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S U M M A R Y

The Cyprian Arc forms the plate boundary between the Anatolian plate in the north and the

Nubian and Sinai plates in the south. We examine the tectonic setting and seismic activity along

the arc in light of new geodetic studies indicating relative NE–SW plate motions across the

arc. The first-order tectonic variations are determined by the arc’s geometry. The eastern arc,

oriented subparallel to relative motion, is dominated by transcurrent tectonism. The western

arc is oriented almost normal to relative plate motion and is subjected to convergent processes.

Variations in the level and depth of seismic activity along the western arc suggest that the

northwestern section of the arc represents a subduction boundary, whereas the southeastern

section represents a collision boundary. The two tectonic domains of the western arc are

separated by a NE–SW trending tear fault, which produces large earthquakes, such as the

MW = 6.8, 1996 Paphos earthquake. We compare the geometrically similar Cyprian and

Hellenic Arcs and find significant differences in the rate, direction and type of convergence

across the two arcs. The Hellenic Arc is subjected mainly to subduction, whereas the shorter

Cyprian Arc is subjected to subduction, collision and transcurrent tectonic processes.
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I N T RO D U C T I O N

Tectonic plate motion between Nubia, Arabia and Eurasia becomes

complex in the Eastern Mediterranean, due to independent motion

of smaller blocks or subplates. The Anatolian block escapes the con-

vergence between Eurasia and Arabia by moving southwestwards

towards the Hellenic and Cyprian Arcs (Jackson & McKenzie 1984).

The Sinai subplate partitions the motion between Nubia and Arabia

into left-lateral horizontal motion along the Dead Sea Fault and di-

vergence along the Gulf of Suez. (Although many studies refer to

Anatolia as a block and Sinai as subplate, here for simplicity, we

refer to both as plates).

The Cyprian Arc forms the plate boundary between the Anatolian

plate in the north and the Nubian and Sinai plates in the south (Fig. 1).

It is connected to the Hellenic Arc in the west and to the Dead Sea and

the East Anatolian faults in the east. The arc has experienced little

seismicity over the last century. Jackson & McKenzie (1984, 1988)

suggested that the observed seismicity may not be representative of

longer time periods.

Increased seismic activity during the second half of the 1990’s

provided new observations on active faulting along the arc, but in-

troduced more questions than answers regarding the tectonic frame-

work of the Cyprian Arc. The two largest earthquakes, the 1996

MW = 6.8 Paphos and the 1998 MW = 6.2 Adana earthquakes

(Fig. 2a), were relatively deep (30–40 km) strike-slip events occur-

ring near, but not on the plate boundary (Arvidsson et al. 1998; Aktar

et al. 2000). Recently, Pilidou et al. (2004) re-examined the seis-

mic data of the 1996 Paphos earthquake sequence and determined

that their epicentres occurred at a depth of the 76–85 km. The 1996

Paphos earthquake is in particular puzzling, because it ruptured the

lower crust in a NE–SW direction, perpendicular to the direction of

the plate boundary in the western part of the arc (Arvidsson et al.

1998).

Recent space geodetic studies (McClusky et al. 2000, 2003;

Wdowinski et al. 2004) reveal new observations on the current plate

motion and crustal deformation in the Eastern Mediterranean, pro-

viding a quantitative framework of the relative motion between the

Anatolia, Nubia and Sinai plates. In this study, we use this frame-

work to analyse the seismic activity along the Cyprian Arc and to

provide a new seismotectonic model for the region.

S E I S M I C I T Y

The easternmost Mediterranean (east of longitude 30◦E) is

characterized by low-to-moderate seismic activity. Jackson &

McKenzie (1984, 1988) pointed out that the level of seismicity along

the Cyprian Arc is rather low compared with the Hellenic Arc. Here

we use the following three seismic data sets to infer the details of

seismic activity along the Cyprian Arc:

