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Abstract

The Museu Geológico collections house some of the first sauropods found in the Upper Jurassic sediments of the Lusitanian Basin, 
including the Lourinhasaurus alenquerensis and Lusotitan atalaiensis lectotypes, previously considered as new species of the genera Apa-
tosaurus and Brachiosaurus, respectively. Several fragmentary specimens have historically been referred to those taxa, but for the most part 
of these systematic attributions are not supported herein, excluding a caudal vertebra from Maceira (MG 8804) considered as cf. Lusotitan 
atalaiensis. The material housed in the Museu Geológico comprises remains of non-neosauropod eusauropods (including turiasaurs) and 
neosauropods (indeterminate neosauropods, diplodocids, camarasaurids and basal titanosauriforms). Middle caudal vertebrae with lateral 
fossae, with ventral hollow bordered by pronounced ventrolateral crests and, which are quadrangular in cross-section, indicate for the pre-
sence of diplodocine diplodocids in the northern part of the Lusitanian Basin Central Sector during the Late Jurassic. A humerus collected 
from Praia dos Frades (MG 4976) is attributed to cf. Duriatitan humerocristatus suggesting the presence of shared sauropod forms between 
the Portugal and United Kingdom during the Late Jurassic. Duriatitan is an indeterminate member of Eusauropoda and the discovery of 
new material in both territories is necessary to confirm its systematic position. The studied material is in accordance with the previously 
recorded sauropod fauna in the Portuguese Late Jurassic, which includes non-neosauropod eusauropods (including turiasaurs), diplodocids 
and macronarians (including camarasaurids and basal titanosauriforms). 
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Resumen
Las colecciones del Museu Geológico contienen algunas de las primeras referencias de saurópodos del Jurásico Superior de la cuenca 

lusitánica, incluyendo los especímenes tipo de Lourinhasaurus alenquerensis y Lusotitan atalaiensis, previamente considerados como 
nuevas especies de Apatosaurus y Brachiosaurus, respectivamente. Varios ejemplares incompletos fueron tradicionalmente referidos a 
estos taxones, atribución sistemática que es aquí refutada, excluyendo una vértebra caudal de Maceira (MG 8804) atribuida a cf. Lusotitan 
atalaiensis. Entre el material de saurópodos depositado en el Museu Geológico se ha identificado la presencia de eusaurópodos basales y 
neosaurópodos (formas indeterminadas, diplodócidos, camarasáuridos y Titanosauriformes basales). La presencia de vértebras caudales 
con fosas laterales, concavidad ventral limitada por crestas ventrolaterales y una sección transversal cuadrangular sugiere la presencia de 
diplodocinos en la región norte del Sector Central de la cuenca lusitánica durante el Jurásico Superior. Un húmero encontrado en Praia dos 
Frades (MG 4976) atribuido a cf. Duriatitan humerocristatus apunta a la presencia de formas compartidas entre el Jurásico Superior de 
Portugal y de Reino Unido. Duriatitan es un miembro indeterminado de Eusauropoda, y el descubrimiento de nuevo material en ambos 
territorios podrá confirmar esta atribución sistemática. El estudio del material clásico es congruente con la paleobiodiversidad conocida de 
saurópodos en el Jurásico Superior de Portugal, la cual contiene eusaurópodos basales (incluyendo turiasaurios), diplodócidos y macrona-
rios (incluyendo camarasáuridos y Titanosauriformes basales).

Palabras clave: Diplodocidae, cuenca lusitánica, Sauropoda, Jurásico Superior, Duriatitan 
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1. Introduction

In the Lusitanian Basin (Portugal), Sauropoda is a well-
represented group recorded from the Upper Jurassic to the 
uppermost Cretaceous (Sauvage, 1897-98; Lapparent and 
Zbyszewski, 1957; Dantas, 1990; Antunes and Mateus, 2003). 
In particular, concerning the Upper Jurassic record, sauropods 
are the most abundant dinosaur group, with hundreds of fossil 
occurrences in a sedimentary sequence ranging from the Kim-
meridgian to the late Tithonian (e.g., Lapparent and Zbysze-
wski, 1957; Dantas, 1990; Bonaparte and Mateus, 1999; 
Yagüe et al., 2006; Mateus, 2005; Mocho et al., 2012; 2013a; 
2013b; 2014a; 2014b; 2015; 2016; Mannion et al., 2012; 
2013; Mateus et al., 2014). They are represented by four taxa: 
the camarasaurid Lourinhasaurus alenquerensis (Lapparent 
and Zbyszewski, 1957; Dantas et al., 1998; Mocho et al., 
2013a; 2014a), the diplodocid Dinheirosaurus lourinhanensis 
(Dantas et al., 1992; Bonaparte and Mateus, 1999; Mannion 
et al., 2012; recently considered as a species of Supersaurus 
by Tschopp et al., 2015), the basal macronarian Lusotitan ata-
laiensis, a possible brachiosaurid (Lapparent and Zbyszewski, 
1957; Antunes and Mateus, 2003; Mannion et al., 2013) and 
the turiasaur Zby atlanticus (Mateus et al., 2014). 

The Museu Geológico (Lisboa, Portugal) represents one 
of the most important sauropod collections (see Supplemen-
tary 1) in the Iberian Peninsula, having been referred to since 
the end of the 19th century and the first half of the 20th cen-
tury (Sauvage, 1897-98; Zbyszewski, 1946; Lapparent and 
Zbyszewski, 1957). It houses the Lourinhasaurus alenquer-
ensis and Lusotitan atalaiensis lectotypes, as well as several 
other specimens that were traditionally referred to these taxa. 
Beyond the historical significance of this collection, which 
includes some of the first referred, described and figured 
sauropod specimens from  the Mesozoic of Portugal (Sau-
vage, 1897-98; Lapparent and Zbyszewski, 1957); specimens 
in this collection were also important for the understand of 
the evolutionary history of the sauropod faunas during the 
Portuguese Late Jurassic (Lapparent and Zbyszewski, 1957; 
Dantas, 1990; McIntosh, 1990a; 1990b; Dantas et al., 1992; 
1998; Wilson and Sereno, 1998; Bonaparte and Mateus, 
1999; Rauhut, 2000; Antunes and Mateus, 2003; Upchurch 
et al., 2004; Mateus, 2005). More recently, Portuguese Late 
Jurassic sauropods have been revised and new phylogenetic 
positions proposed (Mannion et al., 2012; 2013; Mocho et al., 
2013a; 2014a). Given that, new specimens are being discov-
ery and described (Mateus, 2005; Yagüe et al., 2006; Mocho 
et al., 2012; 2013b; 2014b; 2015; 2016; Mateus et al., 2014), 
it has proven essential to revise the systematic positions of 
the already named taxa. Excluding the type specimens of 
Lourinhasaurus alenquerensis and Lusotitan atalaiensis, no 
detailed work have been published on the majority of the old 
specimens housed in the Museu Geológico. Herein, we con-
duct a   systematic revision of several of those specimens.

The relationships between the Portuguese and North Amer-
ican Late Jurassic dinosaur faunas has been largely discussed 

(e.g., Galton, 1980; Pérez-Moreno et al., 1999; Hendrickx 
and Mateus, 2014; Ortega et al., 2013). A combination of 
shared and exclusive taxa was used as an argument to justify 
both processes of dispersion and vicariance (Galton, 1980; 
Pérez-Moreno et al., 1999; Antunes and Mateus, 2003; Es-
caso et al., 2007; Ortega et al., 2013). The relationships of the 
Portuguese Late Jurassic sauropods with taxa from the Up-
per Jurassic Morrison Fm. is lesser than considered in other 
groups, such as theropods (Ortega et al., 2013). The study of 
one of the most representative collections in sauropods from 
the Upper Jurassic of the Lusitanian Basin can contribute to 
understand the paleobiogeograhical relationships between 
the groups of continental tetrapods during Upper Jurassic in 
the Peri-atlantic realm.  

The described material was mainly collected north of Lis-
boa in the Upper Jurassic sediments of the Turcifal, Arruda 
and Bombarral Sub-basins (Fig. 1). Bombarral Sub-basin 
was divided in Bombarral-Alcobaça and Consolação Sub-
basins by Taylor et al. (2013). In these sub-basins there are 
extensive areas where an Upper Jurassic to Lower Cretaceous 
sedimentary sequence crops out. The Upper Jurassic beds are 
dated from the middle Oxfordian to the base of Cretaceous 
(Fig. 2) (Schneider et al., 2009), and represents a third rift-
ing episode (Rasmussen et al., 1998; Kullberg et al., 2006). 
This episode of rifting is marked by an internal differentiation 
of the Lusitanian Basin, resulting in the formation of sev-
eral sub-basins (Bombarral, Turcifal and Arruda Sub-basins) 
followed by an important siliciclastic input, which progres-
sively filled these sub-basins (Hill, 1988; Pena dos Reis et 
al., 2000; Kullberg et al., 2006). Since the Kimmeridgian, 
the sedimentary sequence is marked by a strong siliciclastic 
nature, with a continental signature in the top of the sequence 
up the top of the Upper Jurassic (e.g., Hill, 1988; Manuppella 
et al., 1999; Kullberg et al., 2006). Several formations are 
renowned for their abundant  vertebrate fossil remains such 
as the Alcobaça, Praia da Amoreira-Porto Novo (Fig. 1c), So-
bral (Fig. 1d), Freixial and Bombarral Formations (Fig. 1b). 
In Figure 2, there is a stratigraphic correlation between the 
nomenclature proposed for the Bombarral, Turcifal and Arru-
da Sub-basins (based on Hill, 1988; Manuppella et al., 1999; 
2000; Pereda-Suberbiola et al., 2005; Kullberg et al., 2006; 
Yagüe et al., 2006; Escaso et al., 2007; Schneider et al., 2009; 
Azerêdo et al., 2010; Malafaia et al., 2010).

Anatomical abbreviations: acet, acetabulum; acpl, ante-
rior centroparapophyseal lamina; ant. spdl, anterior spino-
diapophyseal lamina, at, anterior trochanter; bi, bifurcation; 
cprf, centroprezygapophyseal fossa; cr, caudal rib; cprl, cen-
troprezygapophyseal lamina; dpc, deltopectoral crest; lb, lat-
eral bulge; lt, lateral trochanter; ltf, lateral trochanter fossa; 
pa, parapophyses; part, posterior articulation; pca, posterior 
chevron articulation; pfr, pneumatic foramen; pfs, pneu-
matic fossa; pcdl, posterior centrodiapophyseal lamina; podl, 
postzygodiapophyseal lamina; post. spdl, posterior spinodi-
apophyseal lamina; prdl, prezygodiapophyseal lamina; pre, 
prezygapophysis; prpl, prezygoparapophyseal lamina; spol, 
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spinopostzygapophyseal lamina; sprl, spinoprezygapophy-
seal lamina; sut, suture line; tia, tibial articulation; tap, trian-
gular aliform process; vh, ventral hollow; vlc, ventrolateral 
crest. The terminology applied for vertebrae laminae and fos-
sae follows Wilson (1999, 2012) and Wilson et al. (2011), 
respectively. 

