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ABSTRACT

The Bathonian and Callovian stages of the NW-Iberian Range, which
formations are newly defined. correspond approximately to two «macro-
sequences» limited by wide-spread uncorformity horizons. During this
time the facial environmental conditions of this epicontinental shallow-
marine depositional realm led into an obviously intensified regional diffe-
rentiation. This is resulted by increasing tectonic activities causing a struc-
tural paleogeographical framework with very variable subsidences, suppo-
singly in connection with the initial Biscay spreading phase.

Key words: Jurassic, Bathonian, Callovian, Iberian Range, Stratigraphy,
Palcogeography. Formation definitions, Facies differentiation, Epiconti-
nental Platform. Spain, Soria, Logrono, Burgos, Zaragoza Provinces.

RESUMEN

El Bathoniense y Calloviense de la parte NW de la Cordillera Ibérica,
cuyas furmaciones son nuevamente definidas, corresponde aproximada-
mente a dos «macro-secuencias» limitadas por discontinuidades muy ex-
tensas. Durante estos pisos las condiciones faciales-ambientales de 1a pla-
taforma marina epicontinental y poco profunda cambiaron, indicando
una diferenciacion regional intensa. Una activacidn tectonica tuvo como
consecuencia una articulacion estructural paleogeografica con subsiden-
cias locales muy variables, posiblemente conectadas con la fase inicial de
la apertura del Golfo de Vizcaya.

Cuadernos de Geologia Ihérica N.° 14, 113-142, Madrid. 1990,
Ldit. Universidad Complutense.
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ZUSAMMENFASSUNG

Das Bathonwm und Callovium der NW-Iberischen Ketten, dessen For-
mationen neu definiert wurden, bilden in etwa zwei «Makrosequenzen»,
die durch weit verbreitete Diskontinuitdten begrenzt sind. Wihrend dieser
Stufen gelangten dic Faziesverhiltnisse dieses epikontinentalen flach-mari-
nen Ablagerungsraumes zu einer starken regionalen Differenzierung, Eine
verstirkte tektonische Aktivierung verursachte ¢ine interne paldogeographis-
che Strukturierung mit unterschiedlichsten Subsidenzen. Ein Zusammenhang
mit der Initialphase des Biskaya-Spreading wird angenommen.

Schliisselwirter: Jura, Bathonium, Callovium. Iberische Ketten, Stratigra-
phie, Paldaogeographic, Formations-Definitionen, Fazies-Diffcrenzierung,
Epikontinental-Platform. Spanien. Provinz Soria, Logrono, Burgos. Zara-
goza.

INTRODUCTION

During mostly of the Jurassic period in the territories of the Northwest
Iberian Range an epicontinental shallow marine realm existed, situated
between the decper open seas of the Proto-Biscay (Atlantic) and the Betic
Geosynclinal (Tethys). The marine Jurassic mega-sequence can be devi-
ded into six macro-sequences, beginning with the partially evaporitic Car-
niolas of the late Triasic/early Lias and ending with the start of the limnic-
terrestrial Wealden in Upper Kimmeridgian age (Fig. 1).

The fourth and fifth of these macro-sequences, approximately corres-
ponding to the Bathomian and Callovian stages, play a special and impor-
tant role in the Jurassic depositional evolution. At these times obvious
changes of the sedimentary environment took place with destinct regional
differentiation of facies and palcogeography, after a longer period of an
essentially uniform development.

The studied area consists of two main territories, the Sierra de la De-
manda/ de los Cameros and the Sierra del Madero/ del Moncayo. The
third, the Zaragoza region (Ricla to Belchite) 1s included as transitional
region between the NW and SE Iberian Range (Aragonese-Levantine
branch).

The basal works on marine Jurassic biostratigraphy and paleogeogra-
phy of the NW-Iberian Range are done mainly by Mensink (1966) and



The Bathonian and Callovian of the Northwest-Iherian...

UNCONFORMITIES
—y

PROFILE

MACRO-
SEQUENCES

, WEALDEN

MAIN L ITHOLOGY

AGE

—v——»f

Vi

r—*
(vi

»)

1 Calcilutites etc.
,.._ Upper Fe-Oolite

Transitional 1ayer.f44+

Coral/ Bioclast Lmst. |
Sandstones etc. !

Calcareous Sandstones %

i

Sandy Marly Limeastones
Calcareous Sandstones
Sandstones etc.

Farricrust

»d

»)
|\I Sponge Tuberolites
- Oolites etc.
»C - — -
Marls/ Limestcnes !
HI Sponge Lmst, etc.
»b _Lowsr Fe-Oolite __
Marlis/ Limesetones 1
I] (») atc.
—_— ’ a , - . JE—
i CARNIOLAS
= o,
KEUPER |

—

wealden Basis Unconf.
KIMMERIDGIAN

OXFORDIAN
Dogger/Malm
Boundary Unconf,

(U.CALL.-M,0XF.)

[cALLOVIAN]

L.Call. Unconf,

(BATHONTAN]

U.8ajoc. Unconf.

BAJOCIAN

Lias/Dogger
Boundary Unconf.
{(U. TOARC . ~AALEN. )

TOARCIAN

PLIENSBACHIAN

SINEMURIAN

HETTANGLAN

TRIASSIC |

Fig. 1. —Schematic section of the Jurassic mega-sequence with the main lithology and strati-
graphical age. It is divided into six macro-sequences limited by superregional un-conformity

horizons.

Fig. 1.—Perfil esquematico de la «mega-secuencia» Jurdsica con las ltologias principales y
la division estratigrdfica, compuesta de «macro-secuencias» limitadas por discontinuidades

con extensidon superregional.
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Bulard (1972). Since then several special and local studics about this sub-
ject are published. Particularly the Paleontology & Facics Working Group
of the Bochum University Institute of Geology. directed by Prof. Dr. H.
Mensink. are engaged in the NW-lberian Jurassic since more than a deca-
de. Lower Dogger (Aalenian-Bajocian) scquences are studied by Mert-
mann (1984/1986), Scheer (in prep.) and Gervais (in prep.). the Lower
Callovian Unconformity by Mensink and Mertmann (1984), and the over-
lying Oxfordian-Kimmeridgian by Benke (1981). Benke et al.. (1981), Con-
ze et al, (1984), Dragastan er al., (1987). Errenst (1984. 1987). Wnendt-Juber
(1985) and Schudack (1984, 1985/1987), without mentioning the many Di-
ploma works done in this regions. This contribution is based on the first
detailled study of Bathonian-Callovian of this regions donc in my thesis
(Wilde 1987/1988).

