Robertson, A.H.F., Emeis, K.-C., Richter, C., and Camerlenghi, A. (Eds.), 1998
Proceedings of the Ocean Drilling Program, Scientific Results, Vol. 160

54. MESOZOIC-TERTIARY TECTONIC EVOLUTION OF THE EASTERNMOST MEDITERRANEAN
AREA: INTEGRATION OF MARINE AND LAND EVIDENCE *

Alastair H.F. Robertson?

ABSTRACT

This paper presents a synthesis of Holocene to Late Paleozoic marine and land evidence from the easternmost Mediterra-
nean area, in the light of recent ODP Leg 160 drilling results from the Eratosthenes Seamount. The synthesis is founded on
three key conclusions derived from marine- and land-based study over the last decade. First, the North African and Levant
coastal and offshore areas represent a Mesozoic rifted continental margin of Triassic age, with the Levantine Basin being under-
lain by oceanic crust. Second, Mesozoic ophiolites and related continental margin units in southern Turkey and Cyprus repre-
sent tectonically emplaced remnants of a southerly Neotethyan oceanic basin and are not far-travelled units derived from a
single Neotethys far to the north. Third, the present boundary of the African and Eurasian plates runs approximately east-west
across the easternmost Mediterranean and is located between Cyprus and the Eratosthenes Seamount. The marine and land
geology of the easternmost Mediterranean is discussed utilizing four north-south segments, followed by presentation of a plate
tectonic reconstruction for the Late Permian to Holocene time.

INTRODUCTION ocean (Figs. 2, 3; Le Pichon, 1982). The easternmost Mediterranean
is defined as that part of the Eastern Mediterranean Sea located east

The objective here is to integrate marine- and land-based geolog- of the Aegean (east of 2Blongitude). At present, no one paleogeog-
ical and geophysical information related to the tectonic evolution of ~ faphy is agreed upon by various workers (Figs-RA3A-D). It is
the easternmost Mediterranean from Holoceneto L ate Paleozoic time generally agreed that from Late Cretaceous to Holocene, the Eastern
(Fig. 1), in the light of the results of drilling the Eratosthenes Sea- Mediterranean has beenin a state of diachronOl_Js collision, although
mount south of Cyprus during Leg 160. The main aim of the drilling the_ Iocatlon of root zones and_ distance of thrusting of allochthonous
was to test the hypothesis that the Pliocene—Pleistocene uplift &fits remains controversial (Fig. 3C, D). In general, areas to the east
southern Cyprus is related to collision of the Eratosthenes Seamouff, the Levant are now in a postcollisional phase (Dewey et al., 1986;
a substantial bathymetric feature, with southern Cyprus. This collif€arce et al., 1990), whereas areas to the west are still in an early-
sion took place along the Cyprus active margin, a segment of tf@llisional phase (Robertson and Grasso, 1995). o
boundary of the African and Eurasian plates. The drilling of a north- The conclusion that the Eastern Mediterranean originated as a
south traverse of three holes across the seamount, together with all Neotethyan oceanic basin rests on three main lines of evidence.
other hole at the base of the Cyprus slope, has demonstrated that fit, the present-day plate boundary of the African and Eurasian
Eratosthenes Seamount is a foundered carbonate platform, in the pRiates runs through the Eastern Mediterranean. This was long in-
cess of faulting and thrusting beneath southern Cyprus. In additiofered (McKenzie, 1978; Dewey aféngor, 1979), but only recently
Leg 160 has focused attention on the history of the Cyprus activePnfirmed mainly by seismic evidence (Kempler and Ben-Avraham,
margin in its regional tectonic context. 1987; Anastasakis and Kelling, 1991). The location of the plate

In the past, many geologists believed that the Eastern MediterrRoundary south of Cyprus is now clarified by the Leg 160 drilling re-
nean Sea should simply be regarded as a northward extension of B8tS (Emeis, Robertson, Richter, et al., 1996; Robertson et al.,
African continental margin (e.g., Hirsch et al., 1984; Hirsch et al.1995b) and related studies of southern Cyprus (Robertson et al.,
1995). If so, the Mesozoic ophiolites and related allochthonous unitsd91b). Second, seismic refraction studies, combined with regional
in the Eastern Mediterranean, such as the Troodos ophiolite in C@ravity and magnetic anomaly patterns (Woodside, 1977), strongly
prus, were thrust vast distances (hundreds of kilometers) southwap9gest that the Eastern Mediterranean seafloor between North Afri-
over this continental margin from a single Mesozoic (Neotethyan§@ and the Levant onshore is composed of Mesozoic oceanic crust
ocean far to the north, in the vicinity of northern Turkey (Ricou et al.(Makris et al., 1983; Ben-Avraham, 1986; Ben-Avraham and Tibor,
1984; Marcoux et al., 1989). If this were correct, any detailed palin994). The present-day Levant coast corresponds to a Mesozoic pas-
spastic (i.e., paleogeographic and tectonic) reconstruction of the ea8tye continental margin that passes oceanward into oceanic crust
ermnmost Mediterranean would be virtually impossible, since therdvithin the easternmost Mediterranean area (Bien and Gvirtzman,
would be little relationship between the emplaced Mesozoic allochl977; Garfunkel and Derin, 1984). A continuum of geological pro-
thonous units and the paleotectonic development of the present MegSSes exists within the easternmost Mediterranean area, beginning
iterranean Sea. with rifting and continental breakup in the Permian-Triassic, fol-

However, it is now clear that the easternmost Mediterranean Sd@wed by passive margin subsidence and then incipient continental
and surrounding land areas are remnants of a southerly Neotethyg@ilision of the African and Eurasian plates along the Cyprus active

(mainly Mesozoic) ocean basin that formed part of a larger Tethyafargin. Third, detailed field-based sedimentary and structural studies
of northern Cyprus (Robertson and Woodcock, 1979) and southwest-

ern Turkey (Woodcock and Robertson, 1982; Hayward and Robert-
T Roberton AFLE. Emeis K.C.. Richter C. and Camarlendhi. A (Eds), 1968 son, 1982; Robertson, 1993) demonstrate that Mesozoic ophiolites
O son, A.A.F, Emels, K.-C., Ricnter, C., an ameriengni, A. S.), 3 H H
Proc. ODP, Sci. Resuits, 160: College Station, TX (Ocean Drilling Program). and related allochthonous units in the_se areas are empla_ced remnants
2Department of Geology and Geophysics, University of Edinburgh, Edinburgh, EH9 of a southerly Neotethyan ocean basin. The Neotethys in the Medi-
3JW, United Kingdom. Alastair.Robertson@glg.ed.ac.uk terranean region was paleogeographically varied and can be com-
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MESOZOIC-TERTIARY TECTONIC EVOLUTION
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Figure 2. Alternate reconstructions of the Eastern Mediterranean Neotethys for Late Triassic time. A. As a small ocean basin of Red Sea type (favored option;
Robertson and Dixon, 1984; Robertson et al., 19918). B. As a back-arc basin above a southward-dipping subduction zone (Seng6ér and Yilmaz, 1988engor,
1984;Sengor et al., 1984L. As a single Pindos oceanic basin (Dercourt et al., 1893s a by-then, somewhat well-established oceanic basin dating from
the Permian (Stampfli, in Dercourt et al., 1992). In the present account a modified versipis d&ored, with a wider southerly Neotethys in the easternmost
Mediterranean area.
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Figure 3. Alternate reconstructions of the Eastern Mediterranean Neotethys for Early to Mid-Cretaceous time. A. Maximum width of the Neotethys with several
microcontinents (Robertson and Dixon, 1984). B. With a new rifted Cretaceous oceanic basin in the easternmost Mediterranean (Dercourt et al., 1992). C. Late
Cretaceous ophiolite obduction from several oceanic basins (Robertson and Dixon, 1984). D. Ophiolite obduction from a single northerly basin (Dercourt et al.,
1992).
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MESOZOIC-TERTIARY TECTONIC EVOLUTION

pared with the Caribbean or the southwestern Pacific regionsin com- Numerous hypotheses for the tectonic evolution of the Eastern
plexity. Mediterranean region have been published. Many of these are prob-

It will be assumed here, first, that the easternmost Mediterranean lematic in terms of the information presented in this paper. Space
is, indeed, aremnant Neotethyan ocean, and, second, that many of the doesnot permit full discussion of all of these alternatives, but they are

ophiolites and related units, including the Troodos ophiolite in Cy- indicated in Figure 4, with appropriate references to the literature to
prus, are fragments of this southerly Neotethyan ocean basin. This, alow the reader to follow up alternative interpretations.

then, isthe starting point for a fresh look at the overall tectonic evo- This paper is organized asfollows: the evolution of the North Af-
lution of the easternmost Mediterranean that integrates evidence rican-Levant marginsisfirst briefly summarized, then the areas north
from land and sea. The main emphasis here is on the tectonic evolu- of the plate boundary are discussed inturn, utilizing four broad north-
tion of the plate boundary and areas further north, including Cyprus, south segments (Fig. 5) from west to east.

southern and southeastern Turkey and offshore areas, but the main Today, marked differences in geology and tectonic history exist
features of the North Africa-Levant passive margin and offshore  from thewest to the east acrossthe easternmost Mediterranean. Inthe
areas will also be briefly summarized. west, continental collision has hardly begun (Segment 1); further
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Figure 4. Sketch maps showing areas for which some hypotheses are considered to be problematic by the writer. Reasons are given in the text, but lack of space

precludes full discussion of these alternatives in this paper. 1. Levant Sea underlain by continental crust? (Hirsch et al., 1995). 2. Eratosthenes Seamount being

subducted southward? (Ben-Avraham and Nur, 1982; Ben-Avraham, 1986). 3. Eratosthenes Seamount as a buried Mesozoic volcanic arc related to southward

subduction (Hsu, 19904. Troodos as a grossly allochthonous nappe thrust from the north (Whitechurch et al., 1984), or formed in a marginal basin above
southward-dipping subduction zone (Dilek and Moores, 13Epld-structures of pre-Santonian age in the deep-water Levant margin predate first evidence of
regional compressional tectonics (Mart, 1994). (This might relate to compressional stresses propagated southward during initiation of northward-dipping sub-
duction zones connected with ophiolite gene$isStrike-slip lineaments to the east of Cyprus pass onshore? (Ben-Avraham et al.7.19@%)strichtian—

lower Tertiary volcanics in the Kyrenia Range interpreted as subduction arc related? (Baro®. T9&0Kyrenia Range viewed as undergoing about 150 km

of left-lateral strike-slip displacement during the mid-Tertiary (Kempler and Garfunkel, 29ipcene basins in southern Turkey developed by extensional
faulting, rather than as a foredeep, as in traditional interpretation (Karig and Kézli, T9®)cene Halete volcanics represent a volcanic arc but without sup-
porting geochemical data (Yilmaz, 1993). Metamorphic units represent upthrust Arabian basement (Yazgan, 1984) rather than Neotethyan mat@in units.

The Miocene Adana basin interpreted as flexural foredeep related to southward thrusting despite lacking evidence of any exposed thrust load (Williams et al.,
1995).13. Antalya “Nappes” are grossly allochthonous and thrust from the north from a single Neotethyan ocean located in central and northern Turkey (Mar-
coux et al., 1989)14. The Antalya Complex rifted to form a small ocean basin only in the Cretaceous, rather than the Triassic? (Dilek and Rowldfd, 1993).
Extensional faults in Antalya Complex (Glover, 1996) mapped as thrusts (Frizon de Lamotte et all61@¥Bhpressional features on the northern margin of
Anaximander Seamounts represent a major convergence zone (lvanov et al.12981¢.deep Rhodes Basin is stranded Mesozoic oceanic crust rather than
essentially a Neotectonic feature (see Mascle et al., 1986).
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eadt, collision is incipient (Segments 2 and 3); eastward again, in deep wells beneath the Israel coastal plain (e.g., Atlit-1 well; Bien
southeastern Turkey (Segment 4) collision of the African and Eur- and Gvirtzman, 1977; Gvirtzman and Steinitz, 1982; Freund et al.,
asian plates is well advanced, dating from the late Eocene—Miocen#975; Hirsch et al., 1984). This is interpreted as evidence of a Triassic
In this paper the stratigraphy will be summarized beginning withrift, passing westward into early Mesozoic ocean crust (Garfunkel
younger units, followed by older units. This approach is adopted bend Derin, 1984). This passive margin has persisted throughout the
cause the Pliocene—Pleistocene setting of the Eastern Mediterranédasozoic to Holocene time (Mart, 1984, 1987; Gvirtzman, 1990,
Sea is now quite well documented, whereas the earlier history r&993; Gvirtzman et al., 1989). Some authors see the Lower Jurassic
mains poorly understood, mainly because of the existence of widewolcanics as evidence of only intra-plate rifting, without any spread-
spread, thick, late Miocene (Messinian) salt that impedes seismic eixg to form oceanic crust at any time in the easternmost Mediterra-
ploration. Deep-sea drilling has helped confirm the Pliocene—Pleisiean area (Hirsch et al., 1995). For others, rifting occurred in the Tri-
tocene history, whereas underlying marine units have barely beeassic, but ocean-crust spreading in the easternmost Mediterranean
sampled. On land, on the other hand, much study has focused on thas delayed until the Cretaceous (Dercourt et al., 1986; Z. Ben-Avra-
Mesozoic “alpine” units, or ophiolites, and, until recently, little atten-ham, pers. comm., 1996; J. Makris, pers. comm., 1996). On the other
tion was paid to Neogene—Pleistocene units. A stratigraphic “tophand, Stampfli et al. (1991) argue that ocean floor spreading in the
down” approach thus aids integration of marine and land evidence. Basternmost Mediterranean began as early as the Late Permian, main-
the final section of the paper, however, all the available informatioty based on the subsidence history of the neighboring passive margin.
is synthesized into a unified tectonic model, working upward througihlso, K.J. Hsu (pers. comm., 1993) suggested a Permian age for the
time. easternmost Mediterranean Sea in view of the apparent absence of
The main offshore tectonic features are shown in Figures 6 and ihagnetic anomalies.
based on compilations of bathymetric gravity, magnetic, and seismic Two aspects have remained problematic until recently: first, is the
data (Hall, 1994; Bogdanov et al., 1994; Ginsman et al., 1993; Rybarust beneath Levantine Basin merely thinned continental crust, or
kov et al., 1994). true oceanic crust? Second, are Cyprus and the Eratosthenes Sea-
mount part of a single crustal unit, or different units separated by a
plate boundary? Woodside (1977) favored an origin of the Era-
SOUTH MARGIN OF NEOTETHYS: tosthenes Seamount as an upthrust extension of thinned North Afri-
THE NORTH AFRICA-LEVANT PASSIVE MARGIN can continental crust, but, alternatively, this unit could be a continen-
tal fragment surrounded by oceanic crust.
Boreholes and seismic profiles through the Israel coastal plain and The available evidence supports an origin of the easternmost
offshore reveal a pattern of overall subsidence to the west in Triassidediterranean as a small ocean basin created in the Middle-Late Tri-
Early Jurassic time. Early Jurassic volcanics were recovered fromssic with rifting dating back at least to the Late Permian. Some of
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Figure 5. Sketch map showing the four main segments that are discussed in this paper.
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text.

the key evidence follows. Seismic refraction data indicate a crustal
thickness, estimated at 40 km under the North African and Levant
margins (Makris et al., 1983; Makris and Stobbe, 1984; Ben-Avra-
ham and Tibor, 1994). Crustal thickness decreases from >40 km in
the northeastern Sinai and central Negev to ~18 km toward the east-
ernmost Mediterranean Sea (Fig. 6). The sedimentary cover increases
from 2 to ~9 km in this direction, consistent with a transition to oce-
anic crust in the northwest, overlain by a thick sedimentary cover.
The floor of the Levantine Basin is underlain by crust that lacks the
distinctive 6.0 km/s layer and is thus more similar to oceanic than to
continental crust (Ryan et al., 1973; Nur and Ben-Avraham, 1978;
Makris et a., 1983; Makris and Stobbe, 1984). The Levantine Basin
has, however, no known ordered magnetic anomalies (Ben-Avraham
et al., 1976). The present coastline of Israel is underlain by a deposi-
tional hinge, marking a change from shallow to deeper water sedi-
ments from east to west. The axis of maximum thickness has migrat-
ed westward with time (Ginsburg and Gvirtzman, 1979), giving rise

According to Garfunkel and Derin (1984), the geohistory of the
Levant margin is typical of a subsiding passive margin (e.g., north-
eastern U.S.A.), but dissimilar to strike-slip passive margins, such as
the Equatorial African margin. Strike-slip passive margins typically
show a relatively narrow and steep profile, low subsidence rates (re-
lated to thermal and sediment loading), and less evidence of rift vol-
canism than orthogonally rifted margins (Scrutton, 1982; Anony-
mous, 1995).

Reprocessing of data collected by 8teakhov southwest of Cy-
prus supports the existence of oceanic crust dipping northeastward
beneath Cyprus (Kogan and Stenin, 1994). This could not exist if the
whole Levantine Basin was underlain by continental crust. By con-
trast to the Levant Basin, both Cyprus and the Eratosthenes Seamount
are underlain by continental crust (Makris et al., 1983). The crust un-
der Cyprus is estimated to be 36 km thick, whereas that under the Er-
atosthenes Seamount is reduced to 25 km (Lort, 1977; Woodside,
1977; Makris et al., 1983; Makris and Stobbe, 1984).

to a classic “steer’s head” geometry of a subsiding passive margin. The regional patterns of gravity and magnetic data are complex
An important question is whether the Levant passive margin was oand do not clearly delineate oceanic vs. continental domains (Gins-
thogonally rifted, or dominated by strike slip as in many regionaburg et al., 1993; Rybakov et al., 1994). However, study of seismic

plate tectonic reconstructions (Smith, 1971; Dewey et al., 1973).

reflection data reveals a north-to-south contrast in the Levant margin
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Figure 7. Outline bathymetric and geologic map of part of the easternmost Mediterranean area (detail of the area shown in Fig. 6). More detailed bathymetric
data for the Anaximander Mountain area are included (from Ivanov et al., 1992).

(Ben-Avraham and Grasso, 1991; Ben-Avraham and Tibor, 1994). cuss, in turn, the four main north-south segments that straddle the
North of Mt. Carmel (Fig. 6), continental crust is inferred to extend present plate boundary, beginning with Segment 1 in the west (Fig.
to 10-15 km westward of the coast, followed by oceanic crust over- 5).
lain by sediments estimated at 12 km thick. South of Mt. Carmel, the
crust thins much more gradually over ~150 km. The Mt. Carmel area
is marked by north-south gravity and magnetic gradients, delineating SEGMENT 1: WESTERLY
features that may relate to rifting. An important tectonic lineament
also trends inland from the Mt. Carmel area (Ron et al., 1990).

In summary, the Eratosthenes Seamount is interpreted here as a In the south, the westward extension of the Levantine Basinisin-
continental fragment that was surrounded by oceanic crust within the ferred to comprise thick Tertiary and Mesozoic sediments underlain
present Levant Sea area during Mesozoic time. We now go on to dis- by oceanic crust, as described above (Fig. 7).
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Figure 8. Seismic interpretation of offshore southwest Cyprus area. Structure of the Florence Rise according to Hsui, Montadert et al. (1978), and suggested reir
terpretation as a sedimentary pile uplifted above a subduction zone, possibly transpressional (see Fig. 7 for locations of DSDP sites).

L ocation of the Plate Boundary sin (Fig. 8). The Florence Rise could be interpreted as, in part, a small
accretionary wedge dominated by Neogene fine-grained sediments
The Africa-Eurasia plate boundary is now well constrained to run including mud, pelagic carbonate, and evaporite. If correct, the plate

approximately east-west between the Eratosthenes Seamount and boundary is located on the southern flank of the Florence Rise in the
Cyprus (Ambreseys and Adams, 1993; Kogan and Stenin, 1994; vicinity of the Pytheus Trench (Fig. 8). The Africa-Eurasia plate
Emeis, Robertson, Richter, et al., 1996; Robertson et al., 1994, boundary in the vicinity of the Mediterranean Ridge further west was

1995c), and can be effectively taken as the location of amajor north- initially placed along the bathymetrically expressed Pliny and Strabo

dipping fault zone, traditionally known as the Giermann Fault (Gier- trenches (Ryan, Hsu et al., 1973), but was later re-positioned to the
mann, 1969). A graben-likefeature at the foot of the Cyprus slope off south of the Mediterranean Ridge, when improved seismic data be-
southwest Cyprus could mark a southwestward extension of the Gier- came available, despite the absence of any bathymetric trench in this

mann Fault (Kempler and Ben-Avraham, 1987). Doubt persists asto area (Kastens, 1981, 1992; Chaumillon and Mascle, 1994; Camer-
the exact location of the westward extension of the plate boundary to lenghi et al., 1995). Similarly, the plate boundary between the Afri-
the west of Cyprus, mainly because of the present lack of deep-pen- can and Eurasian plates south of the Florence Rise is not marked by
etration seismic data. This extension was thought to be markedby a ~ any major trench.
chain of small basins, termed the “Pytheus Trench” by Anastasakis
and Kelling (1991). Different authors show the plate boundary as elAestern Cyprus, Offshore and Onshore
ther linking southwest Cyprus and the submarine Anaximander
Mountains directly, or else trending subparallel to the coast of Cy- Western Cyprus (Figs. 9, 10) is located within 20 km of the pres-
prus, about 50 km offshore, and then running more east-west towaeatly subducting slab (Kempler and Ben-Avraham, 1987; Ambreseys
the Anaximander Mountains. Although still not well located in detailand Adams, 1993). Evidence from offshore and onshore indicates
(see below), the preferred location of the boundary is shown in Figuteat western Cyprus has dominantly experienced crustal extension
7. during Neogene—Holocene time. Collision in this segment of the Af-
The Florence Rise is an elongate, gently elevated area extendiriga-Eurasia plate boundary (including southwestern Cyprus) is less
west-northwest to east-southeast from off southwest Cyprus, and b@mdvanced than in southern Cyprus and areas further east. Payne and
dered to the southwest by the Pytheus Trench (Fig. 7). Available seiRobertson (1996) invoked westward “tectonic escape” of this area
mic reflection data (see Biju-Duval et al., 1977; Hsli, Montadert et alaway from a main collisional zone to the east, the Eratosthenes area,
1978) suggest that the Florence Rise is a thick sediment pile, cut by help explain the presence of localized extensional structures in
seismic discontinuities that can be interpreted as reverse faults, western Cyprus.
strike-slip faults. The Florence Rise is overlain by up to 150 m of Seaward of the continental rise, offshore from southwest Cyprus,
semi-transparent Pliocene—Pleistocene sediments. Two holes on sigllow seismic data reveal numerous ridges and crests and narrow
Florence Rise drilled during DSDP Leg 42 (Sites 375 and 376; Figdiapiric features” (Udintsev et al., 1994). In these areas, the
7) revealed a varied Miocene succession of evaporites (including hBliocene—Pleistocene sediment cover is disrupted by vertical faulting
lite), pelagic carbonates and sands, although recovery by spot coringd possible evaporite diapirism, but deeper structure is not imaged.
was very poor (Hsl, Montadert, et al., 1978). The base of thNear the base of the slope only superficial extensional features are
Pliocene succession shows evidence of slumping, suggestive of teoraged within Pliocene—Pleistocene sediments (Udintsev et al.,
tonic instability. A Messinian M reflector is well defined, both to the 1994). Multichannel seismic data obtained during the cruiSe ak-
north and south, but it pinches out over the crest of the Florence Rid®v also reveal a small fault-controlled basin further north, off the
indicating that it already existed as a topographic feature by the laskamas Peninsula (Fig. 9), with an inferred Pleistocene sediment fill
Miocene. However, the presence of halite is surprising, as halite w§gogan and Stenin, 1994). These features are consistent with off-
formed only in Mediterranean deeps (Hsu et al., 1978; Montadert eshore southwest Cyprus being located in an extensional setting above
al., 1978; Garrison et al., 1978). Possibly, this area was a deep basimorthward-dipping subduction zone.
or trench that only later became a ridge following tectonic uplift after Onshore, the sedimentary and structural setting of western Cyprus
the Messinian. is well exposed as a result of regional Pliocene—Pleistocene uplift of
A possible origin of the Florence Rise is as a sedimentary pile ughe Troodos ophiolite and Cyprus as whole. Two features of the Neo-
lifted above the leading edge of African plate related to northeasgene—Pleistocene geology of southwest Cyprus stand out. The first is
ward subduction of Mesozoic oceanic crust within the Herodotus Baan excellently developed flight of marine terraces that document
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| ! | ben in the west; after Payne and Robertson (1996).

Pliocene—Pleistocene uplift (Poole et al., 1990; Poole and Robertsdiault patterns indicates a dominance of east-west extension (Poole,
1992); the second is the presence of well-exposed Neogene to Plel992). The dated marine terraces are at similar altitudes throughout
tocene extensional basins (Payne, 1995; Payne and Robertson, 1988Juthern and southeastern Cyprus and these were uplifted essentially
as a coherent unit, without strong fault segmentation, as noted, for ex-
ample, in the analogous above-subduction zone setting of Crete
(Meulenkamp et al., 1988, 1994).

Higher Pleistocene terraces are progressively older, reflecting a Two main structural features are present in western Cyprus: the
dominant control of tectonic uplift over eustatic sea-level changeoastal Pliocene—Pleistocene Pegia half-graben and the pre-existing
throughout time. The highest terrace forms the crestal ridge of thdiocene Polis graben further inland (Payne and Robertson, 1996;
Akamas Peninsula (Fig. 9) and is inferred to be of late Pliocene adtayne, 1995; Fig. 10). The Pegia half-graben developed in the
(Payne, 1995). The next lowest terrace, at aboutIflm, is undat-  Pliocene—Pleistocene by down-to-the-west extensional faulting of
ed, butis inferred to be of early mid-Pleistocene age (Poole and Rothe present coastal area, up to about 12 km wide. Exposed normal
ertson, 1992). The next terrace down, at a height 888 is also  faults trending nearly north-northwest to south-southeast are inter-
undated. Below this, a terrace at a height-dfl8m, contains the cor- preted as the footwall of a half-graben. Some extensional faults cut
al Chladochora sp. and has been dated at-48% Ma, using the U- late Pleistocene—Holocene sediments and are probably still active.
series disequilibrium method (Poole et al., 1990). Below, the lowesthe hanging wall of the Pegia half-graben is inferred to be located
exposed marine terrace at a height of <3 m, is dated af346va.  offshore.

