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The study is fo cused on the de ter mi na tion of the geo log i cal age of bi valve fauna re cov ered from four fossiliferous se quences
in the Cacela For ma tion of Algarve, south ern Por tu gal, by means of the stron tium iso tope stra tig ra phy. Forty two anal y ses of
bi valve sam ples from Barroquinha, Ca banas, the Cacela River and Lacem were per formed. The es ti mated age based on the
87Sr/86Sr ra tios in bi valve shell sam ples from the Cacela River (a ref er ence sec tion for the Cacela For ma tion) is 7.6 ± 0.4 Ma
and is con sis tent with a late Tortonian age sug gested by micropalaeontological data (cal car e ous nannofossils and plank -
tonic foraminifers). More over, stron tium iso to pic data re cord that the old est age of the bi valves of the Cacela For ma tion
(Lacem site) is at least 8.9 ± 0.4 Ma whilst the age of about 7.0 ± 0.5 Ma can be in ferred for bi valves from Barroquinha. An in -
trigu ing new da tum co mes, how ever, from the bi valve stron tium iso to pic data of the Ca banas sec tion which re cords the es ti -
mated age of about 6.7 ± 0.4 Ma and, there fore, an early Messinian age. This is the first re port of the early Messinian ma rine
bi valve fauna in Por tu gal. Sixty one bi valve spe cies have been re cov ered in the Messinian of Ca banas. Four of them:
Pseudopythina macandrewi (P. Fischer), Coripia corbis (Philippi), Glossus (Glossus) humanus (Linnaeus) and Cyathodonta
dollfusi (Cossmann et Peyrot) have pre vi ously not been re ported from the Mio cene of south ern Por tu gal.
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INTRODUCTION

The Up per Mio cene sed i ments of the Cacela For ma tion are
scat tered along the At lan tic front age of east ern Algarve, south -
ern Por tu gal (Fig. 1) and only a few lo cal i ties have yielded di -
verse mol lus can fauna. The most im por tant is the Cacela River
(Ribeira de Cacela) se quence, the ref er ence sec tion of the
Cacela For ma tion, that has at tracted the at ten tion of re search -
ers for over 150 years (Pereira da Costa, 1866–1867; Dollfus et
al., 1903; Berke ley Cot ter, 1904; Chavan, 1940, 1944; Veiga
Ferreira, 1951; Freneix, 1957; Glibert and Van de Poel,
1965–1970; González Delgado et al., 1995; Santos and Boski,
1998; Santos, 2000; Rico-Gar cia et al., 2006; Santos and May -
oral, 2007) be cause of high spe cies di ver sity and unique, ex cel -
lent shell pres er va tion (Pereira da Costa, 1866–1867; Dollfus et
al., 1903; Veiga Ferreira, 1951; Santos, 2000). There af ter, this
fa mous out crop be came one of the South ern Eu ro pean–North
Af ri can key sec tions for the anal y sis of the mol lus can

biodiversity of the Late Mio cene and the faunistic change at the
Mio cene–Plio cene tran si tion. De spite an over whelm ing num ber
of stud ies, the knowl edge of these mol lus can fauna is far from
com plete and is in need of com pre hen sive mod ern sys tem atic
re vi sion.

In 2002, the se nior au thor un der took the field work with the
prime aim of com plet ing the bi valve col lec tion from out crops in
the vi cin ity of the vil lage of Cacela Velha, de scribed by Bourcart
and Zbyszewski (1940), and by Cach±o in his un pub lished Ph.D. 
the sis (1995a). The lo ca tion of few fossiliferous sites of the pi o -
neer geo log i cal stud ies (e.g., the Monte Alto site) has not been
ver i fied by the field ob ser va tions and there fore the work has fo -
cused on three bi valve col lec tions gath ered re spec tively from
two out crops cited by Cach±o (1995a), i.e. Ca banas, close to
“Forte de Sao Jo±o da Barra” and Ribeira de Barroquinha, and
the new site at Lacem. 

The biodiversity and en vi ron men tal sig nif i cance of this new
fauna ap pears to be the same as that of the Cacela River out -
crop. The age of this fauna was, how ever, un known be cause of
the scar city of biostratigraphic re cords (cf. Antunes and Pais,
1992; Cach±o, 1995a; Legoinha, 2003). The knowl edge of the
age of the cited sec tions would have been of fun da men tal im por -
tance to close the dis puted ques tion of the age of the Cacela
For ma tion, which was cru cial for un der stand ing the
palaeontological and geo log i cal his tory of the Algarve re gion

* Corresponding author, e-mail: bstudencka@go2.pl

Received: January 18, 2013; accepted: July 26, 2013; first
published online: September 18, 2013



which, in turn, was closely re lated to the Late Mio cene evo lu tion
of the Guadalquivir Ba sin. 

To help re solve these strati graphic un cer tain ties and pro vide 
a better tem po ral frame work for palaeontological in ter pre ta tions, 
the ap pli ca tion of stron tium iso tope stra tig ra phy was car ried out
on bi valve shells from the newly ex plored out crops and those
from the Cacela River. This ap pli ca tion is based on three prin ci -
ples. The first holds that the 87Sr/86Sr ra tio in sea wa ter, at any
point in time, has al ways been ho mog e nous through out the
oceans. The sec ond as sumes that the 87Sr/86Sr ra tio has var ied
sys tem at i cally through geo log i cal time. The third sup poses that
the 87Sr/86Sr ra tio is faith fully pre served in ma rine car bon ate pre -
cip i tated di rectly from sea wa ter (Hodell and Wood ruff, 1994;
Oslick et al., 1994; McArthur et al., 2001).  

GEOLOGICAL FRAMEWORK 
AND LITHOSTRATIGRAPHY

Dur ing the Mio cene, the East ern Algarve Ba sin formed the
wes tern most mar ginal part of the At lan tic Guadalquivir Ba sin. At
that time, the Guadalquivir Ba sin with sev eral Ibe rian bas ins,
which ex isted in the area of the Be tides, acted as the north ern
pas sage be tween the Med i ter ra nean Sea and the At lan tic
Ocean (Esteban et al., 1996; Betzler et al., 2006). The evo lu tion
of these, rel a tively short-lived sea ways, were con trolled largely
by tec tonic ac tiv ity (Mar tin et al., 2001). In the mid dle Tortonian,
dextral ro ta tion of the Betic Foredeep Ba sin caused an im por tant 
palaeogeographic change in the Guadalquivir Ba sin (Sierro et
al., 1990) in duced by west ward mi gra tion of the depositional
cen tre. Con sid er able thick ness of ma rine sed i ments de pos ited
in the Guadalquivir Ba sin in mid dle-late Tortonian, ac cord ing to
Cach±o and Silva (2000: p. 306), “...pro duced a lithostatic load,
which seems to have in duced sub si dence far ther west re sum ing 
the Neo gene ma rine sed i men ta tion in the east ern Algarve dur -
ing the Late Tortonian”. In fact, the depositional his tory of the

Algarve Ba sin was closely re lated to the Late Mio cene de vel op -
ment of the Guadalquivir Ba sin. A more de tailed ac count on the
tec tonic his tory of the Algarve area has been pro vided by Ribeiro 
et al. (1990, 1996), Sierro et al. (1990), Cach±o and Silva (1992,
2000), Kullberg et al. (1992), and sum ma rized by Pais et al.
(2012). 

From the Late Mio cene on wards, south ern and east ern Ibe -
ria was af fected by NNW–SSE com pres sion (Sanz de
Galdeano, 2000) and the Ibe rian gate ways be came pro gres -
sively re duced in num ber and ex tent. In the late Tortonian, the
con nec tion be tween the Med i ter ra nean Sea to the At lan tic
Guadalquivir Ba sin was mainly through the Guadix and Granada 
bas ins (see e.g., Esteban et al., 1996; Betzler et al., 2006). By
the end of the Tortonian, only the Guadalhorce Strait (ex isted
be tween 7.2 and 6.3 Ma) acted as a ma jor out flow chan nel of the 
Med i ter ra nean wa ter (Mar tin et al., 2001). Af ter its clo sure, prior
to the Messinian sa lin ity cri sis, the Guadalquivir Ba sin was un -
der sole At lan tic in flu ence.

The Up per Mio cene se quence from the At lan tic front age,
crop ping out in Algarve, is dis tin guished as the Cacela For ma -
tion (Antunes et al., 1990; Antunes and Pais, 1992; Cach±o,
1995a, b, c; Cach±o et al., 1998; Pais et al., 2000, 2012). It is
com posed mainly of fine- to very fine-grained un strati fied muddy 
sand stone with an ad mix ture of glauconitic siltstone and clay,
and with thin sandy mudstone in ter ca la tions. The Cacela For -
ma tion oc curs now as iso lated patches due to the post-Mio cene
ero sion but its widely scat tered oc cur rence in di cates for merly
ex ten sive dis tri bu tion (Manuppella, 1992; Cach±o, 1995a;
Cach±o and Silva, 2002; Fig. 1). Sev eral stud ies have iden ti fied
an up ward change, both in sed i men tary fa cies and
micropalaeontological con tent, al low ing the Cacela For ma tion to 
be di vided into three mem bers (Cach±o et al., 1998). The
coastal cliff sec tions in east ern Algarve, rep re sent ing only the
lower and mid dle mem bers ap prox i mately 30 m thick (Cach±o
1995a, c; Cach±o and Silva, 2002), have been re garded as late
Tortonian to ear li est Messinian in age (Antunes and Pais, 1992;
Cach±o et al., 1998; Pais et al., 2000, 2012; Legoinha, 2003).
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Fig. 1. Lo ca tion map

 A – gen eral lo ca tion of study area; B – map of east ern Algarve; C –sim pli fied geo log i cal map of east ern Algarve adopted from
Manupella (1992); as ter isks – fossiliferous sites yield ing bi valve ma te rial dis cussed in this pa per



The ex po sures of the Cacela For ma tion, how ever, are frag -
mented, thus mak ing strati graphic stud ies dif fi cult. The most
com plete sec tion crops out in the Cacela River (Ribeira de
Cacela). The lower mem ber (“Conglomerados e areolas
fossiliferous de Ribeira de Cacela” af ter Cach±o et al., 1998) un -
con form ably over lies the Tri as sic strata (Berke ley Cot ter, 1904;
Choffat, 1950; Antunes and Pais, 1992) and con sti tutes shal -
low-ma rine de pos its con tain ing abun dant ma rine fauna. Ac cord -
ing to Cach±o (1995a), and Cach±o and Silva (2002), only the
lower mem ber of the Cacela For ma tion con tains bi valve re -
cords. The mid dle mem ber (“Areolas e argilites de Cacela
Fabrica” of Cach±o et al., 1998) is lithologically sim i lar, with the
dif fer ence ly ing mainly in the sed i ment grain size and scar city of
macrofossils (Cach±o and Silva, 2002). 