(1) Harvard CMT solutions for the time period 1976–2004 with

mb > 4.5;
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Figure 1. Bathymetric map of the eastern Mediterranean showing the

seafloor morphology and major tectonic elements in the regions. The plate

boundary along the eastern arc follows the linear trend of seismicity along

the arc (Fig. 2). The boundary along the western arc, which lack seismic

activity, is based on previous studies. DSF—Dead Sea Fault; EAF—Eastern

Anatolian Fault; NAF—North Anatolian Fault; CA—Cyprian Arc; HA—

Hellenic Arc; PF—Paphos Fault; ESM—Eratosthenes Seamount; FR—

Florence Rise; ANB—Antalya Basin; CB—Cilicia Basin; ADB—Adana

Basin; LR—Larnaka Ridge; R—Rhodes. Insert—location map showing the

tectonic plates, subplates and their boundaries.

(2) Salamon et al.’s (2003) fault plane solution of first P-wave

arrivals for the time period 1940–2001 with ML > 4 and

(3) Engdahl et al.’s (1998) relocated ISC and NEIC events with

M > 3. The first two sets provide information on the faulting type

and direction of the larger magnitude earthquakes, whereas the third

data set provides accurate information on the location, in particular

the depth of larger and smaller events (M > 3).

Using the CMT and first P-wave arrivals fault plane solutions

(Salamon et al. 2003) we can determine type and direction of the

larger magnitude events (M > 4) along the Cyprian Arc (Fig. 2a).

However, before determining the type and direction of faulting, we

can see that the larger events are distributed unevenly along the arc,

in four clusters. The clusters are located, from left to right, in

(a) the northwestern corner of the arc,

(b) southwestern Cyprus,

(c) southeastern Cyprus, and

(d) eastern Turkey adjacent to the intersection between the

Cyprian Arc, the Dead Sea Fault and the East Anatolian Fault.

The northwestern cluster consists of 6 small event (M < 5) show-

ing all three faulting types (normal, reverse and transcurrent). The

southwestern Cyprus cluster is characterized by strike-slip and thrust

events reflecting a transpressional setting (Fig. 2a). The largest event

in this cluster was the Mw = 6.8, 1996 Paphos earthquake, with a

Figure 2. (a) Harvard CMT (black) and first P-wave arrivals fault plane

(grey–Salamon et al. 2003) solutions for shallow earthquakes (depth 0–

40 km). The marked dates denote the two recent significant seismic events

in the northeastern Mediterranean, the 1996 Mw = 6.8 Paphos and the

1998 Mw = 6.2 Adana earthquakes. (b) Shallow seismicity with depth from

0–40 km based upon the Engdahl et al. (1998) relocated catalogue. (c) Same

as (b), but for earthquakes with depth 40–60 km. (d) Same as (b), but for

earthquakes with depths greater than 60 km.

NW–SE strike-slip faulting (Arvidsson et al. 1998; Pilidou et al.

2004). The other solutions in this cluster correspond to smaller

magnitude events (M < 6). The southeastern Cyprus cluster con-

sists mainly of thrust events showing both N–S and NW–SE fault-

ing direction of moderate size earthquakes (M < =6). Papazachos

& Papaioannou (1999) provided a review of the seismic activity

along the Cyprian Arc. They show that seven strong (M > 6.0)

earthquakes occurred near or in Cyprus during the instrumental

period (1901–1997) and about 15 known strong destructive earth-

quakes hit the island during historic time. The northeastern cluster,

located northeast of the Adana Basin, is characterized by strike-slip

and normal fault events (Fig. 2a). The largest event in this clus-

ter was the Mw = 6.2, 1998 Adana earthquake, which was also a

NW–SE strike-slip event with an epicentral depth of 30 km (Aktar

et al. 2000). The other eight CMT solutions represent smaller event

(M < 6) with shallow epicentral depth (<20 km).

