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Seismic anisotropy, structures and geodynamics of continents Shear-wave splitting in the Appalachians and the Pyrenees: importance of the inherited tectonic fabric of the lithosphere

Splitting of teleseismic shear waves has been measured in the Appalachians (eastern USA) and the Pyrenees (western Europe) using data recorded by permanent and portable stations. From a comparison of the results, it appears that an interpretation of the recorded seismic anisotropy in terms of geodynamics is not straightforward. Successive geodynamic events have generated structures that may have resulted in a similar pattern of mantle flow and that therefore may have contributed in the development of the recorded anisotropy. Combining geological and geophysical arguments, it appears that the mantle anisotropy measured across the Appalachians and the Pyrenees may not be systematically Appalachian or Pyrenean in age but may be mainly due to a lithospheric structure formed during earlier major tectonic events, i.e. the Grenvillian and the Hercynian orogenies, respectively. We suggest that during major episodes of continent assembly, a pervasive tectonic fabric is developed in the lithospheric mantle. In the subsequent evolution of the continent, this fabric may induce a significant mechanical anisotropy that will drastically influence the mechanical behaviour of the Iithosphere when submitted to new tectonic events.

Shear-wave splitting on continents

During the last decade, shear-wave splitting has been measured in many different continental areas to characterize the seismic anisotropy of continents. Although various possible sources have been recog nized, there is a good consensus that the best candi date to generate teleseismic shear-wave splitting is the upper mantle (Vinnik et al., 1984, l 989a,b;[START_REF] Nicolas | Formation of anisotropy in upper mantle peridotites-a review[END_REF][START_REF] Silver | Implications for continental structure and evolution from seismic anisotropy[END_REF][START_REF] Babuska | Models of seismic anisotropy in the deep continental lithosphere[END_REF]Mainprice and Silver, 1993). Mantle rocks (xenoliths, peridotite bodies or ophiolites) systematically display a significant anisotropy [START_REF] Nicolas | Formation of anisotropy in upper mantle peridotites-a review[END_REF]Main-price and Silver, 1993). This anisotropy results from the good crystallographic preferred orientation of rock-forming minerais and from the single crystal anisotropie properties, especially of olivine, which is the primary upper-mantle minerai. This suggests that splitting of teleseismic shear waves is mostly related to the structure of the upper mantle, either owing to active (asthenospheric) or 'frozen' (lithospheric) mantle flow.

From the wealth of data accumulated, it appears that a common situation is a fast splitting polariza tion direction subparallel to the tectonic grain of the studied area (e.g. [START_REF] Silver | Shear wave splitting and subcontinental mantle deformation[END_REF][START_REF] Bormann | Teleseismic shear-wave splitting and deformations in central Europe[END_REF][START_REF] James | Seismic studies of continental lithosphere beneath SE Brazil[END_REF]. Various, sometimes divergent, interpretations have been proposed to ac count for this observation. A much debated question is the depth range in which splitting of shear waves occurs. Does this anisotropy correspond to a • frozen' lithospheric structure acquired during ancient oro genic events (e.g. [START_REF] Silver | Implications for continental structure and evolution from seismic anisotropy[END_REF] or does it correspond to a present-day deformation of the as thenosphere by resistive drag beneath the moving rigid lithosphere (e.g. [START_REF] Bormann | Teleseismic shear-wave splitting and deformations in central Europe[END_REF])? In the hypothesis of a lithospheric origin of shear-wave splitting, for realistic lithosphere thicknesses, the intrinsic seismic anisotropy observed in mantle rocks may account for the recorded delay times only if the frozen tlow plane (foliation) is steeply dipping and flow direction Oineation) shallowly plunging (Mainprice et al., 1993). Various tectonic situations may explain such a fabric in the upper mantle. [START_REF] Silver | Implications for continental structure and evolution from seismic anisotropy[END_REF] suggested that in collision zones a preferred orientation of olivine b-axes in mantle rocks parallel to the bulk direction of shortening may result from a deformation of the lithospheric mantle by pure shear. [START_REF] Vauchez | Mountain building: strike parallel displacements and mantle anisotropy[END_REF] favoured simple shear through strike-slip faulting of the entire lithosphere. More recently, [START_REF] Nicolas | Why fast polarization directions of SKS seis mic waves are parallel to mountain belts?[END_REF] suggested that during pre-orogenic extension, mantle flow par allel to rift walls occurred and entailed a pre-oro genic lithospheric fabric that was retained and largely influenced the deformation of the lithosphere during subsequent orogeny.

