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Abstract. The Upper Ba thon ian-Middle Oxfordian succession 
of ihe Aragonese branch of the Cord i l l e ra Iberica is one of the most 
completely developed in Europe and includes locali t ies of internat ional 
importance for Jurass ic bio- and chronostrat igraphy. Of par t icular im
portance are a potential s t ra to type for the Uppe r Bathonian of Nor th 
West Europe and reference sect ions for a number of Submedi te r rane-
an Province Middle Oxfordian biostra t igraphic uni ts . The intervening 
Callovian sequence, albeit locally s t rongly condensed, also includes fau
nas of key stratigraphical importance. The sequence of s t ra t igraphica l ly 
important ammonite faunas for this interval is here reviewed and placed 
in its European context . 

Riassunto. La success ione del Bathoniano superiore - Oxfor-
diano medio del ramo aragonese della Cord ig l i e ra Iberica e una delle 
piu complete e sviluppate in Europa, ed include localita di impor tanza 
iniernazionale per la bio- e cronostrat igraf ia del Giurass ico. Di par-
ticolare importanza sono un potenzialc s t ra tot ipo per il Bathoniano 
superiore dell 'Europa nord-occidentale e delle sezioni di r i fer imento 
per numerose unita biostrat igrafiche medio-oxfordiane della Provincia 
Submcditerranea. Anche I 'interposta sequenza calloviana, sebbene lo-
calmente molto condensata , include faune di impor tanza chiave per la 
stratigrafia. La sequenza di faune ad ammoni t i s t ra t igraf icamente im-
portanti per questo interval lo viene qui passata in rassegna e posta in 
un contesto europeo. 

Introduction 

The U p p e r Bathonian to Middle Oxford ian suc

cession of the Cord i l l era Iberica in A r a g o n (north east 

Spain) is characterised by v e r y variable subsidence rates as 

a consequence of block faulting of the sedimentary basin 

(Lardies et al. 1 9 8 8 ) . This activity led to the establishment 

of t w o well-del imited sedimentary realms: a south eastern 

area characterised by great stratigraphical condensation 

and a n o r t h western area, w h e r e sequences are relatively 

expanded due to a higher terr igenous input. The region 

includes some of the most complete Upper Bathonian and 

late M i d d l e - U p p e r O x f o r d i a n sequences known in Eu

rope . Cal lov ian and L o w e r O x f o r d i a n successions are, in 

contrast , typical ly highly condensed, with the latter sub-

stage locally absent. T h e y nevertheless frequently yield 

rich a m m o n i t e faunas which prov ide a detailed insight 

into the palaeogeographic evolut ion of the Iberian Basin 

during the late Middle and early U p p e r Jurassic . 

These successions were deposited on a shal low epi

cont inental carbonate plat form bounded on the west, 

nor th west and n o r t h east by Palaeozoic massifs but 

connected by a n a r r o w marine seaway (the "Soria Sea

way") to the Cantabr ian Basin in the north and hence the 

Aquitaine Basin. To the east and south east, the Aragonese 

P la t form was open to the Submediterranean Province in

fluences of the wes tern Tethys - a l though separated by 

the shallow, t emporar i ly emergent "Maestrazgo High" 

from the "Tortosa Plat form" of the "Catalan Basin", im

mediately to the east (Fig. 1 ) . The present study has been 

developed through a detailed analysis of ammoni te suc

cessions in numerous sections along a N W - S E band of 

Jurass ic ou tcrops fo l lowing the n o r t h eastern margin of 

Cord i l l e ra Iberica. The main localities studied in the ar

ea are Veruela, Talamantes and Ricla in the north west; 

A g u i l o n , Tosos and A l a d r e n in the central area, south of 
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Fig. 1 - Palaeogeographical reconstruct ion of the north-eastern Ibe

rian (Aragonese) platform for the late Bathonian to Middle 

Oxfordian interval. 

Zaragoza; M o n e v a and Ari f io (Barranco de las Estacas) 

in the area of Sierra de A r c o s (south west of Zaragoza); 

and Calanda and Rafales in the ex treme south east, close 

to the Tortosa P lat form in Cata lonia (Fig. 2 ) . 

The late Bathonian to Cal lovian sequence of n o r t h 

western areas, as typified by the localities of Ricla and 

Agui lon , is dominated by l imestone-marl r h y t h m s of the 

Chelva Formation, which in this area ranges up to the U p 

per Cal lovian. A l t h o u g h minor non-sequences can be rec

ognised, the succession is relatively complete and includes 

a potential U p p e r Bathonian s tratotype , o r reference sec

tion, at Agui lon . To the south east, however, a consider

able stratigraphical thinning takes place, although the de

ve lopment of a thick block of massive bedded, pale grey 

to white l imestone in the early U p p e r Bathonian (Querc i -

nus Subchronozone) of the A n d o r r a - A r i n o - C a l a n d a ar

ea is characteristic. O v e r l y i n g the latter unit, is a latest 

Bathonian-Middle Cal lovian sequence, ranging from late 

Retrocostatum to Anceps , or locally, l ower C o r o n a t u m 

C h r o n o z o n e (Melendez et al. 2 0 0 2 ) characterise a rela

tively thin sequence of bedded l imestones, often with 

abundant ammonites , but also with levels containing fer

ruginous ool iths and even glauconite. This sequence is 

terminated, as it is to the nor thwes t , by a thin sequence 

of ferruginous ool i th-packed l imestones, often with m-

traclasts and reelaborated (i.e. taphonomical ly reworked; 

Fernandez-Lopez, 1 9 8 4 , 1985) fossils indicating ages rang

ing from U p p e r Cal lovian to early Middle Oxford ian Pli-

M e s o z o i c 

« P a l e o g e n e 

• N e o g e n e & 
Quate rna ry 

Fig. 2 - Geological map of the study area in the Aragonese branch of 

the Iberian Cordi l le ra showing the location of key localities. 

catilis C h r o n o z o n e , Paturattcnsis Subchronozone (Fig. 3) 

(Lardies 1 9 8 8 ; Melendez 1 9 8 9 ; Aurel l et al. 1 9 9 4 ) . 

The Middle Oxford ian , Transversarium C h r o n o 

zone is marked by the widespread development of 

sponge-l imestone facies of the Yatova Formation (Melen

dez 1 9 8 9 ) , marking a return to more uni form conditions 

throughout the Aragonese Platform. Rich ammonite suc

cessions from these and succeeding Oxfordian facies have 

been crucial to the deve lopment of a refined zonation for 

the late Middle and U p p e r Oxford ian of the Submediter-

ranean Province . 