THE LIMITING UNCONFORMITY HORIZONS

The two studied macro-sequences are limited by the following main
depositional unconformitics representing omission or lowest-rate sedimen-
tation phases (Fig. 2).

The Upper Bajocian «Unconformity» is a sequence of low thickness
embracing two or three ammonite zones (#iortense, garantiana, parkinsoni
pp.) and is characterized by faunal condensation, hardgrounds. reworked
layers. and ammonite enrichment horizons. 1t is defined as the basal guide
layer of the Bathonian macro-sequence.

At the boundary Lower/Middle Bathonian an unconformity of local
significance scparates discontinuously the Neila from the Montenegro For-
mation in the Demanda Basin regions.

The Lower Callovian Unconformity appears in the greatest part of the
NW-Iberian as hardground or erosional horizon and divides the Batho-
nian from the Callovian macro-sequence. Usually it is combined with an
iron-oxide covering (ferricrust). The horizon is dated with macrocephalus
zonc ammonites (Bulard, 1972, Benke ef ef.. 1981, Mensink & Mertmann
1984}

The Dogger/Malm Boundary Unconformity as the most wide spread of
the Jurassic guide horizons terminates the Callovian.macre-sequence. It is
characterized by a typically iron-oolitic, often sandy and bioclastic layer,
with onc or more generations of hardgrounds and/or erosive surfaces.
Ammonite faunas verify the stratigraphical reach in the NW-Iberian realm
from lamberti (late Upper Callovian) up to plicarilis zone (early Middle
Oxfordian) (Benke. 1981: Bulard, 1972, and others). In the Aragonese and
some other SE-Iberian regions the Fe-oolitic omission phase sets in often
carlier in Lower or Middle Callovian (Geyer ef al, 1974: «Upper Boundary
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(Fe-) Oolite»; Gomez, 1979: “Capas de QOolitos ferruginosos de Arroyo-
frio»).

THE FORMATIONS

In the Levantine part of the SE-Iberian Range the Chelva Formation
(«Formacion Carbonatada de Chelva») has been nominated by Gomez
(1978, 1979) comprising the Toarcian to Oxfordian. His proposal to apply it
to the whole Iberian is not to follow. His definition ranges stratigraphically
too wide: the major unconformities of the Lias/Dogger as of the Dogger/
Malm boundary exists well recognizably also in the Levantine. but unfor-
tunately are not regarded as formation limits. On the other hand in the
NW-Iberian the Jurassic is facially more differentiated and thicker. So to
my opinion it is useful to establish new formations for the NW-Iberian
Bathonian-Callovian (Wilde 1987/1988). They are defined by its strati-
graphy, local distribution, lithology and facies types (Fig. 3).

Demanda - Cameros Territory {(Fig. 3a, b)

Neila Sponge Tuberolite Limestone Formation
Formacion Calizas Espongio-tuberoliticas de Neila

Tipe locality. —Sierra de Neila (S-Demanda).

Limitation.—Between Upper Bajocian Ammonite Horizons and heginning
of sandy-marly Montenegro Fm.

Stratigraphy.—Latest Upper Bajocian (upper parkinsoni zone) and carly
Lower Bathonian (zigzag zonc, convergens subzone).

Lithology.—Mainly tuberoid-rich calcarenites with siliccous sponges («spon-
giotuberolites»); some silex noduie horizons; thicknesses mostly 15-30 m,

Distribution.—Whole Demanda-Cameros except marginal NE and SW parts.

Facies types:

N-1 Sponge Tuberoid Limestone.—(Bio)tuberomicr(ud)ite with sponges and
its fragments, echinoderms, bryozoans, foraminifers. filaments. Main
facies.

N-2 Peloid Lmst.—Biopelmicr{ospar)ite. Locally in E-NE-Demanda, SW-
Cameros.

N-3 Tuberoidic Calcilutitic Limestone.—Biomicrite with some tuberoids. Up-
per part in the SW-Cameros.

N-4 Peloid Tuberoid Lmst.— Biopeltuberomicrite. Top layers in S-Demanda.

N-5 Coated-grain Tuberoid Lmst. —(Tubero)(micro)sparite {coated-grains =
micritic-enveloped bioclasts). Top layers in 8-, SW-Demanda.

N-6 Tuberoidic Bivclast Peloid Limestone («Vulgafiv Members)—(tube-
ro)biopeimicr (ospar)ite. Transitional heds to following Montenegro Fm.
in N-Demanda.
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Torrecilla Oolitic Limestone Formation.
Formacion Calizas OQoliticas de Torrecilla

Tipe locality.—Area around Torrecilla en Cameros {E-Demanda).

Limitation.— Between Upper Bajocian Ammoniie Horizons and the Lower
Callovian Unconformity (ferricrust).

Stratigraphy.—Whole Bathonian, including latest Upper Bajocian (upper
parkinsoni zone) and early Lower Callovian (macrocephalus zone).

Lithology.—Mainly oolitic calcarenites; about 50-150 m.

Distribution. —SE-, E-Demanda. N-. NE-Cameros regions.

Facies types:

I-1 Pelletoid/Ooid Limestone.—Qof(bio)sparite. with echinodermal clasts
{pelletoids = tully micritized ooids and echinoderms}). The main facies.

T:2 Echinoderm Bioclast Peloid Limestone.—Biopel(micro)sparite.

T-3 Slightly Sandy Bioclast Peloid Limestone.—Biopelmicr(ospar)ite.

14 Stightly Sandy Qoid Bioclast Peloid Limestone.—(Qo)biopel(micro)spari-
te.

15 Slightly Sandy Coated-grain Ooid Limestone.—Qobiosparite.

-2 1o T°5 («Santa inés Member») arc transitional beds to the following
Montenegro Fm. in N- and SE-Demanda.

Doiia Santos Limestone Formation.
Formacion Calizas de Dona Santos

Tipe locality.—Dofia Santos arca (Duero Basin border)

Limitarion.— Substitute partially the upper Neila Fm.

