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

Por O. J. S1moN * and H. Kozur **

SUMMARY

A synopsis is given of the lithostratigraphic development of the (Permo-)
Triassic sequences of the major tectonic complexes of the Betic Zone. Results
of microfaunal investigations are provided. Three ostracode zones have
been distinguished. The lower and middle zones are attributed to the La-
dininan (Longobardian and-? Late Fassanian) and the upper zone to the
Early Carnian (Cordevelian). Microfauna proved very useful for solving
paleontologic, stratigraphic, paleoecologic, paleogeographic and tectonic
problems.

RESUMEN

Se hace una sinopsis del desarrollo lilcestratigrafico de las sucesiones
{Permo-)Triasicas de los mayores conjuntos tectonicos de la Zona Bética.
Se presentan los resultados de las investigaciones microfaunisticas. Se dis-
tinguen tres zonas dc ostrdcodos. Las zonas inferior y media se atribuyen
al Ladiniense (Longobardiense y (?) final del Fassaniense) y la zona superior
al principio de} Carniense (Cordevoliense). La microfauna resulté 1til para
resolver problemas paleontoldgicos, estratigraficos, paleogeograficos y tec-
tonicos.

INTRODUCTION

The Betic Zone embraces the internal part of the Betic Cordilleras, the
alpine fold-belt of southern Spain. On the basis of lithostratigraphic deve-
lopment of the (Permo-)Triassic sequences and of structural position, four
major tectonic complexes have bheen distinguished (EGELER & SIMON,
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1969 a, b). They are, in ascending order: 1) Nevado-Filabride Complex;
2) Ballbona-Cucharén Complex; 3) Alpujéarride Complex, and 4) Malaguide
Complex (Fig. 1). All complexcs include «cover» sequences of (Permo-)
Triassic (meta)-sediments. The Nevado-Filabride, Alpujarride and Malaguide
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Fig. 1. Tectonic sketch-map of the Betic Zone

complexes, in addition, contain pre-{Permo-)Triassic «basement» sequences.
Only in the Malaguide Compiex have post-Triassic sediments been found.
Consequently only (Permo-)Triassic sequences can be used for correlation
of the various tectonic units and complexes, and hence for a reconstruction
of the Betic paleogecgraphy. At only a few localities have well-preserved
macrofaunas becn reported, which warrant paleontologic and stratigraphic
conclusions (SIMON, 1963). Until recently, therefore, dating of the (Permo-)
Triassic sequences of the Betic Zone has been based almost exclusively on
lithologic comparison with dated Triassic sequences from other parts of
Europe and Northern Africa. In view of the fact that in the last ten vyears
Triassic sequences from many parts of the world have been dated with
the aid of microfauna, a systematic programime has been set up for dating
of the (Permoe-YTriassic sequences of 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 complexes, followed by a synopsis
of the results of microfaunal investigations.
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LiTH OSTRATIGRAPHY OF THE (PERMO-)TRIASSIC SEQUENCES OF THE TECTONIC
COMPLEXES

Ballabona-Cucharon Complex

In former publications three major tectonic units have been distinguished,
viz., from below to above, Ballabona, Romero-Carrascoy and Orihuela units
(IeME, 1974; SiMoN et al., 1976). For reasons to be discussed later on, the
Orihuela unit in this publication wiil not be incorporated in the Ballabona-
Cucharén Complex (see pag. to be filled ont and pags. according to page
numbering.

The (Permo-)Triassic column of the Romero-Carrascoy unit of the Sierra
de Carrascoy {and of equivalents elsewhere) has been subdivided into four
lithologic formations (Fig. 2). Other characterisiics are: a) intercalations of
gypsum and rauhwackes, locally in large quantities, b) intercalations of pelites
and psammites in the carbonate sequences, ¢) presence of beds with Costato-
ria kiliani (ScHMIDT) and Gervillia cf. joleaudi SCHMIDT, approx. 150 metres
above the base of the lower carbonate sequence, d) common occurrence of
Fe-mineralisation, and e) presence of large diabase masses (SiMoN, 1963,
1966 b; EGELER & SimoN, 1969 a, b; KampscHUUR, 1972 a; Kozur et al., 1974).