Institutional abbreviations: DFMMh, Dinosaurier-Frei-
lichtmuseum Münchehagen/Verein zur Förderung der Nie-
dersächsischen Paläontologie (e.V.), Germany; MG, Museu 
Geológico do Laboratório Nacional de Energia e Geologia, 
Lisboa, Portugal; NHMUK, Natural History Museum, Lon-
don, UK; SHN, Sociedade de História Natural, Torres Ve-
dras, Portugal (plus (JJS) for the José Joaquim dos Santos 
collection deposited in the Sociedade de História Natural).

2. Systematic Paleontology

Dinosauria Owen, 1842
Saurischia Seeley, 1887
Sauropodomorpha Huene, 1932
Sauropoda Marsh, 1878

2.1. Albergaria dos Doze

Material: Middle to posterior caudal vertebra (MG 4811).
Locality and horizon: The precise locality and formation 

from which the vertebra comes is unknown. Lapparent and 

Zbyszewski (1957) referred that this vertebra comes from Al-
bergaria dos Doze, 250m N45-W from the S. José Chapel (in 
the railway). In Albergaria dos Doze, the present railway in-
tersect Cretaceous sediments, “Cenomaniano inferior, Albia-
no, Aptiano, Neocomiano”, nevertheless the referred point is 
close to the river Arunca, which intersect the Upper Jurassic 
sediments of the “Complexo Vale de Lagares” (Teixeira et al., 
1968) that corresponds to the Alcobaça Formation, Kimmer-
idgian to basal Tithonian in age (Kullberg et al., 2006). The 
stratigraphy of this area is uncertain, and the Upper Jurassic 
sediments outcropping in the Albergaria dos Doze might cor-
respond to the Bombarral Fm. (e.g., Malafaia et al., 2010). In 
this work, we consider the age for this vertebra as uncertain.

Description: Middle or posterior caudal vertebra lacking 
the neural arch (Fig. 3a.I-a.VI). The centrum is cylindrical, 
with a marked longitudinal crest on the lateral face. The cen-
trum bears an amphicoelous condition, concave anterior and 
posterior articular facets. The posterior articulation is slightly 
compressed dorsoventrally. The ventral face is transversely 
convex-to-flat, having smooth ventrolateral crests associated 
to the articulations for the chevron. The posterior articula-
tions for the chevron are more developed than the anterior 
ones, and both present a semi-elliptical outline. The neural 
arch is placed at midpoint of the centrum dorsal surface with 
a slight anterior displacement. 

Discussion: MG 4811 was initially assigned to Megalo-
saurus pombali by Lapparent and Zbyszewski (1957). This 

Fig. 1.- a. Geological map (adapted from Oliveira et al., 1992) showing the Portuguese Mesozoic levels and the localities of the material of 
Museu Geológico referred to sauropods and collected Lusitanian Basin. b. Fluvial to lacustrine deposits of the Bombarral Fm. outcropping in 
Paimogo (Lourinhã); c. Fluvial meandriforme deposits of Praia da Corva (Torres Vedras); d. Delta plain deposits of the Sobral Fm. in Praia 
Azul (Torres Vedras). ‘the locality is not precise; ASb- Arruda Sub-basin; BSb – Bombarral Sub-basin, cd – Caldas Diapir; CR – Caldas da 
Rainha town; TSb – Turcifal Sub-basin.
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taxon was considered nomen dubium by Antunes and Ma-
teus (2003). Mateus (2005) referred this caudal vertebra to 
an indeterminate theropod. The presence of an anteroposte-
riorly short neural arch seems to exclude this caudal vertebra 
from Theropoda, and its general morphology more closely 
resembles that of sauropod middle and posterior caudal ver-
tebrae. This middle or posterior caudal vertebra bears some 

features that could help to discriminate it from some mor-
photypes present in the Iberian Late Jurassic. This vertebra 
can be differentiated from the middle and posterior caudal 
vertebrae of Lusotitan and Galveosaurus (Barco, 2009; Man-
nion et al., 2013), by the presence of a well-developed am-
phicoelous centrum, a neural arch placed at midpoint of the 
centrum dorsal surface, and having a centrum, which is not 

Fig. 2.- Stratigraphic correlation between the nomenclature proposed for the Upper Jurassic sub-basin of the Central Sector of the Lusitaninan Basin 
[Bombarral Sub-basin in split in several areas: Consolação Sub-basin (Torres Vedras-Lourinhã-Peniche, Foz do Arelho-Nazaré coastal sector), 
Bombarral-Alcobaça Sub-basin, Batalha-Leiria region and Pombal region], from the left to the right: i) Turcifal Sub-basin (based on Pereda-
Suberbiola et al., 2005; Kullberg et al., 2006; Schneider et al., 2009); ii) Arruda Sub-basin (Kullberg et al., 2006); iii) Consolação Sub-basin areas: 
Torres Vedras-Lourinhã-Peniche (based on Manuppella et al., 1999),  Foz do Arelho-Nazaré coastal sector (Kullberg et al., 2006; Azerêdo et al., 
2010); iv) Bombarral-Alcobaça Sub-basin (based on Kullberg et al., 2006; Azerêdo et al., 2010); v) Batalha-Leiria region (based on Manuppella et 
al., 2000; Kullberg et al., 2006; Escaso et al., 2007) and vi) Pombal region (Kullberg et al., 2006; Malafaia et al., 2010). The stratigraphy proposed 
by Hill (1988) for the coastal sector from Porto da Calada to Salir do Porto is also plotted. Crn – Chronostratigraphy; **sensu Yagüe et al., 2006. 
BSb, Bombarral Sub-basin (following Kullberg et al., 2006); CSb, Consolação Sub-Basin (following Taylor et al., 2013).

Fig. 3.- (next page) Sauropod caudal vertebra of the Museu Geológico. Sauropoda indet., middle or posterior caudal vertebra (MG 4811) in anterior 
(a.I), posterior (a.II), left (a.III), right (a.IV), dorsal (a.V) and ventral (a.VI) views. Sauropoda indet., anterior caudal vertebra (MG 4804) in ante-
rior (b.I), posterior (b.II), left (b.III), right (b.IV), dorsal (b.V) and ventral (b.VI) views. Sauropoda indet., middle caudal vertebra (MG 8805) in 
anterior (c.I), posterior (c.II), left (c.III), right (c.IV), dorsal (c.V) and ventral (c.VI) views. Sauropoda indet., anterior caudal vertebra (MG 4800) 
in anterior (d.I), posterior (d.II), left (d.III), right (d.IV), dorsal (d.V) and ventral (d.VI) views. Sauropoda indet., middle caudal vertebra (MG 
4802) in anterior (e.I), posterior (e.II), left (e.III), right (e.IV), dorsal (e.V) and ventral (e.VI) views. Eusauropoda indet., middle caudal vertebra 
(MG 8800) in anterior (f.I), posterior (f.II), left (f.III), right (f.IV), dorsal (f.V) and ventral (f.VI) views. Cf. Lusotitan atalaiensis, middle caudal 
vertebra (MG 8804) in anterior (g.I), posterior (g.II), left (g.III), right (g.IV), dorsal (g.V) and ventral (g.VI) views. Scale bar: 5cm. The traced 
line indicates lost bone.
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markedly dorsoventrally compressed. In Aragosaurus (Sanz 
et al., 1987; Royo-Torres et al., 2014), the articulations are 
slightly flatter and the lateral faces do not bear longitudinal 
crests as in MG 4811. The position of the neural arch at mid-
point of the centrum (with a slight anterior displacement) dif-
fers from that of Titanosauriformes in which the neural arch 
is anteriorly displaced (e.g., Salgado et al., 1997; D’Emic, 
2012). The vertebra is also distinguished from Diplodocinae 
middle and posterior caudal vertebrae through the absence of 
several features such as a transversely concave ventral face, 
marked ventrolateral crests and a quadrangular cross-section 
(e.g., Wilson, 2002; Whitlock, 2011). Lourinhasaurus, Tu-
riasaurus, Losillasaurus and Zby do not preserved middle 
caudal vertebra (Casanovas et al., 2001; Royo-Torres et al., 
2006; Mateus et al., 2014; Mocho et al., 2014a). This verte-
bra is considered here as Sauropoda indet.

2.2. Atalaia

Material: Three dorsal vertebra fragments (MG 8809) in-
cluding a transverse process and a partial neural arch preserv-
ing the prezygapophysis.

Locality and horizon: Atalaia (Lourinhã). Sobral Forma-
tion, late Kimmeridgian-basal Tithonian in age (Fürsich, 
1981; Manuppella et al., 1999; Kullberg et al., 2006).

Description: Three previously unpublished fragments of 
neurapophyses from Atalaia are described (Fig. 4). One of 
those fragments corresponds to the left prezygapophysis and 
parapophysis of a middle or a posterior dorsal vertebra. The 
prezygapophysis is transversely compressed and bears a flat 
surface supported by a simple and dorsally unbifurcated cen-
troprezygapophyseal lamina (cprl). The prezygapophysis is 
linked with a rough parapophysis by a prezygoparapophy-
seal lamina (prpl) interrupted at midlength. The parapoph-
ysis is supported by a simple anterior centroparapophyseal 
lamina (acpl). A poorly preserved transverse process is also 
preserved. This transverse process culminates in a subre-
ctangular diapophysis, with a rough and concave surface. 
The diapophysis would face laterally or dorsalaterally. Three 
laminae depart from the diapophysis: i) the posterior cen-
troparapophyseal lamina (pcpl), posteriorly directed; ii) a 
subhorizontal and posterior one, the postzygodiapophyseal 
lamina (podl); and iii) a subhorizontal and anterior one, the 
prezygodiapophyseal lamina (prdl). The dorsal surface of 
the transverse process is flat near the diapophysis but a deep 
fossa is situated medial to this flat area. The distal end of the 
transverse process is anteriorly deflected in dorsal view.

Discussion: These fragments come from the same locality 
as the Lusotitan atalaiensis lectotype, and the preservation 
is similar. Furthermore, they seem to represent individuals 
of comparable size. Nevertheless, there is no evidence that 
these fragments are associated with the Lusotitan specimen. 
The presence of an acpl is common in almost all middle and 
posterior dorsal vertebrae of sauropods (e.g., Wilson, 2002; 
Carballido and Sander, 2014), as well as the other set of ob-

served laminae: cprl, pcdl, podl and prdl (e.g., Wilson, 1999; 
Upchurch et al., 2004). At the moment, these fragments have 
to be assigned to Sauropoda indet.