The field ob ser va tions made by the se nior au thor on the
Cacela River sec tion proved that bi valve fauna oc curs not only in 
the lower part of the Cacela For ma tion as sug gested by Cach±o
(1995a) but also in the up per part of the se quence (mid dle mem -
ber of the Cacela Fm.) which has been re garded by Pais et al.
(2000, 2012) as early Messinian in age. Nu mer ous bi valves
dom i nated by ar tic u lated shells of the tellinid spe cies Peronaea
planata (Linnaeus) oc cur through out the Cacela River sec tion,
i.e. in both lower and mid dle mem bers af ter Cach±o et al.
(1998). Diagenetic pro cesses of ar agon ite dis so lu tion had
strongly in flu enced the qual ity of shell pres er va tion. In con trast
to ex cel lently pre served shells from the lower part of the Cacela
River se quence (Fig. 2D, E), which dis play all de tails of sculp tur -
ing and traces of orig i nal pig men ta tion, those from the up per part 
are heavily dis solved and usu ally pre served as thin cal car e ous

cov er ings or ex ter nal moulds (Fig. 2C). This is prob a bly the rea -
son why the bi valves of the up per part of the Cacela River sec -
tion were pre vi ously largely ne glected.

BIOSTRATIGRAPHIC DATA

Both cal car e ous nannoplankton and plank tonic foraminifera
were stud ied to clar ify the strati graphic po si tion of the Cacela For -
ma tion (Antunes et al., 1981, 1990; Antunes and Pais, 1992;
Cach±o, 1995a, b; Sierro, 1985; Sierro et al., 1993; Legoinha,
2003). Sev eral iso lated oc cur rences were ex am ined but ef forts
have been con cen trated mainly on the Cacela River sec tion, this
rep re sent ing the most fossiliferous se quence in Algarve. 

FORAMINIFERA

Based on plank tonic foraminifers de tected in the Cacela
River sec tion, Antunes and Pais (1992) re ferred the lower mem -
ber of the Cacela For ma tion to the N16 and N17 zones of Blow
(late Tortonian). Ow ing to in suf fi cient data (rare and poor pres er -
va tion of foraminiferal tests), the au thors only hy poth e sized an
early Messinian age of both the mid dle and up per mem bers of
the Cacela For ma tion.

More re cently, tax o nomic and biostratigraphic stud ies were
per formed by Legoinha (2003). The dis tri bu tion coil ing pat tern of 
the keeled globorotaliids within the Cacela For ma tion was used
to cor re late the Por tu guese sed i men tary re cord with that of the
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Fig. 2. Pres er va tion state of Peronaea planata (Linnaeus, 1758) shells from the Cacela For ma tion

A, B – com pos ite mould with par tial shell pres er va tion, Unit B, Ca banas: A – ex te rior of left valve (MZ VIII Ml-3719/1), B – ex te rior of right
valve (MZ VIII Ml-3719/2); C – ar tic u lated shell with partly dis solved outer layer (MZ VIII Ml-3762), up per part of the Cacela River sec tion (3 m
above layer 3 of Santos, 2000); D, E – ex te rior view of well-pre served valve with traces of orig i nal pig men ta tion, lower part of the Cacela River 
sec tion (layer 3 of Santos, 2000): D – left valve (MZ VIII Ml-3763/1), E – right valve (MZ VIII Ml-3763/2); scale bar – 10 mm 



Guadalquivir Ba sin, stud ied in greater de tail by Sierro (1985)
and Sierro et al. (1987, 1993) as well as with the Abad com pos ite 
sec tion in the Sorbas Ba sin dis cussed by Sierro et al. (2001). On 
the one hand, Legoinha (2003) cited the Globorotalia menardii
(d’Orbigny) sinistral coil ing group in the low est part of the Cacela
River sec tion and iden ti fied the bioevent 1 of Sierro (1985) in the
mid dle part of the same sec tion, im me di ately above the level
yield ing bi valve fauna de scribed by Santos (2000) and listed by
Santos and Boski (1998), and by Santos and May oral (2007).
Con sid er ing that the Sierro bioevent 1 ap prox i mates chro no log i -
cally the mas sive dis ap pear ance of the Globorotalia menardii
sinistral coil ing group, cal i brated in the Guadalquivir Ba sin at
7.512 Ma (Sierro et al., 2001), it fol lows that the lower part of the
Cacela For ma tion has to be in ter preted again as late Tortonian
in age. On the other hand, Legoinha (2003) rec og nized the
bioevent 3 of Sierro (1985) within the Cacela For ma tion at the
Quelfes sec tion, 10 km east of Faro. This lat ter event, cal i brated
in the Guadalquivir Ba sin at 7.25 Ma (Sierro et al., 2001), has al -
lowed de fin ing an early Messinian age of the up per part of the
Cacela For ma tion. No data are avail able for the Cacela For ma -
tion at the Barroquinha, Ca banas and Lacem sec tions. 

CALCAREOUS NANNOPLANKTON

The nannoplankton flora con tent of the Cacela For ma tion is
known through the study by Cach±o (1995a). Sam ples from the
Cacela River, Ribeira de Barroquinha and from the cliff near Ca -
banas at “Forte de Sao Jo±o da Barra” sec tions yielded
stratigraphically use ful as so ci a tions in di cat ing the Discoaster
quinqueramus Zone (NN11 in the zonal scheme of Mar tini, 1971
or Zone CN9 of Okada and Bukry, 1980) which em braces the
late Tortonian–Messinian in ter val be tween about 8.2 and
5.53 Ma (Backman et al., 2012). More over, the co-oc cur rence of 
the two most im por tant and di ag nos tic spe cies Minylitha
convallis Bukry (with its LAD cal i brated at 7.8 Ma ac cord ing to
Berggren et al., 1995) and Discoaster berggrenii Bukry (with its
FAD cal i brated at 8.6 Ma ac cord ing to Berggren et al., 1995)
was doc u mented at the base of the Cacela River sec tion. Ac -
cord ing to the new biozonation pre sented re cently by Backman
et al. (2012), the subzone CN9a of Okada and Bukry (1980) cor -
re sponds to Zone CNM16 – Discoaster bergrenii Base Zone of
which es ti mated age is be tween 8.20 and 7.39 Ma. These data
clearly sug gest that the bi valve fauna de scribed by Santos
(2000) listed by Santos and Boski (1998) and dis cussed by Gon -
za lez Delgado et al. (1995), Rico-Gar cia et al. (2006), and by
Santos and May oral (2007) is late Tortonian in age.

The nannofossils re corded at the bot tom of the sec tion at
“Forte de Sao Jo±o da Barra” con tain ing Discoaster berggrenii
and Discoaster quinqueramus have been also re ferred  to
subzone CN9a not with stand ing that Minylitha convallis has not
been found in the sam ples ex am ined (Cach±o, 1995a). More -
over, Cach±o (1995a) also as cribed the base of the sec tion at
Ribeira de Barroquinha to the CN9a on the ba sis of the pres ence 
of D. quinqueramus. Even tu ally, all the biostratigraphic data
con firm late Tortonian age for the lower part of the Cacela River
sec tion, with out ex clud ing, Messinian age for the top level of the
Cacela For ma tion. 

LITHOLOGY AND BIVALVE CONTENTS 
OF THE STUDIED FOSSILIFEROUS SITES 

Three iso lated oc cur rences of the Cacela For ma tion (Ca -
banas, Barroquinha and Lacem sites) were stud ied to ob tain the
bi valve ma te rial. They are lo cated along the south east ern coast
of Algarve be tween the vil lages of Ca banas to the west and
Cacela Velha to the east (Fig. 1). Al though Cach±o (1995a)
gave a brief ac count on the pres ence of the mol lus can fauna in
two sec tions ob served near the vil lage of Ca banas (“Forte de
Sao Jo±o da Barra” and Barroquinha), their tax o nomic con tent
has never been stud ied in de tail and no bi valve ma te rial has
been col lected prior to the cur rent study. All these out crops are
very rich in molluscs, in par tic u lar in bi valves. The newly col -
lected ma te rial is de pos ited at the Pol ish Acad emy of Sci ences
Mu seum of the Earth in War saw, Po land (abbr. MZ) un der the
cat a logue num bers MZ VIII Ml 3680 – MZ VIII Ml 3745 and in the 
Cen tre for Ma rine and En vi ron men tal Stud ies (CIMA), Uni ver sity 
of Algarve, Faro, Por tu gal. The list of bi valves re corded from
Unit B at the Ca banas site is re ported in Ta ble 1.

CABANAS

The Cacela For ma tion is ex posed in the im me di ate vi cin ity of 
Ca banas, along the coastal cliff east of “Forte de Sao Jo±o da
Barra”. The ex posed sec tion at Ca banas at tains a thick ness of
10.0–12.0 m. The fol low ing four units can be dis tin guished
based on lithological fea tures and fos sil bi valves con tent (Fig. 3).