The aim of this paper is to provide a stratigraphi

cal review of the succession of ammoni te associations re

corded in the Aragonese branch of the Cordi l l era Iberica 

and their l i thostratigraphical context and thereby dem

onstrate their potential for wider correlat ion, especially 

international . 

Lithostratigraphic framework 

The standardised l i thostratigraphic f ramework for 

the Middle and U p p e r Jurassic carbonate units of the 

s tudy area is that established by G o m e z & G o v (1979) 

with minor modifications by subsequent authors (e.g. Au

rell 1 9 9 0 ) . Bathonian to Cal lovian deposits form part of 

the Che lva Format ion , a carbonate unit spanning the en

tire Middle Jurassic, from Aalenian or uppermost Toarcian 

to U p p e r Cal lovian or lowest Middle Oxford ian (Melen

dez 1 9 8 9 ) . This unit is widespread throughout the Ibe

rian (Aragonese and Casti l l ian) p lat forms and includes a 

thick (20 to 3 0 0 + m) , somewhat uni form succession of 

regularly bedded l imestones , in units ranging from tens 

of cent imetres to several metres thick. Occasional inter-

beds of argillaceous si l tstone and marl are m o r e common 
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and important in n o r t h western areas w h e r e terr igenous 

input was higher. 

To the south-east , however , in the Sierra de A r c o s 

area, there is a greater deve lopment of bioclastic to pel-

loidal or oolitic packstone facies. The top of this unit is 

marked by a thin ( 1 5 - 2 0 to 8 0 - 1 1 0 cm) deve lopment of 

yellowish l imestone compris ing several lenticular layers 

with ferruginous ool i ths and k n o w n as the " A r r o y o f r i o 

Bed". This level includes an important stratigraphic dis

continuity which marks the C a l l o v i a n - O x f o r d i a n b o u n d 

ary and a stratigraphic gap of variable range (Aurel l et al. 

1994). North west of the A g u i l o n - A l a d r e n region, this 

bed is progressively replaced by a 2 5 to 40 cm thick, black 

mudstone to wackestone with protog lob iger ine (Glob-

uligenna) remains and c o m m o n ammonites . The latter are 

generally preserved as reelaborated elements (fragmented 

internal moulds and phosphatic mould fragments) of U p 

per Callovian and L o w e r O x f o r d i a n age, forming a mixed 

and condensed recorded association. 

Above this important and widespread discontinuity, 

Middle to Upper Oxford ian deposits are represented by 

sponge-limestones (bioclastic fossi l i ferous wackestone) 

of the Yatova Format ion . This uni form l i thostrat igraph

ic unit is widespread throughout the Iberian p la t forms 

and normally comprises t w o l ithological intervals (Fig. 

3): a lower interval (2 to 5 m) formed by massive sponge 

limestone banks, frequent ly showing the deve lopment 

of sponge bioherms, and generally corresponding to the 

Transversarium C h r o n o z o n e and an upper interval , char

acterised by a lesser development of b ioherms and regular 

l imestone beds (tens of centimetres in thickness) with ar

gillaceous and marl intercalations, generally ranging from 

Bifurcatus to B imammatum chronozone . In the study ar

ea the latter unit is generally 10 to 2 0 m thick, although 

in the south eastern sections near Calanda, it may be re 

duced to o n l y 3 - 4 m. In the Sierra de A r c o s region, be

tween Moneva , A r i n o and A n d o r r a and further south east, 

sponges are restr icted to the l o w e r unit of the formation 

and the upper interval is formed by a pelloid and markedly 

glauconitic packstone . The age of this format ion ranges 

from l o w e r Transversarium C h r o n o z o n e (Parandieri to 

Luciaeformis S u b c h r o n o z o n e ) to uppermost Oxford ian 

(Hauff ianum to l o w e r Planula C h r o n o z o n e ) . In north 

western areas, in the Veruela-Talamantes and Ricla sec

t ions , the upper levels of this format ions are replaced by 

siliceous sandstones or calcarenitic l imestones and argil

laceous s i l tstone deposits of the A l d e a l p o z o Formation. 

The latter unit, which can reach a thickness over 50 m in 

the ex treme nor th west (Veruela area) , shows a dramatic 

thickness reduct ion in the vicinity of Ricla , to only 5 to 

10 m, and quickly wedges out to the south east. 

Chronostratigraphy and ammonite faunas 

Upper Bathonian (KP) 
The d i scovery of a remarkably expanded and am

monite-r ich sequence of alternating marls and limestones 

in the U p p e r Bathonian of A r a g o n , near Agui lon , facili

tated a rev iew of the Standard Zonat ion of the substage 
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Fig. 4 - Latest Middle to Upper Bathonian chronostra t igraphical 
framework (Nor th West European Province) , as proposed 
by Page & M e l e n d e z ( 2 0 0 0 ) . 

for N W Europe (Page 1 9 9 6 ; Page & M e l e n d e z 1 9 9 7 , 

2 0 0 0 ) . Crucial ly , it was possible to d e m o n s t r a t e that a 

single N o r t h West European zonal scheme was applicable 

t h r o u g h o u t the region on the basis of widespread spe

cies of Procerites and Homeoplanulites, even in Britain 

w h e r e faunal impover i shment can be l inked to the de

v e l o p m e n t of unfavourable e n v i r o n m e n t s or facies (e.g. 

including restricted marine and quasi-marine condit ions; 

Page 1 9 9 6 , 2 0 0 1 ) . 

It is on ly in the Discus C h r o n o z o n e that real dif

ferences in the faunas are apparent, wi th Clydoniceras be

ing c o m m o n and characterist ic of n o r t h e r n areas (Eng

land - nor thern France - nor thern G e r m a n y ) and rare o r 

absent in the south (Iberia - southern France - southern 

G e r m a n y ) . A t this level there is still some justification for 

the use of a separate Angul icostatum C h r o n o z o n e (e.g. in 

Mangold & Rioult 1 9 9 7 and F e r n a n d e z - L o p e z ( 2 0 0 1 ) . 

