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NEW DATA ON THE (PERMO-)TRIASSIC OF THE BETIC ZONE
(SOUTHERN SPAIN)

Por O. Y. SIMóN • and fi. KOZUR”

SUMMART

A synopsisis given of the lithostratigraphic developmentof the (Permo-)
Triassic sequencesof the majos- tectonic complexesof the Betic Zone. Results
of inicrofaunal investigations are provided. Iliree ostracode zones haya
been distinguished. The lower and middle zones are attributed to the La-
dininan (Longobardian aud-? Late Fassanian) and the upper zona to the
Early Car-nian (Cordevolian). Microfauna proved very useful for solving
paleontologic, stratigraphic, paleoccologie, paleogeographic and tectonic
problems.

RESUMEN

Se hace una sinopsis del desarrollo litoestratigráfico de las sucesiones
(Permo-)Triásicasde los mayores conjuntos tectónicos de la Zona Bética.
Se presentan los resultadosde las investigacionesmicrofaunisticas. Se dis-
tinguen tres zonas dc ostrácodos.Las zonas inferior y media se atribuyen
al Ladiniense(Longobardiensey (?) final del Fassaniense)y la zona superior
al principio del Carniense (Cordevoliense).La microfauna resultó útil para
resolver problemas paleontológicos, estratigráficos, paleogeográficosy tec-
tónicos.

INTRODUcTION

The Betic Zone embracesthe internal part of the l3etic Cordilleras, the
alpine fold-belt of southern Spain. On the basis of lithostratigraphic deve-
lopment of the (Permo-)Triassic sequencesand of structural position, fous-
majos- tectonie complexes have been distinguished (EGELER & SIMON,
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1969 a, b). They are, in ascendingorden 1) Nevado-Filabride Complex;
2) Balíbona-CucharónComplex; 3) Alpujárride Complex, and 4) Malaguide
Complex (Fig. 1). AII complexes include «cover» sequencesof (Permo-)
Triassic (meta)-sediments.The Nevado-Filabride,Alpujárride and Malaguide

complexes, in addition, contain ps-e-(Permo-)Triassic«basement»sequences.
Only in the Malaguide Complex have post-Triassic sedimentsbeen found.
Consequently only (Permo-)Triassic sequencescan be used for correlation
of the various tectonie units and complexes,and hence for a reconstruction
of the Betic paleogeography.At only a few localities have well-preserved
macrofaunasbeen reported, which warrant paleontologie and stratigraphic
conclusions (SIMÓN, 1963). Until recently, therefore, dating of the (Permo-)
Triassic sequencesof the Betie Zone has been based almost exclusively on
lithologic comparisonwith dated Triassic sequencesfrom other parts of
Europe and Northern Africa. In view of the fact that in the last ten years
Triassic sequencesfrom many parts of the world have been dated with
WC ULL u’ IlIItlulaLJla, a ~y»u~iiaii~ p¡u51 alIIJtIC 1ia~ ucd! »et LL~ tul uatitig

of the (Permo-)Triassic sequencesof the Betic Zone by microfauna (Ko-
ZUR et al., 1974). In this paper a short review will be given of the (Permo-)
Triassic lithostratigraphy of the various coniplexes,followed by a synopsis
of the results of microfaunal investigations.

Fig. 1. Tecíonic sketch-mapof the Betic Zone
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LITI-IOSTRATIGRAPHY OF THE (PERMo-)TRIxssrc SEQUENCES OF THE TEcTONIC
cOMPLEXES

Ballabona-CucharónComplex

In formes-publicationsthreemajor tectonicunits havebeendistinguished,
viz., from below to aboye, Ballabona,Romero-Carrascoyand Orihuela units
(lOME, 1974; SIMoN et al., 1976). Vos- reasonsto be discussedlates- on, the
Os-ihuelaunit in this publication wiJl not be incorporatedin the Ballabona-
CucharónComplex (see pág. to be filled ont and págs. according to page
numbering.

