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Abstract
This paper analyses the composition of the foraminiferal assemblages recorded in two different depositional contexts located 
in Iberia for the lower Aalenian–lower Bajocian stratigraphical interval: the Talveila section, corresponding to proximal 
facies within the Iberian Basin (NE Spain), and the Murtinheira section representing distal facies within the Lusitanian Basin 
(Western Portugal). The obtained specimens (10,736 in total) correspond to 6 suborders, 10 superfamilies, 16 families and 
30 genera in Talveila, and 6 suborders, 9 superfamilies, 14 families and 26 genera in Murtinheira. Several biostratigraphic 
units based on the foraminiferal record and accurately calibrated with the ammonite record were recognized in both sections. 
Moreover, bioevents based on the first or last appearances of a taxon, significant changes in the abundance of one or several 
taxa or noticeable changes in diversity of the assemblages were also identified. The palaeoecological analysis shows that the 
foraminiferal assemblages from both sections were developed in a well-oxygenated and normal salinity shelf environment. 
The application of diversity indexes indicates that the paleoenvironmental conditions did not remain constant throughout 
the studied stratigraphic interval; changes recognized in both sections are similar, coeval and correspond to three intervals 
representing paleoenvironmental conditions more or less favourable for the development of the foraminiferal assemblages. 
As so, despite the different paleogeographical locations, the development of the assemblages in both sections during the 
Early Aalenian–Early Bajocian seem to have been conditioned by environmental changes of regional scale, which affected 
at the same time both the Iberian and the Lusitanian basins.

Keywords  Benthic foraminifera · Aalenian–Bajocian · Iberian Range · Lusitanian Basin · Biostratigraphy · Paleoecology

Resumen
En este trabajo se analiza la composición de las asociaciones de foraminíferos registradas en dos contextos deposicionales 
diferentes, localizados en Iberia, para el intervalo estratigráfico Aaleniense inferior- Bajociense inferior. La sección de 
Talveila corresponde a facies proximales de la Cuenca Ibérica (NE España), y la sección de Murtinheira representa facies 
distales de la Cuenca Lusitánica (O de Portugal). Los ejemplares obtenidos (10736 en total) corresponden a 6 subórdenes, 10 
superfamilias, 16 familias y 30 géneros en Talveila y 6 subórdenes, 9 superfamilias, 14 familias y 26 géneros en Murtinheira. 
Se han reconocido en ambas secciones algunas unidades bioestratigráficas basadas en el registro foraminíferos, y calibradas 
con precisión con el registro de ammonoideos. Además, se han identificado bioeventos basados en la primera o la última 
aparición de un taxón, cambios significativos en la abundancia de uno o varios taxones o cambios significativos en la diversi-
dad de las asociaciones. El análisis paleoecológico realizado pone de manifiesto que en ambas secciones las asociaciones de 
foraminíferos se desarrollaron en un ambiente de plataforma bien oxigenada y con salinidad normal. Los resultados obtenidos 
tras la aplicación de varios índices de diversidad indican que las condiciones paleoambientales no fueron constantes durante 
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todo el intervalo estratigráfico analizado; los cambios reconocidos en ambas secciones son similares y se corresponden con 
tres intervalos que representan condiciones paleoambientales más o menos favorables para el desarrollo de las asociaciones 
de foraminíferos. Por lo tanto, a pesar de las diferentes ubicaciones paleogeográficas de las secciones estudiadas, el desa-
rrollo de las asociaciones en ambas durante el Aaleniense inferior - Bajociense inferior parece haber estado condicionado 
por cambios ambientales de escala regional, que afectaron tanto a la Cuenca Ibérica como a la Cuenca Lusitánica.

Palabras clave  Foraminíferos bentónicos · Aaleniense- Bajociense · Cordillera Ibérica · Cuenca Lusitánica · 
Bioestratigrafía · Paleoecología

1  Introduction

In this work the benthic foraminiferal assemblages of the 
lower Aalenian–lower Bajocian stratigraphical interval 
from the Talveila (Iberian Basin, Spain) and Murtinheira 
(Lusitanian Basin, Portugal) sections are analyzed and 
compared. The taxonomical composition of the foraminif-
eral assemblages obtained from the two sections seems to 
be homogeneous and similar to others recognized in coeval 
stratigraphic intervals of other basins (namely at the Iberian 
Plate). However, notable differences can be found between 
them depending on their paleonvironmental position within 
the carbonate platform (Canales et al. 2014). Therefore, the 
comparison between the foraminiferal assemblages of Talveila 
and Murtinheira sections, located in different paleonviron-
ments within the platform (proximal in the case of the Talveila 
section and distal in the case of the Murtinheira section), may 
contribute to establish differences in the taxonomical compo-
sition of benthic foraminiferal assemblages assigned to par-
ticular paleoenvironmental conditions, and represent a useful 
tool in the reconstruction of depositional environments.

The Talveila section is located in the Iberian Range 
(Spain) (Fig. 1). The lower Aalenian–lower Bajocian inter-
val was previously the subject of several ammonite-based 
studies (Ureta and Goy 1986; García-Frank 2006), and 
more recently concerning its benthic foraminiferal record 
(Hernández 2015).

The Murtinheira section (also known as Cabo Mondego), 
is located in the Lusitanian Basin (Portugal) (Fig. 1). Its 
lower Aalenian–lower Bajocian interval includes the Bajo-
cian Global Stratotype Section and Point (GSSP), the first 
stratotype defined for the Jurassic System (Pavia and Enay 
1997), and it has been subject of several studies on ammo-
nites (Henriques 1992), brachiopods (Andrade 2004, 2006), 
calcareous nannofossils (De Kaenel and Bergen 1993; De 
Kaenel et al. 1996; Perilli et al. 2002a, b; Neto 2010; Hen-
riques et al. 2010; López-Otálvaro et al. 2012; Giraud et al. 
2016) and foraminifers (Canales et al. 2000; Canales and 
Henriques 2007, 2008, 2013; Henriques et al. 2008, 2010, 
2016; Magno et al. 2008; Canales et al. 2014).

The aim of this paper is: to analyse from taxonomical, 
biostratigraphical and paleoecological points of views, 
the lower Aalenian–lower Bajocian foraminiferal assem-
blages in both sections; to improve the zonal scale based on 

foraminifera established for the Iberian Peninsula; to char-
acterize the paleoenvironments on which these assemblages 
were developed during the Early Aalenian–Early Bajocian; 
and to compare our findings with results from coeval sec-
tions of the Iberian Peninsula.

2 � Geological setting

The Talveila and the Murtinheira sections include marly car-
bonate sediments deposited in marine platforms developed 
in an extensional context during Jurassic times around the 
western and eastern margins of the Iberian Plate, respec-
tively. Thus, during the Lower and Middle Jurassic on the 
Iberian Plate occurs the first post-rifting phase in which a 
regional thermal subsidence was registered, as well as small 
variations in sea level. Consequently, a sedimentation of 
alternating limestones and marls, typical of an epicontinental 
carbonate platform and high energy took place (Sánchez-
Moya and Sopeña 2004).

2.1 � Talveila section

The Talveila section is located in the northeastern edge of 
the Iberian Range (Spain) at about 0.5 km to the South of the 
Talveila village (Soria) (UTM coordinates: X = 502.591 m; 
Y = 4.625.346 m) (Fig. 1). The analysed section is composed 
of 6.63 m of thin beds of limestones, marly limestones and 
marls (Fig. 2a). These materials are organized in sedimen-
tary sequences separated by discontinuities, indicating ver-
tical increase in the energy level, and deposited in a shal-
low marine platform environment (Ureta and Goy 1986; 
García-Frank 2006). They correspond to the Turmiel For-
mation of the Chelva Group (Gómez et al. 2003; Gómez and 
Fernández-López 2004; García-Frank 2006; García-Frank 
et al. 2008). A previous biostratigraphic detailed framework 
allowed the recognition of the following standard ammonite 
biozones and subzones of the lower Aalenian–lower Bajo-
cian interval: Opalinum Biozone (Comptum Subzone), 
Murchisonae Biozone, Bradfordensis Biozone, Concavum 
Biozone (Concavum and Limitatum subzones), Discites Bio-
zone and Laeviuscula Biozone (García-Frank 2006); these 
units are accurately correlatable with other coeval sections 
located around the Iberian Plate.



449Journal of Iberian Geology (2018) 44:447–478	

1 3

2.2 � Murtinheira section

The Murtinheira section is located in the northern sector 
of the Lusitanian Basin (western edge of the Iberian Penin-
sula, Portugal), at about 200 km north of Lisbon and 40 km 
west of Coimbra village (UTM coordinates: 512,065 mE; 
4,450,058 mN) (Fig. 1). The section is composed by 70 m of 
an alternation of limestones and marls (Fig. 2b), deposited in a 
distal ramp established throughout the Toarcian (Duarte 1997; 
Azerêdo et al. 2003; Canales and Henriques 2008), which cor-
respond to the lower part of the Cabo Mondego Formation 
(Azerêdo et al. 2003; Canales and Henriques 2008; Henriques 
et al. 2008; Canales et al. 2014). The biostratigraphical units 
for the Aalenian–Bajocian interval were established by Fernán-
dez López et al. (1988) and Henriques (1992, 1995) based on 

the ammonite record, and they include the Opalinum Biozone 
(Comptum Subzone), the Bradfordensis Biozone (Bradforden-
sis and Gigantea subzones), the Concavum Biozone (Conca-
vum and Limitatum subzones), the Discites Biozone and the 
Laeviuscula Biozone (Ovalis Subzone), also correlatable with 
other coeval sections located around the Iberian Plate.

3 � Materials and methods

A total of 37 samples were collected (13 from the Talveila sec-
tion and 24 from the Murtinheira section) to be processed and 
analyzed. Sampling in both sections was based on previous 
biostratigraphic data provided by the ammonoid record (Ureta and 
Goy 1986; Fernández López et al. 1988; Henriques 1992, 1995; 
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García-Frank 2006), the thickness of the biozones and subzones 
and the lithological features. The collected marly samples were 
identified as TL (for the samples from the Talveila section) and 
M (for the samples from the Murtinheira section) followed by the 
bed number of the level of the corresponding stratigraphic section.

Approximately 300 g of each sample were processed 
using a mixture of 400 ml of water, 400 ml of hydrogen 
peroxide and eight tablets of sodium hydroxide to eliminate 
the organic matter and clay. Subsequently, the samples were 
washed with water, in order to remove the mixture of chemi-
cal and clay fraction separated by this treatment, in a column 
of mesh sieves (1, 0.5, 0.25, 0.125 and 0.063 mm).

The foraminifers were picked and studied using a binocu-
lar microscope (Wild M-8). The specimens were classified 
following the classification proposed by Loeblich and Tap-
pan (1987) for the suprageneric and generic levels and for 
the specific determinations the Ellis and Messina Catalogue 
of Foraminifera (1940–1990) was consulted.

A JEOL-JSM 6400 electron microscope, located in the Cen-
tro Nacional de Microscopía Electrónica at the Complutense 
University of Madrid (Spain), was used for more detailed 
observations and to photograph specimens. The specimens 
and residues of the Talveila section are stored at the Depart-
ment of Geodynamic, Stratigraphy and Paleontology, Faculty 
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of Geological Sciences, Complutense University of Madrid 
(Spain). All sample residues and specimens of the Murtinheira 
section are stored at the Laboratório de Geologia Sedimentar e 
Registo Fóssil, located in the Geosciences Centre and Depart-
ment of Earth Sciences, University of Coimbra (Portugal).

For the paleoecological analysis of the obtained 
foraminiferal assemblages, several usual indexes were 
applied: the species richness (number of specimens present 
in each sample), two diversity indexes (Fisher’s α index and 
Margalef’s richness index) and some indexes based on the 
proportional abundance of species (Simpson index, Shan-
non–Wiener index and Pielou’s equitability). These indexes 
were calculated using the computer program PAST (Ham-
mer et al. 2001), and Microsoft Excel.

The Fisher’s α index relates the number of species and 
the number of specimens, and its mathematical expression 
is S = α ln(1 + n∕α), where S is the number of species and n 
is the sample size (Hammer and Harper 2006). The richness 
index of Margalef relates the total number of species with 
the number of specimens in each sample, and it is defined 
by S = S−1/ln S, where S is the number of species and N is 
the number of specimens (Magurran 1988).

The Simpson index expresses the dominance of a species over 
the total number of species. It indicates the probability that two 
specimens randomly picked in an assemblage belong to the same 
species. Its mathematical expression is λ = ∑pi2 where pi = ni/n, 
being ni the number of specimens of each species and n is the 
total number of specimens (Hammer and Harper 2006). The 
higher value indicates lower diversity, so that usually the value 
of this index is shown as (1 − λ) (Buzas 1979; Canales 2001), 
being (1 − λ) high when diversity is high. In this work the value 
of the Simpson index will be also presented as (1 − λ). The Shan-
non–Wiener index measures the degree of uncertainty in predict-
ing the species that belong to one specimen randomly picked. Its 
mathematical expression is H’ = − Σpilnpi, being pi = ni/n, where 
ni is the number of specimens of each species, and n is the total 
number of specimens (Hammer and Harper 2006). The lowest 
value of this index (H′ = 0) corresponds to a single taxa in the 
assemblage and the highest value indicates a diverse assemblage. 
Pielou’s equitability indicates how the specimens belonging to 
an assemblage are distributed and its mathematical expression is 
J = H′/ln S, where H′ is the Shannon–Wiener index and S is the 
total number of species (Hammer and Harper 2006). If J = 1, all 
the species have the same number of specimens, and this means 
that there is no dominance of any species.