The relocated earthquake catalogue of Engdahl et al. (1998)

(Fig. 2) provides a larger set of seismic data (M > 3) and good

control of the epicentral depth. Using this catalogue, we divide

the Eastern Mediterranean data set into three subsets according to

epicentral depth. The two seismic clusters of the larger magnitude

earthquakes (CMT solutions, black balls in Fig. 2a) also appear in

the shallow and intermediate depth events (Figs 2b and c), but not

at the deep events (>60 km). Fig. 2(b) also shows seismic activ-

ity along the eastern trace of the Cyprian Arc, but not along the
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western part. The lack of shallow seismicity in the western seg-

ment of the arc was noted by Jackson & McKenzie (1984, 1988),

Ambraseys & Adams (1993) and Engdahl et al. (1998). Jackson &

McKenzie (1984, 1988) attributed the lack of seismicity to a very

long recurrence time for large earthquakes, or to ductile aseismic

slip on the interface between the subducting African plate and the

Anatolian–Aegean plate. Arvidsson et al. (1998) pointed out the

eastward decrease in seismic activity along the central and eastern

segments of the Cyprian Arc. They suggested that the decrease in

seismic level follows a similar decrease in the convergence rate be-

tween Anatolia and Africa, as their pole of rotation lies southeast of

the arc.

Fig. 2(d) shows that deeper events (>60 km) occur mostly in the

westernmost section of the arc beneath the Antalya Basin. The dis-

tribution of deep earthquakes suggests that subduction takes place

west of Cyprus in the Antalya basin and below southern Turkey

(Jackson & McKenzie 1984; Ben-Avraham et al. 1988; Ambraseys

& Adams 1993). This region is also characterized by compressional

deformation of shallow young sediments (Anastasakis & Kelling

1991).

G P S - D E T E C T E D C U R R E N T P L AT E

M O T I O N A N D C RU S TA L M OV E M E N T S

Space geodetic monitoring of crustal movements in the eastern

Mediterranean has been conducted over the past 15 yr, first with

Satellite Laser Ranging (e.g. Smith et al. 1994) and since the early

1990’s mostly with the Global Positioning System (GPS). McClusky

et al. (2000) summarize decade-long GPS measurements across the

Aegean, Anatolia and the Caucuses. Their land observations have

limited direct applications to our offshore study, but provide an accu-

rate tectonic framework for understanding current plate movements

and crustal deformation in the Eastern Mediterranean. McClusky

et al. (2003) used additional data from Nubia and Eurasia to con-

strain and improve the plate motion model for the area. Wdowinski

et al. (2004) presented continuous GPS data for the Southern Lev-

ant (Israel, Jordan and Syria), providing additional kinematic con-

straints on the current motion of the Sinai plate.

McClusky et al. (2000) showed that central Turkey (Anatolia)

moves in a coherent fashion with internal deformation <2 mm yr−1.

They also calculated Anatolia’s pole of rotation and its relative mo-

tion with respect to Eurasia and Arabia (Table 1, Fig. 3a). In order to

estimate the relative motion between the Anatolian and Sinai plates,

we added the rotation vectors of the Anatolia–Eurasia relative mo-

tion (McClusky et al. 2000) with recent calculated Eurasia–Sinai

rotation vector (Wdowinski et al. 2004) (Table 1, Fig. 3a). Using

the GPS-determined Euler poles (Table 1), we calculated the ex-

pected motion along the Cyprian Arc. Along the western part of the

arc, the Anatolian and Nubian plate converge in a NE–SW direction,

Table 1. Relative angular velocities in geographic coordinatesa.

Plates Latitude (◦N) Longitude (◦E) � deg Myr−1 σ max
b σ min

b Azic σ � deg Myr−1 Reference

An–Eu 30.7 32.6 1.2 0.8 0.4 0.1 McClusky et al. (2000)

Eu–Nu −0.95 −21.8 0.06 4.8 4.3 0.005 McClusky et al. (2003)

Si–Eu 23.14 16.62 0. 2242 18.1 0.74 58.5 0.147 Wdowinski et al. (2004)

An–Nu 31.58 35.40 1.171 This study

An–Si 32.11 35.89 1.175 This study

aPlate abbreviations are: An—Anatolia; Eu—Eurasia; Nu—Nubia; Si—Sinai.
b2-D 1-sigma lengths in degrees of the semi-major σ max and semi-minor σ min of the pole error ellipse.
cThe azimuth (degrees) is the clockwise angle between north and the semi-major ellipse axis.

