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ON THE TRIASSIC OF THE BETIC CORDILLERAS
(SOUTHERN SPAIN)

POR

O. J. SIMON>

ABSTRACT

With the aid of microfossilsanumberof detailedlithostratigraphic
columns of the Triassic of the External and Internal Zones of tlie
Betic Cordilleras,the alpine foldbelt of southernSpaincould be esta-
blished.

The Triassic of the External Zone (PrebeticandSubbetic) is cha-
racterisedby twa clastic-evaporiticsequences,separatedby acarbonate
sequence.The Triassicof the Almagride Complex ver>’ stronglyresem-
blesthat of the Subbetic,implying depositionof theTriassicsediments
of both complexes in a single majar paleogeographicdomain. The
Almagride Camplexbelongsto the ExternalZone and representsthe
southerncontinuation of the Subbetic below the tectoniccomplexes
of the Internal Zane.Carbonatesedimentatianstartedin the Late La-
dinian in the Almagride-Subbeticdomain and is essentiallyof Early
Karnian age in the more externalparts of the PrebeticZone. In the
Triassic of the Mesetacover anly redbedsof Early Ladinian-Norian
age are present.The Late Triassic upper clastic-evaporiticsequence
is overlainby adolomite sequence,which is thoughtto beat leastpafl-
1>’ of Norian age.

The Triassic of the Internal Zane is quite different from that of
ti-se ExternalZone. It is characterisedby a clastic sequence,with in-
tercalationsof carbonatesand evaparitesin its upper part, and an
overlying carbonatesequence.The onset of the carbonate sedimenta-
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tion in thevarioustectonic units was nat syñchronous,andit ma>’ be
coi-scludedthat largeareasof the Internal Zanewere affected-by nor~
mai faultingÁn Triassic time. TIle Alpujarride domaiñ Was situated
betweenthe Malaguide-Dorsaledomain (in the south)andtheNevado-
Filabride domain (in the north). The northern part of the Nevado-Fi-
labride domain (Veleta domain)is thought to representahighland in
Triassictime, situatedbetweenthe MulhacénandAlmagride domains,
resp. to the saúthánd to the north. - - -‘ -

RESUMEN

Se presentauna sinopsisdel Triásico de las Zonas Externa e In-
ternade las CordillerasBéticas,la cadenaalpina del Sur de España.
Han podido establecersealgunascolumnaslitoestratigráficasdetalla-
dasde variaspartesdel orógeno,con ayudade microfósiles.

El Triásico de la Zona Externa (Prebéticoy Subbético)se carac-
teriza por poseerdas secuenciasclástico-evaporíticas,separadas- por
una secuenciacarbonatada.El Triásico del ComplejoAlmágride pre-
senta un -extremadoparecida- al del Subbético,lo - que implica un
depósitode las sedimentostriásicosde amboscomplejosen un único
dominió paleageográfico.El complejo Almáglide - representapues la
contmuaciónmeridional del Subbéticobajo los complejos tectónicos
de la Zona-Internay1debe-ser-consideradocomoila parte-másmeridio-
nal de la Zona Externa.La, sedimentación--carbonatadase inició, en
el dominio Subbético-Almágride;en el LadinienseSuperiory. es esen-
cialmentede edad KarnienseInferior - en las partes‘más,externasde
la Zona Prebética.En la CoberteraTriásica de la Meseta-sólo están
presentescapasrojas-.deedadLadiniense--Inferior-Noriense.Sobre-la
secuenciaclástico-evaporíticadel Triásico-Superiorreposaunasecuen-
cia dolomítica,la cual se presume.quees,al- menosparcialmente,de
edadNoriense - -- - - - -

- El Triásicode-laZonaInternaes bastantediferentedel de-la, Zona
Externa.Se caracterizapor unasecuenciaclástica,con-intercalaciones
de carbonatosy;-evaporitasen - su parte-superior,-y una-~secuenciacar
-bonatada’supráyacente:-El -coffiienzodela sedimentacióncarbónatada
en las--diferentesunidadestectónicasno fue sincrónico,»’, se -puede
concluir - qué amplias~áreas’de la Zona -Interna;fueron:afectadas~por
la actuaciónde:-fallasnormalesen el-Triásico.-El’dominio Alpujárride
estuvo situadoentre-el Daminio.Maláguide-Dorsal(en el—Sur)y el
dominio Nevado-Filábride(en el N). La parteseptentrionaldel domi~
nio Nevado-Filábride(dominio Veleta) se piensa que representaun
áreaemergidaduranteel Triásico, situadaentrelos dominiosMulha-
cen y Alfflágride, al Sur y ~l N réspécti*~mente.--. - - - -
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INTRODUCTION

