Available online at www.sciencedirect.com
,—\SOMM RENDUS

SCIENCE dDIHECTﬁ /N%:%\
Ief g 3]

o &
Vraise® GEOSCIENCE

ELSEVIER C. R. Geoscience 335 (2003) 265-274

Geodynamics / Géodynamique
A ‘core-complex-like structure’ formed by superimposed
extension, folding and high-angle normal faulting.
The Santi Petri dome (western Betics, Spain)

Une structure « pseudamre-complex» formeée par la superposition
d’extension, plissement et fracturation normale a fort pendage :
le ddme de Santi Petri (Cordilleres bétiques occidentales, Espagne)
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Abstract

The Santi Petri dome (western Betics, southern Spain) shows a core-complex-like structure, where migmatitic gneisses
and schists outcrop below low-grade slates and phyllites, all of which form the basement of the Neogene Malaga basin.
The migmatites and schists suffered a coaxial-flattening event during isothermal decompression and were later exhumed by
ductile ESE non-coaxial stretching. Further exhumation was achieved by W- to SW-transport brittle low-angle normal faulting.
Subsequently these extensional structures were gently folded in the core of a NE/SW-oriented antiform during the Tortonian.
Finally the Santi Petri domal geometry was accentuated by the interference of orthogonal high-angle faults with ENE-WSW
and NNW-SSE orientation. This core-complex-like structure, formed by superposition of extensional and compressive tectonic
events, does not represent a classical, purely extensional core complex, which shows that metamorphic structure and geometry
are not decisive criteria to define a core-complex.

O 2003 Académie des sciences/Editions scientifiques et médicales Elsevier SAS. All rights reserved.

Résumé
Le déme de Santi Petri (Cordilleres bétiques occidentales, Espagne) montre une structureate-tguaplex, ou affleurent

des gneiss migmatitiques et des schistes directement sous des phyllites peu métamorphiques, toutes ces roches formant le
substratum du bassin de Malaga. Les schistes et les migmatites ont tout d’abord, durant leur décompression isotherme, subi
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un aplatissement coaxial (symétrique) évoluant plus tardivement en un étirement ductile ESE «non coaxial ». L'exhumation de
ces roches initiée dans des conditions ductiles s’est prolongée dans des conditions cassantes, avec un épisode de fracturation
en failles normales de faible pendage a transport vers I'ouest et le sud-ouest. Ces structures extensives ont ensuite été plissées
selon un axe antiforme NE-SW durant le Tortonien. La géométrie en déme résultante fut finalement accentuée par I'interférence
de deux systémes orthogonaux de failles normales a fort pendage avec des orientations ENE-WSW et NNW-SSE. Ainsi, le
ddéme de Santi Petri, avec une géométrie analogue a cellecdfartomplex, est né de la superposition d’épisodes tectoniques
extensifs et compressifs, contrairement aase-complexes typiques. Les criteres géométriques et architecturaux ne suffisent

donc pas pour caractériser aore-complex.

0 2003 Académie des sciences/Editions scientifiques et médicales Elsevier SAS. Tous droits réservés.
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Version francaise abr égée terrains allochtones forment la partie interne de I'arc
appelé «domaine d’Alboran » [9] ou «terrain d’Albo-
1. Introduction ran» [18,39]; qui repose structuralement sur les unités

des Flyschs [9].

Le domaine d’Alboran est composé par I'empile-
ment de trois principaux complexes, avec, de bas en
haut : le complexe Névado-Filabride, le complexe Al-
tpujarride/Sebtide [24] et Malaguide/Ghomaride [17],
Yelement tectonique supérieur étant représenté par les
“unités de la Dorsale [8,9]. Les deux complexes struc-
Suralement les plus profonds ont respectivement subi,
complex [4,12,46,51]. du_rant Iorogeqese :'alplne,_(‘jes, conqmons métamor-

. - - . phiques allant jusqu’au faciés éclogite. Le complexe

Il existe, dans les Cordilleres bétiques, plusieurs . : , Lo :

. Malaguide/Ghomaride n’a, quant a lui, atteint que des

exemples de fenétres tectoniques ou un socle mé- e . . N ) .
; . conditions métamorphiques a schiste vert de faible de-
tamorphique affleure directement sous des roches ", .
gré, pour ses parties les plus profondes [17,32,42].

équilibrées dans des conditions métamorphiques bien . \
De fagon contemporaine du mouvementvers I'ouest

moindres. C'est le cas, par exemple, dans Ia chaTnede l'arc de Gibraltar, la partie centrale du domaine
montagneuse de la Sierra Nevada (Bétiques centrales) lap

[29,35,36] ou celle de la Sierra de las Estancias Sierracrustal d’Alboran était soumise a une extension arriére-

de la Tercia et Sierra Espufia (Nord-Est des Bétiques) arc. Df';ms la 5|tuat|op actuelle,' les ,pr|n0|pales unites
[1,13,32]. tectonigues du domaine sont séparées par des contacts

extensifs : des zones de cisaillements ductiles ainsi
gue des accidents cassants [1,13,18,21,29,30,32,34,
complex située dans les Cordilléres bétiques occi- 36]. Ces unités, actuellement émergées et affleurant

dentales (Sierra de Santi Petri, province de Malaga, 92nS les Betiques, forment aussi le socle du bassin
Fig. 1). d’Alboran et des bassins marins néogenes, comme ce-

lui de Malaga [20] (Fig. 1).

