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Fine-Resolution Ammonite Biostratigraphy at the Rio Gazas-
Chorro Il Section in Sierra de Cazorla (Prebetic Zone, Jaén
Province, Southern Spain)
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Abstract

The biostratigraphic analysis of the Rio Gazas-Chorro I} profile in the Sierra de Cazorla (Prebetic Zone,
southem Spain) has enabled the first detailed biochronostratigraphic characterisation in the area for the
Bifurcatus and Bimammatum Zones (Upper Oxfordian), and part of the Planula Zone (uppermost Oxfordian or
lowermost Kimmeridgian). In addition, the subzones Bifurcatoides/Stenocycloides, Grossouvrei, Hypselum,
Bimammatum, Hauffianum/Tiziani and Planula have been identified. The biostratigraphic units recognised are
easily correlated with the equivalents of standard proposals for southem Submediterranean Europe. The
correlation of the grossouvrei and bifurcatus biohorizons (Bifurcatus Zone, Grossouvrei Subzone),
arancensis, semimammatum and berrense (Bimammatum Zone, Hypselum Subzone), and mogosensis,
minutum, Sutnerian. sp. gr. galar and planula in the Planula Zone (Planula Subzone) is more limited, given

the still provisional character of these data.

1 INTRODUCTION

In the Sierra de Cazorla (Province of Jaén,
outhern Spain), the materials of the Oxfordian
epresent the first interval with pelagic-
iemipelagic sedimentation in the epicontinental
latforms of the South Iberian margin, in what is
nown as the Prebetic Zone. Although the remains
f ammonoids are relatively frequent, the bio-
tratigraphic study of the Oxfordian in the central
rebetic is little developed (Foucault, 1971; Gar-
ia-Hernandez et al., 1979, 1981; Acosta, 1989;
Iériz et al., 1992). Today, this study offers the
ossibility of establishing precise correlation that
nable comparisons with other nearby epicontinen-
| areas, both in Spain and in Portugal, as well as
ther more distant sites in Europe, where the Ox-
rdian biostratigraphy with ammonoids is better
nown. Complementarily, on this basis, we seek to
cilitate comparisons of geobiological evolutionary
atures in southern European epicontinental areas.
ur aim is that of to present the first detailed
tratigraphic distribution of the ammonites regis-
red in the Oxfordian from the profile of the Rio
sazas-Chorro |l in the Sierra de Cazorla (Prebetic
one).

2 GEOLOGICAL CONTEXT

The Sierra de Cazorla belongs to the External
Prebetic (External Zones, Betic Cordillera), in
which the Sierra de Cazorla Unit is represented
(Lopez-Garrido, 1971) (Fig.1). Palaeogeographi-
cally, the External Prebetic represents the neritic
platform system related to the Iberian Meseta. The
External Prebetic is structured in a series of tec-
tonic sheets in a NNE-SSW direction dipping to-
wards the E (Foucault, 1971).

During the Jurassic, the sedimentation of the
central External Prebetic was predominantly car-
bonate, with some episodes of terrigenous input.
The Lower Jurassic is represented by dolomitized
limestones among which white limestones with pe-
loids, "Lithiotis", foraminifers and algae are re-
cognised (Acosta, 1989). The deposits of the Lias-
sic platform are overlain by oolithic limestones,
which evidence the persistence of the internal
platform system during the Middle Jurassic. The
Oxfordian succession begins with hemipelagic fos-
siliferous limestone from the Middle Oxfordian and
nodular limestones and/or marly-limestone rhyth-
mites from the Middle and Late Oxfordian. The Mid-
dle Oxfordian, with ammonites, rests on Middle Ju-
rassic ferruginized horizons (hardgrounds) con-
taining lateritic clays, ferruginous ooliths and bio-
clastic  accumulations  {(benthic = foraminifers,
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gastropods, corals, crinoids, among others). Ups to
now, no ammonites have been recognised from the
Lower Oxfordian in the Sierra de Cazorla. Various
metres of greyish marls poor in macrofauna are
intercalated between the Upper Oxfordian with
ammonites and the marly-limestone rhythmite that
contains Kimmeridgian ammonites.

3 THE RIO GAZAS-CHORRO I
SECTION

The profile of Rio Gazas-Chorro 1l lies in the
province of Jaén (southern Spain), in the western
part of the Sierra de Cazorla. The profile can be
found by following the forest trail that connects the
small village of La Iruela with El Chorro (Fig.1). The
co-ordinates of the outcrop are 3j0'25"-35;52'55"
on sheet 928 (Cazorla) of the National Topographic
Map (scale 1:50,000).

The Oxfordian succession, approximately 22m
thick (Fig.2), is composed of a marly-limestone
rhythmite in which the limestone levels predomi-
nate. Limited outcropping hinders a detailed analy-
sis of the bottom of the succession. The upper limit
was established at the contact point with a thick
marly intercalation that gives way to materials of
the Kimmeridgian.

