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Abstract

The base unit of the Bsozoic 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 thaissoihp
has been oscillating or not very precise, varying from the Lower Triassic to the Lower Jurassic,
depending on the authar In 2015Metoposaurus algarvensigas 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) e 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 Portdgabdussp., based
on osteoderms with the following characteristics: outline with hexagonal shape and laterally
elongated, near constant thickness (planar) and smooth suture. The dégnmsdusis known
from Lustnau Gipskeuper near Tubingehthe Grabfeld Formation, Germgnfrom 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 geolagil heritage and palaeontological wealth of Algarve,
namely the municipality of Loulé, which lists the only four taxa of vertebrates known in the

portuguese Keuper: actinopterygiaiidetoposaurus algarvensiphytosaur andHenodus

Keywords: Grés de Sih& Late Triassic, Penindjetoposaurus algarvensisHenodus

osteoderm.

Vi



Vil



Resumo

A unidade da base da sequéncia mesozlica da Bacia do Algarve, assente sobre uma
discordancia, foi definida pela primeira vez em 1850 por Charles Bonnet, que a atribuiu ao
LISNN2R2 C¢NAtL&AAO2d 9Y myyT F2A ol LlWiArtdbgea RS a DNB
datacao das unidades que a compdem tem sido oscilante ou pouco precisa, variando do Tridsico
Inferior ao Jurassico Inferior, conforme os autores. Em 2015 foi descrietoposaurus
algarvensis um temnospéndilo do concelho de Loulé, proveniemte uma jazida quase
monoespecifica com centenas de 0ssos. A distribuicdo do género indica umadd@deniano
superior a meio do Noriano para estas camadas (topo do termo AB2) na Formacao de Grés de
Silves, onde a jazida foi encontrada. Em expedic6e20dé e 2017 foram descobertas novas
jazidas e mais material de vertebrados do Triasico do Algarve, nomeadamente o primeiro registo
de placodontes em Portugakienodussp., com base em osteodermes com a seguintes
caracteristicas: contorno com forma hexagbre lateralmente alongado, espessura quase
constante (planar) e sutura lisa. O génetenodust conhecido de Lustnau Gipskeuper perto de
Tubingen da Formagéo de Grabfeld, na Alemanha, datada do Carniano inferior, 0 que sugere
gue as ocorréncias portuguas nas unidades AA e AB2 sejam de idade carniana. Isto significa
gue quase todo o Grés de Silves (AA a AB2) é do Carniano. O estudo destes fésseis € um
contributo para o conhecimento da heranca geolbgica e riqueza paleontolégica do Algarve,
nomeadamente pe o concelho de Loulé, que lista os Unicos quatro taxa de vertebrados
conhecidos noKeuper portugués: actinopterigeosMetoposaurus algarvensisfitossauro e

Henodus

Palavraschave:Grés de Silves, Triasico Superior, Pemifetpposaurus algarvensislenodus

osteoderme.
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1.Introduction

The Triassic is period in time where many successful tetrapod groups originated and
diversified, such as dinosaurs, pterosaucithyosaursmammals andurtles (Ezcurra, 2010;
Claessen®t al, 2009;Maisch & Matzke, 2002Crompton & Jenkins, 1979; Rieppel & Reisz,
1999. The Triassic periodollowed the biggest mass extinctidmownin 9  NII K Qa KA &G 2 NE 2
PermianTriassic extinction eventand ended with another majoone, the Triassidurassic
extinction event which heavily impacted marine and continental life, and is aasst with
dramatic changes in greenhouse gas levels (Berner, 2006), big basaltic eruptions of the Central
Atlantic Magmatic Province (CAMP) aextreme global warming (e.g. Whitesidet al., 2010).
Understanding Late Triassic ecosystaand its evolutionover timeis of great interest not only
because it can give u®gdA Y aAIKG Ayid2 YIyeée G§SGONFLR2R 3INRJZLIAQ
also because it can help us to better understane ghtinctioneventthat marked the end of the
periodandtheimpactiit. KIF'R 2y 9 NI KQad SO2aeaisSva

There arefew places in the world where there is a higksolution stratigraphic framework
containing welpreserved Late Triassic vertebrate fossils and geological climate pragissch,
many of the Late Triassic rock seques rich in fossil content are still of highly uncertain
geological agesnd there idittle understanding about regional climate and vertebrate diversity
patterns with the exception of the Newark Supergroup of eastern North America (LeTourneau
& Olsen2003).This results in poor understanding about the scale of the impact theTeiagsic
extinction event hadn the ecosystemsas well as the initial radiation of dinosaurs and other
vertebrate groups (Sues & Fraser, 2010).

In this regard, the Triassilurassic sediments in Algarve Basin have great potential to reveal
more about the paleocenvironmental and faunal changes that occurred during the Triassic
Jurassicinterval, presenting an extensive and widely exposed siyaphic sequence with
continental sediments(the Grés de Silves Formatjoimterbedded with radioisotopicalglated
CAMP basalts, and bearing wetkserved vertebrate fossi(&aspralet al, 2010 Mateuset al.,

2014; Brusatteet al., 2015. Still, the Algarve Basin has mostly been eggd by vertebrate
paleontologists, with only very few discoveries being made prior to 2009, when a very rich
temnospondyicontaining bonebed was discovered in Peni{Kaspralket al., 2010 Brusatteet
al.,, 2015. From the fossils found in this bonebetietnew Portuguese speciddetoposaurus
algarvensisvas erected. Also, near the temnospondyl bonebed, the remains of a phytosaur jaw

were found.



