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Abstract — Deformational belts in the Arabian-Nubian Shield (ANS) are divided into: (1} those
associated with sutures, both arc-arc and arc-continental; and (2) post-accretionary structures
which include north trending shortening zones and northwest trending strike-slip faults. The
arc-arc sutures manifest collision between arc terranes at ~800-700 Ma. They are orientated
east to northeast in the northern part of the ANS and north to north-northeast in the south.
North or south verging ophiolitic nappes are associated with the east to northeast trending
sutures. These nappes were steepened by upright folds associated with the final stages of
collision between terranes. East or west verging ophiolitic nappes are associated with the
north to north-northeast trending sutures. These were deformed by upright folds and strike-
slip faults related to oblique collision between terranes and/or post-accretionary deformations.
The arc-continental sutures define the eastern and western boundaries of the ANS and are
marked by north trending deformational belts which accompanied collision of the ANS with
east and west Gondwana at ~750-650 Ma. The post-accretionary structures were developed
between ~650-550 Ma due to continued shortening of the ANS. This produced north
trending shortening zones which offset the east to northeast trending sutures in the
northern part of the ANS but were superimposed as co-axial deformation on the north to
north-northeast trending sutures in the south. The shortening deformation culminated
with the development of northwest trending strike-slip faults and shear zones. Copyright
© 1997 Elsevier Science Ltd. All rights reserved

Résumé —Les chaines de déformation du Bouclier Arabo-Nubien {BAN) sont subdivisées en:
(1} celles associées a des sutures, soit de type arc-arc, soit de type arc-continent et (2} des
structures post-accrétion comprenant des zones de raccourcissement de direction septentrionale
ainsi que des failles de décrochement de direction nord-ouest. Dans les sutures arc-arc, la
collision entre différents “terranes” a eu lieu a ~800-700 Ma. Dans la partie septentrionale du
BAN, les sutures sont orientées est 4 nord-est tandis qu’au sud elles passent a des directions
nord a nord-est. Des nappes ophiolitiques a vergence nord ou sud sont associées aux sutures
dirigées est a nord-est. Elles ont été redressées en plis droits, associés aux stades terminaux
de la collision entre “terranes”. Des nappes ophiolitiques a vergence est ou ouest sont associées
aux sutures de direction nord a nord-nordest. Celles-ci ont été déformées par des plis droits et
des failles de décrochement en relation avec une collision oblique entre “terranes” et/ou des
déformations post-accrétion. Les sutures arc-continent définissent les limites orientales et
occidentales du BAN et sont marquées par des chaines de déformation de direction
septentrionale, accompagnant la collision entre le BAN et le Gondwana Oriental et Occidental
a ~750-650 Ma. Les structures post-accrétion se sont développées entre ~650-550 Ma et
résultent du raccourcissement incessant du BAN. |l s’en suivit des zones de raccourcissement
de direction septentrionale, décalant dans la partie nord du BAN les sutures de direction est a
nord-est mais se superposant en tant que déformation co-axiale aux sutures de direction nord
a nord - nord-est dans la partie sud. La déformation raccourcissante a culminé avec le
développement de failles de décrochement et de couloirs de cisaillement de direction nord-
ouest. Copyright © 1997 Elsevier Science Ltd. All rights reserved
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INTRODUCTION

The basement in northeast Africa and Eastern
Arabia (Fig. 1) is referred to as the Arabian-
Nubian Shield (ANS). This represents
predominantly juvenile continental crust in that
it was formed by differentiation of mantie melts
largely without reworking of pre-existing
continental crust (for summary of previous work;
see Stern, 1994). The ANS represents the
northern part of the East African Orogen, which
formed by collision between east and west
Gondwana at the end of a Wilson Cycle that
encompassed most of the Neoproterozoic and
defined the Pan-African Orogeny (Stern, 1994).
The ANS is of global interest because it contains
a complete record of the formation of juvenile
continental crust and because the abundance
of ophiolite rocks within it proves that processes
indistinguishable from those at modern plate
tectonic boundaries operated throughout the
Neoproterozoic.

The ANS is composed of intra-oceanic island
arc/back-arc basin complexes and micro-
continents welded together along north to east
trending sutures (Almond, 1982; Vail, 1983;
1985; Embleton et a/., 1984; Camp, 1984;
Stoeser and Camp, 1985; Kréner et a/., 1987a,
1991; Pallister et al., 1988; Stern and Kréner,
1993). The ANS collided with pre-
Neoproterozoic continental blocks to the east
and west at ~750-650 Ma (Stoeser and Stacey,
1988; Abdelsalam and Dawoud, 1991; Stern
and Kroner, 1993; Stern, 1994). This collision
deformed the ANS along north trending
shortening zones (Stern et a/., 1989; 1990;
Miller and Dixon, 1992; Abdelsalam, 1994) and
major northwest trending, sinistral strike-slip
faults (Delfour, 1979; Moore, 1979; Davies,
1984, Stern, 1985; Stacey and Agar, 1985;
Agar, 1986, 1987; Berhe, 1986, 1990; Sultan
et al., 1986; Stoeser and Stacey, 1988; Bonavia
and Chorowicz, 1993; Alene and Barker, 1993)
and minor northeast trending, dextral {Berhe and
Rothery, 1986; Nielsen et a/., 1988; Berhe,
1990; Abdelsalam, 1994).

Based on their structural styles, ages, and
tectonic settings, the deformational belts (the
term deformational belt is used here to refer to
high-strain zones such as fold and thrust beits,
fold belts, and strike-slip fault systems) in the
ANS are divided into:

i) Sutures, including those separating individual
arc terranes (arc-arc sutures), and those
separating the ANS from the pre-Neoproterozoic
continental blocks to the east and west (arc-
continental sutures); and
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ii) Post-accretionary structures including north
trending shortening zones, and major northwest
trending, sinistral and minor northeast trending,
dextral strike-slip faults. Table 1 summarizes
classification of major deformational belts in the
ANS into sutures and post-accretionary
structures.

The purpose of this contribution is to
summarize the distinctive deformational styles
of sutures and shear zones, and to discuss the
tectonic significance of these belts in an attempt
to establish a comprehensive model for the
Neoproterozoic tectonic evolution of the ANS.