At the occasionof the first «CongresoPérmico-Triásicode Espa-
ña»,held in October 1976, a sypnosishas beengiven of the Triassic
of the Internal Zone of the Betic Cordilleras of southernSpain (SI-
MON and KOZUR, 1977). In the last decademany new data have
becomeavailableon the preciseage, stratigraphyandmode of depo-
sition of the Triassicrock sequences.Furthermore,detailedmapping
of largeparts of southernSpain, strongly stimulatedby the MAGNA-
project, and studiesof the metamorphichistor>’ and tectonic evolu-
tion haveconsiderabí>’contributedto a better knowledgeof the Betic
geology. This has enabledus to presenta paper iii which a number
of detailedTriassic sectionsof variousparts of the orogen hasbeen
given (KOZUR et aL, 1985). On the basis of thesecolumnsand addi-
tional datafrom otherregions,asummarywill be given of theTriassic
of the Betic Cordilleras.

The Betic Cordilleras representthe westernmostpafl of the peri-
MediterraneanAlpine orogenic system.It comprisesan External ánd
an Internal Zone. In the External Zone non-metamorphicTriassic
and youngerrocks, which havebeendepositedon the southerncon-
tinental margin of the Iberian Block, are exposed.The ExternalZone
is usually subdividedin the Prebeticand SubbeticZoneson the basis
of markeddifferencesin the developmentof the Middle Jurassicand
younger sequences(HERMES, 1978; GARCIA-HERNANDEZ a aL,
1980; Figs. 1 and 2). In the region to the south of Albacete and Va-
lencia the northern paff of the Prebetic gradually passesinto the
southernspurs of the Iberian Chain. In the Cazorla-Silesregion the
contactbetweenthe Prebeticand the autochtonouscover of tI-se Her-
cynian Mesetais of tectonic nature(cf. BAENA PEREZ and JEREZ
MIR, 1982).Betweenthe PrebeticandSubbeticso-called«Intermediate
Units», which are thoughtto compriserocksdepositedin a paleogeo-
graphic realm betweenthe Prebeticand Subbetic domains, are cur-
rently) differentiated (HERMES, 1978; GARCIA-HERNANDEZ et al.,
1980). Final emplacementof the Subbeticupon the Prebetic¿md «In-
termediateUnits» —with a minimum displacementin the order of
several tens of kilometres— took place around the Middle/Late Mioce-
nc boundary,and is thought to be synchronouswith the shorteningof
the cover of the Prebetic and Intermediate «units» in the order of
some 60 kilometres along the Siles-Cazorlatransversal.

The Internal Zone of the Betic Cordillerasis characterisedby the
superpositionof a number of overthrust massesand by polyphasede-
formation and plurifacial metamorphismduring the Alpine orogen>’.
The Internal Zone is essentiallybuilt up by low-to medium-gradese-
dimentsof Triassic and older age. On the basis of lithostratigraphic
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developmentof the Triassic sequencesand tectono-metamorphicevo-
lution, theoverthrustmassesareusuallygroupedinto threemajor tec-
tonic complexes.They are,in ascendingorder,(1) the Nevado-Filabride
Complex in which a bipartite subdivisioncan be madeinto a Veleta
Complex and an overlying Muihacén Complex; (2) the Alpujarride
Complex and (3) the Malaguide Complex (including the Dorsale Com-
plex) (EGELER and SIMON, 1969; PUGA andDIAZ DE FEDERICO,
1978; MAREL, 1985). In the western Internal Zone and localí>’ also
to the eastof the Granadatransversal,Mesozoicand Early Miocene
sedimentsof the so-called«Flysch» units tectonically overlie Alpujar-
ride and Malaguiderocks.