One of the main difficulties in deriving an accu rate interpretation of shear-wave splitting is that the tectonic evolution of the lithosphere in many of the studied areas is poorly known. To avoid this prob lem, we examine splitting data from the Appalachi ans (eastem USA) and the Pyrenees (southem Eu rope). These two orogenic belts are of special inter est they have been ex:tensively studied and their geodynamic evolution is well constrained by geolog ical and geophysical data. In both orogens, a belt parallel fast shear-wave direction has been deter mined at most stations. In this paper, we consider the various hypotheses that may explain the measured seismic anisotropy. This highlights that, after an early orogenic event responsible for the main conti nent assembly in the two considered domains (i.e. the Grenville and the Hercynian orogenies for east em North America and southem Europe, respec tively ), successive geodynamic events have gener ated structures with similar trends and thus may have contributed in the development of the recorded anisotropy. Finally, in the Iight of the mantle fabric suggested by shear-wave splitting, we discuss the possible causes of structural inheritance, especially during the break-up of continents.

Shear-wave splitting in the Appalachians and the Pyrenees

Splitting of teleseismic SKS, SKKS and PKS waves was recently measured in the Appalachians (Barruol et al., 1994) and in the Pyrenees [START_REF] Souriau | Anisotropy beneath the North Pyrenean fault[END_REF][START_REF] Barruol | Anisotropy beneath the Pyre nees range from teleseismic shear wave splitting[END_REF]. Splitting parameters <t> (direction of polarization of the fast split shear wave) and ôt (the time lag between the arriva] of the two split shear waves) were obtained using the algorithm described by Sil ver and Chan (1991).

In the Appalachians, data were recorded using three stations (DTMR, CSMR, BCMR) of a portable three-component, broad-band seismic network from the Carnegie Institution of Washington, which ran for 18 months during the period l 990-1992. Data from permanent stations in the eastem USA were also used to measure the splitting of teleseismic shear waves: 6 years of data were analysed for the Global Digital Seismographic Network (GDSN) Sta tion SCP, 2 years for the Incorporated Research Insti tute for Seismology (IRIS) Stations HRV and CCM, 4 years for the GEOSCOPE Station WFM and 2 years for al! the other stations from the US National Seismic Network (USNSN). In the Appalachians, values of ôt typically around l.O s are observed and <f> is usually close to the strike of the regional foliation (N050-N060) for most of the stations lo cated on the extemal units in the central part of the belt or in the Grenville belt, west of the Appalachi ans front (RSCP). In the interna! domain, we ob tained contrasting results at stations located in the Piedmont, which represents a lithospheric unit ac creted to the North American Iithosphere during the Appalachian orogeny: the fast polarization direction is oriented roughly N090 at WFM, HRV and LSCT, and no detectable splitting was found at DTMR and CEH. Results at MIAR, in the Ouachitas Mountains, which represent the continuation of the Appalachians to the SW, display a fast split wave oriented N080 parallel to the trend of the belt in Arkansas. At WMOK, in the Wichita Mountains, the fast polariza tion direction is oriented N120, parallel to the Amar illo-Wichita uplift. CCM and FVM, two stations located on the pre-Grenvillian basement, display a fast direction oriented around N040.

Data in the Pyrenees were recorded during a 5 months deployment of three-component portable stations across the belt from the European plate to the Iberian plate and by Station NElO from the Network of Autonomously Recording Stations (NARS) array [START_REF] Oost | The NARS array: a seismic experiment in western Europe[END_REF]. This experiment showed that the three stations located on the Iberian plate display large delay times (1.3-1.5 s) and uniform fast polarization directions (NlOOE), whereas the stations located north of the North Pyrenean Fault are characterized by smaller delay times (0.5-1.0 s) and varying fast polarization orientation [START_REF] Barruol | Anisotropy beneath the Pyre nees range from teleseismic shear wave splitting[END_REF]. New preliminary results in the east ern Pyrenees display smaller variations of ôt through the North Pyrenean Fault but confirm the uniform <p direction (NlOO) across the belt.