Similarly expanded sequences relatively close to 

Agui lon , for instance at Tosos and Aladren , are in con

trast less faunally rich and correlat ions with the proposed 

standard at Agui lon are consequent ly incomplete . N o r t h 

westwards, expansion of the U p p e r Bathonian sequence is 

accompanied by a fur ther decrease in faunal content , and 

the relatively thick sequences of Ricla have to date only 

yielded diagnostic faunas f rom a relatively small n u m b e r 

of levels. To the south-east , a thinning of the sequence is 

accompanied by the deve lopment of gaps in the succes

sion of ammoni te faunas and a number of condensed am

monite-rich beds (e.g. Moneva , A n d o r r a , Calanda district, 

Ar i f io ) , the latter yielding ammoni te assemblages of great 

taxonomic importance . The sequence of ammoni te asso

ciation recorded in the region is as fo l lows , assigned to 

the zonal f ramework of Page &C Melendez (2000) (Fig. 4) : 

Rctrocostatum Chronozone, Quercinus Subchronozone. Pro

posed S t ra to type : base of Bed Ag.3B-94, section 3B, Agui lon (Page & 

M e l e n d e z 2000) . A m m o n i t e associa t ions: common large Procerites ex 

gr. quercinus sensu Arkell ?non Terquem & Jourdy, with some Bulla

timorpbitcs, Probecticoceras and Oxycerites. Includes the Cadomites sp. 

1 Biohorizon (with P. quercinus, liullatiinorphites (B . ) , Probecticoceras 

ex gr. blanazensc (F.lmi) - including Prob. dominyoni (F.lmi), Oxycer

ites and Cadomites - small , very finely ribbed form). Records include: 

Ricla , Tosos, Aladren, Agui lon (e.g. A g 3 B , beds 94-125; Page & Melen

dez 1997, 2 0 0 0 ) , Ar ino . 

Hodsoni Subchronozone. Proposed Stra to type: base ol Bed 

Ag B-126, section 3B, Agui lon (Page & Melendez 2000) . Ammoni te 

associat ions include: bodsoni Biohorizon (with Procerites bodsom Ar

kell and Bullatimorpbitcs sp.) and aff. twinhoensis Biohorizon (with P. 

afl. twinhoensis Arkell (sensu Page & M e l e n d e z ) , Oxycerites sp. and 

?Probecticoceras sp . ) . Records include: hodsoni Biohorizon - Ricla, 

Agui lon (e.g. Ag3B, beds 126-130; Page & Melendez 1997, 2000) ; aff. 

twinhoensis Biohorizon - Agui lon (e.g. A g 3 B , beds 132-138; Page & 

Melendez 1997, 2 0 0 0 ) . 

Histricoides Subchronozone. Proposed St ra to type: base of 

Bed A g 3 A - 2 4 , section 3A, Agui lon (Page & Melendez 2000) . Am

moni te associa t ions include: compressus Biohor izon (with Cadomites 

compressus de Groussouvre , Prob. cf. blanazensc, Oxycerites sp. and Ho

meoplanulites sp . ) , contrarium Biohor izon (with Epistrenoceras sp. aff. 

contrarium (Behr . ) , Oxycerites sp., Bullatimorpbitcs (B.) sp., Homoeo-

planulites sp. and Procerites s p . ) , p s e u d o a n n u l a r i s Biohor izon (with / / . 

ex gr. rotundatus ( R o e m e r ) , H. c f . p s e u d o a n n u l a r i s (Lissajous) , Oxycer

ites sp., Bullatimorphites sp. and Prob. cf. rctrocostatum (de Groussou

v r e ) ) , aff. hannoveranus Biohor izon (with H. c f . p r a e c u r s o r (Mango ld ) , 

} Procerites sp., Oxycerites sp. and Bullatimorpbitcs (? /?•) aff. hanno

veranus sensu Mango ld (1970, text figs. 96, 97) non R o e m e r ) , histri

coides Biohor izon (with Epistrenoceras cf. histricoides (Ro l l i e r ) , Ox. 

orbis Gumbel and B. ex gr. hannoveranus), Hemigarantia Biohorizon 

(wi th Eohecticoceras [Alcidellus] costatus ( R o e m e r ) , Ox. orbis, Homoe-

oplanuhtes sp. and Hemigarantia sp.) and hannoveranus Biohorizon 

(wi th Homoeoplanulites ex gr. rotundatus - common , including H. aff. 

vicenti Mango ld - Proc. cf. twinhoensis Arkel l - rare, B. (Kberaiceras) 

hannoverannus Roemer sensu s i n c t o . Ox. cf. orbis and ? P r o b e c t i c o c e r a s 

sp . ) . Records include: compressus, contrarium,pseudoannularis and aff. 

hannoveranus b iohor izons - Agui lon (e.g., respectively: Ag3A, bed 26; 

A g 3 A , beds 30-33; A g 3 A , beds 56-58; A g 3 B , beds 170-174; Page & 

M e l e n d e z 1997, 2 0 0 0 ) ; histricoides Biohor izon - Agui lon (e.g. Ag3B, 

beds 176-178; Page & M e l e n d e z 1997, 2 0 0 0 ) , Arifio (e.g. A R . l , Bed 

107) ; Hemigarantia Biohor izon - Agui lon (e.g. Ag3B, Bed 186; Page 

& M e l e n d e z 1997, 2 0 0 0 ) ; hannoveranus Biohor izon - ?Ricla , Aguilon 

(e.g. A g 3 B , beds 191-192; Page & Melendez 1997, 200C), 'Aladren , 

Belchi te , Lecera. 

Discus/Angulicostaum Chronozone . A m m o n i t e associations 

include: ex gr. homeomorpbus Biohor izon (with Homoeoplanulites (H.) 

ex gr. homoeomorphus ( B u c k m a n ) - inc luding Homeoplanulites sp. cf. 

kranaiformis Arke l l , Hecticoceras (Jeanncticeras) sp., Parapatoceras len-

uie (Baugier & Sauze ) and ^Oxycerites sp.. Records include: Aguilon 

(e.g. A g 3 A , beds 102-103; Page & Melendez 1997, 2000 ) . Comment : 

despi te the absence of Clydoniceras, a per isphincl id fauna typical of 

the Discus C h r o n o z o n e in England is present. Notably, Clydoniceras 

itself has recent ly been recorded for the first t ime in Iberia, in the Si

erra de la Creu and at C a p Salou (province ol Tarragona) to the south 

east (Fe rnandez -Lopez 2 0 0 1 ) . A few Bullatimorphites (Kberaiceras) 

sp. are also present at s imilar levels , be low the first Cal lovian-s ty le 

per isphinct ids ("Elatmites" spp. ( m ) ) which character ize the overly

ing Bul la tus C h r o n o z o n e . A s there are current ly no further records 

of the D i s c u s / A n g u l i c o s t a t u m interval in Aragon , however, it is pre