A correlation of the rock sequences of the Ballabona unit with the higher
part of the Romero-Carrascoy unit seems warranted on the basis of the
lithostratigraphic development (SimoN, 1963; EGELER & SimoN, 1969 a; Fig. 2).

Nevado-Filabride Complex

The Nevado-Filabride sequences have been strongly tectonised and me-
tamorphosed during the Alpine orogeny. Therefore, one encounters serious
difficulties when attempting to establish reliable columnar sections. The litho-
logic criteria mentioned for the Ballabona-Cuchardén Complex apply also to
the cover series of the Nevado-Filabride umnits, although gypsum and rauhwac-
kes occur in far lesser quantities. The cover ol the lowest Nevado-Filabride
unit shows a lithologic subdivision comparable with the (Permeo-)Triassic
sequence of the Romero-Carrascoy unit of the Ballabona-Cucharén Complex
(HELMERS & Vogt, 1967; EGeLER & SiMmon, 1969 a, b; EGELER et al., 1971; Fig. 2},
The cover series of the higher Nevado-Filabride units are usually substantially
thinner than that of the lowermost unil, duc to stratigraphic effects (Mr. H.
HELMERS, pers. com.), They consist esscntially of rocks correlatable with
those forming the higher part of the cover of the lowermost unit.

Alpujarride Complex

A large number of tectonic units that overlie Nevado-Filabride and Balla-
bona-Cuchardén units and underlie Malaguide units are incorporated in the
Alpujarride Complex. Systematic grouping and correlation of the various
Alpujarride units throughout the Betic Zone has not yet been done (1). In
the central and eastern Betic Zone a bipartite subdivision can generally be
made into a lower and a higher group of units, to be named here Lower and

(1) In 1974 a project has been started (by teams from Miinchen, Salamanca, Bilbao,

Granada and Amsterdam), in order to make a detailed stratigraphic, tectonic and petro-
logic study of the Alpujarride Complex,
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Fig. 2. Columnar sections of tectonic units from areas indicated in figure Iy 1:  composite colummar section of the
Romero Carrascoy unit (Ballabona-Cuchardn Complex) (after SImoN, 1693; KAMPSCHUUR, 1972 a; IeMg, 1974; KozZUr et
al., 1974); 2: Ballabona unit {Ballabona-Cucharén Complex} (after VOERMANS, 1973); 3: Bédar unit (higher Nevado-Fila-
bride unit) {after HELMERS & VOET, 1967; EGELER ef al., 1971); 4: Nevado-Lubrin unit (Lowermost Nevado-Filabride unit)
{after RONDEEL & STMON, 1974; EGELER et al., 1971); 5: Orihuela unit (? Lower Alpujarride Subcomplex) (after IGME, 1974;
Kozur et al., 1974); 6: Barbara unit (Lower Alpujarride Subcomplex) (after IGME, in press, a) . Gddor unit (Lower
Alpujarride Subcomplex) (after IGME, in press, b); 8: Pefia Blancas unit (Lower Alpujarride Subcomplex) (after infor-
mation supplied by Mr. G. J. b BRUNIN);, 9: Alpujarride unit (Higher Alpujarride Subcomplex) (after DE VRIES & ZWA-
AN, 1967); 10 a: composite columnar section of the Pefia Rubia - Casolidad unit (lower Malaguide unit) {(after RoEP,
1972}, 10 b: composite columnar section of the Colorado and Castillos units (higher Malaguide units) (after RoEp, 1972)




Higher Alpujarride Subcomplexes resp. {(SimoN et al, 1976). Transitional
elements occur, indicating that the rocks of the two subcomplexes have been
deposited in one major paleogreographic realm,