In bath areas, for most stations <p is found to be close to the structural trend of the belt (Fig. 1) and ôt, although variable, is usually around or higher than 1 s. Possible sources for the observed anisotropy will be successively considered in the light of the geodynamic evolution of the Appalachians and the Pyrenees.

.1. Absolute plate motion

Considering that for eastem North America the absolute plate motion (APM; [START_REF] Gordon | Present plate motions and plate boundaries[END_REF] is close to the fast polarization direction of SKS waves, it may be argued that the source of the anisotropy lies in the asthenosphere flowing beneath the continent. This interpretation, however, requires similar fast polarization directions at nearby stations. The results obtained in the eastem USA (Barruol et al., 1994) do not fulfil this condition: the azimuth of the fast split shear wave is significantly oblique to the APM direction (N070) at WFM and HRV (N090), CBM and FVM (N40), or WMOK (N l20), for instance (Fig. l(a)), and no splitting has been detected at DTM and CEH. Moreover, these directions of fast wave correlate well with regional-scale Iithospheric structures.

In the Pyrenees also it is difficult to link the splitting characteristics with plate motion. The cur rent motion of western Europe is slow [START_REF] Minster | Present-day plate motion[END_REF][START_REF] Gripp | Current plate velocities relative to the hotspots incorporating the Nuvel-1 global plate motion mode![END_REF] and this makes more difficult an accurate determination of APM. However, recent models of plate motions (see the review in [START_REF] Gordon | Present plate motions and plate boundaries[END_REF], suggest that western Eurasia is moving either northeastward or very slowly southwestward depending on the reference frame. In any case, there is a significant obliquity (about 50 °) between the direction of the fast shear wave and the APM. Moreover, the recorded anisotropy parameters ( <p and ô t) display significant variations in a few tens of kilometres (Fig. l(b)), which are in disagree ment with the APM hypotheses [START_REF] Barruol | Anisotropy beneath the Pyre nees range from teleseismic shear wave splitting[END_REF]. [START_REF] Barruol | Anisotropy beneath the Pyre nees range from teleseismic shear wave splitting[END_REF] showed that in the central Pyrenees, the North Pyrenean Fault, which is interpreted as the boundary between the Iberian and European plates, also forms a limit between two groups of anisotropy parameters, and that the varia tion of ôt is well correlated with the variation of the thickness of the lithosphere beneath the stations de rived from studies of teleseismic P residuals (Poupinet et al., 1992). From these arguments, they suggested that the source of the measured anisotropy is primarily located in the lithospheric mantle.

Lithospheric shear zanes

In the internai domain of the Appalachians, the continental collision responsible for the formation of the belt resulted in an orogen-parallel displacement of lithospheric domains accommodated by continen tal-scale transcurrent shear zones parallel to the structural trend [START_REF] Vauchez | Southward extrusion tectonics during Carboniferous Africa-North America collision[END_REF][START_REF] Vauchez | Orogen-parallel tangential motion in the late Devonian-early Carboniferous southem Appalachians intemides[END_REF][START_REF] Hinze | The magnetic anomaly map of North America; a new tool for regional geologic mapping[END_REF]. Regarding the Pyrenees, the early Cretaceous rotation of Iberia relative to Eurasia was accommodated by transcurrent motion along the North Pyrenean Fault (e.g. [START_REF] Choukroune | Tectonic evolution of the Pyrenees[END_REF] and references therein). A possible explanation for the splitting characteristics is therefore to consider that the lithosphere beneath the stations bas a fabric owing to the deformation associated with transcur rent lithospheric shear zones (Vauchez and Nicolas,I 991 ). Although this interpretation may account for the splitting characteristics in the internai domains, where transcurrent faulting dominates (e.g. [START_REF] Choukroune | Tectonique des plaques et Pyrenées: sur le fonctionnement de la faille transformante nord-pyrénéenne; comparaison avec les modèles actuels[END_REF] and [START_REF] Vauchez | Southward extrusion tectonics during Carboniferous Africa-North America collision[END_REF], for the Pyrenees and the Appalachians, re- spectively), it does not hold for the belt-parallel fast shear waves in the extemal domains of the belts. Seismic reflection profiles across the Appalachians [START_REF] Cook | Thin-skinned tectonics in the crystalline southern Appalachians; COCORP seismic-reflection profiling of the Blue Ridge and Piedmont[END_REF] and the Pyrenees [START_REF] Choukroune | The ECORS Pyrenean deep seismic profile reflection data and the overall structure of an orogenic belt[END_REF][START_REF] Choukroune | Tectonic evolution of the Pyrenees[END_REF] strongly suggest that only a faint deformation, limited to the shallow crust, affected the lithosphere of the extemal domains (Fig. 2). Consequently, the seismic anisotropy recorded in these extemal do mains (for instance, at SCP in the Appalachians and at AVL in the Pyrenees) is unlikely to be related to a pervasive fabric of the lithosphere developed during the formation of the belts.