sumed that in the south east of the s tudy region, in the area of the 

Sierra de Arcos , the terminal Bathonian is miss ing in a wide spread 

non-sequence (Figure 3 ) . 
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Lower Callovian (KP, MDL, GM) 
The L o w e r Cal lov ian of A r a g o n is well developed, 

although due to local stratigraphical gaps and p o o r l y fos-

sililerous intervals, a complete sequence of ammoni te fau

nas has yet to be established. W h e r e relatively expanded 

sequences are present , for instance at Ricla, ammoni te 

associations are often less well preserved o r less abun

dant (Cariou et al. 1 9 8 8 ) . Elsewhere , however , for in

stance near M o n e v a , A r i n o and Calanda, ex tremely rich 

assemblages are present in thin, condensed successions, 

with many non-sequences . The fo l lowing is there fore a 

review of the current state of knowledge , key published 

sources including: Sequeiros ( 1 9 8 2 a , b, 1 9 8 4 ) , Sequeiros 

& Cariou ( 1 9 8 4 ) , C a r i o u et al. ( 1 9 8 8 ) , Lardies ( 1 9 8 8 , 

1990), Melendez & Ramajo ( 2 0 0 1 ) . The zonal f rame

work reviewed by T h i e r r y et al. ( 1 9 9 7 ) for the Submedi -

terranean Province L o w e r Cal lov ian of France is appli

cable (Fig. 5) , although rich ammoni te associations f rom 

the Bullatus C h r o n o z o n e in A r a g o n suggest that some 

refinement at the level of "horizon" (= "zonule" sensu 

Page 1995) , and certainly at the level of B iohor izon , will 

ultimately be possible. 

Bullatus Chronozone. A m m o n i t e associat ions include: Mac-
rncephalites spp., Oxycerites spp., Paralcidia cf. subdiscus ( d ' O r b i g n y ) , 
HmneopLmtlites spp. ( including H. a l l . petitclerci (Spath) , /¥. aif.pseu-
daimgerus (Sicmiradzki) , H. furculus and H. aft. demariae (Parana and 
Boncarelli)) and Bullatomorpbites bullatus (R ic l a ) . Includes the basal cf. 
verm Biohorizon at Aguilon with Macrocepbalites aff. verus Bt ickman 
(= M. verus in Page 1995), I lomeoplanulites aff. Jurculus ( N e u m a y r ) , 
llidlatimorphites (Kheraiceras) ex gr. bullatus ( d ' O r b i g n y ) , Paralcidia 
mbcostarius (Oppel) and Hecticoceras (Jeanneticeras) ex g r . p r a h e c q u e n s e 
(Petitclerc). Records include: Ricla (e.g. Ricla ( I I I ) , beds 23-?64: Ca r i 
ou ei al. 1988), Aguilon ( A g 3 A , Bed 104 (= cf. verus Biohor izon; Page 
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Fig. Callovian chronostratigraphic framework (Submediterranean 

Province), modified from Thier ry et al. (1997) . 

& Melendez 1997, 2 0 0 0 ) , Belchi te (Beds 343-344 of Sequeiros 1982b), 

Moneva (beds 6a-7a of Aurel l et al. 1999) . C o m m e n t : the absence ol 

associat ions with basal Cal lovian M. jacquoti (Douvi l le) below M. ex gr. 

verus, sugges ts the presence of a small non sequence at Agui lon . Else

where in the Aragonese Branch ol the Cordi l le ra , and especially to the 

south-east , the aff. verus associat ion is also missing and the Callovian 

typica l ly begins somewhere in the succeeding Gracil is Chronozone . 

Gracilis Chronozone , Prahecquense Subchronozone, Pra

hecquense Horizon. A m m o n i t e associat ion includes: Bullatirnor-

pbites (Bomburitcs) ex gr. prahecquense (Pet i tc lerc) , HomeopLvudites 

spp. ( abundan t ) , Hecticoceras sp., Paralcidia sp. and Macrocepbalites 

sp.. Records include: Ricla (e.g. Ricla ( I I I ) , beds 63 /64; Car iou et al. 

1988), Agui lon (e.g. A g l ) , Moneva (?Bed 12 of Sequeiros 1982a), Ar

ino (e .g. A i l , Bed 107, upper par t ) . 

Grossouvrei Subchronozone, Grossouvrei Horizon. Ammo

nite associat ions include: Reineckeia (Relmiannia) c\.grossouvrei (Petit

c l e r c ) , / ? . (Rh.) rebmanni (Oppe l ) , Bul/atniwrphites (Bomburitcs) glob-

ulijorme (Gcmmel l a ro ) , Macrocepbalites spp. ( including. ! / , aff. gracilis 

Spath and Macrocepbalites macrocephalus (Sch lo the im)) , Hecticoceras sp. 

and Parapatoceras sp.. Records include: Ricla (e.g. Ricla ( I I I ) , beds 7 1 -

87; Car iou et al. 198,8), Agui lon (e.g. A g 3 A . Beds 106-M 10). 

Pictava, Laugieri and Michalskii subchronozones. Ammoni t e 

associat ions include: Macrocepbalites ex gr. gracilis ( locally abundant ) , 

also Reineckeia spp. ( including R. (Tyranrutes) spp. ) , Paralcidia sp., 

Hcct icocera t inae ( including Cbanasia spp. ) , Strungia voultensis I.issa-

jous and Pseudoper isphincunae spp.. Records include: Ricla (e.g. Ricla 

( I I I ) , Bed 96 to Ricla ( I I ) , Bed 10; Car iou et al. 1988), Aguilon (e.g. 

A g l , beds 41-?80 of Sequeiros & Melendez 1981), Aladren, Ventolano 

massif, Belchite (beds 346-353 of Sequeiros 1982b), Moneva (beds 7b-

Sa of Aurell et al. 1999), Ar ino (e.g. A r l , 10SA-B of Melendez 1978). 

C o m m e n t : above the Grossouvrei Subchronozone , assemblages with 

common M. ex gr. gracilis are typical and span the Pictava to Michalski i 

subchronozone interval ( teste Thier ry et al. 1997). At least three differ

ent assemblages of M. ex gr. gracilis can be recognised in the Aragonese 

branch of the Iberian Cordi l lera , al though due to local correlation prob

lems they cannot yet be placed in sequence and even stibchronozonal 

ass ignment is current ly uncertain. 