SUTURES

The term suture refers to zones along which
oceans and back-arc basins have closed (Burke
et al., 1977). The closing of the oceanic basin
is accompanied by a full range of structures,
usually localized along linear zones of high-
strain. The accreted fragments may be
continents, micro-continents, or island arc/back-
arc basin complexes. Terrane accretion in the
ANS took place along arc-arc sutures (Fig. 1)
developed between ~800-700 Ma (Stoeser and
Camp, 1985; Pallister et al., 1988; Ayalew et
al., 1990; Kroner et al., 1992). The ANS was
subsequently emplaced between the continental
blocks of east and west Gondwana at ~750-
650 Ma along arc-continental sutures (Fig. 1;
Stern,1994).

Arc-arc sutures

Many attempts have been made to link ophiolites
in the ANS into major arc-arc sutures separating
terranes of presumably different ages (Bakor et
al., 1976; Shackieton, 1979; Nassief et a/.,
1984; Duyvermann, 1984; Vail, 1985; Berhe,
1990; Stern, 1993; Shackleton, 1994). The
following alignment is adopted (Fig. 1):

i} The Allagi-Heiani-Onib-Sol Hamed-Yanbu
{YOSHGAMH) suture;

ii) The Nakasib-Bir Umq suture;

iii) The Baraka-Tulu Dimtu suture; and

iv) The Adola-Moyale suture.

In addition to the above sutures, the Hafafit
culmination will also be discussed as a possible
structure associated with a suture in the Eastern
Desert of Egypt. The belts above (with the
exception of the Hafafit culmination) qualify as
arc-arc sutures for the following reasons:

i} These belts are associated with zones of
high-strain. Major structures such as fold and
thrust belts and/or strike-slip fault system which
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Figure 1. Sketch tectonic map of the ANS [Modified after Stern, 1994).
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Table 1. Summary of the orientations, ages, and structural styles of major deformational belts in

the ANS
Deformational | Orient- [ 8oL Structural
YOSHGAH E to NE |750 - 720 Early S- to SE-verging ophiolitic nappes.
Late E- to NE-trending upright folds.
Nakasib-Bir Umq NE 800 - 750 Early SE-verging ophiolitic nappes.
¢ L Late NE-trending upﬁght folds.
f‘-ﬂ Baraka-Tulu Dimtu {N 820-760  |N-trending sinistral transpression.
< |Adola-Moyale N 830 - 620*  |Early E- or W-verging ophiolitic nappes.
Late N-trending upright folds. or
5 N-trending sinistral transpression.
2 Keraf N 700 - 610** | N-trending sinistral transpression.
“ | g |Kabus NNE E-verging ophiolitic nappe.
§ |Sekerr N 820-.620 |W-verging nappes.
"E Al Amar (?) N 680 -640 Early E- or W-verging ophiolitic nappe.
Ué Late N-trending folds.
< |Nabitah (?) N 720 - 680 Early N-trending folds.
' Late E-verging thrusts. or
N-trending sinistral transpression.
p |z |Hamisana shear zone |N 660 - 610 Early N-trending upright folds.
g |E Late NE-trending dextral strike-slip faults
=]
3 . | & &|Oko shear zone N to NW|700-560  |Early N-trending upright folds.
g g BN Late NW-trending sinistral strike-slip faults.
<32
‘é E 21 Najd fault system NW 630 - 530 Early dextral strike-slip faults & shear zones.
& §§ Late sinistral strike-slip faults & shear zones,

* Based on correlating deformation of the Adola-Moyale suture with that of the Mazambique belt in northern Kenya.
** Based on regional constraint from dated deformation in the Atmur suture which is younger than the Keraf suture.

continue for hundreds of kilometres coincide
with belts listed above as arc-arc sutures;

ii) Fragments of ophiolite rocks occur within
these high-strain zones. These ophiolitic
fragments, in most cases, represent eroded
folded nappes which had travelled for distances
from their corresponding sutures. Most of these
ophiolitic fragments, however, lie within broad
deformational belts which are the manifestation
of collision between terranes; and

iii) These belts separate arc terranes with
different pre-suturing history and, sometimes,
with different ages as exemplified by the Nakasib
suture which separates the 900-800 Ma Haya
Terrane from the 830-720 Ma Gebeit Terrane
{Fig. 1; Stern and Kroner, 1993).
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The Allagi-Heiani-Onib-Sol Hamed-Yanbu
(YOSHGAH) suture

This east to northeast trending suture {Fig. 1} is
defined by a deformational belt which
encompasses the Allagi-Heiani-Gerf (Kroner et
al., 1987a; Stern et al., 1989, 1990} and the
Onib-Sol Hamed (Fitches et a/., 1983; Hussein et
al., 1984) ophiolites in northeastern Sudan and
southeastern Egypt, and the Jebel Ess (Shanti
and Roobol, 1979) and the Jebel al Wask (Bakor
et al., 1976) ophiolites in northwestern Saudi
Arabia. The suture separates the ~830-720 Ma
Hijaz-Gebeit Terrane in the south from the
Midyan-south Eastern Desert of Egypt Terrane
to the north. The suture shows an apparent
dextral offset by the north trending Hamisana
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Shear Zone in the Sudan (Figs 1 and 4; Stern et
al., 1989; 1990; Miller and Dixon, 1992) and is
sinistrally offset by the northwest trending Najd
fault system in Saudi Arabia (Fig. 1; Stoeser
and Camp, 1985).

The east trending Allaqgi-Heiani ophiolite which
is at high angle to the north trending front of
the Nile Craton led to questioning of the
interpretation of the YOSHGAH structures as a
suture (Berhe, 1990). On the other hand, the
transposition of the Onib-Sol Hamed ophiolite
by the north trending ophiolite-decorated
Hamisana Shear Zone had led to the proposition
that the Onib-Sol Hamed and Hamisana
ophiolites represent a suture which trend
northeast in its northeastern part but follows a
more northerly trend in the south {Vail, 1985;
Berhe, 1990). Structural studies documented
that the Hamisana Shear Zone was
superimposed on a once coherent Aliagi-Heiani-
Onib-Sol Hamed ophiolitic nappe in the form of
upright folds which gave rise to the apparent
dextral offset of the former (Stern et a/., 1990;
Miller and Dixon, 1992).

The Sol Hamed ophiolite dips steeply to the
southeast, and faces towards the southeast.
This led Fitches et al. (1983) to suggest that
the ophiolite was obducted over a southeast
dipping subduction zone with the related arc
volcanics unconformably overlying the
ophiolites. Both the ophiolite and the
surrounding arc volcanics were subsequently
deformed by northeast plunging folds. Stern et
al. (1990) proposed that the Aliagi-Heiani-Onib-
Sol Hamed suture represent a south verging
nappe which was refolded around a sub-
horizontal, east trending axis to produce upright
antiforms and late-stage southeast verging
thrusts. Vergence of the ophiolite nappes is used
to infer a north dipping subduction zone along
the line of a suture which lies north of the Allaqgi-
Heiani-Onib-Sol Hamed ophiolite (Stern et al.,
1990).