In the northeasternInternal Zone the Almagride Complex has re-
cently beendifferentiated.It consistsof (very) low gradeTriassicrocks
with astratigraphythat very strongly resembles the SubbeticTriassic
in the Murcia province (BESEMS and SIMON, 1982; SIMON and
VISSCHER, 1983). This complex is thoughtto representthe southern
to southeasterncontinuation o the Subbetic below the afore-men-
tioned nappe complexesof the Internal Zone (KOZUR et ¿it, 1985).
The rocks of the Almagride Complex and parts of the Alpuj arride
Complex havebeenpreviouslyincorporatedin the Ballabona-Cucharón
Complex. This complexwas thoughtto havean intermediateposition
betweenthe Nevado-Filabrideand Alpujarride Complexes(EGELER
andSIMON, 1969).

Nowadaysmost authorsfavour a northern(= external) position
of the Nevado-Filabridedomain with regard to the Alpuj arride-Mala-
guide domain,whereasthe sedimentsof the «Flysch»units are thought
ta havebeen depositedbetweenthe Malaguide-Dorsaleand External
Rif domains(MA1(EL, 1985).The paleogeographicrelationship between
the Nevado-Filabridedomain and the Almagride-Subbeticdomain is
still unclear.

First Alpine compressionalmovementsin the InternalZone, accom-
paniedby high pressuremetamorphismin the Nevado-FilabrideCom-
plex (NIJHUIS, 1964; PUGA and DIAZ DE FEDERICO, 1978), started
probabí>’ in Late Cretaceoustime. An important orogenicphase—re-
lated with the rise of ultramafic mantlediapirs— took place in Early
Miocene (and Oligocene2) time. Alpujarride and Malaguide nappes
(and possibly also the Nevado-Filabridenappes)were emplacedto-

Fío. 1.—Tectonicmap of the Betic Cordilleras. C: Carcelén; CH: Chinchilla de
MonteAragón; G: Granada; L: Linares; R: Requena;5: Siles;The ‘Intennediate
Unitss han beenincorporatedin the Prebetic.

Mapa tectónicode las Cordilleras Béticas.C: Carcelén;CH: Chinchilla de Monte
Aragón; G: Granada;L Linares; R: Requena;5: Siles.Se han incorporado a las
‘Unidades Intermedias»al Prebético.
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wards te Iberian foreíand and upan the Almagride Camplex. Tec-
tonic activity in the Internal Zonecontinuedduring the depositianof
post-nappessedinxentsof (Late ?) Burdigalian and Middle Miocene
age,and culminatediii a major compressionaltectonic phasearound
te Middle/LateMiocene boundary.

TheTriassicis the oní>’ period for which sedimentsare known from
ali complexesin te Betic Cordilleras.Therefore,a comparisanof te
Triassic columnar sectionsis of essentialimportance for te recon-
struction of te Betic paleogeographyin Early Mesozoic (EGELER
el aL, 1971).

Dating of te Triassic sequenceshasbeendoneby meansof micro-
faunas(ostracods.conodonts,holothuriansclerites,foraminifera,etc.))
andby (micro)floras(pallen,spores,algae)andsometirneson the basis
of macrofaunas. For a correlation of microfloras, microfaunas and
macrofaunasin the LadinianandKarnian of te Betic Cordilleras,the
readeris referred to KOZUR el al. (1985, table 3).

This paper is a contribution to the LG.CY. Projectno. 203 «Pernio-
Triassiceventsof the EasternTethys andtheir intercontinentalcorre-
lation», involving the whole Tethys, Gondwanaand Circum-Pacific
Realmswith emphasison the organicevolution andtectonic develop-
ment»andto te «ProyectoMixto Hispano-Holandés:El Triásica de
la Cordillera Bética».

TRIASSIC OF THE EXTERNAL ZONE AND
OF THE ALMAGRIDE COMPLEX

The Triassic of te External Zone comprisestwa clastic (-evapo-
ritic) sequenceswith an intercalatedshallow marine carbonatese-
quence.This threefoldsubdivision is well-known in literature as the
germanicor germanic-andalusianTriassic. The lower and upper cías-
tic (-evaporitic) sequencesare usually referredto as resp. «Buntsand-
stein» and «Keuper»,whereasthe carbonatesequenceis commanly
designatedas «Muschelkalk». As stated by VISSCHER (1974), these
traditional lithological classification units are often incorrectly used
in a chronostratigraphicalsense. In the Betic Cordilleras the use of
theseterms hasoften led to significant chronostratigraphicai,litho-
stratigraphicaland tectonic misinterpretation(BESEM and SIMON,
1982). Therefare, it is recommendedto avoid te useof such terms

Fío. 2,—Sirnplifed tectonic inap of Ihe Betic Cordilleras. The numbersin the
,nap refer to 11w columnar sectionsof Figs. 3 and 4.