In the 5 bottom metres (beds 1 to 19), roughly
meter-thick buildups of primarily sponges and
stromatoiites are recognised, these associated with
brachiopods, echinoids, crinoids and bivalves
(Acosta et al., 1988; Acosta, 1989; Oldriz & Ro-
driguez-Tovar, 1996a). The authors (research un-
der way) recently collected scant, badly preserved
ammonites. Calcareous levels dominate the marly-
limestone rhythmite with an average thickness of
20cm. Over the buildups, a thickening-upward in-
terval of 5m thick is recognised (beds 20 to 35), in
which the carbonate levels predominate (strata 20
to 45 cm) with respect to the marly intercalations
(20cm). A third stretch is composed of two thick-
ening-upward sequences (beds 36 to 54 and 55 to
72) with a total thickness of 7.5 m, in which the
limestone strata present thickness of 10 to 40cm
and the marls of 10 to 20cm. The upper part of the
profile is made up of an interval of 4.5m thick in
which marls dominate (beds 73 to 89).

in the microfacies studied, peloidal packstones
dominate, but wackestones are also frequent, as
are combinations of the two types of textures. The
most abundant lithoclasts are peloids, aggregate
grains and ooids. The lining material of fossil traces
(Planolites) shows glauconitized peloids. In the
somital part of the Oxfordian section, small quartz
grains and carbon remains are recognised. The most
common bioclasts are filaments and equinoderm

fragments. No preferential orientation has been |

identified for the clasts.

4 AMMONITE ASSEMBLAGES

A total of 1,500 fossil remains were collected,
of which 1,150 were ammonoids (whole individuals
and fragments) preserved as internal moulds;
belemnites, brachiopods, echinoids, bivalves and
sponges appeared in lesser proportions. Aptychi
were scarce despite the abundance of ammonites
(post-mortem transport). Ammonite  breakage
proved high, although somewhat less than near the !
buildups and in the upper part of the section. Nor-
mally, the smallest specimens were the best pre-
served. In general, the body chambers were incom-
plete and the specimens did not usually exceed jj
70mm, although some fragments of body chambers !
of great size were found. The orientation varies |
markedly, horizontality predoeminating, but inclina-
tion and even verticality is also frequent, the latter
clearly showing deformation by compaction.

The distribution of the genera and species of
ammonites in the Rio Gazas-Chorro |l profile (Fig.2)
is:

Horizon RGCH-SP-1/2: Perisphinctes (Dichotomo-
ceras) sp. gr. bifurcatoides ENAY - stenocycloi-
des SIEMIRADZKI (s.l.), P. (Dichotomoceras) sp.
cf. stenocycloides (SIEMIRADZKI) (s.l.), P. (Di-
chotomoceras) sp., Mirosphinctes sp. aff. -buk-

owskii  (CHOFFAT), Perisphinctidae indet.,
Gregoryceras sp., Sowerbyceras sp., Phyllo-
ceras sp.

Horizon RGCH-SP-2: Perisphinctes (Dichotomo-
ceras) bifurcatoides ENAY

Horizon RGCH-SP-4. Perisphinctes (Dichotomo-
ceras) sp. gr. bifurcatoides ENAY- duongi
MELENDEZ

Horizon RBGCH-SP-5: Perisphinctes (Dichotomo-

ceras) falculae (RONCHADZE), P. (Dichotomo-
ceras) sp. aff. bifurcatoides ENAY, P. (Dichoto-
moceras) sp. cf. stenocycloides (RONCHADZE non
SIEMIRADZKI), P. (Dichotomoceras) sp. cf. steno-
cycloides (SIEMIRADZKI), P. (Dichotomoceras) sp.
gr. stenocycloides (SIEMIRADZKI), P. (Dichotomo-
ceras) sp. gr. stenocycloides (SIEMIRADZKI) (s.l.)
- falculae (RONCHADZE), P. (Dichotomoceras) sp.

ar. bifurcatoides ENAY- stenocycloides
(SIEMIRADZKI) (s.l.), P. (Dichotomoceras) sp.,
Perisphinctidae indet., Gregoryceras fouquei

(KILIAN), Sowerbyceras sp.,
Calliphylloceras sp.

Horizon RGCH-SP-7: Paraspidoceras (Struebinia)
sp. A. cf. edwarsianum (D'ORBIGNY in GEMMEL-
LARO)

Phylloceras sp.,
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Fig. 1. Geographical and geolcgical location of the Rio Gazas-Chorro Il section (External Prebetic).

Horizon RGCH-SP-12: Perisphinctes (Dichotomo-
ceras) sp. cf. grossouvrei (SIEMIRADZKI), P. (Di-

chotomoceras) sp., Mirosphinctes sp., Peri-
sphinctidae indet.,, Sowerbyceras sp., Phyllo-
ceras sp.

Sponge buildup: Ochetoceras sp gr. hispidum (QP-
PEL)- canaliculatum (v. BUCH)

Horizon RGCH-SP-21/22 Perisphinctidae
Sowerbyceras sp., Holcophylloceras sp.