The (Permo-)Triassiccolumn of the Romero-Carrascoyunit of the Sierra
de Carrascoy(and of equivalentselsewhere)has been subdividedinto four
lithologic fos-mations (Fig. 2). Other characteristicsare: a) intercalationsof
gypsumandrauhwackes,locally in las-gequantities, b) intercalationsof pelites
and psammitesin the carbonatesequences,c) presenceof bedswith Costato-
ria kiliani (ScHMIDT) and (Jervillia cf. joleaudi ScuíMIDT, approx. 150 metres
aboye the baseof the lower carbonatesequence,d) common occurrenceof
Fe-miiies-alisation,and e) presenceof las-ge diabase masses(SIM ON, 1963,
1966b; EGELER & SIMoN, 1969 a, b; KAMP5CI-I uun, 1972a; KozUR et al., 1974).

A correlation of the rock sequencesof the Ballabonaunit with the higher
part of the Romero-Carrascoyunit seems warranted on the tasis of the
lithostratigraphicdevelopment(SíMON, 1963; EGELER & SIMoN, 1969 a; Fig. 2).

Nevado-FilabrideComplex

The Nevado-Filabride sequenceshave been strongly tectonised and me-
tamorphosedduring the Alpine orogeny. Therefore, one cncountersserious
difficulties whenattempting to establishreliablecolumnas-sections.The litho-
logic entena mentionedfor the Ballabona-CucharónComplex apply also to
the cover seriesof the Nevado-Filabnideunits, although gypsumand rauhwac-
kes occur in fas- lesserquantities. The cover of the lowest Nevado-Filabride
unit shows a lithologic subdivision comparablewith the (Permo-)Triassic
sequenceof the Romero-Carrascoyunit of the Ballabona-CucharónComplex
(FIELMER5 & VOnT, 1967; EGELER & SIMON, 1969 a,b; EGELER et al., 1971; Fig.2).
The coyes-seriesof the higher Nevado-Filabrideunits are usually substantially
thinner than that of the lowermost unit, due to stratigraphiceffects (Mr. U.
HELMER5, pers. com.). They consist essentially of rocks correlatable with
those forming the higherpart of the coyes-of the lowes-mostunit.

Alpujarride Complex

A las-ge number of tectonic units that oves-lic Nevado-Filabnideand BaIla-
bona-Cucharónunits and underlie Malaguide units are incorporated in the
Alpujarride Complex. Systematic gs-ouping and correlation of the various
Alpujarride units throughout the Betic Zone has not yet been done (1). In
the central and easternBetie Zone a bipartite subdivision can generally be
made into a lower and a higher group of units, to be namedhes-eLower and

(1) In 1974 a project has been started(by teanisfrom Miinchen, Salamanca,Bilbao,
Granadaand Amsterdam),in orden to make a detailed stratigraphic,tectonieand petro-
logie study of thc Alpujarnide Complex.
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Fligher Alpujarride Subcomplcxesresp. (SIMON et aL, 1976). Transitional
elementsoccur, indicating that the rocks of the two subcomplexesLave been
depositedin onemajor paleogreographicrealm.

Lowcr Alpujarride Subcornplex. So fas- pre-(Permo-)Ts-iassicsequences
have not been found. The (Permo-)Triassicseriesshow a bipartite lithologic
subdivision.The lower sequenceconsistsessentiallyof pelites andpsammites.
In sorne regions it comprisescarbonates,with a thicknessup to several tens
of metres (lFig. 2). The upper sequenceconsistsmainly of carbonateswith
intercalationsof pelites and psammites.In addition it containssedimentary
breccias,slusnps,nodularcarbonaterocks, and peculiar bandedrocks (~<Fran-
ciscaine»dolomnites and «Pies-resindiennes»)(JÁCOLuN, 1969, 1970; ScHWERO,
1974). Pb-F mineralisationsof stratiform type commonlyoccur in the middle
andhigberparts of the uppersequence.They are thought to be of (endogenie-)
syngeneticsedimentaryorigin (iAcoUrÑ, 1969, 1970; ScHWERD, 1974). Gypsum
and diabasesoccur locally. The units of the Lower Alpujarride Subcomplex
attain their greatestthickness(np to 2,500 metres) to the north and south
of the SierraNevadaand in the Sierrade Baza. It the more eastes-npart of
the Betic Zone thicknessesare generally in the order of some hundredsof
metres.

