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Fi- . 1 . Alpin e kin ematic e vo lution o f th e W Meditcrrane an , after Zeek (1999) . (a ) Fin a l stage of subduction
w ith Ib e ri an plate co llidi n - -with continent a l Betic- L iguri a n lithos ph c r e a ft er M ere >zo i e oceani c "I-c thyan lithosp h ea-e has
b ee n s ub d ur trd W-wards u n d e r E-ward dri ft i ng Ibe ri a (cf. Fig. 2 ) . The subduc ti o n sys t e m compri ses three segm e nts o f
ac ti k e s uódu c li u n s epa rated by two transforrn fa al t zo nes . Gore co nipl cxes (after Coward & Di e tri ch , 1 9X9) i ra lo rk
s hadin g . ( b) Miocen e s t age ofeste n s i o nal regimes w itti s l a b ro l l-b ack and l oca l s lab dc tachm ent im o l v ing opening of
thc Gul fo f Val e nc ia , th e Pr ove n (; al-Algcrian ba s in and T y rrhcni a n bas in , hut p r i or t o thr l a t ent stage cx t e ns i un in th e
,outhern Tyrrh enian Se a ba s in fVav ilov and Marsili oceani c b as in s in B a rk s h adin g ) \% hi c h translated the slab t u rther
t oward s the south eas t ( ha tc h cd do uble arrows) a nd assisted in th e tin a i empl ace m e nt u i ' th c Calabria vo re complex ,
o~ en- idin - th e I :-W trendins s ubduc ti o n sys t em ( h i nge lino in bo lti) accomoda ting N -S E ur o p e-Airir a conv erLC nce .
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Tracin ty on a map {fig , la} the connection between the Alpine orogenic c«rc complexe,. in the western
Mediterrancan -trom the Rif, the Betic Cordilleras, the Kabylies, Sicily, Calabria, Apennines and

Corsica to Ligaria -does not readily suggest a gcodynamic rationale . Clearly the wictely scattered pattcm

cannot be explained by a N-S African convergence as is otter ,uggested . An alternative model i s

proposed here baserf on E-W collision and subsequent fragmentatian of the callisional belt by a serieti of
extensional rc„imcs . The model hal lome aspets in common witti carlier modcls suggested by Argand

(1922) and Alvarez (197b ) .
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The Betic-Rif belt may scn°e to i l lustrate the coi l isiona l stage. Most current tectonic inodels relt' on N-S

convcr-C I1C C ofAfrican and European }'fl ates witli the fonnation of a c . 25() km thick E-W trending

collisional peism ;end lithcispheric root . A ccntral element in inany of these models is the late stage
convcctional remos al of the thickencd lithosplieric root, and this was proposed to have resulted in
regional topographic uplift and late stage ertensional tectonics and collapse of the A l borán area (e .g .,
PEatt & Vissers, 1989) . However . seisrnicity and scismic tomography studics in the region do not support
a E-W oricntc(i subductiun zone Grim i son &. Chen, 1986 ; Blanco & Spakoran, 1993 ; Zeek, 1996,

1997) . NClt I1 Ct the tilï1all magnitude of the N-5 Africa- I Ucria convergence { 150 - 200 km ; Dewey et al .,

1989, Srivastava et al, 1990) supports these models .
Based oti thé detailed North Atlantic spreading chrono l ogy ohtained by Srivastava et al . (1990),

Zeck { 1996) SL1 g(~C ti1 Cd a minimum abc of c . 55 Ma for the start of subduction activity in the Betic-Rif

system and c . 215 Ma for slab break-off. These age estimates build on the assumptions that North Atlantic

sea hoor spreading and subduction cast of Iberia acted in concert and that tbc ratc of slab sinking is

comparahlc to the rate of subduction and sea door ,preadin~ . The position of the none of the vertical slab

at c . 600 km below the genera] base of the lithosphere (Fig . 2) thcn translates into art approximate start of

subduction at c . 55 Ma, that is the are of chron 22-23 . running at c . 600 krn cast of the Mid-Atlantic ridge

(ct: Srivastava et a l . . 199(}, fig . l ) . Simi lar l y, the age of slab break-off (Fig . 2) would coiTespond

apprux i mately to the agc of chron 6c-7 (c . 25 Ma), running at c . 200 kin cast of the Mid-Atlantic ridge .

The age cstimate for the start of subduction thus obtaincd should be regarded as a minimum va1uc as

fonnation of syn-co l lisional naspe complexer wils have absorbed part of tbc E-ward drift, whilc another

part mat' have been acconunodated hirther cast in the Alpine tecton i c cyste»i, Initially subciuction

invoEvcd occanic lit hosphcrc, whereas formation of collisiimal rappe complexer toop p lace later . Direct

are iniiormation on timing of Alpine co l lisiona l tectono-ttietamorphism in t he Betic-Rif orogen is sparse

and not L 'C I "Y wei] Cjl' t i n CLj , sec Zeek (1999} tor a compilation .
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Fig . 2 . Cross-scct ;on outlining the sinking slab
model sugges[cd lïor tbc Bctic-Rif{Zeek, 1996,

1 997 . 1999) . Tbc section runs approximately
through the island of Alhorán which is located
over tbc SE boundary ot tl}c slab (c1'. Fig . l) .
Hatched lire outlittes tbc suhducted Tethyan
oceanic lithnspheric slab at the Eiral, e:ullisionai,
stage of subductinn, before slab break-off .