Horizon RGCH-SP-24,25: Perisphinctes (Dichoto-
moceras) sp., Mirosphinctes bukowskii  var.
cabritoensis (CHOFFAT), Passendorferia (Enay-
ites ?) sp., Ochetoceras hispidum (OPPEL), Euas-

indet.,

pidoceras (Euaspidoceras) sp. gr. sublongispinum
(DORNY), Taramelliceras sp., Trimarginites sp.,
Sowerbyceras sp.

Horizon RGCH-SP-29: Perisphintes (Dichotomo-

ceras) bifurcatus (QUENSTEDT), P. (Dichotomo-
ceras) sp., Mirosphinctes sp., Perisphinctidae in-
det., Ochetoceras sp. gr. raixense FRADIN- his-
pidum (OPPEL), Lytoceras orsinii (GEMMELLARO),
Sowerbyceras sp.

Horizon RGCH-SP-30: Mirosphinctes  bukowskii

(CHOFFAT), Mirosph. bukowskii var. cabritoensis
(CHOFFAT), Passendoferiinae indet., Clam-
bites (?7) sp., Ochetoceras marantianum
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Fig. 2. Rio Gazas-Chorro Il section. Lithological column, stratigraphic distribution of selected ammonite - species and
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(D'ORBIGNY), Ochet. sp. cf. marantianum
(D'ORBIGNY), Ochet. sp. gr. canaliculatum (v.
BUCH), Sowerbyceras sp.

Horizon RGCH-SP-30/31: Passendorferia (Enay-
ites) sp. gr. arancensis MELENDEZ, Pass. (Enay-
ites) sp. trans. idoceroides (DORN)- arancensis
MELENDEZ, Pass. (Enayites) sp., Perisphinctidae
indet., Sowerbyceras sp., Phylloceras sp.

Horizon RGCH-SP-33:  Orthosphinctes  (Ortho-
sphinctes) sp. c¢f. fontannesi (CHOFFAT),
Orthosph. (Orthosphinctes) sp., Euaspidoceras

(Euaspidoceras) sp. gr. hypselum (OPPEL) (juve-
nile), Sowerbyceras sp., Holcophylloceras sp.,
Phylloceras sp.

Horizon RGCH-SP-34  Perisphinctidae  indet.,
Haploceratidae indet., Sowerbyceras sp., Phylio-
ceras sp.

Horizon RGCH-SP-36: Passendorferia (Enayites)
sp. cf. rozaki MELENDEZ

Horizon RGCH-SP-37.: Epipeltoceras semimam-
matum uhligi (OPPENHEIMER), Epip. sp. cf. semi-
mammatum stromeri PRIESER, Ochetoceras ca-
naliculatum (BUCH), Taramelliceras sp. ci. cal-
licerum (OPPEL) var. (DORN)

Horizon RGCH-SP-37: Clambites (?) sp.

Horizon RGCH-SP-38: Epipeltoceras sp. cf. semi-
mammatum uhligi (?) (OPPENHEIMER), Sower-
byceras sp.

Horizon RGCH-SP-39:
Orthosph.  (Praeataxioceras)
sphinctes sp. (M.).

Orthosphinctes sp.,

sp., Subdisco-

Epipeltoceras  berrense
(FAVRE), Epip. sp. cl. semiarmatum (QUEN-
STEDT), Epip. sp. cf. semimammatum semi-
mammatum (QUENSTEDT), Epip. sp., Euaspi-
doceras (Euaspidoceras) sp. cf. eucyphus (OP-
PEL), Taramelliceras (Strebliticeras) sp. cf.
sarasini (LORIOL), Ochetoceras sp. cf. hispidi-
forme (FONTANNES), Ochet.  canaliculatum
(BUCH), Sowerbyceras sp., Lytoceras sp.

Horizon RGCH-SP-40: Orthosphinctes (Lithaco-
sphinctes) sp. cf. heidenheimensis (WEGELE)

Horizon RGCH-SP-42: Orthosphinctes sp., Passen-
dorferia (Enayites)  sp. ar. idoceroides
(DORN) (?), Pass. (Enayites) sp., Euaspidoceras
or Clambites sp., Taramelliceras sp. gr. callice-
rum (OPPEL) var. (DORN), Taram. (Streb-
liticeras) sp. cf. sarasini (LORIOL), Taram.
(Strebliticeras) sp. (loose specimen)

Horizon RGCH-SP 50: Aspidoceras sp. gr. sesquino-
dosum (FONTANNES) (loose specimen), Sower-
byceras sp., Phylloceras sp.

