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Abstract. Ju rass ic rocks o f the Externa l and Internal Z o n e s o f 
the Be t ic Cordi l lera arc widespread in the province o f Murc ia . F o u r ar
eas are considered o f special interest for scratigraphical and pa leon to -
logical analysis: a) Sierra Qui'par and b) Sierras Luga r -Corque (Ex te r 
nal S u b b e t i c ) , c) Sierra R i c o t e (Median Subbe t i c ) and d) Sierra Espuna 
(Malaguide C o m p l e x ) . T h e first two conta in Jurass ic sec t ions includ
ing Sinemurian-Ti thonian deposits , and major stratigraphic discont inui
ties, conta in ing significant cephalopod concen t r a t i ons o f t aphonomic 
and t axonomic interest , occur ing in the L o w e r - U p p e r Pl iensbachian, 
Lower /Midd le Jurass ic and M i d d l e / U p p e r Jurass ic boundar ies . T h e s e 
areas are also relevant for biostrat igraphical analysis o f the M i d d l e - U p 
per Jurass ic interval. In the Sierra de R i c o t e , the M a h o m a sec t ion is o f 
especial interest for the s tudy o f L i a s / D o g g e r t ransi t ion. Casa C h i n i e -
neas sect ion cons t i tu tes the best Subbe t i c site for the analysis o f the 
L o w e r / U p p e r Bajocian boundary. In the La Bermeja -Casas de Vite area, 
the Bajoc ian-Ti thonian interval is wel l - represented, including a paras-
t ra totype o f the Radiolar i te Ja r ropa F o r m a t i o n . Finally, the Malvar iche 
sect ion in Sierra Espuna represents the bes t Jurass ic success ion o f In 
ternal Z o n e s o f the Be t i c Cordi l le ra and could be considered as a refer
ence sec t ion for this Be t i c D o m a i n . In this paper a heri tage evaluation 
has been carried out for these classical Jurassic sec t ions with the ob jec t 
o f p ro tec t ing these sites according t o the legal f ramework prevailing in 
the province o f Murcia . 

Riasmnto. Le rocce giurassiche della Zona Interna ed Esterna del-
la Cordigl iera Bet ica s o n o assai diffuse nella provincia di Murc ia . Q u a t -
tro aree s o n o cons idera te di speciale interesse per l'analisi stratigrafica 
e paleontologica: a) Sierra Qui'par e b) Sierras Luga r -Corque ( S u b b e -
t ico E s t e r n o ) , c) Sierra R i c o t e (Subbe t i co M e d i o ) e d) Sierra Espuna 
( C o m p l e s s o di Malaguide) . Le prime due c o n t e n g o n o sezioni giurassi
che comprendent i deposit i del S inemur iano-T i ton iano , e d iscont inui ty 
stratigrafiche maggiori , che c o n t e n g o n o significative conccn t r az ion i di 

cefalopodi di interesse t a fonomico c t a s sonomico , e si r i trovano ai limiti 
P l iensbachiano infer iore-super iore , Giurass ico in fer iore /medio e G iu -
rassico medio / super io re . Q u e s t e aree s o n o rilevanti anche per l'analisi 
biostrat igraf ica dell ' intervallo Giurass ico medio-super iore . Nel la Sierra 
de R i c o t e , la sez ione di M a h o m a e di part icolare interesse per lo studio 
del passaggio Giurass ico infer iore /medio . La sezione di Casa Chimeneas 
cos t i tu i sce il migl ior si to del S u b b e t i c o per l'analisi del limite Ba joc iano 
in fe r io rc / supe i io re . Nel l 'a rea di La Berme ja -Casas de Vite, l ' imervallo 
Ba joc i ano -T i thon iano c ben rappresentato, c comprende un parastra-
to t ipo della F o r m a z i o n e Radiolar i te Ja r ropa . Inf ine , la sez ione di Mal 
variche nella Sierra Espuna rappresenta la miglior success ione giurassi-
ca delle Z o n e In te rne della Cordigl iera Bet ica e puo essere considerata 
una sez ione di r i fe r imento per ques to D o m i n i o B e t i c o . In questo lavo-
ro e stata effet tuata una valutazione di pa t r imonio per queste classiche 
sezioni giurassiche, con 1'obbiettivo di proteggere tali siti s econdo II 
c o n t e s t o legale prevalente nella provincia di Murc ia . 

Introduction 

Jurassic outcrops are widely represented in different 
areas of the province of Murcia, especially in its central 
and northern sectors. Since the first half of the 20"' Cen
tury, Jurassic outcrops of Murcia have been considered by 
many European geologists (mainly French, German and 
Dutch) , as being of special interest for the study of the 
Alpine Cordilleras. Geologically, the Jurassic of Murcia 
belongs to the eastern sector of the Betic Cordillera (Fig. 
1). These outcrops include the Internal Zones (Malaguide 
Complex) and especially the External Zones (Subbetic and 
Prebetic). Many outcrops are clearly exposed displaying 
abundant and well-preserved fossil assemblages, especially 
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ammonites and belemnites. Among the many Jurassic out
crops of great geological interest in the province of Mur
cia, we have selected only four areas, which we consider 
the most interesting sites from a stratigraphical and pale
ontological standpoint. These areas belong to the Sierra 
Qui'par and Sierras Lugar-Corque (External Subbetic), Si
erra Ricote (Median Subbetic), and the Malvariche area in 
Sierra Espuna (Malaguide Complex, Internal Zones). 