Oril-zuela ¡mit. This unit until now has only been distinguishedin the
northeasternmostpart of the Betic Zone. In ps-evious publications it has
Leen incorporated in the Ballabona-CucharónComplex (IGME, 1974; SIMoN
et al., 1976). Its lithostratigrapby, hoxvever, is more similar to that of the
Lower Alpujarride units (Fig. 2), and also the launa content favours incor-
pos-ationin this subcomplex(seepág. in agremelxvilh lates- p.). Gypsum and
diabasesaccur locally. In the higher part of the Orihuela unit, sedimentary
breccias and rocks resemblig «Franciscaine>~dolomites Lave been found in
places.

Higher A/pujarride Subcomplex. In contrast to the Lower Alpujarride
Sabcomplex,the units of the l-Iigher Alpujas-ride Subcomplexcommonly have
a pre-(Permo-)Triassic «basement».The «coyes-» series consist of a pelite-
psammitesequence(below) and a carbonatesequence(aboye).Carbonatein-
tercalations(up to several tensof metresthick) arefound locally in the lower
sequence.The carbonatesequencein general is thinner than that of the
Lowes- Alpujas-ride Subcomplex,and rocks of the ‘<Franciscaine»type, sedi-
mentas-ybreccias,slumps, Pb-F mineralisations,psammites,pelites and gyp-
sum are searceos- absent.Diabasesare very rara. In the region to the south
of the SierraNevadathe thicknessof the «coyes-»seriesdecreasesfrom below
to aboyein the pile of figLes- Alpujarride units (ALDAYA, 1969).

Malaguide Comp/ex

Due to strong tectonism,absenceof determinablemacrofauna,and scar-
city of microlaunal data, detailedcolumnas-sectionsof the (Permo-)Triassic
«coyes->’ seriesare very rare. Ihe work of RoEP (1972) indicatesthat the (Par-
mo-)Triassicof the higlies- Malaguideunits in the region betweenVélez Rubio
and Lorca consists,from below to aboye,of a lowes- psammite-pelitesequence
with psephitic inteícalations,a lower dolomitasequence,an upperpsammite-
pelite sequence~vith psephitesandan upper dolomite sequence.Gypsumhas
been lound in the uppermost part of the iowes- psammite-peliteseauence
(Fig. 2). Diabasesoecur ras-ely. In severalplacesdic lower elolomite sequence
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is absent,resulting in a single psammite-pelitesequence,overlain by carbona-
te rocks. The lower Malaguideunits in the Sierrade Espuñaand in the region
betweenLorca and Vélez Rubio, which are consides-edto be odransitional»
betweenthe higher Malaguide units and the HigLer Alpujarride Subcomplex,
show a bipartite subdivision of the (Permo-)Triassic«cover’>, viz. a psammite-
pelite sequencewith psephites(below and a carbonatesequence(aboye).The
correlation of the (Permo-)triassiccolumnar scctionsof the lower Malaguide
units with those of the higher Malaguideunits still posesserious problems
(Ron, 1972).

MIcROFAUNAL RESULT5 AND TI-IEIR IMPLICAT]ONS

General

ILe fis-st microfossils, vii. conodontsfrom epimetamorphic,strongly tee-
tonisedTriassic rock sequencesof the Betic ZoneLave beanrepos-tedby VAN
DEN BOOGAARO (1966; see also SIMoN, 1966a). Afterwards KozuR & SIMoN
(1972) describedholothurian selerites, VAN DEN BOOGAARO & SIMoN (1973)
conodonts and KOZUR et al. (1974) ostracodes.Ihese studiesLave demons-
trated the value of microfauna fos- solving paleontologie,stratigraphic, pa-
leoccologie,environmental,paleogeogs-aphicandtectonic problenis.

Palaontologicand stratigraphic remarks

Using the phylogenatic successionFalloticythere mu/derae- Fa/loticytItere
rondeeli-Most/erel/ablumentl-ia/i, KOZUR et al. (1974) establishedthree os-
tracodezonas.Recent investigationsLave shown that the boundarybetween
the Fa/loticythererondeeli audMostíerel/a blumen/halízonesmust be slightly
changed.Mostíerella b/umentha/iminuta is a sepas-atespeciesand reps-esants
a transitional form betweenFalloticythere andMostíereila. ILe sparseM. b/u-
menthali b/umaníha/i from the formes- lower b/umenthalizone do not belong
to this species,but to a t¡-ansitional form between F. rondeeli and M. btu-
menthali. The presenceof highly developedE. rondee/i has been described
from the lower b/umanthali zonaby KOZUR et al. (1974, pág. 23). Therefore,
the rondeeli zoneshould be usedin future as a speciesrangezoneincluding
the fos-mer lowas- blumenll-za/i zone (Fig. 3). ILe original definition of the
rondea/i zone, viz. range of Fa/loticythere rondee/i without Mostíerella bla-
mentha/i, should be changedto: range of F. rondeeli (for a more detailed
discussion,sae KozeR et al., in press,b and e).