2.3. Porto das Barcas

Material: Middle caudal vertebra (MG 8805).
Locality and horizon: Porto das Barcas (Lourinhã). Sobral 

Formation, late Kimmeridgian-basal Tithonian in age (Für-
sich, 1981; Manuppella et al., 1999; Kullberg et al., 2006; 
field observ., PM).

Description: MG 8805 is a transversely deformed middle 
caudal vertebra (Fig. 3c.I-c.VI). The neural arch is placed at 
midpoint of the centrum (with a slight anterior displacement). 
The anterior and the posterior articulations are concave. A 
longitudinal crest could be recognized in the lateral face 
above the midheight of the centrum. The posterior ventro-
lateral crests are also present and associated to the chevron 
posterior articular facets. The posterior facets for the chevron 
are semicircular. The anterior ventral border of the centrum 
is not preserved, therefore it is impossible to verify the pres-
ence of anterior facets for the chevron. The ventral face is 
transversely convex.

Discussion: This vertebra was originally assigned to Apa-
tosaurus alenquerensis (Lapparent and Zbyszewski, 1957, 
pg. 38). Antunes and Mateus (2003) and Mateus (2005, p.86; 
specimen number mistakenly stated as MG 8800) attributed 
this vertebra to Lourinhasaurus alenquerensis. Nevertheless, 
it is not possible to compare MG 8805 with Lourinhasaurus 
alenquerensis due to the absence of middle caudal vertebrae 
in the latter specimen (Lapparent and Zbyszewski, 1957; Mo-
cho et al., 2014a). The position of the neural arch near the 
midpoint of the centrum excluded it from Titanosauriformes, 
which is characterized by anteriorly displaced neural arches 
(e.g., Salgado et al., 1997; D’Emic, 2012). No more relevant 
features are present in order to propose a more precise po-
sition within Sauropoda for this specimen, and it should be 
considered as Sauropoda indet.

2.4. Porto Novo

Material: Anterior caudal vertebra (MG 4800).
Locality and horizon: Porto Novo (Maceira, Torres Ve-

dras). Praia da Amoreira-Porto Novo Formation, late Kim-
meridgian-basal Tithonian in age (Manuppella et al., 1999).

Description: This vertebra probably corresponds to a sub-
adult individual because the neural arch and the caudal ribs 
are not fully fused (Fig. 3d.I-d.VI). The facets for the chev-
ron are rudimentary near the anterior articulation and absent 
near the posterior one. The caudal ribs are dorsoventrally 
deep. These two features (deep caudal ribs and the presence 
of rudimentary chevron articulations) suggest that this verte-
bra corresponds to one of the anteriormost vertebrae of the 
tail. The vertebra is anteroposteriorly short and subcircular 
in anterior view, with a slight dorsoventral compression. The 
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(2005). Mannion et al. (2013) assigned MG 4800 to an in-
determinate sauropod. The anteriormost preserved centrum 
of Lourinhasaurus occupies a position in the caudal series 
between third and eighth caudal (Mocho et al., 2014a). The 
presence of deeper caudal ribs suggests that MG 4800 is 
probably more anterior than the preserved caudal vertebrae 
of Lourinhasaurus. The Porto Novo vertebra is amphicoe-
lous, differing from the condition observed in anterior cau-
dals of Lourinhasaurus that have a flat posterior face with a 
central smooth concavity (Mocho et al., 2014a). One of the 
proposed autapomorphies for this taxon is the presence of a 

anterior and posterior articular faces are concave, the ante-
rior more concave than the posterior one. The ventral face is 
transversely flat-to-convex and a slight longitudinal crest is 
present. The neural arch is anteriorly displaced. The lateral 
face is dorsoventrally convex and no pneumatic fossae or fo-
ramina are present, only a small foramina (as noted Mannion 
et al., 2013).

Discussion: MG 4800 was originally assigned to Brachio-
saurus atalaiensis (Lapparent and Zbyszewski, 1957, pl. 
XXVI, 94), to Lusotitan atalaiensis by Antunes and Mate-
us (2003) and to Lourinhasaurus alenquerensis by Mateus 

Fig. 4.- Sauropoda indet., middle or posterior dorsal neural arch fragments from Atalaia (MG 8809). Left transverse process in anterior (a), lateral 
(b), dorsal (c) and posterior (d) views. Partial neural arch in lateral (e) and anterior (f) views. Sauropoda indet, posterior caudal vertebra from 
Praia de Almoinhas? (MG 8799) in right (g), dorsal (h), ventral (i) and posterior (j) views. Eusauropoda indet., partial posterior cervical or anteri-
or dorsal neural arch from Foz do Arelho (MG 4920) in right (k), left (l) and anterior (m) view. Scale bar: 5cm. The traced line indicates lost bone.
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circular spinoprezygapophyseal fossa (sprf) on the anterior 
caudal vertebra, also described in Jobaria (Sereno et al., 
1999). Nevertheless, the absence of the neural arch in MG 
4800 prevents us from testing the presence of this feature 
in this specimen. Lusotitan atalaiensis is also distinguished 
from MG 4800 by the presence of a flat posterior articular 
face (Mannion et al., 2013). The caudal vertebrae of Arago-
saurus ischiaticus present a flat-to-concave posterior face 
(Royo-Torres et al., 2014) resembling the condition present 
in MG 4800. At the moment, we consider that this vertebra 
does not present any significant feature in order to propose a 
more accurate systematic approach, and we prefer to attribute 
it to Sauropoda indet.

2.5. Praia de Santa Cruz

Material: Middle caudal vertebra (MG 4802).
Locality and horizon: Alto da Vela (Torres Vedras), south 

of Praia de Santa Cruz. Praia da Amoreira-Porto Novo For-
mation, late Kimmeridgian-basal Tithonian in age (Manup-
pella et al., 1999).

Description: Partial middle caudal vertebra lacking the 
neural arch (Fig. 3e.I-e.VI). The lateral face of this vertebra 
lacks any crest. The neural arch has a slight anterior displace-
ment. The ventral face is transversely flat-to-convex. The 
anterior and posterior articulations are concave and dorso-
ventrally compressed but the outline is slightly eroded. In 
the ventral face, there are semicircular facets for the chevron 
articulation near the posterior and anterior articulations. The 
posterior ones are more developed than the anterior ones. No 
pneumatic fossae or foramina are present in the lateral and 
ventral faces of MG 4802.

Discussion: Lapparent and Zbyszewski (1957) assigned this 
vertebra to Apatosaurus alenquerensis. Antunes and Mateus 
(2003) and Mateus (2005, labelled as MG 4804) referred MG 
4802 to Lourinhasaurus alenquerensis. However, is not pos-
sible to compare MG 4802 with Lourinhasaurus alenquerensis 
due to the absence of middle caudal vertebrae in the latter spec-
imen (Lapparent and Zbyszewski, 1957; Mocho et al., 2014a).

This middle caudal vertebra only bears a slight anterior 
displacement of the neural arch more pronounced than in 
MG 4811 or MG 8805. A marked anterior displacement of 
the neural arch in anterior and middle caudals is considered 
a synapomorphy of Titanosauriformes (Salgado et al., 1997; 
Upchurch et al., 2004; D’Emic, 2012). Several taxa outside 
Titanosauriformes can present a slight anterior displacement 
on the neural arch on middle caudal vertebrae (Osborn and 
Mook, 1921; Janensch, 1929; McIntosh et al., 1996a, 1996b) 
different from the marked anterior displacement present in 
the basal eusauropod Cetiosaurus (Upchurch and Martin, 
2003) and in titanosauriforms (e.g., Gomani, 2005; Rose, 
2007; González Riga, 2009; D’Emic, 2013; Mannion et al., 
2013) or Galveosaurus (Barco, 2009). 

This vertebra is not as dorsoventrally compressed as that of 
Lusotitan (Mannion et al., 2013) and does not bear circular 

and smooth excavations on the ventral face as occur in Luso-
titan (pers. observ., PM). The middle caudal vertebrae of Lu-
sotitan also bear two other features that allow distinguishing 
them from MG 4802: the presence of transverse pits on the 
articulations and a flat posterior articulation (Lapparent and 
Zbyszewski, 1957; Mannion et al., 2013). 

In conclusion, no remarkable features are present in order 
to obtain a more accurate taxonomic determination for MG 
4802, and for the moment, should be considered as Sauro-
poda indet. 

2.6. Praia das Almoinhas?

Material: Posterior caudal vertebra (MG 8799).
Locality and horizon: The label associated to this bone re-

fers it, with doubt, to the Praia das Almoinhas locality. No 
references about this locality were found. Mateus (2005) sug-
gested two possible localities for this vertebra: i) Casais do Al-
moinha close to Salir de Matos and where the Tithonian-aged 
Bombarral Formation crops out (Kullberg et al., 2006; Azerê-
do et al., 2010), and ii) the Vale Almoinha close to Cambelas 
(Torres Vedras) where the Tithonian-aged Freixial Fm. crops 
out (Pereda-Suberbiola et al., 2005; Kullberg et al., 2006). 

Description: MG 8799 is the posterior part of a posterior 
caudal vertebra that preserves part of the neural arch (Fig. 
4g-j). The posterior articular face is generally flat, bearing a 
central concavity. The dorsal margin of the posterior face has 
two semicircular projections. The lateral face bears a longi-
tudinal crest at midheight. Near the posterior articulation, the 
ventral face bears two semi-circular-to-circular articulations 
for the chevron. From these facets project two smooth ridges 
that delimit a transverse concave region that disappears an-
teriorly by the smoothing of these ventral crests. Anterior to 
these crests, the ventral face becomes flat. The centrum has a 
diamond-shaped cross-section. 

Discussion: This specimen was originally assigned to Bra-
chiosaurus atalaiensis (Lapparent and Zbyszewski, 1957), 
and later to Lusotitan atalaiensis (Mateus, 2005). Mannion 
et al. (2013) considered it an indeterminate sauropod. It is 
not possible to determine the relative position of the neu-
ral arch and two scenarios, with different implications, can 
be posed. If the neural arch has a central position, the cen-
trum should be appreciably longer, with at least four times 
the dorsoventral width of the posterior articulation, feature 
common in diplodocids (see Wilson, 2002; Upchurch et al., 
2004; Whitlock, 2011). If not, the neural arch should present 
an anterior position, a synapomorphy of Titanosauriformes 
(e.g., Upchurch et al., 2004) and convergent with Cetiosau-
rus oxoniensis (Upchurch and Martin, 2003). Nevertheless, 
the posterior vertebrae of Cetiosaurus have a concave pos-
terior face. A slight transverse concavity is observed in the 
ventral surface of MG 8799, bordered by smooth ventrola-
teral ridges. Similar ridges are also observed in a posterior 
caudal vertebra referred to Europasaurus (DFMMh/FV 995, 
pers. observ., PM). Transverse concave ventral faces in mid-
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dle caudal vertebrae are also present in diplodocids (Osborn, 
1899; McIntosh, 2005; Remes, 2006) and in some titanosaurs 
such saltasaurids (Wilson, 2002; Upchurch et al., 2004), nev-
ertheless, this concavity is much more developed than in MG 
8799, as occurs in MG 4819, 4821, 4826, also described in 
this study. At the moment, this vertebra is considered as Sau-
ropoda indet.