Pre-orogenic rifting

Pre-orogenic rift-parallel mantle flow [START_REF] Nicolas | Why fast polarization directions of SKS seis mic waves are parallel to mountain belts?[END_REF] may account, at least locally, for the litho spheric fabric in the two considered belts. In the Appalachians, the eastem margin of the North Amer ican plate (Laurentia) was formed during an Early Palaeozoic episode of rifting. This resulted in the opening of the prolo-Atlantic (Iapetus) Ocean, and, according to Dalziel et al. (1994) ( 1989) for the crust, and by [START_REF] Mattauer | Une autre interprétation du profil ECORS Pyrénées[END_REF] for the lithospheric mantle, of the ECORS seismic profile. In both cases, the external domain of the belt appears to have escaped pervasive reworking.

and its subsequent closure during the formation of the Appalachians is especially supported by the pres ence of an ultramafic belt [START_REF] Hess | Serpentinites, orogeny, and epeirogeny[END_REF] that stretches ail along the belt and in which ophiolites have been recognized (e.g. [START_REF] Drake | The Piney Branch complex-a metamorphosed fragment of the central Ap palachian ophiolite in northern Virginia[END_REF]. The ori entation of the initial rift (Fig. 3) was close from the trend of the present-day Appalachians belt (e.g. [START_REF] Thomas | Evolution of Appalachian salients and recesses from reentrants and promontories in the continental margin[END_REF][START_REF] Thomas | The Appalachian-Ouachita rifted margin of southeastem North America[END_REF]. Seisrnic profiling (e.g. [START_REF] Cook | Thin-skinned tectonics in the crystalline southern Appalachians; COCORP seismic-reflection profiling of the Blue Ridge and Piedmont[END_REF][START_REF] Owens | Seismic evidence for an ancien! rift beneath the Cumberland Plateau, Tennessee: a detailed analysis of broadband teleseismic P waveforms[END_REF] as well as gravity studies suggest that subsidiary rifts, formed during disruption of the eastem North American continent, have been preserved in the buried North American basement.

In the Pyrenees, lithospheric thinning occurred beneath the North Pyrenean Zone (the palaeo European margin). Pull-apart basins formed during the Albian-Cenomanian displacement of the Iberian Peninsula along the North Pyrenean Fault, related to the opening of the Bay of Biscay in the northem Atlantic (e.g. [START_REF] Choukroune | Tectonic evolution of the Pyrenees[END_REF] and references therein). These basins (a possible reconstruction is shown Fig. 4) are clearly associated with a thin crust and lithosphere (a proposed cross-section of the sys tem at that time is shown in Fig. 2(b), top). Evidence from gravity (Tome et al., 1989), seismic refraction [START_REF] Gallart | Crustal structure of the Paleozoic Axial Zone of the Pyrenees and the transition of the North Pyrenean Zone[END_REF] and seismic reflection (Choukroune and ECORS Pyrenees Team, 1989) suggests a thick Iberian crust and a thin crust be neath the European margin. Teleseismic P-residual studies (Poupinet et al., 1992) are compatible with a thinner lithosphere beneath the North Pyrenean Zone than beneath the Iberian plate. The presence of nu merous lherzolite massifs in the North Pyrenean Zone emplaced in sedimentary rocks together with high-temperature metamorphism [START_REF] Golberg | High temperature-low pressure Cretaceous metamorphism related to crustal thinning (Eastern North Pyrenean Zone, France)[END_REF]) also argue for an extremely thinned lithosphere beneath the North Pyrenean Zone during the rotation of Iberia [START_REF] Vielzeuf | Crustal splitting and the emplacement of the Pyrenean lherzolites and granulites[END_REF]. The evidence for lithospheric thinning is re stricted to the North Pyrenean Zone. Rift-parallel mantle flow therefore may be invoked to explain the seismic anisotropy recorded on the palaeo-European margin but fails to explain data from the southern domain of the belt.