The Jebel Ess ophiolite is a complete fault-
bounded ophiolitic sequence separating a meta-
sedimentary sequence of shale and polymict
conglomerate in the south from a structurally
and stratigraphically upper arc volcanics to the
north (Shanti and Roobol, 1979). Shanti and
Roobol {1979) concluded that the Jebel Ess
ophiolite represent a nappe which has been
folded into a northeast trending synform. To
the northeast of the Jebel Ess ophiolite, Bakor
et al. (1976) described the Jebel Al Wask
ophiolite as a northeast trending dome with
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steeply dipping lithological contacts. Camp
{1984) suggested that the Jebel Al Wask
ophiolite constitutes part of an accretionary
prism overlying a southeast dipping subduction
zone, with the associated arc volcanics of the
Hijaz Terrane to the southeast.

The Nakasib-Bir Umq suture
This northeast trending deformational belt
extends from near the River Nile in the west to
central Arabia (Fig. 1). The suture juxtaposes
the ~800-800 Ma Asir-Haya Terrane in the south
with the 830-720 Ma Hijaz-Gebeit Terrane to
the north. Johnson (1994) explicitly correlated
the stratigraphy and deformational history of
the Nakasib and Bir Umq sutures. Ophiolite
fragments defining the Nakasib-Bir Umqg suture
are remarkably aligned along, and structurally
controlled by northeast trending structures. The
northeastern part of the suture appear to
terminate against the north trending Nabitah
suture (Fig. 1). However, how the suture ends
in the southeast is not obvious. Shackieton
(1994) proposed that the Nakasib suture bends
north at its southwestern end to foliow the north
trending Keraf suture (Fig. 4). The "Nakasib-
Keraf Bend" would represent a closure of a major
south-southwest plunging antiform, the axial
trace of which coincides with the trend of the
Hamisana Shear Zone (Fig. 1). However,
structural and remote sensing data show that
the Keraf suture continues south of where it
should intersect with the Nakasib suture
(Abdelsalam and Stern, 1996). In addition, these
data reveal that the southern part of the Keraf
suture is defined by north and north-northwest
trending, sinistral strike-slip faults which
everywhere truncate the northeast trending
sutures, further indicating that the Nakasib
suture terminates against the Keraf suture.
The Nakasib suture (Fig. 1) deforms ophiolite
fragments defining the limbs of a northeast
trending synform (Fig. 2a). The ophiolite belt in
the northeastern part of the Nakasib suture
separates rift volcanics and passive margin
sediments in the south from arc volcanics and
sediments to the north. This led Abdelsalam and
Stern (1993a) to suggest a Wilson Cycle model
to explain the evolution of the suture. This cycle
ended with collision between the Haya and
Gebeit Terranes at ~750 Ma after the
consumption of an oceanic basin by a northwest
dipping subduction zone {Abdelsalam and Stern,
1993b). Abdelsalam and Stern (1993c)
demonstrated that the closure of the Nakasib
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oceanic basin gave rise to three phases of
deformation. The two early phases are
associated with emplacement of a southeast
verging ophiolitic nappe across the passive
margin sediments. The late phase manifests the
final stage of collision between the Haya and
Gebeit Terranes and refolded earlier structures
into northeast trending, upright antiforms and
synforms. This phase culminated with the
development of northwest verging thrusts (Fig.
2a). Schandelmeier et al. (1994) investigated
the southwestern part of the Nakasib suture
and concluded that the "Nakasib oceanic basin”
has been consumed at ~890-760 Ma by a south
dipping subduction zone. The Bir Umq suture
(Fig. 1) is marked by the Thurwah ophiolite in
the southwest and the Bir Umgq ophiolite to the
northeast (Al Rehaili and Warden, 1980; Camp,
1984; Nassief et a/., 1984; Stoeser and Camp,
1985; Ramsay, 1986). The Thurwah ophiolite
occurs as imbricate thrust sheets which were
refolded about northeast trending synform
(Nassief et a/l., 1984; Fig. 2b). Ramsay et al/.
{1986) suggested that the thrusting of the
Thurwah ophiolite was to the southeast. Al
Rehaili and Warden (1980) described the Bir
Umgq ophiolite as a northeast trending arcuate
belt which comprises three steeply north dipping
allochthonous slices of ophiolitic rocks thrust
over an autochthonous volcano-sedimentary
sequence. Al Rehaili and Warden (1980)
concluded that thrusting occurred originally at
a lower angle but was steepened during a
younger folding event associated with the
closing of a back-arc basin.

The YOSHGAH and Nakasib-Bir Umq sutures
share a common structural history in which north
or south verging ophiolitic nappes were
deformed about east to northeast trending
upright folds. This caused steepening of the
originally sub-horizontal structures and exposed
the nappe remnants as imbricate thrusts with
opposite apparent vergences. Hence, vergence
of structures associated with these sutures
might be misleading in deducing the subduction
direction as will be discussed below.

The Baraka-Tulu Dimtu suture

This suture (Fig. 1) is composed of the north
trending Baraka suture in northeastern Sudan
and northern Eritrea (Drury and Berhe, 1993),
the Tulu Dimtu ophiolite in western Ethiopia
{Berhe, 1990}, and further south the Gore-
Gambella deformational belt in southwestern
Ethiopia (Ayalew et al., 1990). Berhe (1990)

suggested linking the suture with the Sekerr
ophiolite in northern Kenya (Fig. 1). Sultan et
al. (1994) suggested that the suture continues
to the north in Saudi Arabia as the Afaf
deformational belt (Fig. 1).

The Baraka suture separates the ~900-800
Ma Haya Terrane in the west from the Tokar
Terrane to the east (Fig. 1; Vail, 1983, 1985;
Kroner et a/., 1987a). Drury and Berhe (1993)
have shown that the Baraka suture comprises
ophiolitic rocks and volcano-sedimentary
sequences deformed by sinistral transpression.
The Haya Terrane to the west is dominated by
metasediments folded into complex basin and
dome interference patterns. To the east of the
Baraka suture lies the Tokar Terrane which is
dominated by low-grade arc volcanics. Drury
and Berhe (1993) concluded that the Baraka
suture was the product of an obligue collision
between the Haya and Tokar Terranes after the
consumption of a back-arc basin.