These recent findings have helped in dating the Grés de Silves Formation, showing that it
contains at least a portion dating somewhere from the Carnmaddle Norian, based on the
presence of theMetoposauruggenus (Brusattet al., 2015). The precise agap represented in
the formation has been much debated, with the current consensus being that it fits somewhere

in the Middle to Upper Triassic.



1.1. Whatis a bonebed?
Bonebeds are a subject of great importarar®d interestin vertebrate paleontologygiving a

good insight into the conditions that many ancient animals lived and dieak ithat their bones
fossilizedinl 2 6 SASNE G062y SoSRé Akt isyaBuiddartiusg®tdNdéderibe G SNz ¢
dense concentrations of fosgibnes in a geologictdvel

In order to work with bonebedsa more clear and precise definitioils required The
following defnition is used by Behrensmey@007): 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 & Kidwe(2007), use the following definitiork a NBf I G A @S 02y OSYy (i NI (A 2
hardparts preserved in a localized area or stratigraphically limited sedimentary unit (e.g., bed,
horizon, stratum) and derived from more than one individual

Eberthet al. (2007, use the followingan accumulabn of vertebrate fosk consisting of the
complete o 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 bonexceeds the background concentration in the host formation or
facies

Forthe purpose of tis thesis, thechosendefinition is the one proposed by Eberét al.

(2007). One of the common understandia@ these definitions is that, for a bone concentratio
along a sedimentary level to be considered a bonebed, it should have bones belonging to more
than onevertebrateindividual.

Still, there are other useful classifications for bonebeds that shoulgrbperly stated in
order to better describe the bonebagresentedin 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 assembl@ghrensmeyer, 2007)

Eberth et al. (2007, makes adistinction between micrtossil and macrdossil bonebeds,
considering microfossil elements inferior to 5 centimeters in maximum dimension and
macrofossil elements superior to 5 centimeters in maximum dimenslanthis case, a
microfossil bonebed is one here 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. $es where there is more than 25% of the number of identified specimens are
referred by Ebetiet al. (2007 & & Y A E S R The 2auyh8ré &paindhadt the number 75%

intends to account for the possibility that some other elements could have entered the



assemblage by processes that only played a minor role in the formation of the banEied
allows forthe presence ofr small number o&xotic 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 tax&berth et al. (2007, proposes a
classification based on the taxonomic diversity present in a bonebédy use the term
aY2y2GFEAOE (2 NBTFSN (2 | o02yS6SR Oz2yidl AyAay3
GYdz GAGFEAOé NBFSNER (G2 | 02yS6SR O02yilAyAy3a Y2N
of the latter and these authors further classify themtagh or low diversitylf two to five taxa
are present in the assemblage, the bonebed is adbxersity one. If there are more than ten,
the bonebed is a highiversity one. If the number of taxa is six to nine, the classification can
then depend on theNB f | G A @S F 6dzyRFyO0S 2F GFEF yR G4KS N

&
QX

about the formation, depositional system, paleoecology, and taphonomic processes.
Bonebeds can still be classified according to the relative taxonomic abundance. &balth
(2007, classifies multitaxic bonebeds asther monodominant (the minimum number of
individuals of one taxon is superitwy 50% of the total number of individuals) or multidominant
(no taxon has a minimum number of individuals superior to 50% of the total nuraber

individuals).



1.2. History of \ertebrate paleontology in Algarve
The history of paleontology in Algarve dates back to the works of Charles Bonnet (1816

1867), founder of Comisséo Geoldgica. In 1846 and 1947, Bonnet travelled Algarireg mak
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 Alfeicdo, Nexe, near Loul&helid from the Miocene

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

But the oldest ecord of vertebrate fossilim Algarves from Choffat (1885)In this memory
Choffat cites a number of reptile and fish fossils from Portugal, ranging from the
Infravalanginian to the layers @strea aff. africanaSome of these fossils were collected in
Algarve, and are as follows?ycnodus Strophodus Lepidotusand testudines from the
Valanginian (Lower Cretaceous) of Mexilhoeira, and a partial snouMaichimosaurus hugii
from the Upper Jurassic of Malh&o.

Zbyszewski & Almeida (1950) recorded many speciéstefsfrom the Miocene of Cacela,
Albufeira, Praia da Rocha and Aljezur.

Russell & Russell (1977) described some Triassic fish remains found near Cordeiros (S&o
Bartolomeu de Messines).

Antunes (1979) presented various fishes from the middle Miocene of Olhos de Agua.
Antuneset al. (1981) described the vertebrate fauferocodiles and fishes) from the lower to
middle Miocene of Albufeira (Praia Grande), including more than fourty species of fishes, both
chondrichthyes and osteichthyes.

Amphibianfossils fromAlgarveK @S 6 SSy F2dzyR aAyO0S GKS 1tnQaxz
stegocephalian (Palain, 1976; Rubskl Russ#, 1977; Lopes, 2006), and stereospondyl
(Schroter, 1981; Witzmann & Gassner, 2008).