Patina Subchronozone. Ammoni te associations include: Bogin-

ense Hor izon (with Macrocepbalites sp., Reineckeia spp. - including 

R. (Collotia) oxyptycha ( N e u m a y r ) , "Indospbiaes" petaini ( I .c inoine) , 

Grossouvria sp. - possibly including Grossouvria meridionalis (Parana 

& B o n a r e l l i ) , H e c t i c o c e r a s spp. - including/- / . (H.) boginense Petitclerc, 

H. (Zieteniceras) pseudolunula Hlmi, H. (Z.) zieteni (Tsytovi tch) , H. 

(Jeanneticeras) perlatum Zeiss and H. (J.).girocli Bonarel l i ) and Pam

prouxensis Hor izon (with "I." patina ( N e u m a y r ) , R. ( C . ) oxyptycha 

and 11.(7..) pseudolunula). Records include: Boginense Hor izon - Ric

la (e .g. Ricla ( I I I ) , beds 27- ?30 and Ricla ( I V ) , beds 72-?76; Car iou 

et al. 1988); Pamprouxensis Hor izon - Ricla ( IV) , Bed 77-?; Car iou 

et al. 1988). Patina Subchronozone (undifferent iated) - Agui lon (e.g. 

A g l , Bed 81-? of Sequeiros and Melendez 1981), Belchite (Bed 354? of 

Sequei ros 1982b) , ?Moncva (beds 14-? 15 of Sequeiros 1982a). C o m 

ment: the terminal Lower Cal lovian , Postenus Hor izon of Thier ry et 

al. (1997) is not recognisable at Ricla, based on the records oi Car iou 

et al. (1988) . 

Middle and Upper Callovian (KP, GM, MDL) 
A b o v e the Lower Callovian sequence, development 

of the Middle and U p p e r Cal lovian is mainly limited to 

the relat ively expanded sequences of the Agui lon - Ric

la area as described by Sequeiros & Melendez ( 1 9 8 1 ) , 

C a r i o u et al. ( 1 9 8 8 ) and Melendez et al. ( 2 0 0 2 ) . To the 

south-east , the interval is missing in a non-sequence 

which includes the L o w e r Oxford ian . The Submediter

ranean zonal scheme utilised in France for the Middle 

and U p p e r Cal lovian (as most recent ly reviewed by Thi-
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1 9 6 K. N. Page, J. Bello, M. D. Lardies, G. Melendez, J. Ramajo & H. Ziani 

erry et al. 1 9 9 7 ) is applicable in the Iberian Cord i l l e ra 

and many of its component hor izons ( = "zonules" sensu 

Page 1 9 9 5 ) are recognisable. Hect icocerat inae are often 

abundant, with a variety of Pseudoperisphinct inae , Rei-

neckeiidae and Peltoceratinae at appropriate levels. C u r 

rent ly the most complete ly k n o w n sequence is at Ricla, 

although ammoni te associations f rom o ther sites in the 

nor th -wes tern part of the o u t c r o p are likely to yield ad

ditional important material. 

Anceps Chronozone, Stuebeli Subchronozone. A m m o n i t e as 

sociat ions include: Bannense Hor izon (with Reincckeia stuebeli, Hec-

ticoceras (Zieteniceras) pseudolunula, H. (Z.) cf. balinense Bonarel l i , 

H. (Chanasia) spp. - including C. hartmanni Zeiss, C. aff turgidum 

(Locz . ) and C. bannense Elmi, "Choffatia" sp., Crossuvria steinmanni 

(Parona & Bonare l l i ) , "Indospbinctes" spp. - including " / . " aff. petaini 

(Lemoine) and aff. choffati (Parona & Bonare l l i ) , Parapatoceras sp. 

and Macrocepbaliies sp.) and Turgidulum Hor izon (with Reineckeia 

anceps (Re ineckc ) , R. (Loczyceras) greppini ( O p p c l ) , "Choffatia"sp., 

"Indosphmctes"sp., H. (Rossiensiceras) spp. - including R. metompbalum 

Bonnarell i and R. loczyi Zeiss, H. (Lemoineiceras) sp., H. (Lunuloceras) 

aff. lunula (Rc inecke ) , H. (Zieteniceras) spp. - including Z. aff. kiliani 

Petitclerc, Z. karpinskyi Tsytovi tch, Z. sarasini Tsytovi tch and Z. evo-

lutum Lee, H. (Putealiceras) spp. - including P. krakoviense Neumayr , 

P. rectangulare Tsytovitch and P. virile Zeiss, H. (Sublunuloceras) didieri 

Petit i tclerc, H. (S.) crassicostatum ( C h . ) , H. (Chanasia) turgidum, H. 

(Orbygniceras) pseudopunctatum Lahusen and Phlycticeras poygonium Zi-

e ten) . Records include: Bannense Hor izon - Ricla (e.g. Ricla ( I I I ) , beds 

32 -51 ; C a r i o u e t a l . 1988); Turgidulum Hor izon - Ricla (e.g. Ricla ( I I I ) , 

beds 52 - 5 3 and Ricla ( I V ) , beds 83-87; Car iou ei al. 1988), Moneva 

(beds 8b-9a of Aurell et al. 1999; = Bed 16 of Scquciros 1982a?) . 

Tyranniformis Subchronozone. A m m o n i t e associat ions in

clude?: Hecticoceras (R.) tsytovitchi Zeiss, H. (R.) aff. mulricostatum 

Tsytovitch, H. (Brightia) submatbeyi Lee and H. (B.) difforme Tysto-

vitch. Records include: Ricla (e.g. Ricla ( I V ) , Bed 92 + ; Car iou et al. 

1988) , ?Belchite (?Bed 353 of Sequeiros 1983) . C o m m e n t : the fauna 

recorded at Ricla by Car iou et al. (1988) is not de l inn ive ly of this age 

and nei ther component horizon (Blyens is and Richei of Thie r ry et al. 

1997) is current ly recognisable. 

Coronatum Chronozone , Baylei Subchronozone. A m m o n i t e 

associat ions include: Vil lanyensis Hor izon (with Flabellisphinctes spp. 

- including F. villanyensis Till , and F. tsytovitchae Mango ld , Hecticocer

as (Rossieniceras) spp. - including R. metompbalum Bonarel l i , R. mul-

ticostatum Tsytovi tch and R. savoiense Zeiss, H. (Orbignyceras) bronni 

Zeiss, H. (Or.) schloenbachi Tsytovi tch, Fl. (Brightia.) spp. - including 

B. difforme Tsytovi tch, B. tcnuinodosum Zeiss and B. scaphitoides Tsy

tovitch, H. (Putealiceras) virile Zeiss, Collotia gigantea (Bourqu in ) and 

"Choffatia" sp.) and Baylei Hor izon (with Erymnoceras spp. - includ

ing E. baylei Jcanne t , Reineckeia fehlmanni Jeannc t , Grossouvria sp. 

and Lytoceras sp . ) . Records include: Vi l lanyensis Hor izon - Ricla (e.g. 