Lower Alpujarride Subcomplex. So far pre<{Permo-)Triassic sequences
have not becn found. The (Permo-)Triassic series show a bipartite lithologic
subdivision. The lower sequence consists essentially of pelites and psammites.
In some regions it comprises carbonates, with a thickness up to several tens
of metres (Fig. 2). The upper sequence consists mainly of carbonates with
intercalations of pelites and psamumites. In addition it contains sedimentary
breccias, slumps, nodular carbonate rocks, and pcculiar banded rocks («Fran-
ciscaine» dolomites and «Plerres indicnnes») (JAcouiN, 1969, 1970; Sci WERD,
1974). Pb-I' mineralisations of stratiform Lype commonly occur in the middie
and higher parts ot the upper sequence. They are thought to be of (endogenic-)
syngenetic-sedimentary origin (JacoUiN, 1969, 1970; ScHwERD, 1974). Gypsum
and diabases occur locally, The units of the Lower Alpujarride Subcomplex
attain their greatest thickness (up to 2,500 metres) to the north and south
of the Sierra Nevada and in the Sierra de Baza. In the more eastern part of
the Betic Zone thicknesses are generally in the order of some hundreds of
metres.

Orihuela unit. This unit until now has only been distinguished in the
northeasternmost part of the Betic Zone. In previous publications it has
been incorporated in the Ballabona-Cucharén Complex (Icmg, 1974; SiMmon
cl al., 1976). Tts lithostratigraphy, howcever, is more similar to that of the
Lower Alpujarride units (Fig. 2), and also the fauna content favours incor-
poration in this subcomplex (see pag. in agremel wilh later p.). Gypsum and
diabases accur locally. In the higher part of the Orihuela unit, sedimentary
breccias and rocks resemblig «Franciscaine» dolomites have been found in
places.

Higher Alpujarride Subcomplex. In contrast to the Lower Alpujarride
Subcomplex, the units of the Higher Alpujarride Subcomplex commonly have
a pre-(Permo-jTriassic «basement». The «covers scries consist of a pelite-
psammite scquence (below) and a carbonate sequence (above). Carbonate in-
tcrealations {(up to several tens of metres thick) are found locally in the lower
sequcnce. The carbonate sequence in general is thinner than that of the
Lower Alpujarride Subcomplex, and rocks of the «Franciscaine» type, sedi-
mentary breccias, slumps, Pb-F mineralisations, psamunites, pelites and gyp-
sum are scarce or absent. Diabases are very rare. In the region to the south
of the Sicrra Nevada the tnickness ol the «covers series decreases from below
to above in the pile of Higher Alpujarride units (ALpaya, 1969).

Malaguide Complex

Due to strong tectonism, absence of determinable macrofauna, and scar-
city of microfaunal data, detailed columnar sections of the (Permo-)Triassic
«coverr serics are very rare. The work of Ropp (1972) indicates that the (Per-
mo-)Triassic of the higher Malaguide units in the region between Vélez Rubio
and Lorca consists, from below to above, of a lower psammite-pelite sequence
with pscphitic intercalations, a lower dolomite sequence, an upper psammite-
pclite sequence with pscphiles and an upper dolomite scquence. Gypsum has
been found in the uppermost part of the lower psammite-pelite sequence
(Fig. 2). Diabascs occur rarely. In several places the lower dolomite scquence
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is absent, resulting in a single psammite-pelite sequence, overlain by carbona-
te rocks. The lower Malaguide units in the Sierra de Espufia and in the region
between Lorca and Vélez Rubio, which are considered to be «transitionals
between the higher Malaguide units and the Higher Alpujarride Subcomplex,
show a bipartite subdivision of the (Permo-)Friassic «cover», viz. a psammite-
pclite sequence with psephites {(below and a carbonate sequence (above). The
correlation of the (Permo-)triassic columnar sections of the lower Malaguide
units with those of the higher Malaguide units still poses serious problems
(Roxrp, 19723,