In 2009, a bonebed rich in stereospondyl temnospondyl materiad wedocatedin that
region (first discovered by Schréter) from where many skulls and blocks of disarticulated post
cranial material were excavated (Kaspratkal., 2010; Steyeet al, 2011). Brusatteet al.
(2019, later assigned thasterecspondyl materl from the Upper Triassito a new species
namedMetoposaurus algarvensis

The oldest record ofreptile fossils from Algarve are the testudindrom the Lower
Cretaceous of Mexilhoeira and the partial snoutlod crocodilianMachimosaurus hugirom
the Upper Jurassic of Malh&ited byChoffat(1885).

Various teeth belonging tthe crocodilianTomistomact. lusitanicahave also been found in
Cerro das Mds (Lagos) and Praia Grande (Albufeira), fromitidie Miocene (Antunes, 1961;

Antuneset a., 1981).



In the region of Penina (Loulé), whekéetoposaurus algarvensiwas found, a mandible
belonging to a phytosaurom the Late Triassiwas also discovered (Matees al., 2014).

According to Santost al. (2013, Carlos Coke, in 1995, made tlmstfdiscovery of dinosaur
footprints in the Algarve Basin, in the eastern sector of Salema b@achicipality ofVila do
Bispo), during a geological fieldtrip. Later was also discovered an ornithopod trackway,
identified by highschool children during &eldtrip organized by Celestino Coutinho in 1996. In
1997, more ornithopod trackways were discovered in Santa beach by Sebastido Pernes.

Besides tracks, the only dinosaur remains found in Algarve are a few vertebrae longitudinal
sections and teeth discoved in Praia de Porto de Mds (Lagos) by Pedro Terrinha in 1992,
attributed to the Lower Cretaceous (Santeisal., 2000;Santoset al., 2013;Santos, 2016).

Antunes (1979 presented his study on the vertebrates of Olhos de Agua, which included
mammal remains such aa molar toothof the sirenian Metaxitherium mediumand various
ribs and vertebrae ahysticetesfrom the middle Miocene.

Antunes(1986, 198 & 1986¢)reports the occurrence of variouRleistocenemammals
for Goldra (Loulé), Algoz (S#eand Morgadinho (Tavira). These mammals includasct.
scrofg an Equus a Hippopotamus antiqguyservids, lagomorphssoricids, talpids and various
rodents.

Paiset al. (2000 reported the occurrence of teetfrom odontocetes in Cerro das Més

(Lagos), where M. T. Antunes had previously fouidraistomatooth.



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

mesocenozoic sediments, extending from the coast, in Cabo de S&o Vicente, to beyond the
Spanish borderRocha, 1976 These sediments std over theMira Formationand Brejeira
Formation composed of schist and greywack&om the Carboniferous of the South
Portuguese Zonein an unconformity,revealing a hiatus (of proximally0 million years),
overlaid bythe Triassic unit¢Oliveiraet al., 1992; Rocha, 1976Another hiatusof about 70

million yearsis present between th&&o Branco Formation of the Cenomangamt theLagos
Portimdo Formationfrom the middle Miocene (Terrinha et al., 2006). These unitsare
structured in a monoclinglunging to the south and deformed mainly by two BE@&&tst
longitudinal flexuresRocha,1976).

The Mesozoic basin of Algarve was formed during the continertahsionassociated with
the opening of the Central Atlantic Ocean, andntuallywith the formation of oceanic crust
in the west Tethys Sea, between Algarve and the north of Affiearinhaet al., 2006).

The Triassianits changed from continental sedimentation environment, mainly fluvial, to
shallow marine environment. Some unigaspectsin the basin are presented by these units
such as the first events of ddozoic crustal strain deformation, the only episode of volcanism
in this continental margin, the transition from continental sedimentatiomdaitions to coastal
and marine and the unique existence of a long period of uniform environmental and

sedimentationconditions in the entire Msozoic Algarve basin (Terringigal., 2006).

T

1 2 3 4 5 | « N | |8 | 9 | | 10 | | 1 12 c Il (/] 16

Fig.1.1 ¢ Geological map of southern Portugal.Holocene; 2 Pleistocene; 3Pliocene; 4Miocene; 5 Paleogenic;
6- Cretaceous; -7Jurassic; 8Triassic/Hettangian;-9Monchique Alkaline Complex; 1@/estphalian; 11 Namurian;
12- Visean; 13Tournaisian; 14Famennian; 15veins; 16 faults. Modified from Terrinhat al. (2006).



1.4. Grés de Silves Formation
The early Mesozoic sedimert$ Algarveg SNE FANR G RSTAYSR Fa (GKS W

Charles Bonnet, in 1850, who divided them into three lithological terms, dating the last two
FNRBY (KS adzaOKStl1Ffl FYR YSdzLISNX®» LYy wmyyT3> t | dz
C2 NXI (A 2 yifuEd theyb&se of thé formation to the Rhaetiamd 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 referéncia ndo foi encontradla.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)efined the following litostratigraphical unit@=ig.1.3), which have
been accepted and used ever since (Rocha, 1976; Brietadte 2015):

1. Unit AA¢ This unit § 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 S&o 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¢ This unit can be divided in three terms:

2.1. Term ABIg This term is mainly composed of sandstone with citlesdding. Near the
top of this layer, there are abundant traces of organic activity. The presené&riedtheria
minuta and Pseudoasmussia destomba#iowed to attribute tothe Keuper the upper third of
Term AB1 (Rocha, 1976);