The north trending Tulu Dimtu ophiolite belt
in western Ethiopia (Fig. 1) separates a gneissic
terrane in the east from volcanics to the west
(Warden et a/., 1982). In the Gore-Gambella area
to the south (Fig. 1), Ayalew et al. (1990)
identified a north trending belt of low-grade arc
volcanics and sediments sandwiched between
high-grade gneissic terranes where the
boundaries are steeply dipping shear zones.
Avyalew et al. (1990) proposed that the Tulu-
Dimtu ophiolite represents a stage of oceanic
crust formation which was followed by
subduction-related magmatism in the Gore-
Gambella area at ~820 Ma. Closure of the
oceanic basin occurred at ~760 Ma and was
followed by the formation of major north
trending transcurrent faults at ~635 Ma.

The Adola-Moyale suture

The north trending Adola-Moyale ophiolites (Figs
1, 2¢) in southern Ethiopia and northern Kenya
(Beraki et a/., 1987; Berhe, 1990; Tolessa et
al., 1991; Bonavia and Chorowicz, 1992, 1993;
Alene and Barker, 1993) are interpreted as
marking a suture separating high-grade gneissic
terranes and thought to be the product of
collision between the ANS and the Nile Craton
{Bonavia and Chorowicz, 1993). Ages obtained
by single zircon evaporation indicate that the
high-grade gneisses on both sides of the Adola-
Moyale suture are less than ~880 Ma in age
(Teklay et a/., 1993) consistent with ages from
other parts of the ANS (Krdner et a/., 1991).
Moreover, geochemical data suggest that the
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protoliths of these gneisses were arc granitoids
(Teklay et al., 1993). These geochronological
and geochemical data make it more acceptable
to interpret the Adola-Moyale ophiolites as
defining an arc-arc suture.

Beraki et a/. {1987) mapped east and west
dipping thrust faults separating the Adola
ophiolite from the gneissic terranes to the east
and west (Fig. 2c). Beraki et al. (1987)
interpreted the opposite dipping of thrusts as
due to refolding about north trending axes (Fig.
2c). However, Tolessa et a/. {1991) explained
this geometry in terms of a flower structure
which was developed in response to a north
trending, sinistral shear system. Bonavia and
Chorowicz (1993) correlated the evolution of
the Adola-Movyale suture with that of the
Mozambique Belt in northern Kenya (Key et a/.,
1989) and suggested that the structural history
of the Adola-Movyale region started with
collision-related deformation at ~830 Ma. This
was followed by strike-slip faulting developed
between ~620-530 Ma in the form of early north
trending and late northwest trending shear
zones. Bonavia and Chorowicz (1992) proposed
that the north trending structures are the roots
of northward expuision of the ANS from the
Mozambique Belt.

The Hafafit culmination

The presence of abundant ophiolitic rocks in
the Central Eastern Desert of Egypt has led to
the interpretation that there may be a suture.
However, this zone differs from the well-defined
YOSHGAH and Nakasib-Bir Umgq sutures in not
being an elongated belt defined by folds and
thrusts separating two distinct terranes. Rather,
the ophiolitic rocks in the Central Eastern Desert
are scattered over a wide area situated between
the Gerf or South Eastern Desert Terrane in the
south and the younger North Eastern Desert
Terrane to the north. The relationship between
the North and Central Eastern Desert Terranes
is intrusive, whereas a tectonic contact
separates the Central Terrane from the South
Eastern Desert Terrane (Stern and Hedge,
1985). The syntaxis of this boundary is defined
by the Hafafit culmination {Fig. 1; El Ramly et
al., 1984).

The interpretation of the Central Eastern
Desert ophiolites as defining a suture is further
complicated by the uncertainties concerning
their root zone. These ophiolitic rocks occur in
tectonic melanges or as olistostromal debris
(Shackleton et al/., 1980; Reis et a/., 1983;
Church, 1988; El Gaby et a/., 1988). Shackleton
{1994) argued that these fragments occur in
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three tectonic facies. In the south, near the
YOSHGAH suture, ophiolitic rocks form intact
thrust sheets and hence define a near-source
tectonic facies. Further north, the ophiolitic
rocks occur within tectonic melanges,
interpreted as a medial tectonic facies, whereas
farther north olistostromes with ophiolitic debris
dominate indicating a distal tectonic facies. This
interpretation implies that the South and Central
Eastern Desert represent a far-travelled ophiolitic
nappe, one that was emplaced up to 400 km
away from its corresponding suture. However,
this proposition awaits confirmation because of
two considerations:

i) The transport direction inferred for the South
and Central Eastern Desert nappe is to the north,
opposite to what was inferred for the ophiolites
of the YOSHGAH suture (Stern et a/., 1990);
and

ii) There is evidence that ophiolitic melanges
in the Central Eastern Desert were the product
of deformation accompanied the post-
accretionary Najd fault system and not
suturing {Bennett and Mosely, 1984; Sultan
et al., 1992).

The Najd deformation is so profound that it
is not clear that any fabrics preserve pre-Najd,
suture-related deformation. In addition, the
Central Eastern Desert ophiolitic nappes are
interpreted by some workers as reflecting
transpressive deformation associated with the
Najd fault system (Wallbrecher et a/., 1993).

Regardless of the structural complexity
discussed above, some workers proposed
sutures in the Eastern Desert of Egypt.
Structural studies around the Hafafit
culmination ied El Ramly et a/. {1984) and El
Bayoumi and Greiling {1984) to interpret this
as the footwall of a suture resulting from
collapse of a marginal basin and arc complex
against an Andean margin to the west. Greiling
etal. (1988, 1993, 1994) argue for northwest-
southeast compression during collision which
resulted in complex deformation in the Hafafit
culmination.

It is concluded here that the Eastern Desert
of Egypt may or may not preserve one or more
sutures, and that the issue awaits resolution. It
is certain that complex structures resuited from
intensive superimposition of post-accretionary
deformation on earlier structures, possibly
associated with suturing. Hence, structures in
the Eastern Desert of Egypt are not considered
in discussing structural styles of deformation
belts in the ANS due to the difficulty in
distinguishing between accretionary and post-
accretionary structures.
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Arc-continental sutures

The Pan-African Orogeny in Arabia and
northeast Africa is interpreted to have resulted
from opening and closing of the Mozambique
ocean which developed between east and west
Gondwana (Stern, 1994). The arcs associated
with this ocean are preserved as the ANS which
is separated by tectonic boundaries from older
crustal blocks to the east (Schmidt et a/., 1979;
Stacey et al., 1984; Stoeser and Stacey, 1988)
and west (Vail, 1983, 1985, 1988; Abdelsalam
and Dawoud, 1991). These boundaries will be
referred to as arc-continental sutures as they
juxtapose arc terranes with continental blocks
{(Fig. 1) after consumption of marginal oceanic
basins.