Mapa tectónico simplificado de las Cordilleras Béticas. Los números indican
los cortes representadosen las figs. 3 y 4.
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for indicating stratigraphicalunits as well- as faciesunits With regard
to the chronostratigraphical - classification of the Betic Triassic- it
should be attempted to interpret biostratigraphical information in
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Fm. 3.—Columnarsectionsof tire Triassic of the -External Zone of tire Betic
Cordilleras (mcl. Almagride- Compíex). - For the location, see Fig. 2. Column 1:
after BESEMS (1981); column 2: a/ter BESEMS(1983, Siles section). In tIú
Hornos section tire lower cla.stic-evaporiticsequencealso contain& Early Ladi-
nian -CFassanian)-sediments;column 3: a/ter unpubl. repi of ENPENSA (Carce-

-1967) and TENNECO(Chinchilla, 1973); column4: a/ter VAN DEN BERGH
et al. <1983) and HA/tAl et al. (1984); ~‘olumns 5 <md 6: a/ter KOZUR et al. (1985).

Cortes del Triásico de la Zona Externa de las Cordilleras Béticas (incluido el
Complejo Almágride). Localización en la fig. 2. Corte 1, segúnBESEMS<1981):
corte 2, segúnBESEMS(1983, corte de Siles). La - secuenciaclástico-evaporitica
del corte de Hornos comprendetambién sedimentosdel--Ladiniense infetior
(Fassaniense);corte 3, segúnbiforme inédito de ENPENSA- (Carcelén 1, 1967);
corte -4, segúnVAN DERBERG et al. (2983> y HilAN et al. (1984); cortes 5 y 6,
segúnKOZUR et al. <1985).
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terms of the Alpine standardstagesand, if possible, substages(BE-
SEMS, 1981). - -

Ihe carbonatesequencedecreasesin thicknessfrom SE (Almagride
Complex) towards NW(Cazorla-Sileszoneof the Prebetic) (seeFig. 3).
It is absent in the Chiclana de Segura Formation of the Meseta cover
(LOPEZ GARRIDO, 1971), in which only Early Ladinian to - Norian
redbedsare present(BESEM, 1981; Fig. 3, column 1). The onset of
the carbonatesedimentationwas Late Ladinian in the Subbetic-Alma-
gride domain (BESEMS and SIMON, 1982). In the Alpera-Montealegre
del Castillo region (Fig. 3, colunin 4), the oldestrocks of the carbonate
sequencemust be latest Ladinian or earliest Karnian in view of the
age of the underlyingclastic-evaporiticdeposits(HAAN a al., 1984).
The precise age of the carbonate sequence in the Cazorla-Sileszane
(Fig. 3, column 2) poses some problems. According to BESEM (1983)
oní>’ a single carbonate sequence is present in the Triassic Hornos-
Siles Formation in the Siles and Hornos areas; occurrencesof more
than one carbonatesequenceare due to a tectonic repetition. On the
basisof microfaunasandpalynomorphs an Early Karnian age has been
attributed to this carbonate sequence (BESEMS, 1983, tables 1-3).
According to GIL a al. (1985) in the easternpan of the Hornos-Siles
zonethreecarbonateintercalationsare present,whereasin the more
westernpart oní>’ a singlecarbonateintercalation(theuppermost)can
be recognized.In the middle carbonateintercalationthe amnionite
Protracl-zyceras hispanicum, indicating a Late Ladinian age,has been
found (PARNES et al., 1985; HIRSCH, pers. com.). Thereforv, the
possibility must be envisagedthat in the more easternpad of the
Siles-Hornoszanecarbonatesedimentationstartedin the Late Ladinian
and in the more westernpad in the Early Karnian.

TheTriassicsequencesof the Almagride Complexandthe Subbetic
very dosel>’ resembleeachother. This becomesevident if we compare
the follo-wing lithological units of both complexes(BESEMS and SI-
MON, 1982; KOZUR a aL, 1985).

