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ORGANIZATION

Organizing Committee:
- Sérgio Avila 11235
- Patricia Madeira 3
- Anténio Manuel de Frias Martins %45

! Departamento de Biologia, Universidade dos Agores, 9501-801 Ponta Delgada,
Azores, PORTUGAL

2 Centro do IMAR da Universidade dos Acores 9901-862 Horta, Azores,
PORTUGAL

3 MPB — Marine PalaeoBiogeography Working Group of the University of the
Azores, Rua da Mie de Deus, 9501-801 Ponta Delgada, Azores, PORTUGAL

* CIBIO Centro de Investigagio em Biodiversidade e Recursos Genéticos - Pélo
Acores, Departamento de Biologia, Universidade dos Agores, 9501-801 Ponta
Delgada, Azores, PORTUGAL

> Sociedade Afonso Chaves, Associagido de Estudos Acorianos, Edificio do Museu
Carlos Machado, Apartado 258, 9501-903 Ponta Delgada, Azores,
PORTUGAL

Secretariat:
- Patricia Madeira 3
- Nuno Mendes?
- Carla Melo?

Scientific Committee:

- Professor Doutor Anténio Manuel de Frias Martins (Universidade dos
Acores).

- Doutor Sérgio Avila (Universidade dos Acores).

- Dra. Patricia Madeira (Universidade dos Acores).

- Doutor Mario Cachéo (Universidade de Lisboa).

- Doutor Domingos Rodrigues (Universidade da Madeira).

- Doutor Francisco Garcia-Talavera (Museo de la Naturaleza y el Hombre
(Ciencias Naturales), Tenerife, Canarias, SPAIN.

- Professor Doutor Fabrizio Cecca (Université “Pierre et Marie Curie” -
Paris VI), FRANCE.

- Doutor Michael Kirby (Smithsonian Tropical Research Institute), USA.

- Professora Doutora Cari Zazo (Museo Nacional de Ciencias Naturales,
Madrid), SPAIN.

- Professor Doutor Claude Hillaire-Marcel (GEOTOP - Université du
Québec a Montréal (UQAM)), CANADA.

- Professor Doutor Sergio Raffi (Dipartimento di Scienze della Terra e
Geologico-Ambiental, Universidade de Bologna), ITALY.
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- Doutor Mario Estevens (Universidade Nova de Lisboa);

- Doutor Domingos Rodrigues (Universidade da Madeira);

- Doutor Francisco Garcia-Talavera (Museo de la Naturaleza y el Hombre
(Ciencias Naturales), Tenerife, Canarias, SPAIN;

- Doutora Licia de Abreu (Godwin Laboratory for Quaternary Research
(University of Cambridge), UNITED KINGDOM,;

- Doutora Caridad Zazo (Museo Nacional de Ciencias Naturales, Madrid),
SPAIN;

- Doutora Helena Calado (Universidade dos Acores);

- Doutor Michael Kirby (Smithsonian Tropical Research Institute), USA;

- Doutor Claude Hillaire-Marcel (Université du Québec a Montréal (UQAM)),
CANADA;

- Doutora Anne de Vernal (Université du Québec a Montréal (UQAM)),
CANADA;

- Professor Doutor Fabrizio Cecca (Université “Pierre et Marie Curie” - Paris
VI), FRANCE;

- Professor Doutor Sergio Raffi (Universidade de Bologna), ITALY;

- Doutor Kai Horst-George (Research Institute Senckenberg), GERMANY;

- Doutor Andreas Kroh (University of Wien), AUSTRIA;

- Dr. Bernard Landau (Universidade de Lisboa);

- Dra. Vera Domingues (UEE-ISPA /Universidade dos Agores);

- Dra. Ana Santos (Universidade do Algarve);

- Dra. Carla Melo (Universidade dos Acores);

- Dr. Anténio Pagarete (Universidade dos Acgores);

- Dr. Nuno Mendes (Universidade dos Agores);

- Dra. Vera Malhao (Universidade dos Acores);

- Sandra Monteiro (Universidade dos Acgores);

- Ana Cristina Rebelo (Universidade dos Acgores);

- Cidalina Gomes (Universidade dos Acores);

- Jodo Moura (Universidade dos Acgores).
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SCOPE AND AIMS:

“The history of the evolution of life is imprinted in every cell and reflected in the aston-
ishing variability that surrounds us. Nevertheless, it is the evidence of the past, frozen
in time, layer upon layer, which sheds light on the paths that were followed by the
migrants and the successes that were achieved by the colonizers. However meagre, the
Azores have such recorded history in its most ancient island, Santa Maria.”

Frias Martins, 2006

Palaeontology is a multidisciplinary science and it requires deep knowl-
edge in areas as diverse as biology, geology, biogeography, evolution, system-
atics, genetics and oceanography. Thus, any research in this area needs collab-
oration and partnerships among the various specialists.

The research developed at the University of Azores revealed the impor-
tance of this line of investigation in the Azores. Thus, an International
Congress dealing with the Neogene fossils and outcrops existing on the
Atlantic Islands proves to be of major interest.

By gathering in these islands researchers with similar interests, we aim at:

a) to review the accumulated scientific knowledge on this area, particu-
larly since 1990;
b) to outline future strategies of research in the Azores and Madeira.

A total of 30 researchers and students of the University of the Azores have
met at University of the Azores (Ponta Delgada) during the first edition of the
AINIC - “Atlantic Islands Neogene, International Congress”, and 25 oral com-
munications have been done. In the end of the Congress, the participants dis-
cussed in a round-table, the future lines of investigation in Palaeobiogeogra-
phy, to develop in the Azores, for the next ten years.
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18t ATLANTIC ISLANDS NEOGENE, INTERNATIONAL CONGRESS
(AINIC)
12-14 June 2006
Atlantic Islands Neogene, International Congress
12-14 Junho 2006, Universidade dos Acores
Ponta Delgada, Acores, PORTUGAL

“A histéria da evolugdo da vida estd impressa em cada célula e reflectida na
estonteante variabilidade que nos cerca. No entanto, é a evidéncia do passado, congelado
no tempo, camada apés camada, que langa luz sobre os caminhos que foram percorridos
pelos migrantes e o0s sucessos que foram atingidos pelos colonizadores. Ainda que
esparso, os Agores possuem este registo histérico na sua ilha mais antiga, Santa Maria”

z

A Paleontologia é uma ciéncia
multidisciplinar que requer um
conhecimento profundo em dreas tao
diversas como a Biologia, Geologia,
Biogeografia, Evolucdo, Sistematica,
Genética e Oceanografia. Assim,
qualquer pesquisa nesta area ne-
cessita de colaboracdes e associacoes
cientificas entre os varios especia-
listas.

A pesquisa efectuada desde 1998
nesta drea particular do saber por
elementos do MPB - Marine
PalacoBiogeography Working Group
da Universidade dos Acores, revelou
a importancia desta linha de
investigacdo nos Agores. Assim,
provou-se ser da maior relevancia a
realizagdo de um Congresso In-
ternacional acerca dos fdsseis e
jazidas Neogénicas, que decorreu no
Anfiteatro B daquela Universidade
(Ponta Delgada) entre os dias 12 e 14
de Junho de 2006.

A reunido nos Acores de cientistas
e investigadores especialistas nas
areas acima descritas teve como
principais objectivos:

Frias Martins, 2006

1) rever e actualizar o conhe-
cimento cientifico na area da
Paleontologia do Neogénico de
ilhas Atlanticas;

2) delinear estratégias futuras de
investigagdo nos Acores e na
Madeira;

3) estabelecer os contactos in-
ternacionais que permitirdo
futuros projectos de inves-
tigacdo a desenvolver pela
equipa do MPB, em coope-
racdo com estas equipas inter-
nacionais.

Nesta primeira edi¢do do AINIC -
“Atlantic Islands Neogene, Interna-
tional Congress” participaram 30
investigadores e alunos da Uni-
versidade dos Acores, tendo sido
efectuadas 25 comunicag¢des orais. No
final do Congresso, teve lugar uma
mesa redonda, onde se discutiram as
principais linhas de investigacao a
desenvolver na area da Paleo-
biogeografia nos Acores, durante os
proximos dez anos.
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PROGRAM

12 June 2006

It AINIC

09:00 - 10:00
10:00 - 11:00
11:00 - 11:15
11:15 - 12:00

12:00 - 14:00
14:00 - 14:45

14:50 - 15:05

15:10 - 15:25

15:30 - 15:45

15:45 - 16:15

16:15 - 17:00

17:05 - 17:50

Reception, Inscription

Opening Ceremony

Coffee Break

Keynote speaker: FRIAS MARTINS - The living past: a theory on
how punctuated equilibrium can be captured alive

Lunch

Keynote speaker: JOAO CARLOS NUNES - The Azores, Islands of
Geodiversity: The Contribution of Santa Maria Island

PATRICIA MADEIRA - The marine fossils from Santa Maria Island:
an historical overview

MICHAEL KIRBY - Paleoenvironmental analysis of the Miocene
outcrops of “Pedreira do Campo” and “Pedra que Pica”(Santa Maria
Island, Azores)

MARIO ESTEVENS - Fossil whales from the Azores

Coffee Break

Keynote speaker: MICHEL BHAUD - Dispersion of species in the

marine realm
Keynote speaker: HELENA CALADO - Coastal Management Plans
(CMP) in the Azores

13 June 2006

09:15 - 09:30
09:30 - 10:15

10:20 - 10:35

10:40 - 10:55

11:00 - 11:30

11:30 - 11:45

11:50 - 12:05

12:10 - 12:25

12:30 - 14:00

14:00 - 14:45

14:50 - 15:05

15:10 - 15:25

Welcome

Keynote speaker: CLAUDE HILLAIRE-MARCEL - U-Th-Ra-Pb dat-
ing of the late Quaternary: hopes and limitations

SERGIO AVILA - Oceanic Islands, Rafting, Geographical Range And
Bathymetry: A Neglected Relationship?

DOMINGOS RODRIGUES - Rhodolith (“laranjas”) concentrations
from Cabe¢o das Laranjas (Ilhéu de Cima, Porto Santo, Madeira
archipelago). A paleoproductivity signal?

Coffee Break

VERA DOMINGUES - Phylogeography and evolution of the
triplefin Tripterygion delaisi (Pisces, Blennioidei)

HELENA FORTUNATO - The Isthmus af Panama: a trigger for spe-
ciation/extinction events during the last 15 million years

BERNIE LANDAU - Patterns of extinction of tropical marine gas-
tropods; contrasting examples from across the North Atlantic

Lunch

Keynote speaker: SERGIO RAFFI - Mediterranean-Middle Eastern
Atlantic fagade: Molluscan biogeography and ecobiostratigraphy
throughout the Late Neogene

ANDREAS KROH - Diversity and biogeography of the Central
Paratethyan echinoderm fauna during the Neogene

KAI HORST GEORGE - “Stepping stones” or “trapping stones”? —
the possible function of seamounts for the dispersal of Harpacticoida
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(Crustacea, Copepoda), demonstrated on three north-eastern Atlantic
seamounts

15:30 - 16:00 Coffee Break

16:00 - 16:45 Keynote speaker: CARI ZAZO - The isotopic substage 5e: a revision
and up-to-date

16:50 - 17:05 ANNE DE VERNAL - The isotopic substage 5e-North Atlantic Ocean
Greenland ice sheet

17:10 - 17:25 MARIO CACHAO - Coccolithus pelagicus azorinus (Coccolithophore,
Haptophyta): Does it exist? Is it important?

20:00 Congress Dinner (restaurant “Solar da Graga”)

14 June 2006

09:15 - 09:30 Welcome

09:30 - 10:15 Keynote speaker: LUCIA DE ABREU - Palaeoceanography of the
Atlantic Ocean during the Pleistocene

10:20 - 10:35 MARIO CACHAO - Normalization in micropaleontology: nanno-
spider diagrams. Why not?

10:40 - 10:55 SERGIO AVILA — Neo and Palaeobiogeographical relationships of
the Azorean shallow-water marine molluscs

11:00 - 11:15 FRANCISCO GARCIA-TALAVERA - Extinction of a species
(Acanthina dontelei) and born of a new one (Osilinus selvagensis) in the
Upper Pleistocene of the Selvagens Islands

11:20 - 11:35 ANTONIO PAGARETE - Phylogeography of marine gastropods in
oceanic islands: patterns and processes.

11:40 - 12:25 Keynote speaker: FABRIZIO CECCA - Palaeobiogeographic classifi-
cation: history, rationales and applications

12:10 - 14:00 Lunch

14:30 - 16:00 Round Table: “MAR-FAZO”-The marine fossils of the Northeastern
Atlantic Islands, a proposal for a joint project of investigation in the
Azores.