The western boundary of the ANS
The high-grade gneissic terrane to the west
of the ANS is thought to be pre-Neoproterozoic
in age and referred to as the Nile Craton (Rocci,
1965), the Eastern Saharan Craton (Bertrand
and Caby, 1978), the Sahara-Congo Craton
(Krdoner, 1977), or the Central Saharan Ghost
Craton (Black and Liegeois, 1993). In this
paper, the name Nile craton will be used. The
presence of a pre-Neoproterozoic - yet highly
reactivated during the Neoproterozoic -
continental crust to the west of the ANS is
based on U/Pb zircon ages (Wust et a/., 1987;
Kréner et al., 1987b; Sultan et al., 1990,
1992, 1993; Stern et al., 1994) and Pb, Sr,
and Nd isotopic compositions {Harris et al.,
1984; Dixon and Golombek, 1988;
Schandelmeier et a/., 1988; Harms et a/.,
1990; Sultan et a/., 1992; Stern et a/., 1994).
Vail (1983) proposed that the western
boundary of the ANS is marked by a deformed
sedimentary prism overlying the high-grade
rocks of the Nile Craton and can be traced from
the Sekerr region in northern Kenya, through
the Ingessana region in east-central Sudan, to
the Eastern Bayuda Desert in northern Sudan.
Abdelsalam and Dawoud (1991} argued that the
boundary in central Sudan should be assigned
to the Kabus ophiolitic melange which lies at
~600 km to the west of the Ingessana region.
The contact between the ANS and the Nile
Craton in northern Sudan was identified by
Almond and Ahmed (1987) as the north
trending, sub-vertical Keraf suture (Fig. 1). In
the southern part of the Keraf suture, Abdel
Rahman et al. (1993) interpreted a belt of
dismembered ophiolite as indicating opening and
closing of a back-arc basin between the Nile
Craton and the ANS. The northern part of the
Keraf suture is defined by north trending upright

folds which deform passive margin carbonate
belt (Fig. 3a; Schandelmeier et a/., 1993; Stern
et al., 1993; Abdelsalam et al., 1995). In
contrast to its northern part, the southern part
of the Keraf suture is dominated by the
development of north- and north-northwest
trending, sinistral strike-slip faults (Abdelsalam
and Stern, 1996). Older east to northeast
trending structures of the Bayuda Desert are
sharply truncated by the Keraf suture
(Abdelsalam et al., 1996). Abdeisalam et a/.
(1995, 1996) proposed that the deformation in
the Keraf suture was due to sinistral
transpression associated with oblique collision
between East and West Gondwana.

The northeast trending Kabus ophiolitic
melange in central Sudan (Figs 1 and 3b)
separates a high-grade gneissic terrane in the
west from a low-grade volcano-sedimentary
sequence to the east. The zone is characterized
by imbricated ophiolitic fragments, arc volcanic
rocks, continental shelf conglomerates, and
gneisses (Hirdes and Brinkmann, 1985;
Brinkmann, 1986; Abdelsalam and Dawoud,
1991). Abdelsalam and Dawoud (1991)
documented two phases of deformation in the
rocks in the melange zone and the volcano-
sedimentary sequence. These deformations
were interpreted as due to closing of a basin
developed between the Nile Craton and the
ANS. The early deformation is characterized by
the development of east verging isoclinal folds
and regional schistosity. The late deformation
produced tight, east verging folds within the
volcano-sedimentary sequence and east verging
imbricate thrusts within the Kabus ophiolitic
melange (Fig. 3b).

The north trending Sekerr ophiolite in northern
Kenya (Fig. 1) was tectonically imbricated with
arc volcanics and shelf sediments and thrust
from east to west over the eastern margin of
the Tanzania Craton (Fig. 3c; Vearncombe,
1983; Shackleton, 1986; Ries et al., 1992).
Mosley (1993} proposed that the structures
associated with the emplacement of the
allochthonous ophiolite and the volcano-
sedimentary sequences were modified by
progressive shortening during collision between
East and West Gondwana.

The Keraf, Kabus and Sekerr sutures show
gross similarities in their tectonic setting, but
have different structural styles. The Keraf suture
is outlined by north trending upright folds in
the north and north to north-northwest trending,
sinistral, strike-slip faults to the south. The
Kabus suture is defined by an east verging fold
and thrust belt where the stacking order indicate
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pre-Neoproterozoic crust thrust across an
ophiolitic melange which was thrust across the
volcano-sedimentary sequences of the ANS. The
Sekerr suture is defined by a west verging fold
and thrust belt where the imbricated ophiolite
and volcano-sedimentary rocks were tectonically
emplaced from east to west across the Tanzania
Craton margin. This difference in structural style
along the western margin of the ANS may be
due to an overall southeast-northwest
compression which accompanied oblique
collision between east and west Gondwana
{Abdelsalam et a/., 1995). This non-orthogonal
compression (i.e. maximum compression axis
not at right angles to the orogen front) might
have been resolved into north trending upright
fold belt and north- to north-northwest trending,
sinistral strike-slip faults in the north, and east
or west verging nappes to the south.

The eastern margin of the ANS

This boundary is poorly defined. U/Pb zircon
ages, and Pb and Sr isotopic data indicates that
at least the southern part of the Afif Terrane
(Fig. 1) includes pre-Neoproterozoic crust
(Stacey et a/., 1980; Stacey and Stoeser, 1983;
Stacey and Hedge, 1984). However, the
presence of ~690-670 Ma arc volcanics of the
Ar Rayn Terrane (Fig. 1) to the east of the Afif
Terrane is problematic in that it indicates the
presence of Neoproterozoic crust to the east of
what is supposed to be the western margin of
East Gondwana. To overcome this problem, the
Ar Rayn Terrane is interpreted as the leading
edge of a continent further east (Schmidt et
al., 1979; Fleck et al., 1980; Davies, 1984)
but isotopic studies by Calvez et al. (1984),
Stacey and Stoeser {1983), and Stacey et al.
(1984) indicate that the terrane is a
Neoproterozoic magmatic arc lacking older
basement. This led Stoeser and Stacey (1988}
to suggest that the pre-Neoproterozoic
basement exists further east in Oman and
Yemen as demonstrated by isotopic data
reported by Stacey et a/. (1980) and Stacey
and Stoeser (1983). In this paper, the evolution
of the Al Amar and Nabitah deformational belts
will be discussed as possible exposures of the
eastern margin of the ANS on the basis that
the Afif Terrane represents a micro-continent
rifted off East Gondwana during the
Neoproterozoic Pan-African Orogeny.

