the Neogen
Quaternary basalts (Fig. 1) may also belong.

2.1 Palmyrides

The up to 90 km wide fold belt of the Palmyrides extends :
NE about 400 km from the Damascus area (Ponikarov et al.vaporites.

1967, 1968; Geol. map of Syria, 1964; Fig. 1). West of According to drilling and seismic data (Mc Bride et al.,
the Al-Furat river, folds and corresponding ridges plunge be-1990, Fig. 5), the Triassic basin had symmetric shape with
neath the Neogene-Quarternary cover. From the Rutbah ugsediments thinning rapidly towards the Rutbah and Aleppo
lift in the south, the Palmyrides are separated by the Souttighs.

Palmyra fault zone — a series of steep north-dipping reverse Sedimentation continued uninterruptedly into the Jurassic,
faults and associated small amplitude overthrusts. The ebut subsidence presumably slowed down. The lower and
echelon arrangement of faults and fault-related asymmetmiddle Jurassic sediments are represented by shallow wa-
ric and overturned folds suggests a left-lateral componenter carbonates and evaporites while the Upper Jurassic de-
along the South Palmyra fault zone (Kopp et al., 1994) whichposits are missing or incomplete in most of the sections due
agrees with an available focal mechanism solution (Ben-to emergence and erosion at the beginning of the Cretaceous
Menachem et al., 1976, 1981). (Ponikarov et al., 1967). The emergence related to a global
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Fig. 1. Rifts and basins of North Arabia. Letter symbols: ABD — Abd El-Aziz anticline; AF — Al-Furat fault; AG — Anah graben; JF — Jahr
fault; SPZ — South Palmyra fault zone.

drop of the see level involved most of North Arabia (Murris, episodes occured in the Campanian — Early Maastrichtian,
1980). Middle Eocene-Oligocene; Middle-Late Miocene and Late
Neocomian-Aptian, red beds in the Palmyrides were fol- Pliocene — Quaternary time (Ponikarov et al., 1967, 1968;
lowed by a new transgresive cycle commenced there in théaradzhev, 1966; Soulidi-Kondrat'ev, 1966).
Late Albian. Normal faulting and local basaltic eruptions
clearly indicate a tensional regime. By most authors the Late2.2  Sinjar trough
Albian extension is viewed as a major rifting episode which
finally formed the Palmyrides rift or aulacogene (Ponikarov This is an east-west striking, about 50 km wide, zone of deep
et al., 1967; Lovelock, 1984; Chaimov et al., 1992). Dur- basement subsidence situated in northwestern Iraq and north-
ing the postrift subsidence up to 2500 m of marine, predomi-eastern Syria. Its deepest part, with basement depths more
nantly carbonate upper Cretaceous and Paleogene sedimentgn 9000 m, is in the east (Brew et al., 1997); westward the
accumulated in an asymmetric depression with a very sharppasement shallows to 3000-4000 m near the Euphrates tran-
southern and gentle northern slope. Thus the polarity of thescurrent fault (Syria). The basement depression is bounded
rift structure changed. by faults traced in the gravity field by steep gradients (Galak-
The overall present_day structure of Pa|myrides is a re_tionOV and DemidOV, 1966) A short Segment of the northern
sult of the mu|tistage rough|y N-S Compression caused bwoundary fault can be seen at the surface along the northern
the Arabia-Eurasia collision during last 50 Ma. In Middle flank of the Abd El-Aziz anticline, where it is a steep south-
Miocene to Recent time deformation was enhanced by a redipping thrust. Presumably the boundary faults were initially
stricting bend of the Yammuneh fault, the western transformnormal faults inverted into thrusts during the late Miocene-
boundary of the Arabian plate (Freund et al., 1970; Kopp etPliocene inversion. The long linear anticline of Sinjar is the
al., 1994 and other). A sinistral transpressional componenfnost prominent structure in the eastern part of the trough,
along the South Palmyra fault zone is probably related to thévhile in the west the whole of its width is occupied by a
clockwise rotation of the Rutbah block, which results from a broad and very gentle swell formed by Miocene sediments.
sharp change in the amount of shortening in the Paimyride$esides the fault-related Abd El-Aziz anticline, other second
from west (20km) to east (1km) (Chaimov et al., 1990). order folds are brachyanticlines.
Extensive field studies show that the main compressional P. Lovelock (1984) was first to suggest that the Sinjar
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trough has much in common with Palmyrides, though it maycones. As in other parts of Arabia, these fractures are most
be somewhat younger. The main periods of subsidence comrobably re-activated basement faults, which could control
respond here to the Middle Triassic and Late Cretaceousubsidence at the rifting stage.
(Lovelock, 1984; Sawaf et al., 1993).
First indication of compression is evident in the Abd EI-
Aziz anticline where the Campanian-Maastrichtian beds in-3 Summary of rift evolution (Fig. 2)
clude an olistostrome with blocks of Carboniferous rocks
(Leonov et al., 1986). The reduced section of Paleogene sed-ollowing a long period of non-sedimentation or/and ero-

iments indicates that the anticline began to grow at the endion, & new sedimentation cycle began in North Arabia in
of the Cretaceous. the Late Carboniferous-Permian. In Central Syria, thick suc-