L'exhumation des gneiss de haut degré et des gra-
nulites dans lesnetamorphic core-complexes (MCC)
est communément attribuée a I'activité de plusieurs
générations de détachements extensifs, qui exhumen
progressivement ces roches en les amenant au nivea
de roches peu ou pas métamorphiques [23,31]. Ce pro
cessus agit en concomitance avec le fluage de la croQt
inférieure et moyenne située directement sousie-

Nous présentons dans cette étude la structure et
I'évolution tectonique d’'une structure de typere-

2. Contexte géologique
3. Structure du déme de Santi Petri
L'arc de Gibraltar constitue la terminaison occiden-

tale de la chaine alpine péri-méditerranéenne. Il s’est  La foliation principale rencontrée dans les roches
formé durant la période Oligocéne terminal-Miocéne alpujarrides au cceur du déme de Santi Petri est un
inférieur par I'accrétion de plusieurs domaines crus- clivage de crénulation (Scc), plan axial de pli cou-

taux, charriés [9,14,22] sur la zone sud-ibérique, au ché. Cette foliation oblitere complétement la fabrique

nord, et sur la zone externe maghrébine, au sud. Cesplanaire initiale dans la majorité des terrains alpujar-
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rides, excepté dans leurs termes les plus hauts, ou unduel nord-ouest sur le flanc nord-ouest du déme de
fabrique métamorphique (Ss) est préservée dans deSanti Petri et vers le sud-est sur son flanc sud-est. Cette
rares domaines lenticulaires. La foliation Scc se dé- orientation est le résultat du plissement néogéne dans
veloppe durant I'épisode de décompression isothermela région de Malaga. Cette phase de serrage, connue
de la roche aprés la culmination métamorphique enre- aussi dans d’autres zones des Cordilléres bétiques, est
gistrée par les assemblages minéraux[2,6,7,10,11]. Deattribuée au Tortonien, comme l'attestent les discor-
fait, cette foliation a été interprétée par de nombreux dances intratortoniennes régionales [10,22,28].
auteurs comme une fabrique extensive, formée durant  La géométrie du déme de Santi Petri a finalement
un épisode d’aplatissement symétrique (cisaillement ét¢ encore accentuée par I'activité de deux systémes de
pur), avec un facteur d'atténuation d'environ 3 [2,6, failles normales a fort pendage, avec des orientations
7,10,11]. NNW-SSE et ENE-WSW, qui ont produit une struc-

Comme la plus grande partie de la série Alpu- ture de type «horst bi-directionnel » (Figs. 2 et 3).
jarride, la foliation Scc a été affectée, plus tardive-

ment, par un étirement non coaxial développant des
textures proto-mylonitiques ou blasto-mylonitiques,
associées a une linéation d’étirement [10,11]. Cette
linéation, d'orientation principalement ENE & ESE
(dans le dome de Santi Pétri) est définie par I'orienta-
tion préférentielle des phyllosilicates, des agrégats de
fibres de sillimanite [3] et des andalousites, qui sont
tant syn- que post-cinématiques par rapport a I'étire-
ment. Localement, dans la partie la plus profonde de
la structure, la linéation est méridienne (vecteurs ciné-
matiques ductiles, Fig. 2).

4. Discussion

Dans le ddme de Santi Petri, le systtme exten-
sif cassant n’est pas en relation avec I'amincissement
ductile non coaxial, contrairement acore-complexes
«classiques» [31,51], dans lesquels le cisaillement
ductile dans la croQte inférieure est en relation avec
'amincissement cassant caractérisant la crolte supé-
rieure. En outre, le cisaillement ductile et le jeu cas-
sant sur les failles normales a faible pendage montrent

La foliation Scc est fréquemment affectée par des J€S cinématiques tres différentes. o
zones de cisaillement ductile de faible pendage, in- -2 9éométrie actuelle du dome de Santi Petri a été
diquant une extension ESE. Les porphyroblastes Syn_mltle_e du_rant le Tortonien par un ra,ccourmssement
cinématiques montrent des rotations cohérentes avecde direction nord-ouest, qui a affecté le socle et les
ce cisaillement (Fig. 3a). Cette extension, qui se pro- sgd_lments discordants du Mlocene inférieur de la
longe dans des conditions cassantes, est accommodékgion de Malaga, avec un plissement d'axe SW-NE.
par des accidents d’échelle décamétrique, donnantune Cette géométrie a €té accentuée par un épisode tar-
méme extension ESE. dif de fracturation. Deux systémes de failles normales