The mu/derae zone (with F. mu/derac) is representadin the Ballabona-
CucharónComplax and in the (Lower Alpujarride?) Orihuela unit. The fra-
quent occurrenceof Lutitevichenel/aegeleri is also typical for the mulderaa
zone. In the lower part of tha Palasmernber of the Romero-Carrascoyunit
(Ballabona-CucharónComplex) a s-ich assemblageof L. egeleri is present
together with Bythoceratina (Praebythoceratina)rietve/dae n. sp. (2). ILe
sameassociationhas been found in the lowermost pas-t of thc carbonatesc-
quenceof the (Higlier?) Alpujarride unit from the Sierra Cabrera (KOZUR

(2) Por ad escription of specics indieatcd with n. sp., sea Kozua ct al., in press, a
and 1,.
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O STRACODE ZO N E S

Mostiereio b/umern’hol¡ zone 1)

Fo//oticyl/zere rondee/¡ ronge zone~>
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et aL, in press, c). Consequently,tha mulderaezone is representadin the
Ballabona-Cucharónand Alpujarride Complexas.

ILe rondeeli range zona is representadin the Lower and tha Higher
Alpujarride Subcomplexes(Fig. 2). In tha Ballabona-CucharónComplax tran-
sitional forms betweenF. mu/deraeand F. rondeeli are frequent in the uppar-
most part of the Palasmember. The overlying green síate memberand the
lowermostpart of the «Tres bancos»member, which are most probably the
time equivalentof the rondeeli rangezona,Lave not yielded ostracodes.

The blumenU¡alizonais presentin the Ballabona-CucharónandAlpujarri-
da Complexas(Fig. 2).

A bipartita subdivision of tha (Parmo-)Triassicof the Betic Zona is possi-
ble on the basis of conodonts.Pseudofurnishiushuddlei occurs in the muí-
deraezonaof tha Palasmember(Ballabona-CucharónComplex),whereasin
the h/umentha/i zona the genus Pseudofurnishiusis only representadby
P. murcianus. Unfortuna[ely, in the Betie Zone conodonts are mostly too
sparselyrepresentadfor stratigraphic subdivision,but they are vary usaful
for corralation pus-poses(sae below).

Holothurian seleritesLave beenfound only in a few horizons,sometimes
in las-geamount. It the upper rondee/i rangezona (Lower Alpujarride Sub-
complex,Sierrade Baza) only Ca/clammagermanica—a specieswithout spe-
cial stratigraphicvalue— has Leen found (DELGADO et al., in prass).The b/u-
ment/-¡ali zonaof tha Higher Alpujarride Subcomplexis chas-acterisadby the
frequent occurrenceof Zawidzke/lakampschuurin.gen.n.sp.,associatedwith
Acanthotl-zee/iaoert/ii and somanew Acanlhotheeliaspacies.A third holothu-
rian associationof similar age,but with a differant speciesassemblage(many
Acantizotheeliamost/eriand other Acanthotheeliaespeciesas well as Kueh-
nifes schallreuteri) is presentin the b/umentha/izona of the Ballabona-Cu-
charónComplex (KOZUR & SIMON, 1972). ILe fourth and youngest associa-
tion has yielded numerous small Theelia species(Theelia barkeyi, Theelia

1’~j<4. LtUL.tLUtttt, II tC(.LLLL 434flft0t/. t I11~ latina was JOUIIU iii tilOS

upper b/umenthali zona in the Ballabona-CucharónComplex, in tha Lower
Alpujarride Subcomplex (Barbas-aand Gádor units) and in tha Malaguide
unit of the SierraAlhamilla (sea further KozcR at ah, in prass, a).