The Sinjar swell, smaller folds and reversed faults wereCession of clastic and carbonate rocks accumulated in a shal-
formed mainly during the late Miocene-Pliocene inversion, /oW marine basin centered on the Palmyrides. P. Lovelock

which was much less strong here than in Palmyrides. (1984) and Y. H. McBride et al. (1990) associated this event
with the first stage of rifting in the Palmyrides. Permian sed-
2.3 Euphrates graben iments are also known in the Euphrates graben (Sawaf et al.,

1993) which possibly originated at the same time.

This northwesterly trending feature is buried by Neogene- In several deep wells in Syria, including the Palmyrides
Quaternary sediments and is known only from seismic re-(€.g. Doubayat — Ponikarov et al., 1967), the contact between
flection surveys and drilling (Ponikarov et al., 1967; Love- Permian and Triassic sediments is marked by an unconfor-
lock, 1984; Sawaf et al., 1993; Brew et al., 1997). A num- mity. The latter is of regional nature and can be traced in the
ber of fault bounded steps bring the basement surface dowadjacent areas of Arabia and Sinai. According to F. Hirsh
from the Rutbah uplift margin to a depth of 9000 m near the(1990), most of the Lower Triassic section is missing in
Euphrates (or Al-Furat) fault. From the east the graben ishorthern Sinai within a fold belt known as the Syrian arc.
bounded by a narrower and steeper slope of the Khleissidhe gap is attributed to a global drop of sea level.
high and in the south joins almost at right angles the Anah Subsidence renewed in Palmyrides at the end of the Early
graben, coinciding with the east-west segment of the Eu-Triassic and continued through the Middle Triassic. P. Love-
phrates river. In the northeast the Euphrates graben termiock (1984) argued that the Sinjar trough began to subside
nates against the South Palmyra fault zone. in the Middle Triassic. In a deep well Syrom-2 within the
According to P. Lovelock (1984), the oldest sediments intrough (see the transect across eastern Syria-Sawaf et al.,
the Euphrates graben are Triassic. However the Thayyem1993), Triassic strata overlie directly Silurian rocks. How-
103 drillhole in the northern part of the graben struck Per-ever in other wells (e.g. Aba and Tueman — see sections in
mian beds at the bottom (Sawaf et al., 1993), thus subsidencBonikarov et al., 1967) Triassic sediments are shown to rest
might have begun at the same time as in the Palmyrides. Thenconformably on Permian or Carboniferous-Permian rocks.
second major period of subsidence began in the Late Early'hus the earlier than Triassic origin of the trough can not be
Cretaceous, again simultaneously with the Palmyrides. Irs0 far excluded.
contrast to the latter, the Euphrates graben has not suffered In the Euphrates graben lower and middle Triassic sedi-
the Cretaceous and Cainozoic inversions and continued tonents are absent but very considerable subsidence occured
subside uninterruptedly through the Paleogene and Neogen#) the Late Triassic (Sawaf et al., 1993). It is possible there-

The reason of this will be discussed later. fore that in the Syrian rifts there were two different Triassic
stages of extension and rifting: in the late Early Triassic and
2.4 Drouz depression in the Late Triassic. It is important that a new sedimentation

cycle began in the late Early Triassic in the eastern Mediter-

Situated between the Rutbah and Jordan uplifts is anotheranean near-coastal areas. This event was alternatively at-
northwesterly trending and possibly rift-related basin. On thetributed either to oscillations of the sea level (Hirsh, 1990) or
surface the depression is covered by basaltic flows reachintp formation of the Levantine passive margin, which was fi-
its maximum thickness of about 1500 m in the Jebel Drouznally formed in the Late Triassic (e.g. Sengor, Yilmaz, 1981,
— a volcanic ridge rising up to 1600 m above s.|. in the ax- Garfunkel and Derin, 1984).
ial zone of the depression. According to drilling data, the The major rifting epizode in all North Arabian rifts oc-
base of the basaltic pile beneath the ridge is at 100 m aboveured in the late Early Cretaceous. It followed a period
s.l., i.e. 400 m deeper than at the basaltic plateau margins. Aéf emergence and erosion in the Neocomian and was fol-
the same time the basement depth in the Drouz depression lswed, in its turn, by postrift subsidence in the Late Cre-
about 7 km or more (Brew et al., 1997). This means that thetaceous. Rifting was accompanied by eruptions of basalts
depression is filled by a thick sequence of Paleogene, Cretan Syria, Lebanon and Israel. As seen from distribution of
ceous and possibly older sediments (Ponikarov et al., 1967)thicknesses of the Cretaceous sediments (Ponikarov et al.,

The Early Miocene to Recent basaltic eruptions on thel967) the Palmyra boundary faults were finally shaped at that
Jebel Drouz and Hauran plateau were controlled by fractime. Faulting was also active in the Sinjar trough and the
tures of the northwesterly trend marked by chains of volcanicEuphrates graben (Lovelock, 1984).
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CORRELATION OF EVENTS IN THE NORTH ARABIAN RIFT BASINS
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Fig. 2. Correlation of events in the North Arabian rift basins and the Tethys ocean.