Ces structures extensives sont recoupées par un sysé fort pendage, d'orientations respectivement ENE-
téme cassant avec extension WSW-ENE, qui forme WSW et NNW-SSE, recoupent les failles normales a
les contacts actuels entre les formations alpujarrides faible pendage caractérisant le premier épisode exten-
et les formations malaguides (vecteurs de dép|acement8if et constituent les bordures actuelles du Sud et de
cassant, Fig. 2 et Fig. 3b). Ce systéme extensif cassani Ouest du dome de Santi Petri.
est formé par des failles a faible pendage, avec une Le dome metamorphique de Santi Petri est un
géométrie en replats et rampes qui s’enracinent sur un€xemple qui montre qu’une géometrieaane-complex
détachement principal et qui affectent les gneiss mig- peut étre la conséquence de la superposition de plu-
matitiques alpujarrides. Le déplacement sur ces failles sieurs épisodes tectoniques, dans d’'autres contextes
normales a faible pendage a entrainé le ploiement desque ceux qui ont initialement été proposes par Lis-
roches du toit lors de leur passage aux charniéres entreier et Davis [31] ou Wernicke [51]. La géométrie et
plat et rampe (Fig. 3). Il y a donc en développement la structure métamorphique ne fournissent pas d’argu-
de plis NW-SE orthogonaux a la direction de trans- ment suffisant pour définir ucore-complex, en par-
port (Fig. 3). ticulier dans les zones caractérisées par une cinéma-

Le principal accident a faible pendage dont le mou- tique complexe, comme c’est le cas dans les orogénes
vement est vers le sud-ouest présente un pendage acde I'Ouest de la Méditerranée.
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1. Introduction

Iberian
Peninsula

The exhumation of high-grade gneisses and gran-
ulites in metamorphic core-complexes (MCC) has
been commonly attributed to the sequential activity of
multiple generations of detachments, which progres-
sively exhume the high-grade metamorphic rocks be-
low non-metamorphic or low-grade rocks [23,31]. The 3 5
low-angle extensional faulting occurs together with o) %
differential pressure-driven, lateral flow of the lower ;
or middle crust into the area beneath the MCC [4,12, _| 5. (Jsartaméf&7 367407
46,51]. , = Malaga basin

In the Betic chains, there are several examples of
extensional windows where the metamorphic base- |
ment outcrops below lower-grade rocks or below

NSanti Petri

I v

the sedimentary basins cover, for example the Sierra Z )
Nevada mountain range [29,35,36] or in the northeast- Z 36°30 4
ern Betics [1,13,32]. These extensional tectonic win- 7™ Extensional fault
dows presently outcrop as elongated domes that coin- Alboran Sea 7 Unconformity
cide with anticlinal ridges. In the case of the Sierra Skl 440 430
Nevada elongated dome, Middle to Upper Miocene  sedimentary cover £ | Malaguide complex
extension migrated towards the southwest coeval to [ Tortonian-Quaternary _§ . .
north-south shortening and uplifting of the footwall gz Lower Miocene sediments A'pula/:rt'de COTP'eX
favoured by midcrustal ductile flow [35,36]. South Iberian domain 2|l Pordotitos

On the other hand, some extensional windows that  [[[][]] subbetic Mesozoic cover g Els-t;g»e unit
outcrop in the Betics show a smaller size, not being :_(% ﬁ'ap‘iedorsa"an

sufficiently large to produce perturbations in the lower units
crust. In these smaller domes, the ductile thinning is
unrelated to the later brittle extensional systems; ex-
tension generally predated the Upper Neogene short-
ening event [13]. As an example of these smaller ex-
tensional windows, we present the structure and tec-
tonic evolution of an extensional dome that outcrops internal part of the arc constitute the Alboran crustal

in the western Betics (Sierra de Santi Petri, Malaga domain (ACD) [18,39]. Below the ACD lie the Fly-
Province, Fig. 1). schs Trough units, formed by a detached Mesozoic—-

Tertiary sedimentary cover of a deep trough, floored
by oceanic or thinned continental crust [25,27].
2. Geological setting The Alboran domain is a terrain formed from bot-
tom to top by the Nevado-Filabride, Alpujarride/Sebti-
The Gibraltar Arc constitutes the western end of de [24] and the Malaguide/Ghomaride [17] com-
the Perimediterranean Alpine Orogen. It was accreted plexes, together with the Dorsale and Predorsalian
during the Upper Oligocene to Lower Miocene [9, units [8,9]. The two lowest complexes underwent
14,22] by the westward oblique superposition of sev- plurifacial metamorphism during the Alpine orogeny
eral pre-Miocene crustal domains that were thrusted [6,7,10] and also during the Hercynian in the Alpujar-
over the South-lberian and Maghrebian external do- ride Palaeozoic rocks [52]. Meanwhile, the Malaguide
mains, which constituted respectively the southern and complex only underwent Alpine anchizone meta-
northern Mesozoic palaeomargins of the Iberian and morphism in its lowest thrust sheets [32,42], al-
African plates. The allochthonousterrains found in the though the Malaguide Palaeozoic pre-Carboniferous

Fig. 1. Geological setting of the Santi Petri dome.
Fig. 1. Situation géologique du déme de Santi Petri.
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rocks show lower greenschist-facies metamorphism 3. Structure of the Santi Petri dome

that has been attributed to the Hercynian Orogeny

[17]. The main foliation found in the Alpujarride rocks
Contemporary to the westward migration of the outcropping in the core of the Santi Petri dome is a