The only law applicable to the paleontological out
crops in the province of Murcia is that referring to sites of 
Good Cultural Interest ( G C I ) , as included in the Histori
cal Heritage Law of 1985. But this figure of G C I does not 
adjust to the patrimonial characteristics of the different 
paleontological sites. In order to improve the present situ
ation, the Heritage Service of the Cultural Department of 
the Autonomous Community of Murcia is carrying out a 
research project in collaboration with the University of 
Murcia to benefit its palaeontological heritage (Mancheno 
& Romero 2000; Iniesta & Romero 2 0 0 1 ) . 

The studied areas 

The External and Internal Zones of the Betic Cor
dillera, with their corresponding paleogeographical do
mains, are extensively exposed in the province of Murcia. 
From a stratigraphic and paleontological point of view, 
the areas of greatest potential interest are the External 
and Median Subbetic and the Malaguide Complex in the 
Internal Zones. Below, we describe some of the sections 
of greatest interest in these areas: 

T h e S i e r r a de Qui 'par Sec t ion ( E x t e r n a l Subbet ic ) 

T h e Sierra de Qui'par ou tc rop (Fig . I) is located sou thwes t o f 

Cehegin in the L o m a Solana U n i t (Paquet 1 9 6 9 ) , which be longs to 

the External Subbe t i c ( R e y 1993 ; Caracuel 1 9 9 6 ) . T h e mos t impor tant 

works on the area are those o f Bar thc l ct al. ( 1 9 6 6 ) in the Mai-Val-

era s ec to r (b ios t ra t igraphy o f ammoni t e s and calpionel l ids) , Van Veen 

( 1 9 6 6 , 1 9 6 9 ) , who defined the To l lo Fo rma t ion ( 2 1 0 m o f thickness in 

the s t ra to type , U p p e r Ju ra s s i c - I . owcr Berriasian) and R e y ( 1 9 9 3 ) . Geel 

( 1 9 7 3 ) defined the M a i m o n Forma t ion ot the Aa lcn ian -Upper T i t h o -

nian age. Subsequent ly , Seyfried ( 1 9 7 8 , 1981) studied the condensed 

A m m o n i t i c o R o s s o facies and o thers o f Jurass ic age in the province o f 

Murcia . T h e mos t relevant paleontological studies are those o f Alleman 

et al. ( 1 9 7 5 ) and Enay & Geysan t ( 1 9 7 5 ) , who studied the calpionel

lids and the ammoni t e s across the Ju r a s s i c -Cre t aceous boundary. Man

gold ( 1 9 7 9 ) partially descr ibed the Middle Jurass ic series o f the Sierra 

de Qui'par, recognis ing the M i d d l e / U p p e r Ba thonian . Sandoval ( 1 9 8 3 ) 

studied ammoni t e s o f the Ba joc i an /Ba thon i an and established the b io 

strat igraphy level by level in sampled sec t ions o f the Sierra de Qui'par 

and C c r r o Mai Valera. Tavera ( 1 9 8 5 ) studied three sect ions o f the U p -

p e r T i t h o n i a n (Transi tor ius and S impl i sphinc tcs? zones ) and Berriasian 

( J acob i , Andrussowi and Boissier i z o n e s ) . 

A l though Jurass ic materials range from the Sinemurian age 

( l imes tones o f the Gavilan F m . ) to the T i thon ian surface in the Si

erra de Qui'par, on ly the Middle and U p p e r Jurass ic display special in

terest from a strat igraphic and paleontological point o f view (Fig. 2 ) . 

T h e ou t c rops o f this age show a varied Iithology, excel lent ly defined 

strat igraphy and an abundant and well preserved fossil con ten t among 

o the r features, which makes this area one o f the mos t interest ing in the 

Jurass ic o f the Be t i c Cord i l le ra (PI. I A ) . 

In the Sierra de Quipar, the Middle Jurass ic is limited both at the 

base and top by stratigraphic discontinuit ies , related to condensed levels 

with substant ial concen t r a t i ons o f macrofoss i l s , especially ammoni tes 

and be lemni tes . Assoc ia ted to the lower discontinuity, the boundary 

between the Zegr i and Veleta F m s . , there is a d i scont inuous layer ( 0 - 5 0 

c m ) with laminar concen t r a t i ons and abundant conc re t ions o f F e - M n 

oxides . Th i s layer also conta ins abundant macrofoss i ls , especially or ien

tated be lemni tes and ammoni t e s ranging in age from the Upper Toar-

cian to the Lower Bajocian . O v e r this ferruginous crust appear materials 

from the U p p e r Bajocian: a) two levels ( 5 0 - 6 0 c m ) o f violet or yellowish 

nodular l imes tones showing condensa t ion and abundant fossil con ten t 

( ammono ids , be lemnoids , b rach iopods , bivalves, gas t ropods, e tc . ) be

longing to the N i o r t e n s e Z o n e ; b) 2 .5 m ol violet marls with thin inter

calat ions o f partially nodular mar ly- l imestones , c) 4.5 m o f grey marly-

l imcs toncs and l imestones with chert nodules and d) approximately 5 m 

o f red marls and nodular l imes tones . T h e s e three intervals contain Late 

Bajocian a m m o n o i d s (Garant iana and Parkinsoni z o n e s ) . 