Some attempts have been made to define the
eastern boundary of the ANS to the south of
the Arabian peninsula. Berhe (1990) linked the
Al Amar suture to the Adola-Moyale suture of
southern Ethiopia (Fig. 1). Stern (1994) inferred
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the boundary in Yemen to be somewhere to
the west of the Aden group which gave a <3.0
Ga TDM model Nd age (Stoeser et a/., 1991)
and further south to the east of the Adola-
Moyale and Baragoi ophiolites where it connects
with the Mozambique Belt in northern Kenya
(Fig. 1). Lenoir et a/. (1994) concluded that the
basement in northern Somalia is dominated by
juvenile Neoproterozoic crust whereas southern
Somalia is underlain by highly reworked pre-
Neoproterozoic material with little addition of
juvenile material. This is further supported by
Haider and Berhe (1995) who indicated that -
based on model ages - the margins of east
Gondwana occur along the Burr massif in
southern Somalia. The high-grade gneisses
around the Adola-Moyale suture gave ages
comparable to those in other part of the ANS
(Teklay et al., 1993}). However, geo-
chronological data for gneisses from eastern
Ethiopia indicate involvement of pre-
Neoproterozoic continental crust (Teklay et a/.,
1993). These data suggest that the eastern
boundary of the ANS lies somewhere in central
Somalia and further south to the east of the
Adola-Moyale suture.

The north trending Al Amar suture (Fig. 1)
developed between ~680-640 Ma due to
collision between the Afif Terrane in the west
and the Ar Rayn Terrane to the east (Stoeser
and Stacey, 1988). The suture is defined by
two north trending discontinuous ophiolitic
melange zones sandwiching the Abt schist belt
{Al Shanti and Gass, 1983). Models which
have been proposed to explain the
relationships between the Afif Terrane, the
Abt schist, the Al Amar suture, and the Ar
Rayn Terrane agree in interpreting the Afif
Terrane as a pre-Neoproterozoic micro-
continent, and the Abt schist as an
accretionary wedge on the leading edge of a
major continent to the east {Al Shanti and
Mitchell, 1976; Nawab, 1979; Schmidt et a/.,
1979; Al Shanti and Gass, 1983; Stacey et
al., 1984; Stoeser and Stacey, 1988).
However, views regarding the Ar Rayn Terrane
vary between interpreting it as an Andean-
type or intra-oceanic arc. Al Shanti and Gass
(1983) identified two sets of co-axial north
trending folds from the Abt schist. This led Al
Shanti and Gass (1983) to conclude that the
two ophiolitic melange zones marking the Al
Amar suture initially occurred as a sheet-like
layer underlying the Abt schist. The exposure
of the ophiolitic melange to the east and west
of the Abt schist is due to folding of the two
units into a north trending synform.
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The Nabitah suture (Fig. 1) is a north trending
deformational belt extending for ~1000 km in
central Arabia. The belt is marked by ophiolitic
fragments. Early models interpreted the Nabitah
belt as an arc-arc suture (Frisch and Al Shanti,
1977; Schmidt et al., 1979). However,
geochronological and isotopic data led Stoeser
et al. (1984) and Stoeser and Stacey (1988) to
suggest that the Nabitah suture has been the
site of collision between arc terranes in the west
(the Asir and Hijaz Terranes, Fig. 1) and a micro-
continent to the east (the Afif Terrane, Fig. 1)
at ~690-680 Ma. Agar (1985) and Stacey and
Agar (1985} added that an Andean-type arc was
developed on the western margin of the Afif
Terrane between ~720-685 Ma. Structural data
from the Nabitah suture were interpreted in two
models:

i) Agar (1985) described the structures
associated with the Nabitah suture as north
trending, upright folds affecting a passive margin
sedimentary group which lies unconformably on
an older gneissic basement. Progressive
deformation culminated in the development of
east verging thrusts.

ii) Quick and Bosch {1989) and Quick (1991)
interpreted the structures related to the Nabitah
suture as resulting from sinistral transpression.

POST-ACCRETIONARY STRUCTURES
The ANS was affected by regional
Neoproterozoic deformations younger than the
collision between arcs, and distinct from
collision between the ANS and Gondwana
fragments. These younger deformations are
typically localized along north- or northwest
trending pure or simple shear zones. These
structures are referred to as post-accretionary
because they post-date the inferred arc-arc
sutures in the ANS.

The north trending shortening zones

These deformational belts are characterized by
the development of north trending, upright and
tight folds developed between ~700-650 Ma
(Stern, 1989, 1990; Abdelsalam, 1994). Two
of these zones are exposed in northeast Sudan
{Fig. 1): the Hamisana Shear Zone (Stern et a/.,
1989, 1990; Miller and Dixon, 1992) and the
Oko Shear Zone (Almond and Ahmed, 1987;
Abdelsalam, 1994).

The ~660-610 Ma, north trending Hamisana
Shear Zone (Figs 1 and 4) dextrally offsets the
YOSHGAH suture (Stern et al., 1989, 1990;
Miller and Dixon, 1992). The shear zone is
marked by tightly folded rocks and was

previously thought to represent the continuation
of the northeast trending Onib-Sol Hamed suture
{Vail, 1983, 1985; Berhe, 1990). The apparent
offset of the YOSHGAH suture by the Hamisana
Shear Zone led to the proposition that the latter
represents a dextral shear zone (Almond et a/.,
1984; Aimond and Ahmed, 1987; Kréner et al.,
1987a). Structural studies indicate that the belt
is the product of east-west shortening (Stern
et al., 1990; Miller and Dixon, 1992). The
alignment of ophiolitic fragments parallel to the
Hamisana Shear Zone is due to deformation of
the south verging YOSHGAH ophiolitic nappe
by the north trending upright folds of the
Hamisana Shear Zone (Stern et a/., 1990).

The north to northwest trending Oko Shear
Zone (Fig. 1) sinistrally offsets the Nakasib
suture (Almond et a/., 1987, 1989; Abdelsalam,
1994). The evolution of the Oko Shear Zone is
poorly constrained between 700 and 560 Ma
which is broadly contemporaneous with that of
the Hamisana Shear Zone (Abdelsalam and
Stern, 1993b). It developed through two phases
of deformation (Abdelsalam, 1994). The early
phase was characterized by the development
of north-northwest trending, tight, upright folds.
This was followed by the development of sub-
vertical northwest trending, sinistral strike-slip
faults which were initiated as a conjugate set
of ductile shear zones.