2.2. Term ABZ; 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 studidRochathe SilvesSagres sectorthe
thickness of this term varied between less than 70 to 150 meters. The palynological results of
the same study revealed a poor associatiofPcdecirculinap. andTriadisporasp., that, while
not permitting a preciselating, was attributed to the Triassic;

2.3.Term ABZ; The top is mainly compad of dolomite with few mollusiossils, while the
baseis composedof thin layers of dolomitic pelite alternating with fossiliferous dolomite
(Rocha, 1976). The mollugaunastudied by Boehm (1903) and reviewed by Fischer & Palain

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

In 2015, with the classification detoposaurus algarvensishe Term AB2 was attributed
to the Upper Triassic, with a layer near the top (where Metoposaurusonebed was found)

being attributed to the late Carniamiddle Norian (Brusattet al., 2015).
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UNITE AA —

P LV B G 0 o

Gres de Silves
Trias superieur

-

Terme AB1
140 t20m
10-140m

-

~ =—Hettangien -

s e — — — ——

Fig.1.3 ¢ Left: Synthetic lithostratigraphic log showing the observations made by Palain (1976) in theS&dves
Bartolomeu de Messines sector. Right: Synthetic lithostratigraphic log of the-Sagess sector of Rocha (1976). I.
Dolomites and dolomitic limestorseof Espiche; Il. Madarbonate complex of Silves; Ill. SandstooESilves; IV.
Schists and greyackes (Carboniferous). Modified from Russell & Russell (1977).
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1.5. Pakogeography of the Triassic
5dzNAy 3 (GKS ¢NXF &aAdahd magsawas @rkentratédSin @ kilgle K Q &

supercontinent known as Pangaé@ig. 1.4), the most recent supercontinent to have existed,
spanning from poléo pole (Rogers & Santosh, 200Zhis supercontinentater 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, Asid) was
surrounded by the worlebcean Panthalasg@ogers & Santosh, 2004} he terrains that would
be Portugal and western Europe welarated in thewesternmargin ofthe TethysSea

At the BEast, along the equator, the Tethy&eahad begun splitting the Pangaea and closing
the PaleeTethys OcealiZhaiet al, 2016) Bythe end of the Triassic and the beginning of the
Jurassic, the Pangaea split, marking the opening of the CentaitiétlOcean. In th&rés de
Silves Formatiorthis event can be seen in the formtbe volcanesedimentary complern top
of the Triassic sedimentary layeffsllowed by a Jurassic carbonate platfo(itaspraket al.,
2010)

Early Norian (220Ma)

Fig.1.4 ¢ Paleogeographic magf the world during theEarly Norian (220 MaMap by Stampfli & Borel (2002)
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2.0bjectives

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 Pemihare the
Metoposaurus algarvesis bonebed was discoveredio study the anatomy e phylogenetic
position of the collected vertebrates, to contribute to a better dating of the units of the Grés de
Silves Fonation and also to contribute to the knowledgef the geological heritage and

paleontological wealth of thenunicipality of Loulé.
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3.Methods and materials

Most of the fossil samples presented in this theare result ofsurfacecollecting On the
other hand the bones from the layePenT2 (the Metoposaurus algarvensisonebed) were
excavated after removing the overlaying sediment with a jackhan(p®wrered bya generator)
shovels and hoedVhen near the bone level, chisels and hammers were used to dig. Smaller
samples from this layewere 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, theedxpos
bones were covered by a layer of wetges, so that the plaster would ni@glue to the fossil. The
block FCTUNL 714(field number: Messines 1@ontaining the cyamodontoid specimens from
the layer IC1722, collected in Sdo Bartolomeu de Messines, weasaeted using the same
method, in order to assess the taphonomy

Paraloid B72 diluted in acetone was used tstrengthen the fossilsvhile the excavation
proceeded A less diluted solution was also used to glue fossils.

A squared grid (1x1 meter for eadguare) was drawn in th&letoposaurus algarvensis
digging site using various reference nails and speagt. This grid was then drawn two parts
in two different sheets omillimetric paper in a 1:25 scale and used to make a sketch of the
quarry, indicaing from where each block with bones came fr@fg.3.1 andFig.3.2).

Thesamples were prepared in the latatory at Museu da Lourinh& arat Departamento de
Ciéncias da Terra of Faculdade de Ciéncias e Tecnologia of Universidade Nova desinigboa
Paleotoolsair scribes of different sizeBaraloid B72 diluted in acetone was usexd consolidant
and glue.

While preparing the blockCTUNL 714 the crackswere filled with Polyethylene glycol

(Carbowaxjo retain the block consistency

15



Fig.3.1 ¢ Map 17A of the quarry of thdletoposaurus algarvensisonebed (layer Peit2) from the Late

Algarve.