4 � Results

A total of 5109 foraminifers were obtained from the studied sam-
ples in the Talveila section, showing in most of cases only a rela-
tively good preservation, but 20.2% of them could not be classified 
at the specific level (Hernández 2015). Taphonomic processes 

affecting the recovered specimens include breakages, sedimen-
tary infillings of the chambers, dissolution (partial or even total, 
as is the case for some representatives of the Ceratobuliminidae 
Family), distortion and recrystallization comparable with those 
described by Herrero and Canales (2002). However, no evidence 
of any alteration of the assemblages´composition can be inferred.

The foraminiferal assemblages are characteristic of Juras-
sic carbonate platforms of the Boreal Atlantic Realm. Most 
of the assemblages are abundant and diverse and contain 
high numbers of specimens and taxa. Their composition is 
variable throughout the studied interval, which records the 
last ocurrences (LOs) of some typical species of the Lower 
Jurassic and the first occurrences (FOs) of some character-
istic Middle Jurassic foraminiferal species.

In the Murtinheira section a total of 5626 foraminifers were 
obtained, most of them very well preserved, and only 3.75% of 
the specimens could not be assigned to any species (Canales 
and Henriques 2013). Some specimens show the same tapho-
nomic features recognized in the material from Talveila, but 
again changes in the composition of the assemblages are con-
sidered as negligible (Canales and Henriques 2008). Like in 
the Talveila section, most assemblages from the Murtinheira 
section are abundant and diverse, showing variable composi-
tion throughout the studied interval and are characteristic of 
the Jurassic carbonate platforms of the Boreal Atlantic Realm.

4.1 � Taxonomical index

Seventy-four foraminiferal taxa were recognized in the 
Talveila section (Figs. 3, 4), corresponding to 6 suborders, 
10 superfamilies, 16 families and 30 genera (Hernández 
2015). A table containing the number of specimens of each 
identified species is shown in Supplementary Appendix 1, 
where the number of specimens corresponding to each iden-
tified species can be found. In the following taxonomic list 
they are represented by (TL). In the Murtinheira section, 61 
foraminiferal taxa were identified, corresponding to 6 sub-
orders, 9 superfamilies, 14 families and 26 genera (Canales 
and Henriques 2008, 2013). In the taxonomic list they are 
represented by (M). Selected specimens of the recognized 
species from the Talveila section are illustrated in Figs. 5, 
6 and 7, and their stratigraphic position is located in Figs. 3 
and 4. The specimens from Murtinheira referred to in this 
index were illustrated in previous publications (Canales and 
Henriques 2008, 2013; Henriques et al. 2016).    

Order Foraminiferida Eichwald 1830
Suborder Textulariina Delage and Hérouard 1896
Textulariina indet. (TL)
Superfamily Astrorhizacea Brady 1881
Family Saccamminidae Brady 1884
Subfamily Thurammininae Miklukho—Maklay 1963
Genus Thurammina Brady 1879
Thurammina jurensis (Franke 1936) (TL: Fig. 5a)
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Fig. 4   Stratigraphic distribution 
of the representatives of the 
suborders Textulariina, Spiril-
linina, Miliolina, Robertinina 
and Rotaliina throughout the 
studied stratigraphic interval in 
both sections

Stratigraphic distribution 
in the Talveila section

Stratigraphic distribution 
in the Murtinheira section
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Superfamily Ammodiscacea Reuss 1862
Family Ammodiscidae Reuss 1862
Subfamily Tolypammininae Cushman 1928
Genus Ammovertella Cushman 1928

Ammovertella liassica Barnard 1950a (TL: Fig. 5b)
Ammovertella cf. A. liassica Barnard 1950a (TL; not 

illustrated)
Genus Tolypammina Rhumbler 1895
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Tolypammina flagella (Terquem 1870b) (TL: Fig. 5c)
Tolypammina cf. T. flagella (Terquem 1870b) (TL; not 

illustrated)
Subfamily Ammovertellininae Saidova 1981
Genus Glomospira Rzehak 1885
Glomospira bulbifera Paalzow 1932 (TL: Fig. 5d)
Glomospira gordialis (Jones and Parker 1860) (TL: not 

illustrated; M: Fig. 3.1 in Canales and Henriques 2013)
Glomospira pattoni Tappan 1955 (TL; not illustrated)
Glomospira perplexa Franke 1936 (TL: Fig. 5e)
Glomospira cf. G. perplexa Franke 1936 (TL; not 

illustrated)
Superfamily Hormosinaceae Haeckel 1894
Family Hormosinidae Haeckel 1894
Subfamily Reophacinae Cushman 1910
Genus Reophax De Montfort 1808
Reophax agglutinans (Terquem 1870a) (M: Fig. 3.2 in 

Canales and Henriques 2013)
Superfamily Lituolacea de Blainville 1827
Family Haplophragmoididae Maync 1952
Genus Haplophragmoides Cushman 1910
Haplophragmoides bartensteini Kalantari 1969 (TL: Fig. 5f)
Haplophragmoides infracalloviensis Dain 1948 (TL: 

Fig. 5g)
Haplophragmoides kingakensis Tappan 1955 (TL: 

Fig. 5h)
Family Lituolidae de Blainville 1827
Subfamily Ammomarginulininae Podobina 1978
Genus Ammobaculites Cushman 1910

Ammobaculites coprolithiformis Cushman 1910 (M: Plate 
I, Fig. 4 in Canales and Henriques 2008)

Ammobaculites fontinensis (Terquem 1870b) (TL: Fig. 5i; 
M: Plate I, Fig. 4 in Canales and Henriques 2008, and 
Fig. 3.3 in Canales and Henriques 2013)

Superfamily Trochamminacea Schwager 1877
Family Trochamminidae Schwager 1877
Subfamily Trochammininae Schwager 1877
Genus Trochammina Parker and Jones 1859
Trochammina canningensis Tappan 1955 (TL: Fig. 5j1, j2)
Trochammina globoconica Tyszka and Kaminski 1995 

(TL: Fig. 5k)
Trochammina praesquamata Myatlyuk 1939 (TL; not 

illustrated)
Trochammina sablei Tappan 1955 (M: Fig. 3.4 in Canales 

and Henriques 2013)
Trochammina squamata Jones and Parker 1860 (TL; not 

illustrated)
Trochammina squamataformis Kaptarenko-Chernousova 

1959 (TL; not illustrated)
Superfamily Verneuilinacea Cushman 1911
Family Verneuilinidae Cushman 1911
Subfamily Verneuilinoidinae Suleymanov 1973
Genus Verneuilinoides Loeblich and Tappan 1949
Verneuilinoides sp. indet. (TL; not illustrated)
Suborder Spirillinina Hohenegger and Piller 1975
Family Spirillinidae Reuss and Fritsch 1861
Genus Conicospirillina Cushman 1927
Conicospirillina conoidea (Paalzow 1917) (M: Fig. 3.5 

in Canales and Henriques 2013)
Conicospirillina sp. 1 Canales 2001 (TL: Fig. 5l1, l2; 

M: Plate 1, Fig. 6a, b in Canales and Henriques 2008, and 
Fig. 3.6 in Canales and Henriques 2013)

Genus Spirillina Ehrenberg 1843
Spirillina numismalis Terquem and Berthelin 1875 (TL: 

Fig. 5m; M: Plate I, Fig. 7 in Canales and Henriques 2008, 
and Fig. 3.7 in Canales and Henriques 2013)

Spirillina orbicula Terquem and Berthelin, 1875 (TL: 
Fig. 5n; M: Plate I, Fig. 8 in Canales and Henriques 2008, 
and Fig. 3.8 in Canales and Henriques 2013)

Spirillina sp. indet. (TL; not illustrated)
Suborder Miliolina Delage and Hérouard 1896
Superfamily Cornuspiracea Schultze 1854
Family Nubeculariidae Jones 1875
Subfamily Nubeculinellinae Avnimelech and Reiss 

1954
Genus Vinelloidea Cushman 1930
Vinelloidea rosacea (Termirbekova 1979) (TL; not 

illustrated)
Vinelloidea cf. tibia (Terquem and Berthelin 1875) (M: 

Fig. 3.9 in Canales and Henriques 2013)
Family Ophthalmidiidae Wiesner 1920

Fig. 5   Selected foraminifers from the Talveila section belonging to 
the Suborders Textulariina, Spirillinina, Miliolina and Lagenina. 
Scale bars = 100  μm. a Thurammina jurensis, TL-81.1.1, upper 
Aalenian, Concavum Biozone, Concavum/Limitatum subzones. b 
Ammovertella liassica, TL-47.2.2, lower Aalenian, Opalinum Bio-
zone, Comptum Subzone. c Tolypammina flagella, TL-77.3.3, upper 
Aalenian, Concavum Biozone, Concavum/Limitatum subzones. d 
Glomospira bulbifera, TL-73.8.10, middle Aalenian, Bradforden-
sis Biozone. e Glomospira perplexa, TL-51.10.12, lower Aalenian, 
Opalinum Biozone, Comptum Subzone. f Haplophragmoides bar-
tensteini, TL-51.5.6, lower Aalenian, Opalinum Biozone, Comptum 
Subzone. g Haplophragmoides infracalloviensis, TL-51.6.7 lower 
Aalenian, Opalinum Biozone, Comptum Subzone. h Haplophrag-
moides kingakensis, TL-51.6.8, lower Aalenian, Opalinum Biozone, 
Comptum Subzone. i Ammobaculites fontinensis, TL-87.78.94, lower 
Bajocian, Laeviuscula Biozone. j Trochammina canningensis: 1 dor-
sal view, TL-51.12.15; 2 ventral view, TL.51.13.16, lower Aalenian, 
Opalinum Biozone, Comptum Subzone. k Trochammina globoconica, 
lateral view, TL-77.14.17, upper Aalenian Concavum Biozone, Con-
cavum/Limitatum subzones. l Conicospirillina sp. 1: 1 dorsal view, 
TL-76a.18.21; 2 lateral view, TL-76a.18.22, upper Aalenian Conca-
vum Biozone, Concavum/Limitatum subzones. m Spirillina numis-
malis, TL-41.19.23, lower Aalenian, Opalinum Biozone, Comptum 
Subzone. n Spirillina orbicula, TL-51.20.24, lower Aalenian, Opali-
num Biozone, Comptum Subzone. o Ophthalmidium concentricum, 
TL-41.21.25, lower Aalenian, Opalinum Biozone, Comptum Sub-
zone. p Lingulonodosaria dentaliniformis, TL-81.22.26, upper Aal-
enian, Concavum Biozone, Concavum/Limitatum subzones

◂
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Genus Ophthalmidium Kübler and Zwingli 1866
Ophthalmidium concentricum (Terquem and Berthelin 

1875) (TL: Fig. 5o)

Ophthalmidium liasicum Kübler and Zwingli 1866 (M: 
Plate 1, Fig. 9 in Canales and Henriques 2008)

Ophthalmidium sp. indet (TL)
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Family Miliolidae Ehrenberg 1839
Suborder Lagenina Delage and Hérouard 1896
Superfamily Robuloidacea Reiss 1963
Family Ichthyolariidae Loeblich and Tappan 1986
Genus Lingulonodosaria Silvestri 1903
Lingulonodosaria dentaliniformis (Terquem 1870b) (TL: 

Fig. 5p; M: Fig. 3.9 in Canales and Henriques 2013)
Genus Prodentalina Norling 1968
Prodentalina cf. P. guembeli (Schwager 1865) (M: not 

illustrated)
Prodentalina intorta (Terquem 1870b) (TL: Fig. 6a and 

M: not illustrated)
Prodentalina mucronata (Neugeboren 1856) (M: 

Fig. 3.10 in Canales and Henriques 2013)
Prodentalina cf. P. mucronata (Neugeboren 1856) (M: 

not illustrated)
Prodentalina propinqua (Terquem 1870b) (TL: not 

illustrated)

Prodentalina pseudocommunis (Franke 1936) (TL: 
Fig. 6b; M: Plate I, Fig. 11 in Canales and Henriques 2008, 
and Fig. 3.11 in Canales and Henriques 2013)

Prodentalina cf. P. pseudocommunis (Franke 1936) (TL: 
not illustrated)

Prodentalina subsiliqua (Franke 1936) (TL: Fig. 6c and 
M: Plate I, Fig. 12 in Canales and Henriques 2008)

Prodentalina cf. P.  varians (Terquem 1866a) (TL: 
Fig. 6d)

Family Robuloididae Reiss 1936
Genus Falsopalmula Bartenstein 1948
Falsopalmula jurensis (Franke 1936) (TL: Fig. 6e; M: 

Plate I, Fig. 14 in Canales and Henriques 2008 and Fig. 3.12 
in Canales and Henriques 2013)

Falsopalmula cf. F. jurensis (Franke 1936) (TL: not 
illustrated)

Falsopalmula obliqua (Terquem 1864) (TL: Fig. 6f; M: 
Fig. 3.13 in Canales and Henriques 2013)

Falsopalmula cf. F. obliqua (Terquem 1864) (TL: not 
illustrated)

Falsopalmula cf. F. sp. 1 Canales 2001 (TL: not 
illustrated)