Arc, the Alboran crustal domain was greatly extended Penetrative crenulation cleavage (Scc) axial plane of

in the back-arc, so the present-day main tectonic units s!m|lar folds. Thls_ fol_latlon completely thtf—:-rates pre-

of this domain are extensional units, bounded by brittle vious plgngr faprlcs in most of the AIpulaer sec'qon,

and ductile shear zones [1,13,18,21,29,30,32,34,36] SXCePt In its highest terms, where a previous differ-

that constitute the basement of the Alboran basin and entiated metamorphic fabric (Ss) is preserved in the

f oth ine basi | dScc lenticular domains. The Scc is gently dipping,
of other Neogene marine basins, presently emerge except in the Southwestern border of the Santi Petri

and outcropping in the Betics [20] (e.g., the Malaga yome where it dips 40-60towards the WSW, and
Basin, Fig. 1). is mainly subparallel to the lithologic banding and to
The extensional structures generated during the the metamorphic zonation as in other areas of the Bet-
rifting of the Alboran domain greatly attenuate the ics [2,6,7,10,11]. The Scc foliation developed coeval
basement of the Malaga basin that outcrops in the to an isothermal decompression event registered in
Santi Petri dome. The core of this dome shows the metamorphic mineral assemblages [2,6,7,10,11].
K-feldspar migmatitic gneisses and graphite schists of Thus, this foliation has been interpreted as an exten-
the highest Alpujarride unit (A-type unit, as defined sional fabric, which formed during a coaxial flattening
by Azafion et al., [5]) outcropping below Palaeozoic €ventwith an attenuation factor of approximately 3 [2,

phyllites and slates of the Malaguide complex [19,40, 6,7,10,11]. o _ o
41] (Fig. 2). In most of the Alpujarride section the Scc foliation

was later affected by a non-coaxial stretching that
developed protomylonitic or blastomylonitic textures
with an associated stretching lineation [10,11]. This

Tectonic subsidence of the Malaga basin related
with the extensional structures that outcrop in the

Santi Petri dome permitted the deposition of_a thick lineation with a mostly ENE-to-ESE orientation (in
sequence of Lower-Miocene-to-Pliocene marine sed- w0 ganii petri dome) is defined by the preferential
iments. The oldest sediments have been grouped ingientation of phyllosilicates, sillimanite bundles [3]
three formations: (1) the Alozaina Formation (con- and andalusite, which is both syn- and post-kinematic
glomerates, sandstones and marls) of Uppermost Oli- to the stretching. Locally in the deepest parts of the
gocene [26] or Lower-Aquitanian age [15]; (2) the Santi Petri dome, the stretching lineation shows a
Millanas Formation constituted by approximately 50 m north—south orientation (see ductile kinematic vectors,
of marine shales and marls of Aquitanian to Lower- Fig. 2). This shearing shows eastward to northward
Burdigalian age [15,26] that outcrop in the southern transport sense in other areas of the western Betics
border of the Santi Petri dome (Fig. 2); (3) the Neon- (under present geographical coordinates) [2,10,11,48].
umidian [8,9,15], formed by a thick sequence of Bur- In_ the S_anti Petri area, porphyroblast structures
digalian brown clays, which include frequent exotic Synkinematic to the stretching event show mostly
olistholiths and clasts of Mesozoic and Tertiary sedi- €astward shearing (see ductile kinematic vectors in
ments. These olistholiths proceeded from backthrusted F'g' 2, and porphyroblastin Fig. 3a). The Scc foliation

units (Dorsale and Predorsalian units) of the Gibraltar 's frequently cut by an extensional cleavag.e, in the
. . sense of Platt [44], and by low-angle ductile shear
accretionary prism [8].

) ) bands that indicate mostly ESE shearing. Further
“An erosive unconformity separates the Lower- gyiension was accommodated by brittle distributed
Miocene sediments from Upper-Tortonian shallow gy gji-scale shearing with the same ESE tectonic
marine conglomerates and calcirudites. Following a transport.

Messinian emersion, the marine sedimentation started pPgst-Scc large-scale asymmetric folds and associ-
again in the Pliocene, then the Malaga basin definitely ated crenulation, and cleavage commonly described
emerged [33]. in Alpujarride units of the central and eastern Betics
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Fig. 2. Structural map of the Santi Petri dome. Cross-sections are represented in Fig. 3.

Fig. 2. Carte structurale du déme de Santi Petri. Les coupes géologiques sont représentées sur la Fig. 3.
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WSW-ENE

—0

WSW-ENE

—0
—— Black and white circles, transport towards —— Normal fault
and from the observer respectively ~—= Unconformity
— =—_ Tectonic transport sense - = ~ Fault projected above topography
0 500 1000 m " Axial plane to extensional folds

Fig. 3. Geological cross-sections of the Santi Petri dome. Sections localisation and lithostratigraphic legend are represented in Fig. 2.
(A) Sheared garnet indicating post-Scc ESE ductile transf@)rR¢tated brittle porphyroclast showing SW tectonic transport.

