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Abstract 
The base unit of the Mesozoic sequence of the Algarve Basin, standing over an unconformity, 

was first defined in 1850 by Charles Bonnet, who attributed it to the Triassic period. In 1887 it 

was named "Grés of Silves" by Paul Choffat. Since then the dating of the units that comprise it 

has been oscillating or not very precise, varying from the Lower Triassic to the Lower Jurassic, 

depending on the authors. In 2015 Metoposaurus algarvensis was described, a temnospondyl of 

the municipality of Loulé, coming from an almost monospecific bonebed with hundreds of bones. 

The distribution of the genus indicates a late Carnian age to the middle of the Norian for these 

layers (top of the term AB2) in the Grés de Silves Formation, where the fossil site was found. In 

the 2016 and 2017 expeditions, new fossil sites and more vertebrate material from the Algarve 

Triassic were discovered, namely the first record of placodonts in Portugal, Henodus sp., based 

on osteoderms with the following characteristics: outline with hexagonal shape and laterally 

elongated, near constant thickness (planar) and smooth suture. The genus Henodus is known 

from Lustnau Gipskeuper near Tübingen, of the Grabfeld Formation, Germany, from the lower 

Carnian, which suggests that the portuguese occurrences in units AA and AB2 are of the same 

age. This means that almost all the Grés de Silves is Carnian in age. The study of these fossils is a 

contribution to the knowledge of the geological heritage and palaeontological wealth of Algarve, 

namely the municipality of Loulé, which lists the only four taxa of vertebrates known in the 

portuguese Keuper: actinopterygians, Metoposaurus algarvensis, phytosaur and Henodus. 

 

Keywords: Grés de Silves, Late Triassic, Penina, Metoposaurus algarvensis, Henodus, 

osteoderm. 
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Resumo 
A unidade da base da sequência mesozóica da Bacia do Algarve, assente sobre uma 

discordância, foi definida pela primeira vez em 1850 por Charles Bonnet, que a atribuiu ao 

ǇŜǊƝƻŘƻ ¢ǊƛłǎƛŎƻΦ 9Ƴ муут Ŧƻƛ ōŀǇǘƛȊŀŘŀ ŘŜ άDǊŞǎ ŘŜ {ƛƭǾŜǎέ ǇƻǊ tŀǳƭ /ƘƻŦŦŀǘΦ 5ŜǎŘŜ Ŝntão que a 

datação das unidades que a compõem tem sido oscilante ou pouco precisa, variando do Triásico 

Inferior ao Jurássico Inferior, conforme os autores. Em 2015 foi descrito o Metoposaurus 

algarvensis, um temnospôndilo do concelho de Loulé, proveniente de uma jazida quase 

monoespecífica com centenas de ossos. A distribuição do género indica uma idade do Carniano 

superior a meio do Noriano para estas camadas (topo do termo AB2) na Formação de Grés de 

Silves, onde a jazida foi encontrada. Em expedições de 2016 e 2017 foram descobertas novas 

jazidas e mais material de vertebrados do Triásico do Algarve, nomeadamente o primeiro registo 

de placodontes em Portugal, Henodus sp., com base em osteodermes com a seguintes 

características: contorno com forma hexagonal e lateralmente alongado, espessura quase 

constante (planar) e sutura lisa. O género Henodus é conhecido de Lustnau Gipskeuper perto de 

Tübingen, da Formação de Grabfeld, na Alemanha, datada do Carniano inferior, o que sugere 

que as ocorrências portuguesas nas unidades AA e AB2 sejam de idade carniana. Isto significa 

que quase todo o Grés de Silves (AA a AB2) é do Carniano. O estudo destes fósseis é um 

contributo para o conhecimento da herança geológica e riqueza paleontológica do Algarve, 

nomeadamente para o concelho de Loulé, que lista os únicos quatro taxa de vertebrados 

conhecidos no Keuper português: actinopterígeos, Metoposaurus algarvensis, fitossauro e 

Henodus.  

 

Palavras-chave: Grés de Silves, Triásico Superior, Penina, Metoposaurus algarvensis, Henodus, 

osteoderme. 
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1. Introduction 
The Triassic is a period in time where many successful tetrapod groups originated and 

diversified, such as dinosaurs, pterosaurs, ichthyosaurs, mammals and turtles (Ezcurra, 2010; 

Claessens et al., 2009; Maisch & Matzke, 2002; Crompton & Jenkins, 1979; Rieppel & Reisz, 

1999). The Triassic period followed the biggest mass extinction known in 9ŀǊǘƘΩǎ ƘƛǎǘƻǊȅΣ ǘƘŜ 

Permian-Triassic extinction event, and ended with another major one, the Triassic-Jurassic 

extinction event, which heavily impacted marine and continental life, and is associated with 

dramatic changes in greenhouse gas levels (Berner, 2006), big basaltic eruptions of the Central 

Atlantic Magmatic Province (CAMP) and extreme global warming (e.g. Whiteside et al., 2010). 

Understanding Late Triassic ecosystems and its evolution over time is of great interest not only 

because it can give us good ƛƴǎƛƎƘǘ ƛƴǘƻ Ƴŀƴȅ ǘŜǘǊŀǇƻŘ ƎǊƻǳǇǎΩ ƻǊƛƎƛƴǎ ŀƴŘ ŘƛǾŜǊǎƛŦƛŎŀǘƛƻƴΣ ōǳǘ 

also because it can help us to better understand the extinction event that marked the end of the 

period and the impact iǘ ƘŀŘ ƻƴ 9ŀǊǘƘΩǎ ŜŎƻǎȅǎǘŜƳǎ. 

There are few places in the world where there is a high-resolution stratigraphic framework 

containing well-preserved Late Triassic vertebrate fossils and geological climate proxies. As such, 

many of the Late Triassic rock sequences rich in fossil content are still of highly uncertain 

geological ages, and there is little understanding about regional climate and vertebrate diversity 

patterns, with the exception of the Newark Supergroup of eastern North America (LeTourneau 

& Olsen, 2003). This results in poor understanding about the scale of the impact the end-Triassic 

extinction event had on the ecosystems, as well as the initial radiation of dinosaurs and other 

vertebrate groups (Sues & Fraser, 2010).  

In this regard, the Triassic-Jurassic sediments in Algarve Basin have great potential to reveal 

more about the paleoenvironmental and faunal changes that occurred during the Triassic-

Jurassic interval, presenting an extensive and widely exposed stratigraphic sequence with 

continental sediments (the Grés de Silves Formation) interbedded with radioisotopically-dated 

CAMP basalts, and bearing well-preserved vertebrate fossils (Kasprak et al., 2010; Mateus et al., 

2014; Brusatte et al., 2015). Still, the Algarve Basin has mostly been neglected by vertebrate 

paleontologists, with only very few discoveries being made prior to 2009, when a very rich 

temnospondyl-containing bonebed was discovered in Penina (Kasprak et al., 2010; Brusatte et 

al., 2015). From the fossils found in this bonebed, the new Portuguese species Metoposaurus 

algarvensis was erected. Also, near the temnospondyl bonebed, the remains of a phytosaur jaw 

were found.  
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These recent findings have helped in dating the Grés de Silves Formation, showing that it 

contains at least a portion dating somewhere from the Carnian-middle Norian, based on the 

presence of the Metoposaurus genus (Brusatte et al., 2015). The precise age gap represented in 

the formation has been much debated, with the current consensus being that it fits somewhere 

in the Middle to Upper Triassic. 
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1.1. What is a bonebed? 