Overall, the marine terraces relate to pulses of glacioeustatically driv- Further inland, western Cyprus is dominated by the north-north-

en marine transgression and regression, superimposed on a dominarst—east-southeast asymmetric Polis graben (Fig. 10). Normal fault-
influence of tectonic uplift. These marine terraces are offset by nung along the axis of this graben is probably still active, as late Pleis-
merous small normal faults (with throws of up to 50 cm). Analysis oftocene—Holocene fluvial conglomerates, including paleosols, are lo-

Onshore Western Cyprus
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cally cut by high-angle faults (Payne and Robertson, 1996). The fill Mesozoic “Basement” of Western Cyprus
of the Polis graben is mainly composed of early to middle Pliocene
marine cal careous muds up to several hundred metersthick. Both the In southwestern Cyprus the Upper Cretaceous and Tertiary car-

Troodos ophiolite to the east and the small Akamas Peninsulaareato bonates are underlain by “basement terrains,” known as the Mamonia
the west (Fig. 10) were emergent during the Pliocene, feeding clastic Complex (Fig. 9), that are of extreme structural complexity (see Rob-
sediments as small fan deltas into a shelf-depth sea within the Polis ertson and Xenophontos, 1993 for a summary). A brief resumé is es-
graben. The marine muds pass upward into shallow-marine bioclastic sential here, however, as these units include critical evidence of early
carbonates of late Pliocene age. Regional uplift of the Polisgrabenin Mesozoic oceanic crust and deep-sea sediments within the eastern-
the late Pliocene—Pleistocene time resulted in emergence and proest Mediterranean area. Specifically, the Mesozoic geology of
gressive downcutting, leading to the deposition of channelized fluviadouthwestern Cyprus includes evidence of Late Triassic Mid-ocean
conglomerates, mainly derived from the rising Troodos ophiolite taidge-type (i.e., MORB) volcanics (Malpas et al., 1993), radiolarian
the east. The fluvial channels exploited pre-existing structural linessherts, and pelagic limestones. Second, the Mamonia Complex in-
ments, particularly the structural grain of the Polis graben. cludes remnants of a deep-water sedimentary passive margin succes-
The Polis graben originated as a regionally important structuradion that bordered Neotethys during the Mesozoic (Robertson and
feature in the late Miocene time. Tortonian reefs (Koronia MemberyVoodcock, 1979). Third, the Mamonia Complex provides evidence
developed along the western and eastern margins of the developiafa destructive plate margin (suture zone) that predated the present
graben (Follows, 1990, 1992; Follows et al., 1996). Late Miocené\frica-Eurasia plate boundary (the Cyprus active margin). This ac-
sediments, including Tortonian reef-limestones, Messinian evapotive margin was probably related to regional northward subduction of
ites and rare fluvial clastics were cut by extensional faults and theNeotethys in the easternmost Mediterranean. Current research cen-
sealed by early Pliocene open-marine sediments in the northern p&ets on the Late Cretaceous—early Tertiary history of this destructive
of the graben. margin, especially the relative importance of thrusting vs. strike slip
During the Messinian, gypsum (but not halite) precipitated in thehat culminated in the tectonic juxtaposition of the Mamonia Com-
southern part of the Polis graben, known as the Polemi basin (Orszggex with the Troodos ophiolite.
Sperber et al., 1989; Robertson et al., 1995a). The Polemi basin (Figs. Three main Mesozoic units are recognized in western Cyprus.
9, 10) is reconstructed as a structural depression at the southern éist, in the east there is the Late Cretaceous Troodos ophiolite and
of the Polis graben that was bounded to the southeast and northwistsedimentary cover. In western Cyprus this cover unit is dominated
by graben bounding faults, and to the northeast and southwest by unusual volcaniclastic sediments, up to 750 m thick, the Kannav-
transverse faults (Payne, 1995; Payne and Robertson, 1996; Fig. 1@y Formation (Robertson, 1977a) that is Campanian in age (Urquart
Two gypsum units are present within the Messinian Polemi basiand Banner, 1994). This formation includes volcanic glass of calc-
The lower of these units, basinal gypsum, is overlain by an extensivakaline composition (Clube and Robertson, 1986). However, no ev-
gypsum “mega-breccia” unit, up to 25 m thick. “Mega-breccias” aradence of the parent arc volcanism is preserved in southwestern Cy-
again exposed in southern Cyprus above similar basinal gypsurmprus. The Kannaviou Formation either records activity of a continen-
These “mega-breccias” were probably tectonically triggered. In wedtl margin arc, possibly within southern Turkey (for which there is no
Cyprus additional gypsum overlies the “mega-breccias.” In one areenown evidence), or it relates to more local incipient intra-oceanic
of southwestern Cyprus (Pissouri area, Fig. 10), the gypsum pass&s volcanism (Clube and Robertson, 1986). In either case, the Kan-
laterally and upward into paleosols, sands, and conglomerates of lataviou volcaniclastic sediments support the existence of arc volcan-
Messinian age (Orszag-Sperber et al., 1989; Robertson et al., 1995ajn associated with a Late Cretaceous destructive plate boundary
The presence of gypsum “mega-breccia” in southern and westemithin the region.
Cyprus is intriguing. They were apparently the result of en masse Second, several arcuate structurally complex lineaments sweep
foundering related to uplift or tilting. The Leg 160 results provide ev-through west and south west Cyprus (Fig. 9). These lineaments orig-
idence that the Eratosthenes Seamount was impinging on the Cyprinated before accumulation of overlying Tertiary pelagic chalks and
active margin to the south at least by earliest Pliocene time. Itis, thugclude Upper Cretaceous ophiolitic rocks, deformed earlier-Meso-
possible that collapse of early gypsum basins was triggered by initiabic sedimentary, igneous rocks, and localized metamorphic rocks.
collision of the Eratosthenes Seamount with southern Cyprus. The lineaments are widely interpreted as the westward extension of a
The Messinian evaporites are underlain by gypsiferous marlgrominent east-west-trending elongate feature within the Upper Cre-
organic-rich sediments, and local stromatolitic deposits, forming théaceous ophiolites further east (Robertson, 1990), known as the South
upper part of the Miocene Pakhna Formation. During the early MioTroodos Transform Fault Zone (MacLeod, 1990). This feature is in-
cene, peripheral areas saw development of reef limestones and rel&rpreted as a fracture zone (i.e., transform fault) within the Troodos
ed off-reef facies (Follows, 1990, 1992; Follows et al., 1996). Thesephiolite (Gass et al., 1994). Distinctive units that characterize these
early Miocene reefs predate formation of the Polis graben in the latrcuate lineaments in western and southwest Cyprus include ophio-
Miocene. lite-derived clastic sediments, mafic, and ultramafic units emplaced
Underlying pelagic carbonates of Maastrichtian—lower Eocenéo high levels, sheared serpentinites, and unusual high-magnesian
age (Lefkara Formation) up to several hundred meters thick are présoninite type) lavas (Malpas et al., 1992, 1993). Further information
served only in the south of the area (western Cyprus), while upp@n the South Troodos Transform Fault Zone is included in the de-
Eocene-Oligocene pelagic carbonates are preserved only as reseription of Segment 2. The ophiolitic lineaments in western Cyprus
nants further north (e.g., in the Akamas Peninsula and west Troodoglude discontinuous units of amphibolite and greenschist facies
margin; Kluyver, 1969; Payne, 1995). Maastrichtian—lower Eocenenetamorphic rocks, showing evidence of shearing in a progressively
deep-water pelagic carbonates were not deposited in northerly areasplving ductile to brittle regime (e.g., at Ayia Varvara; Robertson
or they were later eroded. Recent work confirms that the Akamaand Woodcock, 1979; Spray and Roddick, 1981; Malpas et al., 1992,
Peninsula area formed a persistent topographic high during Maa$993).
trichtian and early Tertiary time (T. Morse, pers. comm., 1996; Third, there is a structurally higher unit that is wholly sedimenta-
Payne, 1995). The early Tertiary Lefkara Formation accumulated iry, the Ayios Photios Group, of Late Triassic to Early Cretaceous age
a broad basin between the Troodos ophiolite to the east and a small8warbrick and Robertson, 1980). This is comprised of highly tecton-
“Akamas ridge” to the west. ically disrupted thrust sheets, transitional to tectonic mélange, but
In summary, western Cyprus records latest Cretaceous to Olith no sedimentary matrix (“broken formation”). Partial succes-
gocene basinal pelagic carbonate deposition, followed by extensiosions can be pieced together in different areas and then correlated to
related sedimentation in the late Miocene. produce an overall composite succession (Lapierre, 1972; Robertson
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and Woodcock, 1979). This begins with Late Triassic quartzose son, 1993), while Late Triassic alkaline lavas are also known from
sandstone turbidites and local pelagic limestones, and then passes the comparable Baer-Bassit area of northern Syria (Delaune-Mayere
into Jurassic—Lower Cretaceous redeposited shallow-water limet al., 1976; Delaune-Mayere, 1984).
stones, sandstone turbidites, radiolarian mudstones, and radiolarites.In summary, the sedimentary rocks of the Mamonia Complex are
Dating is mainly based on calcareous fossils including pelagic binterpreted as deep-water base-of-slope facies of a Mesozoic passive
valves (e.g.Halobia sp.), rare ammonites, benthic and planktoniccontinental margin. The volcanic rocks represent oceanic crust and
foraminifers, and radiolarians. Facies variations within individualseamounts capped by carbonate buildups that formed in the Late Tri-
tectonically bounded units reflect original proximal to distal deposi-assic during formation of a small southerly Neotethyan ocean basin.
tional changes. There is an important interval of quartzose sandstone Still controversial is how the Late Cretaceous Troodos ophiolite,
of Lower Cretaceous age. The sedimentary succession (Ayios Phand the earlier Mesozoic sedimentary and volcanic rocks of the Ma-
tios Group) is interpreted as part of the tectonically disrupted deepronia Complex were tectonically juxtaposed. The assembly is in-
water passive margin of the southerly Neotethyan oceanic basin (Fifgrred to have taken place in the vicinity of the boundary of a small
11). Deposition persisted from Late Triassic to post-Early Cretaceoysate, known as the Cyprus microplate (Clube and Robertson, 1986).
time, during which passive margin subsidence took place adjacent Tdhe limited age information is suggestive of an essentially two-stage
a spreading axis, although spreading was probably not continuodgvelopment (Fig. 12).
(Robertson and Woodcock, 1979). More proximal slope and shelf de- The first stage, at about-930 Ma, involved genesis of amphibo-
posits and continental basement are not preserved in western ditd (and greenschist) metamorphic rocks, that are now tectonically
southwestern Cyprus, but equivalent units are present in the Kyreniiatercalated with the arcuate lineaments (Spray and Roddick, 1981).
Range of northern Cyprus, and in southern Turkey (Fig. 6). No in sitRossible origins of these metamorphic rocks include: (1) deformation
basement to the Ayios Photios Group sediments is exposed in soutif-a young oceanic transform (transpression; Spray and Roddick,
west Cyprus, but in the comparable Antalya Complex of southwest981), or (2) underplating of oceanic material to the base of an over-
Turkey similar Mesozoic deep-water sediments depositionally overiding slab of young, hot, oceanic lithosphere within a subduction
lie Late Triassic extrusives of transitional to MORB type (Robertsorzone setting, as inferred for other Tethyan subophiolitic metamorphic
and Woodcock, 1982; Robertson and Waldron, 1990). rocks (Woodcock and Robertson, 1977; Searle and Malpas, 1980;
The fourth and final unit of the Mamonia Complex, the DhiarizosWhitechurch et al., 1984; Malpas et al., 1993). The formation of the
Group, is located structurally beneath the Ayios Photios Group, araimphibolites and greenschists is likely to relate to initiation of intra-
is dominated by mafic extrusives of Late Triassic age. The extrusivasceanic subduction within the Neotethys around930Ma and un-
are of two contrasting geochemical types. First, MOR basalts discowderplating of Neotethyan mafic crust and deep-sea sediments to the
ered by Malpas et al. (1992, 1993) are locally interbedded with deepase of a slab of young hot Upper Cretaceous oceanic lithosphere that
water Triassi¢ial obia-limestones and ribbon radiolarites, and are lo-was possibly formed above a subduction zone near a transform fault
cally overlain by radiolarian sediments, thin-bedded redeposite(Fig. 12B).
limestones, and shales (Swarbrick and Robertson, 1980). Second, During the second stage (Maastrichtian), the Mamonia Complex
there are common alkaline, within-plate type lavas that are associatadd the Troodos ophiolite were tectonically juxtaposed. Alternative
with blocks of Late Triassic shallow-water limestones, including reefrocesses for this are (1) gravity sliding of passive margin units fol-
limestone (e.g., at Petra tou Romiou; Fig. 9). Both lava types havewed by thrust interleaving of Troodos- and Mamonia-related units
counterparts in the Antalya Complex of southwestern Turkey (RobfRobertson and Woodcock, 1979); (2) emplacement by mainly dex-
ertson and Woodcock, 1982; Robertson and Waldron, 1990; Robettal strike slip (Clube and Robertson, 1986; Fig. 12C); and (3) em-
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Figure 11. Reconstruction of the Mamonia Complex, southwest Cyprus. Upper Triassic remnants of the margins of a small oceanic basin bordered by a passive
margin. Thismargin formed part of a microcontinent rifted from Gondwana, probably located along the northern margin of the southerly Neotethys; see text for
further explanation.

735



A.H.F. ROBERTSON

Southwest Cyprus

Northwest Cyprus

~ 93-90m.yr.

~ 75-70m.yr.

0 km 1
| S———

C Dextral strike slip interleaving

ST o KEY
R Ophiolitic rocks, Upper Cretaceous
not differentiated

Metamorphics, Upper Cretaceous

~ 70m.yr.
Figure 12. Alternative reconstructions of the tectonic . .
setting of emplacement of the Mamonia Complex, A Multiphase thrusting
western Cyprus and Moni mélange, southern Cyprus. |=———-| Deep-sea sediment, pre-Upper Cretaceous,
A. Emplacement of the Mamonia Complex against the w ' S Ay'o,s Photios Ge. )

L . . . estern Cyprus and adjacent + | Continental crust, outside Cyprus

Troodos Ophiolite by subduction-accretion, thrusting + +
and backthrusting (Malpas et al., 199) Emplace- + +
ment initiated by collapse of an oceanic transform fault, *
followed by subduction-accretion (Robertson, 1990).
C. Interleaving of Troodos and Mamonia rocks by +
strike-slip faulting (Swarbrick, 1980). The sense of
strike slip is controversial, but is here accepted as dex-*
tral, related to paleorotation of the Troodos microplate Y,
(Clube and Robertson, 1986). Genesis of the Moni
mélange by sliding of continental margin blocks from
an uplifted (transpressional) strike-slip lineament, part
of the boundary of the Troodos microplate (Clube and B Dextral transpression of D
Robertson, 1986). Oceanic fracture zone

Marginal oceanic crust, Triassic Dhiarizos Gp.

: " Former
TTIM== = spreading
’ axis

Moni Mélange, S Cyprus

buried transform lineament,
R later reactivated by
S dextral transpression

~ 90m.yr.

placement by mainly sinistral strike-slip (Swarbrick, 1980, 1993; and
(4) emplacement by orthogonal compression (Malpas et al., 1993;
Fig. 12A).

Malpas et al. (1993) postulated the following series of events (Fig.
12A) during emplacement of the Mamonia Complex: (1) thrust im-
brication as an accretionary wedge in atrench-forearc setting related
to subduction; (2) thrusting of the accretionary prism across Upper
Cretaceous ophialitic crust (i.e., across the inferred location of the
trench); and (3) backthrusting of the Upper Cretaceous ophialitic
rocks (oceanward) over the previously emplaced accretionary prism
to produce the arcuate ophiolitic lineaments within west and south-
west Cyprus. Additional structural studies are currently being carried
out in western Cyprus to try to resolve these controversies (Bailey,
1996).

The complicated structure of the Mamonia can be more easily ex-
plained by acombination of dextral strike-slip and thrusting. Thisde-
formation took placein the vicinity of amicroplate undergoing coun-
terclockwise rotation (Clube et al., 1985). The main evidence for this
microplate isthat the Troodos ophiolite underwent counterclockwise

units are found in southern Turkey (Antalya Complex) and can be in-
terpreted in the same way (see later discussion).

Anaximander Mountain Offshore Area

The following section provides an account of the northward con-
tinuation of Segment 1 under the Mediterranean Sea and into south-
ern Turkey. The present-day Africa-Eurasia plate boundary is in-
ferred to swing north-northwestward from southern Cyprus, and then
to connect with the westward extension of the Mediterranean Ridge
in the vicinity of the submarine Anaximander Mountains (Ilvanov et
al., 1991; Woodside, 1992). Between Cyprus and the Anaximander
Mountains the plate boundary between Africa and Eurasia remains
poorly constrained, but the surface expression of the plate boundary
is probably located southwest of the Florence Rise in the vicinity of
the Pytheus Trench. Westward again, the linkage between the plate
boundaries of the Aegean and Cyprus “arcs” has long remained ob-
scure. Recent work indicates that this is because stress is accommo-
dated across a broad zone, including the strike-slip dominated Strabo

rotation of ~90° (Moores and Vine, 1971), during Late Cretaceous—-and Pliny trenches and other fault lineaments (Chaumillon and Mas-
early Tertiary time (Clube et al., 1985). The boundaries of the microele, 1995, in press; Figs. 6, 7).
plate are inferred to be located in the vicinity of the sutured units At its most northerly extent, the Florence Rise is marked by north-
within Cyprus (onshore and offshore; Clube and Robertson, 1986) west-southeast—trending bathymetric features, defining a hummocky
The Mamonia allochthonous units in western Cyprus need to beobblestone-type topography (Fig. 7). Farther northwest, the Anaxi-
restored clockwise by 9Qo reach their Late Cretaceous coordinatesmander Mountains comprise three main submarine highs, termed A-
based on the paleomagnetic data. The rotated crust includes tectahi{Anaximander), A-2 (Anaximenes), and A-3 (Anaxogoras) from
cally bounded slivers of Late Cretaceous ophiolitic rocks in the exwest to east (Woodside et al., 1992, Woodside and Dumont, 1997).
treme northwest of Cyprus (Akamas Peninsula; Fig. 9). It is probabl&he zone of intersection between the Florence Rise and the A-3 high
that the Mamonia rocks should also be restored by up“tol&6k- in the east is marked by a northwest-southeast—trending synclinal
wise to reach their original position. This in turn implies that the Me-structure and block faulting, possibly reflecting upthrusting and com-
sozoic Mamonia continental margin rocks were originally located t@ression. The A-3 high is a northwest-southeast-trending faulted
the northwest or north of their present location, and thus represeritige on a broader plateau of irregular relief. Dredging the A-3 area
part of the northern passive margin of the Neotethys in the Easterhas confirmed the presence of lithologies typical of the Mesozoic—
most Mediterranean. Similar early Mesozoic continental margirearly Tertiary carbonate platform (Susuzgpand allochthonous
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rocks (Antalya Complex) of southern Turkey, including limestone, be the present-day Africa-Eurasia plate boundary (e.g., Hsu, 1978),
turbiditic sandstone, ophialitic rocks, and radiolarian chert. Seismic but more recently has been re-interpreted as a flexural foredeep relat-
evidence does not indicate the presence of evaporite, suggesting that ed to backthrusting of the Mediterranean Ridge accretionary complex
theintervening basins are essentially post-Messinian age. The north- (Camerlenghi et al., 1995). In the east, the Hellenic fore-arc zone in-
eastern margin of the A-3 high is marked by several northwest-south- cludes the discrete Strabo and Pliny trenches. It is widely believed
east-trending fault lineaments that step down eastward into ttibat these features are dominated by left-lateral strike-slip (e.g., Le
southern Antalya Basin. Compression toward the northeast has reichon and Angelier, 1979; Angelier et al., 1982). The Pliny trench
sulted in formation of a fold lineament bordering the adjacent southextends onshore as the important left-lateral Fethiye-Burdur fault
ern Antalya Basin. Bouguer and free air gravity anomaly gradientgone, while the Strabo Trench extends eastward into the “cleft” area
change abruptly across the northeastern margin of the A-3 high alosguth of the western Anaximander Mountains (A-1 high).
faults delineating the western edge of the southern Antalya Basin.  In summary, the Anaximander Mountains are interpreted as a sub-
The A-3 high passes westward into the A-2 structure, a curvenharine extension of tectonic units exposed on land in southwestern
ridge of dipping (25°) sedimentary units. The transition is marked bylurkey (see below). There is no evidence to support a recent sugges-
tilting and bending of the A2 high to the northwest. The A-1 high, theion that Anaximander is a continental fragment rifted from North Af-
most northwesterly, is separated from the A-2 high by a broad gentléca (Barka et al., 1997). Their complex structure, including localized
valley. A-1 is a gently northward-tilted (4°) tabular block. It appearsreverse faulting in the northwest, folding in the southeast and fault-
that the A-2 high is being thrust beneath A-1 causing rapid upliftelated subsidence in the northeast, accommodates the intersection of
(Woodside and Dumont, 1997). The northern margin of A-1 high is zone of left-lateral displacement, or transpression, located within
marked by large-scale slumping toward the north and young upghe Strabo trench with an inferred northeastward-dipping zone of
thrusting toward the west-southwest (Woodside et al., 1992). Furthsubduction or transpression beneath the Florence Rise. The deep
west, the A-1 high passes northwestward into the deep Finike Bashinike and Rhodes basins probably originated as above-subduction
(3000 m) that appears to be tilted to the north. The boundary betweeanne rifted basins, and are similar to the Adana and Cilicia basins fur-
the Finike Basin and the Turkish coast is a steep fault zone. The Firther east (see below). These basins are now being actively deformed,
ke Basin passes eastward into the deep Rhodes Basin (4000 mm)response to left-lateral transpressional deformation along the plate
which in the past has been interpreted as a young rifted basin (prdmsundary to the south.
able), or as stranded Mesozoic oceanic crust (Mascle et al., 1986).
The western margin of the Rhodes basin is marked by an importa®nshore Southwest Turkey: Pliocene—Quaternary Antalya Bay
lineament, the Pliny trench, and its onshore extension, the Burdand Miocene—Pliocene Aksu Basin
Fault Zone.
The area to the west of the Anaximander Mountains connects with The deep structure of AntalyaBay (Fig. 7) remains poorly known.
the Mediterranean Ridge accretionary complex, via a series of fauieismic dataindicate the presence of evaporites of presumed Messin-
lineaments dominated by left-lateral strike slip. The southern boundan age and, thus, imply a pre-Messinian age of formation (Wood-
ary of the A-1 high is marked by a prominent east-west linear depreside, 1977). Earthquake records suggest the existence of a detached
sion (“cleft” area), marked by downfaulting, that is especially markedceanic slab beneath Antalya Bay (Rotstein and Kafka, 1982; Jack-
on the northern side. The “cleft” lineament passes westward into theen and McKenzie, 1984), although the direction and timing of sub-
Strabo Trench. The Mediterranean Ridge to the south is marked lojaction remain unclear. Shallow-penetration seismic data made
cobblestone topography. The “cleft” lineament passes eastward ingvailable by M. Ergun (pers. comm., 1994) for the northern Antalya
a broad fold structure that exhibits sediment deformation on sideBay areaindicate that the western margin of Antalya Bay is marked
scan sonar images (lvanov et al., 1991; Woodside, 1992). by a series of steep down-to-the east normal faults (Glover, 1996).
The dredge results prove that the Anaximander Mountains formetihe northeastern Antalya Bay area is characterized by more widely
an extension of southern Turkey in the Mesozoic and early Tertiangpaced faultsthat locally define a horst and graben structure (Glover,
Regional northward subduction presumably took place beneath thi®96; Glover and Robertson, 1998). Extensional faulting has pro-
in Neogene time, as along the Aegean and Cyprus arcs. However, ttheced a southward-widening rift basin (Antalya Basin) within the
former forearc area (south of Turkey) was later disrupted in a strikeAntalya Bay area (Fig. 7). This basin istentatively interpreted as the
slip—dominated regime. Initial deformation was perhaps mainlyresult of crustal extension behind a subduction zone linking the Flo-
transtensional, opening the Finike and Rhodes basins, but switchedremce Rise with the southern boundary of the Anaximander Seamount
transpressional in the Pleistocene, marked by collision of the A-2 ar(#ig. 7).
A-3 highs and folding of the adjacent margin of the Antalya Basin. The northern Antalya Bay area extends onshore as the Pliocene—
The Antalya Basin had formed earlier (Miocene) as an extension&leistocene Aksu Basin. The Pleistocene record of the Aksu Basin
basin. The strike-slip setting of the Anaximander Mountain area link{Fig. 7) is marked by extensive tufa deposits (“Antalya travertine”;
ing the Aegean and Cyprus arcs, has similarities with the area linkirgirger, 1990) that precipitated from cool-water springs (Glover,
Cyprus and the Levant margin; this is also interpreted as a brod®96). The Antalya tufa was built up on a thin (tens of meters) late
strike-slip dominated plate boundary (see later). The setting of theliocene to early Pleistocene alluvial succession. Beneath this, a
Anaximander Mountains area should be clarified when much recenkessinian to mid-Pliocene extensional basin is infilled with shallow-
ly acquired survey data are published. marine to deltaic sediments up to several hundred meters thick (Glov-
Further west, the Mediterranean Ridge has recently been showneo, 1996). Messinian evaporite is very locally present onshore within
be a mud-dominated accretionary wedge, related to northward (tle Aksu Basin. The Pliocene—Pleistocene Aksu Basin is interpreted
northeastward) subduction of Mesozoic oceanic crust probably sinde terms of an initial late Miocene transtensional rift event, followed
late Oligocene time (Kastens, 1981; Camerlenghi et al., 1999y an early to mid-Pliocene sedimentary infill, followed by further
Chaumillon and Mascle, 1995, in press; see Robertson and Kopffting and extension in the latest Pliocene—early Pleistocene (Glover
Chap. 50, this volume, for discussion of regional setting). In its cerand Robertson, 1993; Glover and Robertson, 1998) that was associ-
tral area, the Mediterranean Ridge is now in the process of collisicsted with uplift of the adjacent Taurus Mountains, and was more gen-
with Cyrenaica, a large promontory of North Africa. However, fur-erally linked to regional crustal extension and uplift of western Ana-
ther east in the Herodotus Basin area, and west in the lonian Sea, dolia as a whole (Price and Scott, 1994).
lision has not yet occurred. Small remnants of Mesozoic oceanic The onshore Pliocene—Pleistocene succession rests unconform-
crust remain, overlain by very thick sediments. The Hellenic Trenchably on older sediments of the Miocene Aksu Basin (Akay et al.,
between the Mediterranean Ridge and Crete, was first postulated 1885, Fig. 7). This basin is dominated by middle-late Miocene mud-
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stones, turbidites, and channelized conglomerates, interpreted as The Kumluca Zone is interpreted as the deformed deep-water,
coarse clastic sediments shed from the front of the Lycian Nappes as southeasterly passive margin of the BeyglBa carbonate platform

they neared their final position (Flecker, 1995; Flecker et al., 1995). to the west. Lithologies include Late Triassic turbiditic sandstones
Thefloor of the Miocene Aksu basin was strongly faulted during sed- and pelagidalobia-limestones, Jurassic—Early Cretaceous non-cal-
imentation, possibly exploiting pre-existing lineaments within the careous radiolarian sediments and silicified calciturbidites. The
underlying Mesozoic Antalya Complex (Flecker, 1995). During the GdoOdene Zone is interpreted as relatively proximal oceanic crust, and
late Miocene, allochthonous units (Lycian Nappes, see below) were both shallow- and deep-water sedimentary units. It includes Late Tri-
thrust to their final position, deforming early Miocene foreland basin assic subalkaline pillow basalts up to 1000 m thick (Juteau, 1970).
sediments in the north. Also during the late Miocene, the easterly These lavas are intermediate in composition between within plate-
margin of the Aksu basin was deformed by reverse-faulting, thrust- type basalt and mid-ocean ridge-type basalt (Robertson and Waldron,
ing, and folding toward the west (“Aksu phase” of Poisson, 19771990). The extrusives are locally interbedded with, and overlain by,
Akbulut, 1977). This deformation was generally coeval with countercoarse siliciclastic turbidites, and rare quartzose conglomerates of
clockwise rotation of the western limb of the Isparta Angle and clocktate Triassic age, proving a near continental margin origin (Robert-
wise rotation of the eastern limb of the Isparta Angle (Kissel et al.son and Woodcock, 1982). The associated shallow-water limestones
1990; Kissel and Poisson, 1986; Morris and Robertson, 1993). Thare interpreted as carbonate build-ups constructed in rifted continen-
Isparta Angle is interpreted as a Mesozoic oceanic basin (with oceatal blocks located within a zone of proximal oceanic crust adjacent to
ic crust) that separated several large carbonate platforms during ttiee rifted margin. The Kemer Zone is viewed as one, or probably sev-
Mesozoic—early Tertiary (Poisson, 1984; Waldron, 1984; Robertsoreral, slivers of continental crust that were rifted from the larger Bey
1993). The Isparta angle was tightened to form an “oroclinal bendDaglan continental fragment in the Triassic. The pre-rift Ordovician
during the Miocene related to regional development of the southward Carboniferous successions are interpreted as a part of the North
curvature of the Aegean active margin (Kissel and Laj, 1988). It waéfrican passive margin (Monod, 1977). The Tekirova Zone is inter-
influenced by the final emplacement of the Lycian Nappes toward thereted as oceanic crust and mantle of late Cretaceous age formed
southeast, and possibly also by westward movement of Anatoliaithin the southerly Neotethys oceanic basin. It represents the most
caused by collision with the Arabian margin in southeastern Turkeywesterly preserved body of a zone of Upper Cretaceous ophiolites,
At present the centre of the Isparta Angle is undergoing little or nacluding the Troodos ophiolite, and ophiolites in southeastern Tur-
relative motion compared with central and western Anatolia, whictkey and Syria (e.g., Hatay and Baer-Bassit). All of these ophiolites

is being expelled westward (Barka et al., 1997). formed in the southerly Neotethyan oceanic basin, in contrast to other
ophiolites generally to the north, including the ophiolites of the Ly-
Onshore | sparta Angle and the Mesozoic Antalya Complex cian Nappes in the west (see below), and the HoyraseBeyand