Fig. 3. Coupes géologiques du dome de Santi Petri. La localisation des coupes et la légende lithostratigraphique sont données sur la Fig. 2.
(A) Grenat cisaillé, indiquant un transport ENE, post Scc, sous des conditions dujl&orphyroclaste montrant un transport tectonique
vers le sud-ouest cassant.

[5,6,43] are rare in the Santi Petri dome where only main, where high-grade metamorphic units are found
a few folds have been identified, which have NW- lying above lower-grade ones[6,7,11]. Thus, the hang-
SE-oriented axes (Fig. 2). This is probably due to the ing wall of the Alboran domain was mostly unde-
fact that the studied rocks together with the Malaguide formed during this late thrusting event.

complex formed part of the hanging wall of the The ductile ESE-transport extensional structures
Alboran domain during the late-to-post-metamorphic are affected by a brittle WSW-ENE-transport exten-
thrusting event that determined the structure of this do- sional system, which has configured the present con-
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tacts among the Alpujarride and Malaguide forma-
tions (see structural map and brittle kinematic vectors,
Fig. 2 and kynematic indicator, Fig. 3b). This exten-
sional system is formed by low-angle normal faults
with a ramp-flat geometry, which detach above an ex-
tensional detachment that cuts down into the Alpu-
jarride migmatitic gneisses. Displacement along the
ramp-flat geometry of the low-angle normal faults
has folded the hanging-wall rocks, which show gen-
tle folds with NW-SE-oriented axes, transverse to the
extensional transport (see cross-sections in Fig. 3).
For example, in the southeastern border of the Santi
Petri dome, there is a low-angle normal fault with
southwestward transport, which has a hanging-wall
flat formed by Malaguide rocks resting on a foot-

G. Booth-Rea et al. / C. R. Geoscience 335 (2003) 265-274

eastern limb of the Santi Petri dome, the Burdigalian
marine marls locally dip up to 40although they gen-
erally dip gently towards the SSE. An ENE-elongated
dome outcrops to the south of the Santi Petri dome
(the Sierra de Cartama, Fig. 1) that shows an antifor-
mal structure [49] that folds the Burdigalian sedimen-
tary sequence and is sealed by Upper-Tortonian ma-
rine conglomerates. This folding event most probably
took place during the Tortonian as in other areas of the
Betics, where intra-Tortonian erosive unconformities
have been found [13,22,28].

The Santi Petri dome shape was accentuated by
the activity of two sets of high-angle faults with
NNW-SSE and ENE-WSW orientation that produced
a bi-directional horst structure (see structural map,

wall ramp that cuts the chloritoid-bearing Alpujarride  Fig. 2). These faults configured the present boundaries
graphite schists. This geometry produces a hanging- between the Malaga-basin sedimentary cover and the
wall syncline above the footwall ramp (cross section metamorphic basement. The listric geometry of a
B-B', Fig. 3). few of these faults generated gentle rollovers in the

The north—south-oriented antiform that contributes hanging-wall rocks (see cross-section C-Elg. 3).
to the north—south elongation of the Santi Petri dome Locally these high-angle faults cut the Pliocene marine
(Fig. 2) probably formed as one of these fault-bend sediments, evidencing their recent activity and their
folds, related with the ramp-flat geometry of an east- influence on the present topographical highs where the
ward-transport normal fault found below the Santi basement of the Malaga basin outcrops.

Petri dome. The southwest dipping gneisses in the core
of the Santi Petri dome wquld represent a hanging- 4. Discussion
wall ramp above an underlying footwall flat.

The Malaguide rocks are frequently intruded upon  The Santi Petri metamorphic dome shows a core-
by Oligocene or Lower-Miocene tholeiite dike swarms complex-like geometry where, contrary to a typical
[47,50] that show a SW-NE orientation in the area. core-complex [31], there is no relationship between
These dikes are tilted by low-angle NW/SE-transport the brittle extensional faults and the plastic thinning.
normal faults that do not fault the Alpujarride rocks. This core-complex-like geometry was reached by the
Other extensional structures in the Malaguide com- superposition of successive, near orthogonal, exten-
plex, like extensional cleavage and calcite veins, also sional systems and folding.
indicate both northern and southern tectonic transport  The early structure was produced by plastic ESE
under present geographical coordinates. Palaeomag-extensional shearing of the Alpujarride units before
netic data indicate that the tholeiitic dikes have suf- they were emplaced in the Gibraltar accretionary
fered vertical-axis clockwise rotations of 90 to 240 prism. Meanwhile the southwest-directed low-angle
after being tilted [16,45] so the original extensional extensional faults were superimposed on the Alpujar-
transport direction related with both the dikes and the ride ductile fabrics and achieved the inversion of the
NW/SE-transport low-angle faults must have had an Gibraltar Arc tectonic front.
east—west component. After the main extension, the final dome geom-

The main SW-transport low-angle normal faults etry of the Santi Petri metamorphic core was initi-
presently appear folded, dipping towards the north- ated by Tortonian northwest-directed shortening that
west in the northwestern border of the Santi Petridome gently folded the basement and the Lower-Miocene
and towards the southeast in the southeastern bordersediments, although it was further accentuated by
This orientation is the result of Neogene folding of the Tortonian-to-Pliocene high-angle faulting. Two sets of
Malaga area (see folds traces in Fig. 1). In the south- high-angle normal faults with ENE-WSW and NNW-
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SSE tectonic transport faulted the previous southwest- [8] J.C. Balany4, V. Garcia-Duefias, Grandes fallas de contraccion

transport low-angle normal faults and configured the

southern, eastern and western boundaries of the Santi

Petri dome.
The Santi Petri metamorphic dome together with
other core-complex-like structures described in the

y extensién implicadas en el contacto entre los dominios de
Alboran y Sudibérico en el Arco de Gibraltar, Geogaceta 1
(1986) 19-21.