é

Triassic of Penina, municipality of Loul
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Fig.3.2 ¢ Map 17B of the quarry of th®etoposaurus algarvensimonebed (layer Pefi2) from the Late Triassic
of Penna, municipality of Loulé, Algarve.
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4. Triassidossilsites

Several Triassic sites with vertebratasAlgarvehave been reported since Russ&lRussell
(1977). Not all of which will beeaddressechere becausethey were nor revisitedduring this
thesis Followsthe 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 16@$.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 timell but one of the outcrops are located ithe
municipality of Loulé, while the other is located in the municipality of Silves.|atter, called
Section 1, can be observed B8o Bartolomeu d&lessines, near the IC1 highwe§ections 2, 3

and 4 of municipality of Loulére located in the soutklope of Rocha da Penaar Penina

Al
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bl )
f} \‘,{, £ /
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/ Ea) . (
. ! o b X
g j ! 7 Rocha da Peng S~ N
k! i J g . e - i / T
'\( LoV 13 S8o Bartolomeu de Sy ] {
p) b g Y 2l g \
3 X ! S |\
/ | 0 Pe ‘ (
i B } ] g Bt ¢ e
N N B L i ¢
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“ &
e .
4
~ - 50 km
E1}
‘
N .Funcho i
S&o Bartolomeu Vale Vinagre
GipAls de Messines, L Sections 2, 3 and 4 (Rocha da Pena)
ale Fuzeiros : .
. Section 1 kont=atita aanta Margarida
Salir
Alte
2
Vigario
ici
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E1 |

Alanz dRes Dados do mapa ©2018 Google ~ Portugal 2 kM b

Fig.4.1 ¢ Geographical contexn central Algarvef the four sections where the stratigraphical logs were drawn
red, (Sections-#) and otherfossil sitesinblue.
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Fig.4.2 ¢ Location of the three sectionghere stratigraphical logs were drawn (Seno8d@, 3 andt) in Rocha da Pena,
near Peninamunicipality of Loulé, Algarve, Portug@hoto by Manoli Ortiz dia Torre.
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4.1. Sao Bartolomeu dé&/essines
/| 22NRAYFGSaY b o176 MpQ Mnd®MTHQQT 2 yo6 McQ Hndo

In this area(Fig.4.3), a stratigraphic log was drawn for a sect{@ection 1Fig.4.4) observed
near thelC1 highwayat the kilometer 722This section consisted of the following layers, from
base to top:

IC17221 ¢ Mottled claystone with two centimetric intercalations of gray pelites (identified as

IC17222 and IC172:3) (thickness: 5.6 meters);
IC17222 ¢ Lenticular layer of gray pelite with abundant fossils of cyamodontoids (thickness:
15 centimeters);

IC17223 ¢ Lenticular layer of gray pelite with abundant bone flakes and presence of mud

cracks (thickness: 45 centimeters);

IC17224 ¢ Fine grained irregak gray pelite (thickness: 20 centimeters);

IC17225 ¢ Red claystone (thickness: 1 meter);

IC17226 ¢ Gray limestone witlpeloids (thickness: 5 centimeters);

IC17227 ¢ Red claystone (thickness: 3.3 meters);

IC17228 ¢ Compact red sandstone (thickness:@htimeters);

IC17229 ¢ Red claystone (th®op of the layer could nibbe daermined, so the thickness was

not measured).

Fig.4.3 ¢ Stratigraphic section dbdo Bartolomeu de Messin€Section 1)municipality of Silves, near tHélometer
7220f IC1 highway.
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Stratigraphic log of Section 1
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Fig.4.4 ¢ Sratigraphic log of Section,lobserved in Sdo 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.
{SOGA2Y H O22NRAYIFGSAY b o716 MNnQ pyodny pQQT 2 vy
{SOGA2Y o O22NRAYIFIGSAY b 07176 MpQ MdPyymMQQT 2 yo

SectonO22NRAYIFGSaY b o1d MpQ pPHCcANQQT 2 yd ¢cQ oy

Section AFig.4.5 andFig.4.6) in Peninavas observed just south of the road from Penina to
Salir to the west ofSection 3 consisting of a 9 meterthick succession of the following layers,
from base to top:

PenS1¢ Red claystonetliickness: 2 meteps

PenS2¢ Red pelite(thickness: 30 centimeters);

PenS3¢ Red claystone (thickness: 70 centimeters);

PenS4¢ Greenish gray sandstone with rare bones (thickness: 40 centimeters);

PenS5¢ Red claystone (thickness: 3.7 meters);

PenS6¢ Greenish gragandy limestongvery hard, with many small bones and fpeloids

(thickness: 20 centimeters);

PenS7¢ Redclaystone (thickness: 20 centimeters);

PenS8¢ Greenish gragandy limestonevith abundantpeloids (thickness: 10 centimeters);

PenS9¢ Red claystonetife top of the layer coulchot be determined, sdhe thickness was

not measured).

Fig.4.5 ¢ Western stratigraphic sectiofSection 2)n the south of the road from Penina to Salirear Rocha da Pena,
municipality of Loulé
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Stratigraphic log of Section 2
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Fig.4.6 ¢ Stratigraphic log of Section @bserved in thevestern section in theouth of the road from Penina to Salir
near Rocha da Penmunicipality of Loulé
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Section 3(Fig.4.7 and Fig.4.8) in Peninawas also found south of the road from Penina to
Salir, to the east obection 2 This section measured 24 meterghicknessand consisted of the
following layers, from base to top:

PenCEIlg Red claystone (thickness: 2 meters);

PenCEZ2¢ Fine grained satstone, with color varying between red and gray (thickness: 20

centimeters);

PenCEZ; Red claystone with two intercalations pélite 5 centimeters thick each (thickness:
2.5 meters);