Falsopalmula sp. indet. (TL: not illustrated)
Superfamily Nodosariacea Ehrenberg 1838
Family Nodosariidae Ehrenberg 1838
Subfamily Nodosariinae Ehrenberg 1838
Genus Nodosaria Lamarck 1812
Nodosaria fontinensis Terquem 1870b (TL: Fig. 6g; M: 

Plate I, Fig. 15 in Canales and Henriques 2008 and Fig. 3.14 
in Canales and Henriques 2013)

Nodosaria hortensis Terquem 1866b (TL: Fig. 6h)
Nodosaria liassica Barnard 1950b (TL: Fig. 6i; M: Plate 

II, Fig. 1 in Canales and Henriques 2008 and Fig. 3.15 in 
Canales and Henriques 2013)

Nodosaria nuda Terquem 1886 (M: Fig. 3.16 in Canales 
and Henriques 2013)

Nodosaria opalini Bartenstein 1937 (TL: Fig. 6j; M: Plate 
II, Fig. 2a, b in Canales and Henriques 2008 and Fig. 3.17 in 
Canales and Henriques 2013)

Nodosaria plicatilis Wiśniowski 1890 (M: Fig. 3.18 in 
Canales and Henriques 2013)

Nodosaria pseudoregularis Canales 2001 (TL: Fig. 6k; 
M: Plate II, Fig. 3 in Canales and Henriques 2008 and 
Fig. 3.19 in Canales and Henriques 2013)

Nodosaria pulchra (Franke 1936) (TL: Fig. 6l; M: Plate 
II, Fig. 4 in Canales and Henriques 2008 and Fig. 3.20 in 
Canales and Henriques 2013)

Nodosaria cf. N.  pulchra (Franke 1936) (TL: not 
illustrated)

Nodosaria simoniana d’Orbigny 1850 (TL: Fig. 6m)
Nodosaria sp. indet. (TL: not illustrated)
Genus Pseudonodosaria Boomgaart 1949

Fig. 6   Selected foraminifers from the Talveila section belong-
ing to the Suborder Lagenina. Scale bars = 100  μm. a Prodentalina 
intorta, TL-77.24.28, upper Aalenian, Concavum Biozone, Con-
cavum/Limitatum subzones. b Prodentalina pseudocommunis, 
TL-51.25.29, lower Aalenian, Opalinum Biozone, Comptum Sub-
zone. c Prodentalina subsiliqua, TL-81.26.30, upper Aalenian, Con-
cavum Biozone, Concavum/Limitatum subzones. d Prodentalina 
cf. P. varians, TL-51.27.31, lower Aalenian, Opalinum Biozone, 
Comptum Subzone. e Falsopalmula jurensis, TL-51.28.32, lower 
Aalenian, Opalinum Biozone, Comptum Subzone. f Falsopalmula 
obliqua, TL-51.29.33, lower Aalenian, Opalinum Biozone, Comp-
tum Subzone. g Nodosaria fontinensis, TL-51.31.39, lower Aalenian, 
Opalinum Biozone, Comptum Subzone. h Nodosaria hortensis, 
TL-51.32.40, lower Aalenian, Opalinum Biozone, Comptum Sub-
zone. i Nodosaria liassica TL-41.33.41, lower Aalenian, Opalinum 
Biozone, Comptum Subzone. j Nodosaria opalini, TL-51.34.42, 
lower Aalenian, Opalinum Biozone, Comptum Subzone. k Nodosaria 
pseudoregularis, TL-81.35.43, upper Aalenian, Concavum Biozone, 
Concavum/Limitatum subzones. l Nodosaria pulchra, TL-51.36.44, 
lower Aalenian, Opalinum Biozone, Comptum Subzone. m Nodos-
aria simoniana, TL-65.37.45, middle Aalenian, Murchisonae Bio-
zone. n Pseudonodosaria vulgata, TL-41.38.46, lower Aalenian, 
Opalinum Biozone, Comptum Subzone. o Frondicularia oolithica, 
TL-51.39.47, lower Aalenian, Opalinum Biozone, Comptum Sub-
zone. p Tristix oolithica, TL-47.40.48, lower Aalenian, Opalinum 
Biozone, Comptum Subzone. q Lenticulina constricta, TL-77.41.50, 
upper Aalenian, Concavum Biozone, Concavum/Limitatum subzones. 
r Lenticulina exgaleata, TL-65.42.52, middle Aalenian, Murchiso-
nae Biozone. S Lenticulina helios, TL-51.43.53, lower Aalenian, 
Opalinum Biozone, Comptum Subzone. t Lenticulina muensteri, 
TL-77.44.54, upper Aalenian, Concavum Biozone, Concavum/Limi-
tatum subzones. u Lenticulina polygonata, TL-51.45.55, lower Aal-
enian, Opalinum Biozone, Comptum Subzone. v Lenticulina quenst-
edti, TL-77.46.56, upper Aalenian, Concavum Biozone, Concavum/
Limitatum subzones. w Astacolus dorbignyi, TL-77.48.59, upper 
Aalenian, Concavum Biozone, Concavum/Limitatum subzones. x 
Astacolus varians, TL-41.83.99, lower Aalenian, Opalinum Biozone, 
Comptum Subzone. y Marginulina cf. M. glabra, TL-87.84.100, 
lower Aalenian, Laeviuscula Biozone. z Marginulina scapha, 
TL-81.52.63, upper Aalenian, Concavum Biozone, Concavum/Limi-
tatum subzones

◂
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Pseudonodosaria vulgata (Bornemann 1854) (TL: 
Fig. 6n; M: Plate II, Figs. 5–6 in Canales and Henriques 
2008 and Fig. 3.21 in Canales and Henriques 2013)

Subfamily Frondiculariinae Reus 1860

Genus Frondicularia Defrance 1826
Frondicularia oolithica Terquem 1870b (TL: Fig. 6o; M: 

Fig. 3.22 in Canales and Henriques 2013)
Genus Tristix Macfadyen 1941
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Tristix oolithica (Terquem 1886) (TL: Fig. 6p)
Family Vaginulinidae Reuss 1860
Subfamily Lenticulininae Chapman, Parr and Collins 

1934
Genus Lenticulina Lamarck 1804
Lenticulina constricta (Kaptarenko-Chernousova 1961) 

(TL: Fig. 6q; M: Plate II, Fig. 8 in Canales and Henriques 
2008 and Fig. 4.1 in Canales and Henriques 2013)

Lenticulina cf. L. constricta (Kaptarenko-Chernousova 
1961) (TL: not illustrated)

Lenticulina exgaleata Dieni 1985 (TL: Fig. 6r; M: Plate 
II, Fig. 9 in Canales and Henriques 2008 and Fig. 4.2 in 
Canales and Henriques 2013)

Lenticulina cf. L. exgaleata Dieni 1985 (TL: not 
illustrated)

Lenticulina helios (Terquem 1870a) (TL: Fig. 6s; M: 
Plate II, Fig. 10 in Canales and Henriques 2008 and Fig. 4.3 
in Canales and Henriques 2013)

Lenticulina muensteri (Roemer 1839) (TL: Fig. 6t; M: 
Plate II, Fig. 11 in Canales and Henriques 2008 Fig. 4.4 
in Canales and Henriques 2013 and Fig. 5.5 in Henriques 
et al. 2016)

Lenticulina polygonata (Franke 1936) (TL: Fig. 6u; 
M: Plate II, Fig. 12 in Canales and Henriques 2008 and 
Fig. 4.5 in Canales and Henriques 2013)

Lenticulina quenstedti (Gümbel 1862) (TL: Fig. 6v; M: 
Plate II, Fig. 13 in Canales and Henriques 2008 Fig. 4.5 
in Canales and Henriques 2013, and Fig. 5.2 in Henriques 
et al. 2016)

Lenticulina cf. L. quenstedti (Gümbel 1862) (TL: not 
illustrated)

Lenticulina sp. indet. (TL and M; not illustrated)
Genus Saracenaria Defrance 1824
Saracenaria cornucopiae (Schwager 1865) (M: Fig. 4.7 

in Canales and Henriques 2013)
Saracenaria sublaevis (Franke 1936) (TL: not 

illustrated)
Subfamily Marginulininae Wedekind 1937
Genus Astacolus De Montfort 1808
Astacolus cf. A. brevispirus (Wiśniowski 1890) (M: 

Fig. 4.8 in Canales and Henriques 2013)
Astacolus dorbignyi (Roemer 1839) (TL: Fig.  6w; 

M: Plate III, Fig. 3 in Canales and Henriques 2008 and 
Fig. 4.9 in Canales and Henriques 2013)

Astacolus scalptus (Franke 1936) (TL: not illustrated; M: 
Plate III, Fig. 4 in Canales and Henriques 2008 and Fig. 4.10 
in Canales and Henriques 2013)

Astacolus cf. A. scalptus (Franke 1936) (TL: not 
illustrated)

Astacolus varians (Bornemann 1854) (TL: Fig. 6x; M: 
Plate III, Fig. 5 in Canales and Henriques 2008 and Fig. 4.11 
in Canales and Henriques 2013)

Astacolus cf. A. varians (Bornemann 1854) (TL: not 
illustrated)

Astacolus vetustus (d’Orbigny 1849) (TL: not illustrated)
Astacolus sp. 1 Canales 2001 (M: Plate III, Fig. 6 in 

Canales and Henriques 2008 and Fig. 4.12 in Canales and 
Henriques 2013)

Astacolus sp. indet. (TL and M: not illustrated)
Genus Marginulina d’Orbigny 1826
Marginulina cf. M. glabra d’Orbigny 1826 (TL: Fig. 6y)
Marginulina scapha Lalicker 1950 (TL: Fig. 6z; M: 

Fig. 4.13 in Canales and Henriques 2013)
Subfamily Vaginulininae Reuss 1860
Genus Citharina d’Orbigny 1839
Citharina clathrata (Terquem 1863) (TL: Fig. 7a; M: 

Plate III, Fig. 7 in Canales and Henriques 2008)
Citharina colliezi (Terquem 1866a) (TL: Fig. 7b; M: 

Plate III, Fig. 8 in Canales and Henriques 2008 and Fig. 5.1 
in Canales and Henriques 2013)

Citharina cf. C. colliezi (Terquem 1866a) (TL: not 
illustrated)

Citharina flabelloides (Terquem 1868) (TL: Fig. 7c)
Citharina ornithocephala (Wiśniowski 1890) (TL: 

Fig. 7d; M: Fig. 5.2 in Canales and Henriques 2013)
Citharina sagittiformis (Terquem 1868) (M: Fig. 5.3 in 

Canales and Henriques 2013)
Genus Planularia Defrance 1826

Fig. 7   Selected foraminifers from the Talveila section belong-
ing to the Suborders Lagenina, Robertinina and Rotaliina. Scale 
bars = 100 μm. a Citharina clathrata, TL-77.53.73, upper Aalenian, 
Concavum Biozone, Concavum/Limitatum subzones. b Citharina 
colliezi, TL-51.54.66, lower Aalenian, Opalinum Biozone, Comp-
tum Subzone. c Citharina flabelloides, TL-41.55.67, lower Aalenian, 
Opalinum Biozone, Comptum Subzone. d Citharina ornithocephala, 
TL-81.56.68, upper Aalenian, Concavum Biozone, Concavum/Limi-
tatum subzones. e Planularia beierana, TL-51.57.69, lower Aal-
enian, Opalinum Biozone, Comptum Subzone. f Planularia cordi-
formis, TL-47.74.90, lower Aalenian, Opalinum Biozone, Comptum 
Subzone. g Planularia cf. P. eugenii, TL-51.59.71, lower Aalenian, 
Opalinum Biozone, Comptum Subzone. h Planularia protracta, 
TL-77.61.74, upper Aalenian, Concavum Biozone, Concavum/Limi-
tatum subzones. i Vaginulina herrerae, TL-81.62.75, upper Aalenian, 
Concavum Biozone, Concavum/Limitatum subzones. j Vaginulina 
cf. V. legumen, TL-51.47.58, lower Aalenian, Opalinum Biozone, 
Comptum Subzone. k Eoguttulina bilocularis, TL-77.63.76, upper 
Aalenian, Concavum Biozone, Concavum/Limitatum subzones. l 
Eoguttulina liassica, TL-77.64.77, upper Aalenian, Concavum Bio-
zone, Concavum/Limitatum subzones. m Eoguttulina oolithica, 
TL-51.65.79, lower Aalenian, Opalinum Biozone, Comptum Sub-
zone. n Bullopora globulata, TL-83.66.80, lower Bajocian, Discites 
Subzone. o Ceratobuliminidae indet., dorsal view, TL-77.75.91, 
upper Aalenian, Concavum Biozone, Concavum/Limitatum subzones. 
p Reinholdella crebra, dorsal view, TL-51.70.85, lower Aalenian, 
Opalinum Biozone, Comptum Subzone. q Reinholdella dreheri, dor-
sal view, TL-51.68.82, lower Aalenian, Opalinum Biozone, Comptum 
Subzone. r Reinholdella quadrilocula: 1 dorsal view, TL-51.69.83; 
2 lateral view, TL-51.69.84, lower Aalenian, Opalinum Biozone, 
Comptum Subzone. s Paalzowella goyi: 1 lateral view, TL-81.73.88; 
2 ventral view, TL-81.73.89, upper Aalenian, Concavum Biozone, 
Concavum/Limitatum subzones