Eusauropoda Upchurch, 1995
Eusauropoda indet.

2.7. Salir de Matos

Material: Anterior caudal vertebra (MG 4804).
Locality and horizon: Salir de Matos (Caldas da Rainha). 

Bombarral Formation, Tithonian in age (Manuppella et al., 
1999; Azerêdo et al., 2010).

Description: This vertebra is probably one of the last ante-
rior caudal vertebrae based on the reduced caudal ribs (Fig. 
3b.I-b.VI). Anterior and posterior articulations are concave 
and bear a subcircular outline, with a slight dorsoventral com-
pression. The neural arch is located in the anterior part of the 
centrum. In the ventral face, there are semicircular chevron 
articulations near the anterior and posterior articulations of 
the centrum, being the posterior ones more developed. From 
the chevron articulations start smooth longitudinal crests 
that never reach the midpoint of the centrum. These crests 
are different from the marked lateroventral crests present in 
diplodocids (e.g., Osborn, 1899; McIntosh, 2005; Remes, 
2006). Between these lateroventral crests, there is a sagittal 
smooth crest at the midpoint of centrum. Not taking into ac-
count this sagittal crest, the ventral face is convex at mid-
point. The lateral face lacks pneumatic fossae or foramina 
and bears a longitudinal crest close to the transition between 
the ventral and the lateral face.

Discussion: This vertebra was originally assigned to Apa-
tosaurus alenquerensis by Lapparent and Zbyszewski (1957). 
This referral was followed by Antunes and Mateus (2003) 
and it was subsequently assigned to cf. Lourinhasaurus alen-
querensis by Mateus (2005). Nevertheless, this taxonomic 
attribution could not be supported because it is not possible 
to compare it with Lourinhasaurus due to the absence of pos-
teriormost anterior caudal vertebrae attributed to this taxon 
(Mocho et al., 2014a). 

Salgado et al. (1997) and D’Emic (2012) considered the 
anterior position of the neural arch in the anterior and mid-
dle caudal vertebrae as a diagnostic feature of Titanosauri-
formes. Nevertheless, anteriorly displaced neural arches in 
the anterior caudals have a wider distribution within Sauro-
poda (Hatcher, 1901; Osborn and Mook, 1921; Ostrom and 
McIntosh, 1966; McIntosh et al., 1996a; 1996b; Casanovas et 
al., 2001; Ouyang and Ye, 2002; Upchurch and Martin, 2003; 
Allain and Aquesbi, 2008; Remes et al., 2009; Royo-Torres 
and Upchurch, 2012). This condition is so far synapomorphic 
of Titanosauriformes only when is restricted to the last ante-

rior and middle caudal vertebrae (see Mocho et al., 2014a). 
As stated previously, the basal eusauropod Cetiosaurus has 
an anteriorly displaced neural arch in its anterior and middle 
caudal vertebrae (Upchurch and Martin, 2003). Consequent-
ly, MG 4804 should be considered to represent an indetermi-
nate eusauropod. The presence of a smooth sagittal ventral 
crest is shared with the tail collected in São Bernardino (MG 
4978) that will be described below in detail. The absence of 
pneumatic foramina, ventrolateral crests and a transversely 
concave ventral face differentiates this vertebra from those 
of the Diplodocidae (see Osborn, 1899; Hatcher, 1901; Lull, 
1919; McIntosh, 2005; Remes, 2006). 

2.8. Foz do Arelho

Material: Presacral neural spine, tentatively interpreted as 
an anterior dorsal vertebra (MG 4920).

Locality and horizon: Monte da Cruz do Facho, Foz do 
Arelho (Caldas da Rainha). Bombarral Formation, Tithonian 
in age (Manuppella et al., 1999; Kullberg et al., 2006; Aze-
rêdo et al., 2010).

Description: A partial presacral neural spine was collected 
from Foz do Arelho (MG 4920, Fig. 4k-m). This neural spine 
might represent a bifurcated neural spine or the posterior sec-
tor of dorsal neural spine. This neural spine preserves part 
of the postzygapophyses, and lacks the prezygapophyses and 
the anterior face of the neural spine. The posterior face of this 
neural spine is not prepared and it is covered by sediment. . 
From the postzygapophysis parts two laminae. One of them 
is the podl and the other one is interpreted as a single lateral 
spinopostzygapohyseal lamina (lat. spol, but it is not possible 
to confirm the presence of a medial spol), which diverge ven-
trally. The lat. spol reaches a dorsolaterally expansion of the 
spines, interpreted herein as the triangular aliform process. 
Two laminae are tentatively recognized as spinodiapophyseal 
laminae: a short posterior spinodiapophyseal laminae (post. 
spdl), which connects with the lat. spol just below the tri-
angular aliform process; and an incomplete anterior spinodi-
apophyseal laminae (ant. spdl) longer than the post. spdl. Part 
of the spinoprezygapophyseal laminae is also preserved.. The 
broken base of the neural arch reveals some internal camerae.

Discussion: The presence of ant. spdl and post. spdl is a 
common feature within sauropods (Wilson, 2012) and sug-
gests that this neural spine is probably from an anterior dor-
sal vertebra (following Wilson, 1999). An incipient triangu-
lar aliform process is interpreted in MG 4920. This feature 
was considered a synapomorphy of Jobaria + Neosauropoda 
by Wilson (2002) and Mamenchisaurus + Neosauropoda 
(Carballido et al., 2011). Some authors considered the pres-
ence of this feature in other basal eusauropods such as Shuno-
saurus and Patagosaurus (Carballido and Sander, 2014). The 
presence of a triangular process is apparently restricted to 
Eusauropoda, suggesting the placement of MG 4920 within 
this clade. 
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Description: This partial tail is composed by 15 centra 
from the anterior-to-middle sector (Fig. 5, 6). Here we de-
scribe the existing caudal vertebrae as CdA-to-CdO. Almost 
all of the centra lack the neural arch with the exception of 
CdG and CdO that preserve part of neural arch pedicels. 
The preserved centra present some oblique deformation. Re-
gardless of the deformation, it is interpreted that the anterior 
centra have an original slight dorsoventral compression. In 
anterior/posterior view, they have a hexagonal outline. The 
anterior centra are amphicoelous. The posterior face becomes 
progressively flat toward the anterior part of the series. The 
ventral face is transversely narrow, becoming wider in more 
posterior centra. These vertebrae present a longitudinal and 
sagittal smooth crest that is present up to CdE (on the anterior 
half of the ventral face) and reappear in CdK-to-CdM. 

The anterior caudal vertebrae bear dorsoventrally and 
transversely short caudal ribs that are posterolaterally ori-
ented. In anterior view, the caudal ribs are laterally directed 
with a slight dorsal projection that can be related with defor-
mation. Short and rudimentary caudal ribs suggest that these 
vertebrae are the posteriormost anterior caudal vertebrae. The 
caudal ribs are present up to CdF, considered here as the last 
anterior centra. Sauropods generally have 10 (in titanosaurs) 
to 20 (in most basal sauropods) caudal vertebrae with caudal 
ribs (e.g., Wilson and Sereno, 1998; Wilson, 2002). Non-ti-
tanosaurian eusauropods generally have 15 caudal vertebrae 
with caudal ribs. Assuming the presence of at least 15 caudal 
vertebrae with caudal ribs in the São Bernardino sauropod, 
the anteriormost nine caudal vertebrae are not preserved.

In CdB, just below the caudal rib, there is a longitudinal 
crest on the lateral face. This longitudinal crest moves to a 
more ventral position along the caudal series. In CdC, CdD 
and CdE, in the point where the crest touch the posterior 
and anterior articulation appears a lateral projection, which 
slightly extends to the lateral face. In middle caudal verte-
brae, these crests become less pronounced. In CdF, there is 
another longitudinal crest on the lateral surface of the cen-
trum near the caudal rib (the last caudal rib of the series). 
This crest keeps this position up to the last preserved caudal 
centrum. The articular facets for the chevron are semicircu-
lar, being the posterior ones more pronounced than the ante-
rior ones. Between CdD and CdJ, the articular facets for the 
chevron bear a marked anteroventral projection. Short and 
smooth longitudinal crests appear from these articulations. 
The anterior preserved caudal vertebrae lack the neural arch, 
but they are clearly placed in the anterior half of the centrum, 
a common situation in the anteriormost caudal vertebrae of 
sauropods (Mocho et al., 2014a).

The centrum of the middle caudal vertebra (from CdG) is 
almost subcircular in anterior/posterior view, and in some 
cases, the dorsoventral width could be higher than the trans-
verse width (e.g., CdG or CdH). The last preserved centra 
have a slight dorsoventral compression. The centra are am-
phicoelous. The ventral face is generally flat-to-convex and 
presents a smooth sagittal crest up to CdM, as occurs in the 

2.9. Porto das Barcas

Material: Middle caudal vertebra (MG 8800).
Locality and horizon: Porto das Barcas (Lourinhã). Sobral 

Formation, late Kimmeridgian-basal Tithonian in age (Für-
sich, 1981; Manuppella et al., 1999; Kullberg et al., 2006; 
field observations, PM).

Description: MG 8800 is a partial middle caudal vertebra 
lacking its neural arch (Fig. 3f.I-f.VI). The anterior and pos-
terior articular faces are concave and dorsoventrally com-
pressed. The neural arch has a slight anterior displacement. 
The lateral face bears a longitudinal crest slightly ventrally 
displaced (this crest is very close to the transition between 
the lateral and the ventral faces). The ventral surface of the 
centrum is transversely flat-to-convex. The posterior articu-
lar facets for the chevron are semicircular, well developed 
and concave. In lateral view, they are ventrally projected. The 
anterior facets for the chevron are not present, probably due 
the present erosion of the anterior articulation of the centrum. 