15:30 - 16:00 Coffee Break

16:00 - 17:00 Closing Ceremony
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Keynote Speaker: Frias Martins

THE LIVING PAST: A THEORY ON HOW PUNCTUATED EQUILIBRIUM
CAN BE CAPTURED ALIVE

Anténio M. de Frias Martins 1.2

1 CIBIO - Centro de Investigacao em Biodiversidade e Recursos Genéticos - P6lo Agores,
Departamento de Biologia, Universidade dos Agores, 9501-801 Ponta Delgada, Sao Miguel,
Acores, Portugal; 2 MPB, Marine PalaeoBiogeography Working Group of the University of

Azores, Departamento de Biologia, Universidade dos Acores, Ponta Delgada, Agores;
e-mail: frias@uac.pt

Punctuated equilibrium was dis-
covered through careful inspec-
tion and interpretation of rich fossil
data of two independent series: Niles
Eldredge saw it through the eyes of
the trilobite Phacops rana whereas
Stephen J. Gould elected as protago-
nist the Bermudian terrestrial mol-
lusc Poecilozonites. The theory sus-
tains that evolution proceeds by
bursts: short periods of great diversi-
fication are followed by long periods
of stasis. Palaeontology is inseparable
of the vertical axis of time, frozen in
the various strata resulting from suc-
cessive accumulations. However,
geologic time rarely carries the fine
resolution to track the small,
ephemeral, localized changes that
characterize the diversification peri-
ods; moreover, one of the assump-
tions of the punctuated equilibrium
theory is that reproductive isolation

is linked to morphological change.
Confirmation for the aforementioned
assumption can only come from
extant taxa and from them the fine
resolution of short time can be detect-
ed as well. To see it in living taxa, one
should flatten the time axis and
spread it two-dimensionally. That is:
select a perfectly contained clade
whose members can be assigned to
discrete time frames. The model pre-
dicts that the members of the clade
living in older areas will exhibit less
intraspecific diversity and be geneti-
cally less close interspecifically (sta-
sis), whereas those living in younger
areas will be intraspecifically more
diverse although genetically closer
interspecifically (diversification). The
Azores archipelago provides the geo-
logical history and the biological set-
tings to capture punctuated equilibri-
um alive.
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Keynote Speaker: Jodo Carlos Nunes

THE AZORES, ISLANDS OF GEODIVERSITY: THE CONTRIBUTION OF
SANTA MARIA ISLAND

Jodo Carlos Nunes

Departamento de Geociéncias, Universidade dos Acores, Ponta Delgada, Agores, e-mail:
jenunes@uac.pt / www.uac.pt/ ~jcnunes

Nowadays the Natural Heritage
of The Azores Islands is being
considered not only by its flora and
fauna (especially by the endemic and
indigenous species — e.g. its biodiver-
sity), but also by the geological for-
mations that support and constrain
them. In fact, the Azorean biotic
world, including the Azorean Man,
“has roots” on the volcanoes that
built them, on the rocks that form
them and on the air and water that
surround them. Thus, besides The
Azores biodiversity, it is important to
know, to catalogue and to protect the
geodiversity (or abiotic nature) of
Azores Archipelago, seen has an
important component of the Azorean
Natural Heritage.The Azores geodi-
versity is the result of the geotectonic
settlement of the archipelago (at the
ATJ- Azores triple junction), the type
of volcanic eruptions, the nature of its
magmas and rocks and, also, the
important role played by the weath-
ering process along the millennia.
Therefore, scoria cones, maars, pit
craters, calderas, trachitic coulées,
domes, prismatic jointing, fumarolic
fields, pahoehoe fields (“lajidos”),
lava deltas (lava “fajas”), volcanic

caves and pits, pillow lavas, obsidian,
necks and dykes are among some of
the landscapes and structures that
characterize the Azorean geodiversi-
ty. In this context, Santa Maria Island
presents some peculiarities, and
increased importance, in terms of the
geodiversity and Geological Heritage
of the Azores, once: 1) it is the island
with the older rocks of the archipel-
ago; 2) has many outcroppings of
sedimentary rocks, including lime-
stone, conglomerates and sandstones,
often with abundant and diversified
fossil content, 3) is the only island
were several and major outcrops of
pillow lavas can be observed, some-
times on well preserved stratigraphic
sequences and 4), being as volcanic in
origin as the others, also presents sev-
eral volcanic structures and land-
scapes (e.g. prismatic jointing, vol-
canic necks, pillow lavas, old and
weathered scoria cones, spheroidal
jointing), some of them that can be
considered has true “geosites”. Some
of this geosites were already classi-
fied and are part of the 38 terrestrial
protected areas of The Azores Islands
(e.g. Pedreira do Campo).



ABSTRACTS 15

Oral Communication: Patricia Madeira

THE MARINE FOSSILS FROM SANTA MARIA ISLAND:
AN HISTORICAL OVERVIEW

Patricia Madeira®?, Sérgio Avila®*? & Anténio M. de Frias Martins® **

! MPB, Marine PalaeoBiogeography Working Group of the University of Azores, Departamento
de Biologia, Universidade dos Acores, Ponta Delgada, Acores, e-mail: tamissa@hotmail.com;
2Departamento de Biologia, Universidade dos Agores, Rua Mae de Deus, 9500 Ponta Delgada;
3Centro do IMAR da Universidade dos Acores, 9901-862 Horta, Azores,

e- mail: avila@uac.pt; * CIBIO - Centro de Investigagao em Biodiversidade e Recursos
Genéticos - P6lo Acores, Departamento de Biologia, Universidade dos Agores,
9501-801 Ponta Delgada, Sao Miguel, Acores, Portugal; e-mail: frias@uac.pt

Knowledge of the presence of fos-
sils in Sta. Maria Island can be
traced back to the sixteenth century,
through Gaspar Frutuoso’s descrip-
tion of “seafood shells glued to
stones”, at Figueiral. The first scientif-
ic reports date back to the 19th centu-
ry, with three studies describing the
presence of sedimentary rocks and
Miocene marine fossils at Pinheiros,
Feteira, Boca da Cré, Figueiral, Forno
da Cré, Raposo, Ponta dos Matos,
Praia and Prainha (Bronn, 1860,
Hartung, 1860 and Morelet, 1860). In
the following years, reports of the
sedimentary rocks of Santa Maria
continued, e.g., the listing of species
by Mayer (1864), Hartung (1864) and
Cotter (1892). By the turn of the 20th
century the palaeontological interest
in Santa Maria decreased to almost
total forgetfulness, with the excep-
tions of Friendler (1924), and the
reviews of Agostinho (1937). In the
beginning of the 1950s this tendency
was reversed with the studies of
Berthois (1950, 1951, 1953), Colom
(1958), Ferreira (1952, 1955), Krejci-
Graf et al. (1958) and Teixeira’s (1950)

reproductions of the 19th century
reports. In the following decade, a
prolific series of palaeontological
reports were made, many of which
were the result of some expeditions
made in the late 1950’s to the island of
Santa Maria, by the Geological
Services of Portugal. During this
time, Zbyszewski, Ferreira &
Assungdo (1961) produced a geologi-
cal map with several explanatory
notes, where the fossil contents of the
island outcrops are again discussed
(Ferreira, 1961; Ferreira &
Zbyszewski, 1961, 1962). In 1961,
Zbyszewski, Assunc¢do & Ferreira,
wrote one of the few reports solely
about the fossils from Formigas. After
these productive decades, the scien-
tific production on the fossils of Sta.
Maria Island becomes again scarce.
Some exceptions were the revisions
on the sedimentary rocks of the
Macaronesian islands by Mitchell-
Thomé (1974, 1976, 1981), and the
papers of Talavera (1990, on the
Pleistocene outcrops of Prainha) and
Callapez & Soares (2000, on the
Pleistocene outcrops of Lagoinhas).
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Santa Maria’s outcrops were visited
again in 2002 by a scientific expedi-
tion organized by present members
of the MPB and of the Department of
Biology of the University of the
Azores. The main results were aimed
at both the understanding of the
palaeoecology and palaeobiogeogra-
phy of the Pleistocene and Miocene-
Pliocene outcrops, as well as towards
the legal protection of the geological
legacy of Sta. Maria Island. As result,
a checklist of the Pleistocene molluscs
of Lagoinhas and Prainha was pro-
duced (Avila et al., 2002), together
with a technical report for the protec-
tion of the outcrops of Pedreira do
Campo and Figueiral (Cachéao et al.,
2003). In conclusion, Santa Maria

palaeontological studies depended
primarily on a few expeditions made
in the last two centuries and on valu-
able donations made by private col-
lectors. Several palaeontological
works were produced during this
time, especially about the fossil mol-
luscs, but few were made on the
microfossils, with the exceptions of
Colom (1958), Ferreira (1960), Avila et
al. (2002) and Avila (2005), let alone
on the fossil algae present on some of
the Pleistocene outcrops of Santa
Maria (Amen, 2002; Amen, Neto &
Azevedo, 2005). Mitchel-Thomé
(1976) classified the palaeontological
situation in Santa Maria Island, as a
promising field, and it seems that this
is still true.
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Oral Communication: Michael Kirby

NEOGENE SHALLOW-MARINE PALEOENVIRONMENTS OF SANTA
MARIA ISLAND, AZORES, PORTUGAL

Michael Xavier Kirby !, Douglas S. Jones !, Sérgio P. Avila 2%*

! Florida Museum of Natural History, University of Florida, Museum Road, P.O. Box 117800,
Gainesville, FL 32611-7800, USA e-mail: mkirby@flmnh.ufl.edu; > MPB,Marine
PalaeoBiogeography Working Group of the University of Azores, * Departamento de Biologia,
Universidade dos Agores, Ponta Delgada, Acores; * Centro do IMAR da Universidade dos
Acores, 9901-862 Horta, Azores, e- mail: avila@uac.pt

he Neogene was an important

time when shallow-marine fau-
nas of the Tethys Sea were evolving
into separate and distinct Mediterra-
nean, Atlantic, Caribbean, and east-
ern Pacific communities. Although
many Neogene localities in the west-
ern and eastern Atlantic Ocean have
been described, there are very few
opportunities to examine shallow-
marine localities between these two
opposite ends of an ocean basin. Two
exposures on Santa Maria Island pro-
vide a window into shallow-marine
environments and communities with-
in the mid-Atlantic Ocean during the
Neogene. Pedra que Pica is located
on the southeastern corner of the
island, about 0.5 km west of Ponta do
Castelo. The base of the section is
marked by brecciated basalt that is
overlain by a fine-grained lithic cal-
carenite showing bioturbation. This
unit is overlain by 3 m of coquina that
is rich in large, disarticulated valves
of spondylids, pectinids, and pycn-
odontids, as well as in barnacles,
echinoids, bryozoans, calcareous
algae, and coral. The top of the sec-
tion consists of fine- to medium-
grained lithic wacke. Paleoenviron-

mental analysis suggests that these
deposits represent a transgressive
sequence of intertidal to foreshore
environments. The second locality is
located at Pedreira do Campo near
Vila do Porto and contains a section
about 25 m thick. The base of the sec-
tion is marked by limestone contain-
ing larger benthic foraminifera, onco-
lites of calcareous algae, bryozoans,
gastropods, and bivalves. The lime-
stone is overlain by a fine-grained
lithic arenite 4.5 m thick. This unit is
overlain by about 20 m of pillow-
basalt flows. Paleoenvironmental
analysis suggests that these deposits
represent a regressive sequence of
more open-ocean environments grad-
ing upsection into a shallower fore-
shore environment with subaqueous
volcanism. Preliminary MC-ICP-MS
analyses of the 875r/86Sr ratios of
three mollusc shells from each locali-
ty suggest that both faunas are early
Pliocene in age (4.27+1.51 and
4.80+3.00 Ma, respectively). These
two localities offer an opportunity to
better understand the evolution and
biogeographic separation of post-
Tethyan communities.
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FOSSIL WHALES FROM THE AZORES
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he Azores are well-renowned

for its rich fauna of recent
cetaceans, which turn these islands
into one of the most sought-after
whale watching spots in the world.
Less known to the general public is
the occurrence of Late Neogene fos-
sils of whales in Santa Maria, the
only island in this predominantly
volcanic archipelago with a signifi-
cant sedimentary record. These fos-
sils, nevertheless, are long known
by the local population, which com-
monly refers to them as “ossos de
gigantes” (bones of giants). The
present work reviews the scarce
fossil record of cetaceans from
Santa Maria, including both the his-
torical occurrences long cited in the
literature and some recent ones that
were yet unpublished. All originate
from the Touril Complex, an essen-
tially marine sedimentary unit,
with some submarine lava flows
intercalated, that has been dated, as
a whole, from the Messinian-
Zanclean (approximately 6.0-4.8
Ma). Unfortunately, the remains so
far recovered are mostly fragmen-
tary, and include only small por-
tions of mandibles and some shat-
tered vertebrae and ribs. This
material is poorly diagnostic and,
at this point, only allow to confi-
dently recognize the presence of

undetermined misticetes, not defi-
nitely assignable to family level.
However, they constitute a promis-
ing indication that more significant
finds are possible in the sedimenta-
ry units of this island which, due to
the strategic mid-oceanic location
of the Azores, would be particular-
ly relevant in the establishment of
correlations between Late Neogene
faunas from the eastern and west-
ern margins of the North Atlantic.
Among others, these include the
well-known associations from the
Eastover (ca. 7.2-6.1 Ma) and
Yorktown (ca. 4.8-3.0 Ma) forma-
tions of the Chesapeake Group, in
the Middle Atlantic Coastal Plain,
eastern USA, the Palmetto Fauna of
the upper Bone Valley Formation
(ca. 5.2-4.5 Ma), in Florida, south-
eastern USA, and the Kattendijk
(ca. 5.0-4.4 Ma) and Lillo (ca. 4.2-2.6
Ma) formations, in Belgium, north-
western Europe. On the whole,
these associations are dominated,
in what regards the misticetes, by
modern families such as the
Balaenopteridae and Balaenidae,
with the Eschrichtiidae and more
archaic “Cetotheriidae”, albeit pre-
sent, remaining clearly subordinat-
ed. Although meagre, the Azorean
record also contributes to expand
the poor cetacean faunas known
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from the Portuguese mainland dur-
ing this time interval, where only
fragmentary remains of odonto-
cetes and misticetes were likewise
recorded. Finally, and just as inter-

esting, is the role played by these
fossils of whales in the local folk-
lore and history of Santa Maria
Island, popular references of which
may be traced back a few centuries.
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DISPERSION AND RECRUITMENT OF SPECIES IN THE OCEANIC
REALM. CONSEQUENCES ON COLONIZATION
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his question may be dealt as well

on species adopting a direct strat-
egy as on species with indirect life
cycle. Reproductive strategy does not
fundamentally change the question.
For an effective colonisation several
steps of the life cycle must be success-
fully developed: fecundation, larval
development, recruitment, gameto-
genesis, spawning phase... Planktonic
larvae -or some stage of a direct
development- may spread through-
out a large area without implying
that presence of these stages should
result in the future existence of
adults. In the same way, a successful
recruitment -access to the benthic life-
does not necessarily lead to the con-
tinuation of the life cycle. In other
words the adult area -where they are
able to reproduce- is not as
deductible from the planktonic trans-
port or from the successful recruit-
ment as it was believed. The nature of
the life cycle in the sea imposes a dis-

persion phase; the requirements of
adult life impose a localised habitat
for larval settlement. Compatibility
between these two types of con-
straints is required for a species to be
maintained. As a consequence, dis-
persion and colonisation must be
studied with reference to adult habi-
tat conditions. The fundamental fea-
ture of life cycles is reflected by the
difference between the area through-
out larvae (or other stages) are dis-
seminated and that in which adults
live and reproduce. In this frame,
concepts of larval retentive structures
as well biological as physical, of con-
straints on adults (linked with hydro-
climate, nature of substratum, biolog-
ical relationships...), and of sterile
areas will be developed. These points
seem central for understanding
colonisation. In addition the true
nature of the planktonic larval stage,
considered more as a free stage than a
dispersive one, will be discussed.
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COASTAL MANAGEMENT PLANS (CMP) IN THE AZORES