Ricla ( I I ) , 70-.-76; Car iou et al. 1988), ?Moneva (Bed 9b? of Aurel l et 

al. 1999; M e l e n d e z et al. 2 0 0 2 ) . Baylei Hor izon - Ricla (e.g. Ricla ( I I ) , 

77-?79; Car iou et al. 1988). 

Leuthardti and Rota subchronozones. A m m o n i t e associat ions 

include: Hecticoceras (Rossieniceras) regulareT\\\. (Leuthardi Subchrono

zone ) . Records include: Agui lon (reelaborated assemblage of Leuthardi 

Subchronozone age in beds 106-107; Sequei ros et al. 1984) . C o m m e n t : 

no component horizons are current ly recognisable. The Leuthardti-Rota 

interval probably corresponds to beds 75-85 at Ricla (I) and 80-84 at 

Ricla (II) which have not y ie lded diagnost ic ammoni te faunas (Car iou 

et al. 1988). The reelaborated assemblage (i.e. reworked as intraclasts) 

of beds 106-107 at Agui lon includes e lements characteris t ic of the Leu

thardi, Trezeense, Col lo t i formis and Poculum subchronozones and also 

of Lower Oxfordian age (Sequeiros et al. 1984) . 

Athleta Chronozone , Trezeense Subchronozone. A m m o n i t e 

associat ions include: Hecticoceras (Orbygniceras) trezeense (Gerard & 

C o n t a u t ) , Hecticoceras (Sublunuloceras) sp., /•/. (Putealiceras) lugeoni, 

Pseudopeltoceras sp., Peltoceras (Rursiceras) cf. stolleyi (Pr ies t ) , Collotia 

thiebauti (Gerard & C o n t a u t ) , Orionoides sp., Pseudopeltoceras sp. and 

Distichoceraspasdejeuensis (Gerard & C o n t a u t ) . Records include: Ricla 

(e.g. Ricla ( I ) , beds 87-89; Car iou et al. 1988); Aguilon (reelaborated as

semblage in beds 106-107; Sequeiros et al. 1984; Me lendez et al., 2002) . 

C o m m e n t : component hor izons are not yet recognisable. 

Collotiformis Subchronozone. Ammoni te association includes: 

Collotia fraasi ( O p p e l ) . Records include: Agui lon (reelaborated assem

blage in beds 106-107; Sequeiros et al. 1984; Melendez et al., 2002) . 

C o m m e n t : component hor izons not recognisable. 

Lamberti Chronozone . Poculum and Lamberti subchrono
zones. A m m o n i t e associat ion includes: Hecticoceras (Sublunulocer

as) lairense Spath and H. (S.) nodosulcatum (Lahusen) (Poculum 

Subchronozone ) . Records include: Agui lon (reelaborated assemblage 

of Poculum Subchronozone age in beds 106-107; Sequeiros et al. 1984; 

Me lendez et al. 2 0 0 2 ) . 

Lower and Middle Oxfordian (GM, JB) 

Mariae and Cordatum chronozones (Lower Oxfordian). Lower 

Oxfordian ammoni te associations of the Cordi l lera Iberica were first de

scribed by Melendez et al. (1982) from a thin iron-oolith rich limestone 

bed, ranging in thickness from 15-20 cm to 40-50 cm and spanning the 

Cal lovian-Oxfordian boundary and the Lower to early Middle Oxford

ian (the "Arroyofri'o Bed" ) . In the north western areas of the Cordillera, 

however, around Ricla and Talamantcs, this interval is represented by 

a 25 to 30 cm thick black, micrit ic l imestone unit without iron ooliths 

(Fig. 2) containing common planktonic foraminifera (Globuligerina) and 

a mixed ammoni te association including reelaborated ammoni tes of dif

ferent ages. The latter indicate a high level of taphonomic condensation, 

thereby hindering the precise dating of the unit. Detailed analyses of 

this interval include studies on the Ricla district by Ramajo & Melen

dez (1996) , Agui lon by Sequeiros ct al. (1984) , Tosos & Moneva, by 

Lardies (1988, 1990), Melendez &c Ramajo (2001) and Melendez et al. 

(2002) and on the Arino-Sierra de Arcos area by Melendez. ct al. (1997). 

A widespread non-sequence of upper Lamberti to Mariae chronozone 

age, spanning the Cal lovian-Oxfordian stage boundary, has also been 

detected across the entire Iberian Basin and has been interpreted as an 

episode of extreme shal lowing of the platform, even local subaerial ex

posure (Aurell et al. 1994; Melendez et al. 1997) (Fig. 6 ) . 

A m m o n i t e associat ions include: C la romontanus Subchrono

zone, C o r d a t u m C h r o n o z o n e (with Neocampylites delmontanus (Op-
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pel), Prososphinctes claromontanus ( B u k o w s k i ) , Passendorferia czesto-

choviensis (Bukowski) and Perisphinctes (Otosphinctes) or Propenspbinc-

tes (?) of the group moeschi Brochwicz-Lewinski -spathi Melendez , with 

rare Peltoccratoidcs ( M ) sp. and P. (Parawedekindia) ( m ) spp . ) . Records 

include: Ricla, Aguilon, etc.. C o m m e n t s : the c laromontanus association 

is the first recorded above the widespread non-sequence and c lose ly 

matches the assemblage described by Bukowsk i (1887) from C z e s t o -

chowa (Polish Ju ra ) which, according to Brochwicz -Lewinsk i ( 1 9 8 1 ) , 

would characterise the Bukowski i Subchronozone , lower C o r d a t u m 

Chronozone (the C la romon tanus Subchronozone is its equivalent in 

the Mediterranean R e a l m ) . The occurrence of occasional Prososphinc

tes ai a number of different sections in the central Iberian Cordi l le ra , 

preserved as rescdimented (hence, non-ree labora ted) e lements , seems 

to indicate that a first flooding episode took place dur ing ear ly C o r d a 

tum Biochron, favouring the arrival of ammoni te shells and sedimen

tation of iron-oolith rich mud. 