Horizon RGCH-SP-55: Orthosphinctes sp., Passen-
dorferia (Enayites) sp., Epipeltoceras berrense
(FAVRE), Epip. sp. ct. berrense (FAVRE), Tara-
melliceras sp. gr. tricristatum (OPPEL), Glo-
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chiceras (Lingulaticeras) sp., Trimarginites sp.,
Sowerbyceras sp., Phylloceras sp.
Horizon RGCH-SP-61l: Orthosphinctes (Ortho-

sphinctes) sp. cf. tiziani (OPPEL), Orthosph. (Or-
thosphinctes) sp., Aspidoceras sp. gr. binodum
(OPPEL), Physodoceras (?) sp., Barthelia sub-
betica OLORIZ & SCHAIRER, Ochetoceras semifal-
catum (OPPEL), Taramelliceras (Metahaploceras)
kobyi quenstedti SCHAIRER, Sowerbyceras sp.,
Phylloceras sp.

Horizon RGCH-SP-671: Orthosphinctes (Ortho-
sphinctes) sp. cf. tiziani (OPPEL), Orthosph. sp.,
Orthosph. (?) sp., Passendorferia (Enayites ?)
sp., Epipeltoceras bimammatum (QUENSTEDT),
Taramelliceras sp., Taram. (Strebliticeras) sp.
cf. sarasini (LORIOL in DORN) [ = Taram. (Streb-
liticeras) sp. inc. cf. externodosum (DORN in
HOLDER)), Taramelliceras/Metahaploceras sp.,
Trimarginites sp., Sowerbyceras sp., Calliphyllo-
ceras (7) sp.

Horizon RGCH-SP-68: Orthosphinctes  (Ortho-
sphinctes) tizianiformis (CHOFFAT) (juvenile),
Orthosph. sp., Ochetoceras sp. gr. semifalcatum
(OPPEL), Taramelliceras/Metahaploceras sp.,
Taram. (Metahaploceras) sp. gr. muehlheimense
SCHWEIGERT, Sowerbyceras sp., Phylloceras sp.

Horizon RGCH-SP-70: Orthosphinctes sp.

Horizon RGCH-SP-71:  Orthosphinctes  (Ortho-

sphinctes) sp. cf. tiziani (OPPEL), Taramelliceras
sp. cf. tenuinodosum (WEGELE), Taram. (Meta-
haploceras) litocerum (OPPEL), Glochiceras (Lin-
gulaticeras) sp. cf. sculptatum ZIEGLER, Barthelia
subbetica OLORIZ & SCHAIRER

Horizon RGCH-SP- 73l: Orthosphinctes (Ortho-

sphinctes) mogosensis (CHOFFAT)
Horizon RGCH-SP-73: Glochiceras (Lingulaticeras)

sp. cf. sculptatum ZIEGLER
Horizon RGCH-SP-74: Glochiceras (Lingulaticeras)

modestiforme (OPPEL), Taram. (Metahaploceras)
litocerum (OPPEL), Holcophylloceras sp.
Horizon RGCH-SP-751: Orthosphinctes  (Ortho-

sphinctes) sp. gr. mogosensis (CHOFFAT)- del-
gadoi (CHOFFAT), Orthosph. sp., Subnebrodites n.
sp. gr. minutum (DIETERICH), Taramelliceras sp.
cf. tenuinodosum (WEGELE), Taram. (Metahaplo-
ceras) litocerum (OPPEL), Taram. (Metahaplo-
ceras) sp. cf. kobyi wegelei SCHAIRER, Glo-
chiceras (Lingulaticeras) modestiforme OPPEL,
Sowerbyceras sp., Phylloceras sp.

Horizon RGCH-SP-75: Subnebrodites n. sp. gr.

minutum (DIETERICH), Ochetoceras marantianum
(D'ORBIGNY), Taramelliceras (Metahaploceras)
litocerum (OPPEL), Taram. sp. gr. callicerum
(OPPEL) var. (DORN), Glochiceras (Coryceras)
modestiforme (OPPEL), Sowerbyceras sp., Phyl-
loceras sp.
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minutum
minutum

Horizon RGCH-SP-76:  Subnebrodites
(DIETERICH), Subneb. n. sp. gr.
(DIETERICH), Holcophylloceras sp.

Horizon RGCH-SP-78: Orthosphinctes sp., Sutneria
n. sp. gr. galar (OPPEL), Taramelliceras (Meta-
haploceras) litocerum (OPPEL), Taram. (Meta-
haploceras) kobyi wegelei SCHAIRER, Taram. sp.,
Glochiceras (Lingulaticeras) sp. cf. sculptatum
ZIEGLER, G. (Lingulaticeras) modestiforme (OP-
PEL), G. sp., Sowerbyceras sp.

Horizon RGCH-SP-80/81: Subnebrodites minutum
(DIETERICH), Sub. tonnerrense (LORIOL), Aspido-
ceras sp., Taramelliceras (Metahaploceras) lito-
cerum (OPPEL), Glochiceras (Lingulaticeras) sp.
cf. lingulatum (QUENSTEDT), Sowerbyceras sp.

Horizon RGCH-SP-84: Taramelliceras (Metahaplo-
ceras) sp. cf. kobyi wegelei SCHAIRER, Glo-
chiceras (Lingulaticeras) crassum ZIEGLER, Lin-
gulaticeras sp.