Helena Calado
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In Portugal, nine Coastal Mana-
gement Plans (CMP) for mainland
Portuguese Coast are already
approved. In the Azores only three
exist, and five are in the first stage of
the planning process. The CMP pre-
sent as main goals the: Management
of the different uses and activities;
Classification of beaches and regula-
tions concerning the bathing use;
Valuation and qualification of beach-
es which are considered strategic,
either for environmental or tourist
reasons; Regulation in the develop-
ment of specific activities on the
coast; Nature protection and preser-

vation. Those, clearly define the
strong strategic and environmental
character of these instruments.
Therefore, it is important to consider
them whenever we face the need for
integrated protection of natural
coastal resources. First it will be
shortly presented the legal frame-
work for Spatial Planning in
Portugal. A special attention will be
taken with the Azores and the
Resolution nr 138/2000, August 17th
wich approves the guidelines for
coastal intervention (CZMP for the
Autonomous Region of the Azores).
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U-SERIES DATING OF THE LATE QUATERNARY
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-series isotopes, and especially

the sequence 238U-234U-230Th
revealed essential in validating the
astronomical theory of climate
through the dating of high inter-
glacial sea levels. Unfortunately,
large uncertainties still exist, notably
in the timing of high frequency cli-
mate oscillations between both hemi-
spheres, or in the number of high
sea-level stands during recent inter-
glacials. Beside analytical limitations,
now significantly reduced through
precise TIMS and ICP-MS measure-
ments, intrinsic difficulties arise from
the frequent occurrence of “open”
geochemical systems. Biogenic min-
erals are often deprived of any signif-
icant amounts of synsedimentary
uranium and rarely constitute closed
chemical systems in relation with
their microstructural properties, thus
allowing diagenetic U-fluxes and/or
discrete relocations of daughter
234Th-230Th to occur. Mineralogical
tests, notably with respect to arago-
nite conversion into calcite, do not
necessarily provide unequivocal
tools to label “open” geochemical
systems. Recent attempts at develop-
ing “open-system” U-series ages
somewhat helped using U-series data

even in situations when post-deposi-
tional U-mobility is ascertained.
Based on exhaustive analysis of bio-
genic carbonates from raised marine
units along Mediterranean, Chilean,
Balearic and Cape-Verdian coast-
lines, as well as from deep corals of
the North Atlantic and Pacific, we
intend to examine the present status
of the U-series method and its limita-
tion with respect to the precise dating
of marine paleoenvironments. We
will also pay some attention to short-
er-lived daughter elements and to
their use for the dating of Holocene to
modern environmental changes.
Among these, radium 226 has recent-
ly attracted much attention as it
potentially permits i) to confront 14C-
dates spanning the interval 0-8 kyr
BP (226Ra-excess dating), ii) the pre-
cise dating of the 0-100 yr interval
(210Pb-excess/226Ra/230Th dating),
iii) the establishment of Concordias
for the 10 to 50 ka time interval, aside
providing useful information on geo-
chemical processes through 226Ra-
Ba-Ca investigations. Deep-sea corals
raised using remotely operated sub-
marines in various settings will illus-
trate application of such methods.



ABSTRACTS 23

Oral Communication: Sérgio Avila

OCEANIC ISLANDS, RAFTING, GEOGRAPHICAL RANGE AND
BATHYMETRY: A NEGLECTED RELATIONSHIP?

Sérgio P. Avila 1.2.3
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he dispersal of shallow-water

benthic prosobranch gastropod
species with non-planktotrophic
mode of development poses several
problems. In this study, rafting is
suggested as an important method of
dispersal for many epibenthic inter-
tidal and shallow-sublittoral species
with such mode of development.
Three hypothesis are tested by means
of the zonation established for the
most common Azorean shallow-
water species and a database of the
shallow  Atlantic/Mediterranean
Rissoidae: (1) insular species usually
living in the intertidal zone or at shal-
low depths should be more prone to
be rafted than species usually living
at deeper levels, (2) as a consequence,
there should be a direct relationship
between bathymetry and the geo-
graphical range of a given species -
that is, intertidal species should gen-
erally have a wider geographical
range than sublittoral species and
these should generally have an also
wider geographical range than deep-
er ones, (3) if the adults are the rafting
stage, than small-sized species would
have a wider geographical distribu-

tion than medium-sized or large-
sized species.The geographical range
of the most abundant Azorean
species was found to be narrower
with increasing depth. Shallow
species (down to 5-6m depth) have a
narrower geographical distribution
than intertidal species. Alvania sleursi,
the only abundant Azorean deep-
littoral species (10 to 30mdepth) is
restricted to the Azores and Madeira.
On the other hand, three out of the
eight Azorean prosobranch species
with widest ranges and possessing a
non-planktotrophic mode of develop-
ment, share common characteristics:
all of them are small-sized and are
most abundant in the intertidal
(Skeneopsis planorbis and Omalogyra
atomus) or higher on shores
(Truncatella subcylindrica). This agrees
well with the working hypothesis,
which states that benthic, small-sized
non-planktotrophic species living in
the intertidal are more prone to be
rafted than species living in deeper
levels and, as a consequence of this,
they will have in general wider geo-
graphical ranges.
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RHODOLITH (“LARANJAS”) CONCENTRATIONS FROM CABECO DAS
LARANJAS (ILHEU DE CIMA, PORTO SANTO, MADEIRA
ARCHIPELAGO). A PALEOPRODUCTIVITY SIGNAL?
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bnormal concentrations of large

rhodolith are one of the main
features of the palaeontological
record of Porto Santo, in general, and
of Cabeco das Laranjas at its islet
IIhéu de Cima, in particular. At this
locality the rhodolith beds may
achieve 6 meters thick and show
intercalations with volcanic derived
sediments with conspicuous sedi-
mentary structures and bioturbation
levels. Previous studies based on
rhodolith morphometrics showed the
massive accumulations of Cabeco das
Laranjas are multi-modal and may
have been produced in place in con-
trast with other fossiliferous sections

(e.g. Pedra do Sol) in which these
macroalgae structures are one of the
components of a more diversified
assemblage containing in situ corals
and equinoderms (Clypeaster spp.)
(Cachao et al., 2000). Preliminary
studies disclosed the occurrence of
two species of Lithothamnium, rare
Lithophorella melobesioides, Peysson-
neliacean algae, encrusting bryozoans,
serpulids and small corals. Further
studies are needed to complete the
total paleobiodiversity of these occur-
rences in order to understand paleoe-
cological (paleoproductivity?) condi-
tions that led to their massive
accumulations.
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he genus Tripterygion (Risso,

1826) is restricted to the eastern
Atlantic and the Mediterranean, and
comprises only three species. T. mela-
nuros and T. tripteronotus are essen-
tially endemic to the Mediterranean,
while T. delaisi occurs in the Atlantic
and in the Mediterranean. Two sub-
species of T. delaisi have been
described (T. d. xanthosoma in the
Mediterranean and T. d. delaisi in the
Atlantic). Several scenarios have been
proposed for the evolution of T.
delaisi subspecies, but so far its sub-
speciation process is not clear. In this
study we present a population sur-
vey of Tripterygion delaisi including
specimens from the two recognized
subspecies. We combined a phylo-
geographic approach with estimates
of the direction of migration
(between the Atlantic and the
Mediterranean) and of the coales-
cence time of the two subspecies,
using polymorphic mitochondrial

and nuclear genes. The results of this
study clearly support the existence of
two Tripterygion delaisi clades, one in
the eastern Atlantic islandsand
another in the Atlantic coasts of
Europe and in the Mediterranean.
Historical migration between the
islands and western Europe plus
Mediterranean was reduced, and
showed a westbound trend, with a
higher number of migrants going
from the western Europe plus
Mediterranean into the islands. We
estimated the time of coalescence of
both groups of T. delaisi to be more
recent than the onset of Pleistocene
glaciations (1.7 Mya). Our results, are
consistent with previous hypothesis
that consider successive dispersal
events of a Tripterygion ancestror
from the western African coast colo-
nizing the Atlantic islands and the
Mediterranean, promoting the evolu-
tionary divergence between these
areas.
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THE ISTHMUS OF PANAMA: A TRIGGER FOR SPECIATION /
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hat are the barriers that lead to

geographic isolation and speci-
ation in the sea? We really don’t
know, although people try to identify
barriers that could hold populations
in isolation for sufficient time for
incipient species to form. Most of the
studies tend to look at great distances
strong current systems, land barriers.
These are the most evident and self
explanatory ones. Recently, more
subtle barriers have received more
attention due to the increased interest
in climatic changes. Of course, there
is no doubt that strong geographical
barriers can effectively divide marine
populations and lead to the forma-
tion of reproductively isolated
species. The question is: are these
strong barriers really a requirement,
or even a common event, for the spe-
ciation process to happen? The truth
is that without some historical per-
spective on the amount of speciation
related to the different factors we
really don’t know. In Panama we are
fortunate to sit on top of one of the
most famous and recent land barri-

ers. And ever since Mayr’s seminal
paper on sea urchins in 1954, people
both at STRI and elsewhere have
compared similar living species on
opposite sides of the Isthmus to try to
determine the magnitude of diver-
gence and speciation that might be
attributed to this barrier. These stud-
ies include comparisons of diver-
gence in: morphology, genetics,
behavior, reproductive compatibility,
etc. I will give a perspective of how
the slow rise of the Isthmus of
Panama was, in certain cases, the fun-
damental factor triggering speciation
and extinction events in both eastern
Pacific and Caribbean Sea. These
events lead finally to a complete re-
shaping of the shallow waters benth-
ic faunas of the Caribbean Sea.
Nevertheless, extinction and specia-
tion events often occur along overlap-
ping ranges in coastal environments.
Caution should be exerted and a care-
ful examination of factors other than
strong geographic barriers should
always be taken.
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n the North Atlantic, Pliocene

times were marked by a series of
sharp climatic cooling events, caus-
ing pulses of extinction and local
disappearance. These molluscan
Pliocene extinctions and local dis-
appearances were not followed by
recovery phases. As a consequence
progressive reduction of ther-
mophilic taxa and general diversity
reduction occurred. In this paper
we present preliminary observa-
tions on patterns of extinction and
local disappearances in the south-
ern part of the Pliocene Caribbean
Gatunian Province, and compare
them to the Province as a whole,
and to patterns observed along the
Atlantic European frontage and
Western Mediterranean. These
results are from an ongoing study
of the Pliocene fauna of the Atlantic
Caribbean Island of Cubagua. At
more northern latitudes on both
sides of the Atlantic, at generic
level, a southwards range contrac-
tion of thermophilic taxa driven by
cooling events is observed, whereas

in the Caribbean there is a west-
wards range contraction following
the closure of the Central American
seaway. In the Pliocene, the
Cubagua region was tropical, based
on the molluscan assemblage.
Today the region is still tropical
and the generic composition of the
fauna is little changed, suggesting
that temperature change, unlike the
pattern seen at higher latitudes,
was not a driving force for these
extinctions and local disappear-
ances. These high extinction and
local disappearance rates in the
Gatunian Province have been
ascribed to shifts in oceanographic
conditions after and during the clo-
sure of the Central American sea-
way; sea level fluctuations and
changes in patterns of upwelling
and nutrient distribution. Unlike
the Atlanto-Mediterranean region,
where an important diversity
decline occurred since early
Pliocene times, these Gatunian
extinctions and local disappear-
ances are accompanied by high
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rates of speciation. This would sug-
gest that the Cubagua region was
more stable than the Gatunian
Province as a whole. At the specific
level, despite this relative generic
stability, a drastic extinction (far

more significant than the local dis-
appearances) occurred, equal if not
higher than that seen in the
Province as a whole. What forces
led to these extinctions are, at pre-
sent, unclear.
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he Late Neogene mollusc record

of the European Atlantic Coast
represents a unique opportunity to
master the relationship between the
Pliocene climatic change and the con-
sequent change of the marine biogeo-
graphic and ecobiostratigraphic sce-
narios. Since early ‘90 four molluscan
units, each defined by a particular
suite of taxa, have been recognized by
means of extinction-disappearance

events (Raffi and Monegatti, 1993;
Monegatti and Raffi, 2001). New data
allow to improve the timing of the
extinction event peaks as well as the
boundaries of the molluscan units.
Our point is that this Mediterranean
ecobiostratigraphic scheme may be
usefull for a biogeographic compara-
te analysis throughout Pliocene along
the Atlantic European Coast.
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chinoderms are common fossils in

Neogene sediments of the
Mediterranean and  Paratethys
regions. Their excellent fossil record
is a result of special properties of
their stereom skeleton that is often
preserved where other organisms are
dissolved. This abundance is also
reflected in the literature, expressed
by the huge number of studies deal-
ing with fossil echinoderms, in partic-
ular echinoids. Yet, most papers on
Paratethyan echinoderms are purely
taxonomic studies addressing single
localities or regions, but general stud-
ies concerning biogeographic and
palaeoecological questions are miss-
ing. During a four year study a syn-
thesis of  Neogene  Central
Paratethyan echinoderms was creat-
ed based on published data as well as
new samples and museum collec-
tions. The results was a taxonomical-
ly standard-ised dataset on Central
Paratethyan echinoids (KROH, 2005),
supplemented by data on asteroid,
ophiuroid, crinoid and holothuroid
distribution, that was employed to
assess biogeographic and climatic
changes in the Early to Middle
Miocene of the Central Paratethys.
The biogeographic investigations
showed that the Neogene echino-
derm fauna of the Central Paratethys

has few endemic species and is essen-
tially of Mediterranean origin. The
overwhelming number of species
occurs in the Mediterranean area
before they appear in the Central
Paratethys and can thus be consid-
ered immigrant rather than natives.
This is especially true for the
Karpatian (Latest Burdigalian) and
Badenian (Langhian-Serravallian)
stages, while in the Eggenburgian
(Early Burdigalian) there are still a
high number of contemporaneous
appearances. Immigration occurred
in three distinct waves during the
Late Eggenburgian, the Karpatian
and Early Badenian, facilitating dif-
ferent connections, including the
Rhone Basin, the Swiss Molasse and
the Trans-Tethyan Trench Corridor.
While no species common between
the Boreal region and the Central
Paratethys could be identified in the
echinoids, two species of asteroids
from the northern-most fringes of the
Central Paratethys occur in the North
Sea Basin too. Endemism is low in
most of the stages, except the
Ottnangian  (Late Burdigalian).
During the latter geodynamic
processes and global cooling resulted
in a massive re-organisation of
Central Paratethyan fauna.
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“STEPPING STONES” OR “TRAPPING STONES”? - THE POSSIBLE
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Since the 50s of the 20th century
there exists an increasing interest
in the possible role of seamounts for
the dispersal of shallow-water inhab-
iting benthic organisms lacking
planktonic larval stages, as applies
e.g. for meiofauna. Presenting very
specific predominating geographical,
topographical, and hydrographical
conditions, seamounts may act as so-
called , stepping stones”, enabling the
wide distribution and the coloniza-
tion of distant shallow-water areas
even by organisms which otherwise
would be inhibited to overcome
abyssal areas. On the other hand,
such predominating conditions may
lead just to the opposite function: as
isolated objects, seamounts may pre-