Post-orogenic rifting

Rifting subsequent to an orogeny may also have contributed to the fabric of the lithosphere responsi ble for the recorded anisotropy. In the eastern North American lithosphere, a clear parallelism between the Appalachians' structural trend, the continent mar gin, and the main magnetic anomalies that mark the growth of the ocean (Fig. 5) highlights that the initial rift propagated southward along the internai domain of the belt. Evidence of local deformation of the lithosphere related to the Atlantic Ocean opening is common across the belt. Triassic rifts, elongated parallel to the Appalachians' structural grain, have been formed in the eastern domain, from the Pied mont to the continental margin. Moreover, several occurrences of rocks with kimberlite affinity have been emplaced in the external domain (Blue Ridge) and even beyond the tectonic front of the belt, in the Cumberland plateau. Their emplacement bas been interpreted as an asthenospheric upwelling occurring during the early stages of the North Atlantic rifting [START_REF] Taylor | Kimberlitic magmatism in the eastem United States: relationships to mid-Atlantic tectonism[END_REF]. This suggests that the deformation field associated with the opening of the ocean pene trated far inland. It remains difficult, however, to believe that rift-parallel mantle flow may have per vasively affected the lithospheric mantle structure over such a large area. In the case of the Pyrenees, this process should be ruled out, as this area did not undergo post-orogenic rifting.

lnherited lithospheric fabric

An alternative explanation for the anisotropy recorded in the external domain of both the Ap palachians and the Pyrenees is to consider that the fabric of the lithospheric mantle responsible for the splitting of shear waves did not develop during the Appalachian and the Pyrenean orogenies, but during an earlier tectonic episode.

The two considered belts lie on the edge of continents that have been largely shaped during an earlier, major event of continent assembly: the Fig. 6. Schematic map showing the parallelism between the Appalachian-Ouachita orogen and the Grenville belt in eastern North America. Modified from [START_REF] Hoffman | Precambrian geology and tectonic history of North America[END_REF].

Grenvillian orogeny for the Appalachians and the Hercynian orogeny for the Pyrenees. Considering that during these orogenies a strip of continental lithosphere exceeding I 000 km in width was deeply deformed, it may be expected that a pervasive litho spheric fabric was developed. It is, in fact, during these events that the eastern North American and the western European continents were built.

The NE-SW-trending Appalachian belt and east-west-trending Ouachitas Mountains are consis tently parallel with the Grenville belt (Fig. 6 ) , which wraps around the old cratonic nucleus of North America. In the Canadian branch of the Grenville belt, the main thrust faults and limits between the tectono-metamorphic zones trend northeastward [START_REF] Hoffman | Precambrian geology and tectonic history of North America[END_REF] . Southward, exposures are scarce, but magnetic and gravimetric anomaly patterns char acteristic of the different domains of the belt defined in the northern area allow us to identify buried terranes and extrapolate their limits [START_REF] Hinze | The magnetic anomaly map of North America; a new tool for regional geologic mapping[END_REF]. This leads us to suggest that the seismic anisotropy recorded at the stations located in the external Appalachians, on the sedimentary nappes overthrusting the Grenvillian basement, is the signa ture of a Grenvillian lithospheric structure. That would be the case, for instance, for SCP, MCWV, MYNC, CSMR and BLA, which display fast split shear waves oriented NOS0-070.

The reconstruction of the Variscan belt [START_REF] Matte | Accretionary history and crustal evolution of the V ariscan belt in western Europe[END_REF] also displays a good parallelism between the Hercynian structures and the Pyrenees belt. Most of the pervasive structures in the Axial Zone of the Pyrenees are Hercynian in age and oriented parallel to the belt (e.g. [START_REF] Zwart | The Variscan geology of the Pyrenees[END_REF] . [START_REF] Carreras | The geological significance of the western termination of the Mérens fault at Port Vell ( Central Pyrenees)[END_REF] , for instance, showed that the main Hercynian structures are oriented parallel to the North Pyrenean Fault in the eastern Pyrenees. In the central Pyre nees, Hercynian regional foliation trends east-west and is steeply dipping [START_REF] Zwart | The Variscan geology of the Pyrenees[END_REF] . [START_REF] Vissers | Variscan extension in the Pyrenees[END_REF] found a consistent pattern of shallowly plunging Hercynian Iineations oriented parallel to the belt throughout the axial zone. These observations lead us to suggest that the roughly east-west fast direc tions found south of the North Pyrenean Fault may be inherited from a Hercynian Iithospheric structure. There is, furthermore, a striking similarity between the splitting parameters obtained in the Iberian Pyre nees and those obtained at the Toledo station in central Spain (Vinnik et al., 1989b;Silver and Chan, I 991 ) , which also give roughly east-west fast waves parallel to the Hercynian crustal fabric.