◂
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Planularia beierana (Gümbel 1862) (TL: Fig. 7e; M: 
Fig. 5.4 in Fig. 5.2 in Canales and Henriques 2013)

Planularia aff. P. beierana (Gümbel 1862) (M: Plate III, 
Fig. 9 in 2 in Canales and Henriques 2008)

Planularia cordiformis (Terquem 1863) (TL: Fig. 7f; M: 
Plate III, Fig. 10 in Fig. 5.2 in Canales and Henriques 2008 
and Fig. 5.5 in Fig. 5.2 in Canales and Henriques 2013)

Planularia cf. P. eugenii (Terquem 1864) (TL: Fig. 7g 
and M: not illustrated)

Planularia protracta (Bornemann 1854) (TL: Fig. 7h; M: 
Plate III, Fig. 11 in Canales and Henriques 2008 and Fig. 5.6 
in Canales and Henriques 2013)

Planularia sp. 1 Canales 2001 (TL: not illustrated)
Planularia sp. indet. (TL: not illustrated)
Genus Vaginulina d’Orbigny 1826
Vaginulina herrerae Canales 2001 (TL: Fig. 7i)
Vaginulina cf. V. herrerae Canales 2001 (M: Plate III, 

Fig. 12 in Canales and Henriques 2008)
Vaginulina cf. V. legumen (Linné 1758) (TL: Fig. 7j)
Family Polymorphinidae d’Orbigny 1839
Subfamily Polymorphininae d’Orbigny 1839
Genus Eoguttulina Cushman and Ozawa 1930
Eoguttulina bilocularis (Terquem 1864) (TL: Fig. 7k)
Eoguttulina liassica (Strickland 1846) (TL: Fig. 7l; M: 

Plate III, Fig. 13 in Canales and Henriques 2008 and Fig. 5.7 
in Fig. 5.2 in Canales and Henriques 2013)

Eoguttulina oolithica (Terquem 1874) (TL: Fig. 7m; M: 
Fig. 5.8 in Canales and Henriques 2013)

Eoguttulina cf. E. oolithica (Terquem 1874) (M: not 
illustrated)

Subfamily Webbinellinae Rhumbler 1904
Genus Bullopora Quenstedt 1856
Bullopora globulata Barnard 1950a (TL: Fig. 7n)
Bullopora rostrata Quenstedt 1858 (TL: not illustrated; 

M: Fig. 5.9 in Canales and Henriques 2013)
Genus Ramulina Jones 1875
Ramulina spandeli Paalzow 1917 (M: Fig. 5.10 in Cana-

les and Henriques 2013)
Suborder Robertinina Loeblich and Tappan 1984
Superfamily Ceratobuliminacea Cushman 1927
Family Ceratobuliminidae Cushman 1927
Ceratobuliminidae indet. (TL: Fig.  7o; M: Plate 

III, Figs.  14–15 in Canales and Henriques 2008 and 
Figs. 5.11–5.12 in Canales and Henriques 2013)

Subfamily Reinholdellinae Sieglie and Bermúdez 1965
Genus Lamarckella Kaptarenko-Chernousova 1956
Lamarckella inflecta Kaptarenko-Chernousova 1956 (M: 

not illustrated)
Genus Reinholdella Brotzen 1948
Reinholdella crebra Pazdro 1969 (TL: Fig. 7p)
Reinholdella dreheri (Bartenstein 1937) (TL: Fig. 7q and 

M: not illustrated)

Reinholdella cf. R. dreheri (Bartenstein 1937) (TL: not 
illustrated)

Reinholdella quadrilocula Subbotina and Datta 1960 
(TL: Fig. 7r1, r2)

Reinholdella sp. indet. (TL: not illustrated)
Suborder Rotaliina Delage andHérouard 1896
Superfamily Discorbacea Ehrenberg 1838
Family Placentulinidae Kasimova, Poroshina and Geo-

dakchan 1980
Subfamily Ashbrookinae Loeblich and Tappan 1984
Genus Paalzowella Cushman 1933
Paalzowella goyi Canales 2001 (TL: Fig. 7s1, s2; M: 

Fig. 5.13 in Canales and Henriques 2013)

4.2 � Description of the Talveila assemblages

From the 13 samples studied in this section, the Suborder 
Lagenina is the most abundant, and the genus Lenticulina 
(except for the assemblage corresponding to the sample 
TL-87 in the lower Bajocian) is also the most abundant. The 
relative abundance of Lagenina representatives decreases at 
the Aalenian/Bajocian boundary, whereas the representatives 
of Textulariina, Spirillinina and Robertinina suborders show 
an increasing relative abundance across the Aalenian–Bajo-
cian transition. The Miliolina and Rotaliina suborders are 
minor components throughout the Talveila section. The stud-
ied assemblages show apparently a homogeneous composi-
tion, but they display variations in abundance and diversity 
when analysed in detail. The main features of the foraminif-
eral assemblages are presented in the following sections.

4.2.1 � Lower Aalenian, Opalinum Biozone, Comptum 
Subzone

The asssemblage obtained from sample TL-41, correspond-
ing to the middle part of the Comptum Subzone, displays 
high abundance (for this and subsequent assemblages and 
species from the Talveila section, numerical data can be seen 
in Supplementary Appendix 1) and high diversity (36 taxa). 
Most of them belong to Lenticulina helios, Lenticulia muen-
steri and Astacolus scalptus. The species Ophthalmidium 
concentricum, Prodentalina propinqua and Citharina flabel-
loides were found only in this assemblage.

The assemblage from sample TL-47 (middle part of the 
Comptum Subzone) contains high number of specimens 
and also high diversity (31 taxa). Lenticulina is the most 
abundant genus, represented mainly by Lenticulina helios, 
Lenticulina muensteri and Lenticulina polygonata. The spe-
cies Tristix oolithica, Planularia sp. 1, Bullopora rostrata 
and Haplophragmoides bartensteini were only recorded in 
this assemblage.

The overlying assemblage TL-51 shows high abundance 
and diversity (51 taxa). Lenticulina helios, Glomospira 
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perplexa and Reinholdella dreheri are the most abundant 
species. This assemblage records an increase in the abun-
dance and diversity of representaives of the Suborder Textu-
lariina, an increase in the abundance of representatives of the 
Suborder Robertinina, and a slight decrease in the relative 
abundance of the representatives of the Suborder Lagenina. 
The species Planularia cf. P. eugenii, Prodentalina cf. P. 
varians, Nodosaria opalini and Vaginulina cf. V. legumen 
were identified only in this assemblage.

The last assemblage (sample TL-55) from this subzone 
(upper part of the Comptum Subzone) shows high foraminif-
eral abundance and diversity (29 taxa), being Lenticulina 
helios, Astacolus scalptus and Lenticulina exgaleata the 
most abundant species. Saracenaria sublaevis was only 
recorded in this assemblage.

4.2.2 � Middle Aalenian, Murchisonae Biozone

The first assemblage corresponding to the Murchisonae Bio-
zone was obtained from sample TL-59 and shows a decrease 
in abundance and diversity (14 taxa), when compared with 
the previous ones. Lenticulina is the most abundant genus, 
represented mainly by Lenticulina helios and Lenticulina 
muensteri followed by Astacolus scalptus.

The composition of the overlying assemblage TL-65 is 
very similar to the previous one, displaying relatively high 
foraminiferal abundance and diversity (20 taxa) being Len-
ticulina helios and Lenticulina muensteri followed by Asta-
colus scalptus the most abundant species.

4.2.3 � Middle Aalenian, Bradfordensis Biozone

The only assemblage studied from the Bradfordensis Bio-
zone (TL-73) shows low abundance but high diversity (30 
taxa). Lenticulina helios, Astacolus scalptus and Paalzowella 
goyi are the most abundant species. The FOs of Thurammina 
jurensis, Lenticulina quenstedti and Paalzowella goyi are 
recorded in this biozone in the Talveila section. This assem-
blage also records the LOs of Glomospira bulbifera and 
Nodosaria simoniana, whose FO in this section occurs in 
the lower Aalenian (Opalinum Biozone, Comptum Subzone) 
and middle Aalenian (Murchisonae Biozone), respectively.

4.2.4 � Upper Aalenian, Concavum Biozone, Concavum/
Limitatum subzones

The assemblage from sample TL-76a (lower part of the Con-
cavum Biozone) contains relatively high number of speci-
mens and high diversity (33 taxa) being Lenticulina helios, 
Spirillina orbicula and Spirillina numismalis the most 
abundant species. This assemblage records an increase in 
the abundance of representatives of the Suborder Spirillinina 
and the LOs of Planularia beierana and Haplophragmoides 

kingakensis, whose FOs in this section occur in the lower 
Aalenian (Opalinum Biozone, Comptum Subzone).

Assemblage obtained from sample TL-77, from the mid-
dle part of the Concavum Biozone, shows high abundance 
and diversity (40 taxa). Most of the specimens belong to 
Lenticulina helios, Ammovertella cf. A. liassica and Len-
ticulina muensteri. Representatives of the Suborder Tex-
tulariina increase in abundance and diversity whereas rep-
resentatives of the Suborder Robertinina increase only in 
abundance. This assemblage records the LOs of Trocham-
mina globoconica, Prodentalina pseudocommunis, Nodos-
aria hortensis, Nodosaria pulchra, Planularia protracta and 
Eoguttulina oolithica, whose FO in this section occurs in the 
lower Aalenian (Opalinum Biozone, Comptum Subzone). 
The species Trochammina squamata, Prodentalina intorta 
and Eoguttulina bilocularis were recognized only in this 
assemblage.

The last studied assemblage from this subzone (sample 
TL-81) also displays high abundance and diversity (43 taxa). 
Lenticulina is the most abundant genus, represented mainly 
by Lenticulina helios, Lenticulina polygonata and Lentic-
ulina muensteri. This assemblage records a high number 
of LOs (Thurammina jurensis, Glomospira gordialis, Glo-
mospira pattoni, Glomospira perplexa, Lingulonodosaria 
dentaliniformis, Prodentalina subsiliqua, Falsopalmula cf. 
F. sp. 1, Nodosaria fontinensis, Lenticulina constricta, Len-
ticulina exgaleata, Astacolus dorbignyi, Astacolus varians, 
Citharina clathrata, Citharina colliezi and Eoguttulina lias-
sica), whose FOs in this section are in the lower Aalenian 
(Opalinum Biozone, Comptum Subzone), except for the first 
species whose FO is in the middle Aalenian (Bradfordensis 
Biozone). This assemblage also includes some species only 
found here, such as Trochammina squamataformis, Astaco-
lus vetustus, Marginulina scapha, Citharina ornithocephala 
and Vaginulina herrerae.

4.2.5 � Lower Bajocian, Discites Biozone

The assemblage obtained from sample TL-83 shows low 
abundance but high diversity (20 taxa). The most abundant 
species are Ammovertella liassica, Spirillina orbicula, and 
Bullopora globulata. This assemblage displays a decrease 
in the abundance and diversity of representatives of the 
Suborder Lagenina, and Lenticulina helios, one of the most 
abundant taxa in the studied assemblages, was not found. 
LOs include Conicospirillina sp. 1, recorded for the first 
time in the lower part of the Concavum Biozone at Talveila, 
and Reinholdella crebra whose FO in this section takes place 
in the lower Aalenian (Opalinum Biozone, Comptum Sub-
zone). Moreover, Vinelloidea rosacea was only recorded in 
this assemblage.
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The last assemblage from this subzone (sample TL-85) 
displays low abundance but high diversity (21 taxa), being 
Ammovertella liassica, Spirillina orbicula and Bullopora 
globulata the most abundant species. This assemblage dis-
plays low abundance and diversity of representatives of the 
Suborder Lagenina and records the LOs of Haplophrag-
moides infracalloviensis, Trochammina canningensis and 
Trochammina praesquamata, all of them identified for the 
first time in the lower part of the Concavum Biozone in the 
Talveila section.

4.2.6 � Lower Bajocian, Laeviuscula Biozone

The only assemblage studied of the Laeviuscula Biozone, 
TL-87, shows low abundance but relatively high diversity 
(20 taxa). Spirillina numismalis, Spirillina orbicula and 
Ammobaculites fontinensis are the most abundant species, 
and again the representatives of the Suborder Lagenina are 
scarce. Marginulina cf. M. glabra was recognized only in 
this assemblage.

4.3 � Description of the Murtinheira assemblages

At the Murtinheira section, except for the assemblage corre-
sponding to the sample M-269 (upper Aalenian, Concavum 
Biozone, Concavum Subzone), the Suborder Lagenina and 
the genus Lenticulina are the most abundant. The suborders 
Textulariina, Miliolina, Robertinina and Rotaliina are minor 
components throughout the studied stratigraphic interval in 
the Murtinheira section, where assemblages show variations 
in the abundance and diversity, but apparently their compo-
sition is quite homogeneous (Canales and Henriques 2008, 
2013). The main features of the assemblages are described 
in the following sections.

4.3.1 � Lower Aalenian, Opalinum Biozone, Comptum 
Subzone

From this subzone, four samples were studied and a variable 
number of specimens were recovered. The recorded assem-
blages show high abundance and high diversity (33 taxa). 
The Suborder Lagenina prevails, followed by Spirillinina 
and Textulariina, while Miliolina and Robertinina may be 
considered as minority suborders. M-103 is the only sample 
throughout the section where specimens of the five subor-
ders were recognized (Canales and Henriques 2008). The 
largest number of specimens corresponds to different species 
of the genus Lenticulina.