Bonebeds are a subject of great importance and interest in vertebrate paleontology, giving a 

good insight into the conditions that many ancient animals lived and died in, or that their bones 

fossilized in. IƻǿŜǾŜǊΣ άōƻƴŜōŜŘέ ƛǎ ƴƻǘ ŀ ŦƻǊƳŀƭ ǘŜǊƳΣ ŜǾŜƴ if it is abundantly used to describe 

dense concentrations of fossil bones in a geological level. 

In order to work with bonebeds, a more clear and precise definition is required. The 

following definition is used by Behrensmeyer (2007): a bonebed is a single sedimentary stratum 

with a bone concentration that is unusually dense (often but not necessarily exceeding 5% bone 

by volume), relative to adjacent lateral and vertical deposits.  

Rogers & Kidwell (2007), use the following definition: ŀ άǊŜƭŀǘƛǾŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴέ ƻŦ ǾŜǊǘŜōǊŀǘŜ 

hardparts preserved in a localized area or stratigraphically limited sedimentary unit (e.g., bed, 

horizon, stratum) and derived from more than one individual.  

Eberth et al. (2007), use the following: an accumulation of vertebrate fossils consisting of the 

complete or partial remains of more than one vertebrate animal in notable concentration along 

a bedding plane, erosional surface, or throughout a single bed; can be identified where a 

concentration of fossil bone exceeds the background concentration in the host formation or 

facies. 

For the purpose of this thesis, the chosen definition is the one proposed by Eberth et al. 

(2007). One of the common understandings in these definitions is that, for a bone concentration 

along a sedimentary level to be considered a bonebed, it should have bones belonging to more 

than one vertebrate individual. 

Still, there are other useful classifications for bonebeds that should be properly stated in 

order to better describe the bonebeds presented in this thesis.  These classifications are based 

on the size of the osteological elements present in the bonebed, as well as taxonomic diversity, 

relative abundance and cause of the assemblage (Behrensmeyer, 2007). 

Eberth et al. (2007), makes a distinction between microfossil and macrofossil bonebeds, 

considering microfossil elements inferior to 5 centimeters in maximum dimension and 

macrofossil elements superior to 5 centimeters in maximum dimension. In this case, a 

microfossil bonebed is one where more than 75% of the number of identified specimens are 

smaller than 5 centimeters in maximum dimension, while a macrofossil bonebed is one where 

more than 75% of the number of identified specimens is bigger than 5 centimeters in maximum 

dimension. Sites where there is more than 25% of the number of identified specimens are 

referred by Eberth et al. (2007) ŀǎ άƳƛȄŜŘ ōƻƴŜōŜŘǎέΦ The authors explain that the number 75% 

intends to account for the possibility that some other elements could have entered the 
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assemblage by processes that only played a minor role in the formation of the bonebed. This 

allows for the presence of a small number of exotic or background elements in microfossil or 

macrofossil bonebeds without having to designate them as mixed bonebeds. 

Bonebeds can also predominantly or even exclusively feature elements of a certain taxa or 

comparable quantities of elements of different taxa. Eberth et al. (2007), proposes a 

classification based on the taxonomic diversity present in a bonebed. They use the term 

άƳƻƴƻǘŀȄƛŎέ ǘƻ ǊŜŦŜǊ ǘƻ ŀ ōƻƴŜōŜŘ ŎƻƴǘŀƛƴƛƴƎ ƻƴƭȅ ƻƴŜ ǎǇŜŎƛŜǎ ƻǊ ƎŜƴǳǎΣ ǿƘƛƭŜ ǘƘŜ ǘŜǊƳ 

άƳǳƭǘƛǘŀȄƛŎέ ǊŜŦŜǊǎ ǘƻ ŀ ōƻƴŜōŜŘ ŎƻƴǘŀƛƴƛƴƎ ƳƻǊŜ ǘƘŀƴ ƻƴŜ ǎǇŜŎƛŜǎ ƻǊ ƎŜƴǳǎΦ aƻǎǘ ōƻƴŜōŜŘǎ ŀǊŜ 

of the latter and these authors further classify them as high or low diversity. If two to five taxa 

are present in the assemblage, the bonebed is a low-diversity one. If there are more than ten, 

the bonebed is a high-diversity one. If the number of taxa is six to nine, the classification can 

then depend on the ǊŜƭŀǘƛǾŜ ŀōǳƴŘŀƴŎŜ ƻŦ ǘŀȄŀ ŀƴŘ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ŜȄǇŜǊƛŜƴŎŜ ŀƴŘ ƻǇƛƴƛƻƴǎ 

about the formation, depositional system, paleoecology, and taphonomic processes. 

Bonebeds can still be classified according to the relative taxonomic abundance. Eberth et al. 

(2007), classifies multitaxic bonebeds as either monodominant (the minimum number of 

individuals of one taxon is superior to 50% of the total number of individuals) or multidominant 

(no taxon has a minimum number of individuals superior to 50% of the total number of 

individuals). 
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1.2. History of vertebrate paleontology in Algarve 

The history of paleontology in Algarve dates back to the works of Charles Bonnet (1816-

1867), founder of Comissão Geológica. In 1846 and 1947, Bonnet travelled Algarve, making 

many topographic, geographic and geologic observations, and collecting fossils and mineral 

samples. His role in paleontology was relatively secondary, but he referred the existence of 

ammonites and belemnites in Serra de Alfeição, Nexe, near Loulé, and shells from the Miocene 

in Lagos, Vila Nova de Portimão, Ferragudo, Mexilhoeirinha and Albufeira.  

But the oldest record of vertebrate fossils in Algarve is from Choffat (1885). In this memory 

Choffat cites a number of reptile and fish fossils from Portugal, ranging from the 

Infravalanginian to the layers of Ostrea aff. africana. Some of these fossils were collected in 

Algarve, and are as follows: Pycnodus, Strophodus, Lepidotus and testudines from the 

Valanginian (Lower Cretaceous) of Mexilhoeira, and a partial snout of a Machimosaurus hugii 

from the Upper Jurassic of Malhão.  

Zbyszewski & Almeida (1950) recorded many species of fishes from the Miocene of Cacela, 

Albufeira, Praia da Rocha and Aljezur.  

Russell & Russell (1977) described some Triassic fish remains found near Cordeiros (São 

Bartolomeu de Messines). 