Discussion: This vertebra was originally assigned to Apato-
saurus alenquerensis (Lapparent and Zbyszewski, 1957, pg. 
38, pl. XVIII, fig. 49). Antunes and Mateus (2003) and Mateus 
(2005) attributed it to Lourinhasaurus alenquerensis. Howev-
er, the absence of middle caudal vertebrae in Lourinhasaurus 
lectotype precludes us from testing this attribution. MG 8800 
is dorsoventrally compressed as in Lusotitan atalaiensis (Lap-
parent and Zbyszewski, 1957; Mannion et al., 2013) and Gal-
veosaurus (Barco, 2009). Dorsoventrally compressed caudal 
centra are common in basal titanosauriforms (Janensch, 1950; 
Tidwell et al., 1999; 2001; Upchurch et al., 2004; Canudo et 
al., 2008; Royo-Torres, 2009), and also occur in some basal 
eusauropods (Upchurch and Martin, 2003). This vertebra also 
presents a slight anterior position for the neural arch, but it 
is not so marked as in titanosauriforms (e.g., Salgado et al., 
1997; Wilson, 2002; Upchurch et al., 2004; D’Emic, 2012), 
or in the basal eusauropod Cetiosaurus oxoniensis (Upchurch 
and Martin, 2003). This vertebra does not share a transverse-
ly concave ventral surface or lateral pneumaticity with Di-
plodocinae (Wilson, 2002; Whitlock, 2011). Dorsoventrally 
compressed anterior and middle caudal centra are absent in 
basal sauropods (e.g., Cooper, 1984; Yadagiri, 2001; Rauhut, 
2003; Allain and Aquesbi, 2008; Bandyopadhyay et al., 2010; 
McPhee et al., 2014). The presence of dorsoventrally com-
pressed centrum is a feature just present in basal titanosau-
riforms and some non-neosauropod eusauropods (e.g., Up-
church and Martin, 2003; Upchurch et al., 2004), suggesting 
that MG8800 might correspond to a member of Eusauropoda.

2.10. São Bernardino

Material: Partial tail composed by 15 anterior to middle 
caudal vertebrae (MG 4978).

Locality and horizon: São Bernardino (Peniche). Praia da 
Amoreira-Porto Novo Formation, late Kimmeridgian-basal 
Tithonian in age (Manuppella et al., 1999).

JIGE 42-2.indb   236 11/09/2016   16:42:53



237Mocho et al. / Journal of Iberian Geology 42 (2) 2016: 227-250

anterior caudal vertebrae. From CdI up to the last preserved 
centrum, the posterior face becomes less concave, suggesting 
that the posterior face might acquire a flat articulation in the 
posterior caudal vertebrae as in Lusotitan atalaiensis (Man-
nion et al., 2013). The neural arch is slightly displaced to the 
anterior half of the centrum, but does not touch the anterior 
articulation.

Discussion: Several partial tails have been described in the 
Upper Jurassic of Portugal (Lapparent and Zbyszewski, 1957; 
Mateus, 2005; Yagüe et al., 2006; Mannion et al., 2013; Mo-
cho et al., 2014a; 2016), and the tail recovered in São Ber-
nardino, which belong to an individual with an appreciable 
size, is probably one on the most complete ones. However, 
none of the vertebrae include a well-preserved neural arch. 
The São Bernardino tail was briefly described and assigned 
to Apatosaurus alenquerensis by Lapparent and Zbyszewski 
(1957). More recently, Antunes and Mateus (2003) supported 
this taxonomic attribution, referring this tail to Lourinhasau-
rus alenquerensis. Mateus (2005, p.75) proposed a more care-

ful attribution as cf. Lourinhasaurus alenquerensis. This tail 
does not preserve centra that can be compared directly with 
Lourinhasaurus alenquerensis, since the preserved centra of 
Lourinhasaurus are anterior than the preserved centra of MG 
4978, so, this taxonomic attribution could not be supported. 
The anterior and middle preserved centra of São Bernardino 
sauropod are generally dorsoventrally compressed (exclud-
ing CdG and CdH) as occur in several basal titanosauriforms 
(Janensch, 1950; Tidwell et al., 1999; 2001; Upchurch et 
al., 2004; Canudo et al., 2008; Royo-Torres, 2009) or some 
non-neosauropod eusauropod forms (Upchurch and Martin, 
2003). 

The possession of middle caudal vertebrae (which we re-
gard as the last anterior caudal vertebrae) with posteriorly 
projecting caudal ribs, usually reaching the posterior margin 
of the centrum, is considered synapomorphic for Titanosau-
riformes (D’Emic, 2012). The posterior orientation of the 
caudal ribs is a common feature within Titanosauriformes 
(Mannion et al., 2013) and in some cases, they reach and 

Fig. 5.- Eusauropoda indet., partia caudal series from São Bernardino. Caudal vertebrae from CdA to CdH in anterior (av), posterior (pv), right 
(rv), left (lv), dorsal (dv) and ventral (vv) views. Scale bar: 10cm. 

JIGE 42-2.indb   237 11/09/2016   16:42:54



238 Mocho et al. / Journal of Iberian Geology 42 (2) 2016: 227-250

ensis and other titanosauriforms (e.g., Tidwell et al., 2001; 
Mannion et al., 2013). In conclusion, the dorsoventrally 
compressed caudal centra, posteriorly oriented caudal ribs 
and slight anterior displacement of the neural arch are com-
mon features within Eusauropoda and not recorded in basal 
sauropods (e.g., Cooper, 1984; Allain and Aquesbi, 2008; 
Bandyopadhyay et al., 2010), suggesting the attribution of 
the São Bernardino sauropod to Eusauropoda. One particu-
lar feature is the presence of a smooth sagittal crest on the 
ventral face that is just shared by MG 4804 from Salir de 
Matos (Caldas da Rainha). The validity of this character as 
a diagnostic feature, that in some cases seems to be affected 
by the presence of fractures, should be confirmed with new 
material as well as the relationship between São Bernardino 
and Salir dos Matos sauropods. The lateral projections of the 
posterior articulation on the transition between the anterior 

surpass the posterior articulation, as in Lusotitan (Mannion 
et al., 2013), Sonorasaurus (Ratkevich, 1998) and Tastavin-
saurus (Royo-Torres et al., 2009). Some taxa outside Titano-
sauriformes also possess posteriorly projecting caudal ribs in 
the last anterior caudal vertebrae, such as Spinophorosaurus 
(pers. observ., PM), Omeisaurus (Mannion et al., 2013) and 
Jobaria (D’Emic, 2012), although this projection is not as 
well-developed as in titanosauriforms. In the case of MG 
4978, the caudal ribs are short and far from the posterior 
articulation, which distinguish them from the apomorphic 
condition for titanosauriforms defined by D’Emic (2012). In 
sauropods, posteriorly oriented caudal ribs are not present 
outside Eusauropoda (e.g., Cooper, 1984; Allain and Aques-
bi, 2008).

In this sauropod, the neural arches are slightly displaced 
anteriorly, but not to the same degree as in Lusotitan atalai-

Fig. 6.- Eusauropoda indet., partia caudal series from São Bernardino. Caudal vertebrae from CdI to CdO in anterior (av), posterior (pv), right 
(rv), left (lv), dorsal (dv) and ventral (vv) views. Scale bar: 10cm.
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but lacks the presence of a rudimentary crest-like anterior 
trochanter.

cf. Duriatitan Barrett et al., 2010
cf. Duriatitan humerocristatus (Hulke, 1874)

2.12. Praia dos Frades

Material: Right humerus (MG 4976), incorrectly identified 
as a left humerus in the MG exhibition.

Locality and horizon: Praia dos Frades (Peniche). Praia da 
Amoreira-Porto Novo Formation, late Kimmeridgian- basal 
Tithonian in age (Manuppella et al., 1999).

Description: MG 4976 is a right humerus lacking the 
proximal and distal ends (Fig. 7f-j). The distal part of this 
specimen is reconstructed. The deltopectoral crest is rough 
and laterally directed, with a slight medial deflection. The 
anterior face of the proximal end lacks the fossa observed in 
Lusotitan or Lourinhasaurus (Mannion et al., 2013; Mocho 
et al., 2014a), but this could be due to the incompleteness 
of the proximal end. On the posterior face of the proximal 
end, there is a pronounced proximodistal crest posterior to 
the deltopectoral crest, conferring a triradiate outline to the 
cross-section of the proximal end. The diaphysis is elliptical 
in cross-section. The distal end is expanded and the anterior 
face of the most distal preserved part is convex. The humerus 
exhibits a significant torsion of the extremities. The posterior 
face of the distal end bears a slight concavity bordered by two 
proximal smooth crests that probably would connect with the 
missing radial and ulnar condyles. 

Discussion: MG 4976 is an incomplete humerus with some 
particular morphological aspects. Lapparent and Zbyszews-
ki (1957) alluded to a right humerus from Praia de Frades, 
which probably corresponds to MG 4976. This humerus was 
initially assigned to Apatosaurus alenquerensis (Lapparent 
and Zbyszewski, 1957) due to the presence of some shared 
features such as the narrowness of the shaft and the position 
of the deltopectoral crest. Antunes and Mateus (2003) attrib-
uted this humerus to Lourinhasaurus alenquerensis and Ma-
teus (2005) considered it as ?Lourinhasaurus alenquerensis. 
MG 4976 bears some important differences when compared 
with the humeri of Lourinhasaurus and other Iberian Late 
Jurassic taxa such as Lusotitan, Aragosaurus, Zby, Turia-
saurus, Losillasaurus and Galveosaurus (Sanz et al., 1987; 
Casanovas et al., 2011; Royo-Torres et al., 2006; 2014; Bar-
co, 2009; Mannion et al., 2013; Mateus et al., 2014; Mocho 
et al., 2014a). 

The deltopectoral crest in this humerus is proximodistal-
ly short as occurs in Turiasauria (Royo-Torres et al., 2006; 
Mateus et al., 2014) and Brachiosauridae (Janensch, 1961; 
Tidwell et al., 1999; Mannion et al., 2013), but not in Lourin-
hasaurus (Mocho et al., 2014a). On the other hand, the distal 
end of the humerus presents an appreciable torsion respect to 
the proximal end, as occurs in other sauropods (e.g., Salgado 

and the middle caudals are also uncommon and might be a 
unique feature of this taxon.

2.11. Atouguia da Baleia?

Material: Proximal end of a right fibula (MG 30486).
Locality and horizon: MG 30486 is referred with doubt 

to Atouguia da Baleia (Peniche). Praia da Amoreira-Porto 
Novo Formation, late Kimmeridgian-basal Tithonian in age 
(Manuppella et al., 1999).

Description: A proximal end of a right fibula is preserved 
(Fig. 7a-e). This fibula bears a well-marked triangular tibial 
scar. On the ventral border of this scar, next to the posterior 
border of the fibula, there is a pronounced bulge. This scar 
faces medially and bears a slight proximal deflection. The 
anterior trochanter is broken, but it is interpreted that it had 
a crest-like morphology. Two crests and an anteroposterior 
wide concavity compose the lateral trochanter. Within this 
concavity, there is a posteriorly displaced rough tuberosity. 
The medial face of the fibular shaft is flat. 