4.3.2 � Middle Aalenian, Bradfordensis Biozone, 
Bradfordensis Subzone

From the Bradfordensis Subzone 2 samples were studied. 
A total of 22 taxa were identified. The Lagenina contin-
ues to be the most abundant suborder throughout this sub-
zone. Only the Suborder Robertinina was not recognized in 
M-124. Again, the best represented genus is Lenticulina, and 
Lenticulina muensteri is the most abundant species. The FO 
of miliolids occurs in this assemblage, but the taxonomic 
composition of this assemblage is very similar to those of 
the previous ones (Canales and Henriques 2008).

4.3.3 � Middle Aalenian, Bradfordensis Biozone, Gigantea 
Subzone

From the Gigantea Subzone, 5 samples were studied, and 
a total of 35 taxa. In the first 3 samples, a relatively high 
number of specimens were obtained. Only in the first sample 
(M-142) all the suborders were recognized. All assemblages 
are mainly constituted by specimens of Lagenina, specifi-
cally of the genus Lenticulina, with Lenticulina muensteri 
the most abundant species. However, in M-185 Suborder 
Spirillinina attains a significant percentage, while Textular-
iina may be considered as a minority. Several FOs and LOs 
occur in this stratigraphic interval. Thus in M-142 the LO of 
Nodosaria liassica and miliolids are observed. In M-152 the 
LO of Ophthalmidium liasicum and Citharina clathrata and 
the FO of Saracenaria cornucopiae are recorded. The spe-
cies Prodentalina cf. P. mucronata and Vaginulina cf. V. her-
rerae were only recognized in the assemblage corresponding 
to M-152, and Ammobaculites coprolithiformis, a typical 
Middle Jurassic species, was identified only in M-185. The 
FO of Lenticulina quenstedti is also recorded in M-241. This 
typical Middle Jurassic species plays an important role in the 
following assemblages. The number of specimens and taxa 
in the two assemblages corresponding to the upper part of 
the Gigantea Subzone decrease when compared to the previ-
ous ones (Canales and Henriques 2008).

4.3.4 � Upper Aalenian, Concavum Biozone, Concavum 
Subzone

Within the Concavum Subzone 3 samples were collected, 
and a total of 30 taxa were identified. M-269 records the 
lowest number of specimens (3) and taxa (3) corresponding 
to the suborders Lagenina and Robertinina. In the following 
analyzed assemblage (M-273) a high number of specimens 
and taxa (26) were obtained, but all of them corresponding 
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to the suborders Lagenina, Spirillinina and Textulariina. In 
the last studied sample (M-283), the number of specimens 
and taxa decrease again. In these assemblages, the preva-
lent suborder is Lagenina. At the specific level, Lenticulina 
muensteri continues to be the most abundant species. Some 
LOs were recorded: Prodentalina subsiliqua and Planularia 
cf. P. eugenii in M-273 and Pseudonodosaria vulgata and 
representatives of the Family Ceratobuliminidae in M-283. 
The FO of Conicospirillina sp. 1 and Nodosaria opalini 
were also recorded in M-273 (Canales and Henriques 2008).

4.3.5 � Upper Aalenian, Concavum Biozone, Limitatum 
Subzone

In the Limitatum Subzone, 4 samples were studied and a 
total of 1060 specimens were obtained, corresponding to 
26 species. In M-291 a relatively high number of specimens 
were recovered, but in the remaining analyzed assemblages 
(M-285, M-306 and M-330) abundance is relatively low. In all 
of these assemblages representatives of the suborders Lagen-
ina and Spirillinina were recognized, while representatives of 
Textulariina and Robertinina suborders were only obtained in 
samples M-291 and M-306. In these assemblages, the repre-
sentatives of the Suborder Lagenina continue to prevail, and 
the most abundant species is again Lenticulina muensteri. 
However, the species Spirillina orbicula attains its maximum 
percentage in sample M-330. The taxonomic composition of 
these assemblages is very similar to the preceding ones. How-
ever, some LOs were recorded in M-291: Astacolus dorbignyi, 
Astacolus varians, Nodosaria fontinensis, Citharina colliezi, 
Planularia cordiformis, Astacolus sp. 1, Conicospirillina sp. 1 
and Nodosaria opalini. The only FO identified in this interval 
was Reophax agglutinans, also recorded in sample M-291. 
Assemblage M-306 records the LOs of Planularia aff. P. bei-
erana (Canales and Henriques 2008, 2013).

4.3.6 � Lower Bajocian, Discites Biozone

In the Discites Biozone, 5 samples were studied. A total of 
759 specimens were recovered and 34 taxa were identified. 
The largest number of specimens corresponds to different 
species of the genus Lenticulina. From the analyzed samples, 
a variable number of specimens were recovered. The Subor-
der Lagenina prevails, followed by Spirillinina which attains 
high relative abundance, while Textulariina, Miliolina and 
Robertinina may be considered as minority components, 
when they are present. Hence, M-352 is the only sample 
throughout the section where specimens of the five subor-
ders were recognized. At the specific level, the most abun-
dant species is Spirillina orbicula followed by Lenticulina 
muensteri. Some FOs were recorded, such as, Frondicularia 
oolithica and Eoguttulina cf. E. oolithica (both restricted 
to this assemblage), Lingulonodosaria dentaliniformis, 

Paalzowella goyi, Lamarckella inflecta, Nodosaria plicatilis 
and Ramulina spandeli in M-352, Planularia beierana in 
M-355 and finally Prodentalina intorta, Eoguttulina oolit-
hica, Trochammina sablei and Conicospirillina conoidea in 
M-386. Along this stratigraphic interval the LO of the spe-
cies Nodosaria pulchra and Nodosaria pseudoregularis was 
recorded in M-363 and Lingulonodosaria dentaliniformis in 
M-386 (Canales and Henriques 2013).

4.3.7 � Lower Bajocian, Laeviuscula Biozone

The only sample studied in the Laeviuscula Biozone, M-402, 
recorded the highest abundance and diversity (38 taxa) of 
all the analyzed assemblages from the Murtinheira section. 
Lagenina is the most abundant suborder and, at the specific 
level, Spirillina orbicula, Reophax agglutinans, Lenticulina 
helios and Lenticulina quenstedti are the most abundant 
(Canales and Henriques 2013).

4.4 � Biostratigraphy

The best fossil group for dating Jurassic marine sedimen-
tary rocks is the ammonites. However, these fossils are 
not always abundant, or their record may be impossible to 
study, as is the case with core and cutting samples. In these 
cases, alternative biostratigraphic scales, based on other 
fossil groups such foraminifers, are needed, but their range 
must be calibrated with accurate zonal scales based on good 
guide-fossils like ammonites, as is the case in both studied 
sections. In adition, it is necessary to ascertain that these 
foraminiferal-based zonal scales are useful in different sec-
tions located in the same basin, as well as in different basins.

Several Jurassic biostratigraphic scales based on foramin-
ifers have been established in the northern hemisphere, some 
of them throughout the Aalenian–Bajocian boundary, and 
such biozones have been recognized in several basins of the 
Iberian Plate (Canales 2001; Figueiredo 2009; Canales and 
Henriques 2013; Silva 2013; Henriques et al. 2016) (Fig. 8). 
These alternative biostratigraphic scales are useful only 
when they are calibrated with biostratigraphic scales based 
on ammonites. In the case of benthic foraminifera, their 
stratigraphic ranges are relatively wide; its biostratigraphic 
usefulness can be improved when foraminiferal bioevents 
(such as notable changes in diversity or relative abundance 
and/or FO, LO of some taxa) are recognized. Such bioevents 
initially have local character, given the close relationship 
of benthic foraminifera with the paleoenvironmental condi-
tions. However, detailed studies within the same basin or in 
other coeval basins may help to support the regional range of 
these foraminiferal bioevents (Canales and Henriques 2013). 
The main foraminiferal biozones and foraminiferal bioev-
ents recognized in the Talveila and Murtinheira sections are 
reported in the following sections.
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4.4.1 � Foraminiferal Biozones

In the Iberian Plate, the stratigraphic distribution of fora-
minifers across the lower Aalenian–lower Bajocian inter-
val allowed the establishment and/or recognition of three 
foraminiferal biozones: Astacolus dorbignyi Zone, Lentic-
ulina quenstedti Zone and Ramulina spandeli Zone (Canales 

2001; Canales and Henriques 2008, 2013; Silva et al. 2015a, 
b). The Astacolus dorbignyi Zone and the Lenticulina quen-
stedti Zone were both recognized in the Talveila and Murtin-
heira sections and the Ramulina spandeli Zone was only 
recognized in the last one (Canales and Henriques 2008, 
2013; Hernández 2015) (Fig. 8).

Fig. 8   Biozones of amonites 
and foraminifera established in 
coeval sections of the Lusita-
nian, Basque-Cantabrian and 
Iberian basins to the upper 
Toarcian–lower Bajocian 
interval

B
aj

oc
ia

n
A

al
en

ia
n

To
ar

ci
an

Lusitanian Basin Basque-Cantabrian Basin Iberian Range

M
ur

tin
he

ira

Se
rr

a 
da

 B
oa

 V
ia

ge
m

 II

Sã
o 

G
iã

o

M
ar

ia
 P

ar
es

Za
m

bu
ja

l
de

 A
lc

ar
ia

Ra
m

ul
in

a 
sp

an
de

li
As

ta
co

lu
s d

or
bi

gn
yi

As
ta

co
lu

s d
or

bi
gn

yi

Le
nt

ic
ul

in
a 

qu
en

st
ed

ti
As

ta
co

lu
s d

or
bi

gn
yi

Le
nt

ic
ul

in
a 

qu
en

st
ed

ti
As

ta
co

lu
s d

or
bi

gn
yi

H
ia

tu
s

L.
 q

ue
ns

te
dt

i
As

ta
co

lu
s d

or
bi

gn
yi

C
ill

am
ay

or

Sa
n 

A
nd

ré
s

C
am

in
o

Sa
n 

M
ig

ue
l

de
 A

gu
ay

o

Pu
ja

yo

Tu
da

nc
a

C
as

til
lo

Pe
dr

os
o

Le
nt

ic
ul

in
a 

qu
en

st
ed

ti
As

ta
co

lu
s d

or
bi

gn
yi

L.
 q

ue
ns

te
dt

i
As

ta
co

lu
s d

or
bi

gn
yi

Le
nt

ic
ul

in
a 

qu
en

st
ed

ti
As

ta
co

lu
s d

or
bi

gn
yi

Le
nt

ic
ul

in
a 

qu
en

st
ed

ti
As

ta
co

lu
s d

or
bi

gn
yi

As
ta

co
lu

s d
or

bi
gn

yi
A.

 d
or

bi
gn

yi

spand.
R.

L.
 q

ue
ns

te
dt

i
As

ta
co

lu
s d

or
bi

gn
yi

Fu
en

te
ls

az

M
ur

o 
de

A
gu

as
M

oy
ue

la

H
on

to
ria

de
l P

in
ar

Ta
lv

ei
la

As
ta

co
lu

s d
or

bi
gn

yi

Le
nt

ic
ul

in
a 

qu
en

st
ed

ti
L.

 q
ue

ns
te

dt
i

As
ta

co
lu

s d
or

bi
gn

yi

R
. s

pa
nd

el
i

Le
nt

ic
ul

in
a 

qu
en

st
ed

ti
A.

 d
or

bi
gn

yi

Le
nt

ic
ul

in
a 

qu
en

st
ed

ti

A.
 d

or
bi

gn
yi

A
al

en
si

s
O

pa
lin

um
M

ur
ch

is
on

ae
B

ra
df

or
de

ns
is

C
on

ca
vu

m
D

is
ci

te
s

L
ae

vi
us

cu
la

Li
m

ita
tu

m
C

on
ca

vu
m

G
ig

an
te

a
B

ra
df

.
M

ur
ch

is
.

H
au

gi
C

om
pt

um
O

pa
lin

um
B

uc
km

an
i

A
al

en
si

s

Le
nt

ic
ul

in
a 

qu
en

st
ed

ti
L.

 q
ue

ns
te

dt
i

M
ac

tra

A.
 d

or
bi

gn
yi

Le
nt

ic
ul

in
a 

qu
en

st
ed

ti

As
ta

co
lu

s d
or

bi
gn

yi

L.
 q

ue
ns

te
dt

i

St
ag

e

O
va

lis

B
io

zo
ne

Su
bz

on
e

H
ia

tu
s

H
ia

tu
s

H
ia

tu
s

H
ia

tu
s

H
ia

tu
s

H
ia

tu
s



465Journal of Iberian Geology (2018) 44:447–478	

1 3

The Astacolus dorbignyi Zone was recognized based on 
the relatively continuous and abundant record of the spe-
cies Astacolus dorbignyi throughout the Aalenian. The lower 
boundary of this biozone is not known in the Talveila and 
Murtinheira sections but it must be recorded probably in 
the Mactra Subzone (upper Toarcian, Lower Jurassic). The 
upper boundary of this biozone coincides with the FO of 
Lenticulina quenstedti, the following index species. This 
foraminiferal biozone (Astacolus dorbignyi Zone) corre-
sponds to the Opalinum (Comptum Subzone), and Mur-
chisonae ammonite biozones in the Talveila section. In the 
Murtinheira section this biozone corresponds to the Opa-
linum and Bradfordensis ammonite biozones (Comptum, 
Bradfordensis and the lower part of Gigantea subzones, 
respectively) (Canales and Henriques 2008).