Figure 3. (a) Predicted motion along the Cyprian Arc as calculated from

the An–Nu and An–Si poles (Table 1). The black arrows in the western arc

show the relative motion between Anatolia (An) and Nubia (Nu) and the

grey arrows show the relative motion between Anatolia and Sinai (Si). (b)

Map showing the location of the An–Nu pole and small circles about the

pole. (c) The same as (b) for the An–Si pole. The figure does not include

confidence ellipses of the Euler poles nor of the velocity vectors, because

some of the references (Table 1) used in the calculations provide only partial

information of the uncertainty values.

perpendicular to the NW–SE orientation of the arc. The convergence

rate increases northwestwards and is in the range of 9–14 mm yr−1

(Fig. 3). Along the southern section of the western side of the arc,

Anatolia converges with Sinai at a slightly lower rate (7–8 mm yr−1)

and in a slightly more northern direction than the Anatolia–Nubian

(An–Nu) convergence. This region, southwest of Cyprus, is seis-

mically the most active region in the Eastern Mediterranean and is

characterized by compressional and NE–SW right-lateral strike-slip

faulting (Fig. 2a; Arvidsson et al. 1998; Pilidou et al. 2004).

Along the eastern part of the arc, the relative motion between

Anatolia and Sinai is predominantly left-lateral with increasing

extension towards the east. The calculated rates are in the range

of 7–8 mm yr−1. McClusky et al. (2003) derived higher rates (8–

10 mm yr−1) with a similar direction using An–Nu relative plate

motion. Both the convergent motion in the western arc and ten-

sional motion in the northeastern arc are consistent with the focal

mechanism solution (Fig. 2a) (McClusky et al. 2003). East of the

Cyprian Arc, relative motion along the EAF (Arabia–Anatolia) is

predominantly left lateral at a rate of 9 ± 1 mm yr−1 (McClusky

et al. 2003).

McClusky et al. (2000) showed that central Anatolia moves as

a coherent block, but that eastern Anatolia moves northeastwards

with respect to the central Anatolian block and is subjected to a left-

lateral shear, especially near the EAF. Interestingly, they show that

the only GPS site in Cyprus (NICO) also moves northeastwards with

respect to the Anatolian plate, in a similar direction and magnitude to
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the GPS sites in central Anatolia. Although they did not discuss the

tectonic setting of the Cyprian Arc, McClusky et al. (2000) present

in their maps two arcs, one north and the other south of Cyprus,

suggesting that Cyprus behaves as an independent block and moves

independently from the Anatolian plate.

S E I S M O T E C T O N I C S O F T H E

C Y P R I A N A RC

The new space geodetic studies of the eastern Mediterranean indi-

cate that relative plate motions across the Cyprian Arc, between both

Anatolia and Nubia and Anatolia and Sinai, occur in the NE–SW di-

rection (Fig. 3). In light of this newly observed and well-determined

direction of relative motion, we examine the tectonic setting along

the arc according to the arc’s geometry and seismic activity. We fo-

cus on the current plate motion and deformation processes (tens of

years as determined from seismic and geodetic observations), which

do not necessarily agree with the orientation of geological structures

forming over millions of years.

The first-order tectonic changes along the Cyprian Arc are de-

termined by the arc’s geometry (Fig. 1). The eastern arc is oriented

NE–SW, subparallel to the direction of relative plate motion, sug-

gesting a predominantly transcurrent motion along the eastern arc.

The western arc, however, is oriented almost normal to the direction

of relative plate motion, in a NW–SE direction, indicating conver-

gence.

Seismicity along the eastern arc is concentrated along a narrow

belt (Fig. 2b), suggesting a narrow and well-defined plate bound-

ary between Anatolia and Sinai. The faulting direction, as indi-

cated by five focal plane solutions along the eastern arc, is roughly

NE–SW, parallel to the direction of the relative plate motion. Three

of the solutions indicate N–S, NE–SW and E–W thrust faulting,

and the other two roughly NE–SW strike-slip faulting. Occurrence

of dip-slip events adjacent to major strike-slip faults is a common

phenomenon, which is often explained by segmentation and geomet-

rical complexities of strike-slip fault systems. Marine geophysical

studies show that the primary active structures along the eastern

arc are NE–SW strike-slip faults distributed within a wide region

(roughly 100 km), both north and south of the current arc location

(Ivanov et al. 1992; Ben-Avraham et al. 1995; Vidal et al. 2000).