ILe microfaunasare of gs-aat importancefor the correlation of tha (Par-
mo-)Triassic saquancasof tha Batic Zona with comparablebeds outsideof
Spain. They can be well correlatedwith the Triassic of Israel. Close faunistie
relations exist also with the Ts-iassic of Nevada (U. 5. A.) and to a lesser
extentwith the Ges-manicBasin andthe Dinaric andAsiatic fanual provincas.
Only few relationsaxist with the Austroalpinefaunal province. In tha Betic
Zone, P. hudd/ei has baen found only in ILe Palas membarof tha Ballabona-
CucharónComplex,whereasthe blume’ntha/i zonaonly containsP. murcianus.
The lowast occurrenceof the genusPseudofurnishiusin Israel is in bedswith
Proírachyceras curionii ramonensisand Gevanitesawadi. Ihese beds Lave
Leen referredby PARNES (1975)to the higher part of the Loxvar Ladinian, bat
accordingto KOZUR (1972a, b; 1973a, b; 1974 c; 1975) they may also raprasent
the Uppas- Ladinian (hungaricus subzoneof the haslachensis zona). In this
bLtuLullc 111 nuiigaiy alIllllulllLes nave uccí’ luLille C.I.uscty iclatea t~ Profrachy-
ceras«curionii» ramonansis.judahe/la 1504alía from the mulderaezona and
the rondee/i rangezonahasbaenfound in tha Longohardianandpossibly also
in dio Fasganianof the Westmediterraneanfaunal province(sensuKOZUR &
MosrLim, 1972b; RozuR, 1973 e) which is cos-relatablewith tha Sephardic
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faunal provinca (sensuHIRscn, 1972). In the Asiatic and Germaniefaunal
provincesJudahella Isorfalia is older (Olenikian to Middle Ariisian). Leviella
so/Ini ls-orn tha mulderaezona andthe rondeeli range zonaoccurs also in the
Ladinian Grantsvilla Formation of Nevada.Lev/ella bantori is presentin the
lowermostCas-nianof Israel. The specimensof L. be’ntori from the upperron-
deeli rangezonaas-eves-y primitiva and closaiy resembletha LadinianLeviella
sol-ini. Thay are theretos-asomewhatoídas-Piantha typical L. bentori 1rom tha
lowermostCarnianof israel and ls-orn fha btarnenthalizoneof southernSpain.
Fa/lot icyUzere rondeelí is probably prasent in the latast Longobardian of
Israel (baseof the limestone-gypsummemberof tha SaharonimFormation).
Acralina machen ls-orn the ¡-orn/ecli rango zona is found in the Ladinian of
Slovaka and of Hungary.Acralina rnosuery n.sp. occurs in the upper ron-
dccli rangazoneas wall as in Ihe LongobardianMeíapolygnathusmangoensis
assemblagazona(sensuROZUR & MZ5TLER, 1972b; Kozua, 1972 a> 19/4d> of
the Alps. M. mungoensisls-orn the upper rondeelí rangezona(Lower Alpuja-
rride Subcomplax,Sierra de Gádor) corrcspondsto Kl. mungoensisof the
Uppes- Longobardianof I-Iungary. lLes-afore,un tlie basis of the ostracodes
anel conodontsthe rondee/i rangazonais noÉ youngarthan the Longobardian.
ILe blumantha/izona(sensuKOZUR et al., 1974,págs.23-25) has beanassigned
to tha Cordevolian.Two possibitities Lave baen proposedby KoZUR et al.
(1974, pág. 25) los- the Ladinian-Carnianboundaryin tha Betie Zone: 1) the
lis-st occurrenceof Leviel/a bentoníaudMostíerelta b/umenthahi(including the
M. b/umenthahiminuta; searemarks [o the taxonomy,pág.6), os- 2) the fis-st
appearancaof Reubenellafraterna (tha baseof the b/umentfzalizonaas defi-
ucd in [Lis papar). Recant data are in lavour of tha secondsolution (sae
remarks to [he formar biumenlha/i zona, pág. 6). KOZUR et al. (1974) Lave
proposeda Carnianagetos- the blumenthahizona(as definedin this papes-),
becauseof the occurrenceof Reubenel/afraterna, tha occurrenceof the typi-
cal Cos-devolian Lolothus-ian associationwith Theeia tubercula and of the
conodon association of the Pseudufurnishiusmurcianus assamblagezona
(sensu KOZUR, 1972 a). The Lower Carnian age of [he biumeníhail zona is
also supportedby tha s-ecent diseoveryof [ypical Kerocythcre species(K. ¡u-
va/lea, Lb. cf. reliculata, E. bicarinala n.sp4 iii the Orihuelaunit and in the
Lower Alpujas-ridaGádorunic (KozuR et al., iii prass, b).