Unit A. – Dark grey, 0.1–0.4 m thick silt-clayey co quina
which crops out in the mod ern inter-tidal area can be ob served
only dur ing the low tide along the sea cliff just east of “Forte de
Sao Jo±o da Barra” up to the Barroquinha stream. The co quina
is dom i nated by large, well-pre served and disarticulated shells
of Ostrea edulis Linnaeus, with rare moulds of large-sized
thick-shelled spe cies Glycymeris (Glycymeris) bimaculata
(Poli), Megacardita jouanneti (Basterot) and Pelecyora
(Cordiopsis) gigas (Lamarck). The base of the co quina layer is
not ex posed while its top is de stroyed by pres ent-day ero sion
and largely cov ered by Ho lo cene la goon de pos its and dune.

Unit B. – The sed i men tary suc ces sion at the base of the cliff
be gins with yel low ish slightly ce mented very fine-grained sand -
stone, 1.6 m thick. Now a days its base is cov ered by Ho lo cene
de pos its but, ac cord ing to Cach±o (1995a), the sand stones
were un der lain by clays which yielded well-pre served cal car e -
ous nannoplankton. A to tal of 60 bi valve spe cies have been
iden ti fied in this unit that rep re sent 48 gen era be long ing to 22
fam i lies of which the fam ily Veneridae is char ac ter ized by par tic -
u larly high tax o nomic di ver sity (Ta ble 1). The diagenetic pro -
cesses of ar agon ite dis so lu tion strongly in flu enced the qual ity of
shell pres er va tion; only oys ters and scal lops are well-pre served
(Figs. 2A, B, 4B–G). 

Unit C. – This unit, 0.1–0.3 m thick with an ero sive base, con -
sists al most en tirely of shells of Ostrea edulis Linnaeus. Oys ter
shells are sep a rated from each other but they are densely packed 
and much larger than those in the un der ly ing layer.

Unit D. – This unit, up to 8.0 m thick, is com posed of slightly
ce mented, fine- to very fine-grained sand stones that grade up -
ward to siltstones which are in ter ca lated with hard car bo na -
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Fam ily Spe cies

Nuculidae Gray, 1824

Nucula (Nucula) nu cleus (Linnaeus, 1758)

Nucula (Nucula) nitidosa Winckworth, 1930

Nucula (Lamellinucula) jeffreysi Bellardi, 1875 

Nuculanidae H. Ad ams et A. Ad ams, 1858 Saccella commutata (Philippi, 1844) 

Arcidae Lamarck, 1809

Anadara diluvii (Lamarck, 1805)

Anadara fichteli (Deshayes, 1852)

Anadara cf. pectinata (Brocchi, 1814)

Pteriidae Gray, 1847 Pteria cf. hirundo (Linnaeus, 1758)

Pectinidae Wilkes, 1810

“Amussium” cristatum badense (Fontannes, 1882)

Pecten subarcuatus Tournouër, 1874

Flabellipecten fraterculus (Sowerby in Smith, 1847)

Talochlamys multistriata (Poli, 1795)

Aequipecten seniensis (Lamarck, 1758)

Ostreidae Rafinesque, 1815 Ostrea edulis Linnaeus, 1758

Lucinidae Flem ing, 1828

Lin ga (Lin ga) columbella (Lamarck, 1819)

Lin ga (Bellucina) agassizi (Michelotti, 1839)

Megaxinus trans ver sus (Bronn, 1831)

“Lucina” un iden ti fied spe cies

Lucinoma bo re alis (Linnaeus, 1758)

Anodontia (Loripinus) fragilis (Philippi, 1836)

Ungulinidae H. Ad ams et A. Ad ams, 1857 Diplodonta rotundata (Montagu, 1803)

Kellidae Forbes et Hanley, 1848 Pseudopythina macandrewi (P. Fischer, 1867)

Carditidae Flem ing, 1828
Megacardita jouanneti (Basterot, 1825)

Coripia corbis (Philippi, 1836)

Astartidae d’Orbigny, 1844 Astarte sp.

Cardidae Lamarck, 1809

Cardium indicum Lamarck, 1819 

Laevicardium oblongum (Gmelin, 1791)

Acanthocardia paucicosta (G.B. Sowerby II, 1834)

Discors spondyloides (Von Hauer, 1847)

Mactridae Lamarck, 1809

Spisula subtruncata (da Costa, 1778)

Lutraria (Lutraria) lutraria (Linnaeus, 1758)

Lutraria (Lutraria) oblonga (Gmelin, 1791)

Lutraria (?Psammophila) expansa Dollfus, Berke ley Cot ter et Gomes, 1903

Tellinidae de Blainville, 1814

Tellina (Oudardia) compressa (Brocchi, 1814) 

Tellina (Tellinella) distorta Poli, 1791

Moerella donacina (Linnaeus, 1758)

Peronaea planata (Linnaeus, 1758)

Macoma (Psammacoma) elliptica (Brocchi, 1814)

Gastrana fragilis (Linnaeus, 1758)

Psammobiidae Flem ing, 1828 Gari cf. fervensis (Gmelin, 1791) 

Solecurtidae d’Orbigny, 1846
Solecurtus cf. strigilatus (Linnaeus, 1758)

Azorinus chamasolen (da Costa, 1778) 

Veneridae Rafinesque, 1815

Ve nus (Ventricoloidea) nux (Gmelin, 1791)

Circomphalus foliaceolamellosus (Dillwyn, 1817)

Pitar (Pitar) rudis (Poli, 1795)

Callista italica (Defrance, 1818)

Pelecyora (Cordiopsis) brocchii (Deshayes, 1836)

Pelecyora (Cordiopsis) islandicoides (Lamarck, 1818)

Dosinia lupinus (Linnaeus, 1758)

Dosinia exoleta (Linnaeus, 1758)

Paphia zbyszewskii Freneix, 1957 

Callistotapes vetula (Basterot, 1825)

Clausinella fasciata (da Costa, 1778) 

Myidea Lamarck, 1809 Tugonia anatina (Gmelin, 1791)

Corbulidae Lamarck, 1818 Corbula (Varicorbula) cf. gibba (Olivi, 1792)

Hiatellidae Gray, 1824 Panopea (Panopea) cf. menardi (Deshayes, 1828)

Thracidae Stoliczka, 1870
Thracia pubescens (Pulteney, 1799)

Cyathodonta dollfusi (Cossmann et Peyrot, 1909) 

Cuspidariidae Dall, 1886
Cuspidaria cuspidata (Olivi, 1792)

Cuspidaria rostrata (Spengler, 1793)

T a  b l e  1

Early Messinian bi valves col lected in 2002 at Ca banas from Unit B, which are housed in the Mu seum 
of the Earth in War saw, Po land 



ceous sand stone lenses up to 0.3 m in thick ness and few hun -
dred metres in lat eral ex tent. Scat tered bi valve shells and
moulds oc cur only in the lower part of the unit, and their di ver sity
is very low. Five spe cies have been iden ti fied: “Amussium”
cristatum badense (Fontannes), Flabellipecten fraterculus
(Sowerby), Glossus (Glossus) humanus (Linnaeus), Ve nus
(Ventricoloidea) nux (Gmelin) and Dosinia lupinus (Linnaeus).
Sev eral large ar tic u lated shells of the scal lop spe cies
Flabellipecten fraterculus have been col lected just above the
oys ter co quina bed (Fig. 5). The oc cur rence of Glossus (G.)
humanus is found for the first time in the Neo gene of Por tu gal
(Fig. 4A).

BARROQUINHA 

A mi nor patch of the Cacela For ma tion, lo cated in the area
ad ja cent to the mouth of the small stream of Barroquinha, 1 km
to the east of the Ca banas site, was the ob ject of biostratigraphic 
anal y sis for cal car e ous nannoplankton by Cach±o (1995a). Two
units can be dis crim i nated based on the lithological fea tures and
fos sil bi valves con tent (Fig. 3). 

Unit A. – The sec tion be gins with a 1.5 m thick grey ish yel low 
siltstones (ac ces si ble only dur ing the low tide) con tain ing at the
top a con sid er able ac cu mu la tion of ar tic u lated shells of
Callistotapes aenigmatica (Fischer et Tournouër). Fifty-four bi -

valve spe cies have been iden ti fied within ma te rial gath ered from 
this unit. Bi valves are rep re sented ei ther by disarticulated or ar -
tic u lated valves as well as by en tire or frag mented shells with
well-pre served or na men ta tion. 

Unit B. – This unit, 0.2–0.3 m thick hard peb ble-con glom er -
ate with an ero sive base, con sists al most en tirely of large-sized,
pre dom i nantly disarticulated, shells of Crassostrea gryphoides
(Schlotheim) and Ostrea edulis Linnaeus. The top of this unit is
de stroyed largely by pres ent-day ero sion.

LACEM 

The Cacela For ma tion oc curs here as thin dis crete rem nants 
crop ping out in the mouth of the small stream of Lacem lo cated
just op po site to the Lacem in let, 2 km west of the vil lage of
Cacela Velha. This very small out crop has never been de scribed 
(cf. Cach±o, 1995a; Pais et al., 2012). The ex posed sec tion at -
tains a thick ness of 2.0 m (Fig. 3).

Unit A. – The sec tion be gins with a 0.5 m thick dark green -
ish-brown ish micaceous mudstone bear ing ar tic u lated and
disarticulated ro bust valves of Megacardita jouanneti (Basterot),
Pelecyora (Cordiopsis) gigas (Lamarck) and Callista (Callista) aff. 
gauderndorfensis Schaffer. This unit, with its ob scure base, is vis -
i ble in both the stream and streamside only dur ing the low tide.
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Fig. 3. Gen er al ized sedimentological logs of the Cacela For ma tion at Ca banas, Barroquinha 
and Lacem with the po si tion of bi valve sam ples for stron tium iso tope anal y sis

De tails for dis tin guished units are given in the text (see Fig. 1 for lo ca tion)



Unit B. – This unit is com posed of a 1.5 m thick yel low ish
very fine-grained un strati fied muddy sand stone con tain ing nu -
mer ous bi valves and, less com monly, gas tro pods. Ar tic u lated
shells are very com mon. The bur rower bi valve Tugonia anatina
(Gmelin) is an im por tant el e ment of this fauna. Its frag ile ar tic u -
lated shells show no ev i dence of post-mor tem trans port, such as 
disarticulation, frag men ta tion or phys i cal ero sion of shell sur -
face. The top of this unit is de stroyed by pres ent-day ero sion and 
largely cov ered by Ho lo cene dunes.