The first manifestation of compression in the Late Seno-tions characterise cores of anticlines while in synclines sed-
man — Early Maastrichtian is documented in the Palmyridesmentation was uninterrupted (Faradzhev, 1966; Soulidi-
and in the Sinjar trough. In both rift basins gentle fold- Kondratiev, 1966). Formation of the Campanian olistostrome
ing resulted in complex variation of thickness and faciesobserved in the Abd El-Aziz anticline (Leonov et al., 1986)
of the Paleogene deposits: reduced and incomplete seavas probably associated with reverse faulting and overthrust-
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CAUSES OF EXTENSION AND COMPRESSION IN THE ARABIAN RIFTS
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Fig. 3. Causes of extension and compression in the Arabian rifts.

ing along the marginal faults of the Sinjar trough. Defor- terrupted (Galaktionov and Demidov, 1966; Ponomarev and
mation was even more conspicuous in northern Sinai wherdivshev, 1966). There is no indication of Paleogene com-
folds of the Syrian arc were formed (Hirsh, 1990). pression in the Euphrates graben and Drouz depression.

Several compressional pulses occured in North Arabia Compressional events in Middle-Late Miocene and
during the Middle Eocene to Oligocene interval. Of the Pliocene-Quaternary time created the present-day structure
North Arabian rifts, the Palmyrides were most affected. and geomorphology of the Palmyrides: a system of linear
Growth of anticlines and associated uplifts continued hereridges (anticlines) and intermontane depressions (synclines).
up to the end of the Oligocene, when the sea retreated finderthrusting of the Rutbah uplift led to transformation of
nally from the area. In the Sinjar trough Eocene deforma-normal faults into steep reverse faults and overthrusts and
tion is poorly documented and in any case was much weaketo the formation of decollement along the Triassic evapor-
than in Palmyrides. The marine basin persisted here througite horizon. Compression and shortening were strongest in
the Oligocene and only in the Aquitanian was it briefly in- the west (near Antilebanon) and reduce drastically eastward



V. G. Kazmin: The late Paleozoic to Cainozoic intraplate deformation in North Arabia 129

A Late Carboniferous - Early Permian 300 600

B

EURASIA

150
1

7 621 2 24 2 7 Pt [
o et D[ Bl 18 ks

Fig. 4. (a)Paleotectonic scheme for Late Carboniferous — Early Permian time. 1st tensional stage. | — fault; 2 — strike-slip fault; 3 — normal
fault; 4 — nappe front, overthrust; 5 — subduction; 6 — spreading center; 7 — folding: a — weak; b — strong; 8 — uplift; 9 — subsiding margin;
10 — foredeep; 11 — volcanic arc; 12 — basalts; 13 — fault-related large antiforms; 14 — hypothetical direction of the deformation axis based on
major structural features; 15 — Arabia/Eurasia relative motion vector. COB-continent-ocean boundary; T — Troodos; B — Baer-Bassit; DD —
Drouz depression; ED — Euphrates graben (depress(bh)l.ate Carboniferous — Early Permian position of the North Arabia rifts on the
Paleotethyan margin. Reconstruction of Paleotethys after J. Golonka (2000) with modifications. Paleotethyan ridge is being subducted in the
Eurasian trench system. Slab pull is transmitted to the passive margin causing rifting. Direction of the slab pull coincides with the inferred
vector of the plate convergence. 1. —inferred vector of the plate convergence; 2 — direction of the slab-pull. AR — Arabia; AF — Africa; AN —
Anatolia; CANT — Central AfganistanNorthern Tibet; IR — Iran; IN — India; M — Mesogea; MD — Madagascar; N — Neotethys; ST — South
Tibet.

(Chaimov and Barazangi, 1990). East of the Euphrates faulas the processes at the boundaries of the African and Arabian
zone Neogene compression was weak. The Sinjar througplates (Sengor, 1979, 1984; Robertson and Woodcock, 1980;
was inverted into a broad and flat arch (Ponikarov et al.,Dercourt et al., 1986, 1993; Robertson et al., 1996; Stampfli
1967; Lovelock, 1984) complicated by brachyform anti- et al., 1991; Stampfli and Pillevuit, 1993; Knipper and Sha-
clines. It is apparent that deformation was caused mainlyaskin, 1994; Natapov and Kazmin (Eds.), 1998; Le Pichon
by the northward movement of the block limited by the Dead and Gaulier, 1988, and many others). Now there is a good
Sea and the Euphrates fault zones. Sedimentation and subhance to correlate intraplate and plate boundary events and
sidence continued uninterruptedly in the postrift basin aboveo demonstrate how the former depend on the latter (Figs. 2
the Euphrates graben and, presumably, in the Drouz depresnd 3).
sion. Moreover the latter shows clear evidence of extension:
open fractures of northwest strike controlled basaltic erup-4.1 Late Carboniferous — Permian stage (Figs. 3a and 4)
tions through the whole Neogene-Quaternary interval.