The northwest trending fault zones

The most prominent of the northwest trending
strike-slip fault zones in the ANS is the Najd
fault system in Arabia and Egypt (Fig. 1; Delfour,
1979; Moore, 1979; Davies, 1984; Stacey and
Agar, 1985; Agar, 1986, 1987; Stoeser and
Stacey, 1988; Stern, 1985; Sultan et a/., 1986;
El Gaby et a/., 1988). Other northwest trending
strike-slip faults crop out in the Red Sea Hills of
the Sudan (Abdelsalam, 1994), southern
Ethiopia (Berhe, 1986, 1990; Bonavia and
Chorowicz, 1993; Alene and Barker, 1993), and
Kenya (Key et a/., 1989; Mosley, 1993).

The ~1200 km long, ~300 km wide Najd fault
system (Fig. 1; More, 1979; Agar, 1987) is
defined by northwest trending, sinistral strike-
slip faults which offset the north trending Al
Amar and Nabitah sutures and the northeast
trending Bir Umq and Yanbu sutures (Stacey
and Agar, 1985; Agar, 1986; Agar, 1987;
Stoeser and Stacey, 1988). The cumulative
displacement along the Najd fault system is
~240 km (Agar, 1987). The period of activity
of the Najd fault system was thought to be
~580-530 Ma (Fleck et a/., 1980). However,
Stacey and Agar (1985) have shown that the
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Figure 5. A three dimensional cartoon illustrating the geometrical features of a folded nappe defining a suture zone.

activity might have started as early as ~630
Ma. Stacey and Agar (1985} suggested that
the Najd fault system was active between ~630-
600 Ma as a dextral system and then as a
sinistral system up to ~530 Ma.

Views vary regarding the tectonic significance
of the northwest trending faults in the ANS:

i) Moore (1979) proposed that the Najd fault
system was the product of deformation of a
brittle cover overlying a basement comprising
rigid blocks which were moving laterally relative
to each other.

i) Schmidt et a/. (1979), Fleck et al. (1980),
Davies (1984} and Agar (1987) proposed that
the Najd fault system is related to collision
between the ANS and a rigid indentor to the
east of the Ar Amar suture. A similar model for
the evolution of the Najd fault system and other
northwest trending, strike-slip faults was
proposed by Berhe (1990) who argued that
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these faults were the products of collision
further south along the Mozambique Belt. Burke
and Sengor {1986) explained the evolution of
the northwest trending faults in the ANS in terms
of escape tectonics which resulted in the
formation of the Najd fault system and
simultaneous extension in the northernmost
ANS.

iii) Stern {1985} argued that the Najd fault
system could not have been formed by
continent-continent collision in eastern Arabia.
Alternatively, Stern (1985) suggested that the
Najd system represents a set of transform
faults developed in response to a major
episode of extension in the northwestern part
of the ANS.

iv) Abdelsalam (1994) suggested that the
northwest trending, sinistral strike-slip faults
were developed by continuous east-west
shortening deformation as zones of high shear
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strain when the ANS collided with the Nile
Craton in the west and the Ar Rayn micro-plate
to the east at ~670-610 Ma.

v) Stern (1994) suggested that the northwest
trending faults were associated with escape
tectonics due to collision between East and West
Gondwana along the Mozambique Beit.

DISCUSSION
Reconstruction of deformational history of the
ANS and the flanking tracts of East and West
Gondwana had proven difficult. This is largely

due to the fact that post-accretionary
deformation is often confused with that resulting
from suturing. The following discussion
attempts to illuminate the structural history of
the ANS by focussing on the following themes
which are generalized from the review given
above:

i) the structural styles of the ANS sutures;

ii) geometrical relationships between sutures
and post-accretionary structures; and
iii) the genetic relationship between north
trending shortening zones and northwest
trending strike-slip faults.
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The structural styles of sutures

It is clear from the foregoing review that some,
but not all, of the ophiolite belts in the ANS
mark suture zones. This point was eloquently
made by Church (1988) and Shackleton (1988),
who recognized that erosion of folded nappes
would expose ophiolite trains that may be far
removed from the corresponding sutures. This
review confirms and expands upon this
important result. The early phase of deformation
in the ANS sutures (where these can be
identified) indicates that the ophiolites were
originally emplaced as thrust sheets travelling
over low-angle decollements. In some cases,
continued shortening (without reorientating the
stress axes) deforms the initially sub-horizontal
nappe structures about more upright folds.
Erosion exposes the limbs of these folded
ophiolitic nappes as steeply imbricated thrust
sheets with apparent opposite vergence. In
these instances, the ophiolitic nappes have not
travelled far from the suture zone. This is the
case for the YOSHGAH and Nakasib-Bir Umq
ophiolitic nappes. These ophiolitic trains may
not define the exact location of the suture line

between colliding terranes; they do, however, .

lie within the broad deformation belts (suture
zones) which are the manifestation of collision
between terranes (Fig. 5). Hence, care must be
taken not to interpret the ophiolite belt as
marking the suture line itself, and not to interpret
the vergence of associated structures as
defining subduction polarity. In such structures,
it is difficult to unequivocally identify the root
zone of the suture zone. The Nakasib-Bir Umq
suture may be the closest approximation,
inasmuch as the ophiolite belt occupies a position
between two distinctively different terranes. Even
in this case, there are two parallel ophiolite beilts
{Fig. 2A), which represent the exposed limbs of
the same, refolded ophiolitic nappe.

In many other instances, the position and trend
of the ANS ophiolite belts are misleading criteria
for defining the location of sutures and nature
of plate collision. This often occurs when post-
accretionary structures cross and entrain
components of the ophiolitic nappes. Clear
evidence of this is seen where younger, steep
structures cross the older sub-horizontal
structures at high angles. For example the
ophiolite rocks exposed along the Hamisana
Shear Zone were produced by refolding of the
east trending YOSHGAH ophiolitic nappe along
a north trending shortening zone. Similarly,
northwest trending ophiolite belts have been
produced by disruption of the northeast trending
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ophiolitic nappes by northwest trending Najd
fault system (e.g. the original interpretation of
sutures by Bakor et al., 1976). As will be
emphasised below, it is much more difficult to
separate the effects of accretionary and post-
accretionary deformations where the two are
more nearly parallel, or where post-accretionary
structures define broad rather than narrow zones.