vent both immigration and emigra-
tion from their tops. Thus, instead of
supporting the dispersal of organ-
isms, they may support the formation
of a specific summit fauna with a
probably high amount of endemic
species. Ongoing investigations deal-
ing with Harpacticoida (Crustacea,
Copepoda) focus on this biogeo-
graphic research. Preliminary results
of the comparison of three north-east-
ern Atlantic seamounts - Great
Meteor Seamount, Sedlo Seamount
and Seine Seamount - indicate that
seamounts do not generally act as
“stepping stones” or as ,species
traps”, but their role differs with
respect to the investigated taxa, even
at specific level.
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he Last Interglacial period com-

prises the entire Oxigene Isotope
Stage (OIS 5) or Marine Isotope Stage
(MIS 5) from ~135 to 74 Ka
(Martinson et al., 1987). The precise
timing, duration and paleoclimatic
conditions of the peak of the Last
Interglacial period (OIS 5e or OIS MIS
5e or MIS 5.5), so called Eemian in the
continental stratigraphical division,
have been actively debated.
Interpretation of the oxygen isotope
record of foraminifera in deep-sea
cores suggests that the peak of the
Last Interglacial began around 127
Ka, was relatively short, and was
orbitally forced (CLIMAP Project
Members, 1984; Martinson et al.,
1987). However other records from
deep-sea cores (McManus et al., 1994),
pollen from Grand Pile, France
(Kukla et al., 1997), Antarctic ice cores
(Lorius et al., 1985; Jouzel et al., 1993)
emergent coral reefs (Szabo et al,
1994; Muhs et al., 2002) suggest that
this peak could have been much
longer. From the Greenland ice core
Project the record implies that the
peak Eemian period lasted nearly 20
Ka and apparently it was interrupted
several times by periods colder than
present (Zhan et al., 1994). Moreover
pollen record from a core located off
Portugal suggests that the Eemian
period lasted from about 126, 100 to

109,700BP, which implies that this
period is included in OIS 5e, aged
~132 to ~115 in the same core
(Shakleton et al. 2002). Regarding sea-
level changes during the Last
Interglacial period a great controver-
sy still remain. Isotopic curves have
been used as approximative estima-
tors of global sea level, but as stated
by Shackleton and Opdyke (1973)
“Ocean isotopic composition was
never a linear function of ice volume
and hence was never a linear function
of sea level, but it is generally agreed
that by first approximation the oxy-
gen isotope record can give a rough
approximation of global ice volume
and therefore of global sea-level
changes”. Calculation of the ampli-
tude of sea-level variations during
Interglacials, especially for the Last
Interglacial, are based on the study of
emerged coral terraces. The applica-
tion of different dating methods
shows great uncertainty about the
length of each interglacial, and also
about the number, chronology and
altitude of the different highstands
that occur during each Interglacial.
Last Interglacial sea-level curves are
inferred from the height-age relation-
ships of emerged and submerged
reefs and are constrained by accurate
radiometric dating from orals, which
are considered to be the most reliable
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material. However with the exception
of those sites located in stable areas
and far from former ice sheets, the
elevation of coral terraces will be
affected by isostatic adjustment to
past ice lead, due to glacio-hydro-iso-
static processes. Paleotemperature of
the Last-Interglacial ocean have been
inferred from analysis of formainifera
in deep-sea cores. CLIMAP Project
Members (1984) suggested that the
Last Interglacial ocean may have
been, overall, very similar to that of
the present. Foraminifera assem-
blages in the western Mediterranean
(Pérez-Folgado et al. 2004) assigned to
the Last interglacial suggest SST 2°C
higher than today and a fresher sur-
face layer associated with increased
marine surface productivity. The
main objective of this work is focused
on our field experience in a North-
South transect that covers a geo-
graphical area running from the mid-
dle (western Mediterranean) to the

tropical (Cape Verde Islands) lati-
tudes. This study is based on results
obtained by our working group (J.L.
Goy, C. Hillaire-Marcel, T. Bardaji,
C.]. Dabrio, J.A. Gonzalez, A. Cabero,
J. Lario, N. Mercier, B. Ghaleb, P.G.
Silva, F. Borja, E. Roquero). We ana-
lyze marine as well as associated ter-
restrial and transitional deposits in
regions with different geodynamic
behaviours (neotectonic context, lit-
toral dynamic, climate, etc.).
Particular attention is paid to mollusc
faune bearing those morphosedimen-
tary units, specially to those especies
that can be used as ecological mark-
ers of changes in ocean surface water
circulation, with reference to their
present distribution, such as the case
of the “Warm Senegalese fauna”.
U/Th, 14C, K/Ar, Luminiscence
(OSL), Aminoacid Racemizationn
data have been used to constrain ages
of morphosedimentary units.
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Oral Communication: Anne de Vernal

PLEISTOCENE RECORD OF THE NORTHERN NORTH ATLANTIC
AND OCEAN GREENLAND ICE WITH EMPHASIS
ON THE LAST INTERGLACIALS

Anne de Vernal & Claude Hillaire-Marcel

GEOTOP-UQAM, CP 8888, succ. Centre-Ville, Montreal (Qc) H3C 3P8, e-mail:
devernal.anne@uqgam.ca

alynological analyses of cores col-

lected at the Ocean Drilling
Programme Site 646 off southwest
Greenland in the northwest North
Atlantic were performed with millen-
nial-scale resolution for an interval
spanning the last million years (i.e.,
isotopic stages 25 to 1). The samples
yielded extremely variable palyno-
logical content, with regard to both
marine palynomorphs (dinoflagellate
cysts) and terrestrial palynomorphs
(pollen grains and spores). In general,
dinoflagellate cyst concentrations are
high during interglacial stages (of the
order of 104 cysts/cm3) and low dur-
ing glacial stages (< 103 cysts/cm3),
indicating large amplitude changes in
productivity. The dinocyst data indi-
cate relatively mild sea-surface condi-
tions during interglacials with, how-
ever, assemblages differing from one
to another, and yielding distinct
oceanographical reconstructions. For
example, maximum sea-surface tem-
peratures seem to have characterized
isotopic sub-stage 5e, but optimum
sea-surface salinity occurred during
stages 7c and 11. The palynological
data also reveal high pollen and
spore contents in sediments of many
interglacial stages (> 103/cm3),

notably isotope stages 5e, 11 and 13.
At Site 646, pollen content most prob-
ably relates to inputs from a relative-
ly proximal terrestrial source that is
necessarily the southern Greenland.
Thus, pollen data suggest that
Greenland was occupied by dense
vegetation cover during parts of the
Pleistocene. In particular, the domi-
nance of Picea (spruce) and the occur-
rence of Abies (fir) in sediment of
stage 11 suggest inputs from boreal
forest type vegetation, thus ice-free
conditions and a mild climate. This
palynological record demonstrates
large amplitude changes in the phys-
iography (continental ice coverage),
biogeography  (vegetation  on
Greenland) and hydrography (tem-
perature, salinity) in and off
Greenland during the Pleistocene.
They illustrate the extreme sensitivity
of the central part of the North
Atlantic with regard to climate and
show that the regional response to
climate warming has been signifi-
cantly different from one interglacial
to another. In particular, they reveal
instabilities of the Greenland Ice Cap
during past interglacial stages that
point to additional uncertainties in a
global change perspective.
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COCCOLITHUS PELAGICUS AZORINUS (COCCOLITHOPHORE,
HAPTOPHYTA): DOES IT EXIST? IS IT IMPORTANT ?

Maério Cachdo 2 & Aurea Narciso !

1 Centre of Geology, University of Lisbon, Edif. C6 Campo Grande, 1749-016 Lisboa, Portugal;
2Dep. Geology, Fac. Sciences, Univ. Lisbon, Edif. C6 (6.4.55) Campo Grande, 1749-016 Lisboa,
Portugal, e-mail: mcachao@fc.ul.pt

Coccolithophores are the domi-

nant marine phytoplankton
group in the oceanic domain.
Coccolithus  pelagicus, a common

North Atlantic species for long has
been considered typical of its subpo-
lar water masses (McIntyre & Bé,
1967). Later work showed this species
could also be found in distinct eco-
logical context on the Iberian and
other upwelling influenced coastal
areas (Cachao & Moita, 2000) while
its placoliths are more widely present
throughout Atlantic surface sedi-
ments (Ziveri ef al., 2004). In fact, this
species showed to be a complex enti-
ty including at least two distinct enti-
ties, C. pelagicus pelagicus and C. pelag-
icus braarudii, based on
morphometry, life cycle (Geisen et al.,
2002) and genetics (Saéz et al. 2003).
Further morphometric studies recog-
nized the existence of these two sub-
species on the Upper Pleistocene off
Iberia, restricting their placolith size
ranges to 6-10 mm and 10-13 mm,

respectively, while added new evi-
dences for a larger subspecies, C.
pelagicus azorinus, denomination
based on its preferential occurrence
in surface sediments around the
Azores islands (Parente et al., 2004).
Since then efforts has been made to
add water column evidences of C.
pelagicus azorinus as living cells, but
so far with no success (Ramos, J.,
2003). Reasons for this may be related
to the still poor knowledge of the
phytoplankton communities around
the Azores archipelago. Following
recent research (Narciso et al., 2006) a
model for the development of placol-
ith size-distinct morphotypes will be
discussed relating changes in size to
conditions favouring more r- or K-
ecological behaviour. This model fur-
ther predicts C. pelagicus azorinus may
be related to the Azores frontal sys-
tem and thus may be used as a proxy
of its variations and influence on
Central and Eastern North Atlantic.
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PALAEOCEANOGRAPHY OF THE EASTERN NORTH ATLANTIC
OCEAN DURING THE LATE PLEISTOCENE

Licia de Abreu

Godwin Laboratory for Quaternary Research (University of Cambridge), e-mail:
1d206@cus.cam.ac.uk

Natural variability, whether asso-
ciated with mechanisms exter-
nal or internal to the Earth system is
expressed on different time-scales.
Rapid natural climate change (sub-
centennial time-scale) is believed to
have been related if not largely dri-
ven by changes in the oceans large-
scale circulation. Despite extensive
research in this subject, we are still far
from understanding the mechanisms
and feedbacks among the different
components of the ocean-climate sys-
tem. These components not only
interact nonlinearly with each other,
but are connected to other complex
systems such as the carbon cycle,
which in part regulates the green-
house gas concentrations in the
atmosphere. Additionally, the cli-
mate can be also affected by external
forcings (e.g. insolation) which have
different scales of propagation within
this system. The integrated study of
natural archives such as deep-sea
sediments, terrestrial deposits and
ice-core records has over the last
decades supplied a wealth of climatic
and palaeoceanographic information
on the Late Pleistocene. The increased
number of high-resolution records,
improved drilling techniques and a
vast group of new proxies are slowly
revealing the complexity of interac-
tions in the ocean-atmosphere-cryos-

phere systems expressed throughout
a succession of glacial-interglacial
cycles. The North Atlantic has been
the target of many recent works. This
is a climate-sensitive region, and one
of the few places where deep-water
formation occurs to drive a global
ocean circulation system. This con-
veyor helps to draw warm Gulf
Stream waters northward into the
northern North Atlantic, thereby
pumping heat into the northern
regions, which significantly moder-
ates winter air temperatures over
western Europe. Overflow and
descent of cold, dense waters from
the Denmark Strait (DSOW) and the
Faeroe-Shetland channel into the
North Atlantic Ocean constitutes the
principal means of ventilating the
deep oceans. Data and modelling
studies point to changes in modes of
the North Atlantic Deep Water
(NADW) formation as one of the
main factors driving millennial-scale
climate change in the high-latitude
North Atlantic. Surrounded by ice-
sheets, that suffered important
expansion during cold intervals, the
sensitive relationship between ocean-
ice-sheet has been particularly well
studied not just through ice-core
records, but through marine sedi-
ments, which portray successive
phases of ice-sheet growth/melting
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and the influence of such melting on
surface and deep circulation, sedi-
mentation and biogenic carbonate
production.  Glacial sediments
derived from the periodic collapse of
large Northern hemisphere ice-sheets
have been vastly identified in marine
deposits and studied in great detail in
particular during the last 180 kys.
These ice-rafted sediments, usually
named as Heinrich events during the
last glacials, are usually accompanied
by the presence of polar and subpolar
planktonic foraminiferal species and
drastic sea-surface temperature and
salinity decreases. Surface events, are
believe to have triggered important
deep-water formation/circulation re-
adjustments and this in turn would
have changed the relationship
between northern-and southern
ocean-source deep water. The south-
ern limit of the influence of ice-raft-
ing/meltwater is still a matter of
debate although there is still some
evidence of the presence of polar
fauna off Cadiz and in previous
works, off the northwestern African
margin. More research is currently
being carried out in an effort to map
these palaeoceanographic changes
and indeed a more accurate control
on the results we have obtained so far
is necessary. The source-tracing of the

potential ice-rafted sediments is
extremely important when records
are obtained in continental margins,
such as off Iberia and eventually off
Africa. Furthermore, the use of new
geochemical techniques is giving us a
better insight into the characteristics
of the different water masses. Trace
element analysis is becoming an
invaluable tool in the reconstruction
of water temperatures and nutrient
levels and Neodymium isotope com-
position is being currently used to
fingerprint different types of deep-
water, which in turn will give us a
more complete insight into the
dichotomy between the North and
South hemisphere production of
deep-water. This 1is particularly
important, not only during glacial
intervals where large scale circulation
changes occurred, but also during
interglacial intervals further back in
time, presently considered the closest
geological analogues for the future
development of the Earth’s climate.
Additionally, new molecular biolo-
gy/genetic tools are becoming avail-
able, giving us a revolutionary per-
spective of the biogeographic
distribution of different foraminiferal
species, for many decades grouped as
the same, but in fact genetically dis-
tinct.
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NORMALIZATION IN MICROPALEONTOLOGY:
NANNO-SPIDER DIAGRAMS. WHY NOT?