Stratigraphy. — Lower Bathonian?

Lithology.—Sponge-free, quartzless limestones; up to 60 m.

Distribution.—Only in parts of SW-Cameros.

Facies types:

D-1 Bioclastic Calcitutitic Limestone.—(Bio)micrite with some fine bioclasts.

D-2 Coated-grain Calcarenitic Limestone.— Bio(intra)pelmicrite/sparite, with
some peloids, bioclasts and lumps.

Fig. 3—Synoptic scheme of the stratigraphical and regional distribution of the Bathonian
and Callovian formations of the NW Iberian realm (region numbers see Fig. 2), its main
lithology and thicknesses (little numbersy, including the adjacent stages. 3a. Demanda-
Cameros territory (regions 1-4). 3b. Demanda-Cameros territory continued (regions 5-9). 3c.
Madero-Mongayo territory (regions 10-12). 3d. Madero-Moncayo continued (13-14) and Za-
ragoza territory {(15-16).

Fig. 3.—Esquema sindplico estratigrdfico-regional de las formaciones del Bathoniense y Ca-
lloviense del NW de la Cordillera Ibérica (ntimeros de las regiones, véase Fig. 2), con las lito-
logfas principales y los espesores (numeros pequefios), incluyendo los pisos adyacentes. 3a.
Territorio de Demanda-Cameros (regiones 1-4). 3b. Territorio de Demanda-Cameros, cont.
(regtones 5-9). 3c. Territorio de Ma-dero-Moncayo (regiones 10-12). 3d. Territorio de Ma-
dero-Moncayo, cont. (13-14) y de Zaragoza (15-16).
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Espejon Sandy Oolitic Limestone Formation.
Formacién Calizas Arenosas Ooliticas de Espejon

Type locality. —Espejon area (Duero Basin border).

Limitation.—Follows the Donta Santos Fm. (or Neila Fm. resp.), substitu-
ting the Montenegro Fm., locally only the lowest part of it.

Stratigraphy.—Middle to Upper Bathonian.

Lithology.—OQoid/coated-grain calcarenites with quartz; up to 45 m.

Distribution.—About the same as the Doiia Santos Fm.

Facies types:

E-1 Slightly Sandy Qoid Limestone.—Qo(bio)sparite/micrite with coated-
grains, bioclasts and some quartz (fine-sand).

E-2 Sandy Coated-grain Limestone.—{ine/medium-sandy biosparite.

E-3 Sandstone {fine/medium).—With quarzitic lithoclasts. Local intercala-
tions.

Montenegro Sandy Marly Limestone Formation.
Formacion Calizas Margosas Arenosas de Montenegro

Type locality. —Around Montenegro de Cameros (SE-Demanda).

Limitation.—Representing the whole quartz-bearing Dogger, except the Es-
pejon and San Leonardo Formations.

Stratigraphy.—Lower or Middle Bathonian (zigzag or subcontractus zone) to
Lower or Middle Callovian (gracilis or jason/? coronatum zone) in Wes-
tern part. Lower to Upper Callovian {(macrocephalus 1o athleta/lamberti
zone) in the East of the Demanda-Cameros territory.

Lithology. —Rhythmically alternating, sandy marls and limestones with peloids
and bioclasts; partially fossil-rich: thickness 5-250 m. very variabie.

Distribution.—The whole Demanda-Cameros, except the extreme SW.

Facies types.

M-1 Slightly Filament Peloid Limestone/Marl —Biopelmicrite with some quartz
(silt to fine-sand). Mainly lower part in S- and SW-Demanda.

M-2 Slightly Silty Calcilutitic Limestone/Marl —(Bio)micrite/microsparite with
some fine bioclasts and quartz (silt). Lowest part in SE-Demanda.
M-3 Sandy Peloid Limestong/Marl —Biopelmicr{ospar)ite with peloids, bio-
clasts and quartz (well-sorted coarse-silt to fine-saand). Main facies in

all regions.

M-4 Sandy Bioclast Limestone/Marl. —Biopelmicrite/micrudite with luma-
chelle layers, peloids, quartz. Intercalations in SW-Demanda and SW-
Cameros.

M-5 Bioclast Peloid Calcareous Sandstone: Biopelmicritic (fine-)sandstone.
SHW-Cameros, within the upper formation part.

M-6 Sandy Aggregate-/Coated-grain Limestone («Moncalvillo Membersn).—
Bio(pel)-intramicrite/microsparite (aggregate-grains = micritic lumps and
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clasts), with peloids, quartz (siit to coarse-sand). Upper part in SW-
Cameros and SW-Demanda.

M-7 Sandstone.— Of mostly medium-sized quartz and guartzitic lithoclasts.
Locally in SW-Cameros.

San Leonardo Sand Formation.
Formacion Arenas de San Leonardo

Bipe locality.—Along railway-line near San Leonardo (SW-Cameros).
Limitation.— Between Montenegro resp. Espejon and an uncornformity sur-
face upon which the Talveila Fm. (marine Kimmeridgian) follows.

Stratigraphy. — About Lower Callovian?

Lithology.—Sands and sandstones; up to 20 m or more.

Distribution.—Only in parts of the SW-Cameros.

Facies type.—SL Sand/Sandstone—Mostly carbonate-free or decalcified, of-
ten graded and cross-stratified, fine- to coarse-sand, locally gravel.

Madero-Moncayo Territory (Fig. 3¢, 4).

Soria Sponge Tiberolite Limestone Formation
Formacion Calizas Espongio-tuberoliticas de Soria

Type focality.—Profile near province capital Soria.

Limitarion.—Between Upper Bajocian Ammonite Horizons or equivalent
layers and the Pozalmuro or Olvega Fm. resp.

Stratigraphy.—Latest Upper Bajocian (parkinsoni zone) and Bathonian in
locally different ranges.

Lithology. — «Spongiotuberolites» similar to Neila Fm.; up to 65 m.

Disstribution.—West and central Madero (Soria-Clvega area).

Fuacies types:

S-1 Sponge Tuberoid Limestone.—(Bio)tuberomicrite with sponges. Main
facies.