To surnup, the mu/deraezonaand the rondee/i range zonaas-a attributed
to tha Longobardian,leaving upen tha possibility that the mu/deraezonapar-
tly representsthe Late Fassanian.TLa blurneníhalí zonebelongs to tha Cor-
davolian.

Tha oldast microfaunaof the «Muschelkalk’>of the Betie Zona, immedia-
tely aboyethe «Buntsandstein>’,balongstu the mulderaezonaand is assumad
to be not oídas- [han the Late Fassanian(seaFigs.2 and3). Therefore,in the
Betia Zona, [he ~<Buntsandstein>~-«Muschelkalk>~boundary does not corras-
pond with the Scythian-Anisianbouí’dary, as ganes-allysupposed(sea e.g. Sí-
MON, 1963). This most ps-obablyis also the casein the External Zona of the
Batic Cordilleras,where no «Muschelkalk>~carbonatesoídas- than tha (Uppes-)
Ladinian hayabeen found (sea cg. FOU<JAULT, 1971). It thus appearsthat the
«Buntsandstein»-«Muschelkalk»boundary in the Batic Cordilleras lies consl-
des-ablyhighes- than in the GarmanicBasin, whes-ait is situatedin the Lowar
Anisian (KozuR, 1973 a, b, 1975; Fig. 3).

In the loxver parÉ of dic psammite--pelite«Buntsandstein»sequenceof the
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Romero-Carrascoyunit of the Ballabona-CucharónCornplax, to the north-
eastof Murcia, sporasLave been found, which indicata the latest Scythian or
earliestAnisian (Dr. fi. VIsscnrR, pars. com.).

ILe presenceof Pes-miandepositsin tha «coyes->’ seriesof the Betic Com-
plexashas not yet beenps-ovadby fossils. In viaw of tha datadiscussedaboye
it seams highly unlikaly that Pes-mianrocks are prasent in tha Ballabona-
CucharónComplex. The possibility that they as-e representadin the lower
parts of the «coyes-» seriesof the other complexascannot be axeluded.Tha
plant rcmains [Lebachia (Walchia) piniformis (ScííLoTH.) FLORíN] from
psammitic rocks of the Malaguide Complex of Morocco, which MILLIARD
(1959) considersas Permian,are important in this connection.A reinvastiga-
tion of this material saemshighly recommendable!

The youngestTriassic fossils known from tha Betic Zona comefrom the
highestpas-tof thacarbonatesequenceof tha Lower Alpujarride Barbas-aunit
of the SierradeBaza.They arealgae (Griphoporella curvata) which according
to LEMOINE (in: FALLOT at al., 1954) indicate the Norian (sea also DELGADO et
aL, in ps-ess).

The ageof the basal parts of the carbonatesequencesof the Alpujas-ride
Complex in the Sierras Cabreraand Alhamilla posesa problem. ILe micro-
fauna from tha basalpart of the carbonatesequenceof fha (Highes-?) Alpu-
jarrida unit from the Sierra Cabrerabelongs to the mu/deraezona,whereas
that 1rom the basal pas-t of ita carbonatesequanceLs-orn the Higher Alpuja-
rs-ideunit Ls-orn the SierraAlbarnilla balongslocally to the rondee/irangezona
and locally to the blumenthalizona (sea KOzUR et al., in press, c). ILe rnost
logical explanationis that diffes-ent pas-ts of fha carbonatesequenceovas-he
tha pelite-psammitasequence,due to tectonism. However, detailed invasti-
gations will be nacessaryto solve this problam.