Mario Cachio

Centre of Geology, University of Lisbon, Edif. C6 Campo Grande, 1749-016 Lisboa, Portugal;
Dep. Geology, Fac. Sciences, Univ. Lisbon, Edif. C6 (6.4.55) Campo Grande, 1749-016 Lisboa,
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Normalized (multi-element) dia-
grams have long been used on
geochemistry to disclose differences
between basalts although their use
have already been extended to all
igneous and some sedimentary rocks
(Rollinson, 1994). These studies rec-
ognized the usefulness of standards:
a universal set of consistent normaliz-
ing values, not necessarily “perfect
values” but widely accepted by the
scientific community. In particular,
mantle (or chondrite)-normalized
multi-element diagrams, commonly
known as “spider diagrams”, are
used to measure composition devia-
tions from a primeval source
(magma). For sediments the trace ele-
ment composition include distinct
normalization values such as the
North American Shale Composite
(NASC), the Average Upper Crust,
the Average Phanerozoic Limestone
and the Average Phanerozoic Quartz
Arenite (op. cit.). The spider dia-
grams generally consist on grouping
incompatible elements with respect
to a typical mantle mineralogy, plot-
ted on a logarithmic scale and
arranged in order of increasing com-
pability, although there are innumer-

able variations usually dictated by
the number of trace elements, the
quality of their determinations in a
particular data-set (Rollinson, 1994)
or to give the smoothest overall fit to
the data (Iceland lavas and North
Atlantic ocean-floor basalts;
Thompson, 1982). Here we discuss
the application of a similar methodol-
ogy to Calcareous nannofossils in
which species substitute elements to
produce a nanno-spider diagram.
Species arrangement takes in consid-
eration the abundance of these micro-
fossils (nannolith / gr) in distinct
oceans, distinct regions within an
ocean and/or the changes induced by
the surrounding neritic environ-
ments. In our example the nanno-spi-
der diagram uses the mean species
abundance values of 5 samples col-
lected off south Madeira as an ocean-
ic “standard” for the Atlantic. Two
sets of samples retrieved from the ria-
stage of the core MIRA-CP1, located
at the Mira inner estuary are plotted
on these nanno-spider diagrams to
disclose the distortions on the assem-
blages induced by the neritic Late
Holocene paleoenvironments of the
southwest Portugal.
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NEO AND PALAEOBIOGEOGRAPHICAL RELATIONSHIPS OF THE
AZOREAN SHALLOW-WATER MARINE MOLLUSCS

Sérgio P. Avila 123

1 MPB, Marine PalaeoBiogeography Working Group of the University of Azores, Departamento
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t is known since the 19" century

that the marine fauna of the
Northeast Atlantic archipelagos of
Macaronesia has very different bio-
geographical affinities. Due to its
geographical location, midway
between Europe and America, the
archipelago of the Azores is of crucial
importance to infer colonization pat-
terns, to establish biogeographic his-
torical relationships and to propose
hypotheses on possible processes of
dispersal, colonization and speciation
that occurred in these oceanic islands.
Santa Maria is the only island in the
Azores where both marine and ter-
restrial Neogene fossils are found.
Although most of the studies have
focused on the Miocene-Pliocene
marine species that are abundant in
several outcrops, the Pleistocene
marine molluscs of Santa Maria were
recently studied. The location of the
Azores in the middle of the north
Atlantic makes this archipelago suit-
able to be colonized by species from
both sides of the Atlantic. Avila
(2000a) reached to the conclusion
that, notwithstanding the prevailing
set of currents in the region of the
Azores is from America, most of the
Azorean littoral marine molluscs are
biogeographically related with the

eastern Atlantic. Except for the ther-
mophilous species that presumably
reached the Azores during the transi-
tion from the marine isotopic stage 6
to 5e or shortly after that, the
Pleistocene molluscan assemblages
found at Lagoinhas and Prainha
(Santa Maria Island) are very similar
to those described by the author for
the Recent littoral marine molluscs of
the Azores, with a high number of
Azorean species that presently occur
also at the Mediterranean, Portugal,
Madeira and the Canary Islands.
Even considering the endemic
species of the Azores, where the
Rissoidae account for almost half of
them, the Pleistocene as well as the
Recent benthic littoral malacofauna
of the Azores are clearly of European
and/or Madeira and Canary Islands
origin (Table 1).

Therefore, as conclusions, we may
say that: (1) There is a consistent pat-
tern of biogeographical similarities of
the Azorean littoral molluscs with the
eastern Atlantic shores (Europe and
the Macaronesian archipelagos of
Madeira, Selvagens and Canaries).
This pattern holds for the Late-
Miocene Early-Pliocene faunas,
Pleistocene and also for the Recent
ones; (2) No molluscs” mass extinc-
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TABLE 1: Pleistocene and Recent biogeographical relationships of the mollusc fauna
from Prainha and Lagoinhas (Santa Maria, Azores).

Pleistocene Recent

(Avila et al.,, 2002; subm) %  (Avila, 2000a, 2005) %
Western Atlantic 11 10.9 39 13.0
Macaronesia endemics 7 6.9 14 4.7
Eastern Atlantic 72 71.3 226 75.6
Azorean endemics 17 16.8 34 114
Pelagic species 0 0.0 22 74
Amphi-Atlantic species 6 5.9 36 12.0
Total number of species 101 - 299 -

tions were detected in the Pleistocene
fossil record of Santa Maria. The
Pleistocene extinctions affected solely
the thermophilous species and the lit-
toral bivalves associated to fine sand.
(3) The dispersal pathways of the lit-
toral mollusc species to the Azores
are probably different consonant it
happens during a glacial or an inter-
glacial period. The Gulf Stream is the
major hydrographical feature influ-
encing the climate in the Azores
region. During glacial periods this
large sea-surface current was
stronger than at present, with both
higher velocity and volume.
Moreover, wind-velocities were high-
er than nowadays. As a consequence,
during the Last Glacial episode, the
probability of western Atlantic speci-
mens reaching the Azores would be
higher (warm-water Caribbean
species, for instance). At the peak of
the last glaciation, sea level was about
120-130 m lower than at present. As a
consequence, the area of the islands
of the Macaronesian archipelagos
was larger than today and a number
of seamounts nowadays located

between the southwest of Iberia and
Madeira were true islands. The dis-
tance between each of these palaeois-
lands located between Madeira and
Iberia would be of only 200-300 km.
Therefore, these islands must have
played an important role in the
processes of dispersal, especially of
the intertidal and shallow water mol-
luscs. Thus, an increase in the num-
ber of successful migrants of littoral
species from Iberian shores towards
Madeira is expected during glacial
periods, taking advantage on the
smaller distances and favourable cur-
rents and winds. (4) During the short-
term events called “Terminations”
(rapid transitions between a glacial
and a interglacial period), the arrival
of species to the Azores due to range
expansion processes may have been
increased and facilitated by tempo-
rary sea-surface currents that no
longer exist now, either by a sweep-
stake-route from Madeira to the
Azores, or directly from
Portuguese/southern Iberia shores
towards the Azores via eddies associ-
ated to the Azores Front.
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THE EXTINCTION OF A SPECIES (ACANTHINA DONTELEI, GARCIA-
TALAVERA & SANCHEZ-PINTO, 2002) AND THE EMERGENCE OF
ANOTHER (OSILINUS SELVAGENSIS, GARCIA-TALAVERA, 1978) IN THE
MARINE UPPER PLEISTOCENE OF SELVAGENS ISLANDS

Francisco Garcia-Talavera

Museo Insular de Ciencias Naturales de Tenerife” (Canarias, Espanha), e-mail:
fgarcia@museosdetenerife.org

he emergence between Upper

Pleistocene and Holocene of a
marine archaeogastropod neospecies
in the isle of Selvagem Pequena, is
reported. At the same period, a
neogastropod species disappeared
from the Atlantic Ocean. It is rare to
have the opportunity of studying

simultaneously and in the same
deposit, the extinction of a species
and the emergence of another, in a
short period of time and at a small
oceanic island. Very important
palaeobiogeographical implications
are reported.
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he geographical location of the

Azores, midway between Europe
and America, poses interesting prob-
lems relative to their colonization and
the biota presently living there.
Despite the Azores are under influ-
ence of the Gulf Stream, which origi-
nates off American shores, the
Azorean biota are predominantly
European. In order to better under-
stand this distributional paradigm
there is a need for phylogenetic and
phylogeographic research on diverse
taxa from a wider geographic fram-
ing. In this context, we present a PhD
program proposal that intends to
investigate the phylogeographical
patterns of the shallow marine mol-
luscs of the Azores. Some main ques-

tions will be addressed: 1) How long
ago, by what means (rafting, pelagic
larvae, etc) and from where did the
shallow Azorean marine molluscs
come from? 2) What happened to the
ancestral colonizers since their arrival
at the Azores? 3) Did they speciate? 4)
What are the current amounts of gene
flow among populations located in
different islands within the archipel-
ago, and among Azorean populations
and other Atlantic sites? The Azores
archipelago was chosen to address
these questions, due to its geographi-
cal location in the middle of the
North Atlantic Ocean, its well-known
geological history and its low-degree
of anthropogenic disturbances in the
environment.
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PALAEOBIOGEOGRAPHIC CLASSIFICATION:
HISTORY, RATIONALES AND APPLICATIONS

Fabrizio Cecca

Université “Pierre et Marie Curie” - Paris VI, FRANCE, e-mail: cecca@ccr jussieu.fr

Since de Candolle (1820), who rec-
ognized 20 different botanical
regions, the practice of the definition
of Province, Regions, Realms has
been generalised to both Neo and
Palaeobiogeography. For the marine
Mesozoic fossils, Neumayr (1873)
introduced the zoogeographic pro-
vince, defined as an area character-
ized by a common particular fauna
and caused by geographic position
(barriers, latitude, climate) but inde-
pendent of facies. According to this
original definition, biogeographic
units are based on endemism and
have an historical meaning. How-
ever, different definitions and con-
cepts of biogeographic units have
been proposed since. These concepts
have been extremely important in the
history of biogeography because they
highlighted the importance of
endemicity and the idea of area rela-
tionship. Biogeographical units have
been created and defined with the
application of different criteria, both

qualitative and quantitative. The rec-
ommendations recently proposed in
the framework of the group “Friends
of Paleobiogeography” are discussed.
A short review of the most used ana-
lytical methods is presented. Provin-
cial schemes based on different
organisms may lead to provincial
patterns which reflect ecological
responses of individual groups thus
making their historical meaning
unclear. Subjectivity, due to the use
of arbitrarily selected “provincial
markers”, is strongly discouraged.
The quantitative treatment of similar-
ity coefficients (“phenetics”) must be
conceptually clarified because the
real aim of any classification is the
establishment of relationships, some-
thing which cannot be achieved by
similarity methods. The comparison
of results obtained with different
techniques, from phenetics to cladis-
tics, is recommended in biogeogra-

phy.
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FOREWARD

To an outsider of science, a congress on Palaeontology here in the Azores -
young and volcanically turbulent oceanic islands — seems as out of place as a
sailing meeting in Switzerland. As a matter of fact, and for many a reason, both
are extremely pertinent. Although the very first step in Palaeontology, as for
many other branches of science, is the painstaking, backstage taxonomic task
of knowing “what lived there”, the progressive approach to this corner of sci-
ence of the already dead and stuck is way far from immobility. Palaeontology
needs to search for answers in the realm of the “why those who lived here did
s0”?, “where did they come from”?, “when did they arrive”? and, in an inte-
grative approach, probably also “where did they go to”?

Palaeontology taps on the dynamics of biogeographic distribution: the ori-
gins and the routes. In this sense, the Azores are as much at the heart of this
Congress as Switzerland is at the heart of sailing. Sailing is a very expensive
occupation and sport, and Switzerland houses the richest banks to support it!
Somewhat similarly the Azores, being at the crossroads of biogeographic path-
ways, may hold the key to a dynamic Palaeontology.

It is with great pleasure that we welcome you all to this research field of
many interests and many colours, where the sciences of the past mingle with
the investigation of the future. Few that we are, our aim is to link with the
world in fruitful and rewarding science. Each of you is here to report on her or
his research progresses; all others will sit keen to learn and chat eager to swap
experiences.

The Azores, this place we live in and live with, welcomes you in all its
splendour of brief sunshine, permanent green and restful ambience.

One last reason why this meeting happens here in the Azores: the dynam-
ics of Sérgio. The few of you, who do not know him personally, soon will. One
word of advice: be cautious! If you relax your defenses, soon you will be
wrapped up in a major scientific project...

As a matter of fact, this is our hidden agenda!

Anténio Manuel de Frias Martins
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ABSTRACT

In the North Atlantic, Pliocene times were marked by sharp climatic cooling
events, causing pulses of extinction and local disappearance of thermophilic taxa
among shallow marine gastropods. These events were not followed by recovery
phases. Hence a step by step reduction of thermophilic taxa and of molluscan diver-
sity in general occurred. This was not the case of the Pliocene of the Caribbean.

In this paper preliminary data on the Pliocene gastropod assemblages of the
Atlantic Caribbean Island of Cubagua are presented and their relevance for the def-
inition of patterns of extinction and local disappearances in the Atlantic portion of
the tropical American Gatunian Province discussed.

Since the Pliocene, the generic composition of the Cubagua gastropod fauna —
namely thermophilic taxa — is little changed. At more northern latitudes, at generic
level, a southwards range contraction of thermophilic taxa driven by cooling events
occurred, whereas in the Caribbean a westwards range contraction of some taxa
took place — paciphile taxa — accompanying the closure of the Central American
Seaway (CAS). The driving forces of these extinctions and local disappearances in
the Caribbean are still unclear, and have been ascribed to various environmental
factors.

Unlike the North Atlantic and the Mediterranean, where a steep diversity
decline occurred since the Early Pliocene, these Caribbean extinctions and local dis-
appearances are accompanied by a high species turnover. The fact that the generic
composition of the gastropod assemblages in Cubagua changed less than in the rest
of the Caribbean might suggest that the Cubagua region was more stable than the
Gatunian Province as a whole. At specific level, however, a drastic extinction
occurred, equal if not higher than that seen in the Gatunian region as a whole. What
forces led to these extinctions are, at present, unclear.

INTRODUCTION extinction and local disappearance, not
followed by recovery phases (Stanley,

n the North Atlantic, Pliocene times  1986; Stanley & Ruddiman, 1995;
were marked by a series of sharp cli- Monegatti & Raffi, 2001). As a conse-
matic cooling events, causing pulses of  quence progressive reduction of ther-
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mophilic taxa and general diversity
reduction occurred (Monegatti & Raffi,
2001).