Horizon RGCH-SP-84/85. Orthosphintes sp. cf.
delgadoi (CHOFFAT), Orthosph. (Lithacosphinctes)
n. sp. gr. evolutus (QUENSTEDT), Orthosphinctes
or Lithacosphinctes sp., Subnebrodites minutum
(DIETERICH), Subneb. (?) sp., Sutneria n. sp. gr.
galar (OPPEL), Taramelliceras (Metahaploceras)
wenzeli (OPPEL), Taram. (Metahaploceras) sp. cf.
wenzeli (OPPEL), Taram. (Metahaploceras) sp. gr.
litocerum (OPPEL)- falcula  (QUENSTEDT),
Glochiceras (Coryceras) sp. cf. modestiforme
(OPPEL), G. sp., Sowerbyceras sp., Phylloceras

sp.

Horizon RGCH-SP-8% Taramelliceras/Meta-
haploceras sp.

Horizon _RGCH-SP-89  Orthosphinctes  (Ortho-

sphinctes) sp. cf. treybergi (GEYER), Orthosph.
(Orthosphinctes) sp g polygyratus (REINECKE),

Specimen depicted at natural size

Orthosph. (Lithacosphinctes) sp. gr. evolutus
(QUENSTEDT), Orthosphinctes or  Subdisco-
sphinctes sp., Subnebrodites minutum (DIETER-
ICH), Subneb. schroederi (NEGELE), Subneb. pla-
nula (HEHL), Subneb. sp. gr. planula (HEHL)-
laxevolutum (FONTANNES), Subneb. n. sp. A. (ju-
venile), Subneb. sp., Sub. (?) sp., Physodoceras
sp., Taramelliceras (Metahaploceras) falcula
(QUENSTEDT), Taram. (Metahaploceras) lito-
cerum (OPPEL), Taram. (Metahaploceras) kobyi
wegelei SCHAIRER, Taram. (Metahaploceras) sp.
cf. kobyi wegelei SCHAIRER, Taramelliceras/
Metahaploceras sp., Barthelia subbetica OLORIZ &
SCHAIRER, Glochiceras sp., Sowerbyceras sp.,
Holcophylloceras sp., Phylloceras sp., Lytoceras
eudesianum (D’ORBIGNY), Lytoceras sp.

Horizon RGCH-SP 30 ¢m above Horizon BRGCHSP-
89: Subnebrodites (?) sp.

5 BIOCHRONOSTRATIGRAPHY

In accord with the distribution established from
the ammonite remains, the biochronostratigraphic
interpretation of the Rio Gazas-Chorro 1l profile en-
ables the recognition of the standard zones in the
southern European Submediterranean Upper Oxfor-
dian (Cariou et al,, 1971, 1991). In addition, most
of the subzones and of some horizons were identi-
fied, although the precise correlation of the hori-
zons is not possible with the data collected. Below,
we present the biochronostratigraphic units recog-
nised (Fig.2), together with commentaries on sig-
nificant ammonites for the biochronostratigraphic
interpretations.

Fig. 3-4. Subnebrodites planula (HEHL) RGCH-SP-89.91. Right-side and ventral views. Horizon RGCH-SP-89.

Fig. 5-6. Subnebrodites minimum (DIETERICH) RGCH-SP.89.28. Right —side and ventral views. Same horizon.

Fig. 7. Ochetoceras hispidum (OPPEL) RGCH-SP-24,25.19. Left-side view. Horizon RGCH-SP-24,25.

Fig. 8-9. Epipeltoceras berrense (FAVRE) RGCH-SP-55.26. Left-side and ventral views. Horizon RGCH-SP-55.

Fig. 10. Epipeltoceras semimammatum uhligi (OPPENHEIMER) RGCH-SP-37..3. Left-side view. Horizon RGCH-SP-37..

Fig. 11. Orthosphinctes (Orthosphinctes) sp. cf. fontannesi (CHOFFAT) RGCH-SP-33.1. Left-side view of a body chamber

fragment. Horizon RGCH-SP-33.

Fig. 12. Perisphictes (Dichotomoceras) bifurcatoides ENAY RGCH-SP-2.7. Right-side view. Horizon RGCH-SP-2.

Fig. 13-14. Ochetoceras canaliculatum (BUCH) RGCH-SP-374.11. Ventral and left-side views. Horizon RGCH-SP-37..