Discussion: Despite the incompleteness of this fibula, some 
features can be discussed. The anterior trochanter is not com-
plete but had a crest-like morphology. This morphology is 
present in derived titanosauriforms such as Tastavinsaurus. 
D’Emic (2012) suggested that the presence of a crest-like 
anterior trochanter is a synapomorphy of Sauroposeidon + 
(Tastavinsaurus + (Euhelopodidae + (Chubutisaurus + Ti-
tanosauria))). Nevertheless, in MG 30486 this anterior crest 
is rudimentary as occur in some basal titanosauriforms such 
as Lusotitan (Lapparent and Zbyszewski, 1957; pers. observ., 
PM) or Giraffatitan (Janensch, 1961) and in the non-neosau-
ropod eusauropod Turiasaurus (Royo-Torres et al., 2006). 

Another important feature is the morphology of the lateral 
trochanter. The lateral trochanter shows a wide morphological 
variability within sauropods (see Royo-Torres, 2009) being 
difficult to codify in morphological data matrices. MG 30486 
has a wide concave lateral trochanter bordered laterally and 
medially by short proximodistal crests. This morphology is 
also present in Turiasaurus riodevensis (Royo-Torres et al., 
2006), a putative turiasaur found in San Lorenzo (Teruel, Co-
bos et al., 2011) and Cetiosaurus oxoniensis (pers. observ., 
PM). The presence of a lateral trochanter composed by a fos-
sa and bordered by two proximodistal crests is also present in 
Suuwassea (Harris, 2007) and Rapetosaurus (Curry Rogers, 
2009). Several authors noted the presence of lateral trochant-
ers composed of two proximodistal crests (e.g., see scoring 
of Mannion et al., 2013) or the presence of an oval/circular 
tuberosity associated to a crest, as occurs in Tastavinsaurus 
(Royo-Torres, 2009). 

The presence of a rudimentary crest-like anterior trochant-
er and a lateral trochanter composed by a wide fossa bordered 
by two proximodistal crests might be exclusive for Turiasau-
ria and Cetiosaurus, which might relate this specimen to the 
Eusauropoda clade. Suuwassea also presents a wide fossa, 
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presence of a proximodistal crest on the posterior face of the 
proximal end, posterior to the deltopectoral crest. This fea-
ture is also described as an autapomorphy of Duriatitan hu-
merocristatus found in the British Upper Jurassic sediments 
of the Clay Formation, early Kimmeridgian in age (NHMUK 
44635, Barrett et al., 2010). Based on its slenderness, some 
authors considered that the Duriatitan humerus might rep-
resent a brachiosaurid (e.g., McIntosh, 1990a; 1990b; Up-
church and Martin, 2003; Upchurch et al., 2004). Barrett 
et al. (2010) and Mannion et al. (2013) were more cautious 

and Bonaparte, 1991; Harris, 2007); this feature is absent 
in Lourinhasaurus, Galveosaurus, Zby, Turiasaurus, Losil-
lasaurus and Aragosaurus (Casanovas et al., 2001; Royo-
Torres et al., 2006; 2014; Barco, 2009; Mateus et al., 2014; 
Mocho et al., 2014a). Proximodistally short deltopectoral 
crests seems to be restricted to some eusauropod groups (Tu-
riasauria and Brachiosauridae), suggesting the relationships 
of MG 4976 with the Eusauropoda clade. 

Another feature that seems to be exclusive to this humerus 
in the context of the Iberian Late Jurassic sauropods is the 

Fig. 7.- Eusauropoda indet., proximal end of a right fibula (MG 30486) from ?Atouguia da Baleia (Peniche) in lateral (a), medial (b), an-
terior (c), posterior (d) and proximal (e) views.  Cf. Duriatitan humerocristatus, partial right humerus (MG 4976) from Praia dos Frades 
(Peniche) in anterior (f), posterior (g), lateral (h), medial (i) and proximal (j) views (the proximal end of MG 4976 is not complete). Saurop-
oda indet., distal end of humerus (MG 30484) from ?Alenquer in posterior (k) view.  Scale bar: 10cm. The traced line indicates lost bone.
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Diplodocoidea Marsh, 1884
Flagellicaudata Harris and Dodson, 2004
Diplodocidae Marsh, 1884 (sensu Upchurch, 1995)
Diplodocinae Janensch, 1929
Diplodocinae indet.

2.14. São Gregório da Fanadia 

Material: Three incomplete middle-to-posterior caudal 
vertebrae (MG 4819, 4821, 4826).

Locality and horizon: Porto de Barros, 150m NW of São 
Gregório da Fanadia (Caldas da Rainha). Bombarral Forma-
tion, Tithonian in age (Manuppella et al., 1999; 2000; Kull-
berg et al., 2006; Azerêdo et al., 2010).

Description: In the collections of the Museu Geológico 
there are three incomplete caudal vertebrae (Fig. 8g-u). On 
the basis of their similar general morphology, they will be 
described together. There are two posterior articular faces 
(MG 4819 and MG 4826, Fig. 8g-k and Fig. 8q-u, respec-
tively) and one anterior one (MG 4821, Fig. 81-p). Lapparent 
and Zbyszewski (1957) referred the presence of one caudal 
vertebra broken into two pieces that probably are MG 4819 
and MG 4821. If these two fragments are a unique vertebra, 
the ratio of centrum length to centrum height is higher than 
2.0. The preserved anterior articular face is flat as well as 
one of the posterior ones. The articular face of MG 4826 is 
slightly concave and probably represents the posteriormost 
centrum of this set. The articular faces are wider next to the 
ventral border. They have a quadrangular cross-section with 
marked ventrolateral crests. These ventrolateral crests delimit 
a transversely concave ventral face. The lateral face bears a 
smooth pneumatic fossa. Despite the poor preservation, the 
anterior and posterior articular facets for the chevron are pre-
served. In lateral view, they present an appreciable ventral 
development. In MG 4821, the neural arch almost reaches the 
anterior articulation. On the other hand, in MG 4819 and MG 
4826, the neural arch is not as close to the posterior articula-
tion. In MG 4826, the neural arch is not fused to the centrum, 
suggesting that it does not belong to a mature individual.

Discussion: One vertebra in two pieces was identified by 
Lapparent and Zbyszewski (1957), but in the collections there 
are three fragments of at least two caudal vertebrae (the union 
between MG 4819 and MG 4821 is not confirmed). MG 4826 
is figured by Lapparent and Zbyszewski (1957, pl. XXV, fig. 
86). These vertebrae were considered as caudal vertebrae of 
Megalosaurus pombali (Lapparent and Zbyszewski, 1957), a 
taxon considered as a nomen dubium by Antunes and Mateus 
(2003). Mateus (2005) assigned them to an indeterminate 
theropod.

Attached to the label of MG 4821 was found the following 
note: “Barosaurus at Diplodocus” from McIntosh dated of 
15/10/1973. Despite the incompleteness of these three mid-
dle/posterior caudal centra, they have an important combina-
tion of features. The presence of a well-developed concave 

in considering it as a basal titanosauriform. Mannion et al. 
(2013) also noted the presence of slender humeri in the non-
neosauropod Lapparentosaurus from the Middle Jurassic of 
Madagascar. Although poorly preserved, these authors con-
sidered that the deltopectoral crest might present a slight me-
dial orientation that could relate this humerus to Titanosau-
riformes. Nevertheless, a slight medial displacement is also 
observed outside Titanosauriformes such as in Cetiosaurus 
(Upchurch and Martin, 2003). When compared with Duri-
atitan, MG 4976 also presents a similar deltopectoral crest 
orientation: anteriorly projected, but occupying a slight me-
dial position relatively to the lateral margin of the humerus. 
If we accept the presence of an acute crest on the posterior 
face of the proximal end as an exclusive feature of the mono-
specific genus Duriatitan humerocristatus, MG 4976 should 
be related to this British Late Jurassic taxon. However, at the 
moment, and taking into account the incompleteness of MG 
4976 and Duriatitan type specimen, we consider the humerus 
from Praia de Frades as cf. Duriatitan humerocristatus.

Neosauropoda Bonaparte, 1986
Neosauropoda indet.

2.13. Castanheira

Material: Middle or posterior dorsal vertebra (MG 4799).
Locality and horizon: Castanheira (Vila Franca de Xira). 

Abadia Formation, early-middle (?) Kimmeridgian in age 
(Leinfelder and Wilson, 1989; Kullberg et al., 2006).

Description: Partial centrum of a middle or posterior dorsal 
vertebra, only the right side is preserved (Fig. 8a-f). The cen-
trum is opisthocoelous. The ventral surface of the pneumatic 
foramen is preserved, and it slopes ventromedially, suggest-
ing that the pneumatic foramen is deep. 

Discussion: MG 4799 was initially referred to as a metatar-
sal V of Apatosaurus alenquerensis (Lapparent and Zbysze-
wski, 1957). Mannion et al. (2013) considered it to be a 
procoelous caudal vertebra. Nevertheless, this specimen is 
herein interpreted as a partial dorsal vertebra. Deep pneumat-
ic foramina on dorsal vertebrae are common in neosauropods 
such as diplodocoids (excluding Dicraeosauridae, sensu Sal-
gado et al., 1997) and basal macronarians (Wedel, 2003; Up-
church et al., 2004), and this feature was considered as a sy-
napomorphy of Omeisaurus + Neosauropoda by Wilson and 
Sereno (1998). Ventrally deep pneumatic foramina could be 
distinguished from the medially deep pneumatic foramina (or 
fossae) of non-neosauropod eusauropods such as turiasaurs 
(e.g., Turiasaurus and Losillasaurus), Jobaria (Sereno et al., 
1999), Cetiosaurus oxoniensis (Upchurch and Martin, 2003), 
Cetiosauriscus (pers. observ., PM), Patagosaurus (Bonapar-
te, 1986) and Spinophorosaurus (Remes et al., 2009). Pre-
suming the absence of mamenchisaurids outside East Asia 
during the Late Jurassic (Carballido and Sander, 2014), it is 
acceptable to consider that this dorsal vertebra represents an 
indeterminate neosauropod.
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Fig. 8.- Neosauropoda indet., partial dorsal centrum (MG 4799) from Castanheira (Vila Franca de Xira) in left (a), right (b), posterior (c), dorsal (d), 
ventral (e) and anterior (f) views. Diplodocinae indet., middle and posterior caudal vertebrae (MG 4819, 4821, 4826) from São Gregório da Fanadia 
(Caldas da Rainha): MG 4819 in posterior (g), left (h), right (i), dorsal (j) and ventral (k) views; MG 4821 in anterior (l), left (m), right (n), dorsal (o) 
and ventral (p) views; MG 4826 in posterior (q), left (r), right (s), dorsal (t) and ventral (u) views. Scale bar: 5cm. The traced line indicates lost bone
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chevron are not preserved. The ventral face is transversely 
concave and bordered by well-developed ventrolateral crests. 
The centra bear a quadrangular cross-section.