8-2 Tuberoidic Calcilutitic Limestone.—Bio(tubero)micrite with some tube-
roids, filaments and other bioclasts. Upper formation part in the Ma-
dero.

Olvega Calcilutitic Limestone Formation
Formacién Calizas Lutiticas de Olvega

Iype locality.—Madero west of Olvega.
Limitation.—To the top is Pozalmuro Fm.; limit to subjacent is indistinct
(proposal for extension down to Lias/Dogger Boundary Unconformity).



124 S. Wilde

Stratigraphy.—Locally different, about Bajocian-Bathonian.

Lithology.—Calcilutites, partially limestone-marl alternations.

Distribution.—Madero. NW- and E-Moncayo regions.

Facies types:

0-1 Peloidic Filament Calcilutite. —{(Biopel)micrite. Madero, NW-Moncayo.

0-2 Stightly Biogenic Calcilutite.—Micrite, partially some biogenes. Pégado.

(-3 Stightly Stlty Filament Limestone/Marl — Biomicr(ospar)ite. E-Moncayo.

0-4 Slightly Silty Caleitutite/ Marl —Micr(ospar)ite. Upper part in E-. NW-
Moncavo.

Manubles Oolitic Limestone Formation
Formacion Calizas Qoliticas de Manubles

Tvpe locality. —Ciria arca, at Manubles creck,

Limitation.— Between Upper Bajocian and Lowcer Callovian Unconformi-
ties.

Stratigraphy.— Whole Bathonian, minor parts of adjacent sub-stages.

Lithology.—Massive calcarenitic oolites; thickness up to 200 m.

Distriburion.—Only in SW-Moncayo.

Facies type:

C-1 Oovid Limestone.—Quosparite, well-sorted, partially with pelletoids, coated-
grains, echinodermal lumachelle.

Pozalmuro Calcareous Sandstone Formation.
Formacion Areniscas Calizas de Pozalmuro

Tipe locality. —Madero area cast of Pozalmuro.

Limitation.—Between Lower Callovian Unconformity and Aldealpozo Fm.
(cyclic lagoonal Oxfordian-Kimmeridgian) or coral-bearing calcareous
oolitic sandstone (underlying the Kimmeridgian Coral Limestone).

Stratigraphy.—Callovian; limit to Oxfordian not exactly known.

Lithology.—Maostly arenites as sandstones, colitic and peloidic calcareous
sandstones, sandy-oolitic limestones; Ciria arca: fosiliferous peloidic
sandy limestone-marl alternations; thicknesses 35-185 m.

Distribution.—Central and W-Madcro, SW-Moncayo.

Facies types:

P-1 Sandy Qoid Limestone.—Sandy oo(biopel)sparite, ooids partially quartz-
cored, with some pelletoids, peloids, biogenes. Main facies in W- and
central Madero. '

P-2 Sandy Filament Peloid Limestone/Marl. —Coarse-silty/ fine-sandy bio-
pelmicrite. Lower part in Ciria and Noviercas area (Madero/ SW-Mon-
cayo).

P-1/2 Alternations of Sandy Oolitic and Sandy Filament Peloid Limestone.—
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Sandy oo{bio)- to biopelmicrite. Lower part in Pozalmuro area (Ma-
dero).

P-3 Sandy Biogene Peloid Limestone/Marl.—Fine-sandy/ marly biopelmicri-
te. fossiliferous (ammeonites, pelecypods, brachiopods). Upper part in
Ciria area.

P-4 Ooid Pelletoid Calcareous Sandstone.—Qosparitic fine/medium-sandsto-
ne. Upper part in Tajahuerce-Pozalmuro area (W-/ Central Madero).

P-5 Peloid Calcareous Sandstone.—Pelsparitic Sdst. Main facies in W-Madero.

P-6 Ovid Coated-Grain Calcareous Sandstone.—Qo(biopel)sparitic sandsto-
ne. Main facies in Bijuesca area (SW-Moncayo).

P-7 Sandstone/ Quartz Conglomerate.—Intercalations in W-Madero.

Agreda Sandy Marly Limestone Formation

Formacion Calizas Margosas Arenosas de Agreda

fipe locality.— Around Agreda, NW-Moncayo.

Limitation.—Between Lower Callovian and Dogger/Malm Unconformi-
ties. This replace per def. the Pozalmuro Fm. east of the Olvega-To-
zanzo Swell line,

Stratigraphy.—Nearly the whole Callovian,

Lithology.—Mostly silty/ fine-sandy limestone-marl alternations and finely
clastic calcareous sandstones; oolitic and cearsly clastic arenaceous
limestones are less frequent; thicknesses about 150-300 m.

Distribution.—NW- and E-Moncayo,

Facies types:

A-I Quariz-free Echinoderm Lumachelle Limestone («Afavieja Membern).—
Echinoderm bio(pel)microsparite, with peloids/pelietoids. Lower part
in Pégado arca.

A-2 Slightly Sandy Echinoderm Limestone. —Fine-sandy/ coarse-silty bio-
micrite/ sparite with fine echinoderm clasts. Basally in Agreda area
(NW-Moncayo).

A-3 Sandy Peloid Filament Limestone.—TFine-sandy biopelmicr{ospar)ite. Lo-
wer formation part in southern NW-Moncayo (Cueva/Olvega arca).

A-4 Alternations of Biogene-bearing Silty/ Fine-sandy Marl/ Limestone to Cal-
careous Silt-/ Finesandstone.—Bio(pel)micrite. Typically in NW-Moncayo.

A-5 Alternations as A-4 but mostly biogene-free. Typically in E-Moncayo.

A-6 Silty Filament Limestone/ Marl —Biomicrosparite. Locally upper part.

A-7 Sandy Peloid Limestone/ Marl. —Fine-sandy/ coarse-silty bio(pel)-
micr{ospar)ite. Upper part in southern NW-Moncayo.

A-8 Pelletoid Coated-grain Calcareous Sandstone,— Biopelsparitic sandstone.
Local intercalations in NW-Moncayo.

A-9 Bimodal Calcareous Sandstone.~—With some peloids and biogenes. NW-
Moncayo.

A-10 Sandstone («Afion Member»)—Middle part only in Anon (E-Monca-
yo).
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Zaragoza Territory (transitional region to SE-Iberian Range) (Fig. 3d).