Hadim) Nappes further east. These were derived from a Neotethyan
The Antalya Complex has a regional northward-pointing V-oceanic basin to the north of the Tauride carbonate platfengr
shaped outcrop pattern, defining the Isparta Angle (Fig. 13). Thand Yilmaz, 1981; Robertson and Dixon, 1984; Fig. 1). The exact
Antalya Complex is a regionally important unit of mainly Mesozoic tectonic affinities of the Tekirova ophiolite are unclear, mainly be-
allochthonous rocks (Delaune-Mayere et al., 1976) that was finallgause extrusives (used for geochemical fingerprinting of tectonic set-
emplaced westward onto a small Miocene foreland basin successiting) are not preserved. However, ductile shear fabrics within the plu-
overlying shallow-water carbonates (Susuz)Jda the late Miocene  tonic rocks suggest formation in the vicinity of an oceanic transform
(Hayward and Robertson, 1982). However, in the north (near Ispartégult (Reuber, 1984).
Fig. 13), the Antalya Complex is transgressed by lower Miocene The southwestern area of the Antalya Complex was initially de-
limestones and terrigenous turbidites, and is then overthrust by tliermed in the Late Cretaceous by a combination of wrench faulting
leading edge of the Lycian Nappes showing that the Antalya Comand thrusting that occurred within the Neotethyan ocean (Woodcock
plex and the Lycian Nappes were emplaced at different times (Poiand Robertson, 1982). The Antalya Complex was then emplaced gen-
son, 1977; Gutnic et al., 1979). The Antalya Complex has affinitiegrally westward over the relatively autochthonous Begl@acar-
with the Mamonia Complex of western Cyprus, and is critical to tecbonate platform (a microcontinent) in late Paleocene—early Eocene
tonic interpretation of the easternmost Mediterranean during Mesdime (Poisson, 1977; Robertson and Woodcock, 1982). Westward
zoic and Tertiary time. thrusting associated with foreland basin development carried the
The Antalya Complex is divided into a number of segments exallochthonous units still further westward in the late Miocene.

posed in different parts of the Isparta Angle (Robertson, 1993). The The southwest area of the Antalya Complex is restored as the
area adjacent to Antalya Bay (known as the Southwest area) is theutheasterly rifted passive margin of a large microcontinental unit
best exposed and most documented part of the Antalya Complex, &gthin Neotethys (the Bey B#arn-Menderes microcontinent; Fig.
summarized below. The following main units are present from west4A). This continental fragment rifted from North Africa in the Late
to east (Robertson and Woodcock, 1982; Fig. 13B): First, there is thermian-Early Triassic (Marcoux, 1974, 1995), followed by genesis
relatively autochthonous Mesozoic Beydlan carbonate platform  of oceanic crust in the easternmost Mediterranean area in Middle—
that locally is overlain by Miocene foreland basin clastic sedimentd.ate Triassic time (Robertson and Woodcock, 1984; Yilmaz, 1984).
Second, there is the Kumluca Zone, composed of thrust-imbricatéthe basement of the Bey Blan carbonate platform (the microcon-
deep-water passive margin sediments of Late Triassic to Late Cretinent in the west) is not exposed, but synrift and prerift units of pre-
ceous age. Third, there is the Gédene Zone, composed of sheataate Triassic age are exposed along the eastern limb of the Isparta
ophiolitic rocks (commonly serpentinite), deep-sea sediments, anéingle (Gutnic et al., 1979; Waldron, 1984, e.g., Sutgular unit, Fig.
large masses of shallow-water limestone, together ranging in ad&). The exposed Bey Blan succession in the southwest Antalya
from Late Triassic to Late Cretaceous. Fourth, further east, is the K&omplex area is dominated by Jurassic—Early Cretaceous shallow-
mer Zone, dominated by steeply-dipping slices of Paleozoic (Ordowvater carbonates, overlain by Late Cretaceous—Paleogene pelagic
ician—Permian) sedimentary rocks overlain by Mesozoic shallowearbonates (Poisson, 1977). The transition to deeper water carbonates
water carbonates (Taht&lag; Fig. 13A). Finally, there is the coastal is locally associated with sedimentary breccias (Robertson, 1993), in-
Tekirova Zone (Fig. 13A-B), dominated by the deeper levels of aicative of a possible control by coeval extensional faulting. Wide-
Late Cretaceous ophiolite (Tekirova ophiolite), which, howeverspread shallow-water carbonate deposition ended in the Cenomanian,
lacks extrusives (Juteau, 1970; Yilmaz, 1984). followed by onset of pelagic carbonate deposition in the Turonian,

738



MESOZOIC-TERTIARY TECTONIC EVOLUTION

A\ Barla Dag

[
0‘.&‘6' L T T T T\

REAy Camova
basin

Diproyraz
] \3)
Dag \5“

TURKEY 38°N -

-l

Mediterranean Sea

w5 ORKUTELI A2 50km
© @Catal Tepe - N\
uni’
N 70
FREE s
Q)qi\
o :
(T T Kemer units "/7/,'«
— GODENE .
Tahtah  [7777] Neogene-Holocene sediments 4{9/)
Dag T €.
[| Carbonate platform Q
Sw “ Antalya Complex 47@@
ARE_A = : o Carbonate massifs in Antalya Complex R7s
E%h'iﬁ?ﬁé T Lycian Nappes
FINIKE Beysehir-Hoyran-Hadim Nappes
KUMLUCA // Alanya Massif (metamorphic)

_ 7 1 sultan Dag Massif (metamorphic basement)

30°E (31° 132°
B

BEY
DAGLARI ¢ FIMLUCA e GODENE ZONE s KEMER ZONE ~ JEKIROVA
ZONE E

KEY

Carbonate
platform

m Slope/basin
sediments

Basic volcanics - Serpentinite

Pre-rift lithologies
+_] (Palaeozoic)

5 km

Figure 13. Antalya Complex of southwestern Turkey. A. Outline tectonic map of the Antalya area, showing particularly the large extent of relatively autochtho-
nous Mesozoic carbonate platforms (e.g., Bey Daglart) and the Mesozoic Antalya Complex. Other units highlighted in the text are the Lycian Nappes, the
Akseki Platform, and the Alanya Massif (modified after Robertson and Woodcock, 1984). Note: internal structure of the Antalya Complex is not differentiated.
B. Cross section of the Antalya Complex. This is interpreted as a transition from a carbonate platform in the west, across a continent-ocean transition zone,
marked by ophiolitic rocks and carbonate build-ups on rifted blocks of Palaeozoic crust. The Antalya Complex (southwest area) was tectonically emplaced in

the latest Cretaceous—early Tertiary by a combination of westward thrusting and strike-slip.
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gin. The Neotethys still remained open to the south.

continuing until the early Paleocene when final emplacement of the
alochthonous units (the Antalya Complex) took place (Poisson,
1977; Poisson, 1984; Robertson, 1993).

In summary, the Antalya Complex and related carbonate platform
units record northerly areas of the southern Neotethyan oceanic ba-
sin. The oceanic basin opened in the Middle-Late Triassic to form a
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mosaic of carbonate platforms and basins (Fig. 14A), followed by
genesis of additional oceanic crust in the Late Cretaceous, possibly in
an above-subduction zone setting (see | ater). Closure, probably asso-
ciated with regional northward subduction, began in the Late Creta-
ceous (Maastrichtian) and persisted into early Tertiary time, resulting
in collision and amalgamation of platform units (Fig. 14B). Any re-



maining oceanic crust within the Isparta Angle area was eliminated
by early Paleocene time, by collision of microcontinental unitsto the
west and east, whereas the southerly Neotethys still remained opento
the south (Fig. 14B).

Onshore Southwest Turkey: Mesozoic Carbonate Platform
and Nappes

Coastal areaswest of the Isparta Angle (north of the Anaximander
Mountains, Fig. 7) are dominated by a Mesozoic carbonate platform,
the Susuz Dag, which is a southward extension of the regional Bey
Daglari-Menderes microcontinental unit (Poisson, 1977; Fig. 7). In
the west, the Susuz Dag isoverlain by aMiocene, mainly terrigenous
clastic succession (Kas basin; Fig. 7), interpreted as a foreland basin
related to regiona overthrusting of the Lycian Nappes from the
northwest in the mid-late Miocene (Hayward, 1984). In general, the
Lycian Nappes are a composite unit dominated by ophiolites, accre-
tionary prism-type volcanic-sedimentary units, and sedimentary
thrust sheets of Late Permian to Late Cretaceous age (De Graciansky,
1966; Poisson, 1977; 1984; Okay, 1990; Collins and Robertson,
1997; Robertson et al., 1996).

MESOZOIC-TERTIARY TECTONIC EVOLUTION

The Eratosthenes Seamount is interpreted as a continental frag-
ment with igneous intrusions or extrusions at depth, which was rifted
from the African margin probably in the Triassic (Ben-Avraham et
al., 1976; Kempler, 1994, Chap. 53, this volume). A shallow-water
carbonate platform was later developed on this fragment, similar to
many such units now exposed in southern Turkey (e.g., in the Antalya
Complex; see above). Pre-Triassic continental “basement” is over-
lain by Mesozoic platform carbonates in the Taurus Mountains of
southern Turkey (discussed earlier). Only part of an inferred carbon-
ate platform, of Early Cretaceous age, was reached by drilling at Site
967 during Leg 160. In common with the Levant, this shallow-water
carbonate platform was submerged in the Late Cretaceous—early Ter-
tiary, ushering in pelagic carbonate accumulation. The most likely
causes of observed depositional hiatuses (Flecker et al., Chap. 40, this
volume), especially between Maastrichtian and middle Eocene, is
tectonic instability combined with current erosion, affecting an iso-
lated, submerged Eratosthenes carbonate platform. During or before
the early Miocene the Eratosthenes Seamount was tectonically uplift-
ed by ~1 km, allowing colonization by Miocene reefs. The cause of
this uplift is problematic, but possibly relates to regional compression
that accompanied onset of the present phase of northward subduction

The volcanic-sedimentary unit includes tectonic mélange and didseneath Cyprus, during the Miocene onward. During the late Mio-

rupted shallow-water carbonates. The Lycian Nappes are restored@e, the Mediterranean sea-level fell and the Eratosthenes Seamount
a passive margin and oceanic crust that originated to the north amés exposed to meteoric water diagenesis and localized soil forma-
northwest of the Menderes Massif (Fig. 7). The Menderes Massif ison. When the sea flooded back at the beginning of the Pliocene, the
interpreted to be part of a microcontinental fragment (Menderes-Be$eamount subsided to bathyal depths. This subsidence was accompa-
Daglart unit) within the Neotethyan ocea§Sefgdr and Yilmaz, nied by formation of matrix-supported breccias, which are inferred to
1981; Robertson and Dixon, 1984). The Lycian Nappes thus provideave been shed from active fault scarps. The main cause of the sub-
critical evidence of a more northerly Neotethyan oceanic basin >508idence and faulting is seen as flexural loading of the seamount as it
km further north than Neotethys in the easternmost Mediterraneanmigrated north toward the Cyprus trench. Upon entering the trench,
In summary, the field evidence from southwestern Turkey showextension switched to compression and the seamount was loaded and
that two separate Neotethyan oceanic basins developed in this regiowilapsed at a rapid rate during late Pliocene—Pleistocene time. This
(southerly and northerly), with Antalya Complex representing remsubsidence history was accompanied by corresponding uplift of
nants of the northern margin of the southern Neotethyan oceanic besuthern Cyprus (see below). The results of the drilling are synthe-
sin, whereas the Lycian Nappes are remnants of the northern oceasized in a companion paper (Robertson, Chap. 51, this volume).
basin and its southern margin. One question is to what extent was the Eratosthenes Seamount
thrust northward beneath Cyprus, or moved northeastward, subparal-
lel to the present convergence direction of the African and Eurasian
plates in this region (Fig. 6)? Reconstructions of the relative motion
of the African and Eurasian plates based on Atlantic magnetic anom-
aly data, imply near-orthogonal movement for the last 10 m.y. (Liv-

SEGMENT 2: LEVANT BASIN-ERATOSTHENES
SEAMOUNT-CENTRAL CYPRUS-SOUTHERN
TURKEY

The next section will discuss the segment farther east that extends
from the Levantine Basin, across the Eratosthenes Seamount, central
Cyprus and the CiliciaBasin to southern Turkey (Fig. 5). The history
of research concerning the Eratosthenes Seamount and adjacent units

ermore and Smith, 1984). Limited seismic refraction data suggest the
existence of a slab dipping northwestward beneath Cyprus (Jackson
and McKenzie, 1989; Ambreseys and Adams, 1993), implying that
subduction is now toward the northeast. Global Positioning System

is summarized in Table 1. The term “Seamount” has caused sonf@PS) data confirm that southern Turkey is now escaping westward
confusion, because to many a seamount is synonymous with a vold@ward the Aegean (Toksoz et al., 1995; Smith et al., 1994; Reilinger
nic edifice, whereas drilling during Leg 160 revealed the Eraetal, 1997), again consistent with northeastward subduction. Current
tosthenes Seamount to be a Cretaceous—Miocene carbonate suc&é4dies of microseismicity onshore and offshore in southeastern Cy-
sion, underlain by crust of as yet unconfirmed character (Fig. 15prus are expected to shed light on current plate displacement adjacent
However, the term Eratosthenes Seamount is retained here for histé-the active margin south of Cyprus (J. Makris, pers. comm., 1996).
ical reasons. The Seamount is a key component of the collisional his-
tory of the Eastern Mediterranean (Ben Avraham and Nur, 1982,
1986; Robertson, 1990; Kempler, 1994, Chap. 53, this volume; Rot-
stein and Ben-Avraham, 1985).

Southern Cyprus

The southern part of Cyprus (Fig. 9) is dominated by the Late Cre-
taceous Troodos ophiolite, Late Cretaceous mélange (i.e., “basement
units”), and a sedimentary cover. The main features are summarized
below, from south to north, as follows:

The results of drilling during Leg 160 are synthesized within a lo-
cal context in comparison papers (Robertson, Chap. 51, this volum8outherly Cover Sediments
Mart and Robertson, Chap. 52, this volume), and related site survey
data are summarized in the Initial Results volume (Emeis, Robertson, The southern cliffs of the Akrotiri Peninsula, nearest to the ODP
Richter, et al., 1996). Further background information is to be foundrill sites, expose a flight of uplifted Pleistocene marine terraces, as-
in Limonov et al. (1994), Krashenninikov et al. (1994), Robertson esociated with local aeolianites (Poole, 1992; Poole and Robertson,
al., 1994; Kempler (1994, 1995a, Chap. 53, this volume). 1992). The Pleistocene deposits are unconformably underlain by late
Pliocene shallow-marine carbonates, rich in oncolites (calcareous al-

Eratosthenes Seamount
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Table 1. Summary of the history of research concerning the Er atosthenes Seamount.

Authors Key Observations Comments
Leg 160 studies: Pliocene—Quaternary deep-sea muds underlain by shallow-water Miocene Collapse of seamount to >1800 m coeval
Robertson, Emeis, Richter, et al. limestones and then by upper Eocene and Upper Cretaceous pelagic limestowés; rapid uplift of southern Cyprus in late
(1996) and this volume shallow-water at base; major depositional hiatuses; breccias indicate early Pliocene—early Pleistocene.

Pliocene break up and subsidence.
Limonov et al. (1994); RobertsonSeismic data indicate break-up of seamount by down-to-north normal faultingzirst clear imaging of Cyprus “trench” and

etal. (1995a; TTR-3) seamount down-flexed and thrust beneath Cyprus along active margin; also upper part of down-going slab.
compression-related subsidence along southern margin.
Krashenninikov et al. (1994) Suggested Eratosthenes down faulted and thrust beneath Cyprus; dredged\grawitience that granite and basalt are in
basalt; ?Cenomanian limestone and ?Tortonian—Quaternary pelagic carbonaséu. Dredged coral probably Miocene not
Cenomanian.

Kempler (1994) Eratosthenes as a quadrilateral graben surrounded by steep faults to produtkgh-angle faults and related “moat” concept
“moat”; originated as a pre-Messinian high of African origin. not supported by later evidence.

Clube and Robertson (1986) Relate uplift of Cyprus to underthrusting of the Eratosthenes carbonate pl&@jgmus uplift caused by collision.
or (more northerly) equivalent.

Sonnenfeld and Finetti (1985) Seismic data suggest that evaporites are absent from west of Eratosthene€onfirmation of Messinian edifice.
Seamount.

Robertson (1990); McCallum andSynthesis of the Pliocene—Quaternary sedimentary cover of Troodos in term&£ohfirming dominant role of tectonics above
Robertson (1990); Poole and  collision-related tectonic uplift of southern Cyprus. north-dipping subduction zone.
Robertson (1992)

Eaton and Robertson (1993) Deformation in southern Cyprus in early Miocene related to underthrusting;vidence of southward migration of

possibly initial stages of northward subduction beneath southern Cyprus.  subduction front.

Kempler and Ben-Avraham Eratosthenes Seamount suggested to be a continental fragment rifted from Africa. Eratosthenes part of African Plate.
(1987)

Garfunkel and Derin (1984) Available data suggest Levant margin rifted in the Triassic, orthogonally anBasiern Mediterranean Tethys is oceanic

by transform rifting. since the Triassic.

Makris et al. (1983) Seismic refraction data suggest that both Eratosthenes and Cyprus are undéolaiver, recently accepted to be on different

by continental crust. plates.

Robertson and Woodcock (1980) Eastern Mediterranean Sea seen a relict of Tethys ocean; Levant possiblyEafséetn Mediterranean oceanic since the

from Southern Turkey (Antalya) in Triassic. Triassic.
Montadert, et al. (1978) Available seismic data suggest the Eratosthenes platform not covered by Eratosthenes as a raised edifice in the
Messinian evaporite. Messinian?

Robertson (1978) Initial synthesis of tectonic uplift of the Troodos ophiolite since the Upper Rapid uplift of southern Cyprus in Plio-
Cretaceous; driving force serpentinite diapirism and tectonic collision. Pleistocene.

Woodside (1977) Single channel seismic survey of the Eratosthenes platform reveals reflecti&ubiitiction trench to the north visible with
below relatively transported unit; seamount is faulted; sediment-filled basin tdenefit of hindsight.
north.

Ben-Avraham et al. (1976) Eratosthenes is a large deep-seated structure, large magnetized feature aBieattigneous material at depth; platform

larger than, and displaced relative to, the bathymetric high; paleomagnetic p&eolved with Africa.
at ~27°N.

Finetti and Morelli (1973) Eratosthenes platform is a major edifice with Tertiary or Mesozoic reflectorsEratosthenes emergent during Messinian?

dipping beneath the inferred base Messinian.

Giermann (1969) Identified major north-dipping fault to north of Eratosthenes Seamount This fault now seen as effective trace of

“Giermann Fault”. downgoing Eratosthenes slab.
Gass and Masson-Smith (1963) Cyprus ophiolite uplift driven by underthrusting of the continental margin dfar-sighted inference of continental collision
North Africa. as cause of Cyprus uplift.

Note: Seetext for explanation.
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Figure 15. Sketch of the main features of the Eratosthenes Seamount, as determined during the site survey cruise for Leg 160 (modified after Limonov et al.,
1994; Robertson et al., 1994, 1995b). Only relatively shallow structures can be recognized on this profile, although some deeper structures are visible on old
multichannel seismic lines. For details, see Emeis, Robertson, Richter, et al. (1996). Location of seismic line (line 120) shown on Figure 7.
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gal structures), and pass downward into marine cal careous marlswith
planktonic foraminifers. These marls unconformably overlie thin
Messinian facies composed of gypsum that isfragmented into blocks
and angular clasts (some of which may be solution-collapse features),
directly overlain by Pliocene marls. The oldest unit locally exposed
at thefoot of the southern Akrotiri cliffsisfolded red ribbon radiolar-
ites, correlated with the Mesozoic Mamonia Complex in west and
southwest Cyprus (Morel, 1960). In the northern part of the Akrotiri
Peninsula, Miocene carbonates of the Pakhna Formation show evi-
dence of northward pal eosl opes and derivation of bioclastic sediment
from the south (Eaton and Robertson, 1993). During the late Miocene
the Akrotiri Peninsulaformed a topographic high that was colonized
by reefs. This high can be traced eastward offshore on shallow seis-

MESOZOIC-TERTIARY TECTONIC EVOLUTION

Gass et al., 1994, Fig. 9). Localization of the deformation near the
southern margin of the Limassol Forest ophiolite could reflect reacti-
vation of zones of structural weakness dating from the Late Creta-
ceous. Away from the deformed lineament a more complete Miocene
succession is present within the Pakhna Formation. This includes
patch reefs of early Miocene age (Terra Member of the Pakhna For-
mation), exposed in southeastern Cyprus (Follows, 1992; Follows et
al., 1996).

Two possible explanations for the Yerasa lineament are: (1)
Northward subduction beneath southern Cyprus was already in
progress and the deformation resulted from collision of a topographic
high (similar to the Eratosthenes Seamount) with the trench (Eaton,
1988); (2) The deformation relates to regional compression that ac-

mic profiles as a west-northwest— to east-southeast-trending lineeempanied the onset of northward subduction to the south of Cyprus
ment (McCallum et al., 1993, Fig. 9). Formation of the Akrotiri high (Eaton and Robertson, 1993). The compressional evidence is restrict-
is attributed to compression and uplift during the Miocene. ed to the central southern part of Cyprus and is certainly not a perva-
The Akrotiri Peninsula is bordered to the north by the southersive regional event. In option 2, convergence of the African and Eur-
foothills of an ophiolitic massif within the Limassol Forest (Fig. 9). asian plates was previously accommodated by subduction to the
Pleistocene alluvial sediments in this area document transport abrth of Cyprus. The zone of compression then “jumped” southward,
large volumes of coarse clastic sediment across a narrow coastal plawarked by folding and thrusting in southern Cyprus, and tectonically
(Poole, 1992; Poole and Robertson, Chap. 43, this volume). Theduced uplift of the Eratosthenes Seamount. After subduction be-
Kouris River west of the Akrotiri Peninsula drains the most elevatedan, compression of southern Cyprus ended and the area was later
and deeply eroded parts of the Troodos ophiolite and was the mairansgressed by middle—late Miocene shallow-water carbonates.
conduit for sediment supply offshore into a deep basin between Cy- A switch from compression to extension took place between early
prus and the Eratosthenes Seamount (Northern basin; Fig. 15). and late Miocene time in southern Cyprus. This extensional faulting
The Pleistocene clastic sediments are unconformably underlatould have accompanied a period of steady-state northward subduc-
by Pliocene open-marine calcareous muds. A sharp upward transitition beneath southern Cyprus, following initiation of subduction, but
over several meters is seen, from marine muds to channelized ophlmefore initial collision of the Eratosthenes Seamount with the Cyprus
lite-derived conglomerates at Zyyi. This dramatic change in facies iactive margin during Messinian?—early Pliocene time.
interpreted as the result of rapid uplift of the Troodos Massif and Li- The Miocene Pakhna Formation is unconformably underlain by
massol Forest areas to the north (Fig. 16). At Khirokitia (Fig. 9), ®aleogene pelagic carbonates of the Lefkara Formation. Biostrati-
deep channel was cut into the underlying Miocene Pakhna Formatigmaphic evidence for the timing of the downward transition from the
and infilled by calcareous muds and channelized conglomerates, d&akhna to the Lefkara Formation was reviewed by Reed (1993).
ed as late Pliocene, based on calcareous nannofossils (HoughtorMire recently, T. Morse (pers. comm., 1996) confirmed that the
al., 1990). The incision is interpreted as the result of early strong up-efkara-Pakhna contact corresponds to the Oligocene—Miocene
lift that was possibly coeval with eustatic sea level fall. Shallow chanboundary, as in most previous studies.
nels in the Miocene succession further west (near Amathus, Fig. 9), The type section of the Lefkara Formation is to the east of the Li-
infilled with bioclastic carbonate, are also dated as late Pliocene. massol Forest (about 700 m thick near Lefkara; Fig. 9). It is dominat-
The Pliocene succession is underlain by Messinian evaporite=d by pelagic chalks, ranging from Maastrichtian—Oligocene age ac-
within several tectonically controlled small basins (termed subeording to Mantis (1970), following earlier Geological Survey work.
basins). These are the Maroni sub-basin in the east and the Khala3$e earliest unit, of inferred Maastrichtian age (Lower Lefkara For-
sub-basin in the west (Eaton and Robertson, 1993; Orszag-Sperbenition) infills broad hollows in the surface of the underlying Troo-
al., 1989; Robertson et al., 1995a; Figs. 9, 16). The Messinian evapates ophiolite and adjacent mélange. The overlying unit (Middle
ites of southern Cyprus are cut by numerous high-angle extensionagfkara Formation) begins with a lower interval, dated by Mantis
faults that are not observed in the overlying Pliocene succession. (1970) as late Paleocene—early Eocene in age. This unit contains ex-
The Messinian evaporites are underlain by Miocene pelagic catensive pelagic calciturbidites (Robertson, 1976), extensively re-
bonates (Pakhna Formation). In most areas of southern Cyprus, thiaced by chert (Robertson, 1978). There is then an upper “massive”
Pakhna Formation disconformably overlies pelagic carbonates afnit, dated by Mantis as late Eocene in age, that is extensively biotur-
Maastrichtian to Oligocene age (Lefkara Formation). However, southated, but retains some pelagic calciturbidites, together with some
of the Limassol Forest ophiolitic terrain, the Lefkara Formation isevidence of slumping. Above this, the succession, dated as mainly
largely absent and Tortonian shallow-marine limestones (Koroni®ligocene in age by Mantis (1970; Upper Lefkara Formation), is
Member) unconformably overlie basement units (Moni mélange; semainly composed of marly pelagic carbonates with little evidence of
below; Figs. 9, 16). Reed (1993) located several outcrops where tlebert, redeposition, or slumping.
lowest unconformably overlying Pakhna Formation sediments are of Recently, one succession of the Lefkara Formation in the west
late Langhian to late Serravallian age. The cause of this localized u(rear Perapedhi) was studied in detail for calcareous microfossils,
conformity was a pulse of north-south compression, dating from thbenthic foraminifers, radiolarians, and diatoms (Krashenninikov and
early Miocene (or slightly earlier), that gave rise to a west-northwestkaleda, 1994). As a result, Mantis’s (1970) biostratigraphy was re-
to east-southeast-trending lineament, marked by folding and southised. The basal pelagic carbonates (equivalent to the Lower Lefkara
ward thrusting in the west (Yerasa Fold and Thrust belt; Morel, 1960 ormation) were reassigned to a much longer time interval, extend-
Robertson et al., 1991b; Eaton and Robertson, 1993, Fig. 9). In tlireg from upper Campanian, through Maastrichtian and Danian, to Pa-
northwest, the deformation is marked by southward thrusting ankbocene time. Above this, the interval previously defined as the chert-
folding of the southern margin of the Limassol Forest ophiolite overich interval of the Middle Lefkara Formation, previously of late Pa-
the Paleogene sedimentary succession to the south. Further southelestcene—early Eocene age, was shown to be of entirely early Eocene
the lineament is defined by large, tight upright folds, which mightin age. Above this, the massive chert-free part of the Middle Lefkara
have formed above blind thrusts. The lineament can be traced eabbrmation, regarded as late Eocene in age by Mantis (1970) was re-
ward offshore on shallow seismic profiles (McCallum et al., 1993assigned to a middle-late Eocene age. The Upper Lefkara Formation
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Figure 16. Paleogeographic sketches of the early Tertiary to Holocene evolution of Cyprus. See text for explanation. Modified after Robertson (1978).