Discussion: The presence of a transversely concave ventral 
surface bordered by well-developed lateroventral crests and 
a quadrangular cross-section are used to relate this remains 
with the Diplodocinae clade (see discussion for the São 
Gregório da Fanadia specimens, MG 4819, 4821 and 4826). 

Macronaria Wilson and Sereno, 1998
Titanosauriformes Salgado et al., 1997
Titanosauriformes indet.

2.16. Praia de Areia Branca

Material: Left incomplete femur (MG 4986).
Locality and horizon: Praia de Areia Branca (Lourinhã). 

Bombarral Formation, Tithonian in age (Manuppella et al., 
1999).

Description: MG 4986 is a left femur (Fig. 9a-e) of large 
size. It is one of the largest femora found in the Portuguese 
Upper Jurassic record, but only the proximal end is preserved. 
The femur has a straight shaft in lateral and anterior views. 
The femoral head is dorsomedially projected. The anterior 
face of the femoral head is eroded as well as the posterior 
face of the femoral proximal end. The linea intermuscularis 
cranialis on the femoral anterior face is absent. The proximal 
one-third of the femur is medially deflected, resulting in a 
marked lateral bulge on the lateral face of the femur. This lat-
eral bulge is thicker anteroposteriorly in the point of the de-
flection. On the posterior face, an incipient trochanteric shelf 
is developed below the greater trochanter region. The shaft is 
compressed anteroposteriorly (ratio transverse/anteroposteri-
or width of the shaft is 2.76). The fourth trochanter is poorly 
preserved.

Discussion: The proximal portion of a large femur from 
Praia de Areia Branca was reported by Lapparent and Zbysze-
wski (1957) and was assigned to Brachiosaurus atalaiensis. 
Antunes and Mateus (2003) assigned this femur to Lusotitan 
atalaiensis. This femur presents a lateral bulge that has been 
identified as a synapomorphy of Titanosauriformes (e.g., 
Salgado et al., 1997; Wilson, 2002; Upchurch et al., 2004; 
D’Emic, 2012) or of a more inclusive group within Macro-
naria (Carballido et al., 2011; Carballido and Sander, 2014). 
Some derived diplodocids also acquired a lateral bulge (e.g., 
Hatcher, 1901; Lull, 1919; McIntosh, 2005). The diaphysis 
has a marked anteroposterior compression as noted by Man-
nion et al. (2013), greater than that of any other Iberian Late 
Jurassic sauropod such as Lourinhasaurus alenquerensis 
(Mocho et al., 2014a), Turiasaurus riodevensis (Royo-Torres 
et al., 2006), the San Lorenzo turiasaur (Cobos et al., 2011) 
and Aragosaurus ischiaticus (Sanz et al., 1987; Royo-Torres 
et al., 2014). The value presented by this femur for the ratio 
transverse/anteroposterior width fits in the range that seems 
to be synapomorphic of the Titanosauriformes (Wilson, 2002; 

ventral face on anterior, middle and posterior caudal verte-
brae bordered by well-marked lateroventral crests were ac-
quired at least two times along the evolutionary history of 
sauropods: in diplodocines (Osborn, 1904; McIntosh, 2005; 
Remes, 2006; Whitlock, 2011) and in some titanosaurs such 
as saltasaurids (e.g., Powell, 1992; Wilson, 2002; Upchurch 
et al., 2004; Gomani, 2005). The presence of a longitudinal 
ventral hollow on anterior and middle caudal vertebrae was 
considered as synapomorphy of Diplodocinae (e.g., Wilson, 
2002; Carballido et al., 2011) as well as for Titanosaria (e.g., 
Wilson, 2002; D’Emic, 2012). Nevertheless, this feature 
presents an uncertain phylogenetic distribution within Ti-
tanosauria, or even within Titanosauriformes (depending the 
phylogenetic approach) being present in the some Chinese 
somphospondylians such as Daxiatitan (You et al., 2008), 
Huanghetitan liujiaxiaensis (You et al., 2006) and H. ruyan-
gensis (Lü et al., 2007 (placed within Titanosauria by Man-
nion et al., 2013).

The presence of a quadrangular cross-section of the cen-
trum was also considered as a synapomorphy of Diplodoci-
nae (Wilson, 2002; Carballido et al., 2011; although Whit-
lock, 2011 restricted this feature to anterior caudal vertebrae: 
character #136) and shared by São Gregório da Fanadia 
specimens. This condition differs from the more cylindrical 
middle caudal vertebrae of titanosaurs (e.g., Powell, 1992; 
Gomani, 2005; D’Emic, 2012). The flat articulations also 
distinguish these caudal vertebrae from the procoelous mid-
dle caudal vertebrae of lithostrotian titanosaurs (e.g., Powell, 
1992; Salgado et al., 1997; Sanz et al., 1999; Gomani, 2005). 
The general morphology of these vertebrae is indistinguish-
able from that of the middle and posterior caudal vertebrae of 
the diplodocines Diplodocus, Barosaurus and Tornieria. The 
presence of pneumatic fossae in the lateral face of middle 
caudal vertebra are only recorded in the Morrison and Tend-
aguru diplodocines (Osborn, 1899; McIntosh, 2005; Lucas et 
al., 2006; Remes, 2006) and in some cases they are perforat-
ed by pneumatic foramina as occur in Diplodocus (e.g., Os-
born, 1899). The presence of pneumatic fossae, transversely 
concave ventral surface bordered by well-developed laterov-
entral crests and a quadrangular cross-section are the criteria 
to relate these vertebrae to an indeterminate diplodocine. 

2.15. Porto Novo II

Material: Six associated fragments including three incom-
plete middle/posterior caudal centra (MG 25197.4-6), two 
dorsal rib fragments (MG 25197.1 and MG 25197.3), and an 
indeterminate element (MG 25197.2).

Locality and horizon: Porto Novo, Maceira (Torres Ve-
dras). Praia da Amoreira-Porto Novo Formation, late Kim-
meridgian-basal Tithonian in age (Manuppella et al., 1999).

Description: Three fragments of incomplete middle caudal 
vertebrae from which it is not possible to obtain much infor-
mation (not figured). The preserved articular faces (anterior 
or posterior) are flat-to-concave. The articular facets for the 
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PM). The presence of a pronounced bulge, an incipient tro-
chanteric shelf and an anteroposteriorly compressed femoral 
shaft allow us to conclude that this femur could be attributed 
to an indeterminate titanosauriform.

2.17. Alenquer?

Material: Pubic peduncle from an ilium (MG 30485).
Locality and horizon: This bone is on a box with the 

scratched reference of Moinho Carmo (Alenquer), locality 
of Lourinhasaurus alenquerensis lectotype. In MG collec-
tions, some elements with a different state of preservation 
were clearly mixed with the lectotype of Lourinhasaurus 
alenquerensis (some of this material was moved to a different 
facility). Furthermore, only one individual was recognized in 
Moinho Carmo site (Lapparent and Zbyszewski, 1957; Mo-

Upchurch et al., 2004; see values presented by Mannion et 
al., 2013). 

Another feature generally present in Titanosauriformes is 
the trochanteric shelf on the posterior surface of the proxi-
mal end. This structure was suggested as a synapomorphy 
of Saltasaurinae (Otero, 2010), but D’Emic (2012) suggest-
ed that it is diagnostic for a more inclusive group including 
saltasaurines and Alamosaurus. Nevertheless, this trochan-
teric shelf seems to be more widely distributed in titanosauri-
forms, being present in other titanosaurs such as Jainosaurus 
(Wilson et al., 2011), Lirainosaurus (Díez Díaz et al., 2013), 
Rapetosaurus (Curry Rogers, 2009), Ampelosaurus (Le 
Louff, 2005) or in basal titanosauriforms such as Tastavin-
saurus (Royo-Torres, 2009) or Giraffatitan (Janensch, 1961). 
In the case of MG 4986, the trochanteric shelf is not so well-
developed as in Giraffatitan or Tastavinsaurus (pers. observ., 

Fig. 9.- Titanosauriformes indet., (a-e) a proximal end of left femur (MG 4986) from Praia da Areia Branca (Lourinhã) in proximal (a), posterior 
(b), anterior (c), lateral (d) and medial (e) views; (f-i) iliac peduncle (MG 30485) from ?Alenquer in lateral or medial (f), posterior (g), ventral 
(h) and anterior (i) views. Scale bar: 10cm. The traced line indicates lost bone.
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formes (Salgado et al., 1997; D’Emic, 2012; Mannion et al., 
2013) and as in the non-neosauropod eusauropod Cetiosau-
rus oxoniensis (Upchurch and Martin, 2003). Another fea-
ture observed in MG 8804 is the presence of two circular 
depressions behind the anterior articulations for the chevron. 
These depressions are also observed in Lusotitan atalaien-
sis lectotype, and might represent an autapomorphy of this 
taxon. According to this feature, this centrum is tentatively 
referred to Lusotitan atalaiensis. Were it not for this feature, 
which is diagnostic of Lusotitan, MG 8804 should be con-
sidered as an indeterminate eusauropod on the basis of the 
following combination of characters: an anteriorly displaced 
neural arch on middle caudal vertebra and a dorsoventrally 
compressed centrum. 

2.19. Other material

In the Museu Geológico several other specimens are also 
found such as the lectotype of Lourinhasaurus alenquerensis 
and Lusotitan atalaiensis described in detail by Mocho et al. 
(2014a) and Mannion et al. (2013), respectively. Neverthe-
less, other fragmentary specimens related to Sauropoda clade 
were also identified in the collections. 

Three fragments (MG 25254.2-4) are associated and were 
found in a locality between Foz Velha da Maceira and Cam-
belas (Torres Vedras), one middle/posterior caudal verte-
bra (MG 25254.2) and three indeterminate fragments. MG 
25254.2 is a middle or posterior caudal vertebra with a cy-
lindrical form. The preserved articulation is concave. The 
ventral face is convex lacking ventrolateral or sagittal crests. 
There are rudimentary articulations for the chevron. Between 
these articulations the ventral surface is slightly concave. The 
vertebra is regarded as to an indeterminate sauropod. The in-
determinate fragments should not be related to this clade. 