T h e th ickness o f the Ba thonian sediments is approximately 8 

m, and the individual th ickness ol the beds ranges between 5 and 90 
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P L A T E I 

A - Partial view oi the Sierra de Quipa r sec t ion . B - Partial view o f the Sierra de I.iigar sect ion (Oxfo rd i an l imes tones ) . C - Partial view o f the 

Casas de Vite sec t ion . Middle and Upper Jurass ic ( C a l l o v i j n - O x t o r d i a n ) red si l iceous nodular l imestones (Jarropa E m . ) . D - Partial view ol the 

Malvanche sect ion at the Sierra Espuna. 

cm. Lower Bathonian is represented bv 5 m o f violet or red marls and 

nodular mar ly- l imes tones . Red nodular l imes tones domina te the Mid

dle Bathonian materials (3 m ) . Macro loss i l s are basically represented 

by ammoni tes , providing valuable data lor biostratigraphy. T h e Zigzag, 

Aungerus (Lower B a t h o n i a n ) , Sofanus , C o s i a t u s (Middle Ba thon ian ) 

zones are recognized. N o Upper Bathonian materials were registered. 

Bathonian rocks end in an in t ra -Bathonian rupture character ised by 

synsedimentarv fractures with neptunian dykes, mainly N - S , associated 

to a multiple lavered ( lou r levels) crust with Le and Mn minerals and 

launa (uncomple ted ammoni t e s and or ientated be lemni tes ) and nodu

lar concre t ions o f F e - M g ("snuf l -box" type s t ruc tures ) . 

Callovian sediments are scarcely represented in Sierra de Qui'par, 

where they cons t i tu te a d iscont inuous bed o f a lew cen t imet res (as

sociated to the previous levels) with abundant F e - M n and a m m o n i t e s 

often neomorphised . A m m o n i t e zones o f Bullatt is?, Graci l is and A n -

ccps can be recognised. 

Oxlord ian levels begin with nodular-marly l imestones with occa 

sional slumps (northward direct ion) and intraformational breccias (peb-

b ly-muds tones) above. Similar leatures have been recognised towards 

the upper part ol the Paturat tensis Z o n e and at the base o f the B i m a m -

matum Zone . Dur ing the rest o f the Upper O x l o r d i a n and Lower K i m -

mendgian the carbonated character increases towards the S t r o m b e c k i 

Z o n e . Above this, red Ammom' t i co R o s s o sedimenta t ion begins again 

to reach th ick banks ( 1 3 - 1 4 m) in the Albe r t inum/Darwin i zones . T h e 

rest o f the Verruciferum Z o n e is made up ol marlv Ammom' t i co Rosso 

facies, which rapidly turn to massive calcareous with a pseudonodular 

appearance in the Burckhardt iceras and Lower Transitorius zones (23-25 

m ) . S o m e levels have nodular tops and reduced nodular marly-l imestone 

interbeds, which b e c o m e more important towards the upper part ol the 

success ion . Above , the success ion expands with 2 0 - 2 5 m o f l imestone 

layers with top slumps and 10 m o f marly l imes tone rhvthmite in con

tact with the 2 0 - 3 0 m ol massive l imestones or red and grev breccias 

(Caravaea Red M e m b e r ) . In the top o f this last member 1-2 m thick 

sequences appear, th icking upward and very rich in cr inoids , forming a 

boundary with the Car re t e ro F m . (Valanginian-Hauter ivian) . 

T h e S ie r ra s de Lt'igar and C o r q u e S e c t i o n s ( E x t e r n a l S u b 

be t i c ) 

T h e Sierras de Luga rand C o r q u e (Fig . 1) are located in the N W 

and W o f For tuna at the westside ol the province ol Murcia . Geo log i 

cally, they lie in the eastern part o f the External Subbet ic , and present 

a M i d d l e / U p p e r Jurass ic series with a degree ol exposure and stratifi

cat ion that facilitates detailed studies (Pig. 3 ) . Fallot ( 1 9 3 1 - 3 4 , 1945) 

made the first strat igraphic and tec ton ic considera t ions . Subsequent 

ly, A z e m a ( 1 9 6 6 ) assigned the C o r q u e and I.iigar Sierras to the west

ern Prcbe t ic . T h e strat igraphic success ion , which is only visible in the 
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Sierra de Qufpar. 

southern flank o f the Sierra del C o r q u e , is o f L i a s -Lower C r e t a c e o u s 

age. T h e C o r q u e success ion is detailed in A z e m a ( 1 9 7 1 ) and A z e m a 

et al. ( 1 9 7 1 ) . T h e r e are abundant a m m o n i t e s (Aspidoceras gr. altenense, 

A. gr. circumspinosum, Dichotomoceras gr. bifurcatus, Epipeltoceras aff. 

treptense, Gregoryceras sp. and indeterminate per isphinct ids) from the 

Middle and Upper Oxfo rd ian . 

Seyfried ( 1 9 7 8 ) descr ibed 78 m o f the M i d d l e / U p p e r Jurass ic 

success ion in the Sierra de Lugar, recognis ing a resed imented breccia 

(level 5) with ammoni tes o f the T o a r c i a n / L o w e r Bajocian age. T h e same 

author at t r ibuted the fol lowing sec t ions (levels 6a, 6 b and 6 c ) o f l ime

s tones with cher t , laminated l imes tones and marls, partially nodular 

marly l imestones and nodular l imestones , to the Upper Ba joc ian /Middle 

Bathonian , while the fol lowing level (a l imoni t ic crust , level 7) would 

cor respond to the Cal lovian. T h e U p p e r Jurass ic begins with a sec t ion 

(level 8) o f red, marly nodular l imes tones from the U p p e r Cal lovian to 

the Upper Oxford ian (Planula Z o n e ) . Levels 9a, 9 b and 9c are 18 m o f 

nodular l imestones which precede the facies removed from the top o f 

the succession exposed in sec to r 9d, which are cons idered charac ter i s 

tic o f the "type C ser ies" o f the Subbe t i c (nor thern Exte rna l Subbe t i c 

sensu Ayala et al. 1 9 8 8 ) . 