MIiCROFAUNAL RESULTS AND THEIR IMPLICATIONS

General

The first microfossils, viz. conodonts from epimetamorphic, strongly tec-
tonised Triassic rock sequences of the Betic Zone have been reparted by Van
DEN BooGaarp (1966; see also SiMoNnN, 1966 a). Afterwards Kozur & SIMoON
(1972) described holothurian sclerites, VAN DEN Boocaarp & Simon (1973)
conodonts and Kozur et al. (1974) ostracodes. These studies have demons-
trated the value of microfauna for solving palecntologic, stratigraphic, pa-
leoecologic, environmental, paleogeographic and tectonic problems,

Paleontologic and stratigraphic remarks

Using the phylogenetic succession Falloticythere mulderue - Falloticythere
rondeeli - Mostlerella blumenthali, KozuRr et al. (1974) established three os-
tracode zones. Recent investigations have shown that the boundary between
the Falloticythere rondeeli and Mostlerella blurnenthali zones must be slightly
changed. Mostlerclla blumenthali minuta is a separate specics and represents
a transitional form between Falloticythere and Mostlereila. The sparse M. blu-
menthali blumenthali from the former lower blumenthali zone do not belong
to this species, but to a transitional form between F. rondeeli and M. blu-
menthali. The presence ol highly developed F. rondeeli has been described
from the lower blumenthali zone by Kozur et al. (1974, pag. 23). Therefore,
the rondeeli zone should be used in future as a species range zone including
the former lower blumenthali zone (Fig. 3). The original definition of the
rondeeli zone, viz. range of Falloticythere rondeeli without Mostlerella blu-
menthali, should be changed to: rangc of F. rondeeli (for a more detailed
discussion, see KozURr et al., in press, b and c¢).

The mulderae zone {with F. mulderae) is represented in the Ballabona-
Cucharén Complex and in the (Lower Alpujarride?)} Orihuela unit, The fre-
quent occurrence of Lutkevichenella egeleri is also typical for the mulderae
zone. In the lower part of the Palas member of the Romero-Carrascoy unit
{Ballabona-Cuchardén Complex) a rich assemblage of L. egeleri is present
together with Bythoceratina (Praebythoceratina) rietveldae n. sp. (2). The
same association has been found in the lowermost part of thc carbonate se-
quence of the (Higher?) Alpujarride unit from the Sierra Cabrera (Kozur

(2) For ad escription of specics indicated with n. sp., see Kozur et al, in press, a
and b.
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et al., in press, c). Consequently, the mulderae zone is represented in the
Ballabona-Cuchardn and Alpujarride Complcxes.

The rondeeli range zone is represented in the Lower and the Higher
Alpujarride Subcomplexes (Fig. 2). In the Ballabona-Cuchardn Complex tran-
sitional forms between F. mulderae and F. rondeeli are frequent in the upper-
most part of the Palas member. The overlying green slate member and the
lowermost part of the «Tres bancos» member, which are most probably the
time equivalent of the romdeeli range zone, have not yielded ostracodes.

The blumenthali zone is present in the Ballabona-Cucharén and Alpujarri-
de Complexes (Fig. 2),

A bipartite subdivision of the {Permo-)Triassic of the Betic Zone is possi-
ble on the basis of conodonts. Pseudofurnishius huddlei occurs in the -
derae zone of the Palas member (Ballabona-Cucharon Complex), whereas in
the blumenthali zone the genus Pseudofurnishius is only represented by
P, murcianus. Unfortunately, in the Betic Zone conodonts are mostly too
sparsely represented for stratigraphic subdivision, but they are very useful
for correlation purposes (see below).