of Mantis (1970) was subdivided into two new formations, the units of the Lefkara Formation. The Kilani and Arsos formations are
“Kilani Formation,” of Oligocene age, and the “Arsos Formation,” of not readily mappable units and serve little purpose. Also, the suggest-
Oligocene to early Miocene (Aquitanian) age. ed age of the Arsos formation (extending up into the early Miocene)
The above proposed stratigraphic revisions pose problems. It @nflicts with studies of numerous sections indicating that the Pakhna
unclear if Krashenninikov and Kaleda (1994) are in fact radicallfFormation begins at the base of the Miocene, as noted earlier. The
changing the previously determined ages for specified parts of thmost important finding of the recent Russian work for regional cor-
succession, as opposed to relocating the boundaries between existiatation is that the chert-rich interval on Cyprus is restricted to the
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Y presian-L utetian, rather than extending asfar down as the upper Pa- above. The transform zone comprises a highly fractured basement of
leocene, as in Mantis’s (1970) stratigraphy. This chert may reflect aphiolitic rocks similar to the main Troodos ophiolite to the north.

time of high productivity within a surviving remnant of the southerly This basement is extensively sheared, brecciated, and cut by elongate
Neotethys. Also, the presence of the Danian was confirmed for theast-west-trending screens of serpentinite. The basement is also in-

first time. truded by distinctive high-level gabbros, silicic intrusives (plagio-
granite) and ultramafics (wehrlites).
Basement Units To the north of the South Troodos Transform Fault Zone is the

main Troodos ophiolite (for a recent summaries see Robinson and
In southern Cyprus, the foothills of the Limassol Forest as far allalpas, 1990; Gass, 1990; Robertson and Xenophontos, 1993). The
the southeast coast of the island are characterized by the Moni nmiE-oodos formed in the Cenomanian-Turonian82Ma), based on
lange that underlies the Maastrichtian to Paleogene chalk successidrPb ages of plagiogranites (Mukasa and Ludden, 1987). Geochem-
(Robertson, 1977a; Fig. 9). The Moni mélange comprises blocks afal evidence, especially the composition of unaltered volcanic glass,
Mesozoic lithologies, mainly similar to those of the Mamonia Com-and analysis of “immobile” trace elements within the extrusives, has
plex in southwest Cyprus, including terrigenous sandstone turbiditelgad to wide acceptance of the concept that the ophiolite formed by
pelagic limestones, radiolarian cherts, and basic extrusives. There agreading above a subduction zone, within the southerly Neotethyan
also large blocks of quartzose sandstone of probable deltaic and slapeeanic basin (Pearce et al., 1984). Similar Upper Cretaceous ophio-
facies, and variably sized blocks of radiolarian-rich siltstone and pdites stretch as far east as Oman and the Himalayas and are interpreted
lagic limestone with thin calciturbidites. At one locality, radiolarian-to indicate formation related to regionally northward-dipping sub-
rich sediment were recently dated as Cenomanian in age based ondaetion (e.g., Moores et al., 1984). This interpretation, based mainly
diolarians (Urquart and Banner, 1994). The Mesozoic blocks of then geochemistry, is crucial as it means that these Upper Cretaceous
Moni mélange are set in a matrix of volcanogenic clays of late Cansphiolites cannot have formed at mid-ocean-type spreading ridges, as
panian age, based on radiolarians (Urquart and Banner, 1994) asdggested in some paleotectonic syntheses (e.g., Dercourt et al.,
calcareous nannoplankton (Morse, 1996). Similar clays form the 1at986, 1992).
cal, in situ sedimentary cover of the Limassol Forest ophiolite north The outcrop pattern of the Troodos ophiolite shows that ultrama-
of the Moni mélange outcrop. fic rocks are restricted to a relatively small area in the vicinity of Mt.
The Moni mélange includes large east-west—trending sheets @flympos, whereas the outcrop of the erosionally resistant sheeted
serpentinite. The lowest part of this ultramafic unit is composed ofliabase is far greater (Fig. 9). For this reason, Pleistocene clastic sed-
serpentinized harzburgite that is brecciated and fissured, with an ifments of the Mesaoria basin to the north are dominated by diabase
fill of pink fine-grained carbonate. The middle part of the serpentiniteand basalt (and some gabbro), but contain only subordinate ultrama-
sheet is mainly composed of fissured harzburgite, cut by rare rodific clasts (Poole and Robertson, 1992; Chap. 43, this volume). The
gitized pegmatitic dikelets, again with fissures infilled with pink pe-exposure of ultramafics is attributed to large-scale diapiric protrusion
lagic carbonate. The upper surface of this relatively coherent serpeof serpentinite from mantle rocks beneath (Moores and Vine, 1971).
tinite sheet is associated with pockets of metalliferous oxide-sediFhe uplift may have been triggered by the underthrusting of the Era-
ment (umber). The highest part of the serpentinite sheet is maintpsthenes Seamount (Robertson, 1990).
serpentinite-derived conglomerates (debris flows), which include The transition from Upper Cretaceous deep-water pillow lava to
clasts of gabbro, diabase, and chromite, in addition to common sametalliferous and pelagic sediments (Perapedhi Formation) is depo-
pentinized harzburgite. sitional and unbroken (Robertson and Hudson, 1974). This contrasts
The serpentinite sheets within the Moni mélange are interpretestrongly with the other southerly Neotethyan Upper Cretaceous ophi-
as having originally formed as part of the Upper Cretaceous oceanitites (e.g., Hatay and Oman), where emplacement onto the Arabian
fracture zone to the north (the South Troodos Transform Fault Zongjatform was followed by emergence, erosion, fluvial deposition, and
Fig. 9). Slices of transform fault material were emplaced by thrustinghen by shallow-marine transgression. This continuity of deep-water
or transgression southward into the Moni mélange. fine-grained sedimentation is a key piece of evidence that the Troo-
The exotic blocks of the Moni mélange are inferred to have beedos ophiolite is not a nappe that was obducted onto North African
derived from a Mesozoic continental margin located to the south afontinental crust in the Late Cretaceous, as in some interpretations
Cyprus (to the east before paleorotation). Emplacement of the Mokeé.g., Ricou et al., 1984).
mélange is attributed to sliding of blocks into the clay-rich sedimen- Seismic refraction data show that continental crust is now present
tary cover of a Upper Cretaceous ophiolite (Fig. 12A), either relatedeneath Cyprus (Makris et al., 1983), but how and when was this em-
to orthogonal subduction (Robertson, 1977a), or to strike-slip “dockplaced beneath the Troodos ophiolite? One possibility is that the
ing” of an exoatic terrain during paleorotation of the Cyprus micro-Troodos was obducted onto a microcontinent within Neotethys in the
plate (Clube and Robertson, 1986). Recently, Gass et al. (1994) sugte Cretaceous (Murton, 1990). Another is that any continental crust
gested that the Moni mélange was thrust northward over the ophioliteeneath Cyprus is effectively an extension of the Eratosthenes Sea-
to the north. However, at a number of localities, such as, for instancmount, and was emplaced beneath Cyprus in Neogene—Holocene
the Mangaleni umber pit, metalliferous sediments above the ophiolittme. A new seismic refraction line has recently been run east-west
(Perapedhi Formation) are depositionally overlain by debris flowslong the northern flank of the Troodos ophiolite (A. Khan, pers.
marking the base of the Moni mélange with no evidence of significomm., 1996), and this may help to resolve these alternatives. It is as-
cant thrust displacement. sumed here that the Troodos ophiolite was not emplaced onto the
Further north is the South Troodos Transform Fault Zone (MacNorth African continental margin in the Late Cretaceous. Accepting
Leod, 1990; Fig. 9). This is generally interpreted as a Upper Cretdhat thinned continental crust (~25 km thick) is present beneath Cy-
ceous fracture zone formed within the southerly Neotethyan oceanprus (Makris et al., 1983), it was probably emplaced there as a result
basin, adjacent to the Troodos ophiolite (Simonian and Gass, 197& northward subduction and underplating of one, or several, conti-
Murton and Gass, 1986; Gass et al., 1994). Paleomagnetic evidenoental fragments in Neogene present-day time.
and a recent revaluation of the field kinematic evidence, indicate that
deformation along the transform was right-lateral (Morris et al.Northerly Cover Sediments
1990; Robertson and Xenophontos, 1993; MacLeod and Murton,
1993). The transform fault zone extends at least as far south as the To the north, the Troodos ophiolite disappears beneath a cover of
serpentinite lineaments within the Moni mélange, as describetate Cretaceous to Holocene sediments, forming the Mesaoria basin
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beneath the Mesaoria Plain, located between the Troodos Massif and The altitudes of Pleistocene terraces are interpreted to indicate
the Kyrenia Range to the north (Figs. 9, 16). The most southerly and that the central and western parts of the Kyrenia Range have under-
stratigraphically highest of these cover sediments are remnants of gone more uplift during the Pleistocene than the eastern part of the
originally extensive Pleistocene—Holocene ophiolite-derived confange. Also, some terraces are reported to be tectonically tilted (Dreg-
glomerates, locally preserved as channels cut into the Troodos opliern, 1978). To the south, localized Pleistocene deposits are under-
olite (Poole and Robertson, 1992). lain by open-marine muddy and calcareous sediments of early to mid-
The Neogene—Pleistocene uplift of the Troodos Massif is markeBliocene age. Their proximity to the Kyrenia Range confirms that no
by development of a series of erosional surfaces that are well prstrong uplift occurred until the late Pliocene.
served on the northern flank of the Troodos, compared to the southern The Kyrenia Range was strongly uplifted in the late Pliocene—
flank (Poole et al., 1990; Poole and Robertson, 1992). The probabfdeistocene, coeval with uplift of the Troodos Massif. Kyrenia Range
reason is that in southern Cyprus extensive run-off took place into thenits are locally reverse faulted and folded against Miocene and
open Mediterranean Sea, but into an inter-montane Mesaoria BasinRtiocene sediments along the southern margin of the Range (Robert-
the north; this soon filled with coarse clastic sediment, inhibiting farson and Woodcock, 1986; Fig. 17; see cross sections). Tilting of the
ther downcutting of source areas. Kyrenia Range stratigraphy to steep angles took place at this stage,
The surface of the Mesaoria Plain is covered by a veneer of maarticularly in the western and central parts of the Kyrenia Range that
ture conglomerates (Fanglomerate Group) derived from the Trood@se dominated by competent Mesozoic carbonate rocks. Robertson
ophiolite. Younger alluvial terraces are at progressively lower topoand Woodcock (1986) suggested that the steepening of units was re-
graphic levels, which is interpreted as the result of fluvial downcutlated to southward ramping over a rigid basement of Troodos-type
ting during dominant tectonically driven uplift (Poole and Robertsonpphiolitic rocks at depth to the south (Fig. 17, upper section). An al-
1992, Chap. 43, this volume). The Pleistocene fanglomerates are uernative is that the steep dip results from transpression along the
derlain by a fluvial unit, and then by a shallow-marine unit, both oiKyrenia Range (Kempler, 1994). Unfortunately, insufficient field ki-
which are interpreted to be deltaic complexes of late Pliocene—earmematic evidence currently exists to test these alternatives. In either
Pleistocene age (McCallum, 1989; McCallum and Robertson, 1995%cenario, the Kyrenia Range experienced compression during late
These units passed northward into a shallow-marine sea in which cuPliocene—Holocene time.
rent-swept bioclastic carbonates accumulated (McCallum and Rob- In the south, Pliocene fine-grained sediments are underlain by lo-
ertson, 1995). This sea lapped northward onto the slopes of the Kyrealized Messinian gypsum within small basins exposed along the
nia Range, before its strong uplift in the late Pliocene—Pleistocersouthern margin of the Kyrenia Range. The gypsum is locally dis-
(Fig. 16). rupted and deposited as coarse debris flows that are crudely channel-
Borehole data indicate that the Pliocene is up to 950 m thick withized, suggestive of a tectonic (fault) control of deposition (A.H.F.
in the Mesaoria basin (McCallum and Robertson, 1990, 1995). Theobertson, unpubl. data). The northern margin of the Mesaoria basin
late Pliocene sediments are disconformably underlain by open maxperienced tectonic instability in the late Miocene, but this was
rine muddy sediments of early to mid-Pliocene age. Channelizeprobably extensional, in common with the circum-Troodos area to
conglomerates (and some bioclastic carbonates) were fed northwatte south.
into the Mesaoria sea from the Troodos ophiolite during this time, The Mesozoic—early Tertiary core of the Kyrenia Range is over-
primarily under the influence of tectonic uplift, modified by glacio- lain by Miocene turbidites, the Kithrea Flysch (Kithrea Group, Fig.
eustatic sea-level change (McCallum and Robertson, 1995). Howet7), that is exposed on both flanks and locally within the Kyrenia
er, the southern margin of the Mesaoria basin was affected by dowRange. This evidence shows that the Kyrenia Range cannot have ex-
to-the-north extensional faulting in early Pliocene—late Miocendsted as a major elevated topographic lineament in the Miocene (Rob-
time. Gypsum accumulated in small-fault controlled basins duringrtson and Woodcock, 1986). Paleocurrent evidence indicates deriva-
the Messinian (Robertson et al., 1995a), whereas Tortonian reefs dmn of the Kithrea turbidites mainly from the northeast, from the pa-
veloped on tilted fault blocks before this time (Follows and Robertieo-Seyhan River in the Adana area of southern Turkey (Weiler,
son, 1990). 1965). The Kyrenia Range is assumed to have formed the southern
Little or no evidence of faulting is observed within the late part of a basinal area in late Oligocene—Miocene time that extended
Pliocene—Pleistocene sediments of the southern part of the Mesaoniarthward and eastward into southern Turkey.
Basin (McCallum and Robertson, 1990). The southern part of the Along the southeastern flank of the Kyrenia Range, late Miocene
Mesaoria basin is thus interpreted as a mid-Pliocene—late Mioceriacies are much thicker to the south of the Kithrea Fault (Fig. 17) than
faulted extensional basin, possibly related to southward retreat (“rolte the north. This fault acted as part of a down-to-the-south extension-
back”) of a subduction zone to the south (Fig. 16). al system during this time (Robertson and Woodcock, 1986), separat-
The northern part of the Mesaoria basin, adjacent to the Kyreniag the depositional area into sub-basins, with the main depocenter
Range, has a complex Neogene—Holocene tectonic history. Labeing to the south.
Pliocene shallow-water carbonates show evidence of accumulation in The lower turbidites of the Kithrea Flysch, dated as late Oligocene
an unstable basin, interpreted as a small flexural foredeep related(®aroz, 1979; Fig. 18), pass downward over a short interval (several
southward thrusting along a lineament, the Ovgos Fault (McCallurmeters) into shallow-marine sediments, then into non-marine facies
and Robertson, 1990, Figs. 9, 17). This thrusting relates to southwafidvial conglomerates and minor lacustrine deposits also of early Oli-
compression and early uplift of the Kyrenia Range. However, duringocene age (Bellapais Formation; Fig. 18). Many of the clasts are ex-
late Miocene? to early Pliocene time the Ovgos Fault existed asdaiic to the Kyrenia Range (e.g., abundant ophiolitic material), with
down-to-the-south extensional feature that separated the Pliocenkast imbrication indicating derivation from mainly the east and
Mesaoria basin from a relatively uplifted area to the north includinghortheast, presumably from southern Turkey (Robertson and Wood-
Miocene terrigenous turbidites (Robertson and Woodcock, 1986). cock, 1986). In the early Oligocene, the Kyrenia lineament is inter-
preted to have formed part of a landmass contiguous with southern
Kyrenia Range Turkey. Alluvial fans, derived from terrains including ophiolites,
were shed into the Kyrenia Range area, followed by rapid subsidence
To the north of the Mesaoria Plain is the narrow, elongate Kyreniand onset of deep-water turbiditic deposition in latest Early Oli-
Range that has a long and varied tectonic history (Figs. 17, 18). Igocene—early late Oligocene time. It is, therefore, possible that the
interpretation is critical to understanding of the evolution of Neo-marine Cilicia Basin to the north dates from late Oligocene—early
tethys in the easternmost Mediterranean region. Miocene time (see later).
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indicated. Structuring took place in stages from late Cretaceous to Holocene, but the most important event (southward thrusting) took place in the late Eocene; see Figure 18.

NOILNTOAZ JINOLDIL AYVILYFL-OI0ZOS3AN



A.H.F. ROBERTSON

8
8 "
- Q ]
£ [ g | £ 3
R 2 LA Q
53 ] s, ff E g
3% < E = g ES £ E5¢ £ ¢
€ £ v 2 ¢ 5 T 5 SE 223 ~
g2 © b £ % & 8o T SES -
uat. (0 terraces) &
Pli. 170 —820 Mesaoria- (5 formations) 3
Mes. 0—150 Lapatza
10 Tor. Mia wvlos®) °
S Lap. 50 Panagra B
5 ]
201 2 ElP"—?OO Kithrea  Flamoudi a
Aqt. °
<
30 Cnt. 120—160 Klepini §
oli, ——— s g
Rup. 40 Bellapais " by g
08—
40 Prb. Kalograia— o EoE
H] 30-500 Ardana withblocks = £ 5. g
& E Brt. of Kantara limestone  prliTe s _ 3
4 o Lut. = 0
501 & == 7 4
Ypr. . S S ¢ L
s BT 140-365 Lapithos AYios T X
Nikolaos =
Tha. o o
60 Pal. v vvvYv 5 5
Dan. oY S. <
-
70 Maa. 200—220 Melounda 1L 5— § s
< =
2 late — D = g
5 Cmp25 Kiparisso 4 © o
100 1 § Vouno —, <-,§
4 3
5 early =
o 2
200 Hilarion £
1501 Malm. 2 .
9 z £
& Dogger Trypa 3 %‘5
5. g E
2001 = Lias g ¢
L.g late . . e 8 Z
. !:2 middle 425 Sikhari . % g
2501 = Tate < M
] . v
o~ 5 early 100 Dikomo

125 1020 5?0300500

accumulation rate/(m Ma™)

ey . . ,

=T clastic carbonates mudstones volcanics cleavage

@ pelagic carbonates turbidite sandstones m evaporites tectonic brecciation
@ shallow-marine non- or shallow- breccias and m metamorphism

carbonates marine sandstones conglomerates

Figure 18. Summary of tectonostratigraphy of the Kyrenia Range, northern Cyprus (from Robertson and Woodcock, 1986). Structuring took place in three
stages (D1-D3). A switch from a passive margin to an active margin with thrusting and strike-slip took place in the late Cretaceous.