The time of the initial rifting in North Arabia (Palmyrides,

the Euphrates graben) coincides with fragmentation of the
4 Intraplate deformation in North Arabia and plate Gondwana margin, separation of several microcontinents

boundary evolution: an attempt at correlation from it and the origin of the Neotethyan spreading axis. A

deep basin existed north of Oman (De Wever et al., 1988)
As seen from the above, the history of intraplate deformationand south of Iran (Berberian and King, 1981; Cherven, 1986)
in North Arabia is reasonably well studied. At the same timealready in the Permian. According to the G. Stampfli and
extensive studies have been carried out during last decades f Pillevuit (1993) subsidence curves based on drilling data
reveal the history of the surrounding oceanic basins as welfor the northern African passive margin show a single early
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A
Middle - Late Triassic

Fig. 5. (a)Paleotectonic scheme for the Mid-Late Triassic. 2nd tensional stage. Symbols in Kig) Meéd-Late Triassic position of North

Arabian rifts on the Paleotethyan margin. Reconstruction of Paleotethys by J. Golonka (2000) with modifications. In the eastern part of
the ocean, where the Neotethyan spreading center is active, the slab pull is not affecting the passive margin. Still rifting of the margin is in
progress in the western part, where the new spreading center had not yet been formed. Symbols as in Fig. 4b.

Permian rifting event, which, in their opinion, was followed inferred from the initial (pre-drift) and final (collision) posi-

by spreading. Thus the earliest stage of intraplate rifting intion of microcontinents (e.g. Iran, North Tibet). These trajec-
Arabia (Fig. 4a) was apparently contemporaneous with theories coincide or are close to the direction of the slab pull —
major rifting event on the Gondwana margin. the major plate moving force. Extension created by the slab

But what was the cause of rifting? C. Sengor (1990 1991)pull might have been translated in this case to the Gondwana

suggested that rifting occured in a backarc setting behind th&@argin. There it could have led to rifting along the ancient

north-facing subduction zone. However no Carboniferous-SUtures or “weak zones”. In Palmyrides, for example, rift-
Permian suprasubduction magmatism is known on the mi{"9 most probably followed an old suture between the Rut-

crocontinents separated at that time from Gondwana (Iran®@h and Aleppo blocks interpreted as terranes accreted in the
Afghanistan, Central Pamirs, North Tibet etc.), therefore thel-ate Precambrian to the Gondwana margin (Best etal., 1993;

backarc mechanism is unlikely. Another hypothesis is pro_Sawaf et al., 1993; Brew et _al., 19_97). The stress translation
posed here. ceased when a new spreading axis was formed.

In the latest Paleozoic compressional deformation, which4 2  Triassic stage (Figs. 3b and 5)

can not be accounted for by collisions with microcontinents

or island arcs, occured in several places along the activdhe Middle-Late Triassic was a time of major rifting and
Tethyan margin. This deformation is known for example in postrift subsidence in North Arabia. This rifting can be
the Frontal and Main Ranges of the Caucasus (Belov, 1981)orrelated with events in eastern Mediterranean or Meso-
in northeastern Iran (Aghdaraband), where the “Hercynian”gea. (Fig. 5a). While in Neotethys transition to spread-
deformation preceeded short “epyhercynian” cycle of sed-ing occured presumably after a single rifting phase in the
imentation spanning the Late Permian and Triassic (RutEarly Permian (Stampfly and Pillevuit, 1993; Stampfly and
tner, 1984) and probably in the North Pamirs (Shwolman,Mosar, 1998), the evolution of Mesogea was probably dif-
1977) and Kunlun (Pan Yusheng, 1996). It is suggested heréerent. Though the initial rifting here was in the Permian or
that deformation was the result of a ridge-trench collision latest Carboniferous (Stampfli and Mosar, 1998), the transi-
that temporarily blocked subduction (Natapov and Kazmintion to spreading might have occured much later after one or
(Eds.), 1998). In time when subduction was renewed, the actwo additional rifting phases. The evidence comes from the
tive margin and Gondwana were not separated by a spreadamonia, Godene and Tamima complexes in Cyprus, An-
ing axis. This situation is demonstrated in Fig. 4b, which talya (S. Turkey) and Baer-Bassit (NW Syria) respectively
shows position of the North Arabian rifts in the Paleotethyan (Robertson and Woodcock, 1979; Robertson and Woodcock,
framework. The trajectories of the relative plate motion were1984; Parrot and Whitechurch, 1978; Knipper and Sharaskin,
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1994). All these complexes represent sediments and volf
canics accumulated at the passive margin and in the dee
basin of Mesogea. Remarkably they do not contain rocks
older than Upper Triassic, which timplies that the oceanic
basin of Mesogea did not open prior to this time. Conse-
quently, there was not only the Permian but also the Trias;
sic phase or phases of rifting. Fig. 4b shows differences be
tween the eastern and western Tethyan sectors in the Triassi®
time. In the east, where Neotethys was rapidly opening, the
slab pull was not anymore transmitted to the Gondwana pas
sive margin and rifting here ceased. At the same time in the
west the new spreading axis still had not been formed ang
extension created by the slab pull persisted. The direction o
the slab pull (or deformation axis) coincided with the vector
of the plate convergence. Rifting continued in North Arabia
and North Africa till the Late Triassic, (or earliest Jurassic?)
when a new spreading center was formed in Mesogea.