P[)ti ' T- CO Lf , I S 1 0N:11 . SL A B ROLL-BACK AND SL,kB DE T :IC H N I EN T

The SW-NE striking Bctic-Lit~urian suhduction zone system (Fig . la) had a segmenEed character : three

scgmcnts with suhduction activity being separated bv two trantiforrn faalt zones . Break up of the collitiional
belt, ti)ri»ed after Trthyan oceanic lithosphere had been suhducted, took place during a series of Miocenc
extensional regimes patterne<i upon its tiegmented structure . In the southern, Betic, segment the Betic-Rit'

coltitiional wed—e was not suhsequently affected by a slab rol]-back development . The subducted, and

detached, E3etic-Rif iithospheric slab is at present located ander the Betic-Rif Dragen (Figs . la, 2) . The
intermediatc, Qaleai-ic-Kabylian, segment u~3c~ervvent slab rolt-back after collision which indicates that the
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Kabylian collision wedge was a smàll'continental fragment`located between Tethyan oceanic lithosphere

which was subducted W-ward before co l lision and Tethyan oceanic lithosphere which was pee led back SE-
ward after collision . The northern, Corsica-Sardinia, segment likewise unde rwent considerable slab roll-back
after subduction, concomi tant with back-are type extension both in the Proven~al-Algerian basin west of
Sardinia and between eastern Sard inia and the Calabrian col lisional wedge which was located close to the
slab trench (Figs . lb, 3) . This indicates that also the Calabrian- collisional prism was a small continental
fragment witpin the Tethyan realm. It thus seems that the rather irregular pattern of extensiona l basins and
rol]-back trenches which characterizes the veestem Mediterrar ►ean reflects the distribut ion pattern of
continental and oceanic Gthosphere in the Tethyan realm prior to Alpine tectogenesis . The ultimate SE-wards
emplacement of the Calabrian core complex took place onde r the influence of the Eatest stage, c . 7-0 Ma
extension involving generation of oceanic trust in Vavilov and Marsili basins .

PRESENT DAY EUROPE-AFRICA N-S CONVERGENC E

The tectonic evolution model presented here implies that N-S convergente played a minor role in western
Mediterranean tectanics, whereas in the eastern Mediterranean its influence was much
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Fig. 3 . (Left) Sicily-Calabria area with seismic epicentres of events >50km depth during the period 1988-1993 ; data
from Selvaggi and Chiarabba (1995) . Marsi l i oceanic trust floored basin in striped signature . In boldi hinge fine of
subduction system which steep l y N-dipping Tethyan oceanic lithosphere is overridden by European (trustai) lithosphere
(cf. Fig . lb) .

(Right) Cross section (location in figure on the lelt) showing Seismicity outlining steeply N-dipping subducted
Tethyan oceanic lithospheric s lab; diamond on top frame indicates intersection point with the subduction zone hinge
live indicated in figure on the lelt.

more important doe to the sinistral hinged movement of the African plate with respect to Eurasia (Dewey et
al, 1989 ; Srivastava et al ., 1990 ) . This led to development of the veeli defined E-W trending subduction zone
system dieping N-ward onder Crete . It is suggested here that this subduction zone continues W-ward over
Calabria and Sicily (Fig . 3) and further W-ward north of the African,plate (Fig . lb), loosing importance on
the way .

The tectonic complexities in the Sicily-Calabria region (e .g ., Dewey et al ., 1989) may be explained
by its location in a zone where two different tectonic regimes meet, one controlled by the E-W convergent
Betic-Ligurian subduction zone system and its off-spin of E(-SE)-eergent allochthons following slab roll-
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back translations, the other controlled by N-ward subduction of Tethyan oceanic lithosphere (Fig . 3) onder
the influence of N-ward drift of Africa with respect to Europe .

CONCLUSION S

The alpine tectonic belt in the W Mediterranean shows a widely sca ttered patte rn which reflects a
complicated histo ry involving subduction , slab roll-back and slab break-off . Integrating a wide range of
mu[tidisc iplinary data, i .a ., seismic tomography features , regional tectonic transport directions and ages of
subduction/collision , lithospheric extension and slab detachment, suggests a new model for the
development of the Alpine belt in the weste rn Medi terranean . The model implies that the backbone of the
Alpine orogeny was formed by a composite SW-NE striking subduct ion system that had its main activi ty
perhaps during the period 70-30 Ma . The system which consumed Mesozoic Tethyan lithosphere was W-
ward dipping onder the lesding edge of Iberia which was drifting E-ward with respect to North America
onder the influence of the opening of the North Atlantic . Allowing for a se ries of late stage extensional
regimes , with local formation of Neogene oceanic lithosphere, in the Valenc ia Gulf, ProvenQal-Algeré an
basin and southern Tyrrhenian basin , and inherent slab roll-back , the origina l collision belt may be
reconstructed compr ising all present Alpine metamorphic core complexes in the western Mediterranean -
Betic-Rif, Kabylies and the Sicily-Apennines(-Corsica) belt . It foltows that in the western Mediterranean
N-ward drift of Africa against Iberia /Europe , though influential, e.g ., in creating the E-W grain of thé
Betic Cordilleras , has not been the controlling factor . In contrast, in the castern Mediterranean the
influence of N-S convergence has been much more pronounced doe to the hinged sinistral movement of
the A frican plate. A major part of the Europe-Africa N-S convergence was accommodated in a coherent
N-dipping subduction zone running from North Afr ica over Sicily-Calabria to Crete, gaining importance .
on the way .
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