Three heart-shaped teeth from Fervença (MG 277), São 
Martinho do Porto (MG 4832) and Ourém (MG 16) are also 
found in the collections. MG 277 and MG 16 were initially as-
signed to Pelorosaurus humerocristatus (Sauvage, 1897-98; 
Lapparent and Zbyszewski, 1957) and MG 4832 to Turiasau-
ria (Royo-Torres et al., 2009). Those teeth were recently re-
ferred with doubt to Turiasauria clade (Mocho et al., 2015). 
Another tooth with a compressed cone-chisel morphology 
is also present in the collections (MG 8779, Sauvage, 1897-
98; Lapparent and Zbyszewski, 1957) and was originally re-
ferred to Morosaurus marchei (Sauvage, 1897-98) and, later, 
to Apatosaurus alenquerensis (Lapparent and Zbyszewski, 
1957). This morphology is common in titanosauriform teeth 
(see Calvo, 1994) but also present in Europasaurus (Carbal-
lido and Sander, 2014). A detailed description and discussion 
of this tooth and other unpublished compressed cone-chisel 
teeth of the Portuguese Upper Jurassic record is in progress. 
Finally, two teeth fragments were found in association with 
material attributed to “Omosaurus lennieri” (MG 8771) from 
Porto das Barcas (Lourinhã), where sediments of the upper 
Kimmeridgian-lower Tithonian Sobral Fm. crops out. These 

cho et al., 2014a), and the morphology of this pubic peduncle 
is distinct from Lourinhasaurus (see below). 

Description: The pubic peduncle of an ilium is preserved in 
the MG collections (Fig. 9f-i). This peduncle is transversely 
elongated and it bears an arched profile with the convexity 
facing anteriorly in distal view. The distal surface is rough. 
The anterior and posterior face of the peduncle is transversely 
convex and concave, respectively.  

Discussion: Transversely elongated pubic peduncle on the 
ilium (iliac pubic peduncle more than 1.5 times wider than 
long anteroposteriorly) is considered as a synapomorphy of 
Titanosauriformes (D’Emic, 2012) and present in MG 30485. 
MG 30485 differs from the morphology presented by Lou-
rinhasaurus with a subtriangular outline, common in other 
non-titanosauriform sauropods such as Camarasaurus (Os-
born and Mook, 1921; Ostrom and McIntosh, 1966), Hap-
locanthosaurus (Hatcher, 1903) or Diplodocus (Hatcher, 
1901). For no other Iberian Late Jurassic sauropod have been 
described a transversely elongated iliac pubic peduncle (Ca-
sanovas et al., 2011; Royo-Torres et al., 2006; 2014; Barco, 
2009; Mannion et al., 2012; 2013; Mateus et al., 2014)

cf. Lusotitan Antunes and Mateus, 2003
cf. Lusotitan atalaiensis (Lapparent and Zbyszewski, 1957)

2.18. Maceira

Material: Middle caudal vertebra (MG 8804).
Locality and horizon: The label accompanying this verte-

bra states that it was found in “Corte da Foz Velha de Maceira 
para Cambelas”, possibly from the sediments of the Freixial 
Formation, Tithonian in age (Pereda-Suberbiola et al., 2005; 
Kullberg et al., 2006).

Description: A middle caudal vertebra lacking the neural 
arch (Fig. 3g.I-g.VI). The dorsal surface of the centrum is 
eroded but the neural arch seems to be anteriorly displaced. 
The centrum is dorsoventrally compressed and both articula-
tions are concave. The anterior articulation becomes wider 
ventrally. The lateral face of the centrum is convex and lacks 
evidence of longitudinal crests. The ventral face is convex-to-
flat and bears undeveloped and semi-elliptical articulations 
for the chevron in the anterior border. Posterior to the anterior 
articulations for the chevron, there are two small excavations 
as occur in the middle caudal vertebrae of Lusotitan lectotype 
(pers. observ., PM). 

Discussion: MG 8804 was originally assigned to Bra-
chiosaurus atalaiensis (Lapparent and Zbyszewski, 1957, pl 
XXVI, fig. 95) and, later, to Lusotitan atalaiensis (Antunes 
and Mateus, 2003). This centrum is dorsoventrally com-
pressed as in Lusotitan atalaiensis, several other basal titano-
sauriforms (Janensch, 1950; Tidwell et al., 1999; 2001; Up-
church et al., 2004; Canudo et al., 2008; Royo-Torres, 2009), 
Cetiosaurus oxoniensis (Upchurch and Martin, 2003) and 
Galveosaurus (Barco, 2009). This centrum bears a marked 
anterior displacement of the neural arch as in Titanosauri-
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MG 4976 is a right humerus that shares the presence of a 
posterior and acute proximodistal crest on its proximal end 
with Duriatitan humerocristatus, a British Late Jurassic sau-
ropod. The presence of a proximodistally constricted delto-
pectoral crest allowed us to assign this taxon to the Eusauro-
poda clade. MG 4976 is considered herein as cf. Duriatitan 
humerocristatus. If this interpretation is correct, Duriatitan 
humerocristatus would be the first Late Jurassic sauropod 
shared between Iberian Peninsula and United Kingdom. Al-
though, the Portuguese Late Jurassic sauropods have classi-
cal been considered to have close affinities with the Morrison 
Formation sauropods (e.g., Lapparent and Zbyszewski, 1957; 
McIntosh, 1990a; 1990b; Mateus, 2006; Ortega et al., 2006; 
2009; 2013), the presence of forms typical of the European 
Upper Jurassic record are also present, such as the turiasau-
rian sauropods (Royo-Torres et al., 2006; 2009; 2014; Ma-
teus, 2009; Ortega et al., 2009; 2010; 2013; Mocho et al., 
2012; 2015; Royo-Torres and Upchurch, 2012; Mateus et al., 
2014). 

Some specimens collected in São Gregório da Fanadia 
(MG 4819, 4821, 4826) and Porto Novo (MG 25197.4-6) 
are tentatively assigned to the diplodocid clade, Diplodoci-
nae. The presence of diplodocids in the Upper Jurassic of the 
Lusitanian Basin is demonstrated by the presence of Dinhei-
rosaurus (Dantas et al., 1992; Bonaparte and Mateus, 1999; 
Mannion et al., 2012); the Moita dos Ferreiros diplodocine 
(Mateus, 2005; Mannion et al., 2012; Tschopp et al., 2015), 
and three new diplodocid specimens (SHN (JJS) 177, 178, 
179; Mocho et al., 2014b). 

The material housed in the Museu Geológico suggests the 
presence of non-neosauropod eusauropods (turiasaurs) and 
neosauropods (indeterminate neosauropods, diplodocines, 
camarasaurids and titanosauriforms) on the Portuguese Up-
per Jurassic record, which is in accordance with the present 
known paleobiodiversity of this group for the Lusitanian Ba-
sin during the Late Jurassic. This collection also suggests the 
presence of a rich and diverse sauropod fossil record in the 
Upper Jurassic sediments, especially in the Alcobaça, Praia 
da Amoreira-Porto Novo, Sobral, Freixial and Bombarral 
Formations, that is also reflected by other vertebrate groups 
(e.g., Sauvage 1897-98; Lapparent and Zbyszewski; 1957; 
Galton, 1980; Pérez-Moreno et al., 1999; Rauhut, 2000; An-
tunes and Mateus, 2003; Escaso et al., 2007; 2010; 2014; 
Malafaia et al., 2010, 2015; Pérez-García and Ortega, 2011; 
Hendrickx and Mateus, 2014). This collection further high-
lights that the West Portuguese region (Mafra, Torres Vedras, 
Lourinhã, Peniche, Alenquer, Caldas da Rainha, Leiria and 
Pombal) is one of the most productive with respect to Late 
Jurassic vertebrates of Europe. 
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teeth present a wrinkled texture that allow us to relate them to 
an indeterminate sauropod (e.g., Carballido and Pol, 2010).

MG 8803 is a fragment from a tibial distal end, specifically, 
part of the articular surface for the ascending process. This 
specimen was collected in Serra da Vila (Torres Vedras, lo-
cality referred on the figure 1 of Lapparent and Zbyszewski, 
1957) and probably from the sediments of the Sobral Forma-
tion, late Kimmeridgian-basal Tithonian in age. MG 8792 are 
two dorsal rib fragments with an appreciable size, probably 
related to an indeterminate sauropod and they were found in 
Atalaia (Lourinhã) from the sediments of Sobral Fm., late 
Kimmeridgian-basal Tithonian in age. Some sauropod dor-
sal rib fragments (MG 30480), including a proximal end, 
were found in Ribamar (Lourinhã) where outcrops the Praia 
da Amoreira-Porto Novo Fm. (Manuppella et al., 1999). A 
partial caudal neural spine (MG 30481) and a partial dorsal 
centrum (MG 30482) are associated in the collections of the 
Museu Geológico and are referred with doubt to the Atalaia 
locality (Lourinhã, Sobral Fm.). The association of these two 
bones on the field is not confirmed. The dorsal centrum bears 
deep pneumatic foramina, suggesting that it might represent 
a neosauropod form (see discussion for MG 4799). The an-
terior caudal neural spine does not bear important features 
and is considered to pertain to an indeterminate sauropod. 
An isolated middle caudal vertebra (MG 8802), found in the 
collections with unknown locality, is related to an indeter-
minate sauropod. Finally, a humeral partial distal end (MG 
30484, Fig. 7k) with a transversely flat distal articulation of 
an indeterminate sauropod is referred with doubt to Alenquer 
locality. 

3. Implications and conclusions

Museu Geológico collections include some of the first evi-
dence of sauropods from the Upper Jurassic of the Lusitanian 
Basin, including the lectotypes of Lourinhasaurus alenquer-
ensis and Lusotitan atalaiensis and several incomplete speci-
mens previously referred to those taxa. 

The revision of the material traditionally assigned to Lour-
inhasaurus alenquerensis (MG 4799, 4800, 4802, 4804, 
4976, 4978, 8800, 8805) refutes the previous systematic ap-
proaches corresponding to indeterminate sauropod and eu-
sauropod forms. On the other hand, MG 4800, 4986 and 8804 
that were previously related to Lusotitan atalaiensis, corre-
sponding to indeterminate sauropods and eusauropods. Only 
MG 8804 bears a putative autapomorphy of Lusotitan atalai-
ensis: the presence of two small circular depressions behind 
the anterior articulation for the chevron. According to the 
available information about Late Jurassic sauropod faunas 
(e.g., Wilson, 2002; Upchurch et al., 2004; D’Emic, 2012; 
Mannion et al., 2013), most of this material probably belongs 
to members of Eusauropoda,  taking into account the absence 
of non-eusauropod sauropods during the Late Jurassic (e.g., 
Upchurch et al., 2004; Remes et al., 2009).
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