Mango ld ( 1 9 7 9 ) analysed the biost ra t igraphy o f the Ba thon ian 

in two sec t ions o f the Sierra de Lugar, while Sandoval ( 1 9 9 0 ) cons id 

ered the sec t ion o f the Sierra de Lugar a m o n g the mos t character is t ic 

for the Bajocian o f the Externa] Subbe t i c . C h e c a & Sequei ros ( 1 9 9 0 ) 

presented a detailed study o f the basal 115 cm o f the U p p e r Ju rass ic 

section o f C o r q u e , referring ammoni t e associat ions with Peltomorphites, 

Peltoceratoides, Parawedekindia, Euaspidoceras babeanum, Creniceras, 

Neocampylites, Prososphinctes, and Pseudogregoryceras, which character

ise the Rengger i and At le to ides zones o f the L o w e r Oxfo rd ian . N i e t o 

( 1 9 9 7 ) defined the Lugar -Corque U n i t and included the M i d d l e / U p p e r 

Jurass ic o f this unit in the Veleta and U p p e r A m m o n i t i c o R o s s o F m s . 

defined in the central part o f the Be t i c Cordi l lera . Sandoval ( 1 9 9 8 ) 

and O s e t e et al. ( 2 0 0 0 ) studied the B a j o c i a n / B a t h o n i a n boundary in 

the Be t i c Cordi l lera and cons idered the Sierra de Lugar as a reference 

for this boundary in the Medi ter ranean domain. Caracuel et al. ( 1 9 9 9 , 

2 0 0 0 ) carried out paleontological detailed studies with ammoni tes in the 

Oxford ian o f the Sierra de Lugar (PI. I B ) . T h e rest o f the success ion , 

in facies o f more c o m p a c t nodular l imes tones and grey-green massive 

l imes tones , are poore r in macrofauna (Mesosimoceras sp. o f the Mid

dle K i m m e r i d g i a n ) . 

In this area, as in the Sierra de Qufpar, Bajocian sediments are 

well represented, a l though impor tant stratigraphical gaps occu r in the 

L i a s / D o g g e r and L o w e r / U p p e r Bajoc ian boundaries . In the base, over

lying a dec imet re condensed and breccia ted level with reworked Upper 

Toarcian to Lower Bajocian ammon i t e s , the following succession oc 

curs: a) 10 -12 m o f well bedded grey micr i t ic l imes tones , locally with 

chert nodules , which end in a nuclearly marked discont inui ty ; b) 8 m 

o f grey marls and mar ly- l imes tones with cher t nodules, in which trace 

fossils (Zoophycos, Thalassinoides, and Chondrites) are locally abun

dant; the bed th ickness ranges be tween 2 0 and 100 cm; c) 3 m o f grey 

to pinkish nodular l imestones with bed th ickness ranging between 15 

cm and 1.20 m, and d) 3 m o f yel lowish-red marls, nodular marly-l ime

s tones and red nodular l imestones where bed th ickness varies from 10 

to 5 0 c m . Abundan t and diversified ammon i t e s , especially in the A m 

m o n i t i c o R o s s o facies, allow the recogni t ion o f the standard Medi ter 

ranean zones o f D i sc i t e s , Propinquans , Humphr ies i anum, Nio r t ense , 

Garan t iana and Parkinsoni . 

T h e th ickness o f the Ba thonian sediments is approximately 10 

m, a l though the individual th ickness o f the beds varies between 5 and 

9 0 c m . Viole t -ye l lowish o r red marls and nodular marly- l imestones pre

dominate in the Lower Bathonian (8 m ) , whereas red nodular l imestones 

( A m m o n i t i c o R o s s o ) domina te the Middle and the Upper Bathonian 

sediments (2 m ) . A m m o n i t e s , a m o n g which typically Mediterranean 

phyl locerat ids fundamental ly represent the macrofossi ls and lytocera-

tids, predominate . However , the ammoni t ids are also c o m m o n , provid

ing significant data for biostrat igraphical analysis. Zigzag, Aurigerus 

( L o w e r B a t h o n i a n ) , Sofanus , C o s t a t u s (Middle Ba thon ian) and Aspi-

doides? ( U p p e r Ba thon ian ) zones are clearly dist inguished. 

Cal lovian sediments are scarcely represented in the Sierras de 

C o r q u e and Lugar, which th ickness ranges from a few cent imet res to 

1 m ( F e - M n c rus t ) . T h e l i thology consis ts o f red, somet imes nodular 

l imes tones with abundant F e - M n conc re t ions , somet imes conta in ing 

a m m o n i t e s . T h e a m m o n i t e zones o f Bullatus , Graci l i s , Anceps , C o r o -

natum? and Ath le ta can be recognised. M a j o r or mino r stratigraphic 

discont inui t ies and gaps o c c u r in the U p p e r B a t h o n i a n / L o w e r Ca l lo 

vian and Ca l lov i an /Oxfo rd i an boundaries . 
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As regards the Upper Jurass ic , as for the Middle Jurass ic , bo th 
stratigraphic sect ions, which are geographically very close, possess a very 
similar success ion to that o f the Sierra de Quipar . A t the base there is a 
first sec t ion o f marly l imes tones o f an intense red co lou r ( 1 0 m ) with 
abundant fauna, which character ises the zones from the L o w e r O x f o r d -
ian to the basal Kimmer idgian (Pa tu ra t t ens i s -P la tyno ta ) . Above this, 
there is a t ransi t ion to some s t rong levels ( 5 0 c m ) , in which the nodu
larity is lost . Besides Chondrites and Thalassinoides, which o c c u r in the 
rest o f the sec t ion , traces o f Arenicolites can be seen in these levels. T h e 
following 12 m cons is t s o f nodular facies with carbona ted banks . N o 
significant fauna have been identified in the fol lowing 7 m. T h e r e arc 
solid banks, some t imes more than 1 m th ick , amalgamated, nodular-
looking and without interlevels. T h e well-exposed sect ion clearly shows 
gentle lap-out towards the nor th and occas ional ly s t rong in ter rupt ions 
o f the strata towards the south . 