Ricla Marly Limestone Formation
Formacion Calizas margosas de Ricla

Type locality.—Ricla profile.

Limitation.—Between Upper Bajocian Ammonite Horizons and Dogger/
Malm Boundary Unconformity. The Lower Callovian Unconformity
not occurred in this region, therefore no formational differentiation
between Bathonian and Callovian macro-sequences is possible here.

Stratigraphy.—Whole Bathonian and Callovian; in southern part gaps in
Middle to Upper Callovian.

Lithology.—Fossiliferous limestone/ marl alternations with filaments and
peloids. partially sandy; thicknesses 35-140 m, increasing from SE to
NW.

Distribution.—Regions W and S of Zaragoza (proposal to define the forma-
tion for the adjacent SE-Ibernan because of facies similarities).

Fucies types:

R-1 Tuberoidic Filament Peloid Limestone.—Biopel(tubero)micrites, quartz-
free.

R-2 Filament Peloid Limestone.—Biopelmicrites, quartz-free.

R-3 Filament Peloid Limestone/ Marl —Same, but more argillaceous.

R-4 Sandy Filament Peloid Limestone/ Marl —Same, but with quartz.

ENVIRONMENTAL AND PALEOGEOGRAPHICAL
DEVELOPMENT

The petrographical and stratigraphical facts of the studied Formations
lead to the following outline of the changing facies and paleogeography
during Bathonian and Callovian time in the NW-Iberian epicontinental
realm (Figs. 4a-d).

During nearly the whole Upper Bajocian in great parts of the con-
cerning territorics low sedimentation rates and omission phascs with hard-
ground formation and faunal enrichments prevailed (the Upper Bajocian
«Unconformity» with «Ammonite Enrichment Horizons». (Fig. 4a, c[1]).

Bajocian/Bathonian Boundary (after Upper Bajocian “Unconformity»).
(Fig. 4a, c[2]).

At the end of the Bajocian stage the environmental conditions changed
distinctively. The sedimentation rates increased or set it again. Three diffe-
rent shallow marine domains are formed in the NW-Iberian:
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Fig. 4—S8chematic and interpretative facial-paleogeographical cross-sections through the
NW Iberian ¢picontinental platform during Bathontan and Callovian. For facies types scc
text, tor the locations see Fig. 2. Subsidence ditferences between blocks are marked with
arrows showing relative movement directions. 4a. Demanda-Cameros territory during Ba-
thonian. 4h. Demanda-Camcros territory during Callovian. 4¢. Madero-Moncayo territory
during Bathonian. 4d. Madero-Moncayo territory during Callovian.

Fig. 4 —Cortes transversales esquematicos a través de la plataforma cpicontinental del NW
de la Ibérica, con la interpretacion facial-paleogeogrifica del Bathoniense y Calloviense.
Para los tipos de facies, véase al texto; para la localizacion de los cortes, véase Fig. 2. Las
diferencias de subsidencia entre bloques sc han marcado con flechas, indicando las direc-
ciones de los movimientos relativos. 4a. Territorio de Demanda-Cameros durante el Batho-
niense. 4b. Territorio de Demanda-Camcros durante el Calloviense. 4¢. Territorio de Ma-
dero-Moncavo durante ¢l Bathoniense. 4d. Territorio de Madero-Moncayo durante ¢l Callo-
VICIISE.
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A low-energetic «spongtotuberolitic» platform, extended beiween Bur-
gos and Olvega, covering the greatest part of Demanda-Cameros and Madc-
ro regions with an isochronously beginning of biostromal sponge growth
conncected with an intense tuberoid formation (facies N-1, S-1).

High-energetic oolite platforms or bars started to form in edge posi-
tions of the NW-Iberian, both in the N-/NE-Cameros (1-1) and in the SW-

Moncayo region {C-1) with great sedimentation ratcs.
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A somewhat restricted, semi-lagoonal and mostly biogene-poor margi-
nal basin lay in NW- to E-Moncayo, limited to the east from the platforms
by the Olvega-Toranzo Swell, continuing similarly the previous facial
conditions of the Upper Bajocian times (0-1, 0-4). The least faunal influen-
ces existed in the northern basin part, the Pegado area (0-2). Some terrige-
nous silt supplies are made conspicuous cnly in the more marginal parts
in the E-Moncayo and Agreda areas (0-3/4). The sponge growth in the cen-
tral Madero probably ended before the begin of Bathonian and the envi-
ronment then changed also into a more abiogenic micritic one (0-1).

An open-marine and faunally rich, nearly pelagic basin were situated
transitionally to the SE-Iberian realm (Zaragoza Basin) without quartz-
detritic influx. In the Ricla and Aguilon areas some sponge growth took
place (R-1). but without contact to the Demanda-Madero spongiotuberoli-
tic platform. The Belchite-Jaulin area remained sponge-iree (R-2).

Lower Bathonian (Fig. 4a, c|3]).

During its final development the spongiotuberolitic platform partially
(5-SW-Demanda) get into higher-energetic and possibly shallower influ-
ences (N-4/5) rendering its biostromal growth more difficult or impossible.
The sponge environment in most of the regions (S-, SW-Demanda, SW-
Cameros) ¢nded isochronously, possibly following by a short omission
phase with local erosions.

After il the sedimentation set in again with an entire different facies of a
deeper subtidal quartz-detritic and peloidic basin environment (M-1). Only
in the N-Demanda the sponge tuberoid sedimentation remained longer
{N-1).

This facial unconformity is restricted on the Demanda regions. The
Demanda basin subsidence is connected with an uplift phase of the adja-
cent Meseta forclands with the consequence of beginning quartz supplies.
First the marginal, but fully marine SW-Demanda regions are detritically
influenced. Parts of the S-Demanda, the present-day Canales Graben,
remained initially as a local «Canales Swell» with possibly omitted sedi-
mentation.

In the SW-Cameros, from Espejon/ Hortezuelos to Las Fraguas, a na-
rrow coast-paralicl zone with semi-lagoonal micritic sediments without
sponge growth, alternating with reworked biogene influx were formed (D-
1/2). Near Dofia Santos solitary and stock corals growed. Similar abiogenic
conditions encroached locally on the adjacent San Leconardo Strip during
its final sponge platform development.