Antunes (1979) presented various fishes from the middle Miocene of Olhos de Água.  

Antunes et al. (1981) described the vertebrate fauna (crocodiles and fishes) from the lower to 

middle Miocene of Albufeira (Praia Grande), including more than fourty species of fishes, both 

chondrichthyes and osteichthyes. 

Amphibian fossils from Algarve ƘŀǾŜ ōŜŜƴ ŦƻǳƴŘ ǎƛƴŎŜ ǘƘŜ тлΩǎΣ ƘŀǾƛƴƎ ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘ ŀǎ 

stegocephalian (Palain, 1976; Russell & Russell, 1977; Lopes, 2006), and stereospondyl 

(Schröter, 1981; Witzmann & Gassner, 2008).  

In 2009, a bonebed rich in stereospondyl temnospondyl material was relocated in that 

region (first discovered by Schröter) from where many skulls and blocks of disarticulated post-

cranial material were excavated (Kasprak et al., 2010; Steyer et al., 2011). Brusatte et al. 

(2015), later assigned that stereospondyl material from the Upper Triassic to a new species 

named Metoposaurus algarvensis. 

The oldest record of reptile fossils from Algarve are the testudine from the Lower 

Cretaceous of Mexilhoeira and the partial snout of the crocodilian Machimosaurus hugii from 

the Upper Jurassic of Malhão cited by Choffat (1885). 

Various teeth belonging to the crocodilian Tomistoma cf. lusitanica have also been found in 

Cerro das Mós (Lagos) and Praia Grande (Albufeira), from the middle Miocene (Antunes, 1961; 

Antunes et al., 1981).  
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In the region of Penina (Loulé), where Metoposaurus algarvensis was found, a mandible 

belonging to a phytosaur from the Late Triassic was also discovered (Mateus et al., 2014). 

According to Santos et al. (2013), Carlos Coke, in 1995, made the first discovery of dinosaur 

footprints in the Algarve Basin, in the eastern sector of Salema beach (municipality of Vila do 

Bispo), during a geological fieldtrip. Later was also discovered an ornithopod trackway, 

identified by high-school children during a fieldtrip organized by Celestino Coutinho in 1996. In 

1997, more ornithopod trackways were discovered in Santa beach by Sebastião Pernes. 

Besides tracks, the only dinosaur remains found in Algarve are a few vertebrae longitudinal 

sections and teeth discovered in Praia de Porto de Mós (Lagos) by Pedro Terrinha in 1992, 

attributed to the Lower Cretaceous (Santos et al., 2000; Santos et al., 2013; Santos, 2016). 

Antunes (1979) presented his study on the vertebrates of Olhos de Água, which included 

mammal remains such as a molar tooth of the sirenian Metaxitherium medium and various 

ribs and vertebrae of mysticetes from the middle Miocene.  

Antunes (1986a, 1986b & 1986c) reports the occurrence of various Pleistocene mammals 

for Goldra (Loulé), Algoz (Silves) and Morgadinho (Tavira). These mammals include a Sus cf. 

scrofa, an Equus, a Hippopotamus antiquus, cervids, lagomorphs, soricids, talpids and various 

rodents. 

Pais et al. (2000) reported the occurrence of teeth from odontocetes in Cerro das Mós 

(Lagos), where M. T. Antunes had previously found a Tomistoma tooth. 
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1.3. Algarve Basin 

The Algarve Basin (Fig. 1.1), in the south of Portugal, corresponds to a basin of 

mesocenozoic sediments, extending from the coast, in Cabo de São Vicente, to beyond the 

Spanish border (Rocha, 1976). These sediments stand over the Mira Formation and Brejeira 

Formation, composed of schist and greywacke, from the Carboniferous of the South 

Portuguese Zone, in an unconformity, revealing a hiatus (of proximally 70 million years), 

overlaid by the Triassic units (Oliveira et al., 1992; Rocha, 1976). Another hiatus of about 70 

million years is present between the Pão Branco Formation of the Cenomanian and the Lagos-

Portimão Formation from the middle Miocene (Terrinha et al., 2006). These units are 

structured in a monocline plunging to the south and deformed mainly by two East-West 

longitudinal flexures (Rocha, 1976).  

The Mesozoic basin of Algarve was formed during the continental extension associated with 

the opening of the Central Atlantic Ocean, and eventually with the formation of oceanic crust 

in the west Tethys Sea, between Algarve and the north of Africa (Terrinha et al., 2006).  

The Triassic units changed from continental sedimentation environment, mainly fluvial, to 

shallow marine environment. Some unique aspects in the basin are presented by these units, 

such as the first events of Mesozoic crustal strain deformation, the only episode of volcanism 

in this continental margin, the transition from continental sedimentation conditions to coastal 

and marine, and the unique existence of a long period of uniform environmental and 

sedimentation conditions in the entire Mesozoic Algarve basin (Terrinha et al., 2006). 

 

Fig. 1.1 ς Geological map of southern Portugal. 1- Holocene; 2- Pleistocene; 3- Pliocene; 4- Miocene; 5- Paleogenic; 
6- Cretaceous; 7- Jurassic; 8- Triassic/Hettangian; 9- Monchique Alkaline Complex; 10- Westphalian; 11- Namurian; 
12- Visean; 13- Tournaisian; 14- Famennian; 15- veins; 16- faults. Modified from Terrinha et al. (2006). 
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1.4. Grés de Silves Formation 

The early Mesozoic sediments of Algarve ǿŜǊŜ ŦƛǊǎǘ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ΨCƻǊƳŀǘƛƻƴ Řǳ ¢ǊƛŀǎΩ ōȅ 

Charles Bonnet, in 1850, who divided them into three lithological terms, dating the last two 

ŦǊƻƳ ǘƘŜ aǳǎŎƘŜƭƪŀƭƪ ŀƴŘ YŜǳǇŜǊΦ Lƴ муутΣ tŀǳƭ /ƘƻŦŦŀǘΣ ŦƛǊǎǘ ŎƻƛƴŜŘ ǘƘŜ ǘŜǊƳ ΨDǊŞǎ ŘŜ {ƛƭǾŜǎ 

CƻǊƳŀǘƛƻƴΩΣ ŀƴŘ ŀǘǘributed the base of the formation to the Rhaetian and the rest to the 

Hettangian. Since then, the precise age of the terms of the formation has been a subject of 

debate (Erro! A origem da referência não foi encontrada.). Teixeira (1942) proposed a 

Rhaetian age for the formation, although the base could be Keuper. Da Costa (1944) defended 

that there was no Triassic in Portugal. Palain (1968) attributed the detritic unit to the Keuper.  