The Kithrea Flysch overlies and seals an important east-wesarfunkel (1994) suggested that the Kyrenia Range was emplaced by
trending thrust lineament within the Kyrenia Range, that is dated asominantly left-lateral strike-slip. However, in the field evidence of
late Eocene, based on the age of associated syntectonic “oldeminantly southward overthrusting is clearly observed. The Kallog-
tostromes” of late Eocene age (Kallograi-Ardana unit; Ducloz, 1972ai-Ardana “olistostromes” were interpreted as having developed in a
Fig. 18). This latter unit is best developed in the eastern part of tr@mall flexural foreland basin in advance of the Kyrenia Range thrust
Kyrenia Range and includes large detached blocks of Permian limsheets (Robertson and Woodcock, 1986). The debris flows could
stone and heterogeneous debris flows. Most thrusts and related folelgually be interpreted as a trench-type deposits related to northward
of this age face southward, but some face locally northward (Robersubduction of any remaining (Troodos-type) oceanic crust to the
son and Woodcock, 1986), consistent with a transpressional compseuth. The existence of deep-focus earthquakes beneath the Kyrenia
nent of deformation. Tertiary sediments and volcanics were localljRange suggests the presence of a relict slab at depth that could have
transformed to low-grade schists, associated with thrusting. Thiseen emplaced during late Eocene northward subduction (Kempler
thrusting is seen as the most southerly manifestation of dominantgnd Garfunkel, 1991, 1994). From Maastrichtian to late Paleocene,
southward tectonic transport within the Taurus Mountains to théhe Kyrenia lineament experienced deep-water pelagic carbonate
north, including final emplacement of the Alanya Massif in early todeposition (Malounda and Ayios Nikolaos Formations; Figs. 17, 18),
middle Eocene time (Okay and Ozgiil, 1984; Fig. 6). Kempler anéhterspersed with bimodal basic-acidic volcanism. Analysis of ba-
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salts including “immobile” trace elements revealed that the volcanerly Neotethyan oceanic basin. These carbonates are locally under-
ism is of within-plate type, with no identifiable subduction compo-lain by unfossiliferous recrystallized carbonate, the Dikomo Lime-
nent (Robertson and Woodcock, 1986). This is important as it oppostones.
es the widely held view, based on only major-element data The oldest dated rocks within the Kyrenia Range are detached
(unreliable because of element mobility), that the volcanics represehtocks of Permian shallow-water limestone (Kantara Limestone),
a subduction-related volcanic arc unit (Baroz, 1980). During thevithin Eocene olistostromes. These limestones possibly originated as
Maastrichtian—early Tertiary, the Kyrenia Range was located in auildups near the northern margin of the southerly Neotethys during
deep-water basinal setting. Robertson and Woodcock (1986) sugfting. Comparable Permian limestones are extensively developed
gested that the volcanics were erupted in an extensional, or transtemeund the margins of the Isparta Angle in southern Turkey (Poisson,
sional setting, that was possibly related to paleorotation of the Trod-977; Gutnic et al., 1979).
dos microplate, which continued to lower Eocene time (Clube and
Robertson, 1986). Kempler and Garfunkel (1994) suggested that ti@licia-Adana Basin and Onshore Turkey
volcanics might be correlated with Paleocene—Eocene basic volcanic
rocks in southeastern Turkey (“Maden Formation”). The Kyrenia To the north of the Kyrenia Range is the Cilicia-Adana Basin
volcanics are indeed somewhat similar to middle Eocene volcanics {irigs. 6, 7), which is characterized by east-west-trending extensional
southeastern Turkey (Karadere Unit; AkthO85; Akta and Robert-  faults, some of which appear to be still active (Aksu et al., 1992a,
son, 1984, 1990; see later discussion), but the Kyrenia extrusii992b). Available seismic reflection data show that the Cilicia-
rocks were erupted over a much longer time interval and lack a digvdana Basin dates from pre-Messinian time. The basin is up to 3 km
tinctive trace-element subduction imprint, as exhibited by both Uppedeep, and contains thick Messinian evaporites that are slightly de-
Cretaceous and Eocene volcanics in southeastern Turkey. formed by growth-faulting, and overlain by Pliocene—Pleistocene
The deep-water carbonate-volcanic succession in the Kyreniauddy sediments. There is also evidence of localized salt diapirism
Range is floored by breccias containing deformed and metamo(Aksu et al., 1992a, 1992b). Estimated sediment thicknesses increase
phosed clasts correlated with underlying Mesozoic units (Fig. 18astward from about 1 km to about 1.8 km in the middle part of the
Locally, these breccias are underlain by a poorly exposed, thin (aboGilicia-Adana basin, and to about 3 km in the east, near Adana Bay,
25 m), little deformed unit of deep-water turbidites, of late Campawhich experienced input from the Seyhan River. The lower sections
nian age (Kiparisso Vouno Formation; Baroz, 1979). This unit is imof the Cilicia-Adana Basin are not imaged by available, relatively
portant as it exhibits a very varied provenance, including basic arghallow, seismic data, but are assumed to date from the upper Oli-
acidic volcanic glass and material derived from Mesozoic shallowgocene—early Miocene, the time of marine transgression in the Kyre-
and deeper-water sediments (e.g., radiolarite). This volcaniclastitia Range (see above). In the west, the Cilicia-Adana Basin is bound-
unit is similar in age and composition to the Kannaviou Formation oéd by a fault lineament, the Anamur-Kormakiti Ridge, beyond which
southwestern Cyprus, and may have formed in a comparable arc-iis-the Antalya Basin (Fig. 6).
lated setting. The coastal region of southern Turkey opposite Cyprus is domi-
The Campanian volcaniclastic sediments, and the Maastrichtiamated by the metamorphic Alanya Massif (Monod, 1977; Fig. 6; see
pelagic carbonates and volcanics are underlain by deformed and teelow). In the east, this forms the actual coastline (i.e., near Anamur).
crystallized Mesozoic shallow-water carbonates. The latest datdeurther west, the Alanya Massif is unconformably overlain by Mio-
pre-tectonic unit is the Early to Mid?-Cretaceous Hilarion Limestonecene—lower Pliocene marine sediments of the Manavgat Basin (Akay
(Ducloz, 1972; Baroz, 1979; Fig. 18). Tectonic brecciation and reet al., 1982; Flecker, 1995; Flecker et al., 1995; Fig. 6), in which the
crystallization of these carbonates took place between Early Crethighest part of the preserved succession is made up of open-marine
ceous and Campanian time, overlapping with the time of formatiomuddy sediments of early Pliocene age (Glover and Robertson,
of the Troodos ophiolite above a subduction zone within Neotethy$998). Messinian evaporites are not exposed. The upper Miocene
further south. At high levels, the platform carbonates were extersuccession is dominated by relatively shallow-water muddy and si-
sively tectonically brecciated to form distinctive jigsaw-type brec-liciclastic sediments. During the middle Miocene deeper-water tur-
cias, whereas lower levels were metamorphosed to marbles abdlites and debris flows (with blocks derived from the Alanya Mas-
schists. Baroz (1979) related this deformation and metamorphism 8if) accumulated, interbedded with bathyal hemipelagic carbonates.
regional southward emplacement of far-travelled nappes. HoweveBeneath this, the succession in the Manavgat Basin begins with lower
this is not consistent with the presence of an in situ deep water sediiocene shallow-water carbonates, including patch reefs, that devel-
mentary cover (turbidites) without evidence of emergence and er@ped along the southern margins of the Alanya Massif.
sion. Robertson and Woodcock (1986) instead postulated a more lo- The Manavgat Basin reflects a phase of initial, early Miocene
cal origin of the Kyrenia Range along the northern margin of Neonorthward marine transgression over the metamorphic Alanya Mas-
tethys in the Eastern Mediterranean area. They suggested that #ig followed by abrupt subsidence that ushered in mid-Miocene
brecciation and metamorphism could have taken place in a strike-slieeper-water deposition. Accommodation space was gradually filled
setting. Transtension, or simply extension, would have facilitateédnd the basin progressively shallowed (Flecker et al., 1995). On a re-
rapid exhumation of the metamorphics seen as clasts in the basegidnal scale, the Manavgat Basin could be interpreted either as an ex-
the Maastrichtian sedimentary cover. Similar carbonate platfornbensional basin dating from the early Miocene (or earlier), or as a
brecciation, associated with crustal extension has been noted in othlxural foreland basin related to generally southward thrusting of
areas, including southern Greece (Flchtbauer and Richter, 198®its in the Taurus Mountains to the north. However, here is little ev-
Clift, 1991). Extension (or transtension) would also explain the colidence of thrusting of the Bgghir-Hoyran nappes to the north after
lapse of the carbonate platform to form a deep-water basin by Cartire late Eocene (Monod, 1977). The timing of subsidence of the
panian time. Manavgat Basin is compatible with an origin as part of a flexural
During the Triassic—Jurassic and Early Cretaceous the westefaredeep related to southeastward thrusting of the Lycian Nappes
and central parts of the Kyrenia Range formed part of a graduall§Flecker et al., 1997; Fig. 6).
subsiding carbonate platform, which is inferred to have formed the Two other related Miocene basins are found further northwest, the
northern Neotethys passive margin in the easternmost Mediterrane®dprii and Aksu basins (Fig. 6). Recent Sr-isotope dating shows that
(Sikhari and Hilarion Formations; Ducloz, 1972; Baroz, 1979; Figthe Kopri Basin was initiated in the early Miocene (lower-middle
18). There is some evidence of extensional fault control in the LatBurdigalian), slightly earlier than similar facies in the Managvat Ba-
Triassic, probably related to rifting and early spreading of the souttsin. This is consistent with an origin as a foreland basin that migrated
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southeastward with time and was related to the final stages of em- oceanic crust and extends northward over a broad zone of complex
placement of the Lycian Nappes (Flecker et al., 1997). The K&prideformation, termed the Cyprusto LatakiaLink (Fig. 19) by Kempler
and Aksu basins also show evidence of fault reactivation of old line§l994). This includes the submerged Misis-Kyrenia Ridge that runs
of crustal weakness in the “basement” related to southeastwawdestward into the Kyrenia Range and northeastward into the Misis
thrusting of the Lycian Nappes during the Miocene. Mountains. This lineament is bordered to the north by the offshore
Beneath the Neogene basins is the metamorphic Alanya Mas#fdana-Cilicia Basin and the onshore Adana Basin, whereas to the
that is dominated by three thrust sheets, of which the lower and uppeorth lie Mesozoic units of the Taurus Mountains. The Cyprus-
ones are composed of high-temperature/low pressure lithologiekatakia link includes a number of bathymetric features, notably the
while the middle unit comprises high pressure/low temperature blué-atakia Ridge, the Hecatacus Ridge (also known as the Hecataeus
schists (Okay and Ozgiil, 1984). The age of the blueschists is inferr@amount), the Gelendzhik Rise, the Cyprus Basin, and the Isk-
to be pre-Maastrichtian, consistent with initial thrusting taking placenderun Basin (Fig. 19).
in the Late Cretaceous. Later, the nappe stack was finally assembled The boundary between the Africa and Eurasian plates has gener-
by northward thrusting in Paleocene—Eocene time. The Alanya Masily been assumed to be dominated by |eft-lateral strike-slip between
sif high-pressure metamorphics were exhumed before the early Mi@yprusand the northern Levant margin (e.g., Jackson and McKenzie,
cene, possibly related to a crustal extension event. 1989). This areais critical to understanding the process of incipient
Unmetamorphosed Mesozoic rocks (Antalya Complex) are localeontinental collision in the easternmost M editerranean area.
ly exposed beneath the Alanya Massif in an important window (Fig.
7). Successions of Paleozoic age (e.g., Permian limestones) th&@bmarine Lineaments
pass upward into Middle—Late Triassic radiolarian sediments (U.
ulu, pers. comm., 1996), that relate to rifting of the southerly Neo- The following tectonic units are recognized from south to north,
tethys and can be correlated with the Antalya Complex. based on interpretation of seismic data (Ivanov et al., 1992; Kempler,
The Alanya Massif is bordered to the north by the Guzé&lsu unit]994; Ben-Avraham et a., 1995; Fig. 19). Representative seismic
set within a large east-west topographic depression (Fig. 7). This Imes are shown as simplified line drawingsin Fig. 20.
comprised of unmetamorphosed units, correlated with Antalya Com- .
plex in the Isparta Angle to the west (Monod, 1977). This unit pred) Levant Basin
sumably extends beneath the Alanya Massif and crops out in the win- Multichannel seismic datareveal several deep undeformed reflec-
dow to the south, mentioned above. The Giizélsu unit includes hightgrs, interpreted as lower Tertiary-Mesozoic sediments (Kogan and
deformed Mesozoic deep-sea sediments (e.g., radiolarites), minStenin, 1994). Beneath is a basement that appears to rise toward the
volcanics, large masses of shallow-water limestone and ophiolititlecataeus Seamount and Cyprusin faulted steps. Seismic resolution
fragments, especially sheared serpentinite. These Antalya Complercreasesin more easterly lines. The eastern Levant Basin isassumed
rocks were thrust northward over a large carbonate platform, the Alte be floored by Mesozoic crust at the leading edge of the North Af-
seki Platform, in Paleocene—early Eocene time. rican plate.
Farther north, the Akseki Platform (Fig. 7) is one of series of ma- -
jor Mesozoic carbonate platforms similar to the BeglBacarbon- () LatakiaRidge
ate platform unit, further west. The Mesozoic Akseki platform is A narrow arcuate ridge links the Hecataeus Ridge, off southeast-
structurally overlain in the north by the Behir-Hoyran Nappes, ernCyprus, with the Latakiaareaof the northern Levant margin. This
which include Mesozoic shallow-water carbonates, radiolarian sedivas termed the Latakia Ridge by Ben-Avraham et al. (1995), or the
ments, and ophiolites (Monod, 1977; Okay and Ozgiil, 1984). Thes#&/est Taurus Ridge by Kempler (1994). The term Latakia Ridge is
allochthonous units can be restored to a position within a northerlyreferable since the term West Taurus ridge could be confused with
“Inner Tauride ocean,” separate from the southerly Neotethyan océhe Taurus Mountains of southern Turkey. The Latakia Ridge is bor-
anic basin $engdr and Yilmaz, 1981; Robertson and Dixon, 1984).dered in the south by a relatively shallow sedimentary basin (about
The Hoyran-Beyehir Nappes are counterparts of the Lycian Nappes100 m deep by <2 km wide; Fig. 20B, C). This basin can be traced
which were also rooted in the northerly Neotethyan oceanic basin, aleestward and correlated with the more pronounced Northern basin
though the former was finally emplaced in the late Eocene, whered®Cyprus Trench”) separating the Eratosthenes Seamount from Cy-
the latter were only finally emplaced in the late Miocene. prus (Fig. 15). Multichannel seismic data reveal that the basin south
The Antalya Complex rocks of the Giiz&lsu unit can be viewed agf the Latakia Ridge has experienced compression, marked by steep
a small Neotethyan oceanic basin, or deep rift basin (floored by vofelds and inferred evaporite diapirism (Kogan and Stenin, 1994). Sin-
canics), located between the Akseki carbonate platform to the nortile-channel seismic data reveal that inferred Messinian evaporites
and an “Alanya massif continental fragment” to the south during Mepinch out northward from the Levantine Basin toward the Latakia
sozoic—early Tertiary time (Robertson et al., 1991). This restoratioRidge, as do relatively transparent Pliocene sediments (Kempler,
assumes that the large-scale thrusting was essentially in-sequencel884; Fig. 20B, C).
that the thrust sheets can simply be pulled apart to reveal the pre-ex- In the east, the southern boundary of the Latakia Ridge is a steep
isting paleogeography. The high-pressure/low-temperature rocks é&ature, whereas in the west it merges gradually with the Hecataeus
the Alanya Massif could thus represent another sutured small Ne&idge. Multichannel seismic data reveal that the southern side of the
tethyan basin (rift or small oceanic basin) bordered by continentdflecataeus Ridge is folded and cut by southward-dipping steep faults
crust to the north and south (Fig. 14A). This basin would have partliKogan and Stenin, 1994). The Hecataeus Ridge rises to 250 m below
closed in the Late Cretaceous, by northwesterly directed subductiosea-level and comprises twin highs in its central, shallowest part
causing initial deformation of the Antalya Complex. Before the mid-(Kempler, 1994). The Hecataeus lineament extends westward to con-
Eocene, the already assembled units of the Alanya Massif were thrustct with the Akrotiri lineament, identified using shallow seismic
over the Antalya Complex and, in turn, over the Akseki carbonatelata (McCallum et al., 1993).
platform to the north (Fig. 14B). The Hecataeus Ridge is marked by a magnetic anomaly that merg-
es with the larger regional anomaly characteristic of the Troodos

. ophiolite. An implication is that the Hecataeus Ridge is an offshore
SEGMENT 3: LEVANT BASIN, EASTERN CYPRUS- extension of the Cyprus ophiolite. A less likely alternative origin is

LATAKIA BASIN-MISIS RIDGE-ADANA BASIN that it is an accreted crustal unit, more similar to the Eratosthenes

This segment (Fig. 5) begins with the eastward extension of the Seamount. Seismic profiles of the Hecataeus Ridge reveal a relative-
Levant Basin, which is again assumed to be underlain by Mesozoic ly thin, nearly transparent Pliocene—Pleistocene succession, under-
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Figure 19. Tectonic map showing the main features of the Cyprus-Latakia link zone and areas to the north and south. Data sources are given in the text.

lain by arelatively steeply dipping, folded lower unit (Fig. 20E), sim-
ilar to the seismic stratigraphy of the Akrotiri lineament (McCallum
et al., 1993). Messinian evaporites are absent from both the Hecatae-
us Ridge, and from the Latakia Ridge further east, suggesting that
these areas were raised, emergent features during the Messinian sa-
linity crisis (Kempler, 1994; Ben-Avraham et a., 1995).

Kempler (1994) suggested that the Hecataeus and Latakia ridges
were above sea level in the Messinian, followed by marked subsid-
ence in post-Messinian time. Subsidence was even greater in the Le-

of the topographic height difference between the Hecataeus and
Latakia ridges and the Levant Basin to the south is that the Levant
Basin formed part of the leading edge of the downgoing North Afri-
can plate, which was correspondingly downflexed, whereas the He-
cataeus and Latakia ridges to the north experienced corresponding
flexural uplift (of the upper plate margin). Similarly, the Eratosthenes
Seamount was downflexed after Messinian?-early Pliocene, while
the Akrotiri lineament to the north was uplifted to near sealevel and
colonized by Upper Miocene reefs.

vant Basin in the south “due to a bigger Messinian and younger sed- . .

iment load” (Kempler, 1994). However, the level of the Hecataeu§3) Southeast Cyprusto Latakia unit

and Latakia ridges in the Messinian is not constrained and need not This arcuate strip of seafloor runs from southeast Cyprus to the
have been near global eustatic sea-level. An alternative explanatioorthern Levant coast near Latakia and encompasses the Gelendzhik
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High, or Gelendzhik Rise (Fig. 19). This areawas separated into two
units by Kempler (1994), namely the Hecataeus-L atakia unit in the
south and the Kiti to Baer-Bassit unit in the north. Ben-Avraham et
a. (1995) show the boundary between these two units as atop-to-the-
south thrust in the west, but as a sinistral strike-slip fault in the east.
However, the evidence for this distinction is not made clear. The
southern margin of the Hecataeus-L atakia unit rises relatively gently
to the Latakia Ridge in the west, whereas further east this unit is
shown aswedging out against the Latakia Ridge (Fig. 20B, C). Where
traced onshore in eastern Cyprus, the boundary between the two sub-
units recognized by Ben-Avraham et a. (1995) does not correspond
with any known structural break.

Within the Hecataeus-L atakia unit, a prominent reflector at the
base of asedimentary unit pinches out toward the crest of the Latakia
Ridgeto the south. Kempler (1994) followed Biju-Duval et al. (1977)
in interpreting this as the front of a major unit of south-facing thrust
sheets, which was assumed to relate to closure of Neotethys in the
Late Cretaceous. However, Ivanov et al. (1992) instead interpret this
conspicuous reflector as the base of the Messinian evaporite se-
quence, implying that the ridge beneath it originated before the
Messinian, any exotic units being much more deeply buried. This
second interpretation is consistent with the geology of the Akrotiri
Peninsulaon-strike to the west (Fig. 9), where atopographic high ex-
isted in the Late Miocene, as noted above. South-verging thrusting
took place in southern Cyprus to form the Yerasa Fold and Thrust
Belt (Fig. 9). This correlation with on-land geology thus does not

MESOZOIC-TERTIARY TECTONIC EVOLUTION

ment formed by compression in the early Miocene (or slightly earli-
er), and had become inactive by the late Langhian, when it was trans-
gressed by undeformed shallow-marine carbonates. A correlation of
the Yerasa lineament with the southern boundary of the Kiti to Baer-
Bassit unit would imply that this feature might have developed in the
Miocene, possibly along a pre-existing zone of weakness. This linea-
ment might have been reactivated later, in the late Miocene—Pleis-
tocene. Indeed, the Yerasa lineament onshore was cut by later exten-
sional faults of pre-Pliocene age. However, there is little evidence
that the Yerasa lineament was markedly active in the Pliocene—Pleis-
tocene.

The area offshore from southeastern Cyprus (Larnaca Bay) is
characterized by the Cyprus Basin, about 50 km wide and 2 km deep.
Examination of seismic profiles suggests that this feature is likely to
be a large Pliocene—Pleistocene half graben. Similarly, seismic pro-
files of the Kiti to Baer-Bassit unit further east indicate the presence
of small graben-like structures of probable Pliocene—Pleistocene age.

In summary, the Kiti to Baer-Bassit unit is here inferred to be an
eastward extension of the Troodos ophiolite and its sedimentary cov-
er. The southern margin of the Kiti to Baer-Bassit unit (Latakia Ridge
and Escarpment) is a possible early Miocene compressional feature.
The Kiti to Baer-Bassit unit was deformed with both extensional (Cy-
prus Basin) and compressional structures (Gelendiighk) in the
Pliocene—Pleistocene. These structures were probably generated by
left-lateral transtension and transpression along the Africa-Eurasian
plate boundary between Cyprus and the Levant.

support Kempler’'s (1994) suggestion that her Hecataeus-Latakia unit
is “mélange” similar to that of southern and western Cyprus (i.e., thEamagusta-Hatay Unit
Moni mélange or the Mamonia Complex, respectively) or a fragment

of Mesozoic Arabian continental crust. A simpler explanation, con-

This unit, named by Kempler (1994), is bounded by the Kyrenia-

sistent with the regional magnetic data (Rybakov et al., 1994), is thisis Ridge to the north and by what Ben-Avraham et al. (1995)

the Hecataeus-Latakia unit is an eastward extension of the Troodtssmed the Larnaca Ridge to the south (Fig. 20A). Ben-Avraham et
ophiolite and its sedimentary cover (Fig. 19). This unit was deformedl. (1995) further subdivided this unit into two subunits, separated by
along the plate boundary in the south to form an elongate high nan inferred top-to-the-south thrust in the west, located directly off Fa-
long before (Fig. 20B) the Messinian; most of the deformation of thenagusta, then passing eastward into an inferred strike-slip zone.
ridge is thus of post-Messinian age. Kempler (1994) noted the existence of a several-hundred-meter-high
Also within the Hecataeus-Latakia unit (but straddling the contacbathymetric step marking the southern boundary of the Famagusta-
with the Kiti to Baer-Bassit unit in the north) is the Gelendzhik High,Hatay unit, and inferred the existence of a south-facing thrust or
identified as a Pleistocene feature (“a peculiar quadrilateral highmappe front that does not displace Miocene sediments. Multichannel
Kempler, 1994), based on the presence of uplifted unconsolidatestismic reflection profiles reveal this “boundary” as a wide fault zone
sediments in both crestal and lower slope areas (lvanov et al., 199tut by small subparallel displacement features (Kogan and Stenin,
The Gelendzhik High appears to be a young uplifted feature, possiby994). Kempler (1994) suggested that these faults might represent a
a back-tilted fault block. It then passes westward into the prominerghallow-level expression of deeper seated strike-slip faults. Messini-
Cyprus Basin located off southeastern Cyprus that contains aboutah evaporites are thin or absent on the upper, northerly side of the
km of post-Miocene sediments (Fig. 19). unit, whereas they are present on the southern lower side, suggesting
The more northerly Kiti to Baer-Bassit unit runs offshore fromthe existence of a southward topographic slope in the late Miocene
Larnaca, through the southern part of the Cyprus Basin to link ufKempler, 1994).
with the onshore Baer-Bassit ophiolite area (Fig. 19). In the east, the An interpretation of the regional magnetic anomaly data (Ry-
boundary merges with the Latakia Ridge (Fig. 20B, C), which wa®akov et al., 1994) suggests that the Famagusta-Hatay unit is under-
suggested by Ben-Avraham et al. (1996) to be a Mesozoic thrudtin by an eastward extension of the Troodos ophiolite. Onshore, the
fault. This boundary may instead represent the deformed trailingedimentary cover of the ophiolite is unbroken from Maastrichtian
edge of the Eurasian plate to the north, as suggested above. Accoodward, and thus there is no evidence to support the existence of pre-
ing to Kempler (1994), the southern boundary of the Kiti to BaerMiocene thrust sheets offshore. The southern boundary of the Fama-
Bassit unit lines up with the southern margin of the Gelendzhik Risegusta-Hatay unit in the west near Cyprus (the Larnaca Ridge), is very
However, the bathymetric data show that the Gelendzhik Rise in faahlikely to be a major thrust fault zone (c.f., Ben-Avraham et al.,
straddles this boundary. 1995). Traced westward, the Larnaca Ridge trend lines up with the
Kempler (1994) interpreted the Kiti to Baer-Bassit unit as thrustJpper Cretaceous South Troodos Transform Fault Zone (Fig. 9).
sheets that were emplaced onto an ophiolitic basement associatddwever, this fault zone was inactive after the Late Cretaceous, as
with late Eocene—early Oligocene tectonic juxtaposition of the Trooshown by the fact that the overlying Maastrichtian—early Tertiary
dos ophiolite within the Kyrenia Range to the north. However, d efkara Formation to the east is not affected.
problem here is that the Kiti to Baer-Bassit unit passes westward into Examination of seismic profiles of the south margin of the Fama-
southern Cyprus where unbroken deep-sea carbonate depositignsta-Hatay unit (Larnaca Ridge; Fig. 20A) suggests that, rather than
(Lefkara Formation) continued during this time. Ben-Avraham et albeing a thrust front, this lineament can be best interpreted as a
(1996) join up the southern boundary of the Kiti to Baer-Bassit uniPliocene—Pleistocene extensional, or possibly transtensional feature
(their Larnaca Ridge) with the Yerasa Fold and Thrust Belt, locatefe.g., a series of back-tilted fault blocks). Conceivably, this lineament
within the foothills of the Limassol Forest (Fig. 9). The Yerasa lineamarks an eastward extension of the Upper Cretaceous South Troodos
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Figure 21. Map of the main tectonic lineaments in the northeasternmost corner of the Mediterranean area. Onshore data from Karig and Kozli (1990) and
Kelling et al. (1987); offshore data from Aksu et al. (1992a).

Transform Zone. If so, faults affecting the Larnaca Ridge could re- Discussion of Onshore-Offshore Correlations
flect periodical reactivation of zones of weakness within an underly-
ing ophiolitic basement. Recent interpretations of the Cyprus-Latakia Link zone assume

In the east, the Famagusta-Hatay unit is overlapped by the large that the area is a stack of thrust sheets, including ophiolites and mé-
LatakiaBasin, or Latakia Trough, >1400 m deep (Fig. 19). Thiscon- lange that were emplaced southward during final closure of Neo-
tainsrelatively thick Messinian evaporites, overlain by about 1 km of tethys in the latest Cretaceous (Kempler, 1994; Ben-Avraham et al.,
Pliocene—Pleistocene sediments. The Latakia Basin developed a4295; Table 2). This assumption is based on an earlier view that all
Miocene extensional basin. The basin is cut by normal faults that tethe Mesozoic allochthonous units, including ophiolites, were thrust
minate downward on Messinian evaporites, giving rise to a largéom far to the north in the Upper Cretaceous (e.g., Biju-Duval et al.,
southwest-northeast trending roll-over anticlinal structure. The coad977). There is, however, no direct evidence of any such east-west—
to the east is bordered by high-angle faults (Aksu et al., 1992a; Figending Upper Cretaceous thrust features on Cyprus, or on offshore
21A). The basin passes westward into a shallower area of subdued seismic profiles. On the other hand, the Cyprus-Latakia link zone
pography and then onshore into the Mesaoria basin, between tHees connect eastward with the southern margin of the Baer-Bassit
Troodos ophiolite and Kyrenia Range. As noted earlier the Mesaoriaphiolite and related units, that, together with the Hatay ophiolite fur-
basin has a complex history. This included middle to late Miocenéher north, were, indeed, emplaced generally southward onto the
extensional faulting, both along the front of the Kyrenia Rangewesterly edge of the Arabian continental margin in the latest Creta-
(Kithrea Fault) and within the Mesaoria area. There was also lateeous (Delaune-Mayere et al., 1976; Fig. 6). The zone of Late Creta-
Miocene—early Pliocene extensional faulting within the Mesaoria Baeeous thrust emplacement is thus inferred to have terminated west-
sin and along the northern Troodos margin. A similar history couldvard, near the north-south Levant margin, and beyond this the Troo-
apply to the adjacent Latakia Trough. dos ophiolite remained submerged within a remnant of the southerly
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Table 2. Summary of the main tectonic-sedimentary features and previous and present inter pretations of tectonic lineaments, between Cyprusand the

northern Levant margin.

Between Cyprus &
Longitude of Cyprus Levant Margin
Unit Segments 1 and 2 Segment 3 Earlier interpretation

Interpretation—this study

In east, Adana Basin.
Transgression in early
Miocene; deepening upwards as foreland basins related to
in middle Miocene; regression southward thrust and nappe
in late Miocene, then emplacement.
nonmarine.

Onshore Southeast In west, continental basement
Turkey (Alanya Massif) transgressed

in early Miocene, then
subsides rapidly in middle
Miocene followed by uplift in
Late Miocene, then north-
south extensional faulting in
Pliocene—Quaternary.

Evidence in Kyrenia Range  Seismic records indicate
suggests land area extended to subsiding extensional basin,
south Turkey, then submerged confirmed by TPAO drilling in
rapidly in the Late Oligocene, Gulf of Iskenderun.

Early Miocene.

Cilicia-Adana Basin Extensional basin predating

Messinian evaporites.

Kyrenia-Misis
Lineament

Uplifted in the Late Pliocene, Submerged Misis Ridge links Compression in Misis
mid-Pleistocene; active margin with Misis Mountains of Mountains, transpression in
undergoing northward Southern Turkey; Misis Ridge offshore segments; mainly
subduction in late Eocene— bounded by steep faults. strike-slip lineament
early Oligocene; initial (Kempler, 1994).
deformation in Upper
Cretaceous.

“Famagusta-Hatay Onshore Upper Cretaceous—
Unit” of Kempler,  Pleistocene sedimentary cover extension of Troodos-type
(1994) is unbroken; on strike with ophiolite.

Cretaceous oceanic south
Troodos Transform Fault Zone
to west.

into strike-slip fault (Ben-
Avraham et al., 1995); South-
verging deep thrust fault or
nappe front (Ivanov et al.,

strike-slip faults (Kempler,
1994).

Unbroken Upper Cretaceous— Southern boundary not well Interpreted as a thrust in west
Pleistocene sedimentary marked and lines up with West and strike-slip fault in east
cover; south margin coincides Tartus or Latakia Ridge in the (Ben-Avraham et al., 1995);
in east with Yerusa Fold and  east and with the contradicted by onshore
Thrust Belt, on early Miocene superimposed Cyprus
compressional lineament. depression and Gelendzhik

Rise in the west (Kempler,
1994).

Hecataeus seamount in the wesProminent reflector at base of

“Kiti-Baer Bassit
Unit” of Kempler
(1994)

seen there since early
Miocene.

“Hecataeus-Latakia Passes laterally into onshore
Unit” of Kempler  succession that experienced

Both Manavagat Basin in west Adana and Manavgat basins
and Adana Basin in east seen alternatively related to crustal

extension driven by “roll-
back” of relict “Kyrenia slab”
and/or subduction south of
Cyprus.

East-west crustal extension

mainly Late Oligocene—
Miocene owing to roll-back of
relict slab under Kyrenia
lineament, and/or activation of
new subduction zone south of
Cyprus.

Strike-slip in Kyrenia Range

related to upper Cretaceous—
lower Tertiary paleorotation of
Troodos microplate and late

Miocene—Holocene westward
“tectonic escape” of Anatolia.

Offshore geophysics suggests Thrust front passing eastward Eastward extension of Troodos

ophiolite, cut by small
extensional, (or transtensional)
faults of mainly Miocene—
?Pliocene age; no major thrust

1991); possible splays of deep- or strike-slip system.

Latakia Ridge in east is main

plate boundary; “boundary” in
west more likely to be a
Pliocene—Pleistocene half

geology, as no compression is graben (no evidence it is older

feature).

In west, see merging of
is seen as extension of Troodos sedimentary unit is interpreted Hecataeus Ridge with main

(1994) early Miocene compression,  ophiolitic basement and as south-facing nappes (Biju- plate boundary; Hecataeus
minor Late Miocene sedimentary cover; in east Deval et al., 1997; Kempler, may correlate with Akrotiri
extension, then little faulting narrow lineament with south ~ 1994) or as pre-Messinian Peninsula; possible left-lateral
in Pliocene—Quaternary. side steeper than north side.  feature of different origin strike slip in east, but no

(lvanov et al., 1997). buried major nappes can be
inferred.
“Latakia Ridge” Westward extension runs south Messinian evaporites apparentlySubsidence rate in Levant BasirLatakia Ridge is caused by

absent from both Hecataeus-
Latakia unit; was above sea-
level in the Messinian, then
subsided (Kempler, 1994).