PenCE4c¢ Fine grained sandstone, with color varying between red amy g¢thickness: 10
centimeters);

PenCEX; Red claystone (thickness: 1.2 meters);

PenCE&; Fine grained sandstone, with color varying between red and gray, containing some
lamination (thickness: 10 centimeters);

PenCET; Red claystone with two intercalatis ofgraypelite (thickness: 3.7 meters);

PenCE&; Gray pelite, red in the middle on the layer (thickness: 30 centimeters);

PenCE9¢ Red pelite with seven centimetric intercalations of fine graimed sandstone,
mainly in the lower half, with the occurrence of a level with undeveloped desert
roses in thehighest sandstone intercalation. fssil was collected in this layer, but
it appeared to have slipped previously from higher levels (thickness: 3ersje

PenCE10¢ Gray sandy limestong with irregular but abrupt base and top (thickness: 12
centimeters);

PenCE1llc Compact purple claystone, with a levelmfrple sandstone in the middle of the
layer. Lamination near the top. Irregular top with abuntalesert roses. it was
theorized that this layer could be the origin of the fossil found over-€EfA
(thickness: 50 centimeters);

PenCE12¢ Red pelite with desert roses onhe top. Irregular base and tofthickness: 10
centimeters);

PenCE13; Gray sadstone with desert roses otthe top (thickness: 10 centimeters);

PenCE14; Mottled claystone (thickness: approximately 2 meters);

PenCELl%; Gray limestone with abundaeloids (thickness: 16 centimeters);

PenCEL6&; Mottled claystone, with laminationrothe top ¢hickness: 1 metgr

PenCE1% Red compact sandstone (thickness: 2 meters);

PenCEL§&; Red claystone (thickness: 2 meters);

PenCE19; Red compact sandstone, with crassdding (thickness: 1.5 meters);

PenCE2Q; Red claystone (thickness: 2 meters);

25



PenCE21¢ Gray limestone with no tabular structure. Upper and lower limits well marked
(thickness: varying between 10 and 20 centimeters);

PenCE2Z%; Red claystone (the top of the layer coulot be deermined, sathe thickness was

not measured).

Fig.4.7 ¢ Eastern stratigraphic sectigi$ection 3)n the south of the road from Penina to Saliear Rocha da Penpa
municipality of Loulé
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Stratigraphic log of Section 3
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Fig.4.8 ¢ Stratigraphic log of Section 8bserved in theeastern section in theouth of the road from Penina do Salir
near Rocha da Penmunicipality of Loulé
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Section 4Fig.4.9 andFig.4.10) in Peninavas observed on the way to the outcrop where the
Metoposaurs algarvensidonebed was found. This section measured at least 13 meters in
thicknessand consisted of the following layers, from base to top:

PenT1 ¢ Red claystone, with gypsum nodules 2 meters from the base. An isolated sample

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

PenT2¢ Red claystone, with a higher sand fractitetoposaurus algarvensisonebed with

abundant fossils (thickness: 30 centimeters);
PenT3 ¢ Red claystone. A phytosaur jaw was previously found tieartop of this layer
(Mateuset al., 2014) (thickness: 2.2 meters);

PenT4¢ Graymottled pelite, with bone flakes (thickness: 20 centimeters);

PenT5 ¢ Lenticular intercalation of greenish gray pelite 1 meter from the base ofT®en
(thickness: 2@entimeters);

PenT6 ¢ Red claystone, with two intercalations: P&€A and a 20 centimeters thick

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

(thickness: at leas® meters, since the top could hbe determinedand so not fully

measureq.

Fig.4.9 ¢ Stratigraphic sectiofSection 4pn the way to theMetoposaurus algarvensgigging sitein the south slope
of Rocha da Pena, north of the road from Penina to Salinicipality of Loulé
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Stratigraphic log of Section 4
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Fig.4.10 ¢ Sratigraphic log of Section,s&bserved on the way to th¥etoposaurus algarvensidigging site, in the
south slope of Rocha da Pena, north of the road from Penina tq Saliicipality of Loulé
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4.3. ValeVinagre
In this area northwest of Alte, in the municipality of Loulé, Algana new stratigraphic

sequence could be observed in the southern slope of the veHigy4.11; coordinates: NB7°m p Q
p oy QB> ™ o) atheughHas@atigraphic log was hdrawn. The CAMP basalts could be
observed in the northern slope of the vallgy
Fig 412 ¢ g2 O8Il Y2R2Yy(i2ARQa 2340GS2RSNXa o6SNB T2dz
southern slopeKig.4.13).

Fig.4.11 ¢ Stratigraphicexposureobserved in the south slope dfale Vinagre, municipality of Loulé

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

4.4. Fonte Santa
The section observed in this areaorthwest of Alted O2 2 NRAYF §SAY b o176 wmMnQ

o n dis Skr&xigraphically higher thahe sections observed in Penina, a little d&lthe base of

the CAMP basaltdn this section composed of rezhrbonated sandstonethere were found
ripple marks, burrow marks, bioturbation marks and a fossil later identified as a spinicaudatan
(Fig.4.14).