Fig. 15-16. Perisphinctes (Dichotomoceras) falculae (RONCHADZE) RGCH-SP-5.75. Right-side and ventral views. Horizon

RGCH-SP-5.
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5.1 Upper Oxfordian

5.1.1 Bifurcatus Zone

Horizons RGCH-SP-1/2 to RGCH-SP-29; RGCH-
SP-30 (?). The range of the genus Dichotomoceras
identifies the Bifurcatus Zone. The larger forms,
belonging to the groups of stenocycloides and bifur-
catoides, are restricted to the interval defined by
the horizons RGCH-SP-1/2 to RGCH-SP-5. In this
interval the subzone Bifurcatoides/ Stenocycloides
is identified. The remains of the species cited are
dominant and are accompanied towards the upper
part of this subzone by less frequent records of
smaller species, such as duongi and falculae. The
presence of Gregoryceras in the Bifurcatus Zone
was recognised by Sequeiros (1974) in the Oxfor-
dian epioceanic ammonitico rosso of the Subbetic
Zone (Mediterranean facies s.str.), admitted by
Gygi (1977) and recently confirmed in epioceanic
outcropping deposits in nearby areas such as Mal-
lorca (Olériz et al., 1998). In the profile studied,
Gregoryceras is limited to the lower part of the
Bifurcatus Zone (Bifurcatoides/Stenocycloides
Subzone). At present the precise upper boundary of
the Bifurcatoides/Stenocycloides Subzone is not
possible to identify because of sampling difficulties
at the levels preceding the buildups of sponges. The
Bifurcatoides/Stenocycloides Subzone proposed is
equivalent to the Stenocycloides Subzone, as it is
recognised in the Iberian Chain (Meléndez, 1989;
Cariou & Meléndez, 1990; Bello et al., 1995), as
well as to the Bifurcatoides Subzone proposed by
Cariou et al. (1991) as a standard for Submediter-
ranean Europe.

The only record of P. (Dichotomoceras) sp. cf.
grossouvrei (SIEMIRADZKI) was recognised in the
lower part of the interval with buildups (horizon
RGCH-SP-12) and was used to identify a restricted
grossouvrei biohorizon. This record is the first in-
dication in the Prebetic Zone of the existence of the
Grossouvrei Subzone, equivalent to that of the
same name both in the Iberian Chain (Meléndez,
1989; Cariou & Meléndez, 1990; Bello et al.,
1995) as in the standard for Submediterranean
southern Europe (Cariou et al., 1991). The record
of Dichotomoceras extends to the RGCH-SP-29 ho-
rizon, in which the species bifurcatus QUENSTEDT
is recognised and used as an index of the existence
of a possible bifurcatus biohorizon, the significance
of which will be evaluated in the future.

Notable among the accompanying fauna in this
subzone are Mirosphinctes, related to bukowskii
CHOFFAT, and Ochetoceras of the groups of his-
pidum OPPEL, canaliculatum v. BUCH and marantia-
mum D'ORBIGNY. Despite the absence of records of
Dichotomoceras in the RGCH-SP-30 horizon, the
upper boundary of the Bifurcatus Zone was inter-

preted indirectly from the establishment of the
bottom of the Bimammatum Zone with the record of
Passendorferia (Enayites) sp. Qr. arancensis
MELENDEZ in the RGCH-SP-30/31 horizon. This
biochronostratigraphic interpretation is not defini-
tive, given that it limits the record of Mirosphinc-
tes to the Bifurcatus Zone, although Olériz & Ro-
driguez-Tovar (1996b) demonstrated its presence
at the bottom of the Bimammatum Zone near the
profile studied.

5.1.2 Bimammatum Zone

The bottom of the Bimammatum Zone is inter-
preted in relation to the recognition of the arancen-
sis biohorizon (horizon RGCH-SP-30/31), which
cannot be formally defined until its presence can be
corroborated in other profiles of the Prebetic Zone.
As is known in southern European epicontinental de-
posits, Epipeltoceras can be rare or even absent at
the extreme bottom of the Bimammatum Zone (cf.
Meléndez, 1989 for the Iberian Chain). At these
bottom levels without Epipeltoceras, Orthosphinc-
tes related with fontannesi CHOFFAT has been col-
lected in association with Euaspidoceras of the
group hypselum OPPEL, and therefore these levels
are interpreted as the lowest part of the Hypselum
Subzone, commonly used in Submediterranean
Europe (Marques, 1983; Atrops & Marques, 1988;
Meléndez, 1989; Cariou & Meléndez, 1990; Atrops
& Meléndez, 1993; Meléndez et al., 1995; Schwei-
gert, 1995; Schweigert & Callomon, 1997).. The
record of Epipeltoceras of the group of semimam-
matum QUENSTEDT -enables the recognition of the
semimammatum biohorizon of the Hypselum Sub-
zone (horizons RGCH-SP-36 at 39 pp.), in which
forms related to Passendorferia (Enayites) sp. cf.
rozaki MELENDEZ was recorded. Nevertheless, the
record of Epipeltoceras of the group of semimam-
matum QUENSTEDT, together with berrense FAVRE
in the RGCH-SP-39 horizon, is interpreted as evi-
dence of condensation and, therefore, this horizon
is considered to include part of the berrense hio-
horizon. The stratigraphic record of Epipeltoceras
berrense for which the last appearance datum
(LAD) was gathered in the RGCH-SP-55 horizon
identifies the berrense biohorizon. Limitations in
the fossil record in the RGCH-SP-56 to RGCH-SP-
61 hamper the establishment of the precise bound-
ary between the lower and middle parts of the Bi-
mammatum Zone. That is, hamper the recognition of
the boundary between the widely used Hypselum
and Bimammatum Subzones (Enay, 1962; Cariou et
al., 1971; Marques, 1983; Meléndez, 1989; At-
rops & Meléndez, 1993; Schweigert & Callomon,
1997) or among the recently proposed subzones
Berrense and Bimammatum (Cariou et al., 1991).
The bottom of the Bimammatum Subzone is in-