Holothurian sclerites have been found only in a few horizons, sometimes
in large amount. In the upper rondeeli range zone (Lower Alpujarride Sub-
complex, Sierra de Baza) only Calclamma germuanica —a species without spe-
cial stratigraphic vaiue— has been found (DELGapo et al, in press). The blu-
menthali zone of the Higher Alpujarride Subcomplex is characterised by the
frequent occurrence of Zawidzkella kampschuuri n.gen.n.sp., associated with
Acanthotheelia oertlii and some new Acanthotheelia species, A third holothu-
rian association of similar age, but with a different species assemblage (many
Acanthotheelia mostieri and other Acanthotheelia especies as well as Kueh-
nites schallreuteri) is present in the blumenthali zone of the Ballabona-Cu-
charén Complex (Kozur & SimoN, 1972). The fourth and youngest associa-
tion has yielded numerous small Theelia species (Theelia barkevi, Theelia
guembeli, Theelia tubercula, Theelic zankli). This fauna was found in the
upper blumenthali zone in the Ballabona-Cucharén Complex, in the Lower
Alpujarride Subcomplex (Barbara and Gador units) and in the Malaguide
unit of the Sierra Alhamilla (see further Kozur et al., in press, a).

The microfaunas are of great immportance for the correlation of the (Per-
mo-)Triassic sequences of the Betic Zone with comparable beds outside of
Spain. They can be well correlated with the Triassic of Israel. Close faunistic
relations exist also with the Triassic of Nevada (U.S.A.) and to a lesser
extent with the Germanic Basin and the Dinaric and Asiatic fanual provinces.
Only few relations exist with the Austroalpine faunal province, In the Betic
Zone, P. huddlei has been found only in the Palas member of the Ballabona-
Cuchardn Complex, whereas the blumenthali zone only conlains P. murcianus.
The lowest occurrence of the genus Pseudofurnishius in Israel is in beds with
Protrachyceras curionii ramonensis and Gevanifes awadi. These beds have
been referred by PARNES (1973) to the higher part of the Lower Ladinian, but
according to Kozur (1972 a, b; 1973 a, b; 1974 ¢; 1975) they may also represent
the Upper Ladinian (hungaricus subzone of the haslachensis zone). In this
subzone in Hungary ammonites have been found closely related to Protvaciiy-
ceras e«ctrionii» ramonensis. Judahella tsorfatia from the mulderae zone and
the rondeeli range zone has been tound in the Longobardian and possibly also
in the Fassanian of the Westmediterranean faunal province (sensu KozZur &
Mosreer, 1972 b; Kozugr, 1973 ¢} which is correlatable with the Sephardic
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faunal province (sensu HIRSCH, 1972). In the Asiatic and Germanic faunal
provinces Judaiella tsorfatia is older (Olenikian to Middle Anisian). Leviella
sohmi {rom the mulderae zone and the rondeeli range zone occurs also in the
Ladinian Grantsville Formation of Nevada. Leviella bentort is present in the
lowermost Carnian ot lsracl. The specimens of L. bentori from the upper ron-
deeli range zone are very primilive and closeiy resemble the Ladinian Leviella
sohni. They are therefore somewhat older than the typical L. bentori from the
lowermost Carnian of Israel and from the biumenthali zone of southern Spain.
Falloticythere rondeeli is probably present in the latest Longobardian of
lsrael (base of the limestone-gypsum member of the Saharonim Formation).
Acratina muelieri from the rondeeli range zonce is found in the Ladinian of
Slovakia and of Hungary. Acrating mosiiery n.sp. occurs in the upper ron-
deeli range zone as-well as in the Longobardian Metapolygnatinns mungoensis
assemblage zone (sensu KozUR & MZsTLER, 1972h; Kozur, 1972 a, 19t4 d) of
the Alps. M. mungoensis from the upper rondeeli range zone (Lower Alpuja-
rride Subcomplex, Sierra dc Gador) corresponds to A mungoensis of the
Upper Longobardian ol Hungary. Therefore, on the basis of the ostracodes
and conodonts the rondeeli range zone is not younger than the Longobardian.
The blumenthali zone (sensu Kozur et al., 1974, pags. 23-25) has been assigned
to the Cordevolian. Two possibilities have been proposed by Kozur et al.
(1974, pag. 25) for the Ladinian-Carnian boundary in the Betic Zone: 1) the
first occurrence of Leviella bentori and Mostlerelia blumenthali (including the
M, blumenthali minuta; sce remarks Lo the taxonomy, pag. 6), or 2) the first
appearance of Reubenella fraterna (ithe base of the blumenthali zone as deli-
ned in this paper). Recent data are in lavour of the second solution (see
remarks to the former biumenthali zone, pag. 6). Kozur et al. (1974) have
proposed a Carnian age for the biwmenthaii zone (as defined in this paper),
because of the cccurrence of Reubenella fraterna, the occurrence of the typi-
cal Cordevolian holothurian association with Theeia fubercula and of the
conodoni association ol the Pseudofurnishius murcianus assemblage zone
(sensu KozoOR, 1972 a). The Lower Carnian age ol the blumenthali zone is
also supported by the recent discovery ol typical Kerocythere species (K. tu-
valica, K. cl. reticulata, K. bicaringia nsp.) in the Orihuela unit and in the
Lower Alpujarride Gador unii (Kozur et al,, in press, b).