Late Albian
0 125 250 km

4.3 Early Cretaceous stage (Figs. 3c and 6)

All North Arabian rifts were actively subsiding through al-
most the whole of Late Cretaceous time. This subsidence
was preceeded by volcanism associated with the renewal @
extension and faulting (Lovelock, 1984). As at the previous
stages, SW-NE and NW-SE rifts were simultaneously sub-
jected to extension.Taking into account this and orientation
of the Mesogea subduction zone, one can suggest that the
deformation axis was close to N 198 In this case exten- Figd- 6. Paleotectonic scheme for the Late Albian. 3rd tensional
sion was almost perpendicular to strike of Palmyrides and®t29€- Symbols in Fig. 4a.
oblique to strike of the Euphrates graben. In the Tethys ocean
the late Early Cretaceous was a period of major plate bound-
ary re-organization. The subduction zone jumped southward Jurassic magmatic rocks (basalts, gabbro) occur in Lev-
from the northern active margin of the ocean to be formed inant very sporadically in the near-coastal areas of Israel and
close proximity to the Arabian passive margin. X. LePichon Lebanon. No Jurassic rifting is known either in North Ara-
(see in Dercourt et al., 1986 and Kazmin, 1991b) suggeste#ia or on the northern margin of Gondwana. In cited work
that the cause of the jump was a ridge-trench collision whichthe Jurassic magmatic period “is associated with the opening
blocked subduction of the Tethyan lithosphere. The timeof Neotethys”. However, the Neotethys’ opening began in
of the jump is not precisely established. The peri-Arabianthe Early Permian and terminated in the Late Triassic. The
ophiolites, originated in a backarc setting behind the newly-Jurassic magmatism was certainly related to the opening of
formed trenches, mainly in the Cenomanian or CenomanianCentral Atlantic, but has no tectonic correlation on the north-
Turonian, 95-87 Ma ago (Knipper et al., 1986). In Cyprus, e€rn Tethyan margin, including Arabia.
where the ophiolites are covered by the Cenomanian sedi- The Cretaceous “superplume” was manifested in Levant
ments of the Parapedi formation (Irving et al., 1980) their within the “Levant-Nubian province (swell)”. Again spo-
age is probably Pre-Cenomanian. In any case, initiation ofradic magmatic activity occured in a N-S elongated oval area
subduction in the Peri-Arabian trenches was in the late Earlyparallel to the Mediterranean margin and the Levant fault sys-
Cretaceous i.e. preceeded ophiolite formation by several miltem (op. cit. Fig. 4). East of this zone magmatism is prac-
lions of years. It coincided, therefore with extension and rift- tically absent. There was no spatial connection between the
ing in North Arabia. Again, as in the previous cases, exten-“swell” and the North Arabian rifts but its structural link with
sion was most probably created by the pull of the sinking slabthe transform margin of the East Mediterranean basin is very
and transmitted to the continent from the newly-formed plateclear. On a broader scale the question is : Is any manifesta-
boundary. tion of the intraplate magmatism necessarily related to plume
A remaining problem is the possible relationship betweenactivity? Experimental data show that on a limited scale
the Mesozoic rifting in North Arabia and plume activity. Cor- magmatism may accompany “cold rifting” without plume
relation of magmatic cycles to fragmentation of Gondwanainterference, the melt produced by decompression of rising
was recently attempted by A. Segev (2000). In Levant he recasthenosphere in the extended lithosphere (White and Mc
ognizes two magmatic periods related to the superplume ackenzie, 1989, 1995). There was certainly no Mesozoic LIP
tivity: Jurassic (205-160 Ma) and Cretaceous (138—83 Ma). (Large igneous province-Coffin and Eldholm, 1991) in North
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~

Anatoli - :
atofia ~ Late Senonian - Early Maastrichtian

Fig. 7. Paleotectonic scheme for the
Late Senonian — Early Maastrichtian. 1-
st compressional stage associated with
ophiolite obduction onto Arabian mar-
gin. Symbols inin Fig. 4a.