Based on the Mediterranean
Pliocene fossil assemblages of Italy,
Monegatti & Raffi (2001) recognised
four Mediterranean Pliocene Molluscan
Units (MPMUs), separated by disap-
pearance events. These units are eco-
biostratigraphic faunistic units based
on local disappearance and true extinc-
tion events of shallow marine benthic
molluscs. Since changes in the distribu-
tion of shallow marine thermophilic
molluscs are a proxy for SSTs varia-
tions, the boundaries of the MPMUs
approximate the major Pliocene climat-
ic changes (cooling events) of the
Northern Hemisphere affecting the
Atlanto-Mediterranean region
(Monegatti & Raffi, 2001).

In this paper we present prelimi-
nary observations on Pliocene patterns
of extinction and local disappearances
in the southern part of the Atlantic por-
tion of the Gatunian Province, and com-
pare them to the Province as a whole,
and to patterns observed along the
Atlantic European frontage and
Western Mediterranean. These results
are from an ongoing study of the
Pliocene fauna of the Atlantic
Caribbean Island of Cubagua, with the
cooperation of the Instituto La Salle,
Margarita, Venezuela, and the
Departamento e Centro de Geologia da
Faculdade de Ciéncias da Universidade
de Lisboa, Portugal.

Northeastern Atlantic pattern of

extinction and local disappearance
MPMUs, being ecobiostratigraphic

units, are heavily dependent on the bio-

geography of shallow marine molluscs.
Therefore, they are valid exclusively
within the Mediterranean region, or
within the limits of the Pliocene
Mediterranean — West African Pliocene
Province (Fig. 1). The criteria used to
define these ecobiostratigraphic units
do not apply, directly, to Pliocene mol-
luscan assemblages outside the
Mediterranean, such as the coeval
Pliocene Western Iberian Atlantic
assemblages. On the other hand, once a
sound temporal equivalence between
Mediterranean and non-Mediterranean
assemblages has been established,
MPMUs are a powerful tool for inter-
provincial palaeoclimatic and palaeo-
ceanographic correlations, as well as for
the definition of Pliocene Atlanto-
Mediterranean palaeobiogeographic
boundaries.

Raffi & Monegatti (1993) and
Monegatti & Raffi (2001), based on data
from Italian Pliocene molluscan assem-
blages, estimated the specific extinction
and disappearance rates for Mediter-
ranean Pliocene bivalves marking
MPMU boundaries. Until now, no
detailed figures are available for gas-
tropods for these faunal units, but gas-
tropod extinction and local disappear-
ances, in the Mediterranean and in the
adjacent European Atlantic, from Early
Pliocene to Recent times runs at around
70-85% for thermophilic species
(Marasti & Raffi, 1976; Silva, 2001).

The eastern Atlantic component of
the present work is centred on rich
Pliocene fossiliferous deposits on
southern and western Iberian
Peninsula; from just within the
Mediterranean in the Estepona Basin
(Southern Spain), just outside in the
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FIGURE 1. Geographic position of the Iberian Pliocene Basins, with Early to mid
Pliocene biogeographic provinces superimposed (adapted from Landau & Silva, 2006).

Atlantic in the Guadalquivir Basin
(SW Spain), and further north in the
central West Portugal, the Mondego
Basin (Fig. 1).

The Pliocene assemblages from
these deposits, ranging in age from
Zanclean to lower Piacenzian,
although not strictly synchronous,
fall within the frame of MPMUI.
They all precede the mid Pliocene 3.0
Ma cooling event that, after
Monegatti & Raffi (2001), triggered
the first Pliocene event of extinction
and local disappearance in the
Mediterranean region. Therefore,
they are all ecobiostratigraphically
coeval. Both Guadalquivir and
Estepona Pliocene sites, straddling
the Strait of Gibraltar have frankly
tropical gastropod assemblages, typi-
cal for MPMU1 as defined for the

Mediterranean (Silva, 1995; Raffi &
Monegatti, 2001, Landau et al., 2003).
The Atlantic Mondego Basin Pliocene
assemblage, although coeval, is not a
typical MPMU1 assemblage as it is
located well outside the Mediter-
ranean, at a more northern latitude
than the Atlantic Guadalquivir Basin,
lacks most of the thermophilic indica-
tors described by Monegatti & Raffi
(2001), and has a subtropical charac-
ter (Silva, 2001; Silva & Landau,
2007).

Within the Estepona assemblage,
for instance, we find extinction and
local disappearance rates of 60% at
the species level and 37% at generic
level (all taxa, not just thermophilic)
in comparison with Recent faunas (B.
Landau unpubl. data). The genera
that have disappeared from Iberian
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FIGURE 2.

1.

2.

Marginella aurisleporis (Brocchi, 1814). Height 43.1 mm. Uppermost Zanclean to
lower Placenzmn Vale de Freixo, Pombal region, Mondego Basin, central-west
Portugal. (CMS coll.).

Amalfz glandiformis morphotype elongata (Deshayes, 1830). Height 39.5 mm.
Uppermost Zanclean to lower Piacenzian, Nadadouro, Caldas da Rainha region,
Modego Basin, central-west Portugal. (CMS coll.).
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Ficus subintermedia (D’Orbigny, 1852). Height 22.1 mm. Uppermost Zanclean to
lower Piacenzian, Vale de Freixo, Pombal region, Mondego Basin, central-west
Portugal. (CMS coll.).

Strioterebrum reticulare (Pecchioli ms. in Sacco, 1891). Height 51.6 mm. Uppermost
Zanclean to lower Piacenzian, Vale de Freixo, Pombal region, Mondego Basin, cen-
tral-west Portugal. (CMS coll.).

Demoulia conglobata (Brocchi, 1814). Height 23.4 mm. ‘Grey sands’, Zanclean, Santa
Caltalina near Lucena del Puerto, Huelva, Guadalquivir Basin, southern Spain, (BLP
coll.).

Jaton helenae (Landau, 1984). Height 33.6 mm. “Yellow sands’, Zanclean, Lucena del
Puerto, Huelva, Guadalquivir Basin, southern Spain (BLP coll.).

Favartia excisa (Grateloup, 1833). Height 18.2 mm. lower Piacenzian, Velerin conglo-
merates, Velerin, Estepona Basin, southern Spain (BLP coll.).

Jenneria loxahatcheensis (M. Smith, 1934). Height 23.2 mm. Zanclean, Cafion de las
Calderas, Cubagua Island, Venezuela. (BLP coll.).

Haustellum mimiwilsoni E. VOKES, 1990. Height 48.8 mm. Zanclean, Cafion de las
Calderas, Cubagua Island, Venezuela. (BLP coll.).

. Cancellaria (Massyla) cubaguensis Landau, Petit & Silva, 2007. Height 25.9 mm.

Zanclean, Cafion de las Calderas, Cubagua Island, Venezuela. (BLP coll.).
Heteroninella bertarellii (Andreoli & Marsigli, 1997). Height 18.2 mm. lower
Piacenzian, Velerin conglomerates, Velerin, Estepona Basin, southern Spain (BLP

coll.).
12. Marsupina bufo (Bruguiere, 1792). Heigf
Cubagua Island, Venezuela. (BLP co

waters since the Pliocene are mainly
thermophilic in character, and are
now either extinct (e.g. Fig.2/11),
absent from the eastern Atlantic (e.g.
Fig.2/3) or, as in most cases, emigrat-
ed southwards to warmer latitudes,
or suffered a range contraction,
becoming restricted to the southern
part of their original distribution (e.g.
Fig2/1, 2, 4, 5, 6, 7). The species
which have disappeared are in the
vast majority within these ther-
mophilic genera.

Therefore, the pattern for extinc-
tion and local disappearances which
emerges along the Atlantic European
frontage is one of a stepwise extinc-
tion and southwards withdrawal of
thermophilic taxa (Brébion, 1972,
1981, 1988; Silva & Landau, 2007).
These extinctions and local disap-
pearances are especially evident at
generic level. Relatively few species

ht 53.4 mm. Zanclean, Canon de las Calderas,

).

within genera still extant in the
European coasts became extinct or
emigrated southwards. This left in
the region an impoverished residual
fauna, depleted of the majority of the
typically Pliocene thermophilic ele-
ments.

These observations give us a pat-
tern for extinction and local disap-
pearances of gastropods throughout
the Pliocene at Eastern Atlantic
northern latitudes, but what is the sit-
uation at more southern latitudes.
Unfortunately there are no outcrop-
ping Neogene shell-bearing marine
deposits known at tropical latitudes
along the Atlantic African frontage,
however, on the other side of the
Atlantic, the tropical Caribbean is
rich in marine fossiliferous deposits,
which might shed light on this sub-
ject.
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Western Atlantic tropical pattern of
extinction and local disappearance

A similar extinction/local disap-
pearance and southward range con-
traction pattern is observed along the
north-eastern coast of North America
during the Neogene (Stanley, 1986;
Stanley & Ruddiman, 1995).

However, quite a different sce-
nario is seen in the tropical Caribbean
region. Vermeij & Petuch (1986)
noted that 32% of genera became
locally extinct in the Atlantic portion
of the Gatunian region (roughly
equivalent to the Caribbean and the
Gulf of Mexico, excluding the south-
ern coasts of North America) after the
closure of the Central American
Seaway (CAS). Most of these genera
absent in the Recent Caribbean are
now found only on the Pacific side of
Tropical America, these are known as
paciphile taxa (Woodring, 1928) (e.g.
Fig. 2/8, 10). At species level, it runs
roughly at about 80-90%.

The western Atlantic component
of the present study is centred in the
Pliocene molluscan assemblages of
the Caribbean Island of Cubagua.
The island is located just off the
northern coast of Venezuela, between
the mainland and Margarita Island.
The location and the stratigraphic
section of the site of Cafion de las
Calderas, in Cubagua, were given by
Padron et al. (1993), who assigned the
fossiliferous beds to the Pliocene.

The molluscan assemblage from
the lower beds of the Cafion de las
Calderas is typically soft-bottom,
shallow marine and of normal salini-
ty. The molluscs represented are
tropical in character, with numerous

frankly thermophilic taxa present,
such as Barycypraea (Muracypraea),
Jenneria (Fig.2/8), Marsupina
(Fig.2/12), Strombus, Oliva.

The extinction and local disap-
pearance rates seen in Cubagua are of
21% at generic level, but 90% at the
species level, in comparison with
Recent faunas. Of these genera 3.5%
are totally absent from the Tropical
American region (e.g. PL. 1, Fig. 9), the
rest, 17.5%, are now found only in the
Tropical American Pacific (e.g. PL 1,
Figs 8, 10). Therefore, in Cubagua we
see quite a different pattern, with a
brutal extinction rate at the species-
level, but the generic composition
altered less than in the whole of the
Atlantic portion of the Gatunian
Province and far less than in the
Atlanto-Mediterranean region.

CONCLUSIONS

At more northern latitudes, at
generic level, a gradual southwards
range contraction of thermophilic
taxa driven by cooling events is
observed since the Miocene, whereas
in the Caribbean there is relative
generic stability within the Atlantic
portion of the Gatunian region dur-
ing the Miocene and Pliocene, fol-
lowed by a pulsed Plio-Pleistocene
westwards range contraction associ-
ated with the closure of the CAS
(Landau et al., in prep).

In the Pliocene, as today, the
Cubagua region was tropical, based
on the molluscan assemblage, and the
generic composition of the fauna,
since then, is little changed. This sug-
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gests that temperature change, unlike
what seen at higher latitudes, was not
a driving force for these extinctions
and local disappearances. It was not a
driving force for extinction in the
Gatunian Province as a whole either,
although the extinction rate at gener-
ic level is greater there than in
Cubagua.

These high extinction and local
disappearance rates in the Atlantic
portion of the Gatunian Province
have been ascribed to shifts in
oceanographic conditions after and
during the closure of the CAS (Maier-
Reimer et al., 1990); sea level fluctua-
tions and changes in patterns of
upwelling and nutrient distribution
(Vermeij & Petuch, 1986; Jackson et
al., 1993).

Unlike the Atlanto-Mediterranean
region, where an important diversity
decline occurred since Early Pliocene
times, these Caribbean extinctions
and local disappearances are accom-
panied by high rates of speciation
(Allmon et al., 1993; Jackson et al.,
1993), although some maintain that
there has also been a substantial
impoverishment in the marine biota
since the Pliocene (Vermeij & Petuch,
1986; Petuch, 2004; G. Vermeij, pers.
com. 14/12/2005).

The fact that the generic composi-
tion of the gastropod assemblages in
Cubagua changed less than in the rest
of the Caribbean might suggest that
the Cubagua region was more stable
than the Atlantic portion of the
Gatunian Province as a whole
(Landau et al., submitted). At specific
level, despite this relative generic sta-
bility, a drastic extinction (far more

2007, Supl. 5: 50-58

significant than the local disappear-
ances) occurred, equal if not higher
than that seen in the Province as a
whole. What forces led to these
extinctions are, at present, unclear.
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ABSTRACT

In the Azores, Santa Maria is the only island with a sedimentary cover in a
nine island volcanic system. This southeast most island of the archipelago has a
rich fossil record, dated to the Late Miocene-Early Pliocene and to the
Pleistocene. Palaeontological investigations on the island started in the late nine-
teen century. Nevertheless, through the next 150 years, the number of publica-
tions and thus the attention given to the fossil record of Santa Maria shows con-
siderable fluctuation over time. From the beginning, the Miocene-Pliocene
outcrops, more numerous in the island, focused the attention of the scholars.
Recently, however, the interest has shifted to the Pleistocene outcrops.

Data obtained from these outcrops has been used extensively in the inter-
pretation and discussion of the Azorean geological genesis and evolution, par-
ticularly of Santa Maria, the oldest island of the archipelago. However, its role
in the interpretation and discussion of the origin and subsequent evolution of
insular marine communities has been meagre.

The checklists produced for Santa Maria’s fossiliferous outcrops, account for
a large spectrum of represented animal groups. Workers have focused their
attention on the molluscs, being the group best represented in the fossil record.
Data on other animal groups is still scarce, particularly in case of the Pleistocene
outcrops. The fossiliferous beds of Santa Maria are far from being an exhausted
matter and further research in the Island should be considered.

INTRODUCTION Archipelago, in the North-eastern
Atlantic. Like the remaining eight

anta Maria Island (Lat. 37° 23" N; islands, it is of volcanic origin.
Long. 24° 45" W) is located in the However, except for the small islets
south-eastern most end of the Azores  of Formigas (about 30 km to the NE
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of Santa Maria), Santa Maria is the
only island where fossiliferous out-
crops were detected.