(1) GreenSíate member(Almagride Coinplex) and«mudstonese-
quence»(Subbetic). In both complexesthis unit comprisesgreenish
andpurple to reddishmudstonesof latestLadinian to earliestKarnian
age,with a conimon thickness in the arderof severalmetres.At least
part of thesemudstonesrepresenttuffaceoúsdeposits. -

(2) Tres Bancosmember (Almagride Complex) and «lower lime-
stone-dolomitesequence»(Subbetic>.SEYFRIED (1978, p. 17) recogni-
zed for the first time the conspicuous resemblancebetween both
sequences.In both complexesthis unit, which rests upon the afore-
mentionedunit, has a tbicknessbetween30 and40 metres. It consists
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of threepronouncedcarbo~iatebeds,separatedby thinbedded(marí>’)
limestones(SIMON, 1963, plate e; KAMPSCHUUR, 1972, fig. 4). Iron
mineralisationsareof commonoccurrence,especialí>’in the lower pafl
of the unit. AL least-pan of the mineralisationsare thoughtto be of
sedimentar>’origrn (ARANA CASTILLÓ, 1973).

(3) VariegatedCa?bonatemember(Alinagride Complex)andlower
part of thé «upperlimestone-dolomitesequence»(Subbetic).This uñit
stratigraphicallyoverliestheunit ineritionedsub(2). In bothsequences
a númberof identical «keybeds»éan be recognized(e.g. Almagride
Complex: KAMPSCHIJUR,‘1972; KOZUR a al., 1974). In te Subbetic
tIle «keybeds’» can be observedin the Cehegin-Bullasregion and in
the southern Sierra del Oro and ii~ te CabezasNegras-area to the
south of’ Cieza: In >the lowermost «keybed»in both complexes thie
lamellibr~nchsCostatoria’kiliani andGervilleja joleaudi areof common
occurténce.

(4), Basic intrusives.-In bothcomplexesbasicintrusives(in,littera-
ture usualí>’ referredto as «ophites»)are of frequent occurrence.They
mainly occur as discontinuousbodiesbetween-the GreenSlatemem-
ber/,«mudstonesequence»and the underlying carbonate sequence-
From a- petrographiéal-point-of- view theydosel>’ resembleeach other
(cf. SIMON, 1963;rKAMPSCHUUR,197-2;GOLZ, 1978). In the Almagride
Complex the basic intrusives contain newly-formed pumpellyite, am-
phibolesandmineralsof -the glaucophanegroup.- Pumpellyitehas also
beendescribedfrom Subbetic«ophites»-(GOLZ,1978). Intrusion most
probabí>’ took -place aroundthe Triassic-Jurassicboundary (BESEMS
and SIMON, 1982, p. 46; seealso KAMPSCHUUR, 1972, p. 42).

- On the basis - omparison’it can be cancluded that during
of this c

Triassic time the Almagridé and Subbeticsedimentshavebeen depo-
sited in a~singlemajorpaleogeographiédomain,in-whiéh-tlieAlmagúdé~
domain occupieda more southern(Le., iñternal) positión with respeLt
to the-Subbetic domain. Until now: the:A’l’magridt Cómpléx has been~
incorporatedin the Internal. ZóneAs follows- from- the foregoiñg;we:
are of, - the opiniÚn that thiÉ~ compléx.belóngs:to- the: Ext&nal Zóne:.
This view is ako sup~ibrtecEbyits tectonié-positióndiélbwvall’complexes
of - the- Internál Zone. -

In the Antequera-Archidónaregion;80 km tatlie-WSWof[Gtanad&
extensive-outcrop~ ¿E T-tiássic rocks-are presentt-They’occur justi>to-
the- north of the;baundár>’-betweenthe internal andlExternal]Zónes,-
and are currentl~ incorporatedinthe:Súbbetit:Zone. ihe «Antequera-
Trias»’ comprises sa~dstones,mud~tones,evaporites - andi carbonate-
rocks. According;to.PEYR’E (1974);-Pp. 4024406)and PUGAet aL (1983)
the-«AntequeraTliás»-alsocontaiñs«blócks»of law-grade:mudstones
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and carbonates. Basic volcanics («ophites») are ¿f commonoccurrence.
«Ophites» from the Archidona area contain newly-formed minerals,
eg. pumpellyite,chlorite, amphibolesandcrassite(PUGA et al., 1983).