T h e rest o f the success ion ( 1 6 - 1 7 m ) is again nodular; a l though 
varied l i thofacies follow each o the r with breccias , marly, nodular levels 
and even marls. T h e success ion is abrupt ly interrupted at the top by an 
erosive megabreccia which enters at least 3 m and which includes rocks 
o f variable size and individual levels or fragments o f the success ion it
self, folded and included in the remobi l iza t ion . T h e biost ra t igraphic 
study with the calpionell ids being more conclus ive than the ammoni t e s 

in this case reveals the little impor tance o f the associated hiatus ("Doli-
pho rmi s " S u b z o n e and part o f the Alpine Z o n e ) . 

T h e S ierra de R i c o t e Sect ion (Median Subbetic) 

T h e Sierra de R i c o t e is situated in the central part o f the province 
o f Murc ia (Fig . 1) . Geological ly , it cons t i tu tes the most eastern outcrop 
o f the Median Subbe t i c , in which domain Fal lot ( 1 9 3 1 - 1 9 3 4 , 1945) in
cluded it. Subsequently, the Sierra has been the object o f several studies, 
s o m e o f t hem monograph ic such as those o f R ios & Almela (1953) and 
Almela & R i o s ( 1 9 5 4 ) , in which the authors analysed its stratigraphy 
and t ec ton i c s , referring several ammoni t e s f rom the Jurassic. Paquet 
( 1 9 6 9 ) differentiated three superimposed tecto-sedimentary units, from 
internal to external and from lower to the upper being, La Mezquita, 
La Gar i ta and La Berme ja . In his study o f the Jurass ic o f Murcia, Sey-
fried ( 1 9 7 8 ) cons idered the type sect ion o f the Sierra de Ricote (series 
o f the La Be rme ja U n i t ) as the mos t representat ive o f the type E sec
t ions that can be included in the Median Subbe t ic . In the Jurassic of 
the Sierra de R i c o t e , N i e t o ( 1 9 9 7 ) differentiated the Gavilan (Lower 
L ias ) , Zegri (Toarc ian-Aalen ian) , Veleta (Ba joc ian-Ba thon ian) , and Mi-
lanos ( U p p e r Ju ras s i c ) F m s . , a long with a radiolaritic sequence that he 
a t t r ibuted to the Ca l lov ian -Oxford ian . Fur the rmore , the same author 
defined the R i c o t e F m . by the ool i t ic l imestones o f the Lower Bajo-
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cian o f the southern part o f the La Be rme ja Un i t . O ' D o g h e r t y el al. 
( 1989a , 1989b) studied some si l iceous sequences o f the Ju rass ic o f the 
northern part o f the sierra and O ' D o g h e r t y et al. ( 1 9 9 7 ) considered the 
radiolaritic series o f Casas de Vite , previously analysed by Baumgar tne r 
( 1 9 8 7 ) , as one o f the parast ra totypes o f the Radiolar i t ic Ja r ropa I 'm. 
O ' D o g h e r t y et al. ( 2 0 0 1 ) also analysed some t ec to - sed imen ia ry events 
o f the Middle Jurass ic o f the Bermeja U n i t . 

C o l o m ( 1 9 9 6 ) studied the calpioncll ids o f the nor thern part ol 
the sierra and identified several new species . Subsequent ly , Linares & 
Sandoval ( 1 9 7 8 ) studied the ammoni t e s o f the Bajocian in three sect ions 
o f the Bermeja Un i t and discovered o n e new species , Spiroceras ricoten-
s('s. Sandoval ( 1 9 8 3 , 1990) included some sec t ions o f La Bermeja Un i t in 
their studies o f the Middle Jurass ic o f the Subbe t i c . Linares & Sandoval 
( 1 9 9 3 ) , G a r c i ' a - G 6 m e z e t a l . ( 1 9 9 4 ) and Sandoval et al. ( 2 0 0 1 ) considered 
the M a h o m a series in the southern part o f the unit as a reference series 
for the L i a s / D o g g e r boundary in the Medi te r ranean D o m a i n . 

Jurass ic sec t ions o f Sierra R i c o t e (Fig . 4) include Sinemurian-
Ti thonian sediments , which occupy the greatest part o f its ex ten t (Sey-
fried 1 9 7 8 ) , al though only two small areas are here cons idered for their 
special interest: C e r r o de M a h o m a - C a s a de Ch imeneas , and La Bermeja-
Casas de Vi te . C e r r o M a h o m a is located in the southern part o f the La 
Bermeja Un i t . H e r e the Toarc ian-Bajoc ian interval is well represented 
and the ammoni t e s are abundant , representat ive and well preserved. 
Th i s area is suitable for s tudying the Toarc ian /Aalen ian interval (San
doval 1983; Linares & Sandoval 1993 , G a r c f a - G o m e z et al. 1994 , San
doval et al. 2 0 0 1 ) . Likewise , the type series o f the R i c o t e Fo rma t ion is 
here exposed ( N i e t o 1 9 9 7 ) . 