These structural observations indicate that the eastern arc has been

in a transcurrent tectonic setting since the Miocene (Ivanov et al.

1992), similar to the present-day setting, although the location of

the plate boundary most likely migrated with time.

Seismicity along the western arc shows two distinct and very

different environments. The southeastern segment, southwest of

Cyprus, is characterized by a large number of shallow and intermedi-

ate events and the absence of deep events (Fig. 2). The northwestern

segment, however, is characterized by the absence of shallow events

and some intermediate and deep activity near and north of its north-

western section, beneath the Antalya Basin (Figs 1 and 2). Another

significant difference between the two segments is the level of ac-

tivity. The southeastern segment produces large events, such as the

Mw = 6.8, 1996 Paphos earthquake, whereas the northwestern seg-

ment produces only small event (M < 4). The focal plane solutions

of the large events, southwest of Cyprus, show predominantly the

expected NE–SW faulting direction occurring by both thrust and

strike-slip events. The thrust events are consistent with the expected

convergence across the western arc. However, the larger magnitude

strike-slip events (e.g. the 1996 Paphos earthquake), do not fit reg-

ular convergence models across arcs.

The irregular seismic activity along the western arc is explained

by two possible mechanisms. Arvidsson et al. (1998) suggested that

the strike-slip activity occurs along a NE–SW intermediate depth

tear fault (>30 km) separating the subduction north of the tear

fault from continental collision south of the fault. Papazachos &

Papaioannou (1999) suggested that strike-slip activity occurs along

a transform fault, which transfers the convergence in southwestern

Cyprus to convergence in the Antalya Basin. According to their

model, the western arc is segmented and its northwestern segment

is located about 100 km northeast of the western arc assumed in

this study. However, the transform fault model of Papazachos &

Papaioannou (1999) fails to explain the depth distribution of the

seismic events along the western arc. The recent study of Pilidou

et al. (2004), which determine the epicentral depth of the 1996

events at a deeper level (76–85 km), further supports the tear fault

model. Thus, we adopt the tear fault model of Arvidsson et al.

(1998).

Recently, Woodside et al. (2002) suggested on the basis of a ma-

rine geophysical survey of the Florence Rise that relative motion be-

tween Anatolia and Nubia (Africa in their study) is accommodated

by a NW–SE dextral wrench system. Although their model agrees

with the geological observations, it contradicts the well-determined

NE–SW current relative plate motion between the two plates. Possi-

bly, the geological structures formed over several millions of years

in a different tectonic environment to the present plate motion. The

observed difference between the geologic and geodetic convergence

direction suggests a geologically recent change in the tectonic set-

ting of the western arc.

D I S C U S S I O N A N D C O N C L U S I O N S

The Cyprian Arc has a similar geometry to the Hellenic Arc and

the two are often compared (e.g. Papazachos & Papaioannou 1999).

However, the well-determined plate motion of the eastern Mediter-

ranean and the observed sesimicity suggest that the two arcs are

subjected to very different tectonic activity. The convergence across

the Hellenic Arc is 20–40 mm yr−1, about two to three times faster

than across the Cyprian Arc. This higher rate yields a significantly

higher level of seismicity and at much deeper levels (up to 300 km).

The direction of relative plate motion along the two arcs combined

with their geometries is also significantly different (Fig. 4). Along

the Cyprian Arc, the direction of relative motion is either normal to

the arc in the western side, or subparallel in the eastern side (Fig. 3).

However, along the Hellenic Arc the direction of relative motion

is normal to the central part of the arc in the vicinity of Crete and

becomes partly oblique towards the eastern and western segments

of the arc due to the arc’s geometry. The nature of convergence

also contrasts difference between the two arcs. The Hellenic Arc is

subjected to subduction throughout its length, whereas the Cyprean

Arc, which is almost half the length of the Hellenic Arc, is subjected

to subduction, collision, and transcurrent motion. In summary, the

two arcs show significant differences in their rate and direction of

relative motion across the arcs.