The oolite regions of the Cameros spread until the Montenegro/ Santa
Inés area to its maximal expansion displacing the marginal sponge tube-
roid sedimentation (N-1 > T-1).
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Middle Bathonian (Fig. 4 a, ¢ [4]).

The SW- and S-Demanda were now fully included into the quartz-
detritic basin sedimentation. During its initial phase it is characterized
mainly by less quartz and greater filament influxes (M-1), but then conti-
nuously leading to more sand percentages (M-3). In the Canales Graben
area the sedimentation rates differcd locally very much, the «Canales Swell» in
the west and the «Mansilla Trough» in its castern part can be separated. In
the S-Demanda locally iron-oolites were formed.

In the San Leonardo Strip area the sedimentation started at once with
the «normal» sandy basin facies (M-3), but soon leading to increasing
guartz and lumachelle contents as sign of a more shallow position (M-4/5).
In the more marginal areas of the Demanda basin, the present Duero
Basin border, higher agitated near-shore bioclastic (coated-grain) and ooli-
tic bars developped (E-1/2). In the N-Demanda the spongiotubcerolitic pha-
s¢ continued, but with lower sedimentation rates and increasing open-
marine influences (N-6).

The facial and paleogeographical conditions of the Madero-Moncayo
territory is not too well to define because of the extended stratigraphic gap
or the lack of guiding fauna. Middle Bathonian is biostratigraphically
proved only near Noviercas with a micritic restricted environment (0-1),
which total extension is unknown.

Seemingly in the areas around Olvega/Agreda/Cueva de Agreda the
sedimentation camce to a standstill, interprctable as an extension of the
Olvega-Toranzo Swell. But a later erosion. during the Lower Callovian
Unconformity phase, of primarily deposited layers can not be excluded
here. In the E- Moncayo the facies likely continued unchanged (0-4).

In the W-Madero the sponge platform get regionally deminished. pro-
bably remaining with greated sedimentation rates only around Soria (S-1);
near Aldealpozo sponge deposits are minimal (S-2) possibly in a swell
position. On the contrary in the oolite bar area around Ciria (SW-Monca-
yo) the thicknesses were proportionally very high (C-1).

Upper Bathonian (up to the Lower Callovian Unconformity) (Fig. 4a, c[5]).

The S-Demanda central basin facies. including the former Canales
swell area (M-1/3), get more uniform with higher sedimentation rates, while
in the marginal SW Demanda-Cameros regions the terrestrial influences
increased distinctively more. There three parallel facics belts are formed:
first, in the SW-Demanda, with lumachelie enrichments intercalating the
normal sandy basin facies (M-3/4); sccond., in the San Leonardo Strip and
adjacent Castrovido area, a higher-energetic zone with greater supplics of
gquartz sand and reworked carbonate particles as aggregate- and coated-
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grains (M-4/5/6), including local little quartz deltas (M-7); and third, as the
most near-shore, the further existing coated-grain oolite belt (E-1/2).

The shallow oolitic platform areas of the Demanda were reduced in
favour of the eastward expanding deeper sandy basin. Between these two
different environments the transitional «slope» facies is found around
Montenegro/Santa Ines and Anguiano (T-3/4/5). Also the N-Demanda
were now included in the sandy basin realm after a continuous transition
from the spongiotuberolitic facies (N-6 > M-3).

In the Madero-Moncayo territory Upper Bathonian nowhere is proved;
a stratigraphic gap consisted at least from Aldealpozo (W-Madero) to the
Agreda arca (NW-Moncayo), as a sign of sedimentary omission, supposing
small guantities of later erosion. Probably only the SW-Moncayo oolites
(C-1), the sponge tuberolites near Soria (S-1) and the slightly detritic micri-
tes of the E-Moncayo (0-4) continued sedimentation until beginning of
Lower Callovian.

The regression reached its maximum in Lower Callovian with a sedi-
mentary standstili in most regions of the NW Iberian realm, from the SE-
Demanda over the whole Cameros and Madero to the SW-Moncayo, con-
nected with the formation of ferruginous crusts and hardgrounds (Lower
Callovian Unconformity). On the contrary the sedimentation did not in-
terrupt in the Demanda Basin, same as in the Zaragoza Basin as in the
whole Aragonese territory.

Lower Callovian (after the Lower Callovian Unconformity) (Fig. 4b, d[7)).

In the Demanda basin the facial belts continued existing: The 5-De-
manda remained as the basin centre with nearly unchanged peloidic quartz-
detritic sedimentation (M-3); also, the N-Demanda get adjusted to this
facics. The SW-Demanda region shallowed and now came into a higher-
cnergetic, more near-coast aggregate- and coated-grains environment (M-
6); the facies obviously shified to N-NE indicating the regressive trends. In
the San Leonardo Strip and Espején/ Dona Santos areas during Lower
Callovian, or perhaps alrcady in Upper Bathonian, a sand bar was formed
parallelly to the coast line. slightly marine influenced (facies SL). The
quartz sands were lerminated by a ferruginous crust which formation age
is un-certain.

In the SW-, N-Demanda and SW- Cameros regions at least in early
Lower Callovian the preserved marine development ends. In the S-De-
manda the sandy basin sedimentation continued, biostratigraphically pro-
ven, further on,

After the omission phase of the Lower Callovian Unconformity the E-
Demanda and N-Cameros regions were also included in the sandy peloi-
dic environment of the Demanda territory (M-3), then resulting a unitary
Demanda-Cameros basin up 1o the coastal domains of the Ebro Massif.
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In the most marginal zone (N-, NE-Cameros - at the present Ebro
Basin border) the sedimentation set in somewhat later or with reduced
rates after the omission phase. In the E-Demanda a special «Santa Ines
Trough» were formed with higher subsidence and less detritic influx (M-2).

Also nearly in the whole Madero-Moncayo territory the sedimentation
started after the hiatus with more or less sandy deposits. The strongest
quartz sand influxes took place around Soria (P-5), likely in a very near-
shore position but completely marine. In the remaining West and central
Madero regions up to Olvega a shallow wave-agitated more calcarcous
platform spread forming guartz-cored oolites (P-1).