[9] J.C. Balanya, V. Garcia-Duefias, Les directions structurales
dans le domaine d’Alboran de part et d’autre du détroit de
Gibraltar, C. R. Acad. Sci. Paris, Ser. 11 304 (1987) 929-932.

literature [37,38] are examples that core-complex [10] J.C. Balanya, J.M. Azafion, M. Sanchez-Gémez, V. Garcia-

geometries can be obtained by superposition of tec-

tonic events, in a different way than initially proposed
by Lister and Davis [31] or Wernicke [51]. Thus, the

Duefias, Pervasive ductile extension, isothermal decompres-
sion and thinning of the Jubrique unit in the Paleogene (Alpu-

jarride Complex, western Betics Spain), C. R. Acad. Sci. Paris,

Ser. 11 316 (1993) 1595-1601.

geometry is not a definitive reason to define a core- [11] J.C. Balanya, V. Garcia-Duefias, J.M. Azafion, M. Sanchez-

complex, particularly in areas with complex kinematic

histories, as occurs in the western Mediterranean oro-

gens.

Acknowledgements

The MCYT Spanish projects REN2001-3868-CO3-
01/MAR and REN2001-3378, and FEDER founds of

Gomez, Alternating contractional and extensional events in the
Alpujarride nappes of the Alboran Domain (Betics, Gibraltar
Arc), Tectonics 16 (1997) 226-238.

[12] L. Block, L. Royden, Core-complex geometries and regional

scale flow in the lower crust, Tectonics 9 (1990) 557-567.

[13] G. Booth-Rea, V. Garcia-Duefias, J.M. Azafién, Extensional

attenuation of the Malaguide and Alpujarride thrust sheets in
a segment of the Alboran Basin folded during the Tortonian

(Lorca area, Eastern Betics), C. R. Geoscience 334 (2002)
557-563.

the UE supported the field and laboratory research. \We [14] J.-P. Bouillin, M. Durand-Delga, P. Olivier, Betic-Rifian and

are grateful to A. Michard and to an anonymous ref-
eree for their constructive reviews.

References

[1] F. Aldaya, F. Alvarez, J. Galindo-Zaldivar, F. Gonzalez-
Lodeiro, A. Jabaloy, F. Navarro-Vila, The Malaguide—
Alpujarride contact (Betic Cordilleras, Spain): a brittle exten-
sional detachment, C. R. Acad. Sci. Paris, Ser. Il 313 (1991)
1447-1453.

[2] T.W. Argles, J.P. Platt, D.J. Waters, Attenuation and Excision
of a Crustal Section During Extensional Exhumation — The
Carratraca Massif, Betic Cordillera, Southern Spain, J. Geol.
Soc. 156 (1999) 149-162.

[3] T.W. Argles, J.P. Platt, Stepped fibers in sillimanite-bearing
veins — Valid shear-sense indicators in high-grade rocks,
J. Struct. Geol. 21 (1999) 153-159.

[4] G. Axen, J. Bartley, J. Selverstone, Structural expression of a

rolling hinge in the footwall of the Brenner Line normal fault,
eastern Alps, Tectonics 14 (1995) 1380-1392.

[5] .M. Azafion, V. Garcia-Duefias, J.M. Martinez-Martinez,
A. Crespo-Blanc, Alpujarride tectonic sheets in the central Bet-

ics and similar eastern allochthonous units (SE Spain), C. R.

Acad. Sci. Paris, Ser. |1 318 (1994) 667—-674.

[6] J.M. Azafibn, A. Crespo Blanc, V. Garcia Duefias, Continental
collision, crustal thinning and nappe-forming during the Pre-
Miocene evolution of the Alpujarride Complex (Alboran Do-
main, Betics), J. Struct. Geol. 19 (1997) 1055-1071.

[7] .M. Azafidn, A. Crespo Blanc, Exhumation during a continen-
tal collision inferred from the tectonometamorphic evolution
of the Alpujarride Complex in the central Betics (Alboran Do-
main, SE Spain), Tectonics 19 (2000) 549-565.

Tyrhenian Arcs: distinctive features, genesis, and development
stages, in: F.C. Wezel (Ed.), The origin of Arcs, Vol. 21,
Elsevier Science Publishers, Amsterdam, 1986, pp. 281-304.

[15] J. Bourgois, P. Chauve, J. Magné, J. Monnot, Y. Peyre, E. Rigo,
M. Riviére, La Formation de Las Millanas. Série burdigalienne
transgressive sur les zones internes des Cordilleres bétiques
occidentales (région d’Alozaina—Tolox, province de Malaga,
Espagne), C. R. Acad. Sci. Paris, Ser. D 275 (1972) 169-172.