In the 16™ century, Gaspar
Frutuoso (1983) described a quarry at
Figueiral, where the extracted cal-
careous sandstones had “seafood
shells glued on it”. He also stated that
Santa Maria “limestone” was unique
in the archipelago, but of lesser qual-
ity for construction purposes, than
imported limestone from the
Portuguese  mainland.  Though
named as such by local people, the
“limestones” of Santa Maria are
mostly well lithified, lithic sand-
stones and calcarenites. Pure calcare-
ous units, in contrast, are rare and
poorly developed, being restricted to
tin beds of bioclastic rud- and wacke-
stones in most of the outcrops.
Gaspar Frutuoso’s iterations, illus-
trate the importance of these sedi-
mentary units for the inhabitants of
these volcanic islands otherwise bare
of suitable building stone.

The first scientific reports on the
geology of this island date back to the
19™ century, with the studies by
Bronn (1860), Hartung (1860) and
Morelet (1860). The former two
authors produced the first thorough
geological studies on the island, with
extensive descriptions of its geomor-
phology. These investigations, to-
gether with the ones of Reiss (1862),
Hartung (1864) and Mayer (1864),
provided the framework for the
palaeontological work in Santa Maria
during the 20" century. By the end of
the 19" century, Cotter (1892) pub-
lished an update to the previously
published faunal lists.
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With the turn of the 20" century
the palaeontological interest in Santa
Maria Island decreased to almost
total oblivion, with the exceptions of
Friedlander (1929), and the reviews
of Agostinho (1937a, 1937b). These
works focussing on the geological
origin of Santa Maria and its volcanic
structures, but yielding no new
palaeontological data.

The interest on the fossil outcrops
of Santa Maria rose again in the sec-
ond half of the 20" century, expressed
by a series of studies published in
rapid succession: Berthois (1950,
1951, 1953a, 1953b, 1953c), Ferreira
(1952, 1955), Krejci-Graf et al. (1958)
and reproductions of the 19" century
studies by Teixeira (1950). This
enhanced attention persisted through
the next decades, with the prolific
publication of palaeontological
reports. During this time, Zbysze-
wski et al. (1961) produced a geologi-
cal map with several explanatory
notes, where the fossil contents of the
island outcrops were again discussed
(Ferreira, 196la; Zbyszewski &
Ferreira, 1961, 1962a, 1962b). After
these productive decades, the scien-
tific reports on the fossils of Santa
Maria Island became scarce again.
Some exceptions are the revisions on
the sedimentary rocks of the
Macaronesian islands by Mitchell-
Thomé (1974, 1976, 1981), and the
papers of Garcfa-Talavera (1990) and
Callapez & Soares (2000) on the
Pleistocene outcrops of Prainha and
Lagoinhas.

In 2002, Santa Maria’s outcrops
were revisited by a scientific expedi-
tion organized by elements of the



MADEIRA ET AL: HISTORICAL OVERVIEW 61

Marine PalaeoBiogeographic Wor-
king Group (MPB) and of the
Department of Biology of the
University of the Azores. The main
objectives were aimed at understand-
ing the palaeoecology and palaeobio-
geography of the Pleistocene and
Miocene-Pliocene outcrops, as well as
towards the legal protection of the
geological legacy of Santa Maria
Island. As a result, a checklist of the
Pleistocene molluscs of Lagoinhas
and Prainha was produced (Avila et
al., 2002), as well as a technical report
for the protection of the outcrops of
Pedreira do Campo and Figueiral
(Cachéo et al., 2003). The recently
formed MPB intends to continue on
further research activities, e.g. the 274
International Congress “Atlantic
Islands Neogene” (AINIC) that will be
held at Ponta Delgada Azores, in
September 2008, and the internation-
al workshops “Palaeontology in
Atlantic Islands” (this volume), all
aiming at a better understanding of
Santa Maria’s palaeontology and
stratigraphy.

The Geological History of Santa
Maria Island

Santa Maria is a relatively small
island, with 97 km? and a maximum
length of 16.8 km (Franga et al., 2003).
The island can be divided in two dis-
tinct physiographic regions: the west-
ern part, relatively flat with erosional
surfaces at different altitudes, and a
more irregular eastern part (Abdel-
Monem et al. 1975). These regions are
separated by a central mountain
chain extending NNW-SSE between
Lagoinhas and Gléria, coinciding

with the highest point of the island at
Pico Alto (590 m) (Zbyszewski et al.,
1961). The coast of Santa Maria is
characterized by steep cliffs, from 30
m (Ponta do Marvao) to 342 m (Rocha
Alta), in places interrupted by small
bays with sandy beaches (Praia,
Maia, Sao Lourengo and Anjos)
(Serralheiro, 2003).

Hartung (1860) and Reiss (1862)
extensively described the geological
landscape of Santa Maria, and located
most of the fossil outcrops that we
know today. Almost one hundred
years later, Zbyszewski et al. (1961)
published a geological map with sev-
eral explanatory notes, where the fos-
sil contents of the island outcrops
were again discussed. A new, more
detailed geological map was pro-
duced by Serralheiro et al. (1987)
focusing on the volcanic structures of
Santa Maria. Recently, an update to
this map was published (Serralheiro,
2003).

In his review, Mitchell-Thomé
(1976) postulated the age of the
Azorean archipelago as Late Miocene
or Early Pliocene. Abdel-Monem et al.
(1975) published radiometric (K-Ar)
age estimates for the volcanic rocks in
the eastern Azores group. They dated
the basaltic series exposed below the
fossiliferous sediments (“coquina
zone”) of Santa Maria to 6-8 Ma B.P.
A maximum estimate of 8.12 Ma was
obtained for the area bellow the air-
port runway about 70 m above the
present sea level. Although, the exact
age of Santa Maria Island is still a
matter of debate (e.g., Serralheiro &
Madeira, 1990, Serralheiro, 2003), the
data presented by these authors show
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that it is the oldest island in the
Azorean archipelago, confirming the
assumptions made by Agostinho
(1937b), who considered that the dif-
ferential degree of deterioration of
the volcanic rocks was possibly testi-
fying different periods of volcanic
activity. Zbyszewski et al. (1961)
assumed three general phases in the
history of the island formation:
pre-“Vindobonian”, “Vindobonian”
(which includes the deposition of the
Santa Maria sedimentary units) and
post-“Vindobonian” (the “Vindobo-
nian” stage is an outdated strati-
graphical term, corresponding to the
Middle Miocene today). The discus-
sion on origin and evolution of the
Santa Maria continued throughout
the late 20" century (e.g., Madeira,
1986; Storetvedt et al., 1989;
Serralheiro & Madeira, 1990). In the
following paragraphs the history of
the geological evolution of Santa
Maria Island is given, based on the
review of Serralheiro (2003).

The Cabrestantes Formation in the
west of Santa Maria Island was con-
sidered by Serralheiro (2003) to be the
oldest formation in the island.
Standing today at an altitude of no
more than 33 m, this structure was
formed by initial submarine volcanic
activity. After the initial period of
volcanic activity, the sea level experi-
enced a regression, dropping below
today’s level. This period was charac-
terized by the erosion and weather-
ing of the exposed island. However,
Serralheiro (2003) states that with
today’s data it is not possible to
understand the magnitude or dura-
tion of the regression and the exten-
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sion of the eroded materials.
Afterwards, volcanic activity restart-
ed with increasing intensity and dis-
tribution, and contrary to the previ-
ous event, it was of subaerial nature,
leading ultimately to the formation of
the Anjos Complex during the
Tortonian stage (11.61-7.25 Ma). The
Anjos Complex is responsible for
increasing Santa Maria about 3 km to
the north, modelling the island to a
somewhat square shape, with round
corners, very different from today.
Serralheiro (2003) adds that the
Lagoinhas islets are a testimony to
the island growth, subsequently and
progressively destroyed by sea ero-
sion.

The eruptive period that lead to
the development of Anjos Complex,
was followed by a relatively calm
phase, characterised by the erosion
and weathering of the old volcanic
landscape. Afterwards, the island
experienced a transgression, during
the transition from the Messinian
(Late Miocene) to the Pliocene (~5
Ma), when sea level reached at least
180 m of altitude (Serralheiro, 2003).
On the south side the submarine
eruptions were intense, contrasting
with the highly erosive environment
in the north, which placed the shore-
line back to the area near the
Lagoinhas islets. The Touril Complex
was formed during this long period,
including its thick sedimentary beds.

Volcanic activity restarted with
great intensity during the formation
of Facho-Pico Alto Complex (Lower
Pliocene). This period was character-
ized by the explosive submarine vol-
canic activity, which raised the vol-
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canic cones of the Pico do Facho.
Volcanic activity continued through-
out this period, spreading its materi-
als from the Airport in the west of
Santa Maria, to the southeast in Baixa
do Sul and to the north in Ponta do
Norte, increasing the size of the
island to its present dimensions.
Later volcanic activity shifted to the
east-southeast part of the island and
changed to the subaerial type due to
a marine regression. The eruptions
were then interrupted by a relatively
calm phase of erosion.

During the late Pliocene, volcanic
activity restarted giving rise to the
Feteiras Complex, with great explo-
sive  manifestations  spreading
throughout the island. After this
eruptive phase, another transgression
occurred by the end of the Pliocene.
The sea level reached the altitude of
200 m, forming the old beach
deposits and extensive wave cut plat-
forms, especially visible in the west
part of the island up to 120 m. Since
the Quaternary, Santa Maria has risen
relatively to sea level progressively,
but not continuously, until the
today’s position (Serralheiro &
Madeira, 1990). Presently, Santa
Maria shows no signs of recent vol-
canic activity or any kind of sec-
ondary volcanism  (Agostinho,
1937b).

The sedimentary stratigraphy of
Santa Maria

Mayer (1864) assigned the fossils
from the Miocene outcrops of Santa
Maria Island to the “Mayencian”
and “Helvetian” stages, today corre-
sponding to the Middle and Lower

Miocene, respectively. One hundred
years later, Zbyszewski & Ferreira
(1962b), placed them in the
“Vinbodonian” (an outdated term
for the Middle Miocene). Based on
the foraminiferal data of Colom
(1958 in Krejci-Graf et al., 1958) and
new radiometric dates, Abdel-
Monem et al. (1975) rejected these
age assignments and proposed a
younger, Late Miocene to Early
Pliocene age (around 5.3 Ma). Aside
from the sub-recent sedimentary
deposits, the geological map of
Serralheiro et al. (1987) shows two
lithostratigraphic units composed of
sedimentary rocks of two ages: Late
Miocene and Pliocene. The former
are mainly distributed on the west
part of the island, and the latter on
the central and east areas, at alti-
tudes that can reach about 400 m
(e.g., in areas near Pico Alto). In
2003, Serralheiro reviews the data
given by the earlier workers, includ-
ing the ones mentioned above by
Zbyszewski & Ferreira (1962b) and
by Colom (1958 in Krejci-Graf et al.,
1958), and agrees with the latter,
assigning the Miocene deposits to
the Messinian (Late Miocene) or pos-
sibly early Pliocene.

In general terms, the sedimentary
deposits in Santa Maria consist of
horizontal layers intercalated in vol-
canic material, and are represented
by limestones, breccias, sandstones,
conglomerates  and  subaerial
deposits (Agostinho, 1937b; Ferreira,
1955;  Mitchell-Thomé,  1976).
Agostinho (1937b) claimed that the
maximum altitude reached by the
outcrops was no higher than 130 m
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FIGURE 1. Map with the fossiliferous outcrops of Santa Maria Island (adapted from

Ferreira, 1955, 1961a).

above the sea level at Pico do Facho.
Such was contradicted by Mitchell-
Thomé (1976), who based on the
observation of the geological map by
Zbyszewski et al. (1961), stated that
sedimentary rocks occurred as high
as 400 m in Pico Alto. Berthois
(1953c¢) in his extensive description
of the lithology of the calcareous
rocks of Santa Maria, believed that
the present elevations of the lime-
stone depositions are partially origi-
nal.

In the following paragraphs we
provide a description of the fossilif-
erous outcrops (see Fig. 1). The nam-
ing of the outcrops is based on the
map by Serralheiro et al. (1987) and,
with few exceptions, is consistent
with the historical works.

The outcrops of Santa Maria Island

In the west part of Santa Maria
Island, the geological map of
Serralheiro et al. (1987) shows the
presence of Upper Miocene and
Quaternary deposits on the area of
the Airport and Santana. Though,
these Quaternary beaches at about 90
m of altitude can be easily correlated
with the Airport deposits referred to
in the bibliography (e.g., Berthois,
1950; Zbyszewski & Ferreira, 1962a),
the same cannot be stated for the
Miocene limestone outcrops. Ferreira
(1961b) mentioned an old quarry of
relatively small extension in the area
called Antigas Crés, which by its
position appears to be correlated to
the Acacias (or Assumada, as was
called by the author) and Meio Moio
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outcrops, located to the North of the
island, near Baia da Cré.

Baia da Cré, in the north of Santa
Maria Island, to the east of Baia dos
Anjos, was noticed by the first inves-
tigators for its rich fossil content, par-
ticularly the outcrops located in the
east part of the bay - Boca da Cré and
Pinheiros (Hartung, 1860; Reiss, 1862;
Mayer, 1864). Aside from those two
sites, additional outcrops were
studied the by Zbyszewski & Ferreira
(1962a, b): Meio Moio, Acacias,
Pedreira dos Frades, Monte Gordo,
Ponta dos Frades and Casa da Cré or
Escarpa da Cré. In general, these sed-
imentary deposits do not reach high-
er that 60 m above present sea level
(Ferreira, 1961a), with maximum of
~120 m at Casa da Cré (our data), and
about 100 m at Monte Gordo or Meio
Moio (Teixeira, 1950).

The Miocene sedimentary deposi-
tions continue through the north
coast of Santa Maria, to the east of
Bafa da Cré. In Bafa do Raposo, the
documented outcrops are located in
the small valley formed by the
Ribeira do Engenho, and in the north-
east extreme of the bay, Ponta do
Pesqueiro Alto, referred also as
Tamuscal or Tamugal (Reiss, 1862;
Ferreira, 1961a). The geology of this
area is discussed in greater detail by
Zbyszewski & Ferreira (1962a).