To sum up, the mulderae zone and the rondeeli range zone are attributed
to the Longobardian, leaving open the possibility that the mulderae zone par-
tly represents the Late Fassanian. The bluwwmenthali zone belongs to the Cor-
devolian.

The oldest microfauna of the «Muschelkalk» of the Betic Zone, immedia-
tely above the «Buntsandstein», belongs to the mulderae zone and is assumed
to be not older than the Late Fassanian {see Figs. 2 and 3). Therefore, in the
Betic Zone, the «Buntsandstein»-«Muschelkalk» boundary does not corres-
pond with the Scythian-Anisian boundary, as gencrally supposed (seec e.g. SI-
MON, 1963). This most probably is also the case in the External Zone of the
Betic Cordilleras, where no «Muschelkalk» carbonates older than the (Upper)
Ladinian have been found (see e.g. Foucaurr, 1971). It thus appears that the
«Buntsandsicin»-«Muschelkalk» boundary in the Betic Cordilleras lies consi-
derably higher than in the Germanic Basin, where it is situated in the Lower
Anisian (Kozur, 1973 a, b, 1975; Fig. 3).

In the lower part of the psammite-pelite «Buntsandstein» scquence of the
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Romero-Carrascoy unit of the Ballabona-Cucharén Complex, to the north-
east of Murcia, spores have been found, which indicate the latest Scythian or
earliest Anisian (Dr. H. VISSCHER, pers. com.).

The presence of Permian deposits in the «cover» series of the Betic Com-
plexes has not yet been proved by fossils. In view of the data discussed above
it seems highly unlikely that Permian rocks are present in the Ballabona-
Cucharén Complex. The possibility that they are represented in the lower
parts of the «cover» scries of the other complexes cannot be excluded. The
plant remains [Lebachia (Walchia) piniformis (SciiLoTH,) Frorin] from
psammitic rocks of the Malaguide Complex of Morocco, which MILLIARD
(1959) considers as Permian, are important in this connection. A reinvestiga-
tion of this material seems highly recommendable!

The youngest Triassic fossils known from the Betic Zone come from the
highest part of the carbonate sequence of the Lower Alpujarride Barbara unit
of the Sierra de Baza. They are algae (Griphoporella curvata) which according
to LEmMoINE (in: FaLLoT et al., 1954) indicate the Norian (see also DELGADO et
al., in press).

The age of the basal parts of the carbonate sequences of the Alpujarride
Complex in the Sierras Cabrera and Alhamilla poses a problem. The micro-
fauna from the basal part of the carbonate sequence of the (Higher?) Alpu-
jarride unit from the Sierra Cabrera belongs to the mulderae zone, whereas
that {rom the basal part of the carbonate sequence from the Higher Alpuja-
rride unit from the Sierra Alhamilla belongs locally to the rondeeli range zone
and locally to the blumenthali zone (see KozZUR et al,, in press, ¢). The most
logical explanation is that different parts of the carbonate sequence overlie
the pelite-psammite sequence, due to tectonism., However, detailed investi-
gations will be necessary to solve this problem.