Arabia indicative of strong thermal perturbation and large- course of the Permian-Triassic rifting, with a trench located
scale partial plume-related melting. Volcanic rocks had verysouth of Cyprus. (Kazmin, 1991a). The nappe structure of
modest volume and were mostly alkaline basalts. the Mammonia complex was finally formed prior to the Late
On the other hand, the North Arabian rifts were formed atMaastrichtian (Knipper and Sharaskin, 1994; Krylov et al.,
a time of major plate boundary reorganizations which couldin press) synchronously with ophiolite obduction in north-
have caused extension and rifting in the Arabian plate. Aswest Arabia. In this way the compression from the collision
discussed above, this causal link was especially clear in theone was transmitted not only to the Arabian, but also to the
late Early Cretaceous. African margin (e.qg. folding in the Syrian arc).
R. Guiraud and W. Bosworth (1997) argued that in the Syr-
4.4 Late Senonian — Early Maastrichtian stage (Figs. 3dian arc and northern Arabia there was a late Santonian com-
and 7) pressional episode followed by an extensive phase of rifting

) ) ) o in the Campanian — Maastrichtian. In fact the Campanian —
This was the time of compression and folding in the NE-SW Early Maastrichtian was a time of compression in the Syr-

trending rifts of North Arabia (Palmyrides, Sinjar) and in the 3 arc and North Arabian rifts. In the Syrian arc folding

Syrian arc of northern Sinai. There is no evidence of cOM- 55 active in the Campanian: after that folds were transgres-
pression in the NW-SE trenc_;llng rift §tructures (the Euphratessive|y overlapped by late (?) Maastrichtian and younger sed-
graben and Drouz depression) which were presumably pafments (see Fig. 10 in Hirsh, 1990). Similar relationships

allel to the main compressional stress axis. were observed in the Palmyrides and Sinjar where compres-

The cause of compression was collision of the Arabiangjon cyiminated in the early Maastrichtian (Ponikarov et al.,
passive margin with the system of Peri-Arabian trenches,gg7) | e. simultaneously with the ophiolite obduction on to
which began in the Late Senonian and terminated with thehe Arabian passive margin.

ophiolite obduction. The latter was diachronous: it oc-

cured in the Late Santonian in Oman (Guirand and Bosworth4.5 Eocene-Oligocene stage (Figs. 3e, 8 and 9)

1997) and in the Campanian-Early Maastrichtian in south-

eastern Turkey (Dubertret, 1953; Yazgan, 1984) and in northThe Campanian — Early Maastrichtian compression was fol-
western Syria (Parrot and Whitechurch, 1978; Knipper et al. lowed in the North Arabian rifts by a period of subsidence
1988). In Cyprus formation of the Mammonia accretionary and quiet sedimentation spanning the Maastrichtian to Early
complex terminated also in the Campanian, marking theEocene. This period correlates with the final closure of
end of subduction of the Mesogean lithosphere (RobertsomMNeotethys and eastern Mesogea between Arabia and Iran and
and Woodcock, 1979, 1984; Knipper and Sharaskin, 1994the Taurides, respectively (Fig. 8). In eastern Mesogea the
Krylov et al., in press). This was explained as a result of col-lithosphere of the late Cretaceous backarc basin was con-
lision of the African passive margin, highly extended in the sumed in the Kyrenia trench-arc system situated at the south-
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Late Maastrichtian - Paleocene {C ‘1{‘
o N
L

Fig. 8. Paleotectonic scheme for the
Late Maastrichtian-Paleocene. Sym-
bols in Fig. 4a.

\ Eocene - Oligocene

0, 150 300 km

Fig. 9. Paleotectonic scheme for the
Eocene-Oligocene. Arabia-Eurasia col-
lision and related compression. Sym-
bols in Fig. 4a

ern margin of the Taurus carbonate platform. The late Maaser absent in the Sinjar trough and the Syrian arc, which im-
trichtian to Eocene arc-type volcanics of Kyrenia (Baroz, plies some independent movement of the block between the
1980; Geol. map of Cyprus, 1979) rest on the PaleozoicDead Sea and the Euphrates fault zones (Fig. 9). However,
to Mesozoic Carbonate platform rifted in the Oligocene (?)no Eocene to Oligicene displacement on either fault zone has
from the Taurus platform. been so far documented.

Collision of Arabia with Iran and the Taurides began 4.6 Neogene-Quaternary stage (Figs. 3f, 10 and 11)

in the Middle Eocene (Dercourt et al., 1986; 1993; Nat-

apov and Kazmin (Eds.), 1998 and other sources). ThisThe present day structure of the North Arabian rift basins
event marked the onset of a series of compressional episodegas finally formed during 12-13 Ma, from the late Mid-
in the Palmyrides (Ponikarov et al., 1967) and Lebanon-dle Miocene to Recent. In the Palmyrides the tightly
Antilebanon (Hencock and Atiya, 1979). Folding and uplift folded Mesozoic-Cainozoic sequence was detached from
in the Palmyrides resulted in the final retreat of the sea in theolder rocks by a decollement (Salel and Suguret, 1994; Kopp
Oligocene. The Eocene-Oligocene deformation was wealet al., 1994). A broad swell was formed in the Sinjar trough.
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Fig. 10. Paleotectonic scheme for the
Middle-Late Miocene. The Miocene-
150 300 km Quarternary compression, 1-st phase.
Symbols in Fig. 4a.