Finally, Palain (1976) defined the following litostratigraphical units (Fig. 1.3), which have 

been accepted and used ever since (Rocha, 1976; Brusatte et al., 2015): 

1. Unit AA ς This unit is located in central Algarve and is composed mainly of sandstone-

conglomerate deposits and pelites with thin intercalations of siltstone and dolomite. This unit 

is 90±10 meters in maximum thickness in the region of São Bartolomeu de Messines (Rocha, 

1976). According to Palain, this unit is cut obliquely by a discontinuity surface, more abrupt to 

the east and more progressive to the west; 

2. Unit AB ς This unit can be divided in three terms: 

2.1. Term AB1 ς This term is mainly composed of sandstone with cross-bedding. Near the 

top of this layer, there are abundant traces of organic activity. The presence of Euestheria 

minuta and Pseudoasmussia destombesi allowed to attribute to the Keuper the upper third of 

Term AB1 (Rocha, 1976); 

2.2. Term AB2 ς This term is mainly composed of pelite, with a red color or varying colors, 

mainly reddish and greenish. Fine grained to very fine grained sandstones and dolomites can 

also be found (Rocha, 1976). In the area studied by Rocha, the Silves-Sagres sector, the 

thickness of this term varied between less than 70 to 150 meters. The palynological results of 

the same study revealed a poor association of Praecirculina sp. and Triadispora sp., that, while 

not permitting a precise dating, was attributed to the Triassic; 

2.3. Term AB3 ς The top is mainly composed of dolomite with few mollusc fossils, while the 

base is composed of thin layers of dolomitic pelite alternating with fossiliferous dolomite 

(Rocha, 1976). The mollusc fauna studied by Boehm (1903) and reviewed by Fischer & Palain 

(1971) allowed to attribute this term to the Hettangian age. 

 

In 2015, with the classification of Metoposaurus algarvensis, the Term AB2 was attributed 

to the Upper Triassic, with a layer near the top (where the Metoposaurus bonebed was found) 

being attributed to the late Carnian-middle Norian (Brusatte et al., 2015). 
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Fig. 1.3 ς Left: Synthetic lithostratigraphic log showing the observations made by Palain (1976) in the Silves-São 
Bartolomeu de Messines sector. Right: Synthetic lithostratigraphic log of the Silves-Sagres sector of Rocha (1976). I. 
Dolomites and dolomitic limestones of Espiche; II. Marl-carbonate complex of Silves; III. Sandstones of Silves; IV. 
Schists and greywackes (Carboniferous). Modified from Russell & Russell (1977). 
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1.5. Paleogeography of the Triassic 

5ǳǊƛƴƎ ǘƘŜ ¢ǊƛŀǎǎƛŎΣ Ƴƻǎǘ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ land mass was concentrated in a single 

supercontinent known as Pangaea (Fig. 1.4), the most recent supercontinent to have existed, 

spanning from pole to pole (Rogers & Santosh, 2004). This supercontinent later divided into two 

supercontinents named Gondwana (in the southern hemisphere, and composed of what would 

be South America, Africa, Antarctica, India and Australia) and Laurasia (in the northern 

hemisphere, and composed of what would be North America, Europe and Asia), and was 

surrounded by the world-ocean Panthalassa (Rogers & Santosh, 2004).  The terrains that would 

be Portugal and western Europe were located in the western margin of the Tethys Sea. 

At the East, along the equator, the Tethys Sea had begun splitting the Pangaea and closing 

the Paleo-Tethys Ocean (Zhai et al., 2016). By the end of the Triassic and the beginning of the 

Jurassic, the Pangaea split, marking the opening of the Central Atlantic Ocean. In the Grés de 

Silves Formation, this event can be seen in the form of the volcano-sedimentary complex on top 

of the Triassic sedimentary layers, followed by a Jurassic carbonate platform (Kasprak et al., 

2010).   

 

Fig. 1.4 ς Paleogeographic map of the world during the Early Norian (220 Ma). Map by Stampfli & Borel (2002). 
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2. Objectives 
The main objective of this work is to understand the diversity and stratigraphic distribution of 

the vertebrate fauna of the Triassic of Algarve.  

Others objectives are to identify new fossil sites in the area around Penina, where the 

Metoposaurus algarvensis bonebed was discovered, to study the anatomy e phylogenetic 

position of the collected vertebrates, to contribute to a better dating of the units of the Grés de 

Silves Formation and also to contribute to the knowledge of the geological heritage and 

paleontological wealth of the municipality of Loulé. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



14 
 

 



15 
 

3. Methods and materials 
Most of the fossil samples presented in this thesis are result of surface collecting. On the 

other hand, the bones from the layer Pen-T2 (the Metoposaurus algarvensis bonebed) were 

excavated after removing the overlaying sediment with a jackhammer (powered by a generator), 

shovels and hoes. When near the bone level, chisels and hammers were used to dig. Smaller 

samples from this layer were protected with paper and/or plastic film and put into bags 

according to their field classification, but the bigger bones where extracted in blocks protected 

by a jacket of plaster and burlap. Before applying the plaster and burlap, though, the exposed 

bones were covered by a layer of wet paper, so that the plaster would not glue to the fossil. The 

block FCT-UNL 714 (field number: Messines 10) containing the cyamodontoid specimens from 

the layer IC1722-2, collected in São Bartolomeu de Messines, was extracted using the same 

method, in order to assess the taphonomy. 

Paraloid B-72 diluted in acetone was used to strengthen the fossils while the excavation 

proceeded. A less diluted solution was also used to glue fossils. 

A squared grid (1x1 meter for each square) was drawn in the Metoposaurus algarvensis 

digging site using various reference nails and spray paint. This grid was then drawn in two parts 

in two different sheets of millimetric paper in a 1:25 scale and used to make a sketch of the 

quarry, indicating from where each block with bones came from (Fig. 3.1 and Fig. 3.2). 

The samples were prepared in the laboratory at Museu da Lourinhã and at Departamento de 

Ciências da Terra of Faculdade de Ciências e Tecnologia of Universidade Nova de Lisboa using 

Paleotools air scribes of different sizes. Paraloid B-72 diluted in acetone was used as consolidant 

and glue. 

While preparing the block FCT-UNL 714, the cracks were filled with Polyethylene glycol 

(Carbowax) to retain the block consistency. 
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Fig. 3.1 ς Map 17A of the quarry of the Metoposaurus algarvensis bonebed (layer Pen-T2) from the Late 
Triassic of Penina, municipality of Loulé, Algarve. 
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Fig. 3.2 ς Map 17B of the quarry of the Metoposaurus algarvensis bonebed (layer Pen-T2) from the Late Triassic 
of Penina, municipality of Loulé, Algarve. 
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4. Triassic fossil sites 
Several Triassic sites with vertebrates in Algarve have been reported since Russell & Russell 

(1977). Not all of which will be readdressed here because they were nor revisited during this 

thesis. Follows the information about the visited fossiliferous Triassic sites: Messines, Penina, 

Vale Vinagre, Fonte Santa, Vale Fuzeiro, and Barragem do Funcho.  