MATERIAL AND METHODS

SAMPLE PREPARATION 

Stron tium iso tope anal y ses were car ried out on the bi valve
sam ples ob tained from newly ex plored out crops of the Cacela
For ma tion and those from the Cacela River se quence. All of the
21 bi valve spec i mens from Ca banas, Barroquinha and Lacem
were re cov ered dur ing the field work un der taken in 2002 by the
se nior au thor with the as sis tance of Dr. A. Santos. The sam pled

lev els are marked in Fig ure 3. Be cause of the poor pres er va tion
of ar agon ite bi valve shells gath ered at Ca banas and
Barroquinha, it was de cided to ana lyse well-pre served low-Mg
cal cite scal lop shells. In Ca banas, the valves of the spe cies
Flabellipecten fraterculus (Sowerby), Talochlamys multistriata
(Poli) (Unit B) and “Amussium” cristatum badense (Fontannes)
(Unit D) were se lected for Sr-iso tope mea sure ments. In
Barroquinha, the valves of Flabellipecten fraterculus and
Talochlamys multistriata, and oys ter Ostrea edulis with cal cite
shell, were used. Con sid er ing that some taxa of the or der of
Pectinoida Rafinesque re tain some aragonitic struc tures in the
right valve but not in the left one (for de tails see Carter, 1990),
most of the sam ples were ex tracted from the left valves of
Flabellipecten fraterculus. Dur ing the field work in 2002, the
Cacela River site was omit ted in sam pling due to its pro tected
sta tus (Santos et al., 2001). There fore, in this case, 15 bi valve
valves were se lected from the col lec tion cre ated by A. Santos
dur ing the 1990s. The Santos col lec tion, cur rently housed in the
Uni ver sity of Huelva, con tains bi valve ma te rial de rived c. 300 m
up stream from the his tor i cal site at “Ribeira de Cacela”. As scal -
lops are very rare among bi valves in both the Lacem and Cacela 
River sites (layer 3 of Santos, 2000; level C3 of Santos and May -
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Fig. 4. Pres er va tion state of bi valve shells from the Cacela For ma tion

A – Glossus (Glossus) humanus (Linnaeus, 1758), in ter nal mould of right valve (MZ VIII Ml-3725), Unit D, Ca banas; B–D – Cyathodonta
dollfusi (Cossmann et Peyrot, 1909), Unit B, Ca banas: B – ar tic u lated shell with par tial shell pres er va tion, view of right valve (MZ VIII
Ml-3747/1), C – ex te rior of right valve (MZ VIII Ml-3747/2), D – ex te rior of two left valves (MZ VIII Ml-3747/3); E–G – Cardium indicum
Lamarck, 1819, ar tic u late com pos ite mould with par tial shell pres er va tion (MZ VIII Ml-3709), Unit B, Ca banas: E – pos te rior view, F – dor sal
view, G – view of left valve; scale bars – 10 mm 



oral, 2007), the ma jor ity of mea sure ments for stron tium iso tope
anal y ses were done on ex cep tion ally well-pre served aragonitic
shells of Peronaea planata (Linnaeus) and Clausinella fasciata
(da Costa).

Prior to stron tium iso tope mea sure ments, each spec i men
was ex am ined mi cro scop i cally for ev i dence of al ter ation or
recrystallisation. In ad di tion, to as sess the po ten tial ef fects of
diagenesis, such meth ods as cathodoluminescence (CL), X-ray
dif frac tion and AES-ICP anal y sis of trace el e ments con tents (Mg,
Mn, Fe, Sr, Na) were per formed on se lected spec i mens (see
Brand and Veizer, 1980; Brand, 1991; Denison et al., 1994;
McArthur, 1994). Scan ning elec tron mi cro scope in spec tion of
bro ken shells helped to iden tify sam ples with well-pre served pri -
mary biogenic struc tures. Se lected sam ples were cleaned in an
ul tra sonic bath with dis tilled wa ter. The thin outer layer of each
ana lysed shell frag ment was re moved and pow dered.

STRONTIUM ISOTOPE ANALYSIS

Ap prox i mately 50 mg of the pow dered sam ples were dis -
solved in 2M ace tic acid (see e.g., Kralik, 1984; Bailey et al.,
2000 for dis cus sion on acid leach ing tech niques). Af ter 24 h of
dis solv ing, the sam ples were cen tri fuged, in sol u ble res i dues re -
moved, and clear leachates evap o rated with con cen trated ni tric
acid. Stron tium sep a ra tion was per formed at two steps: with
100% ni tric acid (Otto et al., 1988) and us ing cat ion ex change
resin (Bio-Rad 50W-X8 with 2.5 M HCl as an eluent). To tal blank 
of chem i cal pro ce dures has been de ter mined to be less than 1
ng of to tal Sr. For av er age sam ple weight of about 50 mg, this
blank value is not enough to af fect Sr iso to pic ra tio val ues. Anal -
y ses of stron tium iso to pic ra tio (87Sr/86Sr) were per formed us ing
a VG Sec tor 54 mass spec trom e ter (equipped with 7 far a day
col lec tors) at the In sti tute of Geo log i cal Sci ences, Pol ish Acad -
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Fig. 5. Flabellipecten fraterculus (Sowerby in Smith, 1847) shells from the Cacela For ma tion

A, B – ar tic u late shell (MZ VIII Ml-3694/1), Unit D, Ca banas: A – ex te rior of left valve, B – ex te rior of right valve; C, D – ar tic u lated shell
(MZ VIII Ml-3694/2), Unit D, Ca banas: C – ex te rior of left valve, D – ex te rior of right valve; scale bars – 10 mm 



emy of Sci ences in War saw, Po land. Ap prox i mately 1 mg of
pure Sr was loaded on tantalium fil a ments. All mea sured ra tios
were in stru men tally cor rected to frac tion ation ef fect us ing the
value of 86Sr/88Sr = 0.1194 and nor mal ized with NIST 987 iso to -
pic stan dard 87Sr/86Sr ra tio = 0.710248 (Oslick et al., 1994). An a -
lyt i cal er rors are equal to 2se val ues (Thirlwall, 1991). In ad di -
tion, for the con trol of chem i cal pro ce dures, the sam ple ex -
tracted from the bi valve shell of Ervilia podolica (Eichwald), with
87Sr/86Sr ra tio = 0.708592, was used as an in ter nal lab o ra tory
stan dard (Zieliñski, 2002). 

Some au thors (Kralik, 1984; McArthur, 1994; Bailey et al.,
2000) show that dur ing chem i cal prep a ra tion car bon ate shell
sam ples run po ten tial risk of con tam i na tion with stron tium from
other phases oc cur ring in the ana lysed ma te rial (e.g., clay min -
er als). By this rea son and for better con trol of chem i cal pro ce -
dures, two tests were per formed: (1) dis so lu tion in dif fer ent ac ids 
and (2) se quen tial dis so lu tion.

Test 1. – The sam ple ex tracted from the Clausinella fasciata
(da Costa) valve (sam ple GZBS 5 from the Cacela River) was di -
vided into two parts, which were dis solved in 2M ace tic acid and
2.5 M HCl, re spec tively. Af ter 24 hours, the in sol u ble re mains
were re moved and so lu tions were ana lysed for Sr iso to pic ra tio.

Test 2. – This test was un der taken to as sess the po ten tial ef -
fect of time on dis so lu tion. Pow dered sam ple of the valve of
Peronaea planata (Linnaeus) (sam ple GZBS 6 from the Cacela
River) was di vided into two parts (A and B), which were in di vid u -

ally dis solved in two dif fer ent por tions of 2M ace tic acid. Part A
was dis solved dur ing 24 hours to com plete dis so lu tion of the car -
bon ate phase. Whilst part B was dis solved in the sec ond por tion
of iden ti cal so lu tion of 2M ace tic acid, but af ter a spec i fied time
pe riod (ti) part of so lu tion was taken to Sr iso to pic anal y sis. This
op er a tion was re peated for ti = 10 min utes, 1 hour and 4 hour of
dis so lu tion. Ad di tion ally, part of in sol u ble res i due, which re -
mained af ter 4 hours of dis so lu tion, was also ana lysed. 

RESULTS 

BIVALVE PRESERVATION

Light mi cro scope ob ser va tions in di cate that bi valve shell
pres er va tion is vari able be tween the sites. Scan ning elec tron
mi cro scope (SEM) in spec tion of sev eral bro ken valves dis -
played well-pre served pri mary biogenic micro struc tures in cal -
cite-built scal lop shells as well as in ar agon ite shells. Fig ures 6
and 7 il lus trate SEM mi cro graphs of the un al tered ar agon ite
shell of Peronaea planata (Linnaeus). X-ray dif frac tion of pow -
dered shells in di cated the pres ence of pure ar agon ite or, in case
of scal lop shells, pure cal cite ma te rial. The trace-el e men tal data
of se lected spec i mens are pre sented in Ta ble 2. 
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Fig. 6. SEM pho to mi cro graphs of Peronaea planata (Linnaeus, 1758) aragonitic shells, Cacela River sec tion (layer 3 of Santos, 2000)

A – ra dial view of shell; B – con tact of the outer and mid dle shell layer (fi brous com pos ite pris matic and crossed-lamellar struc ture)
 in ra dial view of shell; C – fine fi brous prisms that built the outer shell layer; D – ra dial view of well-pre served aragonitic 

crossed-lamellar struc ture in the outer sublayer of the mid dle shell layer



STRONTIUM ISOTOPE DATA

The re sults of two tests con ducted to es ti mate vari a tions in
87Sr/86Sr val ues of the dif fer ent ac ids uti lized to the dis so lu tion
and of the se quen tial dis so lu tion showed: (1) neg li gi ble dif fer -
ences in 87Sr/86Sr val ues (0.708945 ± 10 for ace tic acid and
0.708951 ± 10 for hy dro chlo ric acid so lu tion) and high chem i cal
pu rity of ana lysed shell ma te rial; (2) that (i) 4 h dis solv ing time is
too short to dis solve car bon ate phase: most of it stays in the
solid phase, and (ii) the early frac tions may con tain much con -

tam i nant Sr which gives higher val ues of 87Sr/86Sr ra tios, but its
pro por tion in to tal Sr is not sig nif i cant (Fig. 8).