Marine geophysical surveys south and west of the Cyprus Arc

have mapped geological structures indicating N–S convergence

across the arc (e.g. Robertson 1998; Woodside et al. 2002). The

most prominent structures are located between Cyprus and the

Eratosthenes Seamount, which is a continental fragment em-

bedded within the oceanic crust of the eastern Mediterranean

(Ben-Avraham et al. 1976; Kempler 1998; Mart & Robertson

1998; Robertson 1998). These structures indicate that the seamount

began to thrust beneath the Cyprus active margin in the Late
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Figure 4. Relative motion along plate boundaries in the eastern Mediter-

ranean based on McClusky et al. (2003). Motions around the Aegean and

Anatolian plates show their motion relative to the bordering plates. Aegean–

Nubian convergence is predominantly perpendicular to the orientation of the

Hellenic Arc (trench), whereas the convergence direction across the Cyprian

Arc is normal across the western arc and transcurrent in the eastern section.

(Figure was modified from McClusky et al. 2003).

Miocene—Early Pliocene (∼5 Ma) (Robertson 1998). In the west-

ern arc, Woodside et al. (2002) found no geological structures indi-

cating NE–SW convergence between Anatolia and Nubia. He inter-

preted the geological structures in the Florence Rise as a NW–SE

dextral wrench system, formed during a N–S convergence between

the two plates. The lack of recent geological structures south and

west of Cyprus indicating present-day NE–SW convergence be-

tween Anatolia and Nubia, suggests a recent (geologically) change

in the direction of plate motion across the Cyprian Arc. Due to

the slow convergence rate and the short time since the change in

the relative motion, no significant geological structure has been yet

formed in the western arc. The region may still be adjusting to the

new tectonic setting imposed by the recent change in plate motion

from N–S convergence in the Miocene to NE–SW convergence at

present.

The new GPS-determined plate motion calculations for the

eastern Mediterranean indicate differences between An–Nu and

Anatolia–Sinai (An–Si) rates and directions of convergence. Ana-

tolia converges with Sinai at a slightly lower rate and in a slightly

more northern direction to its convergence with Nubia (Fig. 3).

The calculated difference between An–Nu and An–Si is small (7–

8 mm yr−1 for An–Si and 8–9 mm yr−1 for An–Nu) and cannot

explain the change of convergence style along the western arc. Fur-

thermore, this small change most likely lies within the velocity un-

certainties, which unfortunately we could not estimate (see caption

of Fig. 3). However, if we consider this small difference in rela-

tive plate motion between An–Si and An–Nu, it adds a small com-

pressional and right-lateral shear within the Anatolian plate at the

vicinity of the triple junction. We speculate that strike-slip activity

along the Paphos Fault marks the northern extent of the Sinai–Nubia

plate boundary (its location is well determined only along its south-

ern section, in the Gulf of Suez; Fig. 1). Our suggestion is also

consistent with Salamon et al. (1996), who proposed on the basis

of seismological evidence that the western boundary of the Sinai

plate extends west of the Eratosthenes Seamount into the Cyprian

Arc.

In summary, our seismotectonic analysis of the Cyprian Arc,

which is based on current plate motion, arc geometry and seismic

activity, reveals that the arc can be divided into three main segments

(Fig. 5):

Figure 5. Schematic diagram showing the plate configuration and their

relative motion along the Cyprian Arc. ESM—Eratosthenes Seamount; FR—

Florence Rise.

(1) an eastern segment oriented parallel to the direction of the

An–Si relative plate motion and characterized by transcurrent mo-

tion;

(2) a central segment located southwest of Cyprus, characterized

by a NE–SW collision between Sinai and Anatolia and

(3) a western segment of normal subduction, where the Nubian

plate subducts beneath the Anatolian plate. The transition between

the central and western segments occurs along a NE–SW trending

tear fault, which produces large strike-slip earthquakes.
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