Another problem concas-nsthc aga of sorne algae from tha Lowes- Alpu-
jarride Barbas-aunit of the Sierrade Baza. Approximately 650 metresaboye
tha basaof the carbonatesequanca,inicrofaunahas beanLound,which belong
to the rondee/i ranga zona (DELGADO at al., in press). Ps-orn apps-oximately
the samapart of fha carbonatesequence,FALLOT et al. (1954) Lave described
ths-aehurizonswith algae,viz., from below to aboye,Diplopora sp., Teal/opo-
re/la triasina andOligoporella pilosa. According to LEMoINE (in: FALLOT et al.,
op. cit.), in the Southes-nand Dinarian Alps, Oligopordlla pilosa and Teullo-
pare/la triasina s-espectivelyindicate the Middle Anisian and the latest Anisian
tu aarliest Ladinian. Ibis would imply that Le successionis upside down;
howeverFALLOT et al. consider fhis highly improbable un fha basis of field
investigations.This viaw hass-ccently beenconfirmad by DELGADO (pars. com).
As alreadynotad by FALLOT et al. (op. cit., págs.34-35 and págs.56-57), it is
probablethat fha afora-mantionedalgaes-apresentdifferant agesLos- the Alpina-
Dinarianrealm and fha Batic rea!rn. In fhis connection,it may be mentioned
that HERAK (1965) has extendedtha rangeof Tealloporella triasina in Yugos-
lavia tu dic Upper Ladinian.

Pa/eoeco/ogicand environmental remarks

Stenohalineostracodes(viz. Acratina) Lave only beanfound in the rondeeli
range zona;other stenohalineostracodes,suehas the ganeraBairdia, Healdia

(3) For fha use of Triassic ostracodesbr water depthdeterminationand ihe detarmí-
nation of tha salinity, sea KOZUR, 1971, 1972 c; KOzUR & MOSTLER, 1972 a.
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rich in Acratina indicategreates-water depth.The absanceof ostracodesmdi-
cating dapths of mora than 100-150 matres (cg. Nen-icroceratina), however,
suggeststhat tha Acratina-beas-ingbedswes-e not depositadat dapthsgreates-
than 100-150 matres.Most of the samples show typical (very) sLallow watar
associations,indicativa of water depths of 0-30 metres, including intartidal
conditions.Apart from the ostracodes,the very ras-aoccus-renceof conodont
launaswith tha euryhaline Pseudof-arnLslzL,sassociation(without Gondole/la
aud G/adigondale//a), tha alrnost total absenceof ammonoidsand tha absence
of other stenohalinefaunasindicate [hat tlie Triassic carbonatesequencesof
the Betic Zona hayabeendepositadin a shallow to very shallow, partially hy-
persalinesea,which was largely separatedfrom the «open>~Tethyan Sea.

ILe lithostratigraphic davelopmentof [Le (Permo-)Triassic«coyes-» series
suppor[s this view. Rurrow-stiucturesoccur at sayas-allevals in the carbonate
sequances,and are abundant in places; oolitic and nodular carbonatesand
stratigraphically controllad dolostones(locally associatedwith gypsum) as-e
present,and thareare gypsum intercalations(locally in considerablequanti-
ties). According to ScHwaRo(1974) fha carbonaterocks of the Lower Alpuja-
¡ride Lujar and Gádorunits represent«.. - sedirnentsin part with a tas-rige-
neous influence Ls-orn a was-m, shallow wates- environmant, mainly lagoonal,
sheltes-edfrorn the open sea (similar to ultra-back real)» (literal transíation
Ls-orn German). ROEP (1972) is of the opinion that the lower memberof the
lower psammita-palitesequenceof [he MalaguideComplax in the Vélez Rubio
representsthe «lower part of a coarsegramadalluvial fan, laid down in front
of a mountainousregion»; the higher part is inferred to be «a fluviatile se-
quencemes-ging into a shallow marine or lake deposit».According to ROEP
(op. cit.) the rocks of the highersequenceshayamost probablybeendeposited
undershallowmarineconditions,tha carbonaterocksat laastin part represen-
ting algal rnats.SAcOIJIN (1970) assumasthat the rocksof the pelite-psammite
sequencesof the Alpujarride compiex in the Sierrade Gádos-hayabeendepo-
sitad undar ves-y shallow water and locally emes-gentconditions.