All re sults of the mea sured 87Sr/86Sr val ues of 42 bi valve sam -
ples and one Paroxystele rotellaris (Michelotti) gas tro pod sam ple
from the Cacela For ma tion are given in Ta ble 3. Vari a tions of the
87Sr/86Sr ra tio val ues ob served within the sam ples ana lysed from
each fossiliferous sites are pre sented in Fig ure 9.

Barroquinha. – Five scal lop sam ples and one oys ter sam -
ple were ex am ined. As in di cated in Ta ble 3, the 87Sr/86Sr ra tio of
the oys ter sam ple (BAR 12) was sig nif i cantly higher than of the
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Fig. 7. SEM pho to mi cro graphs of Peronaea planata (Linnaeus, 1758) aragonitic shells, Cacela River sec tion (layer 3 of Santos, 2000)

 A – con tact of the outer and mid dle shell layer (left bot tom) in trans verse view of shell, densely spaced fine con cen tric lines cov er ing ex ter nal
sur face are vis i ble above the outer shell layer (right top); B – trans verse view of fi brous com pos ite pris matic struc ture of the outer shell layer;
C – trans verse view of well-pre served aragonitic crossed-lamellar struc ture in the outer sublayer of the mid dle shell layer; D – higher mag ni fi -
ca tion of crossed-lamellar struc ture con sist ing of a se ries of par al lel near-rect an gu lar obliquely ar ranged lamellae

Sam ple Spe cies
Fe

[ppm]

Mg

[ppm]

Mn

[ppm]

Na

[ppm]

Sr

[ppm]

BAR 7 Flabellipecten fraterculus 115 1315 30 3950   972

BAR 9 Talochlamys multistriata 882 1740 97 3460 1021

CAB 10 Flabellipecten fraterculus 393 1260 36 3880   956

CAB 11 Flabellipecten fraterculus 213 1495 19 4320 1034

CAB 14 “Amussium” cristatum badense 596 1210 48 2880   884

CAC 1 Flabellipecten fraterculus 166   900 19 3999 1090

CAC 2 Flabellipecten fraterculus 204 1150 23 4080 1023

LAC 6 Cardium indicum   92     93   2 3600 1925

BAR – Barroquinha, CAB – Ca banas, CAC – Cacela River, LAC – Lacem

T a  b l e  2

Trace el e ment con tents in se lected shell sam ples, de ter mined by AES-ICP



oth ers; this is prob a bly be cause of the pres ence of chalky de -
pos its de vel oped in its shell. This ra tio was not in cluded in age
de ter mi na tion.

Ca banas. – Seven sam ples were ana lysed from Unit B and
three from over ly ing Unit D. The 87Sr/86Sr val ues in crease from
0.708948–0.708980 near the base of Unit B to close to 0.709011
within Unit D. The stron tium iso tope ra tios mea sured on three
Talochlamys multistriata sam ples de rived from Unit B have less
vari abil ity (0.708958–0.708968) than those mea sured on four
Flabellipecten fraterculus sam ples (0.708948– 0.708980) in the
same unit.

Cacela River. – Some scat ter of the data among twenty one
sam ples (in clud ing four du pli cate pairs) from the Cacela River
site is ob served. The stron tium iso tope val ues range from
0.708879 to 0.709029 with that seven sam ples yielded 87Sr/86Sr
val ues of 0.708928–0.708933, and six other have 87Sr/86Sr val -
ues of 0.709961–0.708963. Sim i lar vari abil ity in 87Sr/86Sr val ues
is ob served in both cal cite-built shell of Flabellipecten fraterculus
(Sowerby) and ar agon ite shells of Peronaea planata (Linnaeus)
and Clausinella fasciata (da Costa). As in di cated in Ta ble 3, the
87Sr/86Sr ra tios of sam ples CAC 4/2 and BS 04/2 were sub stan -
tially lower whilst the 87Sr/86Sr ra tio of sam ple CAC 6 was higher
than of the oth ers. This is the rea son, why the mean value from
the “most fre quency area” was rec og nized as the most rep re -
sen ta tive 87Sr/86Sr value for each dataset. The “most fre quency
area” means the range of 87Sr/86Sr val ues which in cludes a great 
num ber of mea sured val ues; val ues which were out of this range 
were re jected due to pos si ble ef fect of sam ple ma te rial con tam i -
na tion or mea sur ing er rors. Un cer tainty of mean val ues de ter mi -
na tion was given us ing the mod i fied McArthur for mula 

2 2 11
2 2se se setotal nn= + å( ( / ) ) where se1 is the stan dard er -

ror of mean value from dataset and sen is the stan dard er ror of
mea sur ing 87Sr/86Sr ra tio for each sam ple value (McArthur,

1994). Stron tium iso tope val ues of the CAC 4/2, CAC 6 and BS
04/2 sam ples  were not in cluded in age de ter mi na tion.

Lacem. – Six sam ples were ex am ined. Four sam ples showed 
neg li gi ble dif fer ences in 87Sr/86Sr val ues (0.708941–0.708949)
whereas the 87Sr/86Sr val ues mea sured on the lucinid spe cies Lin -
ga (Lin ga) columbella (Lamarck) and the venerid spe cies Paphia
aenigmatica (Fischer et Tournouër) have av er age val ues as
much as 0.000015 lower. The 87Sr/86Sr val ues of both the cal -
cite-shell of Flabellipecten fraterculus (Sowerby) and the ar agon -
ite shell of Cardium indicum Lamarck are equal to 0.708947.

AGE ESTIMATES

The 87Sr/86Sr val ues of the sam ples have been con verted to
nu mer i cal age us ing the stan dard ta bles of McArthur et al.
(2001) based on the re fined Sr iso tope curve for Neo gene sea -
wa ter and geo log i cal time scale of the In ter na tional
Chronostratigraphic Chart (2012). Fig ure 10 and Ta ble 4 sum -
ma rize the re sult ing ages for each fossiliferous site. The
87Sr/86Sr ra tios mea sured in all forty two bi valve sam ples from
the Cacela For ma tion range from 0.708926 to 0.709011 (Ta -
ble 3) and a cal cu lated age cor re sponds with the in ter val of 8.9 ±
0.4 Ma and 5.7 ± 0.5 Ma (late Tortonian–Messinian).

The stratigraphically low est bi valve sam ples were col lected
at Lacem. From this lo cal ity, six sam ples were ex am ined: two
give a cal cu lated age of 8.9 ± 0.4 Ma (LAC 7) and 8.8 ± 0.4 Ma
(LAC 9) and four sug gest a cal cu lated age of 7.8 ± 0.4 Ma to 7.2
± 0.4 Ma. As far they rep re sent the old est ma rine bi valves in the
Cacela For ma tion (Fig. 11). If this age as sess ment is cor rect (we 
ex am ined only six sam ples) the bi valve fauna in hab ited the
Algarve Ba sin in the late Tortonian since at least c. 8.9 ± 0.4 Ma.

Of the eigh teen sam ples from the Cacela River site, seven
sam ples (CAC 2, CAC 7, GZBS 6/A, BZBS 6/B, BS 5, BS 02/b,
BS 02/c) yield a cal cu lated age of 8.8 ± 0.3 Ma to 8.6 ± 0.4 Ma,
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Fig. 8. Re sults of 87Sr/86Sr ra tio mea sured dur ing se quen tial dis so lu tion of Peronaea planata (Linnaeus, 1758)
valve (A and B parts of GZBS 6 sam ple) in 2M ace tic acid; sequence dis solved clearly dem on strates 

that the stron tium iso to pic ra tio value is con di tioned by time 
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Lo cal ity Sam ple Spe cies 87Sr/86Sr 2se

Barroquinha

BAR 7 Flabellipecten fraterculus 0.708944 2.10E-05

BS 8 Flabellipecten fraterculus 0.708970 2.10E-05

BS 8 Flabellipecten fraterculus 0.708963 2.00E-05

BAR 9 Talochlamys multistriata 0.708976 2.00E-05

BAR 11 Flabellipecten fraterculus 0.708944 2.40E-05

BAR 12 Ostrea edulis 0.709033 3.50E-05

Ca banas 1

CAB 10 Flabellipecten fraterculus 0.708960 1.50E-05

CAB 11 Flabellipecten fraterculus 0.708948 1.50E-05

CAB 12 Talochlamys multistriata 0.708958 1.00E-05

CAB 15 Flabellipecten fraterculus 0.708980 2.00E-05

GZBS 3 Talochlamys multistriata 0.708968 1.20E-05

GZBS 4 Flabellipecten fraterculus 0.708958 1.20E-05

Ca banas PT Talochlamys multistriata 0.708968 1.20E-05

Ca banas 2

BS 13 ”Amussium” cristatum badense 0.708980 1.00E-05

CAB 14/2 ”Amussium” cristatum badense 0.709011 2.10E-05

CAB 14/1 ”Amussium” cristatum badense 0.709011 2.30E-05

Cacela

CAC 1 Flabellipecten fraterculus 0.708951 1.40E-05

CAC 2 Flabellipecten fraterculus 0.708928 1.10E-05

CAC 3 Flabellipecten fraterculus 0.708954 1.40E-05

CAC 4/1 Megacardita jouanneti 0.708970 1.00E-05

CAC 4/2 Megacardita jouanneti 0.708879 2.70E-05

CAC 5 Saccella commutata 0.708958 1.20E-05

CAC 6 Anadara diluvii 0.709029 1.20E-05

CAC 7 Paroxystele rotellaris 0.708930 2.10E-05

GZBS 6/A Peronaea planata 0.708929 1.20E-05

GZBS 6/B Peronaea planata 0.708928 1.20E-05

BS 04/1 Peronaea planata 0.708945 1.20E-05

BS 04/2 Peronaea planata 0.708912 1.10E-05

BS 4 Peronaea planata 0.708961 1.20E-05

BS 5 Peronaea planata 0.708929 1.30E-05

BS 6 Peronaea planata 0.708963 1.30E-05

BS 02/b Flabellipecten fraterculus 0.708933 9.00E-05

BS 02/c Flabellipecten fraterculus 0.708930 1.00E-05

GZBS 5/1 Clausinella fasciata 0.708951 1.50E-05

GZBS 5/2 Clausinella fasciata 0.708945 1.50E-05

BS 03/1 Clausinella fasciata 0.708963 1.00E-05

BS 03/2 Clausinella fasciata 0.708965 9.00E-05

Lacem

LAC 4 Flabellipecten fraterculus 0.708947 1.40E-05

LAC 5 Clausinella fasciata 0.708941 1.90E-05

LAC 6 Cardium indicum 0.708947 6.10E-05

LAC 7 Paphia aenigmatica 0.708926 2.20E-05

LAC 8 Acanthocardia paucicostata 0.708949 1.60E-05

LAC 9 Lin ga (Lin ga) columbella 0.708928 1.60E-05

Slovakia IL Stan dard Ervilia podolica 0.708588 1.80E-05

T a  b l e  3

Ta ble of 87Sr/86Sr val ues (with 2s an a lyt i cal er ror ranges)