Evolution of continents and tectonic inheritance

Considering the evolution of the eastern margin of the North American continent, it appears that after the Grenville orogeny ( 1.3-1.0 Ga ) ail structures, including the Appalachian belt and the pre-and post-Appalachian rifts, formed parallel to the struc tural grain of the Grenville belt. Between 0.8 Ga and 0.6 Ga (i.e. more than 0.5 Ga after the Grenville orogeny ) episodic rifting resulted in the break-up of the Gondwana supercontinent parallel to the strike of the belt and in the formation of a passive margin. At the end of a period of ocean opening, the east American margin became convergent, and underwent the accretion of several exotic terranes and finally a collision with Africa, resulting in the building of a new belt (the Appalachians-Ouachitas system ) that fits the older one almost exactly. Tuen a similar evolution started again with the break-up of the amalgamated continent along the Appalachians inter nai domain and the opening of the North Atlantic Ocean.

A similar observation is made in the Pyrenees during the opening of the Bay of Biscay 120-80 m.y. ago. The initial break-up between Europe and Iberia was certainly dominantly transcurrent (see review by [START_REF] Choukroune | Tectonic evolution of the Pyrenees[END_REF]) : the North Pyrenean Fault formed parallel to the strike of the Hercynian belt, and Iberia began to translate southeastward along the fault. During the Upper Cretaceous, narrow basins elongated parallel to the trend of the North Pyrenean Fault, and therefore to the Hercynian belt, have been active. Finally, the convergence between lberia and Europe resulted in the building of the Pyrenees with a structural trend parallel to the Hercynian grain.

These two examples highlight the importance of structural inheritance in the evolution of continents. Although this has already been stressed by many workers (e.g. [START_REF] Wilson | Did the Atlantic close and then re-open?[END_REF][START_REF] Vinck | Preferential rifting of continents: a source of displaced terranes[END_REF]Dunbar andSawyer, 1988, 1989 ) , and several expia nations of this behaviour have been suggested, the mechanism through which tectonic inheritance arises still remains unclear. For eastern North America, a rheological heterogeneity of the lithosphere owing to the presence of the old cratonic nucleus with a cold and thick lithosphere could be invoked to explain continent break-up parallel to the boundary of the old craton. This explanation, however, remains un likely because the rupture did not occur at the inter face between the two domains, but far eastward within the internai domain of the Grenville belt. Furthermore, in the Pyrenees, the absence of an old nucleus precludes an influence of rheological hetero geneities in the break-up between Europe and Iberia.

The Grenvillian and Hercynian orogenies were responsible for the main assembly of the continental lithosphere of eastern North America and western Europe, and resulted in a tectonic fabric consistent over thousands of kilometres. The characteristics of shear-wave splitting in the external domain of the Appalachian and the Pyrenean belts, i.e. the ten dency for the fast shear wave to be polarized in a plane parallel to the structural grain of the Grenville and the Hercynian belts and time lags frequently exceeding 1 s, probably denote a pervasive structural fabric over the entire thickness of the lithospheric mantle. We suggest an alternative explanation from our observations: the source of the tectonic inheri tance in the break-up of the Grenvillian and the Hercynian lithosphere could be a mechanical anisotropy of the lithospheric mantle of orogenic areas caused by a well-developed fabric within the lithospheric mantle. The Grenvillian or Hercynian lithospheric fabric may have been substantially re worked in the internai domain of the belts during the Appalachian or the Pyrenean orogeny, but remained almost undeformed beneath the external domain. This is in agreement with a width of the orogens consider ably narrower at the level of the lithospheric mantle than at the surface.