In the M a h o m a sec t ion , the Middle Toarcian (Bif rons Z o n e ) / 
Bajocian interval includes a sect ion o f great interest from a strati-
graphical and paleontological s tandpoint . T h e fol lowing levels can be 
separated: 12-13 m o f marly A m m o n i i i c o R o s s o , in the upper part 
o f which thin intercalat ions o f l imestones or mar ly- l imestones occur ; 
the abundant and diverse a m m o n i t e s cor respond to the Bif rons (Mid 
dle Toarc ian) and Gradata (early U p p e r Toarc ian) zones . Over ly ing a 
small strat igraphic d iscont inui ty and hiatus, 20 in o f grey-white marls 
with dec imetre mar ly- l imestones intercalat ions , in which Upper Toar 
cian ammoni tes (Reyncs i Z o n e ) are c o m m o n . Approx imate ly 55 m o f 
predominant ly well bedded regular a l ternat ions o f pelagic grey marls, 
mar ly- l imestones and l imestones with sporadic chert nodules, in beds 
o f 2 0 to 70 cm th ickness . Trace fossils, Chondrites and Zoophycos, can 
be locally c o m m o n . A m m o n i t e s , very abundant in s o m e levels, allow a 
fine biostrat igraphic study; uppermost , Toarcian and Aalenian s tand
ard ammoni t e zones and subzones arc recognised. 2-3 m o f in t ra lor-
mational breccias and fine-grained turbidi tes occu r in the L o w e r m o s t 
Bajocian . 4 -5 m o f subvolcanic rocks are also present overlying the bre

ccias . 6 5 - 7 0 m o f ool i t ic l imes tones , marls and mar ly- l imestones o f the 
R i c o t e F m . ( N i e t o 1 9 9 7 ) . 

T h e Casa C h i m e n e a s sect ion is located in the N W part o f the 
La Be rme ja Uni t . In this area the L o w e r / U p p e r Bajocian transition 
cons is t s o f approximate ly 100 m o f grey to white marls, marly- l ime
s tones and l imes tones , which some t imes conta in more or less irregular 
chert nodules. Genera l ly calcareous beds vary from 5 to 60 cm thick
ness, whereas s o m e marl beds can surpass 2 5 0 cm. In the lower part 
o f the sec t ion , marly beds clearly domina te over marly- l imestones and 
l imes tones , and cher t nodules are very scarce . In the intermediate in
terval, just below the uppermost Lower Bajocian, calcareous beds may 
predominate and chert nodules are c o m m o n . Finally, in the Upper Ba
jocian ( N i o r t e n s e Z o n e ) terr igenous sediments , are clearly dominant . 
Ammoni t e - f auna , very diversified and relatively well preserved, allow 
a fine biostrat igraphic study, and consequen t ly this sect ion can be se
lected as a poss ible reference lor the Lower /Ba joc i an boundary in the 
Be t i c D o m a i n and in the western Medi ter ranean. 

T h e Midd l e -Uppe r Jurass ic ol the northern sec to r o f the La 
Bermeja Uni t presents excel lent ou tc rops , including a parastratotype 
o f the Ja r ropa Radiolar i te Fi l l , in the Casas de Vite sect ion (PI. I C ) . In 
this sector , the Ja r ropa F m . is l imited in its lower part by Ba thonian-
Callovian red si l iceous nodular l imestones , and is overlying by the l ime
s tones and sil iceous marly rhythmite o f the Milanos F m . In this sect ion, 
the lower m e m b e r ol the Ja r ropa F m . , green radiolarites and sil iceous 
marls, is approximate ly 2 m thick. T h e upper member , si l iceous clays 
and marls with thin radiolarite intercalat ions , do not surpass 2 0 m in 
th ickness ( O ' D o g h e r t y et al. 1 9 9 7 ) . 

T h e S i e r r a E s p u n a S e c t i o n ( M a l a g u i d e C o m p l e x ) 

T h e sect ion analysed in Sierra Espuna be longs to the Malaguide 
D o m a i n , a complex o f non -me tamorph i c layers o f the Internal Be t ic 
Z o n e s (F ig . 1) . Two t ec ton ic units have been defined in Sierra Espuna, 
(Mar t in -Mar t in & Marti 'n-Algarra 1 9 9 7 ) : the M o r i o n de Totana Uni t 
(upper) and the Perona Uni t ( lower) . T h e first one presents a s t rong and 
comple t e success ion from the Paleozoic to the Tertiary. T h e Malvanche 
sect ion is located next to a woodland path, which favours the exposure 
o f the Jurass ic materials o l the M o r r o n de Totana Uni t (Fig . 5 ) . T h e 
good quality o f the ou tc rop , with very little t ec ton ic dis tor t ion, and the 
presence o f several fossi l-bearing levels in the sec t ion make this a refer
ence sect ion for the Jurass ic o f the Malaguide Domain (PI. I D ) . 