Ben-Avraham et
al. (1995); “West
Taurus Ridge” of
Kempler (1994)

of Cyprus. to the north was greater than
subsidence south of Tartus
Ridge because of a bigger
Messinian and younger aged
sediment load (Kempler,

1994).

Located south of Akrotini
Peninsula of Cyprus and its
eastward extension.

“Northern Trough”
and Eratosthenes filled trough interpreted as
Pliocene—Quaternary angle faulting; in east,
turbidites; shallower trough is  bathymetry mainly reflects
seen in front of Latakia Ridge differential sediment loading.

southern slope.

South of Eratosthenes Peninsuauth of Latakia Ridge in E;
at longitude of Cyprus; thick  thick Tertiary-Mesozoic Cretaceous (Dercourt et al.,
Tertiary—-Mesozoic sediments  sediments on inferred oceanic 1986); but Triassic for others.
in inferred oceanic basin. basement.

Levantine Basin

eastward change from oblique,
north-east subduction to
mainly sinistral strike-slip

(i.e., transpressional).

South of Cyprus deep-sedimentin west, “moat” of Eratosthenes Subduction trench in west down
Seamount generated by high-

which Eratosthenes is being
subducted; shallower trench in
east where subduction is more
oblique to pure strike-slip.

Any oceanic crust no older thanThick sediments on Triassic—

Early Jurassic? oceanic
basement.

Note: See text for explanation.
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Neotethyan oceanic basin into the Tertiary (Robertson, 1990). The with individual listric faults soling out on Messinian evaporite (Aksu
Troodos ophiolite underwent counterclockwise rotation in Campa- et al., 1992a, 1992b).
nian—early Eocene time (Clube et al., 1985). Sheeted dykes in the
Hatay ophiolites are orientated nearly east-west, unlike the norttdana Basin and Adjacent Units
south trend in Cyprus (Parrot, 1977), and it is inferred that the rotated
“Troodos microplate” did not extend as far east as the Hatay and To the northwest of the Kyrenia-Misis lineament is the offshore
Baer-Bassit ophiolites (Clube and Robertson, 1986). The Late Mes@ilicia-Adana Basin, and the onshore Adana Basin. The onshore ex-
zoic basement of the Cyprus-Latakia Link zone is probably veryension (Misis Mountains and Amth Range) is discussed later. To
complex and should not be interpreted simply as a stack of east-weshe northwest the Adana Basin is bounded by the left-lateral Ecemi
trending thrust sheets. Mélange units may indeed be present, but &=ult Zone that is estimated to have an offset of up to 80 km, although
likely to lie at great depth beneath a regional extension of Upper Crehis is not well constrained (Ye¢fi1984, Yalgin and Gorur, 1984;
taceous ophiolites. Instead, most of the structure imaged by seisnBikcen et al., 1988). Pleistocene fluvial terraces are locally offset by
profiles dates from Neogene—Holocene time. the transform (Yeti 1978). During the Oligocene—Miocene coarse

It is widely believed that a zone of broad distributed left-lateralclastic sediments and breccias accumulated within a depression ap-
strike slip connects the Cyprus trench in the west with the East Angarently created by the transform. According to ¢rét984), the
tolian Transform in the east (Kempler, 1994; Ben-Avraham et al.Ecemi Fault Zone was already active in late Eocene time. If correct,
1995). The majority of the boundaries between the various units @he Fault Zone could have accommodated the effects of collision of
the Cyprus-Latakia Link are seen as left-lateral strike-faults. Thenicrocontinents and closure of the northern strand of Neotethys.
main problem here is that none of these faults (south of the Misis- Within the onshore Adana Basin, seismic stratigraphic interpreta-
Kyrenia Ridge) have an obvious expression onshore in eastern Cyjens indicate the presence of three megasequences (Williams et al.,
prus during Neogene—Holocene. Lineaments were initially drawl995; Fig. 22). Relevant questions include the cause of Oligocene
right across Cyprus by Ivanov et al. (1992), but were then more comnd early Miocene extensional faulting and mid-Miocene deepening.
servatively drawn to affect only eastern coastal areas by Ben-Avr®ligocene sediments further north are reported to exhibit compres-
ham et al. (1995). Correlation with onshore features was heavily irsion in the late Oligocene. Williams et al. (1995) relate extensional
fluenced by an early paper by Bagnall (1964), that predated modefaulting to renewed thrusting in the Taurides to the north. A problem,
work on the sedimentary cover of the Troodos ophiolite. Bagnall'hiowever, is that the sediments within the Adana Basin are every-
strike-slip lineaments were speculative and have not been confirmeehere mapped as unconformably overlying the basement (Mesozoic
by more recent work. On the other hand, seismic interpretation sugauride units). Williams et al. (1995) invoke the existence of con-
gests that strike slip (both transpression and transtension) is actigealed thrusts beneath the northern margin of the Adana Basin to
within the Cyprus-Latakia Link (Aksu, 1992a, 1992b). Itis likely that cause flexural loading and faulting of the foreland. An alternative is
strike-slip was concentrated along the Latakia Ridge in the south atldat the faulting is related to regional extension originating to the
the Misis-Kyrenia Ridge in the north, whereas the Troodos ophiolitsouth, rather than crustal loading driven from the north (see below).
and marine areas to the northeast (underlain by ophiolitic crust) re- During the upper Eocene, allochthonous units were emplaced
mained as relatively competent units. southeastward over Taurus carbonate platforms to their final position

In summary, the basement of the Cyprus-Latakia Link (south ofFig. 6). This was followed by erosion, then fault-controlled subsid-
the Misis Ridge) is interpreted as heavily tectonized Upper Creteence in the Oligocene, with initially terrestrial deposition (Fig. 22).
ceous ophiolite. From the early Miocene onward the plate boundaryaulting continued into the early Miocene when Miocene reefs accu-
was located south of the Latakia Ridge, with northward subduction ahulated on rotated fault blocks, and shallow- to deeper-marine clas-
Mesozoic oceanic crust of the Levant Basin. During the late Miotics accumulated in intervening fault-controlled basins. A relative
cene—early Pliocene, the upper plate was affected by crustal extesea-level high in the mid-Miocene (Langhian) caused northward mi-
sion, probably exploiting basement weakness zones, as seen on @yation of reefs. Late Miocene (Langhian-Serravallian) time was
prus to form, e.g., the Latakia Trough and Iskenderun Basin. After thmarked by deposition of turbidites passing upward into shallow-
late Miocene, Anatolia began its westward escape, and subductionrnmarine, then continental deposits. Paleocurrents are initially toward
the Eastern Mediterranean was toward the northeast, initiating majtre south and southeast, then later toward the southwest (Gokgen et
strike-slip along the main plate boundary to the south, giving rise tal., 1988; Gurbiz, 1993; Gurbuz and Kelling, 1993).

Pliocene—Pleistocene extensional, or transtensional basins. The northwestern margin of the Adana Basin exposes Mesozoic
carbonate platform units of the Bolkar Mountains (Ozgl, 1984; Fig.
Kyrenia-Misis Lineament 21). These are tectonically overlain by allochthonous units, including

the Mersin ophiolite (Fig. 21). High-pressure blueschists occur local-
The Kyrenia-Misis lineament is a major structural and topographty along the contact between the ophiolite and the underlying Bolkar
ic feature that runs from the Kyrenia Range under the sea and emefpg carbonate platform (Dilek and Moores, 1990). A complete Up-
es as the relatively subdued Misis Mountains in southern Turkeger Cretaceous ophiolite (Mesin ophiolite) is present, including a
(Evans et al., 1978; Aksu et al., 1992a, 1992b; Fig. 19). metamorphic sole and underlying polymict mélange unit that can be
Offshore, the Kyrenia-Misis lineament forms a well-defined interpreted as a subduction-accretion complex (Parlak et al., 1995).
bathymetric ridge, the Misis Ridge, which remained mainly free ofThe Mersin ophiolite has generally been correlated with allochtho-
sediments, whereas basins were formed to the north and south alamgus units thrust southward in the late Eocene (Ozgil, 1984), driven
extensional (or transtensional) faults. Aksu et al. (1992a, 1992b) irby the final stages of closure of a northerly Neotethyan oceanic basin
terpreted the lineament as a narrow horst, bounded by strike-sl{finner Tauride Ocean’$Seng6r and Yilmaz, 1981; Lwtwyn and Ca-
faults. Messinian evaporites pinch out against the Kyrenia-Misisey, 1995). However, Parlak et al. (1995) suggested that the Mersin
Ridge, showing that it was already a positive feature in the late Micephiolite was emplaced northward from a southerly Neotethyan oce-
cene. Kempler (1994) also interpreted the steep oblique faults bordexnic basin, although correlation with the northerly derived allochtho-
ing the Kyrenian-Misis bathymetric ridge as reflecting strike-slip.nous units remains more probable.
The submerged Misis Ridge was seen as transtensional in origin, in
contrast to the Kyrenia Range and Misis Mountains, to the west ardisis-Andirin Complex: Compression or Extension Related?
east respectively, that were transpressional. Mapped Pliocene—Pleis-
tocene extensional faults trend at right angles to the Misis-Kyrenia Within the Misis Mountains onshore only Tertiary units are ex-
Ridge (Fig. 21). This extension is attributed to regional strike-slipposed, unlike the Kyrenia Range. The Misis Mountain lineament ex-
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Figure 22. Summary of the onshore Miocene successions in southwestern, southern, and southeastern Turkey. See text for explanation and data sources. Loca
tions on maps in this paper are indicated.

tends northeastward into the Andirin Range (Fig. 21) and the two ar- thin-bedded turbidites (Karat&ormation). Geochemical studies in-
eas need to be considered together (Misis-Andirin Complex). The volving stable-trace element analysis indicate that two types of vol-
MisisMountainsand parts of the Andirin Range are dominated by the canic rock are present: (1) evolved volcanics and siliceous tuffs of
Misis-Andirin Complex, for which very different names and origins calc-alkaline composition, presumably erupted from a contempora-
have been proposed (Schiettecatte, 1971; Kelling et al., 1987; Karig neous volcanic arc. Fresh tuffaceous sediments are specifically seen
and Kozll, 1990). in the upper part of the Isali Formation and in the overlying Karata
The lower part of the Misis-Andn Complex, well exposed in the Formation (Yet et al., 1995), and (2) basic volcanic rocks that ap-
Misis Mountains, is dominated by distal volcanogenic turbiditespear on geochemical grounds to have been erupted above a subduc-
(Karata Formation) of late lower Miocene to latest middle Miocenetion zone. Floyd et al. (1992) suggested that all these volcanic rocks
age (Kelling et al., 1987; Gokcen et al., 1988). The tectonically oveiformed in a Miocene volcanic arc and a related rifted back-arc basin.
lying upper part of the Misis Complex is a mélange (Isali Formation)he tuffaceous volcaniclastic sediments within deep-water turbidites
containing numerous exotic blocks up to several hundred meters imere derived from coeval arc volcanoes.
size (“olistostromes” of Schiettecatte, 1971), embedded in calcareous The mélange was initially interpreted as an olistostrome related to
claystone of locally upper Oligocene—earliest Miocene age, as datsduth-eastward sliding of heterogeneous blocks into a sedimentary
by planktonic foraminifers and ostracodes (Gokcen et al., 1991pasin (Isali Formation). This was later emplaced over, or against
Blocks include ?Paleozoic limestone, Mesozoic—lower Tertiary limedeep-water Miocene volcanogenic turbidites to the south (Karata
stones, ophiolitic rocks (serpentine, gabbros, pillow lava), volcaniFormation). The setting of this deposition was the northern margin,
clastic, and radiolarian sediments (Schiettecatte, 1971). within the northern margin of the Iskenderun basin in Pliocene—Pleis-
Abundant volcaniclastic sediments forming “olistoliths” within tocene time (Schiettecatte, 1971; Fig. 21). Kelling et al. (1987) re-
the mélange include very disrupted units of massive volcaniclasticgarded the mélange as olistostromes, shed into a compressional fore-
thinner bedded volcaniclastics, and more coherent successions ddep (related to southward thrusting) within an overall fore-arc or
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backarc setting. The mélange was later deformed in a transpressiosatting. Karig and Kozlii (1990) argue that final emplacement of re-
setting, while transtension prevailed further southwest. An alternagionally important allochthonous units in this area took place before
tive interpretation of the mélange is that it formed as a subductiorthe Miocene, followed by opening of a transtensional basin. The mé-
accretion complex (rather than simply a foreland basin), as shown lange is thus related to extensional detachment faulting in this model.
Fig. 23A. More data are needed to test this hypothesis. However, an extensional
A very different view emerged from a study of the AnmdRange,  origin is not in keeping with the evidence of regional convergence of
along strike to the northeast (Karig and Kozli, 1990; Fig. 21). Théhe African-Eurasian plates and related thrusting in southeastern Tur-
Misis-Andirin Block exposes units including Upper Cretaceous carkey and the Zagros Mountains during the Miocene.
bonates, Eocene, mafic flows, agglomerates and volcaniclastics, bio- After the late Miocene initiation of the East Anatolian Fagetn(-
clastic and argillaceous limestones, Eocene—Oligocene? hemipelagjér et al., 1985), the northern boundary of the Aslalsieenderun
silty marls, calcarenites, calcilutites, and localized mass-flow units dBasin switched to partitioned compression and strike slip in Pliocene
late Oligocene age. The assemblage thus appears to be more caime, according to Karig and Kozlii (1990). Older thrust faults (e.g.,
plete than that exposed in the Misis Mountains to the southwest (i.én the Misis Mountains) were sealed by late Pliocene and Pleistocene
Aslanta Formation). sediments and volcanics, whereas fault patterns suggest a most recent
The tectonic contact between the upper and lower units of the Mswitch to extension, or transtension. The timing of late Miocene—ear-
sis-Andrin Complex was mapped by Karig and Kozl (1990) as a rely Pliocene, inferred, transpression onshore predates the initial uplift
gionally important extensional fault (AslastRault Zone, Fig. 21) of the Kyrenia Range in Cyprus in late Pliocene—early Pleistocene.
that separates mainly Mesozoic basement units of thelAriRlange
to the north from the Iskenderun Basin and an extensional countevtiocene Subduction-Related Events
part, the Aslantalskenderun Basin to the southeast (Fig. 21). The
Misis-Andirin Complex) is interpreted as a late Oligocene to middle Both the Adana Basin and the Kyrenia Range show evidence of
Miocene half-graben rather than related to a compressional forelamdarked subsidence in the late Oligocene—early Miocene, at the same
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time aslarge-scale mass flow in the Misis Mountains and the Andirin Miocene to fuel local arc volcanism. The trench migrated southward
Range. No equivalent of the Miocene MisissAndirin Complex is to near its final position, south of Cyprus, by the start of the Miocene.
known in the Kyrenia Range. Possibly it exists, but is concealed by Localized compression and southward thrusting in southern Cyprus
downfaulting along the southern margin of the range. Regional sub- (Yerasa Fold-and-Thrust Belt; Fig. 9) in the early Miocene was pos-
sidence was either caused by southward compression and thrusting to sibly related to initiation of this latest subduction zone.
form aforedeep (Williams et al., 1995), or by regional crustal exten-
sion and detachment faulting (Karig and Kézli, 1990). In the former .
setting, thrusting would represent locally continued southward ad-SEGMENT 4: LEVANT-SOUTHEASTERN TURKEY
vance of the deformation front associated with the Africa-Eurasia Arabian Margin
plate boundary, whereas, in the second, it could record southward re-
treat (“roll-back”) of a trench in which remaining Neotethyan oceanic  Thefinal segment to bediscussed (Fig. 5) extends northward from
crust was being subducted. The two processes are not necessarily riing- Precambrian basement of the Negev, along the north Arabian
tually exclusive. In a comparative area, the lonian Zone of northwestaargin into southeastern Turkey.
ern Greece and offshore areas, westward thrusting of the thrust sheetsThe coastal plain of the Levant is dominated by thick Pliocene—
derived from the Neotethyan Pindos ocean to the east has continuglbistocene sediments, mainly loess. The continental margin of the
into Pliocene—Pleistocene time (Underhill, 1989). The lonian Zone ikevant underwent uplift in the Miocene, contemporaneous with ini-
underlain by a eastward-dipping subduction zone that may date frotiation of the Dead Sea transform system (Girdler, 1986; Makris and
the Oligocene. Structures in this Greek area thus rdftgtthrust  Henke, 1992). Before this time, the northern and central Negev were
loading from the easind extensional roll-back toward the west and dominated by a carbonate platform that extended far across the Ara-
a similar dual influence may apply to the Kyrenia-Misis area. Specifbian continental margin (Gvirtzman, 1990, 1993). The interval be-
ically, regional convergence was partly adsorbed by crustal shortetween the middle and late Eocene was marked by a tectonically trig-
ing to the north, and subduction “roll-back” to the south, explaininggered depositional hiatus that is attributed to progressive closure of
why the Adana Basin shows some features akin to a foreland basthge Neotethys ocean, although final collision and suturing did not
but without evidence of a preserved thrust load. take place until the Miocene in eastern Turkey. During the Late Cre-
Floyd et al. (1995) invoked a mature volcanic arc to back-arc baaceous, nutrient upwelling took place in a bathyal setting, giving rise
sin couple in the late Oligocene—Miocene within the Misis#Aind  to extensive phosphatic and siliceous deposits (Almogi-Labin et al.,
Complex. Large areas of oceanic crust would necessarily have r&991). During the mid-Cretaceous, a regional transgression occurred,
mained in the easternmost Mediterranean to fuel this arc volcanisgiving rise to mainly pelagic sedimentation, from Eocene to Conia-
and backarec rifting. The interpretation is very questionable as: (1) theian (Garfunkel and Derin, 1984, Garfunkel, 1987, 1988). The effects
coarse volcaniclastic material is either as olistoliths, or detrital and isf this transgression are also recorded in offshore areas (Mart, 1994;
not itself dated as Oligocene—Miocene; (2) no intact exposures dflart and Robertson, Chap. 52, this volume).
Miocene mature arc or backarc basins are known regionally. Indeed, The earlier Mesozoic record is dominated by shallow-marine
much of the volcaniclastic sediment in the Misis-AmdComplex limestones, dolomites, marls, shales, sandstones, and minor evapor-
was probably reworked from earlier units, that could include tufites, typical of a continental shelf setting. Basic volcanic centers of
faceous Eocene mafic extrusives, or Upper Cretaceous ophiolitiEarly Cretaceous age in the Negev were previously interpreted, alter-
rocks. On the other hand, primary eruptive tuffs do occur, in the lownatively: (1) as evidence of rifting to form a Cretaceous Neotethys
er unit of the Misis-Andin Complex (KarataFormation), and inthe (Dercourt et al., 1986), (2) related to southward-subduction from
Tortonian interval of, both the Adana Basin (Kuzgun Formation; YeNeotethys to the north (Freund et al., 1975), or (3) to intraplate vol-
tis et al., 1995), and the Kithrea Flysch, northern Cyprus (Weilercanism (Garfunkel, 1989). Recently, a rift-related origin has received
1965; Baroz, 1979; Robertson and Woodcock, 1986). This evidensipport (Laws and Wilson, 1996). The southern Levant is dominated
confirms that some calc-alkaline volcanism of Miocene age did occury Panafrican basement, with a variable Paleozoic sedimentary cov-
in the easternmost Mediterranean area, implying coeval subductioer, that is assumed to extend northward beneath the Arabian platform
However, the Miocene volcanism was probably limited and did notarbonates.
extend to genesis of oceanic crust by back-arc rifting, since by this The structure of the Levant west of the Dead Sea transform fault
time too little oceanic crust remained in the easternmost MediterrgFigs. 6, 20) is dominated by a chain of asymmetric anticlines and
nean to fuel arc rifting and back-arc spreading. synclines, termed the “Syrian Arc.” This feature extends from north-
The following model is proposed (Fig. 23A). Exotic rocks, in- ern Sinai to southern Syria, over an ~150 km-wide zone, over a length
cluding Upper Cretaceous ophiolites, were regionally emplacedf ~1000 km. Individual anticlines are typically 30 km wide and
southward from a more northerly Neotethyan ocean basin (“Innesbout 1500-2500 m in structural relief. Studies of seismic and bore-
Tauride Ocean”) onto a Mesozoic carbonate platform. This formetiole data (Cohen et al., 1990) reveal that the Syrian arc structures
part of the northern margin of the southern Neotethyan oceanic basiriginated as extensional faults along the Permo-Triassic rifted mar-
before the Oligocene. Thrust sheets were emplaced southward in lagim of the Levant (Garfunkel and Derin, 1984; Cohen et al., 1990).
Eocene time, related to final closure of the “Inner Tauride Ocean” tdhese faults were dormant during the Mesozoic passive margin
the north. Continuing plate convergence was accommodated Iphase, but were reactivated and progressively inverted during the
crustal thickening in the north (possibly manifested in blind thrustind.ate Cretaceous and Eocene. The compression that gave rise to the
within basement), coupled with subduction of Neotethyan oceaniSyrian arc probably also affected the adjacent Levantine Basin, in-
crust to the south, along a northward-dipping subduction zone locatiuding the Eratosthenes Seamount.
ed to the south of the Kyrenia Range. This subduction gave rise to the Late Cretaceous inversion of the Syrian arc structures is generally
late Eocene “olistostromes” in the Kyrenia Range (Fig. 23B). assumed to relate to the emplacement of ophiolites onto the northern
In response to continuing Africa-Eurasia convergence, northmargin of the Arabian plateSéngor and Yilmaz, 1981; Yazgan,
ward-dipping subduction was active in late Oligocene—early Miocen&984; Yilmaz, 1991, 1993). Shallow-water carbonate platform depo-
time as evidenced in the Misis-Amgh Range. Deep-water volcano- sition ended in the Coniacian, followed, later in the Late Cretaceous,
genic sediments accumulated in a remnant Neotethyan oceanic babinsubsidence to form a foredeep that filled with “olistostromes” be-
to the south (KarafdFormation, Fig. 23A). The sedimentary mélange fore overthrusting by dismembered thrust sheets of Mesozoic passive
(Isali Formation) is interpreted as a subduction trench deposit. Platontinental margin and ophiolitic units. In northern Syria, discontin-
form carbonates, ophiolitic and older arc rocks collapsed into theous platform sedimentation continued into the lower Maastrichtian,
trench, as olistoliths. Sufficient subduction continued during thdollowed by generally southward emplacement of allochthonous
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Figure 24. Outline tectonic sketch map of the main units in southeast Turkey. Cross sections are given in Figure 25. Map based on 1:200,000 geological map of

Turkey. See text for explanation and data sources.

units. These comprise Upper Cretaceous ophiolites, of supra-subduc-
tion zonetype, similar to the Troodos ophiolite (Delaloyeet al ., 1980;
Delaoye and Wagner, 1989; Dilek et al., 1991; Piskin et al., 1986;
Dilek and Delaloye, 1992). The emplaced ophiolite represents rela-
tively intact oceanic lithosphere in Hatay (southern Turkey; Fig. 21),
but the ophiolite was severely dismembered during emplacement in
the Bager-Bassit and Kurd Dagh areas (in northern Syria). The Baer-
Bassit ophioliteistectonically underlain by deformed thrust sheets of
deep water sedimentary and vol canic rocks of |ate Triassic to Cenom-
anian age that are interpreted as the empl aced northern margin of the
Arabian plate (Delaune-Mayere et a., 1977). In Hatay the ophiolite
istransgressed by upper Cenomanian-early Maastrichtian aged fluvi-
a clastics, then shallow marine sediments, whereas in Baer-Bassit
the oldest marine transgressive sediments are of late Maastrichtian
age, in northern Syria (Delaune-Mayere et al., 1977; Delaloye and
Wagner, 1984).

Collision of ophiolite-related units with the Arabian passive mar-
ginisan obvious possible cause of inversion of the Syrian arc further
south. Ophiolite obduction onto the Arabian margin was completed
in Hatay before the upper Campanian-early Maastrichtian. However,
asubmerged anticline (Litani anticline) off the northern Isragl coast,
regarded as a submerged offshore part of the Syrian arc (Mart, 1994),
isinterpreted as having been folded in the Turonian, and then uncon-
formably overlain by undeformed Late Cretaceous (Senonian) and
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Tertiary strata. The implication is that initial inversion of the Syrian
arc may predate ophiolite obduction onto the Arabian platform. One
possibility isthat the inversion dates the initiation of northward sub-
duction within Neotethys (that gave rise to the Troodos, Hatay, Baer-
Bassit ophiolites by supra-subduction zone spreading). Stress was
transmitted toward the continent through dense oceanic crust and re-
activated rift-related structures on the Arabian margin. Similarly, the
Eocene inversion of the Syrian arc reflects southward stress propaga-
tion that marks convergence, and theinitial stages of collision. How-
ever, this predates actual suturing of the Eurasian and Arabian plates
in southeastern Turkey that was not complete until the Miocene (see
below). After the Dead Sea transform system became active in the
Miocene, movements along the Syrian arc largely ceased.