The Lenticulina quenstedti Zone was recognized from 
the middle Aalenian, coinciding with the FO of the index 
species, whose record is relatively continuous and abundant, 
until the upper part of the Aalenian. The lower boundary 
of this biozone coincides with the FO of the index spe-
cies in both the Talveila and Murtinheira sections. How-
ever, the upper boundary of this biozone is not known in 
the Talveila section, whereas in the Murtinheira section it 
coincides whith the FO of Ramulina spandeli, the nominal 
index species of the overlying foraminiferal biozone estab-
lished in the Bajocian GSSP (Canales and Henriques 2013). 
The Lenticulina quenstedti Zone corresponds to the Brad-
fordensis, Concavum, Discites and Laeviuscula ammonite 
biozones in Talveila, while in Murtinheira it corresponds to 
the Bradfordensis, Concavum, and the lower part of Discites 
ammonite biozones (upper part of Gigantea, Concavum and 
Limitatum subzones, respectively) (Canales and Henriques 
2013).

Finally, the Ramulina spandeli Zone was established in 
the Murtinheira section by Canales and Henriques (2013) 
and, until now, it has not been recognized in the Talveila 
section. The lower boundary of this foraminiferal biozone, 
recorded in the lower Bajocian, is marked by the FO of the 
index species Ramulina spandeli; the upper boundary of this 
foraminiferal biozone is so far not known. This foraminiferal 
biozone spans from the middle part of the Discites ammonite 
biozone upwards (Canales and Henriques 2013).

4.4.2 � Foraminiferal Bioevents

In both studied sections, some events including FO and LO, 
significant variations in the relative abundance of some taxa, 
as well as changes in the diversity recorded in some assem-
blages were recognized. These bioevents have initially local 
application, but when they are recognized in other sections, 
in the same or in other basins, it is possible to correlate 
them, hence increasing their geographical applicability 
(Canales and Henriques 2013). Bioevents recognized in the 

Talveila section, in the Bajocian Global Stratotype Section 
and Point (GSSP) (Murtinheira section) or in both sections 
are represented in Fig. 9.

In the Talveila section, throughout the analyzed strati-
graphic interval the gradual disappearance of several typi-
cal Early Jurassic species occurs (i.e., Thurammina jurensis, 
Ophthalmidium concentricum, Prodentalina pseudocom-
munis, Nodosaria liassica, Citharina clathrata), as well as 
the progressive appearance of some typical Middle Jurassic 
species (i.e., Vinelloidea rosacea, Lingulonodosaria den-
taliniformis, Lenticulina quenstedti, Vaginulina herrerae). 
A decrease in abundance and diversity in the foraminiferal 
assemblages between the Comptum Subzone and Mur-
chisonae Biozone (with the disappearance of 13 taxa) and 
a recovery of the diversity in the upper Aalenian were also 
recorded. During this recovery, the FO of the representa-
tives of the Suborder Rotaliina occurs. In the Concavum 
Biozone, the suborders Spirillinina, Robertinina and Tex-
tulariina increase their relative abundances, coinciding 
with a decrease in the relative abundance of representatives 
of Lagenina and the disappearance of 36 taxa. Moreover, 
a swift increase in foraminiferal abundance and diversity 
occurs in the Discites and Laeviuscula biozones assem-
blages, where the species Ammovertella liassica and Spiril-
lina numismalis are predominant.

The Murtinheira assemblages also record a gradual dis-
appearance of typical Early Jurassic species (i.e., Thuram-
mina jurensis, Nodosaria liassica, Ophthalmidium liasicum, 
Citharina clathrata) and a progressive appearance of Middle 
Jurassic species (i.e., Lenticulina constricta, Nodosaria fon-
tinensis, Planularia aff. P. beierana, Vaginulina cf. V. herre-
rae, Ammobaculites coprolithiformis, Lenticulina quenstedti, 
Nodosaria opalini) (Canales and Henriques 2008). Regard-
ing the taxonomical composition of the assemblages, an 
increase in the relative abundance of the representatives of 
the Suborder Spirillinina is recorded in the Concavum Bio-
zone, as well as a decrease in the abundance and diversity of 
the assemblages (Canales and Henriques 2008). Across the 
Aalenian–Bajocian transition a high decrease in abundance 
and diversity takes place with the disappearance of 15 taxa 
in the Murtinheira section, but a quick recovery occurs in the 
lower Laeviuscula Biozone (Canales and Henriques 2013).

4.5 � Paleoecology

In the studied assemblages, the number of recovered speci-
mens and identified species is variable and the percentage 
of the determinable specimens is high, being 79.8% in the 
Talveila section (Hernández 2015) and 98.9% in the Murtin-
heira section (Canales and Henriques 2008). The studied 
specimens present relatively good preservation; fragmen-
tation, recrystallization, deformation and dissolution were 
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Fig. 9   Main foraminiferal bioevents recognized in the Talveila and Murtinheira sections
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observed only in a few shells. It is also remarkable that 
both sections provide relatively high number of specimens 
belonging to species displaying very thin shells; the dissolu-
tion of shells, just partially present, reinforces the original 
character of the assemblages’ composition. Moreover, the 
assemblages are composed by juvenile and adult specimens, 
thus supporting that the composition of these foraminiferal 
assemblages were not affected by the influence of transport. 
In conclusion, there is no evidence that the above mentioned 
taphonomic changes may have modified the composition 
of the foraminiferal assemblages. As so, alteration in the 
composition of the foraminiferal assemblages was caused 
by changes in paleoenvironmental factors, which can be 
inferred through interpretations based on paleoecological 
analysis.

The paleoecological interpretations were based on quan-
titative analysis of relative abundance and several statistical 
techniques were also used. The applied indexes in this work 
are the species richness (number of specimens present in 
each sample), two diversity indexes (Fisher’s α index and 
Margalef’s richness index) and some indexes based on the 
proportional abundance of species (Simpson index, Shan-
non–Wiener index and Pielou’s equitability).

4.5.1 � Relative abundance

Relative abundance is the relation between suborder, genus 
or species ranks and the total number of specimes in each 
assemblage, expressed as a percentage. At the suborder 
rank, all assemblages show high relative abundance of the 
Suborder Lagenina, with percentages always above 56%, 
but reaching 90% in some assemblages from Murtinheira 
(Canales and Henriques 2008) as in M-83 (Comptum Sub-
zone, lower Aalenian), M-152 (Gigantea Subzone, middle 
Aalenian) or M-336 (Discites Biozone), while in Talveila 
they exceed at least 38%, and in some assemblages they 
reach 98% (TL-59 and TL-65; Murchisonae Biozone, mid-
dle Aalenian).

Representatives of the Suborder Textulariina present 
high relative abundance in the assemblages TL-51 (21%), 
located in the Comptum Subzone, TL-83 (33%) and TL-85 
(35%), both from the lower Bajocian, Discites Biozone of 
the Talveila section (see Supplementary Appendix 1), while 
in the Murtinheira section the highest relative abundance 
of this suborder is 17%, being a noticeable difference when 
taxonomical composition of the assemblages of both sec-
tions is compared.

In the same way, also the representatives of the Subor-
der Spirillinina were identified in both sections, showing 
differences in their relative abundances when compared. 
Thus, in the Talveila section they present relative abun-
dances between 0.5 and 13%, with a peak in the last ana-
lyzed assemblage, where it displays a relative abundance of 

40%. In contrast, in the Murtinheira section representatives 
of the Suborder Spirillinina present rather higher relative 
abundance, between 3 and 38%, being highest in the Discites 
and Laeviuscula biozones.

The specimens of Robertinina are in general scarce. How-
ever, their relative abundance increases considerably in sam-
ples with very small number of specimens or in assemblages 
displaying very high diversity in both sections. Finally, Mili-
olina and Rotaliina, which show a discontinuous record and 
low percentages, are considered minor constituent of the 
assemblages, both in Talveila and in Murtinheira.

At the generic level, it is observed a clear prevalence of 
Lenticulina in almost all the assemblages, with percentages 
from 24 until 93% in Talveila and percentages between 33 
and 81% in Murtinheira. The only exception is the assem-
blage TL-87 (in Talveila), where the genus Spirillina pre-
sents the highest relative abundance (40%). Regarding the 
relative abundance of this last genus, it is noticeable that it 
increases in the Discites and the Laeviuscula biozones in 
both sections.

The species of the genera Lenticulina, Astacolus and 
Spirillina show the highest relative abundance values in 
both sections. Only in a few cases other species record high 
relative abundance, as is the case of Ammovertella liassica 
(TL-83 and TL-85) and Ammobaculites fontinensis (TL-85) 
in the Talveila section and Reophax agglutinans (M-402) in 
the Murtinheira section.

4.5.2 � Diversity indexes

The number of species identified in each assemblage is vari-
able in both sections. In the Talveila section it ranges from 
12 to 48, while in the Murtinheira section varies between 3 
and 39. The assemblages obtained in the Talveila section 
show a slightly decreasing tendency on diversity from the 
upper part of the Comptum Subzone to the Murchisonae 
Biozone, although the obtained diversity indexes values 
are still high. From the Murchisonae Biozone to the Aal-
enian–Bajocian boundary, diversity shows an increasing 
tendency and finally, the assemblages from lower Bajocian 
show a clear decreasing tendency. In the obtained assem-
blages from the upper part of the Comptum Subzone to the 
Limitatum Subzone in the Murtinheira section, the number 
of taxa generally increases and remains high; the assem-
blages around the Aalenian–Bajocian transition show a clear 
decreasing tendency (Canales and Henriques 2008). Finally, 
in the recorded assemblages of the lower Bajocian (Discites 
and Laeviuscula biozones) it is observed an increase in the 
number of identified taxa (Canales and Henriques 2015).

The values of the Fisher’s α (Fig. 10) index are different 
in both sections. In the Talveila section these values are vari-
able, between 2.6 and 13.7, been relatively high. In this sec-
tion the α values are < 5 only in the Murchisonae Biozone. 
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In contrast, in the Murtinheira section they oscillate between 
0 and 7.52, showing punctual variations throughout the 
studied stratigraphic interval and being lower than those 
recorded in Talveila. From the lower part of the Comptum 
Subzone to the lower part of the Limitatum Subzone the 
values are higher, being in most of the cases α > 5. In the 
assemblages of the Aalenian–Bajocian transition the values 
are low again, being α < 5. Finally, in the Bajocian assem-
blages, α > 5 (except in M-336).

The values of the Margalef’s richness index (Fig. 10) in 
the Talveila section range between 2 and 7.7, recording the 
highest values in the Comptum Subzone and the Concavum 
Biozone. In this section it is also recorded a decrease of the 
values in the Aalenian–Bajocian transition. In contrast, the 
values of the Margalef’s richness in the Murtinheira section 
range between 1.54 and 5.55. In general, they are homo-
geneous, especially between the upper part of the Comp-
tum Subzone and the lower part of the Limitatum Subzone, 
where they range between 3 and 4, with a few exceptions. 
The obtained values decrease in the assemblages of the Aal-
enian–Bajocian transition and show an increase throughout 
the Bajocian assemblages, reaching the maximum of 5.55.

In the studied assemblages of the Talveila section, the 
Simpson index values (Fig.  11) vary between 0.5 and 
0.9. They are high, being 1 − λ > 0.7 with the exception 
of the sample TL-59 (1 − λ = 0.5). In the assemblages of 
the Murtinheira section, the values of the Simpson index 
(Fig. 11) vary between 0.92 and 0.56. In most of the cases, 
they are high, i.e. 1 − λ > 0.7, being low only in some assem-
blages (Fig. 9).

The values of the Shannon–Wiener index (Fig.  11) 
obtained in the Talveila section are very similar, ranging 
between 1.2 and 3. Throughout the studied interval, they 
are constant and without significant variations. The values 
obtained in the Murtinheira section vary between 1.10 and 
2.74. From the Comptum Subzone to the Limitatum Sub-
zone they are relatively stable, ranging between 2 and 3. 
The assemblages of the Aalenian–Bajocian transition show 
values with a decreasing tendency, which tends to increase 
in the Bajocian assemblages.

The equitability values (Fig. 11) in Talveila are variable 
between 0.5 and 0.9, showing an increase in the assemblages 
of the Aalenian–Bajocian transition. In contrast, the equi-
tability values vary between 0.71 and 1 in the Murtinheira 
section. Throughout the studied stratigraphic interval, these 
values remain quite constant, without significant variations.