The geometrical relationships between sutures
and post-accrstionary structures

In the northern part of the ANS, post-accretionary
structures were generally superimposed at high
angles to the orientation of ophiolitic nappes
associated with arc-arc suture. The north
trending shortening zones occur as discrete,
linear belts of intense deformation, making it
relatively straightforward to distinguish them
from the suturing structures (Fig. 6A). Careful
structural studies will have to unequivocally
resolve accretionary and post-accretionary
deformations. Deformation associated with the
northwest trending fault system is more broadly
distributed across the Arabian Shield, but the
distinctive sinistral offsets associated with the
Najd assists in separating the effects of this
deformation from that related to suturing.

It is much more difficult to distinguish
accretionary and post-accretionary deformation
in the southern part of the ANS. This is the result
of two factors:

i) Sutures in northern Kenya and Ethiopia and
farther south appear to trend approximately
north-south; and

ii) Post-accretionary structures - especially
north trending shortening zones - become more
closely spaced to the south as the Mozambique
Belt is approached.

The north to northeast trending sutures in the
southern part of the ANS display patterns in
which east or west verging ophiolitic nappes
were subsequently deformed by co-axial north
trending folding events (Fig. 6B). Beraki et a/.
(1989} interpreted such structures in the Adola-
Movyale suture in southern Ethiopia as due to a
younger folding event which accompanied east-
west shortening. In Kenya, Key et a/. (1989)
and Mosely (1993) identified north trending,
sinistral shear zones which are younger than the
nappe structures in the region. This suggests
that the north trending shortening zones were
superimposed on the north trending sutures in
the southern part of the ANS as co-axial strain.
Continuation of this east-west shortening
deformation might have resulted in reactivation
of some of these structures as north trending,
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sinistral strike-slip faults near the interface
between the ANS and the Mozambique Belt.

The genetic relationship between the north
trending shortening zones and the northwest
trending strike-slip faults

Abdelsalam (1994) proposed that the north
trending shortening zones were the product of
shortening in the ANS due to its collision with
East and West Gondwana at ~750-650 Ma
(Stern and Kréner, 1993). On the other hand,
the proposition that the northwest trending
strike-slip faults in the ANS are collision-related
was previously presented by Schmidt et a/.
(1979), Fleck et al. (1980), Davies (1984), Agar
(1987), and Berhe (1990). Abdelsalam and Stern
(1991) objected to this idea, arguing that the
orientation of these faults is not in agreement
with those expected to develop as a result of
collision between East and West Gondwana
(with East Gondwana acting as a rigid indentor).
Stern (1994) argued that the northwest
orientation of the sinistral faults in the ANS can
be reconciled with collision along the
Mozambique Belt if West Gondwana was the
rigid indentor. Abdelsalam et a/. {1993)
suggested an alternative model which relates
the north trending shortening zones to the
northwest trending sinistral and northeast
trending, dextral strike-slip faults. In this model,
the east-west shortening culminated with the
initiation of the strike-slip faults as zones of high
shear strain.

Although this review adopts the explanation
that the north trending shortening zones and
the northwest trending strike-slip faults were
the products of east-west shortening of the ANS
between East and West Gondwana, the overall
compression which produced such deformation
might not have been east-west directed.
Regional structural evidence indicates an overall
northwest-southeast directed compression
which was translated into east-west shortening
and northwest wrenching deformational
components:

i) The regionally significant stretching
lineations in the ANS and the Mozambique Belt
are northwest trending. These lineations are
associated with nappe emplacement and were
interpreted as indicating tectonic transport from
the southeast or the northwest (Shackleton et
al., 1980; Ries et al., 1983; Struchio et al.,
1984; Shackleton, 1986; Bennett and Mosley,
1987; Greiling et al., 1988, 1993) and were
further considered as indicating the direction of
plate motion (Shackleton and Ries, 1984).
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#i) The presence of sinistral transpression along
parts of the eastern and western margins of
the ANS (e.g. the Nabitah suture and the Keraf
suture; Fig. 1) and along some of the north
trending arc-arc sutures (e.g. the Baraka suture;
Fig. 1}. These transpressive deformations were
interpreted as being due to oblique collision
{Quick, 1989; Drury and Berhe, 1992).

CONCLUSIONS
In order to place the deformational history in
the ANS within a regional tectonic framework,
the following scenario is proposed:

i) Rifting of super-continent Rodinia at ~900-
850 Ma led to formation of the Mozambique
ocean. Intra-oceanic arc/back-arc basin
compiexes were accreted together to form the
juvenile material in the ANS between ~870-690
Ma. Terrane accretion resulted in the formation
of arc-arc sutures between ~800-700 Ma (Fig.
7a). These sutures are oriented east to northeast
in the northern part of the shield and north to
northeast in the south. The east to northeast
trending sutures share a common structural
scenario in which sub-horizontal ophiolitic nappe
structures were steepened due to deformation
by upright folds associated with collision
between terranes. The north to northeast
trending arc-arc sutures are marked by ophiolitic
nappes which were sometimes overprinted by
north trending upright folds and/or strike-slip
faults. These faults are either developed as due
to oblique collision between terranes or
represent younger post-accretionary
deformations.

i) Between ~750-650 Ma, the closure of the
Mozambique ocean led to the collision of the
ANS with the rifted blocks of East and West
Gondwana along north trending arc-continental
sutures (Fig. 7b). The western boundary of the
ANS is defined by north trending sutures marked
by fold and thrust belts in the south and sinistral
transpression in the north. The location of the
eastern boundary of the ANS is uncertain. It is
suggested here that the boundary is defined by
two paraliel sutures {the Al Amar and Nabitah,
Fig. 1) with the Afif Terrane representing a
micro-continent rifted off East Gondwana
during the Neoproterozoic Pan-African
Orogeny (Fig. 7b). Structures associated with
the Al Amar suture (Fig. 1) are interpreted as
a fold and thrust belt whereas those associated
with the Nabitah suture (Fig. 1) is defined by
a fold and thrust belt or a sinistral
transpressive system.
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#iii) The continuation of convergence of East
and West Gondwana resulted in crustal
shortening in the ANS which was localised along
north trending linear belts (Fig. 7b) which offset
the east to northeast trending sutures in the
northern part of the Shield and was
superimposed as a co-axial deformations on the
north to northeast trending sutures in the south.

iv) The shortening deformation culminated
with the formation of northwest trending,
sinistral and northeast trending, dextral strike-
slip fault systems at ~640-540 Ma (Fig. 7c).
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