Due to the strong tectonisation,stratigraphic successionshavege-
nerally beentotalí>’ disorderedin the «AntequeraTrias». On the basis
of the descriptionsby PEYRE (1974, Pp. 392-397)andreconnaissance
by the presentauthor, it can be concluded that at least pad of the
carbonaterocks representthe «lower limestone-dolomitesequence»
or Tres Bancosmember. Most authors(eg. CRUZ-SANJTJLIAN, 1976)
are of the opinion that the rocks of the «AntequeraTrias» have been
depositedto the south of the Internal Subbetic realm and havebeen
thrusted towards the north upon rocks of the SubbeticZone s.s. Ihis
implies that the rocks of the «AntequeraTrias» have beendeposited
in an analogouspaleogeographicposition as those of the Almagride
Complex.

Ihe upper clastic-evaporitic sequences of the Prebetic and of the
Subbetic show greataffinities to each other and are characterisedby
a subdivision in five distinct lithological units.Unit 1 comprisesgypsi-
ferous deposits with intercalations of mudstones and carbonates.
Unit 2 is built up by variegatedsandstones~andmudstoneswith some
intercalationsof evaporitesandcarbonates.Unit 3 consistsof reddish
mudstones.Units 4 and 5 are respectivély~bsiilt up by reddish and
white evaporites.An analogoussubdivision has been establishedby
ORTí (1974) in the «Keuper»of te Levant.

Palynomorphsfrom the units 1 ~and2,.andfram the lower pafl of
unit 3 of the Prebeticand Subbeticindicatethe Karnian (Cordevolian,
Julian and Tuvalian). It could be establishedthat throughout the
easternExternal Zone the lithological boundariesbetweenunits 1, 2
aniS do not coincide with time boundaries-(VAN DEN BERGH eta!.,
.1983; HAAN et al., 1984).For=adiscussion’on the mode of deposition
-of .the rocks of the upper clastic-evaporitic sequence,the reader is
‘referred to ORTI CABO -(1974).

The upper clastic~evaporiticsequenceis generally overlain by a
sequencethat essentiallyconsistsof greyish dolomites with intercala-
tions of clastics and evaporites. This sequence is usually referred to
as «Supra-Keuper»,«Infra-Liassic»or Imón Formation (cg. GOY and
VEBENES, 1977). -It is probabí>’ at least partly of Norian age (cf.
BOUTET et aL, 1982).

In the Almagtide~Complexthe upper clastic-evaporiticsequenceis
absent.It is uncertain.whetherthis’is dueto:non-depositionor tectonic
causes.

Formation of important kdeta¿hmentplanes-took place in ihe in-
competentmudstoneswithin te catbonate~sequenceof-the Almagride
Co~pIex and of the Subbetic,.in the uppermarts df the clastic-evapo-
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ritic sequences- andin the incompetentmudstone- andevaporiteinter
calations óf the Imón Formation. In man>’ areas this led- to the
emplacementof the competentrocks of the - carbonate sequence upan
the upper - clastic-evaporiticsequence.In j view of its actual pqsition,
the latter sequenceis often erroneouslyindicated-in litterature a~
«Buntsandstein»-(e.g.tlastic-evaporiticrocks iii the Agost region near
Alicante; SCHMIDT, 1937; LECLERC, 1971).

TRIASSIC OF THE INTERNAL ZONE

The Triassic of - the Internal Zone has a different lithostratigraphic
developmentwith respect.to that of the External’ Zoneand the Alma-
gride Cornpiex (cf. Figs. Y and4). The Triassic sequen9esof the Ne-
vado-Filabride, Alpuj arride and Malaguide Complexes sho’w marked
similarities. The idealisedcolumnar section consists of a clastic se-
quenceand anoverlyingcarbonate sequence(up to more tan 2 km in
some- Alpujarride units). -In the upper -part of the qlastic sequence
discontinuouscarbonateintercalations,up to250 -metres,andevapori-
tes are of comnion, occurrence Evaporites are also present amidst
Early Karnian rocks of the carbonate sequence.

The1clasticsequencecomprisescontinentalsedimentsin its lower
part and shallow marine deposits in its upper part. ?rhe preciseage
of the basal pafl of this sequencein the Nevado-Filabrideand Alpu-
jarride Complexesis unknown(SIMON and VISSCHER, 1983>.