Southeast Turkey

Further evidence for Late Cretaceous deformation and emplace-
ment of ophiolites onto the Arabian margin comes from southeast
Turkey (Fig. 24). Thisregion is divided into two fundamentally dif-
ferent units by the regionally extensive South Anatolian Fault Zone.
Unitsto the south form part of the Arabian continental margin, while
those to the north of this fault zone include various allochthonous
Neotethyan-related units. The South Anatolian Fault Zone was gen-
erally interpreted as a major regiona thrust of allochthonous Neo-
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tethyan units over the Arabian margin. However, Karig and Kdozl{jacent areas studied in the field by various workers. However, a rela-
(1990) re-interpreted the westward continuation of this fault zond¢ively small number of major grossly allochthonous tectonostrati-
into the Misis-Andrn region (Fig. 24) as a strike-slip fault that was graphic units are present to the north of the South Anatolian Fault
reactivated by late-stage, post-Miocene compression. In view done (Fig. 24).
these alternatives, the non-genetic term South Anatolian Fault Zone 1. Metamorphic complexes: The most obvious of these units are
is used here. However, a thrust-related origin fits the evidence fromarge metamorphic complexes, of which the Bitlis and Piturge Mas-
southeastern Turkey. In addition, southeastern Turkey as a wholed#s are the best known (Fig. 24). A poly-metamorphic origin is gen-
transected by the Pliocene—Pleistocene East Anatolian Transforemally accepted (Helvaci, 1984), including metamorphosed equiva-
Fault. Displacement remains poorly constrained (<25 kn§esegdr  lents of the Late Triassic volcanic-sedimentary units related to conti-
et al., 1985), precise correlations of units on either side have not beaantal breakup (Perincek, 1979; Perincek and Ozkaya, 1981). The
confirmed. metamorphics are intruded by granitic rocks (e.g., in the Bitlis-
From east to west the Arabian margin in southeast Turkey showRiitirge Massifs and Keban Platform (Fig. 24), dated at 85-76 Ma
considerable facies variation during the Miocene related to diachrand Campanian-Maastrichtian), and assumed to document Late Cre-
nous overthrusting of allochthonous units. In the east (north ofaceous Andean-type magmatism. The Pitirge metamorphic massif
Diyarbakr), turbidites accumulated in a foreland basin in the Earlyis depositionally overlain by early Tertiary—middle Eocene shallow-
Miocene (Fig. 24), ranging from proximal in the north (Cuingls For-water carbonates (Yazgan and Chessex, 1991), passing up into deep-
mation) to more distal in the south (Lice Formation). In the west (Maer water volcanic-sedimentary units (Bing6l, 1990; Hempton, 1984).
ras area), clastic sediments were shed westward into a basin open to One school of thought is that the metamorphic massifs represent
the west in the mid-Miocene. There is evidence of a minor transgrethe northernmost extension of the (unexposed) metamorphic base-
sion in the Langhian. During the early Miocene (Burdigalian), the bament of the Arabian margin to the south (Yazgan, 1984; Yazgan and
sin was wider, receiving clastic input from the east, whereas th€hessex, 1991). However, most workers regard these metamorphic
northern margin was bordered by a narrow carbonate shelf, and backs as one, or several, continental fragments rifted from Gondwana
salts, basaltic andesites (associated with tuffaceous sediments) wanethe Triassic, associated with opening of a southerly Neotethyan
erupted in the south (Derman et al., 1996). The overall pattern is omeeanic basin (Hall, 1978engdr and Yilmaz, 1981; Robertson and
of westward migrating diachronous collision. The volcanism couldixon, 1984; Yilmaz, 1993).
relate to bending and disruption of the downgoing slab as it ap- 2. Ophiolite and arc units: A second major unit north of the south
proached the collision zone. Anatolian Fault Zone is made up of remnants of mainly Late Creta-
Throughout southeast Turkey, the Miocene clastic successior®ous ophiolitic- and arc-related units, known by different names in
are underlain by muddy calcareous sediments (~1000 m thick), dfifferent areas (e.g., Yuksekova arcsiBlarc, Guleman ophiolite,
Oligocene age that are interpreted to have accumulated on an undspendere ophiolite; Fig. 25). Exposures are most extensive in the
ble shelf before suturing of Neotethys. The base of this successi@mnea north of, and between, the Bitlis and Pitirge metamorphic mas-
unconformably overlies ophiolites that were emplaced in the Latsifs (Fig. 24). One of the largest of these ophiolitic units is the Gule-
Cretaceous. man ophiolite, which, however, lacks an intact volcanic-sedimentary
The initial stages of southward obduction of the ophiolites resulteover. Adjacent to this, and probably contiguous with it, is the large
ed in subsidence of the Arabian platform and incoming of Maastrichispendere ophiolite, which includes Upper Cretaceous arc-type intru-
tian terrigenous sediments (Righo di Righi and Cortesini, 1964; Yilsives (Yagzan, 1984). In addition, small slices of ophiolitic rocks are
maz, 1993). This unit is tectonically overlain by sedimentary méfound structurally underlying the Bitlis and Ptiirge metamorphic
lange (i.e., “olistostromes”), then by tectonic mélange, and finally bymassifs, and similar ophiolite slices are thrust-intercalated with an
large ophiolite thrust slices. The Maastrichtian basin is interpreted a&sarly Tertiary volcanic-sedimentary unit, known as the Maden Com-
a foredeep related to ophiolite emplacement, as inferred for a similatex (Aktas and Robertson, 1984; Figs. 25-1B, -2; see below).
unit, the Muti Formation, in Oman (Robertson, 1987). The tectonic 3. Volcanic-sedimentary units: A third major unit is the Maden
mélange contains Late Triassic to Late Cretaceous units (Fourcade@®mplex, or Maden Group. The Maden Complex is a composite tec-
al.,, 1991) and is interpreted as emplaced remnants of the form&mo-stratigraphic unit, that was defined by Akend Robertson
deep-water passive margin of the Arabian plate. It is, for exampl€1984, 1990a, 1990b), based on study of the type area (near Maden
comparable with the para-autochthonous Sumeini slope carbonatesawn, Fig. 24), as “late Mesozoic ophiolitic rocks and Tertiary sedi-
Oman (Watts and Garrison, 1979). This mélange includes blocks afents, tectonic mélange and mafic volcanics....” The term has been
Permian and Triassic mafic volcanics, limestone, radiolarite, and seused for a variety of volcanic-sedimentary successions of mainly ear-
pentinite, set in a mainly pelitic matrix. Volcanics and neritic lime-ly Tertiary age (locally with Late Cretaceous inclusions) in different
stones can be correlated with the Oman exotics, representing obduateas and structural positions. Some of these are intact stratigraphic
ed oceanic seamounts (e.g., Searle and Graham, 1982). The mélanggs, for which Maden Group is the preferred term, whereas others
is here interpreted as a subduction-accretion complex related tmits are highly dismembered (mélange) for which the term Maden
northward subduction of Neotethyan oceanic crust in the Late Cret&omplex is appropriate.
ceous, before its emplacement onto the Arabian margin to the south  For example, along the northern margin of the Pitiirge meta-
(Fig. 23C). In southeastern Turkey the overlying ophiolites (e.g., Komorphic massif, a deformed, but originally coherent, volcanic-sedi-
cali) are smaller and less well exposed than counterparts further westentary unit of middle Eocene age is exposed (Maden Group; Hemp-
such as the Hatay ophiolite. ton, 1984; Fig. 25-1B, -2). Farther east, relatively undeformed sedi-
Mesozoic time saw construction of a substantial carbonate platnents of Maastrichtian to middle Eocene age unconformably overlie
form along the southern margin of the Neotethyan ocean in a passiaa Upper Cretaceous ophiolite (Guleman ophiolite) and related units
margin setting. Beneath are Paleozoic shelf-type successions, in-the area between the Bitlis and Pitiirge metamorphic massifs (Fig.
ferred to have accumulated along the northern margin of Gondwargb-1A; Hazar Group of Aktaand Robertson, 1990; Fig. 24). These
(as exposed in the Hazro Inlier; Fig. 24; Fourcade et al., 1991). latter sediments can be interpreted in part as proximal facies equiva-
lents of middle Eocene mainly deeper-water facies described by
Northern Margin Units Hempton (1984).
In the north, the northern margin of the Putlirge metamorphic
Understanding the geological history of the structurally overlyingmassif is transgressed by shallow-water limestones (Maden Group;
allochthonous units to the north of the South Anatolian Fault Zone iBig. 25-2) that pass upward into an intensely thrust-imbricated and
complicated by the different names used for often-similar units in adsheared unit of deep-sea argillaceous and volcanogenic sediment
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(Hempton, 1984). Further west, in the Maras area (Fig. 24). Yilmaz
(1993) reported similar Eocene lithologies depositionally overlying
Upper Cretaceous ophialitic rocksin both southerly and northerly ar-
eas. (However, on his published cross section the contact is shown as
tectonic and the unit does not appear on mapsgiven[hisfig. 2a]). Yil-
maz (1993) used evidence that both the ophiolitic and metamorphic
units are unconformably overlain by similar middle Eocene sedi-
ments to argue that both units were structurally juxtaposed before the
middle Eocene.

Yilmaz (1993) also reported a small (~5 km wide) tectonic win-
dow of deep-sea, radiolarian and volcanogenic sediments of middle
Eocene age beneath a large thrust sheet of metamorphosed ophiolite
in the westerly Maras area (Fig. 25-3). Thisrelationship iscrucial, as
it was taken to imply that the metamorphic units were emplaced over
the Maden Group sediments after deposition in the middle Eocene.

Inthetypearea(i.e., near Maden town, Fig. 24) the Maden Com-
plex is an ~17-km-thick imbricate slice complex, made up of thrust

MESOZOIC-TERTIARY TECTONIC EVOLUTION

Halete unit is composed of middle to upper Eocene andesite and as-
sociated pyroclastic rocks, with interbeds of reef limestone near the
top of the succession (Yilmaz, 1993). Eocene volcanics were also
noted by Karig and Koézlii (1990) within their Misis-And unit

(Fig. 24).

Yilmaz (1993) interpreted the Halete volcanic unit as an Eocene
volcanic arc related to the later stages of northward subduction of the
Neotethyan oceatbgfore collision and final thrusting over the Ara-
bian margin along a South Anatolian basal thrust. This is important
as it requires that the southerly Neotethys remained sufficiently wide
to fuel subduction and back-arc rifting in the Eocene. However, this
hypothesis is difficult to evaluate as no geochemical data are given
for the volcanics. The Halete volcanics could be equivalent to the
middle Eocene Karadere Unit volcanics further east, or possibly to
younger (Paleocene—Eocene) volcanics in the Kyrenia Range of Cy-
prus. Geochemical evidence from both of these coeval units does not
support a simple subduction-related origin.

sheets and mélange composed of Upper Cretaceous ophiolitic rocks

(basalts, intrusives, and serpentinite), intercalated with deep-seAlternative M odels of Neotethysin Southeastern Turkey
argillaceous, calcareous, and volcanogenic sediments (Fig. 25-1A).

The oldest recorded age of syntectonic sediments is earliest late Pa-The tectonostratigraphy of southeastern Turkey is now fairly well
leocene in age (Akiaand Robertson, 1990). This unit is inferred to known, but controversies persist, particularly concerning the tectonic
have formed originally further south that the coherent Eocene succesettings of formation and structural relationships of individual units.

sions of the Maden Group mentioned above.

Alternative tectonic models are shown in Figures 26 and 27.

4. Eocene volcanics: A fourth important unit is known structurally ~ The Eastern Bitlis Massif includes blueschists and is structurally
beneath the Bitlis metamorphic massif, both in the west (Karadenrenderlain by an unmetamorphosed “colored mélange,” including
area) and in the east (Siirt area, Fig. 24). This unit is a substantiaphiolitic rocks and Upper Cretaceous radiolarites. Hall (1976) pro-

thrust sheet (up to 2 km thick) composed of subalkaline mafic volcggosed that formation of blueschists was related to a northward-
nics interbedded with terrigenous turbidites and depositionally overipping subduction zone located within a Neotethyan oceanic basin
lain by pelagic carbonates of middle Eocene age (Karadere Formadjacent to the northern margin of Arabia. Based on extensive field
tion) (Aktas and Robertson, 1984; Fig. 25-1B). This unit was includ-mapping of the Piturge and Bitlis Massifs further west, Perincek
ed within the Maden Complex by Aktand Robertson (1984), butis (1979) identified evidence of Triassic meta-volcanics, that could re-
better recognized as a separate tectonic unit, termed the Karaddse to rifting of the North African margin. He also gave one of the
Unit, in view of its distinctive features. first detailed interpretations of the Maden Complex, which he inter-
The volcanics of the Karadere Unit vary considerably within apreted as an Early Tertiary backarc basin, developed above a south-
single thrust sheet and include high Ti, high-Al, and evolved basaltward-dipping subduction zone. This view was incorporat&einyor
(Aktas and Robertson, 1990a). Trace-element geochemical data rend Yilmaz’'s (1981) early plate tectonic model. However, subse-
veal a subduction-zone imprint, but also imply the existence of an aguent mapping compiled by Aktand Robertson (1984) and Yazgan
sociated enriched source to explain the diverse lava types. A possil§lE984) showed conclusively that the structural grain was regionally
setting for eruption of these volcanics is an above-subduction zomerthward-dipping, and it was then generally accepted that any Late
marginal basin, that included seamounts, similar to the Bransfiel@retaceous—Early Tertiary subduction in the area was northward-
Straits in Antarctica (Weaver et al., 1977). However, such a settindipping.
might be discounted in view of the absence of coeval arc volcanics or Accepting that any subduction was northward, the next question
tuffaceous sediments within the Karadere unit. Akiad Robertson is whether ophiolitic rocks above the metamorphic massifs in the
(1990a) instead favored formation in a transtensional pull-apart basirorth (e.g., Guleman arigpendere ophiolites) could be correlated
setting during the initial stages of collision of Arabian and Eurasianvith smaller slices beneath the Bitlis and Putirge metamorphic mas-
units. The subduction influence was seen as inherited from earlisifs (to the south), and interpreted as remnants of an originally much
Late Cretaceous subduction in the area. The pull-apart basin devédrger ophiolite thrust sheet that was emplaced southward over the
oped during oblique convergence of the African and Eurasian platésrabian margin in the Late Cretaceous. A widespread early view was
before complete collision. that only one Neotethyan ocean basin existed in eastern Turkey (Mi-
5. Disrupted thrust sheets and mélange: A final important unit ishard et al., 1984) and, in keeping with this, Yazgan (1984) correlat-
a zone of imbricate thrust sheets and mélange located at the lowest the northerly and southerly ophiolites and suggested that they were
structural levels, above the Miocene Arabian margin (Lice Formaall derived from north of the metamorphic massifs, which were then
tion, Fig. 24). Highly dismembered ophiolitic rocks and tectonic méseen as regional extensions of the Arabian continental basement. In
lange predominate, with an estimated structural thickness of 25 kthis model, the Late Cretaceous ophiolites and related arc units
(Killan Unit). This mélange includes highly dismembered equiva-formed within the Neotethys (possibly near the southern margin of
lents of structurally overlying units within the type area of the MaderEurasia) and were then thrust over the Arabian foreland (i.e., the
Complex (Akta and Robertson, 1984). At two localities, ophiolitic metamorphic massifs) in the Late Cretaceous (Campanian-Maas-
basalt blocks contain radiolarians of Late Cretaceous ages(Aktatrichtian). The Neotethys was then finally closed. Ophiolites beneath
1985; Fig. 25-1A, -1B). the Bitlis-Putirge and other metamorphic massifs reached their
Recently, Yilmaz (1993) reported an additional important unit ofpresent positions as a result of large-scale rethrusting during tighten-
Eocene age at a similar structural level in the west (nearsMdsa  ing of the Neotethyan suture in Eocene time. A possible cause of
lete Volcanics; Fig. 25-4). This unit forms a laterally continuous (>20metamorphism of high-level Neotethyan units (e.g., Triassic volca-
km) thrust sheet up to several kilometers thick that is tectonically innics) was the thermal effects of Late Cretaceous overthrusting of hot
tercalated with chaotic late Eocene—Oligocene sediments below, anghiolitic mantle, represented by the Late Cretaceous ophiolites,
an ophiolitic unit above within an overall “zone of imbrication.” The some of which ended up on the Arabian foreland in this model (e.g.,
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Arabia/Gondwana

Preferred double subduction zone model

SSZ spreading
ca.90 Ma

Continental margin arc
80-75 Ma

A 2
AN

Microcontinent

A

Figure 26. Alternate plate tectonic models for genesis of Late
Cretaceous ophialites. A. Spreading above two subduction
zones (i.e., an intra-oceanic one in the south and continental
margin one in the south [favored model]). B. A single subduc-
tion zone. The main problems are that arc volcanism remained
active after collision in the south and little space remained for
Tertiary subduction. C. Emplacement of ophiolite from the

8SZ spreading Continental margin arc Ophiolites from oceanic
ca.90 Ma 80-75 Ma basin to north
A A _AA
+ + + + +
A
/13 /) /4
Single subduction zone model

Flake obduction model

Obduction ca.70 Ma

south as an obducted flake.

Hatay and Baer-Bassit). Y ounger extrusives, such asthe Eocene Ka
radere and Halete volcanics, would then have to be of intraplate ori-
gin, extensional or transtensional. A number of serious problems ex-
ist with the above model of far-travelled thrust sheets: (1) The Arabi-
an foreland does not show any evidence of regiona collisional
deformation in the Late Cretaceous. As in the Oman Mountains fur-
ther east, Upper Cretaceous ophiolite emplacement onto the Arabian
margin was followed by restoration of a passive continental margin,
while the Neotethys remained open to the north (e.g., Gulf of Makran
in the Oman case; Lippard et a., 1986; Glennie et a., 1990); (2) Re-
giona metamorphism isvery unlikely to relate to ophiolite emplace-
ment, in view of the fact that similar units beneath other ophiolites
(e.g., Oman) are unmetamorphosed, with the exception of a thin

Aktas and Robertson (1990) noted that the Late Cretaceous Ara-
bian foreland and Late Cretaceous ophiolitic rocks of the overriding
thrust sheets are both of supra-subduction zone type, based on
geochemical evidence. Rather than inferring two entirely different
subduction zones within a small southerly Neotethyan oceanic basin
(i.e., one in the south and one in the north) they suggested that only
one northward-dipping subduction zone existed in the Late Creta-
ceous (Fig. 26B). Ophiolites were obducted northward onto the
northern margin (e.g., Guleman ophiolite, Fig. 26C); then the leading
edge of the supra-subduction zone slab collided with the Arabian
margin, temporarily halting subduction. Only a narrow (~200 km
wide), remnant Neotethyan basin then survived into the Tertiary, and
was later consumed by subduction-accretion in the Paleocene—early

(<100 m) dynamothermal metamorphic sole; (3) Mélange units, inEocene. The middle Eocene Karadere volcanics formed by transten-
cluding the Maden Complex, were viewed as Upper Cretaceous asional rifting in a setting of initial oblique continental collision. Col-
cretionary prisms, but the earliest syntectonic sediments are in falision was complete by Miocene time.

upper Paleocene (Altand Robertson, 1990), post-dating the time

Yilmaz (1993) also adopted a model whereby Upper Cretaceous

when regional emplacement onto the Arabian margin supposedbyphiolites and related metamorphic units were amalgamated by
took place; (4) The middle Eocene Karadere volcanics diffethrusting in the Late Cretaceous, wholly within the Neotethys, well

geochemically from typical intra-plate volcanics.

removed from the Arabian margin to the south. The middle Eocene

A southerly Neotethyan oceanic basin instead remained open Halete volcanics then represent a subduction-related volcanic arc re-

southeastern Turkey into the Tertiary. Ophiolites were incorporatethted to steady-state subduction (Fig. 27H). The Eocene Maden
into both the northern and southern margins of the Southern Ne&roup sediments would then have formed as a back-arc marginal ba-
tethyan oceanic basin in the Late Cretaceous. Were the origin asth above this northward-dipping subduction zone. The amalgamated
emplacement of both of these northerly and southerly ophiolitic unitephiolitic and metamorphic units, together, formed the northern mar-
genetically linked? Aktaand Robertson (1984) favored an open-gin of the Neotethyan oceanic basin during the Eocene. A relatively
ocean model, with no direct link between the genesis and emplacedde southerly Neotethyan oceanic basin survived at least into the
ment of north- and south-margin ophiolites (Fig. 26A). The early TerEocene. During the early Tertiary, as Africa and Eurasia converged,
tiary Maden Complex (Killan Unit of Maden Complex, Fig. 25-1A) Neotethyan units to the north (e.g., Keban platform; Fig. 24) were fi-
was interpreted as a subduction-accretion complex related to the latally amalgamated to the Eurasian margin (within a separate norther-
stages of closure of the southerly Neotethyan oceanic basin. Limitdgl Neotethyan ocean basin to the north), and the deformation front
calc-alkaline volcanics of Eocene age to the nortlkKBanit, Fig. then migrated progressively southward. The compression zone then
25-2) suggested to them that significant subduction took place in tireached the southerly Neotethyan remnant basin, and the marginal
early Tertiary. The middle Eocene Karadere volcanics were then sedasin later collapsed in the late Eocene—Miocene as it was consumed
as pull-apart basins developed in a pre-collisional setting, associatbéneath overriding metamorphic units. In turn, the Eocene Halete arc
with oblique subduction (Fig. 27G). volcanics were underplated, followed by collision of the fully assem-
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KYRENIA RANGE, NORTH CYPRUS SOUTHEAST TURKEY
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Figure 27. Tectonic model for the Kyrenia Range, northern Cyprus, compared with southeastern Turkey. Both areas formed parts of northern passive margin of
Neotethys in easternmost Mediterranean until the late Cretaceous, when convergence was initiated. From the Lower Tertiary onward, collision is more
advanced in southeast Turkey than in northern Turkey. Strike-dlip (transtension/transpression) is important in the Lower Tertiary. Convergence is completein
southeast Turkey by the late Miocene, whereas subduction occurs south of Cyprusin Neogene time. See text for further explanation.
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bled stack with the Arabian margin in early-late Miocene time (Fig. assic (Carnian-Norian) when transitional to MORB-type volcanics
27F). were erupted (e.g., in the Mamonia Complex in southwestern Cyprus
The above model has some attractions. The middle Eocene Ka- and the Antalya Complex in southwest Turkey). Extensive Triassic
radere volcanics (Fig. 25-1B) arein asimilar relative structural posi- volcanism also took place on the conjugate margin, e.g. in northern
tion to the coeval Halete volcanics (Fig. 25-3) and could be correlat- Syria. Associated terrigenous sediments show that the crust of the

ed. The Karadere volcanics would then represent a remnant of an Antalya Complex formed near the rifted continental margin, and can-
Eocene back-arc marginal basin. There are, however, a number of not represent open ocean Neotethyan lithosphere. The MORB-type
problems with this model: (1) Detailed field relations and geochemi- volcanics in the Mamonia Complex are associated with pelagic lime-
cal datafor the middle Eocene Hal ete vol canism are not available and stones and radiolarian sediments formed in axial areas of a small Late
settings other than arc volcanics are possible (e.g., within a pull-apart Triassic southerly Neotethyan basin. In the south, the Levantine Ba-
basin); (2) Yilmaz's (1993) backarc basin is exclusively of middlesin also rifted in the Triassic, with genesis of oceanic crust by Early
Eocene age, whereas the oldest syntectonic deep-sea sediments injtivassic time.
type Maden area are of late Paleocene age {/Addd Robertson, The Levant margin represents either an orthogonally rifted, or a
1984). Any back-arc basin would thus be longer lived than Middl@ransform passive margin. Regional plate reconstructions place the
Eocene; (3) Middle Eocene counterparts farther east (Lice Formaole of rotation related to Late Triassic—Early Jurassic spreading far
tion) possess a terrigenous rather than volcanogenic sediment covirthe northwest (North Atlantic), with the implication that the Levant
(4) There is evidence of compression of the Arabian margin in this a transform rifted margin (Smith, 1971; Dewey et al., 1973). How-
Eocene (Syrian arc), before final Miocene collision (Cohen et al.ever, studies of the subsidence and sedimentation history suggest
1990). more orthogonal rifting (Garfunkel and Derin, 1984; Z. Garfunkel,
Taking into account evidence from the Kyrenia Range, northerpers. comm., 1996). Crust north of the present latitude of 32Fig0
Cyprus, the following model is proposed (Fig. 26A). Ophiolites wereb) is of mid-ocean-ridge type, whereas that to the south is probably
emplaced onto the northern margin (i.e., the metamorphic units) efiinned continental crust, or “transitional” crust (e.g., including mag-
the Neotethyan oceanic basin in the Late Cretaceous. Ophiolites wergtic rocks intruded into stretched continental crust). The Era-
also emplaced separately onto the Arabian margin, leaving a smatisthenes Seamount is interpreted as a continental fragment, associ-
Neotethyan oceanic basin surviving into Tertiary time (Fig. 27H).ated with mafic igneous rocks, that was rifted from the Levant conti-
Northward subduction beneath the northern Neotethyan margin therental margin in the Triassic.
resumed in the late Paleocene—Eocene (Killan unit of Maden Com- On a more regional scale, large continental fragments were rifted
plex), backed by an unstable forearc basin (Hazar Group). A smdlom the north margin of Gondwana to form the northern margin of
extensional, volcanic-floored basin (Karadere Unit, Fig. 27G)the (southerly) Neotethyan ocean basin. Carbonate platforms were
opened briefly in the middle Eocene along the northerly active contiestablished on these units from the Late Permian-Triassic onward.
nental margin of the remaining southerly Neotethyan ocean basiloubt persists as to which of these formed single microcontinental
Collision of northerly units with the Arabian margin in eastern Tur-units, as opposed to smaller fragments. However, in the west the Bey
key began in the late Eocene.The middle Eocene basin then collapdedglan carbonate platform and the Menderes Massif are seen as a
and was overthrust by metamorphic units. The collision zone migrasingle microcontinental unit, separated from one or several fragments
ed westward along the Arabian margin during the Oligocene—Miofurther east by a Neotethyan oceanic basin (Antalya Complex). These
cene as remaining Neotethyan oceanic crust was consumed. The laster units now form the Tauride Mountains of southern Turkey (e.g.,
sembled stack was finally sutured with the Arabian margin (in EastAkseki and Bolkar Dgunits). Rifting to form more a northerly Neo-
ern Turkey) in the mid-Miocene, preceded by formation of a Miocenéethyan basin also took place in the Triassic, giving rise to the “Inner

flexural basin (Lice Formation; Fig. 27F). Tauride ocean”§engo6r and Yilmaz, 1981; Robertson and Dixon,
1984; Robertson et al., 1996a).
TECTONIC MODEL FOR EVOLUTION Jurassic—Early Cretaceous

OF THE EASTERNMOST MEDITERRANEAN AREA
Both the northern and southerly margins of the southerly Neo-
In this final section of the paper an attempt is made to integrate trgthyan oceanic basin experienced passive margin subsidence during
local tectonic interpretations of diverse data sets into a self-consisteditrassic—Early Cretaceous time (Table 3). This is recorded, for exam-
model for the tectonic evolution of the easternmost Mediterraneaple, by carbonate platform development in the Levant, and within the
area. The timing of events along both the northern and southern mdrauride carbonate platforms in the north. Undeformed deep-water
gins of Neotethys in the easternmost Mediterranean is shown in TRassive margins are preserved along the Levant margin, based on
bles 3, 4. borehole and seismic evidence, and presumably also underlie the
Nile cone and the North African continental margin offshore. Deep-
Late Permian—Late Triassic water passive margin successions accumulated around the margins of
rifted continental fragments along the northern margin of the south-
Before Late Permian time, the easternmost Mediterranean area erly Neotethys, and were later deformed and incorporated into al-
formed part of the northern margin of Gondwana (Fig. 28). Remnants lochthonous units (e.g., Mamonia Complex, Antalya Complex). No
of this setting are preserved, for example, in the Antalya Complex. Jurassic oceanic crust is preserved. It probably formed but was later
The first evidence of rifting is the development of “geanticlines”subducted. Continuous spreading from the Triassic to Late Creta-
(e.g., Hazro in southeastern Turkey; Weissbrod, 1987). Rifting begageous is unlikely, as the southerly Neotethyan oceanic basin re-
by the Late Permian, resulting in widespread marine transgressignained too small to be detected using paleomagnetic methods (Mor-
(e.g., Kantara Limestone in the Kyrenia Range). Further rifting tookis, 1996).
place in the Early Triassic, with the first evidence of widespread vol- One alternative view is that spreading of the southerly Neotethyan
canism, recorded as tuffaceous sediments (e.g., Antalya Complex)ocean basin did not begin until the Cretaceous (Dercourt et al., 1986).
Final breakup took place in the Middle Triassic to Late TriassicEarly Cretaceous volcanism in the Levant could then relate to Creta-
time, marked by the incoming of deeper water radiolarian sedimenggous spreading. More recently this volcanism was suggested to re-
(e.g., in the Antalya Complex window in the Alanya metamorphiclate to hotspot activity within the Levant passive margin (Z. Gar-
massif). Ocean-floor spreading was in progress during the Late Trunkel, pers. comm., 1996). Late Jurassic? alkaline to per-alkaline
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Table 3. Summary of events along the North African and Levant margins.
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Table 4. Summary of events along the northern margin of the easternmost M editerranean.
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Figure 28. Plate tectonic reconstruction for the Late Triassic—EarlyJurassic. The Levantine oceanic basin mainly formed in the Late Triassic—Early Jurassic. The

main uncertainty is over the identity of continental fragments in the east. The initial fit develops those proposed by Robertson and Woodcock (1980) and by Gar-

funkel and Derin (1984). The paleolatitudes of North Africa in this and subsequent reconstructions are based on Dercourt et al. (1992). The paleolatitude

northern margin is poorly constrained.

volcanics within allochthonous units in Baer-Bassit (northern Syria)
might constitute evidence of oceanic seamounts. Some volcanism
also affected other parts of the southern Neotethyan oceanic basin, as
shown by the presence of disseminated hydrothermal sediments, in
the Mamonia and Antalya complexes. Also, MORB-type volcanism
of Early Cretaceous age is recognized in severa parts of the Antalya
Complex. Renewed ocean-floor spreading probably took place with-
in the southerly Neotethyan ocean basin in Late Jurassic—Early Cre-
taceous time, but an oceanic basin already existed since the Triassic.As northward intra-oceanic subduction continued, the trench
neared the Arabian passive margin in the east, resulting ininitial dep-

Cyprus (Ayia Varvara metamorphics).