Pliocene - Quaternary

% Q0 150 300 km Fig. 11. Paleotectonic scheme for the
m / Pliocene-Quarternary. The Miocene-
Quaternary compression, 2-nd phase.

The Euphrates graben and Drouz depression again were ntibn relative to Eurasia increased from 1cmy-1t0 2.8cmy-1
affected by compression. Direction of the deformation axis(Savostin et al., 1986; De Metz et al., 1990) which led to
as determined from the regional structural pattern was NW-intensive nappe formation lateral block expulsion in the col-
SE, i.e. nearly parallel to the Euphrates graben and nearljision belt of southeastern Turkey. The zone of maximum
perpendicular to Palmyrides. Folding was not renewed in thentraplate deformation was in western Palmyrides, Antile-
late Cretaceous Sinai fold belt. banon and Lebanon, where compression was enhanced by
o o . ) a restraining band of the transform boundary (Freund et al.,
Activation of defor.mat|0n in the PaImyrldgs, Antllebanon' 1970; Yoffe and Garfunkel, 1987; Kopp et al., 1994). Of
and Lebanon was dlrecftly related to formation of a new d_|-105 km displacement on the Dead Sea fault (Quennel, 1958,
vergent plate boundary_ln the Gulf of A_den and Red Sea r_|ft1984; Freund et al., 1970), 20km or more were compen-
about 12Ma ago (Le Pichon and Gaulier, 1988), the beginted by shortening in the western Palmyrides (Chaimov et

ning of transform motion along the Dead Sea fault and sep 1990). The major deformation was apparently related to
aration of Arabia from Sinai. The rate of the Arabia mo-
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Fig. 12. A model of continent-continent collision (after Lobkovsky, 1988). The lithospheric mantle is detached from the crust and subducted.
The duktile lower crust is “pumped” to the collision zone to create a bulge. The upper crust is detached to form a pile of imbricated nappes.

the movement of the block limited by the Dead Sea and Eu-space for the lithospheric mantle, which apparently can not
phrates faults. The Euphrates graben and Drouz depressidre shortened by “crustal” mechanisms.
again were not inverted, the latter showing clear evidence of Following this train of throught, rifting and separation of
extension (transtension?) in the form of fractures controllingjithospheric plates in the Gulf of Aden and Red Sea are ex-
basaltic eruptions. plained as a result of extension created by a pull of the sink-
Although the causual connection of the intraplate defor-ing Arabian lithospheric mantle. The locus of the future rift-
mation with the plate boundary evolution is apparent, theing was pre-determined by the thermal or thermo-mechanical
dynamic aspect of the process remains problematic. Whagffect of the plume head and, possibly, by pre-existing zones
moved Arabia northward in spite of the head-resistance ofof weakness. At the same time compression was transmitted
the collision? at a the crustal level from the collision zone to the interrior
Two explanations seem probable. It is reasonably wellof the Arabian plate to produce inversion in the rift basins.
established that the origin of the Gulf of Aden, Red SeaCompression was locally enhanced by a restraining bend of
and Ethiopian rift triple system was causally related to Afar the transform boundary between the Arabian and Sinai plates
plume activity (Courtillot et al., 1999). But were the forces (Freund et al., 1970; Yoffe and Garfunkel, 1987; Kopp et al.,
induced by this activity sufficient to break up the continen- 1994).
tal lithosphere and to move plates, especially in the case of
Arabia, whose motion was heavily obstructed by the colli-
sion with Eurasia? As concluded by Couirtillot et al. (1999) .
“an active component (a plume and resulting flood basalt) i55 Conclusion
a pre-requisite for the breakup of a major oceanic basin. But _ . o .
rifting must be allowed by plate-boundary forces ..." Note The sedimentary basins of North Arabia display a long his-
that the initial rifting in the Red Sea and Gulf of Aden and tory of intraplate deformation: rifting and inversion. The
flood basalt eruption around the Afar triple junction occured Major rifting episodes in the Late Carboniferous-Permian,
30 Ma ago, i.e. when the Arabia — Eurasia collision was al-Middle-Late Triassic and late Early Cretaceous were fol-
ready in a full swing and the plate boundary conditions werelowed by periods of the post-rift subsidence and accumula-
not favorable for rifting. Moreover, fast opening of the Red tion of sediments.
Sea and Gulf of Aden began about 12 Ma ago (Le Pichon and Phases of intraplate extension and rifting correlate with
Gaulier, 1988), long after the peak of plume activity. major re-organizations of the plate boundaries in the adjacent
A model of collision by L. Lobkovsky (1988,) suggests Tethys ocean. In the Late Carboniferous-Permian and Tri-
another solution of the problem. According to this model assic, several microcontinents were rifted off the Gondwana
the mantle part of the lithosphere is detached in the collisionPassive margin. Itis speculated here that extension was trans-
zone from the mid-upper crust a|0ng the mechanica”y Weakn']ittEd from the active margin of the ocean at the time, when
lower crust and continues to subduct for a few dozens of myithe Paleotethyan ridge was subducted and Paleotethys and
after collision. The detached crust meanwhile is piled up andGondwana became one plate. Extension generated on the
thickend due to nappe formation, folding and other mecha-Gondwana margin by the slab pull in the south-facing sub-
nisms of crustal shortening (Fig. 12). A conspicuous featureduction zone ceased immediately after new spreading centers
of this process is detachment of mid-upper crustal nappes offvere formed in Neotethys and Mesogea in the Permian and
the subducting plate in a way resembling formation of ac-Late Triassic (?) respectively.
cretionary prisms. In this way two problems are solved: the The next, late Early Cretaceous phase of extension and in-
problem the driving force that moves plates for a long dis- traplate rifting was again related to the slab pull. At that time
tance after collision (e.g. Arabia, India) and the problem of north-dipping subduction began in the Peri-Arabian system
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of trenches, from where extension was directly transmittedBurke, K. and Dewey, J. F.: Plume generated tripple junctions: Key