In Messines and Penina, a total of four stratigraphic logs (Fig. 4.1 and Fig. 4.2) were made in 

different outcrops and correlated to help understand how the different faunas in the various 

fossiliferous layers varied through time. All but one of the outcrops are located in the 

municipality of Loulé, while the other is located in the municipality of Silves. The latter, called 

Section 1, can be observed in São Bartolomeu de Messines, near the IC1 highway. Sections 2, 3 

and 4, of municipality of Loulé, are located in the south slope of Rocha da Pena, near Penina.  

 

 

Fig. 4.1 ς Geographical context in central Algarve of the four sections where the stratigraphical logs were drawn, in 
red, (Sections 1-4) and other fossil sites, in blue. 
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Fig. 4.2 ς Location of the three sections where stratigraphical logs were drawn (Sections 2, 3 and 4) in Rocha da Pena, 
near Penina, municipality of Loulé, Algarve, Portugal. Photo by Manoli Ortiz de la Torre. 
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4.1. São Bartolomeu de Messines 

/ƻƻǊŘƛƴŀǘŜǎΥ b отȏ мрΩ мпΦмтнΩΩΤ ² уȏ мсΩ нпΦоолΩΩΦ 

In this area (Fig. 4.3), a stratigraphic log was drawn for a section (Section 1; Fig. 4.4) observed 

near the IC1 highway, at the kilometer 722. This section consisted of the following layers, from 

base to top: 

IC1722-1 ς Mottled claystone with two centimetric intercalations of gray pelites (identified as 

IC1722-2 and IC1722-3) (thickness: 5.6 meters); 

IC1722-2 ς Lenticular layer of gray pelite with abundant fossils of cyamodontoids (thickness: 

15 centimeters); 

IC1722-3 ς Lenticular layer of gray pelite with abundant bone flakes and presence of mud 

cracks (thickness: 45 centimeters); 

IC1722-4 ς Fine grained irregular gray pelite (thickness: 20 centimeters); 

IC1722-5 ς Red claystone (thickness: 1 meter); 

IC1722-6 ς Gray limestone with peloids (thickness: 5 centimeters); 

IC1722-7 ς Red claystone (thickness: 3.3 meters); 

IC1722-8 ς Compact red sandstone (thickness: 20 centimeters); 

IC1722-9 ς Red claystone (the top of the layer could not be determined, so the thickness was 

not measured). 

 

 

Fig. 4.3 ς Stratigraphic section of São Bartolomeu de Messines (Section 1), municipality of Silves, near the kilometer 
722 of IC1 highway. 
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Fig. 4.4 ς Stratigraphic log of Section 1, observed in São Bartolomeu de Messines, municipality of Silves, near the 
kilometer 722 of IC1 highway. 
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4.2. Penina 

In this area, three stratigraphic logs were drawn for different sections that could be observed 

on the field. 

{ŜŎǘƛƻƴ н ŎƻƻǊŘƛƴŀǘŜǎΥ b отȏ мпΩ руΦпуфΩΩΤ ² уȏ сΩ ооΦссуΩΩΦ 

{ŜŎǘƛƻƴ о ŎƻƻǊŘƛƴŀǘŜǎΥ b отȏ мрΩ мΦуумΩΩΤ ² уȏ сΩ нуΦфсуΩΩΦ 

Section 4 ŎƻƻǊŘƛƴŀǘŜǎΥ b отȏ мрΩ рΦнслΩΩΤ ² уȏ сΩ оуΦнрпΩΩΦ 

Section 2 (Fig. 4.5 and Fig. 4.6) in Penina was observed just south of the road from Penina to 

Salir, to the west of Section 3, consisting of a 9 meters thick succession of the following layers, 

from base to top: 

Pen-S1 ς Red claystone (thickness: 2 meters); 

Pen-S2 ς Red pelite (thickness: 30 centimeters); 

Pen-S3 ς Red claystone (thickness: 70 centimeters); 

Pen-S4 ς Greenish gray sandstone with rare bones (thickness: 40 centimeters); 

Pen-S5 ς Red claystone (thickness: 3.7 meters); 

Pen-S6 ς Greenish gray sandy limestone, very hard, with many small bones and few peloids 

(thickness: 20 centimeters); 

Pen-S7 ς Red claystone (thickness: 20 centimeters); 

Pen-S8 ς Greenish gray sandy limestone with abundant peloids (thickness: 10 centimeters); 

Pen-S9 ς Red claystone (the top of the layer could not be determined, so the thickness was 

not measured). 

 

 

Fig. 4.5 ς Western stratigraphic section (Section 2) in the south of the road from Penina to Salir, near Rocha da Pena, 
municipality of Loulé. 
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Fig. 4.6 ς Stratigraphic log of Section 2, observed in the western section in the south of the road from Penina to Salir, 
near Rocha da Pena, municipality of Loulé. 
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Section 3 (Fig. 4.7 and Fig. 4.8) in Penina was also found south of the road from Penina to 

Salir, to the east of Section 2. This section measured 24 meters in thickness and consisted of the 

following layers, from base to top: 

Pen-CE1 ς Red claystone (thickness: 2 meters); 

Pen-CE2 ς Fine grained sandstone, with color varying between red and gray (thickness: 20 

centimeters); 

Pen-CE3 ς Red claystone with two intercalations of pelite 5 centimeters thick each (thickness: 

2.5 meters); 

Pen-CE4 ς Fine grained sandstone, with color varying between red and gray (thickness: 10 

centimeters); 

Pen-CE5 ς Red claystone (thickness: 1.2 meters); 

Pen-CE6 ς Fine grained sandstone, with color varying between red and gray, containing some 

lamination (thickness: 10 centimeters); 

Pen-CE7 ς Red claystone with two intercalations of gray pelite (thickness: 3.7 meters); 

Pen-CE8 ς Gray pelite, red in the middle on the layer (thickness: 30 centimeters);  

Pen-CE9 ς Red pelite with seven centimetric intercalations of fine grained red sandstone, 

mainly in the lower half, with the occurrence of a level with undeveloped desert 

roses in the highest sandstone intercalation. A fossil was collected in this layer, but 

it appeared to have slipped previously from higher levels (thickness: 3.4 meters); 

Pen-CE10 ς Gray sandy limestone, with irregular but abrupt base and top (thickness: 12 

centimeters); 

Pen-CE11 ς Compact purple claystone, with a level of purple sandstone in the middle of the 

layer. Lamination near the top. Irregular top with abundant desert roses. it was 

theorized that this layer could be the origin of the fossil found over Pen-CE9 

(thickness: 50 centimeters); 

Pen-CE12 ς Red pelite, with desert roses on the top. Irregular base and top (thickness: 10 

centimeters); 

Pen-CE13 ς Gray sandstone, with desert roses on the top (thickness: 10 centimeters); 

Pen-CE14 ς Mottled claystone (thickness: approximately 2 meters); 

Pen-CE15 ς Gray limestone with abundant peloids (thickness: 16 centimeters); 

Pen-CE16 ς Mottled claystone, with lamination on the top (thickness: 1 meter); 

Pen-CE17 ς Red compact sandstone (thickness: 2 meters); 

Pen-CE18 ς Red claystone (thickness: 2 meters); 

Pen-CE19 ς Red compact sandstone, with cross-bedding (thickness: 1.5 meters); 

Pen-CE20 ς Red claystone (thickness: 2 meters); 
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Pen-CE21 ς Gray limestone with no tabular structure. Upper and lower limits well marked 

(thickness: varying between 10 and 20 centimeters); 

Pen-CE22 ς Red claystone (the top of the layer could not be determined, so the thickness was 

not measured). 