Conclusions

The growing body of data available on the split ting of teleseismic shear waves on continents sup ports the idea that the main source of anisotropy lies in the lithosphere. A consistent parallelism between the orientation of the fast split shear wave and the trend of the continental-scale tectonic structures of the considered region is frequently observed, and this hints that the anisotropie structure responsible for shear-wave splitting is probably the frozen deforma tion fabric of the lithosphere formed during past orogenic events. Shear-wave splitting within the de formed asthenosphere beneath continental plates may also contribute, but cannot explain all the evidence, except in a few areas.

Interpreting shear-wave splitting in terms of geo dynamic processes, however, is not straightforward. In the Appalachians and the Pyrenees, where tele seismic shear-wave splitting is characterized by a fast wave dominantly parallel to the structural trend of the belt, successive events have generated struc tures that have similar trends and are probably asso ciated with similar mantle flow patterns. These struc tures may have therefore contributed in the develop ment of the recorded anisotropy, although their re spective contribution is difficult to recognize. In both belts, splitting characteristics are probably related in large part to the pre-orogenic structure of the litho sphere developed during an earlier, major event. During subsequent orogenic events, the lithospheres of eastern North America and western Europe, re spectively built during the Grenvillian and the Her cynian orogenies, seem to have largely escaped per vasive reworking, except in the internai domains of the Appalachians and the Pyrenees, and in the do main where the initial rifting of the Atlantic Ocean occurred. The evolution of these two areas during subsequent deformations, rifting and splitting of con tinents, as well as accretion of oceanic arcs and microplates and continent-continent collision, is characterized by the development of new tectonic structures that match the initial fabric of the Iitho sphere formed during the main event of continent assembly.

Structural inheritance in the break-up of conti nents is an obvious process in many places through out the world at least since the Neoproterozoic. The rupture of the continental lithosphere appears to propagate along the pre-existing orogenic fabric of the continents. Considering that shear-wave splitting parameters are in agreement with a steeply dipping fossil flow plane (foliation) and a shallowly plunging flow direction Oineation) in the lithospheric mantle, we propose that structural inheritance arises through mechanical anisotropy of the lithospheric mantle ow ing to a pervasive inherited fabric.

  Fig. I. Shear-wave splitting in the Appalachians (a) and the Pyrenees (b) (after Samarcq ( 1995) and Barruol and Souriau (1995)). Circle (a) and square (b) size is proportional to the delay lime, and the fast polarization directions are indicated by the black lines. (In the Appalachians, note the absence of anisotropy at CEH and DTMR.) In the Pyrenees, shaded areas indicate exposure of the Hercynian basement. NPF, North Pyrenean Fault.

Fig. 2 .

 2 Fig. 2. Interpretative geological cross-sections in the southern Appalachians (a ) and the Pyrenees (b ) . (a) is an interpretation of the crustal structures of the COCORP seismic profile by[START_REF] Hatcher | Tectonic implications of re gional aeromagnetic and gravity data from the southern Ap palachians[END_REF] and (b ) is a compilation of the interpretations by[START_REF] Choukroune | The ECORS Pyrenean deep seismic profile reflection data and the overall structure of an orogenic belt[END_REF] for the crust, and by[START_REF] Mattauer | Une autre interprétation du profil ECORS Pyrénées[END_REF] for the lithospheric mantle, of the ECORS seismic profile. In both cases, the external domain of the belt appears to have escaped pervasive reworking.

Fig. 3 .

 3 Fig. 3. Map showing the initial rift system of the Iapetus Ocean (Upper Proterozoic-Lower Palaeozoic) in eastem North America. Salients and recesses of the Appalachians are correlated with the geometry of the ridge-transform system. After Thomas (1991).

Fig. 4 .

 4 Fig. 4. Possible reconstruction of the geometry of the pull-apart basins formed during the displacement of the lberian plate along the North Pyrenean Fault during the middle Cretaceous. Insert shows a schematic section across a pull-apart basin. After Choukroune ( 1992).
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Fig. 5 .

 5 Fig. 5. Post-orogenic rift-basins formed on the margin of eastem North America in relation to the opening of the Atlantic Ocean (simplified from Sheridan, 1989). Kimberlite occurrences in the externat domain of the belt are also shown. The east coast magnetic anomal y delineates approximately the boundary between the transitional crust and the oceanic crust. (Note the good parallelism between the trend of the Appalachian belt, the Triassic and Mesozoic rifts and the magnetic anomaly.)
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