Fallot ( 1 9 4 5 ) , Peyre & Peyrc ( 1 9 6 0 ) , Navarro & Trigueros (1963) 
and G e y e r & Hinke lbe in ( 1 9 7 1 , 1974) made the first studies on the 
Jurass ic o f Sierra Espuna. T h e s e authors provided details on the fossil-
bearing level ol Domer ian age associated to Fe mineralisations in the 
Prado Mayor and M o r r o n de Albania sec t ions . Paquet ( 1 9 6 9 ) made a 
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synthetic study o f the Jurass ic o f Sierra Espuna al ter studying the Prado 
Mayor sect ion. T h e same author analysed the level from the Domer ian 
age and assigned an upper sect ion o f marly l imestones to the D o g g e r 
based on the presence o f Caiiccllopbycus, a t t r ibuting an upper section o f 
nodular l imestones to the Malm. Kampchuur et al. ( 1 9 7 4 ) recognised 
the presence o f filaments in the sect ion that Paquet had assigned to the 
Dogger. Subsequently, Seyfried ( 1 9 7 8 ) studied the Prado Mayor sect ion 
and assigned it to the Middle Domer ian , Bajocian and Oxford ian based 
on the ammoni t e associat ions. Finally, Caracuel et al. ( 2 0 0 1 ) made a de
tailed straugraphic study o f the Malvariche sect ion. 

T h e success ion o f the Jurass ic in the Malvar iche area compr i ses 
more than 3 0 0 m o f ool i t ic l imestones with pellets, mar ls tones and cal
careous nodular l imes tones . T h e s e are exposed subhor ixonta l ly i n the 
lower area and s t rongly dipping to the N W in the upper sec t ion . 

T h e first sec t ion ( 8 0 m) is c o m p o s e d o f ool i t ic l imestones with 
levels rich in oncol i tes , echinoids and facies with Lithiotis, which means 
ihat the base al ternates with massive l imestones tradit ionally cons id 
ered Infra-Lias. Be tween 80 and 100 m there are ool i t ic l imestones with 
crinoids and sandy levels with gast ropods, bivalves, Lithiotis and some 
indeterminate a m m o n o i d s . At 1 1 0 - 1 2 4 m there is a s econd sec t ion 
with sands, which in its lower parts conta ins large ool i tes and pisoli tes 
(10 c m ) with ammoni t e s from the lower part o f the Middle D o m e r i a n 
(Argovianum Z o n e , Ragazzoni i S u b z o n e ) . Be tween 124 and 150 m, the 
l imestones with cr inoids in thick banks al ternate with l imestones with 
chert . At 1 5 0 - 2 4 9 m facies rich in fi laments occur , p robably from the 
Middle Jurass ic , in sequences conta in ing cr inoids in the lower part and 
progressively more chert towards the final part. A level o f resedimen-
tation and condensa t ion o l fauna appears towards 2 4 9 m, permit t ing 
the terminal part to be dated as Lower Callovian (Patina Z o n e , Sequei -
ros 1 9 7 4 ) . B o t h ai the top o f this level and at the base ol the overlying 
marly l imestones Globuligerina are abundant , permi t t ing to a t t r ibute 
it to the Ca l lov ian-Oxford ian . 

T h e Upper Jurass ic begins with th ickening upward metr ic se
quences o f l imestones and marly l imestones with no apparent m a c r o -
fauna, which after 2 5 7 m b e c o m e th ickening upward. At about 2 6 3 m 
appear levels that include at the top fragmented and resedimented am
moni tes from the terminal Kimmer idgian (Becke r i Z o n e ) . Finally, the 
Upper T i thon ian is cons t i tu ted o f s t rong carbonated banks o f nodular 
appearance with calpioncll ids. 

Geological and paleontological evaluation 

The Jurassic heritage of the areas considered in this 
work is of great interest from many points of view. First
ly, the exceptional conditions in which the outcrops are 
exposed, free of tectonic disturbance to complicate their 
study, to which must be added the outstanding value of 
the landscape. For this reason the areas have been the 
sites of many geological studies since the earliest part of 
the twentieth century. Furthermore, several formations 
have been formally defined from the Jurassic materials 
found in the Qufpar and Corque-Lugar areas: the Tollo 
Fm. (Van Veen 1966) and the Maimon Fm. (Geel 1973) , 
for example. 

Of special interest is the rich paleontological her
itage represented by these condensed materials in Am
monitico Rosso facies, especially of some fossil groups 
such as ammonites, as well as of other marine inverte
brates including belemnites, bivalves, brachiopods or 
crinoids. In some levels, like those, which appear in the 
concentrations linked to the Lower/Middle Jurassic and 
Middle/Upper Jurassic, they show exceptional states of 

preservation with shell epigenized or neomorphised to 
ferric minerals. 

The fossil concentrations and Fe-Mn concretions 
associated with the stratigraphic discontinuities, which 
have been deteriorated in many cases through the ac
tion of collectors, favour taphonomic studies (Sandoval 
& Checa 2001; Checa & Sandoval 2 0 0 2 ) . 

The heritage value of the Sierra de Ricote lies in its 
good outcrop and stratification conditions, which have 
provided excellent biochronological results. In this area 
the Ricote Fm. has been defined and the reference par-
astratotype of the Radiolaritic Jarropa Fm. has been pro
posed. The Cerro Mahoma and Casa Chimeneas sections 
are references for the biostratigraphy of the Toarcian/ 
Aalenian and Lower/Upper Bajocian boundaries in the 
Betic Cordillera and in the domain of the Western Medi
terranean. The fossil content of ammonites, radiolarians, 
calpioncllids, etc. is of great stratigraphic, paleontologi
cal and paleobiogeographical interest. The holotypes and 
different paratypes of two ammonoids species, Spirocer-
as rievtensis (Linares & Sandoval 1978) and Polyplectites 
psilacanthoides (Sandoval 1983), and some paratypes of 
Spinammatoceras schindewolfi (Linares & Sandoval 1986) 
are found in the Middle Jurassic of the Casa Chimeneas 
section. 