Fig.4.14 ¢ Valve of a spinicaudatan of Fonte Sagmtaunicipality of Louléin a carbonated sandstone, beldve base
of the CAMP basalts.
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4.5. Vale Fuzeiros
On the hillsoutheastand nearthe road leading to Vale Fuzeiros from S&o Bartolomeu de

Messines municipality of Sive§ O2 2 NRAY | 1SaY b o 71 §therem@dogaigdd hpQ Q3 2
a section of mainly red claystone layers, where one gastrdpesil was foundFig.4.15). On
the top of the section, the CAMP basalts could be observed, leading to conclusion that the

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

Fig.4.15 ¢ Triassic gstropod fossikollected fromnear the roadleading from S&o Bartolomeu de Messinesvale
Fuzeiros municipality of Silves

4.6. Barragem dd~uncho
Ly | aSOiAz2y ¢YORRANRHyOKE®E RI ¥1 6 compdsednfo Po QQ 3

red claystone layers, small fragments of bone were discovered, but any identification of them
gl a AYLRaaraofSo» ¢KSasS freSNa aili22R 20SN) GKS [k
that they belonged to thé&Jnit AA of the Grés de SilvEsrmation.
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4.7. Correlation between sections
Of the fourstratigraphicsections studied in this work, one of them (Section 1), found in S&o

Bartolomeu de Messinesjas attributedto the Unit AA based on the work of Pala{h976), that
studied the sameite. The other threefound in Peninaare part ofthe Term AB2 (Kaspradt al,
2010; Brusatteet al., 2015), so no direct correlation was drawn between Section 1 and Sections
2,3 and 4.
However, the model of Section 1 being pat Term AB2, instead obUnit AA, and
corresponding directly to the sections in Penina is still a possibility, due to the existence of a
fault. This faultwasm dbservedon the field anda more indepth study of the local structural
geology was beyond the scope of this thesis, so how this fault might affect the relative position
2T GKS RAFTFSNByYyG &asSO0A2ya THsyvorkipkeSentF theNdodeiwkiz y 6 ay
Section 1 in UniAA and the three sections of Penina in Term AB2.
To help correlate the sections of Penina, four guide stthgd could be observed in various
outcrops in the general aresere defined
PenT2orda S 2 L2 &l dzNHza f | & S N¥etopasdars ajatvehsiiddhehed o KA OK
is, a red claystone with a significant sand fraction and abunbarigarvensidones;
PenT4oradt K@d2al dzNJ t F @SNEY (GKS fFre8SNJ lo20S (GKS S
(Mateuset al, 2014), a gray mottled pelite with commoncy2®R 2y 1 2 ARQ& 230 S2RSNX) &
PenSd4orial f I OKAGS tF@8SNEY | f1F@SNJ2F INBSYyAaK 3INI
PenS6orit St 2 A Ra fof géenidli gray $andf Ilmésfinith abundant peloids.

h¥ GKSaS FT2d:2NE GKS aYIfFOENF SO Uz BNDIS I ¥RSYEKST A
YR GKS fF3GGSNI O2dzf R Ffa2 0SS ARSYUGAFASR Ay {SO
freSNE O2dz R 2yfte& 0S ARSYUAFTASR Ay {SOlA2Y no {
freaSNE FHYRAGRSTEBH¥BNEOIYR 060S06SSy aaSiz2Llal dNyza
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 Pdrasad on

various field observationd. y { SOGA 2y HX GKS RALI FYR AGNR1S 27

that section as Pef6) were measured. These values are as follows:

Strike: N 76° E
Dip angle: 1®° S
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In that section, the altitudés 319+ 4meters above sea level. Meanwhile, in Section 4, where
theod KSNJ 162 3IdZARAY3I tfF&8SNRA O2dzZ R 084, the althuBNIISR 06 d a
was of365 + 5 meters. The horizontal distance between these two sectio@88sneters.
Knowing thisand that the local geology is constituted by a monoclia&d no relevant
deformation of the strata is preserRocha, 1976)an extension of the two guide strata in
Section 20 a YI £ I OK A (i S ¢ colidyb® reasdniébly 2skirrated, allowing us to calculate
that they would be above thguide strata in Sectionifithey were exposedFig.4.16), meaning
that the four guile strata can be ordered, fro;ddf RSad G2 Yz2ad NBOSydGzZ Fay o
GLIK@G2&1 dzNJ f F @SNEX aYIlIfl OKAGS f1@8SNE YR aLISt2A
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90° T 1618° |
= T 16.8°
288 m 'Malachite layer'

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

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

understand thedepositional environment, there was aed to identify facies cycld§ig.4.17)
in the studied sections.

The most evident type of cycleseen in allof 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 rockn Section 4, the first two meters alsappear to constitute a cycle

composedof red claystor in the bottom and a level with gypsum nodules on top.