Plicatilis Chronozone , Paturattensis Subchronozone. A sec

ond, upper layer within the fer ruginous ool i th interval ( the Arroyof-

rio Bed) has yielded at most of the s tudied local i t ies , most no tab ly in 

the Sierra de Arcos area, a m m o n i t e s indica t ing the Pl icat i l i s C h r o n o 

zone in the lowest part of the Midd le Oxford ian ( M e l e n d e z et al. 

1982; Melendez 1989; M e l e n d e z & Tontana 1993; Ramajo et al. 1999; 

Melendez et al. 2002) . A m m o n i t e assoc ia t ions inc lude: Pa t tura tens is 

Subchronozone (with Perisphinctes (Otosphinctes) of the paturatten

sis I.oriol - montfalconensis I.oriol g roups , Tornquistes cf. helveticus 

(Tornquist) and ? K r a n a o s p h i n c t e s ex gr. kranaus B u c k m a n ) . Reco rds 

include: ?Ricla (upper black micri t ic layer of the Arroyfrfo B e d ) ; M o n 

eva (level 9.b) and Ar ino ( A R . I , level 109.b) in the Sierra de Arcos 

irea (uppermost he-ool i t ic level, be low the base of the sponge l ime-

Stone ol Yatova Format ion) . C o m m e n t s : as the precise s t ra t igraphic 

position ol Buckman's ho lo type of K. kranaus is uncer ta in , s t rat i 

graphical conclusions based on the s ingle spec imen from A r i n o may 

require revision. Never the less , the general a m m o n i t e associa t ion at 

this level is characteristic of the lower Pl icat i l i s C h r o n o z o n e , Ver teb-

ale Subchronozone, according to Bourseau ( 1 9 7 7 ) . The widespread 

Sccurrence of this character is t ic associa t ion in the Submedi te r ranean 

Province might justify the use of Per. (O. ) paturattensis De Loriol as 

isubzonal index species for a unit equivalent to the Boreal Verteb-

ale or Tcnuicostatum Subchronozone in Med i t e r r anean a reas , where 

Srdioceratids are vir tual ly absent . 

Transversarium Chronozone . Parandieri Subchronozone. 

iOwer levels of the sponge l imestone, Yatova Formation in north west 

SCtions (Ricla) have yielded a few [ M ] (= m a c r o c o n c h ) and [ m ] ( = 

jiicroconch) forms showing rounded serpent icone and somewhat evo

k e inner whorls and thick primaries on their middle and outer whorls 

pd thereby close to the species P. parandieri De Loriol (and from 

How the first levels with typical Perisphinctes of the martelli O p 

el- luciaeformis Enay g roups) . A m m o n i t e associat ions include: Peri-

yhinctes sp. c l . p a r a n d i e r i , Per. (Otosphinctes) ex gr. siemiradzkii Enay 

including "Kranaosphinctes spp." macroconch forms) , Gregoryceras ex 

gr. toucasianum ( D ' O r b i g n y ) (Me lendez 1989; M e l e n d e z & Fontana 

1993). Records include: Ricla (levels Ri . 4-16, lower pan of Yatova 

Formation). Comment s : component hor izons ol this subchronozone 

ire not yet recognisable. 

Luciaeformis Subchronozone. The lower interval of the Ya tova 

formation generally corresponds to this subchronozone , formerly re

ferred to as "Wartae Subzonc" (Melendez 1989) in other sections across 

the Iberian platforms. A m m o n i t e associat ion includes: C o m m o n pen-

sphinctids including Perisphinctes ex gr. martelli (Oppe l ) , Passendorferia 

birmensdorjensis (Moesch) [ in] and Pass, y.iegleri Brochwicz-Lewinsk i 

[M], also Glochiceras subclausum (Oppe l ) , Neomorphoceras collinii (Op

pel), Trimargbiites ex "r.arolicus (Oppe l ) [ M ] - stenorhyncbus (Oppe l ) 

[m|, Ocbctoccras canaliculatum (von Buch) - hispidum ( O p p e l ) ; Gre

goryceras ria/.i (De Grossouvre) and Euaspidoceras aff. oegir (Oppe l ) 

-penmnatum Arkell. Per. (Otosphinctes) nectobrigensis Melendez [m] 

and its presumable | M | (= Kranaosphinctes n.sp. A in M e l e n d e z 1989) 

is typically tound in the lower part of this subchronozone and char

acter ises a Nec tobr igens i s Hor i zon (Melendez , loc. c i t . ) , whilst in the 

upper part, a Luciaeformis Hor izon is characterised by and Perisphinctes 

martelli [ M ] - " D i c h o t o m o s p h i n c t e s " ex gr. luciaeformis Enay - elisabetbae 

De Riaz . with Per. (Otosphinctes) vermicularis De Loriol ( [ m ] and [ M ] ) 

and Subdiscosphinctes [ M ] of the aeneas (Gemmel la ro) - aguilonensis 

(Melendez ) . Records include: all studied localities in both the Aragonese 

and Cast i l l ian platforms (Me lendez & Fontana 1993; Me lendez et al. 

1997) . C o m m e n t s : despi te its superficial morphological homogenei ty, 

the pcrisphinct id assemblage of the Luciaeformis Subchronozone still 

requires a full t axonomic review, especial ly in realtion to d imorphism 

and intraspecific variat ion. Never the less , the unit remains one of the 

most wide ly correlatablc of the Midd le Oxfordian across europe, from 

the Polish "Jura" to the Swiss and French Ju ra , to SE France (Vocont-

ien Basin) and Aqui ta ine . In the latter area it corresponds to the Co l 

linii Hor i zon , as remarked by Car iou et al. ( 1 9 9 1 ) . 

Schilli Subchronozone. This interval, recognised by the com

mon occurrence of the genus Larcheria Tintant, is widely represented in 

south western Europe. Ammoni te association includes: common Larche

ria spp., also Peispbinctes ex gr. luciae De Riaz, Per. michalski De Loriol, 

Per. marcoui De Loriol (with Per. ultimus Enay in the upper part of the 

subchronozone) , Passendorferia ericensis Melendez ( [ M ] and [ m ] ) , Se-

queirosia ex gr. brochwiczi ( [ M ] and [ m ] ) Sequeiros, Trimarginites ex gr. 

arolicus (Oppel ) | M ] -stenorhyncbus (Oppel) [ m ] , Ochetoceras canalic

ulatum (von Buch) - hispidum (Oppe l ) , Glochiceras spp. and probably 

also very rare Gregoryceras transversarium (Quens ted t ) . C o m m e n t s : in 

the Iberian Cordi l lera , the succession of species of Larcheria facilitates 

the recognit ion of three successive horizons, respectively: Schilli H o 

rizon (with L. schilli ( O p p e l ) ) , Iberica Hor izon (with L. iberica Fon

tana) and Subschil l i Hor izon (with L. subschilli (Lee) ) (Melendez & 

Fontana 1993). 