terpreted in the horizon RGCH-SP-61 with the ap-
pearance of Orthosphinctes related to tiziani OP-
PEL, Aspidoceras of the group binodum OPPEL,
Physodoceras, and the first appearance datum
(FAD) of Barthelia. The index species Epipeltoceras
bimammatum QUENSTEDT is not very frequent but
has been recorded in the lower part of the RGCH-
SP-67 horizon together with Orthosphinctes (Or-
thosphinctes) sp. cf. tiziani (OPPEL). Thus, the
youngest remains of Epipeltoceras are interpreted
as evidence of the upper boundary of the Bimam-
matum Subzone. With the data obtained (loose
specimen in the RGCH-SP-50 horizon), it is not
possible to establish whether the FAD of the genus
Aspidoceras appears in the Hypselum Subzone or in
the Bimammatum Subzone.

Up to now, the Hauffianum Subzone has not been
characterised formally by the record of the index
species in southern Spain (Caracuel et al.,, 1999).
However, this species was previously recognised
by Garcia-Hernandez et al. (1979) in the Prebetic
Zone (assemblage "d" of these authors, of essen-
tially Bimammatum age), and indications have re-
cently been found of its presence in the Sierra
Norte of the island of Mallorca (Oldériz et al.,
1998). In the Iberian Chain, a precise characteri-
sation of this subzone has not been made (Meléndez,
1989), due, at least, to local stratigraphic gaps
(Aurell et al., 1997). The record of the index spe-
cies in the Algarve (southern Portugal) is scant and
little known, according to Marques (1983), al-

though it appears to be present in the Lusitanian -

Basin (Atrops & Marques, 1988). In the profile of
Rio Gazas-Chorro I, our interpretation is that the
horizons RGCH-SP-68 to RGCH-SP-71, between the
LAD of Epipeltoceras and the FAD of Orthosphinctes
mogosensis CHOFFAT, may represent a frequently
preserved stratigraphic interval, which provision-
ally we label as the Hauffianum/Tiziani Subzone.
This stratigraphic interval shows a greater fre-
quency of Orthosphinctes of the groups tiziani OP-
PEL- tizianiformis CHOFFAT, as in other European
epicontinental areas (Atrops & Meléndez, 1993;
Meléndez et al., 1995; Schweigert & Caillomon,
1997). The presence of "Metahaploceras gr. wen-
zeli (OPPEL)" [=T. (Metahaploceras) sp. gr. muehl-
heimense SCHWEIGERT & CALLOMON] reinforces
this interpretation. In agreement with the data
gathered up to now in southern Spain, more re-
search is necessary for a formal characterization
of the upper subzone of the Bimammatum Zone, us-
ing Taramelliceras hauffianum OPPEL as the index
species.
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5.2 Uppermost Oxfordian or
lowermost Kimmeridgian

5.2.1 Planula Zone

The lack of significant fossils in the RGCH-SP-
72 horizon hampers the establishment of the pre-
cise boundary between the Bimammatum and
Planula Zones. The FAD of Orthosphinctes mogosen-
sis CHOFFAT in the RGCH-SP-71 horizon is used to
recognise a lower part of the Planula Subzone, but
its upper boundary has not been possible to estab-
lish due to sampling limitations in the marly de-
posits with which the profile ends. The mogosensis
biohorizon (horizons RGCH-SP-71 to the lower part
of the RGCH-SP-75) includes a stratigraphic inter-
val of little thickness below the FAD of Subnebro-
dites of the group minutum DIETERICH. Among the
FAD of Subnebrodites n. sp. gr. minutum
(DIETERICH}) in the lower part of the RGCH-SP-75
and the FAD of Sutneria n. sp. gr. galar (OPPEL) in
the RGCH-SP-78 horizon, the minutum biohorizon
was recognised. This biohorizon shows only an
early part of the range of the index species without
enabling the establishment of the precise boundary
with the upper biohorizon. The range of Sutneria n.
sp. gr. galar (OPPEL) determines the biohorizon of
the same name between the RGCH-SP-78 and RGCH-
SP-84/85 horizons (the latter includes only the
lower part of the calcareous bed with the 85), the
interval in which a juvenile specimen of Subnebro-
dites tonnerrense (LORIOL) was recorded.