------------
-----------
------------

---------

%

Fig.4.17 ¢ Different types offaciescycleobserved in the fourstratigraphicsections(Sections #4) studiedin Sdo
Bartolomeu de Messines and Penina
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In Sction 3, it is possible tobserve two subsections, with the bottom one being constituted
by progressivelythinner, from bottom to the top, intercalations of red claystone and gray
sander levels until the bed Pe@€E13(subsectionA in Fig.4.18). The following layers present
thicker layers of claystone, also interbedded with thinner layers with a sandier or more

carbonated fractior(subsectiorB inFig.4.18).
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Fig.4.18 ¢ Two division®f facies cycleA and B)n Section 3 Peninajn the eastern section to the south of the road
from Penina to Salinear Rocha da Pen8ubsectiomA showscycles withprogressivelythinner, from bottom to top,
layers of claystone interbedded with sandstones and peliaefhsectiorB shows agaieycles withthicker 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 S&o

Bartolomeu de Messines (IC1722 IC17223, PenT2, Perl4, PerS4 and Pei%6) and
correlated ketween different sections in order to determine their relative positions in the Grés

de Silves Formatior{g.4.19). Here the bone layers adescribed

IC17222

Near the bottom of this stratum, there was found a large number of osteoderms belonging to
cyamodontoids, the majority fragmented, as well asmg other fragmented and still
unidentified bones never surpassing 5 centimeters in maximum measure, leading to the
classification as a monodhinant microvertebrate bonebedWith so many arapace elements
fragmented, it $ difficult to estimate the diffenace 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 ia chaotic manner near the bottom of the layewith no

preferred orientation very close to each other.

IC17223

In thislayer, a large number of smalinidentified bone fragmentand various cyamodontoid
osteoderms were found, as well as some mud cradise vast majority of these osteodas
and bone fragments also did heurpass 5 centimeters in maximum measure. Like the fossils
found in IC1722, theseosteoderms and bone fragmentould be found near the bottom of

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

PenT2

This is the bonebed wherkletoposaurusalgarvensiswas found, and is a monodominant
bonebed that contains a large number of skull bones as well as somefawséal material of
Metoposaurusalgarvensisiensely packed within a narrow stratigraphic horizon (Brusattal.,
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 sizesrhall
bivalves were also found in this layer.

According to Kaspradt al. (2010) and Brusattet al. (2015), this layer could correspond to a
lacustrine or fluvial environment, wherbl. algarvensisindividuals would succumb to mass

death events.
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PenT4

The bones in this layer consist maioly undetermined bone fragments of heterogeneous
sizes and various fairly complete cyamodontoid osteoderms (all less than 5 centimeters in
maximum dimensio)) but someganoidscales close to each other in the matnrre also found
(0.1 to 0.2 centimetersin size, on average)and one bone appearing to belong to a

Metoposaurus algarvensdsthe first in this laye(Fig.7.5).

PenS4

The bones of this layer consist pfst a few rare and very fragile bone fragments, still
unidentified, scattered in the middle of the bed, as well as sayaaoid scales(0.1 to 0.2
centimeters in size, on averag&he majority of the bone fragmesfound were smaller than 5

centimeters in maximum measure.

PenS6

The bones of this layer consist afvariety 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 teraest
complete and relatively well NS & SNIISR Oe& | Y2 REGTUNL N HEIGS.4R) and S 2 RS NXY
I 0@t Y2 R2Yy i avar&idedtified®BAWING G 1§Fig.8.4D) with some other fragments

appearing to benostlyparts of osteoderms.
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Penina sector
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Term AB2
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Fig.4.19 ¢ Simplified stratigraphigositionin the units (Unit AA and Unit AB) @rés de Silves Formatiaf the
IC17222, IC17223, PenT2, Perl4, PerS4 andPenS6 bone layers discovered in Penina and S&o Bartolomeu de
MessinesBased on Brusattet al. (2015).
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5.0ther places of interest Quaternary

During the field expedition in 2016 and 2017, we were drawn attention to ofbssil
localities of different ages. Despite being outside the scope of this thesis, Qeiatgrnaryin
age, are here addressed for the record, because the two previously unknown fossil localities
visited (Santa Margarida and Vigario) yielded numerous fossils and may be of interest for future

studies of paleontology in Algarve.

5.1. Santa Margarida
In a hillin Santa Margaridamunicipality of Loulé(coordinatea Y b oT1T6 M Q nndnQQ3

p ¢ ®PrmpcRLInvastonewall common in the Algarve Barrocal (Goncaleesl.,, 2017)were found

to contain alarge concentration ofbones ofsmall mammal and reptiléossils Fig.5.1 and Fig.

5.2). The exact preenance of the rocks as not established but it is considered from a
maximum radius of 10 m distance. The preliminary taxa identification based on teeth and jaws
includescf. Timon lepidugLacertidae), Muridae, Chiropter&oricidae, Gliridae, and Microtidae
(Fig.5.3).

Fig.5.2 ¢ Block froma wall inSanta Margaridamunicipality of Loulégontaining dargeconcentration of small fossils
from the Quaternary
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Fig.5.3 ¢ Quaternary fossils collected from blocks in a wall in Santa Margaridaicipality of LouléA: FCTUNL 720,
a mandible ofcf. Timon Lepidu@ lingual view B: FCTUNL 721, a andible ofSoricidae in lingual view; C: FGNL
722, an mcisive tooth (inferior) ofChiroptera in lingual view; D: FONL 723, anncisive tooth (superior) of
Chiroptera in lingual view; E: FONL 724, amcisive tooth of Rodentia indet. in labial view;FETUNL 725, a wiar
tooth of Gliridae in mesial view; G: FONL 726, a wlar tooth of Muridae in mesial view; H: FONL 727, an
undetermined sacral vertebra in ventral viewFICTUNL 728, alpalanx of Leporidae in dorsal viewFZTUNL 729, a
hemimandibe of Microtidae in lingual viewPhotos by Catia Ribeiro.
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