five sam ples (CAC 1, CAC 3, BS 94/1, GZBS 5/1, GZBS 5/2)
have a cal cu lated age of 7.7 ± 0.3 Ma to 7.0 ± 0.4 Ma whereas
six sam ples (CAC 4/1, CAC 5, BS 4, BS 6, BS 03/1, BS 03/2)
sug gest a youn ger cal cu lated age around 6.6 ± 0.4 Ma. The es ti -
mated age based on the 87Sr/86Sr ra tio in bi valve shell sam ples
from the Cacela River is de fined as late Tortonian (7.6 ± 0.4 Ma)
and is in agree ment with pre vi ous biostratigraphic stud ies based 
on cal car e ous nannofossil and plank tonic foraminifers (Cach±o,
1995a; Legoinha, 2003; re spec tively).

The stron tium iso to pic anal y sis of bi valve shells from
Barroquinha sug gests an age around the Tortonian/Messinian
bound ary. Of the five sam ples ex am ined from this site, two (BAR 
11 and BAR 7) yield a cal cu lated age around 7.5 ± 0.4 Ma, and
three sug gest a youn ger cal cu lated age of 6.75 ± 0.4 Ma (BS 8)
and 6.4 ± 0.5 Ma (BAR 9). 

The stratigraphically youn gest bi valve sam ples were col -
lected at Ca banas. From this lo cal ity, 10 sam ples were ex am -
ined; the sam ples from Unit B have a cal cu lated age be tween
7.3 ± 0.4 Ma and 6.3 ± 0.5 Ma, whilst the three sam ples from
over ly ing Unit D give a cal cu lated age be tween 6.3 ± 0.4 Ma
(BS 13) and 5.7 ± 0.5 Ma (CAB 14). Based on 87Sr/86Sr ra tios in
the low-Mg cal cite shells of scal lops from Ca banas, the
Messinian age of the bi valve fauna has been de fined for the first
time in Por tu gal. Thus, the re sults ob tained from 87Sr/86Sr ra tios
in bi valve shells clearly in di cate that the fauna from Ca banas is
as young as Messinian (6.7 ± 0.4 Ma) and it is youn ger than the
bi valves from the lower part of the Cacela River se quence de -
fined as late Tortonian (7.6 ± 0.4 Ma). 
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Fig. 9. Fre quency dis tri bu tion di a gram of 87Sr/86Sr val ues con tent in bi valve shells from the stud ied fossiliferous sites

Lo cal ity 87Sr/86Sr mean value 2se
SIS age 

[Ma]

Er ror

[± Ma]

Barroquinha 0.708959 2.10E-05 7.0 0.5

Ca banas 1 0.708963 1.40E-05 6.7 0.4

Ca banas 2 0.709001 1.80E-05 5.9 0.5

Cacela 0,708946 2.10E-05 7.6 0.4

Lacem 0.708939 2.50E-05 7.9 0.5

T a  b l e  4

Re sults of es ti mated ages for all lo cal i ties, based on mean val ues
 from each 87Sr/86Sr ra tio dataset



678 Barbara Studencka and Grzegorz Zieliñski

Fig. 10. Cal cu lated age of bi valve sam ples from the stud ied Por tu guese sites

See Ta ble 3 for sam ple ab bre vi a tions



BIVALVES FROM THE CACELA FORMATION

PREVIOUS STUDIES

Much of our knowl edge of the bi valve fauna from the Cacela
For ma tion co mes from the mono graphic works of the last cen -
tury given by Dollfus et al. (1903) and Chavan (1940). The ba sis
for the for mer was the col lec tion ac quired by C. Ribeiro and J.F.
Nery Delgado near the vil lage of Cacela Velha in the 1860s and
stud ied by F.A. Pereira da Costa. Sev eral se ries of out stand ing
plates have been pre pared un der Pereira da Costa’s su per vi -
sion, pre sent ing beau ti ful, sci en tif i cally ac cu rate draw ings of
Por tu guese Ter tiary molluscs, items rep re sent ing gas tro pods
ap peared in the pub li ca tions of the Sci ences Acad emy of Lis bon
(1866–1867). The re main ing ones, rep re sent ing mainly bi -
valves, were pub lished by Dollfus et al. (1903), who had up dated 
all the il lus trated ma te rial. Three bi valve plates (num bered III, V
and VI) have been lost. A to tal of 55 bi valve spe cies were rec og -
nized by Dollfus et al. (1903) within the fos sil ma te rial de rived
from var i ous Por tu guese Mio cene lo cal i ties, in clud ing 47 spe -
cies from the vi cin ity of Cacela Velha, 44 of which were il lus -
trated. The rep re sen ta tives of the fam ily Pectinidae were miss -
ing among them. They were il lus trated and in cluded by Veiga
Ferreira (1951) in his mono graph on the scal lops from the Mio -
cene of Algarve. 

The pre cise lo ca tion of the il lus trated bi valves was not men -
tioned by Pereira da Costa, but ac cord ing to Berke ley Cot ter
(1904: p. 40), they were de rived mainly from the unit of 3.0 m thick 
yel low ish and grey ish fine-grained micaceous sand crop ping out

on the right bank of the Cacela River (down stream from the
bridge) about 1000 m NNE of the lo cal church. The Berke ley Cot -
ter’s (1904) brief pa per, sum ma riz ing knowl edge of Por tu guese
Mio cene de pos its, con tains a pre lim i nary check list of the bi valves
from Cacela Velha. The same list of bi valve spe cies was pro vided 
by Choffat (1950). The Mio cene at the Cacela River was con sid -
ered as Tortonian (Dollfus et al., 1903; Berke ley Cot ter, 1904;
Cossmann and Peyrot, 1909–1912; Bourcart and Zbyszewski,
1940; Freneix, 1957; Zbyszewski, 1957). 

Other im por tant geo log i cal and palaeontological pub li ca tions
deal ing with the mol lus can fauna from the Cacela For ma tion in -
clude those by Bourcart and Zbyszewski (1940), Chavan (1940,
1944) and Glibert and Van de Poel (1965–1970). From the
fossiliferous-bear ing strata at Monte Alto, 2 km E of Cacela Velha, 
Chavan (1940) doc u mented 27 bi valve spe cies and revized some 
de ter mi na tions given by Dollfus et al. (1903). Based on the sim i -
lar ity with the bi valve fauna from Dar-bel-Amri in Mo rocco and on
avail able knowl edge on strati graphic dis tri bu tion of the carditid
sub spe cies Megacardita jouanneti laeviplana (Depéret), Chavan
re garded the Por tu guese fauna as Sahelian, youn ger than
Tortonian. Sub se quently, Glibert and Van de Poel (1965–1970)
re ferred some bi valve spe cies from the Cacela River (col lected in
the be gin ning of the 20th cen tury by Dollfus and de pos ited at the
Royal Bel gian In sti tute of Nat u ral Sci ences) to the so-called
Sahelian based on the pre sumed oc cur rence of Megacardita
jouanneti laeviplana, while other spe cies de rived in the same lo -
cal ity were re garded as Tortonian. Re cent in ves ti ga tion has
shown that the bi valve fauna from Dar-bel-Amri is prob a bly early
Zanclean (Early Plio cene), within the biozone of Globorotalia
margaritae (Gon za les Delgado et al., 1995).
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Fig. 11. Com pos ite Mio cene sea wa ter 87Sr/86Sr ref er ence curve from Howarth and McArthur
(1997) and cor re spond ing age of mol lus can shells from the stud ied Por tu guese sites

Chro nol ogy of the Mio cene stage bound aries af ter the In ter na tional Chronostratigraphic Chart 2012



More re cently, a new col lec tion from the Cacela River site
(lo cated c. 300 m up stream from the his tor i cal site at “Ribeira de
Cacela”) was com pleted by A. Santos dur ing the 1990s. That
ma te rial served as a ba sis for her Mas ter’s the sis and in cluded
86 bi valve spe cies (Santos, 2000). A pre lim i nary check list of bi -
valves sam pled from the lower mem ber of the Cacela For ma tion 
was pub lished by Santos and Boski (1998), while rel e vant
palaeoenvironmental and palaeo eco logi cal anal y ses were per -
formed by Santos and May oral (2007). In ad di tion, quan ti ta tive
taphonomic anal y sis based on all mol lus can fauna from the
Cacela River site has been made by Rico-Gar cia et al. (2006).
Based on cal car e ous nannofossils (Cach±o, 1995a) and plank -
tonic foraminifers (Lagoinha, 2003), the age of the bi valves is
de ter mined as late Tortonian.