Fío. 4—Columnar sectionsof 11w Triassic o,’ tire Internal Zone of tire Betic
Cordilleras. Fo-t tire location, see Fig. 2 For legend,see Fig. 3. Column 7: Veleta
Complex,afler DIAZ DE FEDERICO(1980); columns8 and9: Muliracén Complex,
resp. Nevado-Lubrín and{M%ael units, a/ter BAKKER and DE JONG (1985);
column 10: Almanzora unU, a,’ter BLOEMENDAAL (1982); column 11: Barbara
unit, after DELGADO-<1978) and DELGADO-et -al. (1981); column 12: SanGines
unit, a/ter KOZIJR et al. (1985); column 13: Parlaba unil, a/ter AKKERMAN
el al. <1980); column44: Poríman unil, a/ter KOZUR el al. (1985); column 15:
composilecolumnars~ctidn of tire’ Oria unil <AKKERMAN et al.; 1980), Blanqui-
zares urlil <DELGADO, 1978); Trevenqueand-Nievesunits (DELGADOet al., 1981).
Post-Triassicsedimentsin tire Nievesunit havebeenomitted; columns16 and 17
resp. of Lower and Higlier Malaguide units, aftetMÁKEL <1985).’

- - - - 1 -t- - - -

Cortes del Triásico de la cara interna de las Cordilleras Béticai. Localización en
la fig. 2 y l~yendáen la fig. 3. Córte 7: Complejo del Veleta, segúnDIAZ DE
FEDERICO (1980); cortes8 y 9: Complejo del Mulhac¿n,résp.UnidádésNevado-
Lubrin y~-Macael; corte 10: Unidad,Almanzora,según-B~EMENDH~ <1982);
corte 11: Unidad Bárbara, segúnDEGADO (1978) y DELGADO et al. (1981); cor-?
te 12: Unjdgd San Gihés, ÑegúnKOZUR el al: (1985); corte 13: Unidad Partaloa
segúhAKKERMAN et al. (1980); corte14: Unidad Portman, segúnKOZUR et al.
(1985); corte 15: corte - compuesto-de ~la- unidad Oria <AKKERMAN et al., 1980)>
Unidad Blanquizares<DELGADO, 1978), Unidad Trevenquey Unidad Niéves;cor-
te 16 y 17: resp. de las UnidadesMalóguidesInferior y Suñeri¿r,‘~kgún’ MAKEL
(1985). -
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In the Malaguide Complex the age of te oldest clastics is most
probabí>’ Anisian (or Barí>’ Triassic) and the presenceof Permian
rocks is ver>’ unlikely (MAKEL, 1985; seealso SIMON andVISSCHER,
1983).

The rocks of the carbonateseqúencehave been depositedin a
shallow marine, partialí>’ hypersaline..sea with water depths less
tan 100-150metresapdgeneralí>’in theorderof 0-30 metres,including
intertidal condition<(SIMON and KOZUR, 1977)- For further infor-
mation on the mode of depositionof te Triassic rock sequences?of
the Internal Zoiie, the readeris referred to ROEP (1972), MARTIN
(1980), MARTIN andDELGADO (1980), MARTIN andTORRES-RUIZ
(1982), FLUGEL el al. (1984) andMAKEL (1985).

For a discussionon the correlation andgrouping of the Alpujarride
units, one is referredto KOZUR el cd. (1985, see especially table 4).
Column 15 (Fig. 4) reprrsentsa composite,schematic,columnarsection
of a~groupof units wliich- tectonicalí>’ overlies the Portmanunit (co-
lumñ 14) and‘correlatableunitá. Aboye ‘ihis group of units a highest
group of Alpujarride units can be differentiated,óompri~ing e.g. the
Montro>’ unit (AKKERMAN el aL, 1980), Hernán-Valle,La P1aí~t,Guá-
jares and Benamocarraunits (ALDAYA - el aL, 1979) and the Casares
unit (MAKEL, 1985). Tireseunits aremainlybuilt up by Paleozoicrocks
with a thin Triassiccover, and- havegenerallybeenseverel>’ tectonised
and influenced by metamorphism. In litterature no reliable lithostra-
tigraphic sectionsof the Triassicof theséunits are available.