5 � Discussion

In the assemblages from the lower Aalenian–lower Bajo-
cian condensed-shallow marine platform sediments of the 
Talveila section, the distribution of specimens is irregular 

throughout the studied stratigraphic interval but, in most 
cases, the number of 300 specimens in each assemblage was 
exceeded. In contrast, in the 24 foraminiferal assemblages 
from the lower Aalenian–lower Bajocian shelfal basin sedi-
ments of the Murtinheira section, a total of 5626 specimens 
were recovered. Their distribution throughout the section is 
irregular and the number of 300 specimens per assemblage 
was also exceeded in almost all the studied assemblages 
(Canales and Henriques 2008). In other coeval sections of 
epicontinental platforms located in Iberia, like the Fuentel-
saz section (Aalenian GSSP, Iberian Range, Spain), Herrero 
and Canales (1997) obtained 10,234 specimens in 23 sam-
ples from the Upper Toarcian–Lower Aalenian, and Canales 
and Herrero (2000) recovered 9674 specimens in 25 samples 
from the Upper Toarcian–Middle Aalenian deposits from 
the Moyuela section (Iberian Range, Spain). In seven Upper 
Toarcian–Aalenian–Lower Bajocian sections of the Basque-
Cantabrian Basin, Canales (2001) described more than 6000 
specimens in each section. In the Betic Range (Barranco 
de Agua Larga section) Silva et al. (2015a, 2016, 2017) 
obtained 3139 foraminifers in 17 samples from the upper 
Aalenian–lower Bajocian interval. Comparable data are 
avaliable from different sections located in the Lusitanian 
Basin. Thus, in the Serra da Boa Viagem II section, Silva 
et al. (2014, 2015b) obtained a total of 2356 specimens in 
16 samples for the upper Aalenian–lower Bajocian transi-
tion; Henriques and Canales (2013) in the São Gião sec-
tion obtained 13,116 specimens in 25 samples for the upper 
Toarcian-lower Aalenian interval; in the Maria Pares sec-
tion Figueiredo and Guterres (2012) described 15,273 fora-
minifers in 19 samples for the Toarcian–Aalenian transition, 
and finally in the Zambujal de Alcaria section Figueiredo 
et al. (2010, 2014) obtained 5291 specimens in 20 samples 
collected throughout the upper Toarcian-middle Aalenian. 
Comparing all the studied sections, located in differents 
basins around the Iberian Plate, it seems that the sections 
located in middle platform environments show the highest 
abundance of benthic foraminifera, whilst the sections that 
seem to have been located proximal or distal positions within 
the platform, such as Talveila (Iberian Range) and Murtin-
heira (Lusitanian Basin), display lower abundances.

According to Gordon (1970), Jurassic foraminiferal bio-
geography consists of 3 types of shelfal assemblages (Type-
A) for the Boreal Realm assemblages, dominated by Nodo-
sariidae, and 2 types of Tethyan assemblages (Type-B) for 
the Tethyan assemblages, dominated by agglutinated forms 
with complex internal structures or planktic forms. Exton 
and Grandstein (1984) confirmed that the Type-B1 of Gor-
don is restricted to the Tethys and the Type-A had a wide 
distribution during the Lower Jurassic. Later, Nikitenko 
(2008) added two subdivisions for the Boreal Realm: Boreal 
Artic, and Boreal Atlantic Realms. Finally, Copestake and 
Johnson (1984) argued that the Boreal Atlantic foraminiferal 
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Fig. 11   Values of the diversity indexes obtained for the studied assemblages from the Talveila and Murtinheira sections
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assemblages are present in the north and south of the Tethys. 
The foraminiferal assemblages studied in the Talveila and 
the Murtinheria sections are characteristic of the Jurassic 
carbonate platforms of the Boreal Atlantic Realm. Their 
composition is variable throughout the studied interval but, 
in both sections, the LOs of typical Lower Jurassic species 
and the FOs of typical Middle Jurassic species were recog-
nized. The preservation of the specimens in both sections 
is relatively good, being slightly better in Murtinheira. As 
it was noticed, the taphonomic processes seem to have no 
influence in the studied assemblages, therefore any variation 
in the assemblages’ composition, abundance and diversity 
must be related to paleoenvironmental factors.

Regarding the composition of the assemblages, the Sub-
order Lagenina, whose percentages always exceed 38% and 
ranges up to 97% in the Talveila section and varies between 
56 and 92% in the Murtinheira section, dominates all of 
them. The most abundant genus in almost all the assem-
blages from Talveila and in all the assemblages from Murtin-
heira is Lenticulina. According to Haynes (1981), the genus 
Lenticulina is, in general, the dominant taxon in the assem-
blages during the Jurassic and the most characteristic genus 
in the Middle and Upper Jurassic. Murray (1989) indicated 
that foraminiferal assemblages of the Middle Jurassic shal-
low carbonate sediments are dominated by Lenticulina, 
Citharina and Nodosaria. Along the stratigraphic interval, 
at Talveila and Murtinheira sections, Nodosaria and Citha-
rina are not very important constituents of the assemblages; 
when present they can be considered as minor components. 
However, in both sections, the most abundant genera are 
Lenticulina, Astacolus and Spirillina.

At the specific rank, Lenticulina helios shows the highest 
relative abundance values in most of the assemblages from 
Talveila, a fact that is also verified in other areas, such as 
Hontoria del Pinar (Canales et al. 2013), Moyuela (Canales 
and Herrero 2000), Muro de Aguas and Fuentelsaz (Canales 
2001) in the Iberian Range, some sections in the Basque-
Cantabrian Basin (Canales 2001) and several sections of 
the Lusitanian Basin, like São Gião (Henriques and Cana-
les 2013) and Serra da Boa Viagem II sections (Silva et al. 
2014, 2015b). In contrast, Lenticulina muensteri shows the 
highest relative abundance values in most of the assemblages 
obtained in the Murtinheira section. This prevalence over 
other species has been verified in other European areas for 
the same stratigraphic interval, such as the Cotswolds, in 
Great Britain (Morris 1982), the Lusitanian Basin, in Portu-
gal (Stam 1985; Carapito and Henriques 1999), the Iberian 
Range (Canales and Herrero 2000) and the Basque-Canta-
brian Basin (Canales 2001), in Spain. According to Canales 
et al. (2014) the species Lenticulina muensteri is typical of 
distal platform environments. This may explain the relatively 
high abundance of this species in Murtinheira when com-
pared to the relative low abundance values obtained in the 

Talveila section throughout the studied stratigraphic inter-
val. During the Middle Jurassic, the Talveila section cor-
responded to a proximal and shallow position in the context 
of the Iberian Range (Ureta and Goy 1986; García-Frank 
2006), while Murtinheira was located in a distal ramp in the 
context of the Lusitanian Basin (Duarte 1997; Azerêdo et al. 
2003; Canales and Henriques 2008).

According to Johnson (1976) the Suborder Lagenina 
attains its maximum diversity in platforms during the Juras-
sic. Lenticulina could live in a variety of substrates, because 
it is one of the less specialized genera (Haynes 1981; Olóriz 
et al. 2003a; Reolid 2008; Reolid et al. 2008, 2013). This 
genus displays a large variability of lifestyles as deep infau-
nal, epifaunal and partially shallow infaunal (Tyszka 1994). 
As this genus can resist to major environmental changes, 
that could explain the fact that their representatives are a 
constant and predominant component in the studied assem-
blages throughout a relatively expanded time span.

Other important components in the assemblages of both 
sections are the representatives of the suborders Spirillinina 
(more abundant in the Murtinheira section) and Textulariina 
(more abundant in the Talveila section). According to Mur-
ray (1989) the presence of Spirillinina would indicate nor-
mal marine conditions, relatively shallow and well-oxygen-
ated. This author also indicates, about representatives of the 
Suborder Textulariina, that the assemblages dominated by 
small agglutinated genera would indicate brackish water and 
probably a certain oxygen deficit, while assemblages where 
large agglutinated forms prevail would be characteristic of 
deep areas. All the specimens of Textulariina obtained from 
both Talveila and Murtinheira sections correspond to small 
agglutinated genera. García-Frank et al. (2012) indicated 
that in the Talveila section an alternation of periods of good 
oxygenated conditions with other with restriction or changes 
in the redox boundary within the substrate in the upper part 
of the Aalenian can be inferred. Tyszka (2001) indicated 
that Spirillina usually dominates assemblages from inner 
to middle neritic zones, but this genus can occur in a wide 
variety of paleoenvironments at nearly all depths. However, 
Canales (2001) and Canales et al. (2014) considered that the 
representatives of this genus (namely Spirillina numismalis) 
are typical of distal platforms environments. This is veri-
fied in both sections that record low percentages of Spiril-
lina at Talveila and high percentages in Murtinheira when 
compared to other genus. Reolid and Martínez-Ruiz (2012) 
indicate that Spirillina can be affected by the oxygen dis-
ponibility, independently of the food availability. Bouhamdi 
et al. (2001) indicate that the prevalence of the Spirillinina 
representatives over those of Textulariina, as well as the 
presence of agglutinated shells with elongated morpholo-
gies, would be indicative of assemblages developed in a 
platform environment. They also indicate that the presence 
of Spirillinina would be related whith trophic inputs, while 
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trochospiral or planispiral siliceous test indicate poor trophic 
sources. When compared to Lagenina in the Talveila and 
Murtinheira assemblages, the percentages of Spirillinina and 
Textulariina are variable, but never dominant.

The representatives of the suborders Miliolina, Roberti-
nina and Rotaliina can be considered minor components of 
the studied assemblages in both sections. According to Mur-
ray (1989), the presence of Ophthalmidium indicates normal, 
relatively shallow and well-oxygenated marine conditions. 
Reolid and Martínez-Ruiz (2012) indicate that this genus 
is tolerant to low oxygen levels but is less tolerant to varia-
tions in paleoproductivity. Murray (1989) indicates that, in 
general, the representatives of Robertinina are characteristic 
of normal marine conditions, except for those assemblages 
clearly dominated by the representatives of the genus Rein-
holdella, an opportunistic genus (Reolid and Martínez-Ruiz, 
2012).

In most of the studied assemblages from the Talveila sec-
tion, a large number of adherent foraminifers (foraminifers 
fixed to hard substrates or other shells of vagile mode of life) 
were recovered, whose representatives in some cases were 
not possible to determine at the specific level. In addition 
to these indeterminable specimens, the species Ammover-
tella liassica, Tolypammina flagella, Vinelloidea rosacea, 
Bullopora globulata and Bullopora rostrata were recog-
nized. The presence of these forms is remarkable, because 
the high percentage of foraminifers with this mode of life has 
not been recognized in any of the other coeval Iberian Plate 
sections. In the case of the Talveila section, the percentage 
of adherent foraminifers reaches 6.5% over the total number 
of specimens. This fact can be related, following Olóriz et al. 
(2003b), Reolid et al. (2005) and Reolid and Gaillard (2007) 
with a decreasing sedimentation rate or with the presence 
of appropriate substrates for attaching or encrusting, such 
as macroinvertebrate remains. In the Talveila section, most 
of the adherent foraminifera are attached to fragments of 
bivalve shells. Barnard (1950) described the occurrence of 
Tolypammina and Ammovertella representatives associated 
to Ostraea fragments spp. and Gryphaea spp., thus indicat-
ing the preference for shallow marine environments. García-
Frank (2006) and García-Frank et al. (2012) reported the 
occurrence of adherent foraminifers in the microfacies study 
of thin sections from the same stratigraphical interval in the 
NW Iberian Range; the author refers to them as “encrusters” 
together with serpulids and bryozoans, and indicates that 
across the Aalenian–Bajocian transition an increase in con-
densation takes place, allowing the occurrence of iron-coat 
particles, which included adherent foraminifera.

From a biostratigraphical point of view, the species of 
benthic Jurassic foraminifera show wide distribution ranges, 
when compared with other groups such as ammonites, which 
base the zonal scales for marine sediments of this system. 
Hence, the zonal scale based on this group of microfossils 

show relative low stratigraphic resolution when compared 
with zonal scales based in other groups (Canales and Henr-
iques 2008). For the studied interval (lower Aalenian–lower 
Bajocian) biostratigraphical studies based on foraminifera 
are scarce and, according to Morris and Coleman (1989) 
and Canales and Henriques (2008), more detailed studies 
should be carried out to develop the knowledge of this issue.

For the studied stratigraphic interval, some zonal scales 
have already been proposed (Fig.  8). The Lenticulina 
d’orbignyi Biozone, characteristic of the Late Toarcian and 
lower Aalenian (Wernli and Septfontaine 1971; Gradstein 
1977, 1978; Exton and Gradstein 1984; Copestake and 
Johnson 1984; Boutakiout 1990; Tyszka 1999) was first 
proposed by Bartenstein and Brand (1937). In the Iberian 
Plate, Canales (2001) proposed the Dorbignyi Biozone for 
the Late Toarcian–Middle Aalenian interval. Astacolus dor-
bignyi shows a continuous record in both Murtinheira and 
Talveila sections, ranging from the Comptum Subzone to 
the upper part of the Concavum Subzone. Barbieri (1964) 
and Boutakiout (1990) characterized the Aalenian–Bajocian 
boundary based on the FO of Lenticulina quenstedti, and 
Tyszka (1999) defined the Lenticulina quenstedti Biozone 
in the Bajocian (from the upper part of the Sauzei Biozone). 
Canales (2001) established in the Basque-Cantabrian Basin 
the Quenstedti Biozone for the interval between the lower 
part of the Bradfordensis Subzone and the Laeviuscula Bio-
zone (Lower Bajocian). In the Talveila section, the FO of 
this species was recorded at the Bradfordensis Biozone. At 
Murtinheira, the FO of this species was recorded at the top 
of the Gigantea Subzone (also Bradfordensis Biozone). Can-
ales and Henriques (2013) characterized the lower Bajocian 
by the FO of Ramulina spandeli at Murtinheira, a species 
which was also recognized at the Serra da Boa Viagem II 
section (Silva et al. 2014, 2015b) in the Lusitanian Basin 
and in the Hontoria del Pinar section (Canales et al. 2013) 
in the Iberian Range, but not recognized in the Talveila sec-
tion, until now.