COLLECTION HOUSED AT THE GEOLOGICAL MUSEUM IN LISBON

The study of the ma te rial housed at the Geo log i cal Mu seum
in Lis bon by the se nior au thor has shown that the col lec tion com -

pleted in the 19th cen tury by C. Ribeiro and J.F. Nery Delgado
near Cacela Velha was sup ple mented with an ex ten sive new
col lec tion gath ered in the early 20th cen tury by the staff of the
Geo log i cal Sur vey of Por tu gal. Un for tu nately, no com pre hen -
sive, sys tem atic re view of this ma te rial has been pub lished. Only 
four scal lop spe cies were dis cussed by Veiga Ferreira (1951)
and a new venerid spe cies Paphia (Paphia) zbyszewskii was es -
tab lished by Freneix (1957). Cur rent re-ex am i na tion and re vi -
sion re vealed that the bi valve fauna is more di ver si fied than it
was ex pected from the two mono graphic works by Dollfus et al.
(1903) and Chavan (1940). Ninety two bi valve spe cies have
been iden ti fied within the ma te rial taken from both the type sec -
tion of the Cacela For ma tion and sev eral other sites (e.g., Al tar,
near the vil lage of Conceiç±o de Tavira, Monte Pessáa and
Ribeiro Alfonso Mar tins near the vil lage of Cacela Velha). Al -
though this bi valve fauna was dis cov ered here in 1908, its con -
tent re mained al most un known un til re cently. Only two scal lop
spe cies Flabellipecten fraterculus (Sowerby) and “Amussium”
cristatum badense (Fontannes) were de scribed and il lus trated
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Fam ily Spe cies

Nuculidae Gray, 1824

Nucula (Nucula) nu cleus (Linnaeus, 1758)

Nucula (Nucula) nitidosa Winckworth, 1930

Nucula (Lamellinucula) jeffreysi Bellardi, 1875 

Arcidae Lamarck, 1809
Barbatia mytiloides (Brocchi, 1814)

Barbatia subhelbingi (d’Orbigny, 1852)

Glycymerididae New ton, 1922 Glycymeris (Glycymeris) nummaria (Linnaeus, 1758)

Pectinidae Wilkes, 1810 
“Amussium” cristatum badense (Fontannes, 1882)

Flabellipecten fraterculus (Sowerby in Smith, 1847)

Gryphaeidae Vyalov, 1936 Hyotissa hyotis (Linnaeus, 1758)

Lucinidae Flem ing, 1828

Lucina (Lucina) callipteryx (Tournouër, 1872) 

Megaxinus trans ver sus (Bronn, 1831)

Lucinoma bo re alis (Linnaeus, 1758)

Carditidae Flem ing, 1828 Megacardita jouanneti (Basterot, 1825)

Cardidae Lamarck, 1809 

Cardium indicum Lamarck, 1819 

Laevicardium crassum (Gmelin, 1791) 

Acanthocardia paucicosta (G.B. Sowerby II, 1834)

Mactridae Lamarck, 1809

Lutraria (Lutraria) lutraria (Linnaeus, 1758)

Lutraria (?Psammophila) expansa Dollfus, Berke ley Cot ter et Gomes, 1903

Lutraria (Psammophila) oblonga (Gmelin, 1791)

Tellinidae de Blainville, 1814

Tellina (Oudardia) compressa (Brocchi, 1814)

Tellina (Tellinella) distorta (Poli, 1791)

Pharaonella pulchella (Lamarck, 1818)

Serratina serrata (Brocchi, 1814)

Macoma (Psammacoma) elliptica (Brocchi, 1814)

Psammobiidae Flem ing, 1828
Gari fervensis (Gmelin, 1791) 

Gari uniradiata (Brocchi, 1814)

Solecurtidae d’Orbigny, 1846
Solecurtus canditus (Brocchi, 1814)

Solecurtus basteroti (DesMoulins, 1832)

Veneridae Rafinesque, 1815

Ve nus (Ventricoloidea) nux (Gmelin, 1791)

Circomphalus foliaceolamellosus (Dillwyn, 1817)

Callista (Costacallista) erycinoides (Lamarck, 1806)

Callista (Macrocallista) italica (Defrance, 1818)

Pelecyora (Cordiopsis) brocchii (Deshayes, 1836)

Callistotapes vetula (Basterot, 1825)

Callistotapes aenigmatica (Fischer et Tournouër, 1874)

Clausinella basteroti (Deshayes, 1850)

Cuspidariidae Dall, 1866 Cuspidaria rostrata (Spengler, 1793)

T a  b l e  5

Late Mio cene bi valves gath ered in 1908 by Berke ley Cot ter at Al tar near Conceiç±o de Tavira vil lage
which are stored at the Geo log i cal Mu seum in Lis bon, Por tu gal



by Veiga Ferreira (1951) from Al tar, near the vil lage of
Conceiç±o de Tavira. The list of the bi valve spe cies from this lo -
cal ity, pre served at the Geo log i cal Mu seum in Lis bon, with their
cur rent iden ti fi ca tions is given in Ta ble 5. This bi valve as sem -
blage com prises 37 spe cies that rep re sent 30 gen era of 14 fam i -
lies. Nei ther cal car e ous nanno plankton nor plank tonic
foraminifera were stud ied to clar ify the strati graphic po si tion of
the Cacela For ma tion in this lo cal ity (cf. Pais et al., 2012), thus
its age re mains un cer tain.

Ex am i na tion of the ma te rial from the his tor i cal site of “Ribeira 
de Cacela”, stored in Lis bon, adds valu able in for ma tion con -
cern ing its tax o nomic con tent (only part of the ma te rial was il lus -
trated by Dollfus et al., 1903) and the state of bi valve shell pres -
er va tion. It is note wor thy that it re sem bles closely Unit A at
Lacem – in both li thol ogy and bi valve con tent. The two units are
pre dom i nantly un con sol i dated grey ish-brown ish micaceous fine
to very fine un strati fied silty sands and clays (cf. Berkely Cot ter,
1904) with well-pre served ro bust ar tic u lated and disarticulated
ar agon ite valves of Glycymeris (Glycymeris) bimaculata (Poli),
Megacardita jouanneti (Basterot), Discors spondyloides (Von
Hauer), Pelecyora (Cordiopsis) gigas (Lamarck) and Callista
(Callista) aff. gauderndorfensis Schaffer. There fore, one can
rea son ably sup pose that the bi valves from the his tor i cal site of
“Ribeira de Cacela” are con tem po ra ne ous with the bi valves from 
the Lacem site (Unit A).

A NEW MESSINIAN BIVALVE FAUNA

A unique col lec tion was gath ered from Unit B at Ca banas.
The spec i mens are gen er ally poorly pre served and the shell ma -
te rial is mostly dis solved (Figs. 2A, B, 4B–G); only oys ters and
scal lops are well-pre served. The lat ter are rep re sented by five
spe cies: “Amussium” cristatum badense (Fontannes), Pecten
subarcuatus Tournouër, Flabellipecten fraterculus (Sowerby),
Talochlamys multistriata (Poli) and Aequipecten seniensis
(Lamarck) but only Flabellipecten fraterculus and Talochlamys
multistriata (Poli) are com mon. Small-sized (1–2 cm) ar tic u lated
shells of these two scal lop spe cies oc cur through out the unit,
whereas oys ters be come more com mon to wards the top. Spo -
rad i cally, in the up per part, small clus ters of oys ter Ostrea edulis
Linnaeus were found (2 or 3 ar tic u lated shells). The aragonitic
shells, be ing partly dis solved, are pre served mostly as slightly dis -
rupted ex ter nal or com pos ite moulds. In some cases, how ever,
de tails of the ex ter nal del i cate or na men ta tion such as spines on
Acanthocardia paucicostata (Sowerby) are ob served. Great num -
ber of in di vid u als of Acanthocardia paucicostata, the dom i nant
spe cies in the as sem blage, as well as Pelecyora (Cordiopsis)
brocchii (Deshayes), Paphia zbyszewskii Freneix and Lutraria
(Lutraria) lutraria (Linnaeus) or even Cardium indicum Lamarck
were ar tic u lated be fore burial (Fig. 4E–G). The very high per cent -
age of ar tic u lated shells, the wide range of modal size val ues of
fos sil spe cies and many spec i mens pre served in their life po si tion
in di cate min i mum post-mor tem al ter ation. 

Within the col lected ma te rial, 60 bi valve spe cies be long to 22 
fam i lies of which the fam ily Veneridae is char ac ter ized by par tic -
u larly high tax o nomic di ver sity (Ta ble 1). The pres ent re search
pro vides the first oc cur rence of Pseudopythina macandrewi (P.
Fischer), Coripia corbis (Philippi), Glossus humanus (Linnaeus)
and Cyathodonta dollfusi (Cossmann et Peyrot) in the Mio cene
of south ern Por tu gal. Based on lit er a ture (Cossmann and
Peyrot, 1909–1912; Dollfus and Berke ley Cot ter, 1909;
Schaffer, 1910; Zbyszewski, 1957; Glibert and Van de Poel,
1965–1970; Malatesta, 1963; Tavani and Tongiorgi, 1963;
Tebble, 1966; Studencka and Studencki, 1988; Ben Mussa,
1994; Calzada, 1995; Pfister and Wegmüller, 2001; Schultz,

2005), data on the strati graphic range and geo graphic dis tri bu -
tion of these spe cies are briefly pre sented be low. 

Pseudopythina macandrewi (P. Fischer). – This ex tremely
rare spe cies is re stricted to the At lan tic Prov ince. Up to now, it
has been known ex clu sively from the Lower Plio cene
(Piacenzian) at Aquas santos and Nadadoiro in the Lower
Tagus Ba sin, Por tu gal (Dollfus and Berke ley Cot ter, 1909). The
pres ent-day Pseudopythina macandrewi is also scarcely dis trib -
uted along the At lan tic coast of Spain and Por tu gal. It seems that 
the Algarvian re cord is the old est ev i dence of this spe cies.

Coripia corbis (Philippi). – The spe cies is known through out
the At lan tic and Med i ter ra nean prov inces in the Mio cene and
Plio cene. Its oc cur rence in the Pleis to cene has been con firmed
in the Med i ter ra nean (Malatesta, 1963). The pres ent-day
Coripia corbis is scarcely dis trib uted in the At lan tic Ocean: its liv -
ing spec i mens were found only along the At lan tic coast of Mo -
rocco (Ben Moussa, 1994).