The thickest deposits with correspondingly high subsidence rates were
sedimented in the greater part of the Madero-Moncayo territory during
Lower Callovian, obviously more than in the later substages. Only the
coastal areas around Bijuesca (southern SW-Moncayo) remained in that
period unaffected by the great subsidences and is characterized by reduced
sedimentation. The terrestrial proximity specially near Torrelapaja were
significant with pure quartz sands directly after the omission phase. In
contrary the Ciria area as the only part of the Madero-Moncayo territory is
characterized by fauna-rich open-marine basin-like conditions (P-2/3). Pos-
sibly there were a direct connection with the facially similar Zaragoza
basin.

Open-marine influgnces reached {A-2/3) in the beginning of the trans-
gressive phase up to E of Olvega (NW-Moncayo). Then regressive trends
asserted and lead prevailingly around Olvega-Agreda to fine-detritic alter-
nations of a very shallow sub- to intertidal coastal plain with some endo-
benthonic life, named as «Agreda watt» or «tidal-flat» (A-4). The E-Mon-
cayo remained probably somewhat deeper and less agitated by tides, but
more abiogenic and restricted as a sandy marginal basin {(A-5).

Only in the Pégado area primarily a locally restricted echinoderm-rich
environment without any quartz influx were formed. interpreted as a «cri-
noid lagoon» {A-1). After an omission this region were also included in the
sandy realm.

Middle Callovian (Fig. 4b, 4[8]).

In the Demanda-Cameros territory sedimentation continued with the
relatively uniform open sandy basin enviroment (M-3), now with an exten-
sion at least from the S-Demanda to the present Ebro Basin border. Lo-
cally different subsidences however lead to very variable thicknesses. We-
ther or not a (later croded) sedimentation took place in the western regions.
(SW-Cameros, N-, SW-Demanda and partially S-Demanda) during Midd-
le Ca-llovian is uncertain, corresponding deposits are delinitely missing,

Furtheron the greater part of the W-Madero were dominated by intense
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siliciclastic sedimentation (P-5/7). Pure carbonate-free quartz sands were
spread in some areas from the W-Madero to the Pégado. probably origina-
ted from a deltaic bay of the Ebro Massif in the NE (Cervera-Fitero re-
gion). Also the quartz-cored colite platform of the Madero get more sandy
(P-4) and expanded up to the coastal arca of Bijuesca (SW-Moncayo) (P-6).
In contrary to these environments the Ciria area remained as a fully mari-
ne influenced basin with open faunal exchanges to the south (P-3).

In the NW-Moncayo around Agreda the «tidal flat» deposition conti-
nued (A-4). Its southern part, the Olvega/Cueva area, were influenced as
well from the southern more marine environment (A-7) as from the terres-
trial clastic (A-8) of the west. The E- Moncayo marginal basin stayed
unchanged with abiogenic fine-detritic sediments, except a locally built
sand delta at Anon (A-10)

The open-marine Zaragoza Basin came in its western part into quartz-
detritic influences (R-4). In the eastern part the sedimentation ended dur-
ing the Middle Callovian leading to an omission phase with iron-oolites.
The general regression let the Ebro mainlands expand to SE narrowing the
NW-Iberian Strait.

Upper Callovian (up to the Dogger/Malm Boundary Unconf.) (Fig. 4b,d[9]).

The real extension of the Demanda-Cameros basin to the west is un-
knowun for the Upper Callovian, because of the lack of the concerning
deposit in its western part, including now also the S-Demanda. Unchanged
quariz-detritic peloidic deposits (M-3) were formed at least from Montene-
gro area (SE-Demanda) to the marginal region of the Ebro Massif (NE-
Cameros), continuing until the Dogger/Malm Boundary Unconformity
phase.

The Madero-Moncayo facies got generally more regressive and is cha-
racterized by an increasc of quartz detritus in connection with a shallo-
wing of the sea. In the West and central Madero the environment changed
relatively less (P-4/5). Probably about the end of the Callovian macro-
sequence a mostly thin sand plain covered all this regions, partially also
thicker-bedded sand deltas set in somewhat earlier from the N/NE (P-7).

The quartz-oolitic platform were extended comprising the regions from
southern Madero to the SW-Moncayo (P-6), including now the Ciria area.
To the east it did not pass over the Olvega-Toranzo Swell. More quartz
sand were intercalated also in the NW-Moncayo region, in the northern
more tidal Agreda area (A-4/9) as in its southern part (A-7/8). On the other
hand local open-marine influences are recognizable in the E-Moncayo (A-6/7).

In accordance to the general regressive trend also the Zaragoza Basin
were narrowed. At Belchite no sedimentation took place during Upper
Callovian, at Aguilén lowest-rate deposits with iron-oolites were present.
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Only in the Ricla area (W-Zaragoza) the open-marine and fauna-rich
basin environment continued unchanged until the late Upper Callovian
(R-4).

About the final Upper Callovian the regression got to its peak and the
macrosequence to an end. In the whole remaining sedimentation area an
omission phase followed, from late Upper Callovian to early Middle Ox-
fordian, with hardground and iron-oolite formation, and faunal condensa-
tions (Dogger/Malm Boundary Unconformity (cf. Benke, 1981).

The thickest iron-oolites were found in & marginal position near Jubera
(NE-Cameros). In the W-Madero between Soria, Olvega and Noviercas a
shallow intertidal lagoon with characteristic cycles established (Aldealpo-
zo Formation, cf. Dragastan e al.. 1987, see also further Colloquium con-
tribution).

THE FACIAL-STRUCTURAL FRAMEWORK

The facics variety of the studied formations is mainly caused by the in-
fluences of the both sides adjacent emerged mainlands and highs. as well
by the internal structural framework of the depositional area.

The sedimentary territery is limited to the NE by the Ebro Massif and
to the SW by the Meseta and its forelands, especially the Burgos and the
Soria-Ateca Highs, forming a strait trending NW-SE, same as the present-
time Iberian Range.

The internal fragmentation of the NW lberian carbonate platform and
the facies boundaries connected with it, follow lines and structures con-
troiled by the main directions NNW/NW-SSE/SE and NNE/NE-SW. Such
«lincaments» are compiled in the structure maps (Fig. 34, b). Many of
these structural elements can also be recognized yet in the prescnt-time
tectonical framework.