Another problem concerns the age of some algae from the Lower Alpu-
jarride Barbara unit of the Sierra de Baza. Approximately 650 metres above
the base of the carbonate sequence, micrefauna has been found, which belong
to the rondeeli range zone (DELGADO et al., in press). From approximately
the same part of the carbonate sequence, FALLOT et al. (1954) have described
three horizons with algae, viz., from below to above, Diplopora sp., Teutlopo-
refla triasing and Oligoporella pilosa. According to LEMOINE (in: FALLOT et al.,
op. cit.), in the Southern and Dinarian Alps, Oligoporella pilosa and Teutlo-
porella triasina respectively indicate the Middle Anisian and the latest Anisian
to earliest Ladinian. This would imply that the succession is upside down;
however FaLioT et al. consider this highly improbable on the basis of field
investigations, This view has recently been confirmed by DELGADO (pers. com).
As already noted by FarLrLor et al. (op. cit., pags. 34-35 and pédgs. 56-57), it is
probable that the afore-mentioned algae represent different ages for the Alpine-
Dinarian realm and the Betic realm. In this connection, it may be mentioned
that HERAK (1965) has extended the range of Teutloporella triasina in Yugos-
lavia to the Upper Ladinian.

Paleoecologic and environmental remarks
 Stenohaline ostracodes_(wzAc_ralm_a)l_lavet;nly been found in the rondeeli
range zonc; other stenchaline ostracodes, such as the genera Bairdia, Healdia

(3) For the use of Triassic ostracodes for water depth determination and the determi-
nation of the salinity, see Kozur, 1971, 1972 ¢; Kozur & MosTLER, 1972 a.
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rich in Acrating indicate greater water depth. The absence of ostracodes indi-
cating depths of more than 100-150 metres (e.g. Nemeroceratina), however,
suggests that the Acratina-bearing beds were not deposited at depths greater
than 100-130 metres. Most of the samples show typical (very) shallow water
associations, indicative of water depths of 0-30 metres, including intertidal
conditions. Apart {from the ostracodes, the very rare occurrence of conodont
faunas with the euryhaline Pseudofurnishius association (without Gondolella
and Gladigondolelia), the almost total absence of ammonoids and the absence
of other stenohaline faunas indicate that the Triassic carbonate sequences of
the Betic Zone have been deposited in a shallow to very shallow, partially hy-
persaline sea, which was largely separated from the «open» Tethyan Sea.

The lithostratigraphic development of the (Permo-)Triassic «cover» series
supportis this view. Burrow-stiuctures occur at several levels in the carbonate
sequences, and arc abundant in places; oolitic and nodular carbonates and
stratigraphically controlled dolostones (locally associated with gypsum) are
present, and there are gypsum intercalations (locally in considerable quanti-
ties). According to ScHwERD (1974) the carbonate rocks of the Lower Alpuja-
rride Lujar and Gador units represent «... sediments in part with a terrige-
neous influence from a warm, shallow water environment, mainly lagoonal,
sheltered from the open sea (similar to ulira-back reef)» (literal translation
from German). Roep (1972) is of the opinion that the lower member of the
lower psammite-pelite sequence of the Malaguide Complex in the Vélez Rubio
represents the «lower part of a coarse grained alluvial fan, laid down in front
of a mountainous region»; the higher part is inferred to be «a fluviatile se-
quence merging into a shallow marine or lake deposit». According to RoEep
(op. cit.) the rocks of the higher sequences have most probably been deposited
under shallow marine conditions, the carbonate rocks at least in part represen-
ting algal mats. JACQUIN (1970) assumes that the rocks of the pelite-psammite
sequences of the Alpujarride complex in the Sierra de Gador have been depo-
sited under very shallow water and locally emergent conditions.