 

 

Fig. 4.7 ς Eastern stratigraphic section (Section 3) in the south of the road from Penina to Salir, near Rocha da Pena, 
municipality of Loulé. 
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Fig. 4.8 ς Stratigraphic log of Section 3, observed in the eastern section in the south of the road from Penina do Salir, 
near Rocha da Pena, municipality of Loulé. 
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Section 4 (Fig. 4.9 and Fig. 4.10) in Penina was observed on the way to the outcrop where the 

Metoposaurus algarvensis bonebed was found. This section measured at least 13 meters in 

thickness and consisted of the following layers, from base to top: 

Pen-T1 ς Red claystone, with gypsum nodules 2 meters from the base. An isolated sample 

with burrow marks was collected over this layer (thickness: 4 meters); 

Pen-T2 ς Red claystone, with a higher sand fraction. Metoposaurus algarvensis bonebed with 

abundant fossils (thickness: 30 centimeters); 

Pen-T3 ς Red claystone. A phytosaur jaw was previously found near the top of this layer 

(Mateus et al., 2014) (thickness: 2.2 meters); 

Pen-T4 ς Gray mottled pelite, with bone flakes (thickness: 20 centimeters); 

Pen-T5 ς Lenticular intercalation of greenish gray pelite 1 meter from the base of Pen-T6 

(thickness: 20 centimeters); 

Pen-T6 ς Red claystone, with two intercalations: Pen-T5 and a 2-20 centimeters thick 

lenticular claystone layer, with irregular base and top, and a lot of laminar gypsum 

(thickness: at least 3 meters, since the top could not be determined and so not fully 

measured). 

 

 

Fig. 4.9 ς Stratigraphic section (Section 4) on the way to the Metoposaurus algarvensis digging site, in the south slope 
of Rocha da Pena, north of the road from Penina to Salir, municipality of Loulé. 
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Fig. 4.10 ς Stratigraphic log of Section 4, observed on the way to the Metoposaurus algarvensis digging site, in the 
south slope of Rocha da Pena, north of the road from Penina to Salir, municipality of Loulé. 
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4.3. Vale Vinagre  

In this area, northwest of Alte, in the municipality of Loulé, Algarve, a new stratigraphic 

sequence could be observed in the southern slope of the valley (Fig. 4.11; coordinates: N 37º мрΩ 

рΦуΩΩΣ ² уȏ моΩ нΦнΩΩ), although a stratigraphic log was not drawn. The CAMP basalts could be 

observed in the northern slope of the valley ( 

 Fig. 4.12)Φ ¢ǿƻ ŎȅŀƳƻŘƻƴǘƻƛŘΩǎ ƻǎǘŜƻŘŜǊƳǎ ǿŜǊŜ ŦƻǳƴŘ ƛƴ ŀ ōƭƻŎƪ ǘƘŀǘ ŦŜƭƭ ŦǊƻƳ ǘƘŜ 

southern slope (Fig. 4.13). 

 

 

Fig. 4.11 ς Stratigraphic exposure observed in the south slope of Vale Vinagre, municipality of Loulé. 

 

 

 Fig. 4.12 ς Outcrop showing the CAMP basalts in the north slope of Vale Vinagre, municipality of Loulé. 
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Fig. 4.13 ς Cyamodontoid osteoderms found in an isolated block in the south slope of Vale Vinagre, municipality of 
Loulé. 

 

4.4. Fonte Santa 

The section observed in this area, northwest of Alte, όŎƻƻǊŘƛƴŀǘŜǎΥ b отȏ мпΩ ртΩΩΣ ² уȏ мнΩ 

олΦтΩΩύ is stratigraphically higher than the sections observed in Penina, a little below the base of 

the CAMP basalts. In this section composed of red carbonated sandstone, there were found 

ripple marks, burrow marks, bioturbation marks and a fossil later identified as a spinicaudatan 

(Fig. 4.14).  

 

 

Fig. 4.14 ς Valve of a spinicaudatan of Fonte Santa, municipality of Loulé, in a carbonated sandstone, below the base 
of the CAMP basalts. 
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4.5. Vale Fuzeiros 

On the hill southeast and near the road leading to Vale Fuzeiros from São Bartolomeu de 

Messines, municipality of Silves όŎƻƻǊŘƛƴŀǘŜǎΥ b отȏ мпΩ ррΦфΩΩΣ ² уȏ нмΩ тΦпΩΩύ, there was located 

a section of mainly red claystone layers, where one gastropod fossil was found (Fig. 4.15). On 

the top of the section, the CAMP basalts could be observed, leading to conclusion that the 

sediments below belonged to the Term AB2 of the Grés de Silves Formation. 

 

 

Fig. 4.15 ς Triassic gastropod fossil collected from near the road leading from São Bartolomeu de Messines to Vale 
Fuzeiros, municipality of Silves. 

 

4.6. Barragem do Funcho 

Lƴ ŀ ǎŜŎǘƛƻƴ ƴŜŀǊ CǳƴŎƘƻΩǎ ŘŀƳ όŎƻƻǊŘƛƴŀǘŜǎΥ b отȏ мрϥ поΦоΩΩΣ ² уȏ нмΩ пфΦпΩΩύ composed of 

red claystone layers, small fragments of bone were discovered, but any identification of them 

ǿŀǎ ƛƳǇƻǎǎƛōƭŜΦ ¢ƘŜǎŜ ƭŀȅŜǊǎ ǎǘƻƻŘ ƻǾŜǊ ǘƘŜ /ŀǊōƻƴƛŦŜǊƻǳǎΩ ǎŎƘƛǎǘǎΣ ƭŜŀŘƛƴƎ ǘƻ ǘƘŜ ŎƻƴŎƭǳǎƛƻƴ 

that they belonged to the Unit AA of the Grés de Silves Formation. 
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4.7. Correlation between sections 

Of the four stratigraphic sections studied in this work, one of them (Section 1), found in São 

Bartolomeu de Messines, was attributed to the Unit AA, based on the work of Palain (1976), that 

studied the same site. The other three, found in Penina, are part of the Term AB2 (Kasprak et al., 

2010; Brusatte et al., 2015), so no direct correlation was drawn between Section 1 and Sections 

2, 3 and 4. 