Rotoides Subchronozone. Above the Schill i Subchronozone, 

a sharp change in ammoni te assemblages is general ly recorded in the 

Iberian Cordi l le ra , with Larcheria being replaced by coarser ribbed Per

isphinctes spp., with less abundant oppel i ids , aspidocerat ids and Pas-

sendorfcri inae. A m m o n i t e assemblages include: Je l sk i i Hor i zon (with 

"Perisphinctes jelskii" sensu Siemiradzki (1899) (probably including [ M ] 

figured by M e l e n d e z 1989, p. 242, pi. 28, figs. 1-4) and Per. kreutzi, 

Ronchadze non S iemi radzk i ) and Wartae Hor izon (with Per. -wartae 

Bukowsk i ( [ M ] and [ m ] ) with scarcer Per. rotoides Ronchadze - this 

assemblage includes forms showing features transit ional to Dichoto-

moceras). Associa ted taxa in the subchronozone include Passendorferia 

sp. aff. ericensis M e l e n d e z (more evolute , crassicostate form) and very 

rare Gregoryceras sp. (with forms showing an early trend to develop 

s ingle , subradial r ibs) are somet imes recorded. 

Records include: widespread throughout the Iberian Cordi l lera , 

including Ricla (levels 40-30 of section R i . l ) , Agui lon (levels 35-40 of 

section A g . 2 ) , Moscardon (levels 40-50 of section 3 M ) (Car iou et al., 

1991). In the region of Sierra de Arcos , between Moneva and Arino, 

this interval is affected by a s t ra t igraphic d iscont inui ty and represent

atives of this assemblage are frequently preserved only as fragmented 

reelaborated internal moulds within the lower levels of the over ly ing 

Bifurcatus C h r o n o z o n e . 

Bifurcatus Chronozone . This interval is characterised by the 

widespread development of the last representat ives of subfamily Peri-

spVrinctinae, inc lud ing Perisphinctes (sensu s t r ic to) ])A] of the P. pan-

thieri Enay - P. variocostatus (Buck land) groups and the [ m ] counter

part " D i c h o t o m o c e r a s " Buckman. Passendorferiinae (Passendorferia, and 

Sequeirosia), certain Oppel i idae (Ochetoceras) and Euaspidocerat inae 

(Euaspidoceras and Paraspidoceras) are also relat ively common, whilst 

forms such as Glochiceras, Trimarginites, Gregoryceras, and Mirosphinc-

tes are now rarer. 

Stenocycloides Subchronozone. A m m o n i t e associat ions in

clude: P. (Dichotomoceras) ex gr. bifurcatoides Enay - stenocycloides 

Siemiradzki groups (wi th P. (Per.) panthieri Enay [ M ] ) common and 

character is t ic . The local abundance of P. bifurcatoides in the lower part 

of the subchronozone permits the recogni t ion of a Bifurcatoides Hori 

zon, whilst the presence of a smaller, compressed and somewhat more 
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Fig. 7 - Corre la t ion ol kev Oxlord ian successions on the north-eastern margin ot the Iberian Cord i l l e ra (Aragoncsc Pla t form); note the marked 

increase in th ickness and clastic content of nor th-western areas. 

involute lorm, P. (Dicbotomoceras) duongi Me lendez in the upper part, 

characterises a Uuongi Hor izon . Also character is t ic ol this upper level 

is Passendorferia torcalcnse (Kil ian) ( [ M ] and [ m ] ) . Records include: 

Ricla (levels 50 and 55 ) , Moscardon and Frias de Albarracfn in equiva

lent (levels 50 to 56; Car iou et al. 1991). C o m m e n t : in south eastern, 

external areas (Moneva, Arifio and Ca landa) where the Oxlord ian facies 

are relatively condensed facies, the subchronozone is represented only 

by reelaborated specimens in the lower pari of over ly ing uni ts . 

Grossouvrei Subchronozone . Characterised by common P. (Di

cbotomoceras) spp.. Ammoni t e associat ions include: Grossouvrei H o r i 

zon (with AT. (D.) grossouvrei S i e m i r a d z k i ) , Bi lurca tus Hor izon (with 

Per. (D.) bijurcatus ( Q u e n s t e d t ) ) , Ma l inowskae Hor izon (with small 

Per. (Amptbillia) cf. malmtrwskae Brochwicz -Lewinsk i ) . Associated 

lornis include Ocbeloceras ex gr. raixense - basseae P'radin, Passcndorje-

ria ex gr. teresijormis Brochwicz-I .ewinski - uptomoides I'.nav (the latter 

already showing features i ransist ional to Ortbospbmctes) and Sequei-

rosia spp. Me lendez (Melendez & Fontana, 1993; Ramajo et al., 1999). 

Records include: the subchronozone is well developed throughout the 

Aragonese Platform and also i n the central and southern Iberian Cor 

dil lera (Cast i l l ian Pla t form). The unit is best exposed at Ricla , Tosos 

and Agui lon (outcrops Ag.4 and A G . 5 ) , a l though i n eastern, more ex

ternal areas (Arifio, Ca landa , e t c . ) . it is characterised by reduced and 

incomplete condensed sequences (Melendez , 1989). C o m m e n t s : the 

succeeding Ariniensis I Iorizon o f Me lendez & Foniana (1993) , del incd 

on the basis ol Ortbospbinctes [ex. Passendorjeria] ariniensis (Melendez) 

is now considered to be basal horizon Hvpse lum C h r o n o z o n e (Upper 

Oxlord ian in a Submedi ter ranean sense) . 

Concluding remarks 

The U p p e r Bathonian to Middle Oxfordian succes

sion of the Aragonese branch of the Cordi l l era Iberica is 

one of the most complete ly developed in Europe and in

cludes localities of international importance for Jurassic 

bio- and chronostrat igraphy, including a potential stra

t o t y p e for the U p p e r Bathonian of N o r t h West Europe 

and reference sections for a number of Submediterranean 

Province , Middle Oxford ian biostratigraphic units. The 

intervening Cal lovian sequence, although often very in

complete and s trongly condensed, also includes assem

blages of stratigraphical and taxonomic importance and 

has the potential to make important contributions to 

studies of the geology and palaeontology of the Sub-

mediterranean Province in Europe (Fig.7). 
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