Remarks on the Betic paleogeography

Several reconstructions have been proposed for the paleogeography of the
Betic realm in Triassic time (see reviews in EcELER & SiM ON, 1969 a, b; KaMps-
CHUUR & RonDEEL, 1975). Based on the (Permo-)Triassic lithostratigraphy and
on tectono-metamorphic and geophysical data, SIMON et al. (1976) suggested
that the arcas of deposition of the rocks now constituting the tectonic com-
plexes originally had the following relative disposition from NE (E) to SW (W):
Ballabona-Cuchardn realm - Nevado-Filabride realm - Lower Alpujarride realm -
Higher Alpujarride realm - Malaguide realm.

The lithologic development of the (Permo-Ylriassic of the Ballabona-Cucha-
ron Compiex shows marked affinitics to that of the Subbetic Zone (e.g. large
quantities of gypsum and diabases); furthermore Costatoria kiliani (ScHMIDT)
and Gervillia (cf.) joleaudi ScrHMIDT have only been found in the Ballabona-
Cuchardn Complex and in the Subbetic and Prebetic Zones. This suggests that
the rocks of the Ballabona-Cucharén Complex and of the Subbetic Zone were
deposited in one major paleogreographic area.

The microfaunal content of the Belic sequences is consistent with this ge-
neral concept. The ostracodes [rom the carbonate rocks of the Ballabona-
Cucharén Complex indicate a more hypersaline (lagoonal) environment com-
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and Hungarella, do not occur. Many ostracode faunas indicate a more or less
hypersaline environment (K.ozur et al., 1974) (3). Most samples contain euryha-
line ostracode faunas of very shallow water environment. Only the samples
pared with that of the rocks of the Alpujarride and Malaguide Complexes. In
the Ballabona-Cucharén Complex Tethyan faunal elements, with the exception
of Reubenella fraterna (a strongly euryhaline species}, have not been found.
Other faunal elements, indicating a connection with the «more open» sea and
the Dinarian and Austroalpine faunal provinces, have been found only in
rocks of the Lower and Higher Alpujarride Subcomplexes and of the Mala-
guide Complex (e.g. Kerocythere tuvalica, K. reticulata, Metapolygnathus mun-
goensis, Clypeina besici). In this respect the Orihuela unit shows affinities to
the LowerAlpujarride Subcomplex (occurrence of Kerocythere and some other
ostracodes unknown from the Ballabona-Cucharion Complex). Water depths
of more than 50 metres, indicated by associations with abundant Acratina, are
only known from the Lower and Higher Alpujarride Subcomplexes. Further-
more, ammonoids have, with the exception of one problematic {inding in the
Ballabona-Cucharén Complex, only been found in the Lower Alpujarride Sub-
complex, algae only in the Lower and Higher Alpujarride Subcomplexes
and in the Malaguide Complex and the lammelibranch Lyriomyophoria be-
tica (HirscH) —locally in large quantities— in the Lower and Higher Alpuja-
rride Subcomplexes and in the Orihuela unit (4).

Tectonic implications

The detailed stratigraphies established with the aid of microfauna have
proved very useful in tectonic interpretation, as the following examples show:
1) It has been proved with the aid of microfauna that the Ballabona-Cucharén
Complex of the Sierra del Puerto (to the south of Murcia) has a far more
complicated structure than originally assumed (KAMPSCHUUR, 1972b; Kozur
et al., 1974}, 2) SiMoN (1963} initially assumed that the Romero unit (and equi-
valents) and the Carrascoy unit (and equivalents) represented two major «in-
dependent» tectonic units in the Ballabona-Cucharén Complex, the rock se-
quences of which had approximately the same age. He subsequently ventured
the hypothesis that the rock sequences of the two uniis originaily belonged
to a continuous stratigraphic succession, separated by «décollement» (SIMON,
1966 b). This was verified by Kozur et al. (1974) with the aid of microfauna.

These and other examples show that microfaunal investigation of the (Per-
mo-)Triassic sequences represents an integral part of the stratigraphic and tec-
tonic study of the Betic Zone.
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