However, the model of Section 1 being part of Term AB2, instead of Unit AA, and 

corresponding directly to the sections in Penina is still a possibility, due to the existence of a 

fault. This fault wasnΩǘ observed on the field and a more in-depth study of the local structural 

geology was beyond the scope of this thesis, so how this fault might affect the relative position 

ƻŦ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǎŜŎǘƛƻƴǎ ƛƴ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ǿŀǎƴΩǘ ŘŜǘŜǊƳƛƴŜŘΦ This work presents the model with 

Section 1 in Unit AA and the three sections of Penina in Term AB2. 

To help correlate the sections of Penina, four guide strata that could be observed in various 

outcrops in the general area were defined: 

Pen-T2 or άaŜǘƻǇƻǎŀǳǊǳǎ ƭŀȅŜǊέΥ ǘƘŜ ƭŀȅŜǊ ƛƴ ǿƘƛŎƘ ǘƘŜ Metoposaurus algarvensis bonebed 

is, a red claystone with a significant sand fraction and abundant M. algarvensis bones; 

Pen-T4 or άtƘȅǘƻǎŀǳǊ ƭŀȅŜǊέΥ ǘƘŜ ƭŀȅŜǊ ŀōƻǾŜ ǘƘŜ ƭŜǾŜƭ ǿƘŜǊŜ ǘƘŜ ǇƘȅǘƻǎŀǳǊ Ƨŀǿ ǿŀǎ ŦƻǳƴŘ 

(Mateus et al., 2014), a gray mottled pelite with common cyamƻŘƻƴǘƻƛŘΩǎ ƻǎǘŜƻŘŜǊƳǎΤ 

Pen-S4 or άaŀƭŀŎƘƛǘŜ ƭŀȅŜǊέΥ ŀ ƭŀȅŜǊ ƻŦ ƎǊŜŜƴƛǎƘ ƎǊŀȅ ǎŀƴŘǎǘƻƴŜ ǿƛǘƘ ǊŀǊŜ Ŧƻǎǎƛƭ ōƻƴŜǎΤ 

Pen-S6 or άtŜƭƻƛŘǎ ƭŀȅŜǊέΥ ŀ ƭŀȅŜǊ of greenish gray sandy limestone with abundant peloids. 

 

hŦ ǘƘŜǎŜ ŦƻǳǊΣ ǘƘŜ άƳŀƭŀŎƘƛǘŜ ƭŀȅŜǊέ ŀƴŘ ǘƘŜ άǇŜƭƻƛŘǎ ƭŀȅŜǊέ ŎƻǳƭŘ ōŜ ƛŘŜƴǘƛŦƛŜŘ ƛƴ {ŜŎǘƛƻƴ нΣ 

ŀƴŘ ǘƘŜ ƭŀǘǘŜǊ ŎƻǳƭŘ ŀƭǎƻ ōŜ ƛŘŜƴǘƛŦƛŜŘ ƛƴ {ŜŎǘƛƻƴ оΦ ¢ƘŜ άaŜǘƻǇƻǎŀǳǊǳǎ ƭŀȅŜǊέ ŀƴŘ άǇƘȅǘƻǎŀǳǊ 

ƭŀȅŜǊέ ŎƻǳƭŘ ƻƴƭȅ ōŜ ƛŘŜƴǘƛŦƛŜŘ ƛƴ {ŜŎǘƛƻƴ пΦ {ƻΣ ǿƘƛƭŜ ǘƘŜ ǊŜƭŀǘƛǾŜ Ǉƻǎƛǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ άǇŜƭƻƛŘǎ 

ƭŀȅŜǊέ ŀƴŘ ǘƘŜ άƳŀƭŀŎƘƛǘŜ ƭŀȅŜǊέ ŀƴŘ ōŜǘǿŜŜƴ άaŜǘƻǇƻǎŀǳǊǳǎ ƭŀȅŜǊέ ŀƴŘ άǇƘȅǘƻǎŀǳǊ ƭŀȅŜǊέ 

could be observed directly, the relation between these two pairs of layers could not be directly 

inferred. 

It was then necessary to infer the relative position of the four layers of Penina based on 

various field observations. Lƴ {ŜŎǘƛƻƴ нΣ ǘƘŜ ŘƛǇ ŀƴŘ ǎǘǊƛƪŜ ƻŦ ǘƘŜ άǇŜƭƻƛŘǎ ƭŀȅŜǊέ όƛŘŜƴǘƛŦƛŜŘ ƛƴ 

that section as Pen-S6) were measured. These values are as follows: 

 

Strike: N 76º E 

Dip angle: 16.8º S 
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In that section, the altitude is 319 ± 4 meters above sea level. Meanwhile, in Section 4, where 

the oǘƘŜǊ ǘǿƻ ƎǳƛŘƛƴƎ ƭŀȅŜǊǎ ŎƻǳƭŘ ōŜ ƻōǎŜǊǾŜŘ όάaŜǘƻǇƻǎŀǳǊǳǎέ ŀƴŘ άǇƘȅǘƻǎŀǳǊέ), the altitude 

was of 365 ± 5 meters. The horizontal distance between these two sections is 288 meters. 

Knowing this and that the local geology is constituted by a monocline and no relevant 

deformation of the strata is present (Rocha, 1976), an extension of the two guide strata in 

Section 2 όάƳŀƭŀŎƘƛǘŜέ ŀƴŘ άǇŜƭƻƛŘǎέύ could be reasonably estimated, allowing us to calculate 

that they would be above the guide strata in Section 4 if they were exposed (Fig. 4.16), meaning 

that the four guide strata can be ordered, from ƻƭŘŜǎǘ ǘƻ Ƴƻǎǘ ǊŜŎŜƴǘΣ ŀǎΥ άaŜǘƻǇƻǎŀǳǊǳǎ ƭŀȅŜǊέΣ 

άǇƘȅǘƻǎŀǳǊ ƭŀȅŜǊέΣ άƳŀƭŀŎƘƛǘŜ ƭŀȅŜǊέ ŀƴŘ άǇŜƭƻƛŘǎ ƭŀȅŜǊέ. 

 

Fig. 4.16 ς Graphical representation of the projection of the 'malachite layer' above the 'phytosaur layer'. 

 

4.8. Facies 
In the different stratigraphic logs, several different facies can be observed and, to better 

understand the depositional environment, there was a need to identify facies cycles (Fig. 4.17) 

in the studied sections.  

The most evident type of cycle, seen in all of the four sections, is composed of a red 

claystone layer followed by a thinner layer of a more compact facies, like pelite, sandstone or 

even a carbonated rock. In Section 4, the first two meters also appear to constitute a cycle 

composed of red claystone in the bottom and a level with gypsum nodules on top. 

 

 

Fig. 4.17 ς Different types of facies cycle observed in the four stratigraphic sections (Sections 1-4) studied in São 
Bartolomeu de Messines and Penina. 
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In Section 3, it is possible to observe two subsections, with the bottom one being constituted 

by progressively thinner, from bottom to the top, intercalations of red claystone and gray 

sandier levels until the bed Pen-CE13 (subsection A in Fig. 4.18). The following layers present 

thicker layers of claystone, also interbedded with thinner layers with a sandier or more 

carbonated fraction (subsection B in Fig. 4.18). 