Late Cretaceous: Turonian—Upper Campanian

sediments and MORB-type volcanics were thrust beneath still-hot
Late Cretaceous ophiolitic rocks to form dynamothermal metamor-
phic soles (e.g., beneath Hatay and Baer-Bassit ophiolites). Rem-
nants of a possible metamorphic sole are also present in southwest

Late Cretaceous: Cenomanian—Turonian

From thelate Early Cretaceous, the African and Eurasian plate be-
gan to converge asthe South Atlantic opened (Fig. 29; Livermore and
Smith, 1984; Savostin et d., 1986). This convergence initiated a
northward-dipping subduction zone within the southerly Neotethyan

ositional hiatuses. Deep-water sediments, oceanic volcanics, and car-
bonate build-ups were then accreted to the hanging wall of the trench
to form subduction-accretion complexes, followed by underplating
of deep-water passive margin sediments. The trench then collided
with the Arabian passive margin, collapsing it to form aforedeep, and
the entire assemblage was thrust southward to itsfinal position asthe

oceanic basin. The cold, dense Triassic oceanic slab “rolled back,” dttatay, Baer-Bassit, and Kocali ophiolites and redeposited units. The
lowing asthenosphere to well up and create supra-subduction zonphiolites were briefly subaerially exposed, overlain by fluvial sedi-
ophiolites, ~150 km wide, from west to east. These include thenents, then transgressed by marine carbonates.

Tekirova, Troodos, Hatay, and Baer-Bassit ophiolites. Far-field
stresses related to onset of subduction may have caused compression
of the Levant passive margin, thus triggering the initial inversion of
the Syrian arc (as documented by offshore structure). From the Cen- The trench collided with the passive margin of Arabia in late
omanian onward, the carbonate platforms to the north subsided a@mpanian time, ~70 Ma (Fig. 30). However, the westward exten-
were overlain by pelagic carbonate. A possible explanation is that thson of the intra-oceanic subduction zone and its overriding supra-
platforms were subjected to regional crustal extension as the pre-esubduction zone ophialite (i.e., Troodos) remained within a remnant
isting oceanic plate began to “roll back” to the south. The carbonataf the Neotethyan oceanic basin to the west. As Africa-Eurasia con-
platform in the Kyrenia Range (northern Cyprus) may also have colkergence continued, this relict trench gradually pivoted counter-

Late Campanian—Maastrichtian

lapsed during this time. The supra-subduction zone oceanic slab weleckwise, explaining the paleo-rotation of a “Troodos microplate.”
cut by at least one dextral transform fault, the South Troodos TranRotation was facilitated by continental subduction of Neotethyan
form Fault Zone, possible remnants of which also exist in southwestrust within the Levant basin area. Such subduction may also have
and west Cyprus. Within the intra-oceanic subduction zone, deep-sgaven rise to the Campanian Kannaviou arc-type volcaniclastic sedi-
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Figure 29. Plate tectonic reconstruction for the Cenomanian—Turonian. The easternmost Mediterranean oceanic basin is closing through the activity of two
northward-dipping subduction zones, one intra-oceanic in the south and the other, continental margin (i.e., Andean type) in the north. Above-subduction zone
spreading occurs above both of these subduction zones. The Troodos Complex forms above the southerly subduction zone. Arc volcanism develops extensivel

in southeast Turkey related to the northerly subduction zone.

ment in southern and southwestern Cyprus. Rotation continued at ap-
proximately the same rate (20 Ma) from the late Campanian to the
early Eocene (Morris, 1996).

Regional subduction was impeded by the collision of the intra-
oceanic subduction zone with the Arabian margin. Continued conver-
gence of the African and Eurasia plates then generated an additional
subduction zone along the northern margin of the Neotethyan ocean
basin. Thisissimilar, for example, to the Himalayan region, where an
intra-oceanic subduction zone was created from the Mid-Cretaceous
onward (i.e., Dras-Kohistan arc), whereas another subduction zone,
the Gandise-Trans-Himalayan arc system, developed from the Late
Cretaceous onward along the southern margin of Eurasia (Searle et
al., 1987). In the easternmost Mediterranean area, evidence for this
northerly Andean-type arc is most widely developed in southeastern
Turkey, as shown by extensive arc-typeintrusive and extrusive activ-
ity (Baskil arc unit; 85-76 Ma). The intrusions stitch both continental
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fragments (Keban, Bitlis, and Putlrge units) and ophiolitic crust
(e.g..Ispendere ophiolite). This suggests that a strip of oceanic crust
was isolated behind the subduction zone and preserved intact, where-
as most of the Neotethyan oceanic crust was subducted.

During the Late Cretaceous the deep-water passive margin units
adjacent to the rifted microcontinents units within the Taurus Moun-
tains (e.g., Antalya Complex) and southwest Cyprus (Mamonia Com-
plex) were first deformed. In the case of the Antalya Complex, the
cause was the collapse of small oceanic basins or broad rifts that sep-
arated a number of the carbonate platforms during the Mesozoic (e.g.,
Isparta Angle; Giizelsu Corridor; high-pressure unit of Alanya Mas-
sif). A possible explanation is that this compression relates to south-
ward emplacement of ophiolites and related units from the “Inner
Tauride ocean” onto the northern margin of the Tauride carbonate
platforms (the Begehir-Hoyran Nappes, which are rooted to the
north). Deformation of the northerly Neotethyan margin included
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Figure 30. Reconstruction for the late Campanian—Maastrichtian. The southerly intra-oceanic subduction zone collides with the Arabian margin emplacing
ophiolites, whereas the Troodos supra-subduction zone lithosphere remains in the ocean and progressively rotates counterclockwise as a microplate from Can
panian to lower Eocene time. Northward subduction and arc volcanism continues along the more northerly active margin.

“docking” of the Mamonia Complex and Moni mélange in south-escape, there is no obvious mechanism for large-scale westward
western and southern Cyprus, respectively, with the Troodos ophistrike-slip of the Kyrenia Range.
lite in the Maastrichtian by thrusting and/or strike-slip. This deforma-
tion may relate to the paleorotation of a “Troodos microplate.” Paleocene—Lower Eocene

The Kyrenia-Misis-And1n lineament documents the history of
the northern margin of the southern Neotethyan oceanic basin. This Africa-Eurasiarelative plate convergence may paused during ear-
feature differs from the eastward continuation of this margin intdy Tertiary time (70-48 Ma.). There is no known record of subduc-
southeastern Turkey. In the latter region an Andean-type continentbn-rel ated vol canism in southeastern Turkey from the Maastrichtian
margin arc developed in Campanian—Maastrichtian time at 85-7# the early Eocene. However, Mesozoic oceanic crust still remained,
Ma, whereas in the Kyrenia Range Maastrichtian bimodal volcanicloth to the north, adjacent to the southern margin of Eurasia (Sengor
lack any identifiable subduction component. Their eruption into and Yilmaz, 1981; Robertson and Dixon, 1984), and within the
deep-water basin, associated with syntectonic deposition (e.g., caeuthern Neotethyan oceanic basin in the easternmost Mediterranean
bonate breccia deposition), is consistent with a setting as an extearea. During the Eocene, convergence resumed and remaining north-
sional, or transtensional basin. This basin might have developed arly Neotethyan oceanic crust (i.e., north of the Tauride carbonate
response to counterclockwise rotation of the Troodos microplate. Atlatform) was subducted. The deformation front then migrated pro-
present, there is no direct geological evidence to support the suggesessively southward.
tion by Kempler and Garfunkel (1994) that the Kyrenia Range is an Upper Paleocene—lower Eocene saw final closure of the Isparta
allochthonous terrain that was transported ~150 km eastward to ifngle seaway, with expulsion of Mesozoic deep-sea and ophiolitic
present position before the late Eocene. Much depends on when finalits, both eastward over the eastern limb of the Isparta Angle and
collision took place in southeastern Turkey. If in the late Eocene, themestward over the eastern limb of the Isparta Angle. At this stage, the
westward “tectonic escape” may date from this time. However, if colisparta Angle was still a much more open feature than today.
lision was not complete until the Miocene, as is likely, then any lat- In the Kyrenia Range, within-plate-type volcanism ended in the
eral shift is likely to date only from the late Miocene—Pleistocendower Eocene (Ayios Nikolaos Formation). This was also the time
(along the East Anatolian transform). Before collision and tectonievhen paleorotation of the Troodos microplate ended. There is no ev-
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Figure 31. Reconstruction for the middle—|&®cene. Subduction resumes along a partly amalgamated northern margin, together with limited arc volcanism.
Middle Eocene volcanics in southeast Turkey either formed in a continental margin arc setting (i.e., Halete volcanics), or in a transtensional pull-apart basin set-
ting (i.e., Karadere volcanics), or conceivably both settings. The Isparta Angle Neotethyan oceanic basin is by then closed in the north, but remains open in the
south.

idence of plate convergence during Paleocene—early Eocene timerirained. In the Kyrenia Range, northward subduction gave rise to an

this area.
Middle—Late Eocene

Northward subduction in southeastern Turkey resumed in latest
Paleocene, giving rise to an accretionary prism (Killan Unit of the
Maden Complex), together with limited middle Eocene calc-akaline
volcanism further north (Baskil unit; (Fig. 31). A deep-water volca
nic-floored basin opened in the Middle Eocene (Karadere Unit),
probably as a short-lived marginal basin, influenced by strike-dlip.
The setting can be compared with the Tyrrhenian Sea (Western Med-
iterranean) that formed coevally with diachronous collision of fore-
arc crust with the Italian continent to the east. During the late Mio-
cene a small marginal basin rifted above a subducting slab of old
Neotethyan oceanic lithosphere. Initial rift sediments along a small
passive margin in the west were initially terrigenous. Arc volcanoes
were erupted only locally in the south (Aeolian arc) where sufficient
Neotethyan oceanic crust remained to fuel subduction. Similarly, the
middle Eocene Karadere Unit formed immediately before collision,
with fractionated arc-type? volcanism in the west where the remain-
ing Neotethyan basin was wider.

Collision ensued from the late Eocene onward, tightening the su-
ture zone, and the collision zone migrated westward toward the east-
ernmost Mediterranean, where Neotethyan oceanic crust still re-
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accretionary prism during middle-late Eocenetime (Kalograi-Ardana
“olistostromes”), including large blocks of Upper Permian shallow-
water limestone (Kantara Limestone).

Late Eocene was the time of final closure of the “Inner Tauride
ocean” to the north of the Tauride carbonate platfoi$esador and
Yilmaz, 1981; Robertson and Dixon, 1984). As a result, thedbesy
Hoyran nappes (and counterparts to the east, the Hadim Nappes)
were thrust southward over the Tauride carbonate platforms to their
most southerly locations. This southward thrusting deformed the
northern margin of the remaining southern Neotethyan oceanic basin,
and triggered southward migration of the deformation front toward
the remaining southern Neotethyan oceanic basin. In the west, the
Beysehir-Hoyran nappes were thrust southwestward, re-thrusting the
northeastern segment of the Antalya Complex. In response to region-
al north-south compression, the Antalya Complex (Giizelsu Unit) and
the Alanya Massif were finally thrust northward over the neighboring
carbonate platform (Akseki Platform). The Kyrenia Range was thrust
southward over a middle Eocene inferred trench-accretionary unit
(Kalagrai-Ardana unit) as a stack of dismembered thrust sheets.

In southeastern Turkey, the middle Eocene deep-water volcanic-
floored basin (Karadere Unit) collapsed, and was overthrust by meta-
morphic massifs representing the continental margin to the north. In
the northern Syrian platform, carbonate sedimentation experienced
depositional hiatuses in the middle Eocene, culminating in a major
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Figure 32. Reconstruction for the early Miocene. Final, localized subduction along the northern margin, followed by southward jump of subduction zone to near
its present relative location. Localized compression is related to establishment of a new subduction zone south of Cyprus. Thrusting occurs over the Arabian
margin in the east with development of aflexural foredeep. The Lycian nappes advance from the northwest associated with inferred strike-slip and extensional
basin formation in the I sparta angle area. Extension and subsidence take place along the south margin of this northern collage.

regional unconformity, followed by renewed deposition in the early
Miocene (Krashenninikov, 1994). The upper Eocene was marked by
aphase of inversion of the Syrian Arc in the Levant, suggesting that
compression was trandated from the Eurasian plate to the Arabian
plate during the time in response to initia collision with northerly
units. By contrast, the Troodos ophiolite still lay to the south of the
deformation front, and deep-water pelagic carbonates (Lefkara For-
mation) continued to accumulate during this time interval.

Oligocene

During the early Oligocene, accumulation was influenced by
block faulting in southern Turkey (AdanaBasin), related to compres-
sion from north. Pelagic carbonates continued to accumulate on the
Troodos ophiolite further south (Upper Lefkara Formation) in arela
tively stable deep-sea setting. Then, in the late Oligocene, marked
changes took place throughout the region. The Kyrenia Range that
hitherto had been receiving coarse aluvia sediment from the paleo-
Seyan river in southern Turkey subsided and passed rapidly upward
into turbiditic sediments (Kithrea Flysch). The onshore Adana Basin
also subsided, ushering in marine sedimentation influenced by block
faulting, and marking activation of a northward-dipping subduction

ary complex related to northward subduction of Neotethyan oceanic
crust to the south, coupled with fore-arc extension.

Miocene

Early Miocene time saw activity along the present subduction
zone south of Cyprus, as part of the wider regional Africa-Eurasian
plate boundary including the Aegean active margin (Aegean arc;
Figs. 32, 33). A possible explanation for southward migration of the
subduction zone is that remaining old, early Mesozoic, Neotethyan
crust was consumed, juxtaposing younger, more buoyant supra-
subduction zone-type Upper Cretaceous oceanic crust with the active
margin to the north. This was difficult to consume, and the subduc-
tion zone then relocated itself within early Mesozoic oceanic crust
further south. This subduction could effectively have reactivated a
Late Cretaceous subduction zone above which the Troodos was pre-
viously created by supra-subduction zone spreading. During the Late
Cretaceous, northward subduction had already carried the rifted Era-
tosthenes block (a continental fragment) toward the Troodos, then lo-
cated on an opposing plate.

From the early Miocene onward, Cyprus was located on the over-
riding plate of a northward-dipping subduction zone. The leading

zone to the south. Sedimentary mélange of upper Oligocene—lowedge was dissected into sub-basins. Some of these reached sea level

Miocene age (Isali unit) formed further south, in the Misis+nd

and were colonized by reefs, whereas others still underwent pelagic

Complex, within an extensional fore-arc setting. The clasts werearbonate accumulation. In northern Cyprus, an extensional graben
mainly derived from earlier-emplaced units to the north (e.g., Mesdformed in the northern Mesaoria Plain area, bounded by the Ovgos
zoic limestone, ophiolites etc.). Limited acidic, calc-alkaline, arc-Fault to the south and the Kithrea Fault to the north. In the Adana and
related volcanism (represented by tuffs) took place at this time, butManavgat Basins, subsidence in the middle Miocene (Langhian) is
rifted back-arc basin did not develop. Instead, the ophiolitic blocks imttributed to extensional faulting. Extensional faulting also gave rise

the mélange were derived from previously emplaced (?Late Cretde large pre-Messinian marine basins, including the onshore Polis
ceous) units. The “olistostrome” is interpreted as a trench-accretiomgraben (western Cyprus), the Antalya Basin, the Cilicia-Adana Ba-
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Figure 33. Reconstruction for the late Miocene. Southward-thrust emplacement is completed in southeast Turkey. Strike-slip along Dead Seatransform is active;
subduction continues in Levantine Sea, with “roll-back” giving rise to extensional basins in the overriding plate. During the late Miocene the Lycian nappes are
finally emplaced, associated with compression of the Isparta angle area, and localized thrusting in the southwest and east segments of the Antalya Complex.

sin, and the Latakia Basin. The overall cause of this extension was clear, and may have preceded the early Pliocene when bathyal sedi-
possibly southward retreat of an early Mesozoic-aged oceanic slab mentation was already in progress on the collapsed plateau area of the
(“roll-back”). The Messinian salinity crisis was superimposed on thisseamount (i.e., evidence from Site 966). In southern and western Cy-
highly variable tectonic setting. Highs such as the Eratosthenes Sqarus, the genesis of distinctive gypsum mega-breccias within the
mount, or the Akamas Peninsula of western Cyprus were emergekessinian evaporitic basin might have been triggered by initial colli-
and karstified. Gypsum was precipitated within previously shallowsion. Rapid collapse of the Eratosthenes Seamount took place after
basins, as in southern and western Cyprus, whereas halite was predie late Pliocene. During the late Pliocene, rapid uplift of both south-
itated in deep basins, as locally in the Mesaoria basin and extensivedyn Cyprus and the Kyrenia Range began. The compressive effect
in the deep Levantine Basin and elsewhere. reached beyond the boundary between the rigid Troodos ophiolitic
During the Miocene a division clearly existed between a preslab and the contrasting crust of the Kyrenia Range to the north. The
collisional setting in the easternmost Mediterranean (west of the lorikyrenia Range was uplifted to reach its maximum altitude north of
gitude of the Levant margin) and a collisional setting in southeasterthe Eratosthenes Seamount collision zone. However, the Adana-
Turkey. Regionally, plate convergence was continuing (LivermoreCilicia Basin to the north remained largely unaffected. Also, in south-
and Smith, 1984; Savostin et al., 1986). In the east, the early Miocemest Cyprus the onshore Pegia graben developed in late Pliocene—
Lice-Clingus Basin developed as a foreland basin related to overarly Pleistocene, possibly influenced by westward tectonic escape
thrusting of allochthonous eastern Tauride units. The last vestiges ftbm the Cyprus-Eratosthenes collision zone. Associated with this
the Neotethys disappeared as collision proceeded westward, diacheabduction and underthrusting of the Eratosthenes Seamount, ultra-
nously, although Mesozoic oceanic crust still remained in the eastnafic rocks within the overriding slab were serpentinized and rose
ernmost Mediterranean. In the Adana area, the Tortonian was markagward diapirically, updoming the Troodos ophiolite and exposing
by uplift, unconformities, facies changes, and re-orientation of palesserpentinite on Mt. Olympos.
currents (Yeti et al., 1995). East-west compression also affected the By contrast, in coastal southern Turkey, in the Adana Basin,
Aksu basin further west. These events record were consequent upBliocene sedimentation was entirely nonmarine, whereas in the Aksu
collision in southeast Turkey, and the final stages of emplacement &asin it was marine, but shallowed upward. Regional uplift took

the Lycian Nappes (also collision related). place in late Pliocene—early Pleistocene time, associated with crustal
extension faulting (Aksu Basin) and transtension (Adana Basin).
Pliocene In the northern Levant strike-slip along the main strand of the

Dead Sea transform began in the early Pliocene (~5 m.yr.; Butler et

Northward Africa-Eurasia convergence finally brought the Era-al., 1997). The transform propagated northward to intersect with the
tosthenes Seamount into collision with the Cyprus trench (Fig. 34xollision zone, initiating the Magariple junction. The triple junction

As it approached the trench, this block was flexurally loaded by thénks eastward with the East Anatolian Fault Zone in southeast Tur-

overriding plate, resulting in faulting associated with mass wasting dfey (G6zobdél and Girpinar, 1980; Westaway and Arger, 1996). In

scarps and subsidence to bathyal depths during early Pliocene tinsmutheastern Turkey, left-lateral strike-slip along the East Anatolian

The exact timing of initial subsidence of Eratosthenes remains urault (Hempton, 1982) began in the early Pliocene with a total dis-
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Figure 34. Reconstruction for late Pliocene—Quatertiarg. Following collision of Arabia with Eurasia, Anatolia undergoes westward tectonic escape. The

inferred direction of subduction in the Levantine Sea is north-northeastward. The Eratosthenes Seamount is being thrust beneath Cyprus. The Troodos is
strongly updomed in response to collision and related serpentinite diapirism. Extensional basinal formation continues in other areas of the over-riding plate and

locally onshore in the Aksu basin (southwest Turkey).

placement of <25 km. Left-lateral displacement was more pro-
nounced along the North Anatolian transform fault (Barka and Han-
cock, 1984; Dewey et al., 1986). Deformation in the Misis Mountains

of distributed strike-dlip, transtension, and transpression within the
Cyprus-Latakia link zone to the north. Left-lateral strike-slip contin-
ues along the East Anatolian Fault Zone, and aso affects onshore

is mainly extensional, or transtensional in the Pliocene—Pleistoceraeeas of the northern Levant margin further south (Latakia area).
and there is, thus, little evidence that the late Pliocene—Pleistocene
uplift of the Kyrenia Range was caused by transpression (Kempler
and Garfunkel, 1991). Significant strike-slip along the Kyrenia stage

is also unlikely, as the eastern margin of the southern Antalya Basin
does not appear to be offset by lateral faults. Instead, the uplift of the From Late Permian to Holocene, the Levant-North African mar-
Kyrenia Range probably relates to collision of the Eratosthenes Segin hasremained passive. However, the Arabian promontory was de-
mount to the south. The Troodos ophiolite and the Kyrenia Rangirmed, related to collision with an intra-oceanic subduction zone in
were both uplifted with respect to surrounding areas. Westward ethe Late Cretaceous, emplacing ophiolites southward. The Arabian
cape of Anatolia during Pliocene—Pleistocene time was accompani@abrgin was again deformed in the L ate Eoceneto Miocene, related to
by a reorientation of subduction from northward to more northeasprogressive suturing of the Neotethys ocean.

ward, consistent with the instantaneous GPS data for southern Tur- By contrast, the northern margin of the southern Neotethyan

CONCLUSIONS

key (Oral et al., 1994; Toksoz et al., 1995; Barka et al., 1997).
Pleistocene—Holocene

Existing plate boundaries were active during thistime. Northeast-
ward subduction was active beneath southwest Cyprus and the south-
ern AntalyaBay area. Crustal extension has continued onshore in the
Antalya Basin. The Florence Rise represents the leading edge of the
Eusarian plate. The Florence Rise in contiguous with the Anaxi-
mander Mountains, an offshore extension of units exposed in south-
ern Turkey, including the Antalya Complex. The south margin of the
Anaximander Mountainsis seen as a left-lateral strike-slip zone that
links with the Strabo trench to the west. Further west, the Era-
tosthenes Seamount is possibly now being thrust northeastward ob-
liquely beneath Cyprus (perhaps causing rotation of the Seamount).
Uplift of the Troodos ophiolite and the Kyrenia Range apparently di-
minished after mid-Pleistocene time. The eastward extension of the
Cyprustrench is azone of |eft-lateral strike-slip, passing into a zone

ocean basin exhibits adominantly extensional history, with phases of
extension in the Triassic—early Late Cretaceous, Maastrichtian—lower
Eocene, late Oligocene, late Miocene and, locally late Pliocene—
Holocene. After the Triassic, all these phases can be broadly related
to the effects of southward retreat of one, or several, northward-dip-
ping subduction zones. Slab retreat (“rollback”) has played a key
role. More locally, the Maastrichtian—lower Eocene history of the
Kyrenia Range and Mamonia Complex in Cyprus relate to paleorota-
tion of a Troodos microplate. Dominant extension along the northern
margin was punctuated by compressional phases in the Late Creta-
ceous, late Eocene, and, locally, in Pliocene—Pleistocene time. The
two earlier compressional events relate to initial and then final clo-
sure of separate Neotethyan basins to the north (“Inner Tauride
Ocean”), whereas the last-mentioned event relates to localized colli-
sion of the Eratosthenes Seamount with the Cyprus active margin.
During the Late Cretaceous, two north-dipping subduction zones
were established within the southerly Neotethyan oceanic basin. The
first was an intra-oceanic subduction zone (Cenomanian-Turonian)
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that generated the Late Cretaceous ophiolite (e.g., Troodos). After Angelier, J., Lyberis, N., Le Pichon, X., Barrier, E., and Huchon, P., 1982.
this subduction zone collided with the Arabian margin to the south- The tectonic development of the Hellenic arc and the sea of Crete: a syn-
east (Late Campanian), an additional subduction zone was active thesis.Tectonophysics, 86:159-196. _ ,
along the northern margin of the Neotethyan basin in southeastern Anonymous, 1995. Transform tectonics of the West African margin
Turkey (Campanian-Maastrichtian). In the Tertiary, only one sub- explored os, 76:299-300.

. A ; Bagnall, P.S., 1964. Wrench faulting in CypraisGeol., 72:327343.
duction zone remained along the northern Neotethyan margin (then  gajiey \v. 1996. The structural and geochemical evolution of a microplate

an Andean-type margin), and this was active in the early-middle suture zone south west Cyprd8GSPEI Meeting, Structure and Origin
Eocene (in southeastern Turkey). Continental collision began in the of Troodos Ophiolite, Cyprus. (Abstract)

late Eocene, and progressively consumed remaining oceanic crust Barka, A.A., and Hancock, P.L., 1984. Neotectonic deformation patterns in
until suturing was complete in the late Miocene. Subduction and arc the convex-northwards arc of the North Anatolian fault zoméixon,
volcanism persisted into the early Miocene further west, along north- J.E., and Robertson, A.H.F. (Ed$he Geological Evolution of the East-

ern margin of the easternmost Mediterranean basin. Subduction ern Mediterranean. Geol. Soc. Spec. Publ. London, 17:7834.

rka, A.A., Reilinger, R., Sardglu, Bengor, A.M.C., 1997. The Isparta

" ; al
Jumped” to the present plate boundary south of Cyprus in the earl9 Angle: its importance in the neotectonics of the Eastern Mediterranean

Miocene. Con_tinuing subduction then c_aused th_e Eratosthenes sea—RegionlIn Piskin, O.. Ergun, M., Sawgin, M.Y., and Tarcan, G. (Eds.),
mount to _c_o]hd_e W'th_ the _Cyprus active margin l_)y the earllest International Earth Sciences Colloquium on the Aegean Region, 9-14
Pliocene, initiating rapid uplift of Cyprus from late Pliocene to mid-  octoper, 1995, Izmir-Golluk, Turkey, 1:318.
Pleistocene time. Meanwhile, westward tectonic escape of Anatoligaroz, F., 1979. Etude géologique dans le Pentadaktylos et la Mesaoria
is in progress to the north. (Cypre septentrionale) [Ph.D. thesis]. Univ. of Nancy, France.

—— 1980. Volcanism and continent-island arc collision in the Pen-
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