Sierra Espuna and, especially, the Malvariche sec
tion present privileged conditions for the study of the 
Jurassic in the Internal Zones of the Betic Cordillera. In 
this domain the records of Jurassic ammonite associa
tions has been scarce, discontinuous and always restricted 
to the upper, non-metamorphic layers of the Malaguide 
Dominion. In the Malvariche section three levels (Middle 
Domerian: Argovianum Zone and Ragazzonii Subzone; 
Lower Callovian: Patina Zone and Upper Kimmeridgian: 
Beckeri Zone) provide important biostratigraphic data in 
this Betic domain. 

In addition, the fossils from the Middle Dome
rian age are well preserved with neomorphised shells, 
sometimes ferrouginised, and a high percentage of pre
served body chambers. Ammonoids of smaller size usu
ally form part of the nuclei of large ferruginous oncoids. 
The levels identified from the Lower Callovian and Up
per Kimmeridgian show signs of taphonomic remobili-
zation with numerous truncated ammonites and internal 
moulds alongside epigenized shells, which favours tapho
nomic studies. 

Paleontological heritage management: the case of Com
munity of Murcia 

The Service of Historical Heritage of the Govern
ment of Murcia has prompted a general project for the 
definition and protection of the paleontological herit
age of the province towards an adequate management 
and preservation of main paleontological values of the 
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region. Primary aims of this plan were: 1 - Defining the 
legal regulations needed for a proper study and protection 
of the paleontological heritage of the region. 2 - Produc
ing a detailed inventory of fossil sites and collections. 3 
- Such inventory should allow the establishment of a set 
of main priorities of action, and a list of major risks af
fecting the fossil sites. This would help defining realistic 
strategies for protection and research, in order to re-ori
ent the activities of uncontrolled amateur collectors in a 
correct direction, and to support the professional work 
of paleontologists. 4 - Finally, to evaluate the available 
means as regards the proper storage and exhibition of 
paleontological collections. 

In Spain, two laws are regulating the protection 
of paleontological sites. The first one is the Historical 
Heritage Law (1985) and the second one is that of the 
Conservation of Natural Spaces and Wild Flora and Fau
na (1989) . Even though the execution of these laws was 
transferred to the different Autonomous Communities, 
their development and application have not been suitably 
carried out. The legal framework for the preservation of 
paleontological heritage in the Autonomous Community 
of Murcia is still poorly developed. The only available legal 
feature so far is the so-called "Good of Cultural Interest". 
The fossil association of the Sierra de Quibas, a paleon
tological site from the Lower Pleistocene, was protected 
as Good of Cultural Interest by the Cultural Department 
in 1999 (Iniesta & Romero 2 0 0 1 ) . But this legal feature, 
created by the Historical Heritage Law is, however, of 
little use at a regional scale, so new guidelines are being 
produced by the Service of Historical Heritage towards 
an adequate management and preservation of main pale
ontological values of the region. 

The realisation of the paleontological cartography is 
the first step in evaluating the wealth and the distribution 
of the sites to be protected. At present the "Paleontologi
cal Map of the province of Murcia" is being updated. A 
detailed file card has been produced to record precise site 
information, namely: geographical and geological descrip
tion of site, fossil content, research data and evaluation 
criteria for each fossil site. The paleontological interest 
has been established and defined on the basis of groups 
of criteria scientific, socio-cultural and socio-economic. 
Which to filter and evaluate paleontological sites uses this 
heritage evaluation to quantify the potential importance 
of an individual site or at least provide rigorous objective 
standards. At the same time, a computerised database has 
been established for the fossils from Murcia, which are 
in the collections of the different museums. 

Contrary to what occurs in others Autonomous 
Communities, in Murcia there is a paleontologist em
ployed in the administrative department in charge with 
the preservation of paleontological heritage. Since 1995, 
the Community of Murcia has financed several research 
projects of localities and their fossils. It has executed the 
protection of paleontological sites (control of private and 

public works, reserves, etc.) and it has financed specific 
research projects for the study of conservation of the pale
ontological heritage. For example, in Jumilla (N Murcia) 
were founded well-preserved tracks of mammals in the 
Upper Miocene sediments. First was the excavation, sec
ond the restoration and protection, after the study and 
the end the environmental reconstruction. At present a 
protective hall covers the mammals tracks and this pal-
aeontological site is specially prepared to receive visitors 
and to have guided tours. In this case, the Cultural De
partment and City council of Jumilla have supported the 
project. The purpose of this model of promotion of pale
ontological heritage is to protect the patrimony and to get 
economic resources from tourism attracted by it. 

On the other hand, this year there will be three ex
hibitions about paleontology. In Torre Pacheco with fos
sil remains from Neanderthals, in Murcia capital where 
there will be a large exposition with paleontologic material 
from Murcia and other parts of the world, in Los Garres 
with fossil remains from invertebrates of the Jurassic and 
Cretaceous. 

Finally, private cultural organisations and amateur 
associations in order to spread the paleontology among 
the population are developing an important didactical 
and social work. 

Conclusions 

The paleontological interest of the areas described 
is unquestionable for understanding the Jurassic in the 
Betic Cordillera and even the Western Mediterranean Do
main. The destruction of these outcrops due to the open
ing up of quarries and roads, forestation works, not to 
mention the uncontrolled search for fossils, means that 
they must be protected and brought under legal control. 
We strongly propose their inclusion in the "Paleonto
logical Map" which is at present being drawn up and the 
application of paleontological protection measures ac
cording to the legal framework prevailing in the prov
ince of Murcia. 
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