 

 

Fig. 4.18 ς Two divisions of facies cycles (A and B) in Section 3, Penina, in the eastern section to the south of the road 
from Penina to Salir, near Rocha da Pena. Subsection A shows cycles with progressively thinner, from bottom to top, 
layers of claystone interbedded with sandstones and pelites. Subsection B shows again cycles with thicker layers of 
claystone, sandstone and limestone. 
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4.9. Bone Layers 

Six bone bearing layers were identified in the sections observed in Penina and São 

Bartolomeu de Messines (IC1722-2, IC1722-3, Pen-T2, Pen-T4, Pen-S4 and Pen-S6) and 

correlated between different sections in order to determine their relative positions in the Grés 

de Silves Formation (Fig. 4.19). Here the bone layers are described: 

 

IC1722-2 

Near the bottom of this stratum, there was found a large number of osteoderms belonging to 

cyamodontoids, the majority fragmented, as well as some other fragmented and still 

unidentified bones never surpassing 5 centimeters in maximum measure, leading to the 

classification as a monodominant microvertebrate bonebed. With so many carapace elements 

fragmented, it is difficult to estimate the difference in size of the majority of the osteoderms, 

but there appears to exist some heterogeneity in sizes based on the fewer more complete 

elements. Some of these osteoderms preserve radial markings. These osteological elements 

were dispersed in the matrix in a chaotic manner near the bottom of the layer, with no 

preferred orientation, very close to each other. 

 

IC1722-3 

In this layer, a large number of small unidentified bone fragments and various cyamodontoid 

osteoderms were found, as well as some mud cracks.  The vast majority of these osteoderms 

and bone fragments also did not surpass 5 centimeters in maximum measure. Like the fossils 

found in IC1722-2, these osteoderms and bone fragments could be found near the bottom of 

the layer, very close to each other and dispersed in the matrix with no preferred orientation. 

 

Pen-T2 

This is the bonebed where Metoposaurus algarvensis was found, and is a monodominant 

bonebed that contains a large number of skull bones as well as some post-cranial material of 

Metoposaurus algarvensis densely packed within a narrow stratigraphic horizon (Brusatte et al., 

2015). Differently from other bonebeds described here, this is a macrovertebrate bonebed, 

since the majority of its bones measure more than 5 centimeters in maximum size. Few small 

bivalves were also found in this layer. 

According to Kasprak et al. (2010) and Brusatte et al. (2015), this layer could correspond to a 

lacustrine or fluvial environment, where M. algarvensis individuals would succumb to mass 

death events. 
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Pen-T4 

The bones in this layer consist mainly of undetermined bone fragments of heterogeneous 

sizes and various fairly complete cyamodontoid osteoderms (all less than 5 centimeters in 

maximum dimension), but some ganoid scales close to each other in the matrix were also found 

(0.1 to 0.2 centimeters in size, on average), and one bone appearing to belong to a 

Metoposaurus algarvensis ς the first in this layer (Fig. 7.5). 

 

Pen-S4 

The bones of this layer consist of just a few rare and very fragile bone fragments, still 

unidentified, scattered in the middle of the bed, as well as some ganoid scales (0.1 to 0.2 

centimeters in size, on average). The majority of the bone fragments found were smaller than 5 

centimeters in maximum measure. 

  

Pen-S6 

The bones of this layer consist of a variety of small bones on the top of the bed, with some 

heterogeneity in size, most of them fragmented and very difficult to identify. Still, at least one 

complete and relatively well-ǇǊŜǎŜǊǾŜŘ ŎȅŀƳƻŘƻƴǘƻƛŘΩǎ ƻǎǘŜƻŘŜǊƳ (FCT-UNL 717, Fig. 8.4E) and 

ŀ ŎȅŀƳƻŘƻƴǘƻƛŘΩǎ ǾŜǊǘŜōǊŀ were identified (FCT-UNL 716, Fig. 8.4D) with some other fragments 

appearing to be mostly parts of osteoderms.  
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Fig. 4.19 ς Simplified stratigraphic position in the units (Unit AA and Unit AB) of Grés de Silves Formation of the 
IC1722-2, IC1722-3, Pen-T2, Pen-T4, Pen-S4 and Pen-S6 bone layers discovered in Penina and São Bartolomeu de 
Messines. Based on Brusatte et al. (2015). 
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5. Other places of interest - Quaternary 
During the field expedition in 2016 and 2017, we were drawn attention to other fossil 

localities of different ages. Despite being outside the scope of this thesis, being Quaternary in 

age, are here addressed for the record, because the two previously unknown fossil localities 

visited (Santa Margarida and Vigário) yielded numerous fossils and may be of interest for future 

studies of paleontology in Algarve.  

5.1. Santa Margarida 

In a hill in Santa Margarida, municipality of Loulé, (coordinateǎΥ b отȏ мпΩ плΦпΩΩΣ  ² уȏ млΩ 

рсΦфΩΩύ rocks in a stone wall common in the Algarve Barrocal (Gonçalves et al., 2017) were found 

to contain a large concentration of bones of small mammal and reptile fossils (Fig. 5.1 and Fig. 

5.2). The exact provenance of the rocks was not established but it is considered from a 

maximum radius of 10 m distance. The preliminary taxa identification based on teeth and jaws 

includes cf. Timon lepidus (Lacertidae), Muridae, Chiroptera, Soricidae, Gliridae, and Microtidae 

(Fig. 5.3). 

 

Fig. 5.1 ς Wall of rocks in Santa Margarida, municipality of Loulé. Red rocks contain fossils from the Quaternary. 

 

Fig. 5.2 ς Block from a wall in Santa Margarida, municipality of Loulé, containing a large concentration of small fossils 
from the Quaternary. 
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Fig. 5.3 ς Quaternary fossils collected from blocks in a wall in Santa Margarida, municipality of Loulé. A: FCT-UNL 720, 
a mandible of cf. Timon Lepidus in lingual view; B: FCT-UNL 721, a mandible of Soricidae in lingual view; C: FCT-UNL 
722, an incisive tooth (inferior) of Chiroptera in lingual view; D: FCT-UNL 723, an incisive tooth (superior) of 
Chiroptera in lingual view; E: FCT-UNL 724, an incisive tooth of Rodentia indet. in labial view; F: FCT-UNL 725, a molar 
tooth of Gliridae in mesial view; G: FCT-UNL 726, a molar tooth of Muridae in mesial view; H: FCT-UNL 727, an 
undetermined sacral vertebra in ventral view; I: FCT-UNL 728, a phalanx of Leporidae in dorsal view; J: FCT-UNL 729, a 
hemimandible of Microtidae in lingual view. Photos by Cátia Ribeiro. 
















































