On the basisof supposedaffinities with the(austro)-alpineTriassic,
the Triassic of the Alpujarride Cornplex is usually referred to as te
Alpine Triassic. It should be mentioned,however, that oní>’ part of the
faunasandfloras showsaffinities Witli the (austro-)alpine fossils. Most
of the-fossils representendemicfaunasand floras. -

On the basis- of lithostrati~raphic developrnent,especialí>’ of te
carbonatesequence—in combination with tectono-metamorphiceva-
lution and geometric position in te pile of tectonic units— several
tectonsccomplexes,eachcomprising-a numberof nappes,canbe dis-
tinguished(e.g. EGELER andSIMON, 1969; ALDAYA et aL, 1979; KO-
ZUR et al., 1985). In Fig. 4 the columnsof the tectonic complexesand
units havebeenplaced fróm - left to right in ascendingtectonic order.
This order is also suppo~ed o representthe succession‘of paleogeo-
graphic domainsfrom ñorth to south(i.e. from more external to more
internal). -

It is generalí>’ assumedthat -the oiS.~etofthe carbonátesedimen-
tation was synchronousin ah complexesand nappesof the Internal
Zone. Our inveátigations.have-revealed,however, that-this is -not the
case. As can -e éon’cluded from figure 4, carbonate sedimentation
startedin some nappesin the early Middle Triassic,whereas-it began
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in te earlyLate Triassicin otherones.Framthe differencesin timing
of onset of carbonatesedimentation,combinedwit significant diffe-
rencesin thicknessof the Triassicsequences,it ma>’ be concludedtat
the Internal Domainwas affectedby normal faulting in an extensional
tectonic reginie (cf. MAKEL, 1985). Such a regime also explains the
accurrenceof basicvolcanicsand of sedimentar>’brecciasin pad of
the Triassic sequences.

CONCLUDING REMARKS

Man>’ authorsadvocated,or still advocate,a paleogeographicreía-
tionship betweenthe Subbetic andMalaguide domains, especialí>’on
the basis of supposedresemblancesbetweenthe Triassic sequences
of bat complexes(e.g. PAQUET, 1969; JEREZ MIR, 1981). Our inves-
tigationshaverevealedthat te SubbeticTriassicdiffers considerably
from that of the MalaguideTriassic andthe sameholds good for the
post-Triassicsequences(MAKEL, 1985,Pp. 183-185, fig. 3-9). Compari-
son of the lithostratigraphic developmentof the Malaguidesequences
with that of oter complexes in the Betic-Rif orogen —and oter,
geometric,arguments—indicate a paleogeographicposition of the
Malaguidedomainbetweenthat of theAlpujarride domain in te north
(i.e. more external)andte Dorsa]e/Flyschdomain iii te sout (i.e.
more internal) (MAKEL, 1985>.

The Triassicof te higher tectonic nappesof the Nevado-Filabride
Complex (= MulhacénComplex) showsgreat resemblancewith that
of the lowermost Alpujarride Almanzoranappe(cf. columns 8, 9 and
10 of Fig. 4), andhasno obviousaffinities wit that of the «germanic»
Triassic of the External Zone as proposedby TRUMPY (1983). Ihe
paleogeographicposition of the Nevado-Filabridedomain and espe-
cially that of its mostexternalpart,Le. te Veletadomain,with respect
to that of the Almagride-Subbeticdomain is uncertainin view of the
absenceof reliablepaleomagneticdatawhichenablea reconstruction
of the Betic paleogeographicin Ear]y Mesozoic time (cf. MAKEL,
1985). For te time being, we favour the hypothesisthat the Veleta
realm representeda highland in Triassic time, on which oní>’ some
continental sedimentswere deposited(Fig. 4, colunin 7), and that
supplied the terrigeneousdetritus for the Mulbacén and Almagride
domains,situatedresp. to te southandto thenorth(seealso MAKEL,
1985, figs. 5-3 and 5-4).

The widths of te paleogeographicdomainsof the Betic Cordilleras
areuncertain.On thebasisof geometricalaspectsof the tectonicunits,
we arrive ataminimumwidth of some270 kilometresfor the External
Domain(including the Almagride domain)andof some500 kilometres
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for the Internal Domain, assuminga North-.Southarrangementof- the
Nevado-Filabride,-Alpujarride and Malaguide domains (cf. FALLOT,
1932; MAKELÁ 1985). Due to the Alpineorogenesisthesedomainshave
beenshortened-to resp. 145- and 100 kilometres.
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