Glossus (Glossus) humanus (Linnaeus) (Fig. 4A). – The ear -
li est cer tain re cord of Glossus (G.) humanus (known as
Isocardia cor in older lit er a ture) is from the Mid dle Mio cene of the 
Paratethys (Studencka and Studencki, 1988). Its oc cur rence in
both the At lan tic and Med i ter ra nean prov inces is known at least
since the Late Mio cene (see re cords and bib li og ra phy in Schultz, 
2005). The mod ern Glossus (G.) humanus is dis trib uted over the 
North At lan tic from Ice land and Nor way to Mo rocco, and into the
Med i ter ra nean and Adri atic seas (Tebble, 1966). 

Cyathodonta dollfusi (Cossmann et Peyrot) (Fig. 4B–D). –
The spe cies was pre vi ously re ported from the Lower Mio cene
(Burdigalian) of the At lan tic and Paratethyan prov inces. Its oc -
cur rence in the At lan tic Prov ince was doc u mented in the
Aquitaine Ba sin, France (Cossmann and Peyrot, 1909; Glibert
and Van de Poel, 1966) and in the Lower Tagus Ba sin, Por tu gal
(Zbyszewski, 1957). In the Paratethys, it was found in the Up per
Ma rine Molasse (mid dle Burdigalian) in Swit zer land (Pfister and
Wegmüller, 2001). The spe cies Cyathodonta dollfussi was not
com mon in the Mio cene Med i ter ra nean Prov ince. It was only
known from the Mid dle Mio cene (Langhian) of Cata lan lo cal i ties, 
Spain (Calzada, 1995). The shell of Cyathodonta dollfussi or na -
mented with con cen tric and mod er ately prom i nent rolles, al ter -
nat ing with slightly nar rower and flat grooves re sem bles closely
those de scribed as Thracia eggenburgensis by Schaffer (1910)
from the Lower Mio cene (Eggenburgian) in Aus tria. The only dif -
fer ences are slightly shorter pos te rior part of shell and more dis -
tinct con cen tric or na men ta tion. There fore, it is likely that
Cyathodonta eggenburgensis (Schaffer) re ported from the
Lower Mio cene (Eggenburgian) of south ern Slovakia (Schultz,
2005), Swit zer land (Pfister and Wegmüller, 2001), Mid dle Mio -
cene (Lower Badenian) of Po land (Studencka and Studencki,
1988) and from the Up per Mio cene (Tortonian) of It aly (Tavani
and Tongiorgi, 1963) rep re sents a morphotype of Cyathodonta
dollfusi.

BIVALVES FROM CABANAS COMPARED
TO THOSE FROM THE CACELA RIVER

Cach±o (1995a), and Cach±o and Silva (2002) claimed that
the age of mol lus can fauna from the Ca banas sec tion and that of 
the Cacela River was the same. The re sults ob tained from
87Sr/86Sr ra tios in bi valve shells from Ca banas (10 scal lop shell
sam ples) and the Cacela River (21 bi valve shell sam ples) have
un equiv o cally ev i denced that the bi valve fauna from Ca banas is
as young as Messinian and it is youn ger than the bi valves from
the Cacela River (Fig. 11). Both the stron tium iso tope anal y sis
(this study) and biostratigraphic data (Cach±o, 1995a; Lagoinha, 
2003) sug gest that the bi valve fauna from the lower part of the
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Cacela River sec tion dis cussed by Gonzáles Delgado et al.
(1995), Santos and Boski (1998), Santos (2000), and Santos
and May oral (2007) is late Tortonian in age.

On the other hand it is dif fi cult to sep a rate the late Tortonian
and the early Messinian bi valve fau nas from Algarve (Santos
and Mayorol, 2007: ta ble 2; Ta ble 1) be cause of sim i lar i ties in
the tax o nomic com po si tion of the as sem blages in the two time
slices. More over, the tax o nomic struc ture ex pressed in per cent -
ages of par tic u lar bi valve sub classes in as sem blages un der
com par i son is nearly the same (Fig. 12). The Veneridae (11 spe -
cies in Ca banas; 15 spe cies in the Cacela River), Tellinidae (6;
10), Lucinidae (6; 5), Pectinidae (5; 7) and Cardiidae (4; 7) con -
trib ute to both Tortonian and Messinian fau nas rather uni formly,
be ing char ac ter ized by the high est spe cies rich ness value. They
com prise more than one third of all re corded spe cies (Fig. 13).
The rep re sen ta tives of the fam ily Pectinidae con sid ered to be
sig nif i cant in the strati graphic di vi sion of Neo gene de pos its (see
e.g., Ben Moussa and Demarcq, 1993; Ben Moussa, 1994) are
not in dic a tive of the Tortonian and Messinian stages (comp.
Lauriat-Rage et al., 1999; Lacour et al., 2002). Nei ther spe cies is 
cur rently doc u mented solely from the Messinian or Tortonian of
the North east ern At lan tic. The spe cies Flabellipecten fraterculus
(Sowerby) oc curred abun dantly dur ing the Tortonian within the
At lan tic and Med i ter ra nean prov inces. It is also very com mon in
the Messinian fauna from Ca banas, the South ern Rifian Ba sin in 
Mo rocco (Lauriat-Rage et al., 1999) and the Sorbas Ba sin in

south ern Spain (Lacour et al., 2002). Our re sults, there fore, sup -
port the opin ion by Lauriat-Rage et al. (1993) that nei ther ma jor
fau nal nor nannoplankton change ap par ently oc curred be tween
the Tortonian and Messinian.

The im por tance hi er ar chy for other fam i lies dif fers in the
Cacela River and Ca banas fau nas (Fig. 13). It may be caused by 
dif fer ent en vi ron men tal con di tions. The pres ence of
Glycymeridae and Isognomidae is char ac ter is tic for the Cacela
River fauna. Large bi valves, par tic u larly thick-shelled
Glycymeris (Glycymeris) bimaculata (Poli), Isognomom
(Hippochaeta) maxillatus (Lamarck) as well as Megacardita
jouanneti (Deperet), Callista italica (Linnaeus) and Pelecyora
(Cordiopsis) gigas (Lamarck) are good ev i dence for a shal -
low-wa ter en vi ron ment. In turn, in di ca tors for deeper wa ter con -
di tions, such as Cuspidaridae and Thracidae, are most con spic -
u ous in the Messinian fauna from Ca banas. Ac cord ing to Santos 
and May oral (2007), the bi valves found at the Cacela River,
bioerosion struc tures and fa cies de vel op ment are in dic a tive of a
nearshore en vi ron ment with low to mod er ate hy dro dy namic con -
di tions and depths around 20 to 30 metres. Thus, the ab sence of 
Glycymeridae, Isognomidae and Veneridae with large and mas -
sive shells in the Ca banas fauna as well as the pres ence of
Cuspidaridae, Thracidae and Cardiidae with frag ile shells have
been here in ter preted as rep re sen ta tive to the lit to ral zone but
deeper than in the Cacela River.
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Fig. 12. Per cent ages of ma jor tax o nomic bi valve groups in fauna de rived from the Cacela For ma tion at Ca banas
(this study) and in the Cacela River sites (Dollfus et al., 1903; Santos and May oral, 2007)
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Fig. 13. Fre quency dis tri bu tion di a gram of bi valve fam i lies from Ca banas (this study) 
and the Cacela River sites (Dollfus et al., 1903; Santos and May oral, 2007)



CONCLUSIONS

Sev eral iso lated oc cur rences of the Cacela For ma tion in the
east ern Algarve re gion have yielded a di verse mol lus can fauna.
The pre cise strati graphic po si tion of ma jor ity of these fos -
sil-bear ing strata re mains un cer tain: they hardly con tain plank -
tonic foraminifera, just sparse nannofossils. Only the lower part
of the Cacela River se quence that yields the mol lus can fauna of
high est spe cies di ver sity and unique, ex cel lent shell pres er va -
tion have been dated us ing cal car e ous nannoplankton and
plank tonic foraminifera and de ter mined as lat est Tortonian. 

The study dem on strates the clear po ten tial for the 87Sr/86Sr
iso to pic anal y ses to pro vide in de pend ent age in for ma tion for the
Cacela For ma tion. The 87Sr/86Sr ra tios found in bi valve sam ples
from four fossiliferous sites range from 0.708926 to 0.709011 and
their cal cu lated age ranges from 8.9 ± 0.4 Ma to 5.7 ± 0.5 Ma (late
Tortonian–early Messinian). The old est bi valves from the Cacela
For ma tion are found in Lacem. Eight 87Sr/86Sr dates from the bi -
valve shells point to an age of about 8.9 ± 0.4 Ma (late Tortonian).
The geo log i cal age of bi valve fauna from the Cacela River site is
de fined as the lat est Tortonian, which is in agree ment with
biostratigraphic data. The Barroquinha data in di cate an age range 
cor re spond ing to the Tortonian/Messinian bound ary. Fi nally,
based on the ra tio of two iso topes of stron tium (rang ing from
0.708948 to 0.708980) in scal lop shells from Ca banas, the
Messinian age has been de fined. This means the first oc cur rence
of Messinian bi valves in Por tu gal.

The Por tu guese Messinian fauna re sem bles the Tortonian
fauna in both tax o nomic com po si tion and struc ture. The
Messinian ma rine mol lusc re cords along the East ern At lan tic

and Med i ter ra nean coasts are scant, dis con tin u ous and of ten
dif fi cult to date (cf. Lauriat-Rage et al., 1993, 1999; Lacour et al.,
2002; Monegatti and Raffi, 2007). With these new data, the
Cacela For ma tion ap pears one of the few well-dated East ern At -
lan tic macro-fossiliferous out crops of the Late Mio cene and of -
fers the op por tu nity to better un der stand the re la tions be tween
the Atlanic Messinian shal low-wa ter mol lus can fauna and that of 
the Med i ter ra nean.
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