Again, the combination of marly deposits and the
lack of significant fossil fauna impede a clear bio-
stratigraphic characterisation, but the presence of
Subnebrodites planula (HEHL) and Subnebrodites sp.
gr. planula (HEHL)- laxevolutum (FONTANNES), ac-
companied by minutum DIETERICH, schroederi
WEGELE and possible new morphologies joined in
Subnebrodites n. sp. A in the RGCH-SP-89 horizon,
which shows a ferruginized upper surface and is
undoubtedly condensed, enables the interpretation
of the presence of a planula biohorizon. This con-
densation could include several horizons in the
Planula Subzone and even part of the Galar Subzone,
if we admit the distribution of the biohorizons pro-
posed by Schweigert & Callomon (1997). However,
Sutneria galar (OPPEL) was not found, being this
species well known from the south of Iberia (Ol6riz
& Rodriguez-Tovar, 1996¢; Marques et al., 1998),
including the Prebetic Zone (Garcia-Hernéndez et
al., 1979). In addition, the distribution of ammonite
species appears to have more affinity with that in
central Poland (Matyja & Wierzbowski, 1997). In
accord with this, the degree of condensation of the
RGCH-SP-89 horizon should be evaluated in the fu-
ture through the comparison with new data from
sections under study in the Prebetic Zone.
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As mentioned above, it was not possible to
specify the precise upper boundary of the Planula
Zone in the Rio Gazas-Chorro 1l section. We consider
that sampling was not even carried out for the
upper interval or the Galar Subzone, in which
index-species remains are frequent in southern
lberia (Garcia-Hernandez et al., 1979, 1981;
Olériz. et al., 1992; Olériz & Rodriguez-Tovar,
1993a,b, 1996; Marques et al., 1998). The Galar
Subzone, if preserved, would be found in the somi-
tal marls, which do not offer good sampling condi-
tions. The Planula Subzone identified is equivalent
to the standard of the same name recognised in the
Submediterranean European epicontinental deposits.
For the moment, it is difficult to establish a strict
correlation of the biohorizons recognised. The
mogosensis biohorizon is only partially equivalent
to the interval with the development of Ortho-
sphinctes of the group delgadoi-mogosensis men-
tioned by Atrops & Meléndez (1991), as well as to
the stratigraphic interval called delgadoi by Atrops
& Meléndez (1993).

6 FINAL REMARKS

The biostratigraphic analysis performed in the
Rio Gazas-Chorro 1l section has enabled us to track
the ranges of index species in order to recognise
the biochronostratigraphic units of the standard
proposed for Submediterranean southern Europe at
the zone and subzone level. The minor differences
identified are probably due to data that should be
considered provisional. The somewhat stronger
differences observed at the level of the biohorizons
recognised should be interpreted in this same con-
text. Thus, those identified in the Bifurcatus Zone
represent lesser stratigraphic intervals than their
equivalents recognised in other epicontinental ar-
eas. The correlation is more equivalent in the case
of those recognised in the Bimammatum Zone, but
again significant differences are appreciated in
those proposed for the lower part of the Planula
Zone.

in our estimation, the accompanying fauna of
Mirosphinctes, Passendorferia (Enayites), Ortho-
sphinctes and Subnebrodites will provide, poten-
tially, the best complement for a detailed biostrati-
graphic analysis; this contention is supported by
the observed significant differences with respect to
the ranges known in other epicontinental areas.
Comparing recent information from European epi-
continental areas to the north of Iberia, it is worth

emphasising that ranges of Subnebrodites species,
as well as of Taramelliceras (Metahaploceras),
show greater affinity with those known in central
Poland (Matyja & Wierzbowski, 1997) than with
those from southern Germany (Schweigert & Cal-
fomon, 1997).

7 CONCLUSIONS

In the Sierra de Cazorla, the Rio Gazas-Chorro Il
section (central Prebetic Zone, southern Spain) en-
ables the detailed analysis of Oxfordian ammonite
ranges and the identification of zones, subzones and
horizons. The biostratigraphic characterisation at
the level of zones and subzones does not differ sig-
nificantly with respect to the proposals in other
European Submediterranean areas. The Bifurcatus
and Bimammatum Zones (Upper Oxfordian) and part
of the Planula Zone (Upper Oxfordian or Lower
Kimmeridgian) have been recognised. In these, the
subzones Bifurcatoides/Stenocycloides, Grossou-
vrei, Hypselum, Bimammatum, Hauffianum/Tiziani
and Planula have been identified.

For the first time, the following biohorizons
have been identified in the Oxfordian of the Prebetic
Zone: grossouvrei and bifurcatus (Bifurcatus Zone,
Grossouvrei Subzone); arancensis, semimammatum
and berrense (Bimammatum Zone, Hypselum Sub-
zone); and mogosensis, minutum, Sutneria n. sp. gr.
galar and planula (Planula Zone, Planula Subzone).

Contrary to the potential for correlation that
sones and subzones offer, biohorizons can be cor-
related only partially. The difficulty in correlation
of the biohorizons recognised is related, at least
partly, with the provisional character of the infor-
mation obtained.

Stratigraphic horizons with variable degrees of
condensation and scarce and/or little significant
fossils are relatively frequent and have made it
difficult, punctually, to establish the biostrati-
graphic boundaries. The information from the re-
search under way by the present authors will be
necessary for the evaluation of the biostratigraphic
significance of the horizons that present these fea-
tures.
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