In the SW Camcros some NW-SE striking lineaments {BQL = Barbadi-
llo-Quintanar L., SLL = San Leonardo L., HEL = Hortezuelos-Espejon L)
formed facies belts during Middle Bathonian to Lower Callovian. Onc of
thesc lineaments get reinforced during the Wealden Basin development
forming one of the main marginal faults. The Alpide Orogeny inverted this
structure to the present-day San Leonardo Fault.

The East Demanda Line (EDL) separated as a N-S trending transitio-
nal zone the oolitic platform of the northern Cameros with its greater
subsidences from the spongiotuberolitic one and later from the sandy
Demanda Basin.

A special trough with higher subsidences formed in the Demanda Ba-
sin centre during Upper Bathonian/Lower Callovian (MTr = Mansilla
Trough). shifting to the East in Middle/Upper Callovian (SITr=Santa Ines
Trough).
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The region of the Ebro Basin border is characterized by a complex
lineament and fault system (Jubera-Fitero Zone. Tischer, 1966). Already
during Bathonian and Callovian this area, lain marginally to the Ebro
Massif, was fragmentated into several blocks with different subsidences.
Similarly the fault system of the North Cameros (Torrecilla-Leza Zone)
were active already during the studied stages. The NE-SW striking North
Cameros Lineament (NCL) later played an important role, as a main stri-
ke-slip fault of the Wealden Basin.

The central area of the Madero-Moncayo territory is characterized by
the Olvega-Toranzo Swell (OTS) recognizable by an extended stratigraphi-
cal gap of different spaces of time. The omission phase ranges from Lower
Bathonian up to Lower Callovian at the centre, and in the outer part star-
ting somewhat later in Middle or Upper Bathonian. Presumably the swell
expanded successively during the Bathonian and had its pcak along the
facies limiting Olvega-Toranzo Lineament (OTL). Its course is obviously
conformable to a present main fault. Another parallel striking lincament
(ATL = Aldealpozo-Torrelapaja L.} separated blocks of different facies
and subsidences.

Fig. 5.—Structural framework of the NW Ibertan realm with the facially recognized «li-
neaments» (see text) and the possible locations of the limiting emerged mainlands {Ebro
Massil and Meseta with its foreland «highs»). The numbers refer to thicknesses for the
Bathonian of Callowian macro-sequence respectively. 3a. Structural map ol the Bathenian-
Dot signature: begin of sandy facics in Lower Bathonian (closely dotted) or Middle Batho- -
nian {(widely dotted). Vertical lines: Stratigraphical gap in the Madero-Moncayo area with
the centred Olvega-Toranzo swell (OTS). beginning in Lower {closc lincs), Middle (wide
lines), or Upper Bathonian (interrupted lines), partially presumed. Double numbers refer to
sandy (upper) und quartz-free (lower number) portion of Bathonian. 5b. Structural map of
the Callovian. Horizontal lines: End of preserved marine facies, before Callovian (close
lines), in Lower (wile lines) or Middle Callovian (interrupted lines). Vertical and diagonal
lines: Presumably longer omission phases (gaps) during Lower Callovian (vertical) or Upper
Callovian (diagonal) respectively.

Fig. 5.—Esquemu tectonico-estructural del NW de la Corditlera Tbérica, con los «Alinea-
mientos» reconocidos facialmente (véase el texto) v las localizaciones su-puestas de los terri-
torios emergidos (Macizo del Ebro y la Meseta con «Altos» adyacentes). Los nimeros se¢
refieren a fos espesores de la macro-secuencia del Bathoniense respecto a la del Calloviense.
5a. Mapa cstructural del Bathonicnse. Puntos: comienzo de la facies arenosa durante el
Bathoniense Inferior (punteado denso) o Bathoniense Madio (punteado ligero). Lineas verti-
cales: Laguna estratigrafica en el area det Madero-Moncayo con el Umbral de Olvega-
Toranzo (OTS) situado en el centro que comignza durante el Bathoniense Inferior (lineas
apretadas). Medio (lineas continuas) o Superior (hineas discontinuas). parcialmente supues-
ta. Numeros dobles: espesores de la purte arcnosa (ntumero de arriba} y partc sin cuarzo
{namero de abajo) del Bathoniense. 5b. Mapa estructural del Calloviensc. Lineas horizonta-
les: Final de la facics marina conservada antes de Calloviense (lingas apretadas), durante el
Calloviense Inferior {(lincas continuas) o Medio (lineas discontinuas). Las lineas verticales v
diagonales: Fasces de omision (lagunas estratigraficas) presuntamente prolongadas durante
¢l Calloviense Infertor {verticales) o durante el Calloviense Superior (diagonales).
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CONCLUSION

The intensified facies variability during Bathonian and Callovian time
in the NW-Iberian is caused mainly by two factors:

Firstly, global sca level changes gave the main sequencial rhythms
leading in the shallow NW-Iberian platform to more facial diversity than
in the generally more deeper and more open-marinc neighbouring Canta-
briun and SE-lberian realms.

Secondly. tectonic activities set in or intensify during these stages. Whi-
le during most of the Liassic and lower Dogger the depositional environ-
ments are relatively more or less untform. the Bathonian and Callovian is
characterized by an increasingly regional differentation of facies. The acti-
vities led to a structural framework of the marine platform, dividing it into
several blocks with very different subsidence histories. which led conse-
guently into the manifold environments. The same tectonic movements
caused the uplift phascs of the adjacent emerged mainlands which supply
those huge amounts ot quartz detritus into the marine realm. in the De-
manda Basin beginning at Lower/Middle Bathonian and then everywhere
at Lower Callovian time. The regional influenced developments overprint
often the general trend of regression.

These tectonic movements lead in the following mega-cycle of the non-
maring Wealden to the large Strike-slip Fault Basin with its synsedimen-
tary marginal fault systems and its great internal subsidences and bed
thicknesses. The development of the Cameros Wealden Basin is interpre-
ted by some authors (e.g. Salomon, 1982; Wiedmann er af.. 1983) as connec-
ted with or caused by the main Initial Phase of the Biscay Rifting. But
many structural clements of the later Wealden Basin already appeared
even during Bathonian-Callovian stages. as the studied facial paleogeo-
graphical patterns indicate. So the initial phase of Biscay Spreading pos-
sibly makes themself evident already during this time.
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