to the continental part of the plate. indicators on applying plate tectonics to older rocks, J. of Geol-
Inversions in the North Arabian rift basins correlate with 09y, 81, 159-171, 1973.

collisions at the northern margin of the African-Arabian Campbell, L. H. and Griffits, R. W.. Implication of mantle plume

plate. The Campanian-Early Maastrichtian inversion occured structure for the evolution of flood basalts, Earth and Planet Sci.

at the time of the passive margin collision with the Peri- Lett., 99, 79-93, 1990.

Arabian trench system and ophiolite obduction. Com res—Chaimov’ A., Barazangi, M., Al-Saad, D., Sawal, T., and Gebran,
y p : P A.: Crustal shortening in the Palmyride fold belt Syria and im-

SI.OI’I ,Was evident not n,Ot only _'n North Arab'a} t?Ut also in plications for movement along the Dead Sea Fault System, Tec-
Sinai and northeast Africa (Syrian arc), which is interpreted  gpics, 9 (6), 1369-1386, 1990.
to result from the collision of the Cyprus trench with an chaimov, T. A., Barazangi, M., Al-Saad, D., Sawaf, T., and Gebran,
extended African passive margin. Basin inversions in the A.: Mesozoic and Cenozoic deformation inferred from seismic
Middle Eocene-Oligocene and Neogene-Quaternary reflect stratigraphy in the southwestern intracontinental Palmyride fold-
stages of the Arabia-Eurasia collision. thrust belt, Syria, Geol. Soc. of Amer. Bull., 104, 704715, 1992.
To explain simultaneous collision and rifting at the north- Chaimov, T. A., Barazangi, M., Al-Saad, D., Sawaf, T., and Khad-
ern and southern boundaries of the Arabian plate respec- f:iour, M.:_ Seismic fabri(_: and 3-D structure of the southwes_tern
tively, a hypothesis of independent lithospheric mantle sub- mtracpntmental Palmyride fold belt, Am.Ass. Petr. Geologists
duction in the collision zone is invoked (Lobkovsky, 1988). _ Bulletin, 77(12), 2032-2047, 1993.

L . . Cherven, V. B.: Tethys marginal sedimentary basins in western Iran,
The pull of sinking lithospheric mantle detached from the Geol. Soc. Amer. Bull., 97, 516522, 1986.

CrusF IS conS|d_ered as "’.‘ ‘?'“‘"”9 fgrce m0\{|ng a plate durlngCof‘fin, M. F. and Eldholm, O. (Eds.): Large Igneous Provinces,

continent-continent collision. This force is assumed to be  ;0,,yssAC Workshop Report, The Univ. of Texas at Austin Inst.

sufficient to produce extension and rupture in areas of litho-  for Geophisics Rep., N114, 79p, 1991.

spheric weakness (Red Sea) and scrapping off and piling ugourtillot, V., Jaupart, C., Manighetti, I., Tapponier, P., and Besse,
a crustal material in the Bitlis zone of Southeast Turkey. At J.: On causual links between flood basalts and continental
the crustal level strong compression was transmitted from breakup, Earth and Planet. Sci. Lett., 166, 177-195, 1999.

the collision zone to intraplate regions. It appears thereforéde Mets, C., Gordon, R. G., Argus, D. F,, and Stein, S.: Current
that the slab pull was a major moving force responsible for plate motions, Geopys. J. International, 101, 425-478, 1990.
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