Rernarkson Ihe Betic pa/eogeography

Severalraconsti-uctionshayabeen proposedLos- the paleogeographyof the
Betic raalmin Iriassic time (sea reviewsin EGELER & SIMON, 1969 a,b; KAMPS-
CHUUR & RONDEEL, 1975). Basadon [Le (Permo-)Triassiclitbostratigraphyand
on tectono-metamorphicand geophysicaldata, SIMoN et al. (1976) suggasted
that the arcasof depositionof the rocks now constituting the tectoniecom-
plexasos-iginall~had [he following relativadispositionfrom NE (E) to 5W (W):
Ballabona--Cucharónrealm- Nevado-Filabridaraalm - Lower Alpujarride realm-
1-Iighar Alpujarride raalm- Malaguiderealm.

The lilbologie developmentof (he (Pernio-)Triassicof the Ballabona-Cucha-
rón Comple-x shows markedaffinities to that of tha SubbeticZone (cg. larga
quantitiesof gypsumand diabasas);furtharmoreCostatoriakiliani (ScHMIDT)
and Gervi/lia (cf.) jo/eaudi Scí- MIDT hayaonly beenfound in the Ballabona-
CucharónComplax and in tha Subbeticand PrebeticZonas.This suggeststhat
the roeks of tha Ballabona-CucharónCoínplex and of fha SubbaticZonawara
depositadin one majos- paleogreographiearea.

Iba microfaunal conteraof tha Betie sequeneesis eons¡stentwith this ge-
neral concept.The ostracodasfrom ita carbonaterocks of fha Ballabona-
CucharónComplax ir~,dicate a more hypersaline(lagoonal) environman[ com-
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and Hungarella, do not occur. Many ostracodeLaunas indicate a more os- less
hypersalinaanvironment(KozuR et al., 1974) (3). Most samplescontaineuryha-
lina ostracodefaunas of vas-y shallow watar environment. Only the samplas
paredwith that of the rocks of tha Alpujarride and MalaguideComplexas.In
[he Ballabona-CucharónComplexTethyanfaunal elemants,with thc axcaption
of Reubenel/afraterna (a strongly euryhaline species),hayanot baen found.
Other faunal elements,indicating a connectionwith the «mora open»seaand
the Dinarian and Austroalpina faunal provinces, haya baen found only in
rocks of the Lowar and Higher Alpujarrida Subeomplexesand of the Mala-
guide Complex(cg. Kerocytheretuva/ica, K. reticulata, Metapo/ygnathasman-
goensis,Clypeina besici). In this respectthe Orihuelaunit shows aflinitias [o
the LowarAlpujars-ideSubcomplax(occurrencaof Kerocythereand somaothar
ostracodesunknown from tha Ballabona-CucharónComplex). Water depths
of morethan 50 matres,indicatedby associationswith abundantAcratina, as-a
only known fs-om the Lower and Highes- Alpujarride Subeomplaxes.Fus-ther-
more, ammonoidsLave, with the exceptionof one problamatic Linding in the
l3allabona-CucharónCornplax,only beenfound in tha Lower Alpujarrida Sub-
complax, algaa only in the Lowar and Higher Alpujarride Subeomplaxas
and in the Malaguide Complex and the lammalibranchLyriomyophoria be-
tica (HIRScH) —locally in las-gequantitias—in the Lowes- and 1-ligLer Alpuja-
rride Subeomplexesand in the Os-ihuelaunit (4).

Tectonie implications

The detailed stratigs-aphiesestablishadwith the aid of microfauna Lave
ps-ovadvery useful in tactonic intas-pretation,as the following examplesshow:
1) It has beanps-ovadwith [he aid of mias-ofaunathat tha Ballabona-Cucharón
Complex of the Sierra del Puerto (to the south of Murcia) has a fas- more
complicatedstructurathan originally assumed(KAMPScHUUR, 1972b; KOzuR
et aL, 1974),2) SíMos¡ (1963) initially assumadthat tha Romerounit (andequi-
valents)and the Carrascoyunit (and equivalants)representadtwo majos- «in-
dependant»tactonic units in the Ballabona-CucharónComplax, the rock se-
quencesof xvhich had approximatalythe samaage. He subsequentlyventured
the hypothesisthat tha rock sequancesof the two units os-iginally belonged
to a continuousstratigraphicsuccession,sepas-atadby «décollementa(SIMON,
1966b). This was verified by KozUR et al. (1974) with tha aid of microfauna.

Theseand othes-examplesshow that microfaunal investigationof tha (Par-
mo->Triassicsequencesrapresentsan integralpas-tof the stratigraphicandtee-
tonie studyof the Betic Zona.
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