[16] M. Calvo, J. Cuevas, J. Tubia, Preliminary paleomagnetic re-
sults on Oligocene—Early-Miocene mafic dykes from southern
Spain, Tectonophysics 332 (2001) 333—-345.

[17] A. Chalouan, A. Michard, The Ghomarides nappes, Rif coastal
range, Morocco: a variscan chip in the Alpine belt, Tectonics 9
(1990) 1565-1583.

[18] A. Chalouan, A. Michard, H. Feinberg, R. Montigny, C. Sad-
diqui, The Rif mountain building (Morocco): a new tectonic
scenario, Bull. Soc. géol. France 172 (2001) 603-616.

[19] C. Chamon-Cobos, R. Quinquer-Agut, V. Crespo, M. Aguilar,
J.L. Reyes, Mapa Geoldégico y Minero de Espafia 1052 (Alora),
IGME, Madrid, 1976.

[20] M.C. Comas, J.P. Platt, J.I. Soto, A.B. Watts, The origin and
tectonic history of the Alboran Basin: insights from Leg 161
results, in: R. Zahn, M.C. Comas, A. Klaus, Proc. ODP Sci.
Results 161 (1999) 555-579.

[21] A. Crespo-Blanc, Interference pattern of extensional fault
systems: a case study of the Miocene rifting of the Alboran
basement (North of Sierra Nevada, Betic Chain), J. Struct.
Geol. 17 (1995) 1559-1569.

[22] A. Crespo-Blanc, J. Campos, Structure and kinematics of the
South Iberian paleomargin and its relationship with the Flysch
Trough units: extensional tectonics within the Gibraltar Arc
fold-and-thrust belt (western Betics), J. Struct. Geol. 23 (2001)
1615-1630.



274

[23] M. Crittenden, P. Coney, G. Davis (Eds.), Tectonic signifi-
cance of metamorphic core complexes of the North American
Cordillera, Mem. Geol. Soc. Am. 153 (1980).

[24] J. Didon, M. Durand-Delga, J. Kornprobst, Homologies
géologiques entre les deux rives du détroit de Gibraltar, Bull.
Soc. géol. France 7 (15) (1973) 77-105.

[25] M. Durand-Delga, La Méditerranée occidentale : étapes de sa
genése et problémes structuraux liés a celle-ci, Mém. h.-sér.
Soc. géol. France 10 (1980) 203—-224.

[26] M. Durand-Delga, H. Feinberg, J. Magné, P. Olivier, R. An-
glada, Les formations oligo-miocenes discordantes sur les
Malaguides et les Alpujarrides et leurs implications dans
I'évolution géodynamique des Cordilleres bétiques (Espagne)
etla Méditerranée d’Alboran, C. R. Acad. Sci. Paris, Ser. 11 317
(1993) 679-687.

[27] M. Durand-Delga, P. Rossi, P. Olivier, D. Puglisi, Situation
structurale et nature ophiolitique des roches basiques juras-
siques associées aux flyschs maghrébins du Rif (Maroc) et de
Sicile (Italie), C. R. Acad. Sci. Paris, Ser. lla 331 (2000) 29-38.

[28] A. Estévez, J. Rodriguez-Fernandez, C. Sanz de Galdeano,
J.A. Vera, Evidencia de una fase compresiva de edad Torto-
nense en el sector central de las Cordilleras Béticas, Estud.
Geol. 38 (1982) 55-60.

[29] J. Galindo-Zaldivar, F. Gonzéalez-Lodeiro, A. Jabaloy, Progres-
sive extensional shear structures in a detachment contact in
the Western Sierra Nevada (Betic Cordilleras, Spain), Geodin.
Acta 3 (1989) 73-85.

[30] V. Garcia-Duefias, J.C. Balanya, J.M. Martinez-Martinez,
Miocene extensional detachments in the outcropping basement
of the northern Alboran Basin (Betics) and their tectonic impli-
cations, GeoMar. Lett. 12 (1992) 88-95.

[31] S.G. Lister, A.G. Davis, The origin of metamorphic core com-
plexes and detachment faults formed during Tertiary conti-
nental extension in the northern Colorado River region, USA,
J. Struct. Geol. 11 (1989) 65-94.

[32] L. Lonergan, J. Platt, The Malaguide-Alpujarride boundary: a
major extensional contact in the Internal Zone of the eastern
Betic Cordillera, SE Spain, J. Struct. Geol. 17 (1995) 1665—
1671.

[33] A.C. Lopez-Garrido, C. Sanz de Galdeano, Neogene Sedi-
mentation and Tectonic-Eustatic Control of the Malaga Basin,
South Spain, J. Petrol. Geol. 22 (1999) 81-96.

[34] J.M. Martinez-Martinez, J.M. Azafion, Mode of extensional
tectonics in the southeastern Betics (SE Spain). Implications
for the tectonic evolution of the peri-Alboran orogenic system,
Tectonics 16 (1997) 205-225.

[35] J.M. Martinez-Martinez, J.I. Soto, J.C. Balanya, Crustal decou-
pling and intracrustal flow beneath domal exhumed core com-
plexes, Betic (SE Spain), Terra Nova (1997).