To complement these biozones based in foraminifers, 
some bioevents that may have local or regional range were 
identified (Fig. 9). In both Murtinheira and Talveila sec-
tions four different regional bioevents throughout the lower 
Aalenian–lower Bajocian stratigraphic interval were recog-
nized, some of them also recorded in other sections located 
around the Iberian Plate and other European basins. Firstly, 
the progressive disappearance of typical Lower Jurassic spe-
cies and the FOs of characteristic Middle Jurassic species are 
recorded. This progressive renewal in the taxonomical com-
position of the foraminiferal assemblages was also observed 
in other Lower–Middle Jurassic sections such as Muro de 
Aguas, Fuentelsaz and several sections in the Basque-Canta-
brian Basin (Canales 2001); Moyuela (Canales and Herrero 
2000); Maria Pares (Figueiredo and Guterres 2012); Zam-
bujal de Alcaria (Figueiredo et al. 2010, 2014) and Hontoria 
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del Pinar (Canales et al. 2013). Morris (1982) and Morris 
and Coleman (1989) also recognized this renewal in Great 
Britain. In both studied sections, as well as in the Basque-
Cantabrian Basin (Canales 2001), the FO of the species 
Lenticulina quenstedti is recorded in the middle Aalenian 
(Bradfordensis Biozone). The assemblages recorded in the 
upper Aalenian show an increase in the relative abundance 
of the representatives of the Suborder Spirillinina. Finally, 
at the Aalenian–Bajocian boundary interval a decrease in 
the foraminiferal abundance and diversity is also identi-
fied in several sections located in the Basque-Cantabrian 
Basin (Canales 2001), in Hontoria del Pinar section (Iberian 
Range) (Canales et al. 2013), in the Serra da Boa Viagem 
II section (Lusitanian Basin) (Silva et al. 2014, 2015b) and 
in the Agua Larga section, located in the Betic Range (Silva 
et al. 2015a, 2017).

The application of several diversity indexes allow some 
paleoecological considerations. According to Murray 
(1991), foraminiferal assemblages display low, irregular 
and variable Fisher’s α index values when they developed 
in marginal marine biotopes, where paleoecological factors 
as water temperature, oxygen content, salinity, etc., may 
experience variations. In normal marine environments, 
paleoecological factors can remain more stable and, con-
sequently, higher and stable α values are recorded. In the 
Talveila section, from the Comptum Subzone to the middle 
part of the Murchisonae Biozone, heterogeneous Fisher’s α 
values were obtained. In both Bradfordensis and Concavum 
biozones, the values are relatively high and homogeneous. 
Finally, at the Aalenian–Bajocian boundary, the recorded 
α values are again irregular. Taking into account Murray’s 
(1991) interpretations, the obtained values indicate that dif-
ferent environmental conditions took place along the stud-
ied stratigraphic interval. From the Comptum Subzone to 
the Murchisonae Biozone, the conditions would have been 
unstable but have allowed the development of relatively 
abundant and diverse foraminiferal assemblages. In the 
Bradfordensis and Concavum biozones, stable paleoenvi-
ronmental conditions can be inferred, allowing the good 
development of the foraminiferal assemblages. Finally, in 
both Discites and Laeviuscula biozones, variable values 
indicate again relatively unstable paleoenvironmental con-
ditions, but allowing the development of less abundant and 
diverse foraminiferal assemblages. For the Iberian Range, 
García-Frank et al. (2008) defined tectonic pulses which lead 
to important changes in the sedimentary architecture and, 
therefore in the environments, both in Opalinum-Murchiso-
nae and Concavum-Discites biozones. In the Murtinheira 
section, from the Comptum Subzone to the lower part of the 
Limitatum Subzone, the Fisher’s α values obtained indicate 
stable paleoenvironmental conditions, appropriate for the 
good development of the foraminiferal assemblages, with 
the exception of M-269 (α = 0) which is associated with a 

sedimentary discontinuity (Henriques 1992; Canales and 
Henriques 2008). From the lower part of the Limitatum 
Subzone to the Aalenian–Bajocian transition, the values 
tend to slightly decrease, but continues homogeneous, so the 
paleoenvironmental conditions would have stayed stable but 
with a slight tendency to difficult the normal development of 
the foraminiferal assemblages, since they are composed of 
relatively small number of specimens and taxa. At Murtin-
heira, this diversity decrease is not noticed in the nektonic 
and planktic organisms, such as ammonoids and calcareous 
nannoplankton (Henriques et al. 1994). However, paleoenvi-
ronmental changes seem to have affected benthic organisms 
such as foraminifers and brachiopods (Andrade 2004). In the 
lower Bajocian, the α values tend to increase and indicate 
stable paleoenvironmental conditions, allowing the develop-
ment of abundant and diverse foraminiferal assemblages.

Considering the Margalef’s richness index results, the 
values show the same trends in both sections. In the Comp-
tum Subzone and the Murchisonae Biozone the values are 
irregular, as result of unstable paleoenvironmental condi-
tions, allowing the development of more or less abundant 
and diverse foraminiferal assemblages. In the Bradforden-
sis and Concavum biozones, the homogeneous values indi-
cate stable paleoenvironmental conditions allowing the 
development of the foraminiferal assemblages. Finally, 
in the Aalenian–Bajocian transition the values become 
irregular again, which are indicative of unstable paleoen-
vironmental conditions but with relatively good develop-
ment of the recorded foraminiferal assemblages.

Regarding the Simpson’s index, the values obtained are 
relatively high in both sections, which indicate that there is 
no clear dominance of any species in any assemblage, the 
most abundant species being Lenticulina helios in Talveila 
and Lenticulina muensteri in Murtinheira. The Shan-
non–Wiener index values in the Talveila and Murtinheira 
sections are relatively high (always above 1) and they allow 
the recognition of the same intervals established using the 
above mentioned indexes. In the Comptum Subzone and 
Murchisonae Biozone, the values obtained are irregular 
mainly in the Talveila section where, probably, local changes 
took place. As it can be observed in the stratigraphical col-
umn, a noticeable change in facies takes place from the 
Comptum Subzone, where marly levels are abundant, to the 
Murchisonae Biozone, where limestones are predominant. 
However, in the Murtinheira section paleoenvironmental 
conditions seem to have been more stable. In the Bradforden-
sis and Concavum biozones values are relatively homogene-
ous, but it is necessary to take into account the discontinuity 
located in the Bradfordernsis-Concavum biozones boundary 
in the Murtinheira section. In the Aalenian–Bajocian bound-
ary, the values become variable again, showing a decrease 
related to a regional empoverishment of the foraminiferal 
assemblages, affecting both basins. Beerbower and Jordan 
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(1969) consider that diversity is low when H′< 0.6, moderate 
when 0.6 < H′> 1 and high when H′> 1. Therefore, the values 
of H’ obtained in the Talveila and Murtinheira assemblages 
indicate high diversity. Murray (1991) considers that the val-
ues of diversity are related to different paleoenvironmental 
conditions, being 0 < H′> 1.8 brackish wetlands; 0 < H′> 2.1 
brackish lagoons; 0.7 < H′> 2.7 marine platform with normal 
salinity; 0.8 < H′> 4 bathyal zones and 2.6 < H′> 3.1: abyssal 
zones. Thus, the values of H′ obtained in the Talveila and 
Murtinheira assemblages, together with the sedimentologi-
cal features observed in both sections, indicate an environ-
ment of marine platform with normal salinity.

Pielou’s equitability values are high and relatively con-
stant in both sections. Observed trends in this index are com-
parable with the previous ones. Again, it can be observed a 
sharp decrease in this index around the boundary between 
the Comptum Subzone-Murchisonae Biozone in the Talveila 
section, probably related to a sedimentological change from 
marly to predominantly calcareous. Haynes (1981) considers 
that low values indicate conditions of high environmental 
stress. The dominance of any species and therefore stress-
ful environmental conditions, have not been observed in the 
studied sections.

The values of all the indexes throughout the studied 
stratigraphic interval enable the differentiation of three 
intervals in each section, that represent different paleoen-
vironmental conditions in terms of stability or instability 
which have controlled the abundance and diversity of the 
foraminiferal assemblages. At Talveila, the first recognized 
interval extends from the Comptum Subzone to the Mur-
chisonae Biozone with unstable paleoenvironmental condi-
tions; even so, the paleoenvironmental conditions allowed 
the development of foraminiferal assemblages. The second 
interval includes the Bradfordensis and Concavum Bio-
zones, where values are homogeneous and relatively high, 
indicating that the paleoenvironmental conditions must 
have been stable and favorable for the development of the 
foraminiferal assemblages. The last interval corresponds to 
the Bajocian assemblages, when the paleoenvironmental 
conditions were also unstable, but not as much as during 
the first differentiated interval.These differentiated inter-
vals again coincide with the tectonic pulses recognized by 
García-Frank et al. (2008), which lead to important changes 
in the sedimentary architecture and in the environments in 
the Iberian Range across the Opalinum-Murchisonae and 
Concavum-Discites intervals. The values of the diversity 
indexes indicate that these conditions have also enabled 
the development of the foraminiferal assemblages. In the 
Murtinheira section, the first recognized interval extends in 
the Comptum Subzone and displays relatively unstable and 
homogeneous values, indicating that no major paleoenvi-
ronmental changes occurred. It is important to emphasize 
that a major stratigraphic discontinuity, representing a hiatus 

affecting the Murchisonae Biozone, was previously recog-
nized in the Lusitanian Basin (Henriques 1992). However, 
the foraminiferal assemblages and the indexes do not reflect 
major changes across this discontinuity (Canales and Henr-
iques 2008). The second interval comprises the Bradforden-
sis Biozone and the Concavum Biozone where the values 
obtained are homogeneous and relatively high, indicating 
that the paleoenvironmental conditions must have been sta-
ble and favourable for the development of the foraminiferal 
assemblages. The last interval corresponds to the Bajocian 
assemblages, where the indexes show a clear upward ten-
dency but also show irregular values; therefore in this inter-
val the paleoenvironmental conditions must have also been 
unstable.

6 � Conclusions

The foraminiferal assemblages of the lower Aalenian–lower 
Bajocian of the Talveila located in a proximal setting in the 
Iberian Range (NE Spain) and Murtinheira, located in a dis-
tal position of the platform of the Lusitanian Basin (Western 
Portugal) are composed of a relatively high number of taxa. 
A lower relative abundance of foraminifera characterizes the 
assemblages from the Talveila section and from the Murtin-
heira section, located in proximal and distal positions in 
their respectives basins, when compared with other Iberian 
sections located in the middle part of the platform. From a 
taphonomic point of view, no evidence of any alteration of 
the original composition of the assemblages can be inferred. 
The composition of the foraminiferal assemblages in both 
sections are typical of the Jurassic carbonate platforms of the 
Boreal Atlantic Realm, so they are comparable with coeval 
assemblages recorded in other European basins.

From a biostratigraphical point of view, some of the iden-
tified taxa show wide distribution ranges, which together 
with their high abundance assign a homogeneous charac-
ter to the assemblages. Moreover, the main foraminiferal-
based zones, established by different authors for the studied 
stratigraphic interval, are recognizable at Talveila and at 
Murtinheira. The presence of Astacolus dorbignyi through-
out the lower Aalenian, and Lenticulina quenstedti from the 
Bradfordensis Biozone (middle Aalenian) upwards, allowed 
the recognition of the Astacolus dorbignyi and Lenticulina 
quenstedti biozones in both sections. Also the presence of 
Ramulina spandeli at Murtinheira in the lower Bajocian 
enabled the recognition of the Ramulina spandeli Biozone. 
Some bioevents that complement these biostratigraphic units 
were also recognized, including the gradual replacement of 
typical Lower Jurassic taxa by characteristic species of the 
Middle Jurassic, as well as changes in the relative abundance 
and diversity in the assemblages.
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The paleoecological analyses show that the studied 
foraminiferal assemblages of the two sections were devel-
oped in a well-oxygenated and normal salinity shelf basin. 
The most abundant suborder is Lagenina and the most abun-
dant genera under these conditions are Lenticulina, Astaco-
lus and Spirillina. However, the increase of simple aggluti-
nated forms in the upper part of the studied stratigraphical 
interval in the Talveila section can be related with changes 
in the oxygen content. The application of diversity indexes 
indicates that the paleoenvironmental conditions did not 
remain constant throughout the studied stratigraphic inter-
val, with observed changes similar and coeval in both sec-
tions. The first interval (Comptum Subzone and Murchiso-
nae Biozone) reflects unstable conditions, more noticeable in 
the Talveila section than in the Murtinheira section, but they 
were in general suitable for the development of foraminif-
eral assemblages. On the contrary, in the second interval 
(Bradfordensis and Concavum biozones) the paleoenviron-
mental conditions were stable and favourable for the normal 
development of the foraminiferal assemblages. In the third 
and last interval (Discites and Laeviuscula biozones) the 
paleoenvironmental conditions became unstable again, being 
more noticeable in Murtinheira than in Talveila.

In conclusion, the taxonomic composition of the 
foraminiferal assemblages of the Talveila and Murtinheira 
sections was controlled by the paleoegeographical posi-
tion occupied by each studied section within the respective 
basin. However, regarding abundance and diversity, the 
analysed assemblages from both sections during the Early 
Aalenian–Early Bajocian display the same trends. Therefore, 
the development of the foraminiferal assemblages seems to 
have been conditioned by environmental changes of regional 
scale, affecting both the Iberian and the Lusitanian basins.
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