[36] J.M. Martinez-Martinez, J.l. Soto, J.C. Balanya, Orthogonal
folding of extensional detachments: structure and origin of the
Sierra Nevada elongated dome (Betics, SE Spain), Tectonics
(in press).

[37] P. Matte, J. Lancelot, M. Mattauer, La zone axiale hercynienne
de la Montagne noire n’est pas usetamor phic core-complex
extensif, mais un anticlinal post-nappe a coeur anatectique,

G. Booth-Rea et al. / C. R. Geoscience 335 (2003) 265-274

Geodin. Acta 1998 (1998) 13-22.

[38] A. Michard, B. Goffe, C. Chopin, C. Henry, Did the western
Alps develop through an Oman-type stage — The geotectonic
setting of high-pressure metamorphism in two contrasting
Tethyan transects, Eclog. Geol. Helv. 89 (1996) 43-80.

[39] A. Michard, A. Chalouan, H. Feinberg, B. Goffé, R. Montigny,
How does the Alpine belt end between Spain and Morocco?,
Bull. Soc. géol. France 173 (2002) 3-15.

[40] R.M. Mon, Rapports entre la nappe de Malaga et les unités
alpujarrides a I'Ouest de Malaga (Espagne), C. R. Acad. Sci.
Paris, Ser. D 268 (1969) 1008-1011.

[41] R. Mon, Estudio geoldgico del extremo occidental de los
Montes de Malaga, y de la Sierra de Cartama (Prov. de
Malaga), Bol. Geol. Min. 62 (1971) 132—146.

[42] F. Nieto, N. Velilla, D.R. Peacor, M. Ortega-Huertas, Regional
retrograde alteration of sub-greenschist facies chlorite to smec-
tite, Contrib. Mineral. Petrol. 115 (1994) 243-252.

[43] M. Orozco, F.M. Alonso-Chaves, F. Nieto, Development of
large north-facing folds and its relation with crustal extension
in the Alboran domain (Alpujarras region, Betic Cordilleras),
Tectonophysics 56 (1998) 277-295.

[44] J.P. Platt, R.L.M. Vissers, Extensional structures in anisotropic
rocks, J. Struct. Geol. 2 (1980) 379-410.

[45] E. Platzman, J. Platt, S. Kelley, S. Allerton, Large clockwise
rotations in an extensional allochthon, Alboran Domain (south-
ern Spain), J. Geol. Soc. Lond. 157 (2000) 1187-1197.

[46] J. Spencer, S. Reynolds, Tectonics of mid-Tertiary extension
along a transect through west central Arizona, Tectonics 10
(1991) 1204-1221.

[47] R.L. Torres-Roldan, G. Poli, A. Peccerillo, An Early Miocene
arc-tholeiitic magmatic dike event from the Alboran Sea — Ev-
idence for precollisional subduction and back-arc crustal ex-
tension in the westernmost Mediterranean, Geol. Rundsch. 75
(1986) 219-234.

[48] J. Tubia, F. Navarro-Vila, J. Cuevas, The Malaguide—Los
Reales Nappe: an example of crustal thinning related to the
emplacement of the Ronda peridotites (Betic Cordillera), Phys.
Earth Planet. Inter. 78 (1993) 343-354.

[49] J.M. Tubia, J. Cuevas, J.I.G. Ibarguchi, Sequential Develop-
ment of the Metamorphic Aureole Beneath the Ronda Peri-
dotites and its Bearing on the Tectonic Evolution of the Betic
Cordillera, Tectonophysics 279 (1997) 227-252.

[50] S.P. Turner, J.P. Platt, R.M.M. George, S.P. Kelley, D.G. Pear-
son, G.M. Nowell, Magmatism Associated with Orogenic Col-
lapse of the Betic—-Alboran Domain, SE Spain, J. Petrol. 40
(1999) 1011-1036.

[51] B. Wernicke, Cenozoic extensional tectonics of the US
Cordillera, in: B.C. Burchfiel, P.W. Lipman, M.L. Zoback
(Eds.), The Cordilleran Orogen: Conterminous US G-3, Geol.
Soc. Am., The Geology of North America, Boulder, CO, 1992,
pp. 553-581.

[52] H.P. Zeck, M.J. Whitehouse, Hercynian, Pan-African, Protero-
zoic and Archean ion-microprobe zircon ages for a Betic—Rif
core complex, Alpine Belt, W. Mediterranean — Consequences
for its P—T—r Path, Contrib. Mineral. Petrol. 134 (1999) 134—
149.



	A `core-complex-like structure' formed by superimposed extension, folding and high-angle normal faulting.  The Santi Petri dome (western Betics, Spain)
	Une structure «pseudo-core-complex» formée par la superposition d'extension, plissement et fracturation normale à fort pendage :  le dôme de Santi Petri (Cordillères bétiques occidentales, Espagne)
	Version française abrégée
	Introduction
	Contexte géologique
	Structure du dôme de Santi Petri
	Discussion

	Introduction
	Geological setting
	Structure of the Santi Petri dome
	Discussion
	Acknowledgements
	References