In the north extreme of the island,
three Miocene localities have been
documented: Ponta do Norte, Ponta
de Badeus and Ponta dos Matos.
These deposits are described to some
extent by Reiss (1862), Ferreira
(1961a), Zbyszewski et al. (1961) and
Zbyszewski & Ferreira (1962a). The

faunal diversity of Ponta dos Matos is
relatively low (Mayer, 1864; Ferreira,
1955), yet that outcrop yielded taxa
not encountered anywhere else (e.g.
the brachiopod Terebratulina retusa
[=T. caputserpentis of  former
authors]). From the first two locali-
ties, Zbyszewski et al. (1961)
described 3 layers of fossiliferous
brownish limestone, no thicker than 2
m, intercalated with basaltic lavas.

Following the coastline to the
south, a number of Miocene deposits
are documented: Sao Lourenco (on
the southeast end of the bay), Rocha
Negra and Ponta da Rocha (see
Ferreira, 1961a). The last outcrop was
referred also as by the name of
Pontinha or Ponta do Papagaio
(Hartung, 1860, 1864; Krejci-Graf et
al., 1958; Zbyszewski et al., 1961).

The sedimentary rocks in the area
of Ponta das Salinas, known tradi-
tionally by the name of Feteirinha or
Feteirinhas (Harthung, 1860; Reiss,
1862; Mayer, 1864), lie about 30 m
above present sea level (Agostinho,
1937b) and are exposed in disused
quarries described by Ferreira
(1961a). Additional Miocene outcrops
on the east coast of Santa Maria are
Cedros and Altares (Zbyszewski &
Ferreira, 1962a), which lie roughly
about 20 m above the sea level.
Ferreira (1961a) in his survey of eco-
nomical  interesting  limestone
deposits addressed these two as
unsuitable. The deposits of Cedros
were too small and Altares outcrop
was at that time an almost exhausted
quarry of extremely difficult access.
To the south, sedimentary units only
appear again in the locality of Maia,
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mainly to the south-eastern end of the
island, at Ponta do Castelo. This area,
particularly to the west, in the direc-
tion of Ponta da Malbusca, is charac-
terised by thin beds of fossiliferous
marine sandstone (and subordinate
limestone) intercalated between vol-
canic layers (basalt flows, pillow
lavae and volcanoclastics) (Serra-
lheiro et al., 1987). The Ponta do
Castelo section was described by
Zbyszewski et al. (1961) and
Zbyszewski & Ferreira (1962a). In the
area near Baixa do Sul, between
Ponta do Castelo and Rocha Alta,
Serralheiro (2003) mentioned for the
first time a fossil outcrop about 3 m
thickness which he called “Pedra-
que-Pica”.

Along the south coast of Santa
Maria, near Piedade locality in an
area of steep cliffs, there is an old
limestone quarry (Ferreira, 1961la),
earlier referred to as Forno da Cré
(Hartung, 1860; Reiss, 1862; Mayer,
1864; Cotter, 1892, 1953). Other desig-
nations were used too: Agostinho
(1937b) called it “Cré”, Ferreira
(1961a) used the name “Furna da
Cré” and Zbyszewski & Ferreira
(1962a, 1962b) called it “Boca da Cré”,
a designation used as well for the
north locality of Baia da Cré.
Zbyszewski & Ferreira (1962a, 1962b)
argued that the use of “Bocca do Cré”
by Hartung (1860) to designate the
north outcrop was not correct, for the
local people use this name for the
south locality near Piedade. In this
work we prefer to use the name given
in the map of Serralheiro et al. (1987),
Ponta da Malbusca, to prevent confu-
sions. We restrict the use Boca da Cré
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to the north outcrop, as done by
Hartung (1860) and subsequent
investigators. Ferreira (1961a) posi-
tioned the Malbusca outcrop close to
the sea level. However, Zbyszewski
et al. (1961) and Zbyszewski &
Ferreira (1962a) described a 180 m
high cliff containing two sedimentary
deposits of 3.5, respectively 12 m
thickness, framed by volcanic lavas.
According to their data, these layers
lie roughly 60 m above the present
sea level, which agrees with the alti-
tude given by Agostinho (1937b) for
this outcrop and our own field obser-
vations.

The area south of Pico do Facho,
east to Vila do Porto, is rich in sedi-
mentary strata (Serralheiro et al.,
1987). In this area the Miocene out-
crops reach their highest elevations
(between 120 and 130 m above pre-
sent sea level; Agostinho, 1937b;
Ferreira, 1962). Nowadays, two out-
crops are recognized, Pedreira do
Campo and Figueiral, all included in
an area classified as a Natural
Monument (Cachao et al., 2003).
Figueiral is well known since the first
naturalists (Hartung, 1860; Reiss,
1862; Mayer, 1864), for it is the place
of one of the oldest “limestone”
quarries in Santa Maria and has been
mentioned commonly (Ferreira,
1952, 1955, 1961a; Zbyszewski &
Ferreira, 1962a; Zbyszewski et al.,
1961). Pedreira do Campo (also
known as Pedreira do Facho) is situ-
ated near Figueiral, to the south of
Pico do Facho. Although discovered
by Garcia-Talavera (pers. com.) in
1997, it attracted the attention of sci-
entists and the local community only
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after the first international expedi-
tion “Palaeontology in  Atlantic
Islands”, in 2002. A technical report
was produced for the local govern-
ment, in order to protect this outcrop
and Figueiral (see Cachdo et al,
2003), and to stop stone extraction
from the Pedreira do Campo area.

In the area of Prainha, at an alti-
tude between 100 to110 m above the
present sea level, Berthois (1953c)
described Miocene sediments. The
fossils contained are poorly pre-
served, due to leaching and recrys-
tallization (aragonitic molluscs being
preserved in form of moulds only).
In this work we call this outcrop by
Macela, based on the name given to
the hills that surround the west part
of this bay, thus differentiating it
from the Pleistocene deposits of
Prainha.

Although the Miocene outcrops
were given more attention since the
beginning of the palaeontogical
work on Santa Maria, the Pleistocene
deposits of Praia Formosa and
Prainha attracted even more atten-
tion (Mayer, 1864; Berthois, 1950,
1951, 1953c; Ferreira, 1961a;
Zbyszewski & Ferreira, 1961, 1962a;
Zbyszewski et al., 1961; Garcia-
Talavera, 1990; Avila et al., 2001;
Amen, 2002; Avila et al., 2002; Amen
et al., 2005; Avila, 2005). Located to
the southeast of Pico do Facho, the
exposed Pleistocene deposits lie 2 to
3 m above present sea level (Garcia-
Talavera, 1990), and extend from
Prainha until the far west end of
Praia Formosa (Zbyszewski &
Ferreira, 1961). In the literature two
names are used to designate these

outcrops: Praia and Prainha. The
sedimentary succession of Prainha
was studied thoroughly by the
authors listed above. It is character-
ized by a basal conglomerate with
algal-limestone concretions, fol-
lowed by 0.8 to 3.0 m of fossiliferous
sands (interpreted as beaches
deposits) rich in micro-molluscs
(Avila et al., 2002; Avila, 2005).
Zbyszewski & Ferreira (1961) and
Garcia-Talavera (1990) assigned the
sediments of Prainha to the
Tyrrhenian stage.

The area near the Ilhéu da
Lagoinhas, to the west end of Baia
do Tagarete, in the north of Santa
Maria Island, is relatively rich in
Pleistocene deposits. However, the
first report on these depositions was
made only in the turn of the millen-
nium by Callapez & Soares (2000).
These authors correlated this out-
crop, known as Lagoinhas, to the
Pleistocene outcrop of Prainha.
Similar to the latter, the outcrop is
located about 7 m above the present
sea level and is characterized by a
basal conglomerate, coralline red
algae crusts (algal biostromes of up
to 0.2 m thickness), followed by 0.7
m bioclastic cross-bedded sands rich
in fossil molluscs (interpreted as
beach deposits; Avila et al., 2002).
Based on the malacofauna, Callapez
& Soares (2000) assigned the
Lagoinhas outcrop the Tyrrhenian
stage, corroborating the dates for
Prainha. Both outcrops were later
studied by Avila and co-workers
(2001, 2002, and 2005), giving further
details on their litho-stratigraphy
and fossil content.
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The fossils of Santa Maria Island:
molluscs and other groups

In the faunal lists produced
through the years, the Molluscs are
the best represented group from the
outcrops of Santa Maria. Zbyszewski
& Ferreira (1962b) in their work on
the Miocene fossils reported a total of
188 animal species for the island: 32
foraminifers, 2 anthozoans, 4 echi-
noids, 2 annelids, 5 bryozoans, 1 bra-
chiopod, 66 bivalves, 64 gastropods, 2
cirripeds, 1 decapod, 8 fishes and the
undetermined remains of cetacean
vertebras and ribs.

Berthois (1950) documented the
presence of microfossils at Prainha
(e.g. green algae, coccoliths and
foraminifers), as well as the remains
of the macrofauna (e.g. fish scales,
fragments of echinoid spines and
tests, holothurian ossicles, corals
debris, bryozoans, brachiopods, gas-
tropods and red algae). Aside from
the molluscs, Callapez & Soares
(2000) reported bryozoan, cirriped
and echinoid fragments from
Lagoinhas. The last addition to the
Pleistocene malacofauna of Santa
Maria Island was given by Avila et al.
(2002), summing 89 records, includ-
ing 75 gastropods and 14 bivalves.

The particularly good fossil record
of molluscs can be explained by a
combination of initial abundance,
taphonomic biases and selective
investigations (most palaeontological
studies on Santa Maria focused on
molluscs).

For the macrofauna existing in the
sedimentary outcrops of Santa Maria,
the reviews on the Portuguese
Miocene fishes and echinoids, respec-
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tively by Zbyszewski & Almeida
(1950) and Ferreira (1961b), are the
only classical works on animal
groups other than the molluscs. The
number of works published on the
fossil microfauna is likewise rather
limited: Berthois (1950), Collom (in
Krejci-Graf et al., 1958) and Ferreira
(1960). Calcareous red algae, particu-
larly well developed in the
Pleistocene outcrops of Prainha and
Lagoinhas, were only recently a tar-
get group for the studies by Amen
(2002) and Amen et al. (2005). In sum,
the fossil record of Santa Maria
Islands is without doubt an issue far
from being exhausted. Additional
attention should be given to groups
of organisms other than molluscs in
future studies.

The past Azorean communities and
their biogeography

Despited numerous faunal lists
being available after almost 150 years
of investigations the palaeoecological
and palaeobiogeographical implica-
tions of these faunas remained poorly
studied. Questions concerning the
evolution of the Azorean fossil fauna
and its relation to extant communities
are largely un-answered.

Biogeographical studies on the
archipelago, largely ignored palaeon-
tological data (e.g., Boury-Esnault &
Lopes, 1985; Prud’homme van Reine,
1988; Cornelius, 1992; Lopes et al.,
1993; Wirtz & Martins, 1993; Tittley &
Neto, 1995; Santos et al., 1995; Santos
et al., 1997; Avila, 2000; Tittley &
Neto, 2006). Only in the most recent
studies, Pleistocene mollusc faunas
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were included in an attempt to
understand Santa Maria’s palaeobio-
geographical relationships (Garcia-
Talavera, 1990; Callapez & Soares,
2000; Avila et al., 2001; Avila et al.,
2002; Avila, 2005).

The Portuguese fossil collections
Nowadays, there are five institu-
tions on the Portuguese territory
with palaeontological collections
harbouring specimens from Santa
Maria fossiliferous outcrops: the
Museu  Geologico  (Geological
Museum) (INETI) in Lisbon, the
Museu de Zoologia - Museu de
Histéria Natural da Faculdade de
Ciéncias e Tecnologia da Univer-
sidade de Coimbra (MZ/MHN-
FCTUC) in Coimbra, the “Museu
dos Montanheiros” in Angra do
Heroismo (Terceira Island, Azores),
the Museu Carlos Machado/
Histéria Natural (MCM(HN) in
Ponta Delgada (Sao Miguel Island,
Azores) and the Department of
Biology of the University of the
Azores (DBUA-F) in Ponta Delgada
(Sao Miguel Island, Azores). In the
Geological Museum (Lisbon) we
could locate the specimens studied
by Cotter and the material collected
by Zbyszewski and co-workers. The
University of Coimbra houses the
material from Lagoinhas collected
by Soares. In the University of the
Azores it is deposited the most com-
plete collection of Santa Maria fos-
sils, as a result of several expedi-
tions since 1998, organized by the
members of the Marine PalaeoBio-
geography Working Group (MPB).

CONCLUSIONS

Palaeontological studies relating
to Santa Maria Island depended pri-
marily on few expeditions made in
the last two centuries and on valuable
donations made by private collectors.
Several palaeontological works were
produced during this time, especially
about the fossil molluscs, but little is
known on other animal groups pre-
sent in the outcrops. This is also true
for microfossils and nannofossils,
despite their biostratigraphic value.
During the 20" century, several
workers targeted the numerous
Upper Miocene-Lower Pliocene out-
crops in their studies. This tendency
changed by the end of the millenni-
um, with the production of numerous
papers on the Pleistocene strata,
many of which aimed at the under-
standing of the biogeographical rela-
tionships of the archipelago through-
out its history. Thus, although this
recent attention on the Pleistocene
outcrops is still far from being
exhausted, a renewed look must be
given to the Miocene-Pliocene out-
crops. Mitchel-Thomé (1976) classi-
fied the palaeontological situation in
Santa Maria Island, as “(...) a promis-
ing field”, and it seems that it still
holds.
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ABSTRACT

Nowadays the Natural Heritage of The Azores Islands is being considered
not only by its flora and fauna (especially by the endemic and indigenous
species — e.g. its biodiversity), but also by the geological formations that support
and constrain them. In fact, the Azorean biotic world, including the Azorean
Man, “has roots” on the volcanoes that built them, on the rocks that form them
and on the air and water that surround them. Thus, besides the Azores biodi-
versity, it is important to know, to catalogue and to protect the geodiversity (or
abiotic nature) of Azores Archipelago, seen has an important component of the
Azorean Natural Heritage.

The Azores geodiversity is the result of the geotectonic setting of the archi-
pelago (at the ATJ- Azores triple junction), the type of volcanic eruptions, the
nature of its magmas and rocks and, also, the important role played by the
weathering processes along the millennia. Therefore, scoria cones, maars, pit
craters, calderas, trachitic coulées, domes, prismatic jointing, fumarolic fields,
pahoehoe fields (“lajidos”), lava deltas (lava “fajas”), volcanic caves and pits,
pillow lavas, obsidian, necks and dykes are among some of the landscapes,
structures and products that characterize the Azorean geodiversity.

In this context, Santa Maria Island presents some peculiarities, and increased
importance, in terms of the geodiversity and geological heritage of the Azores,
once: 1) it is the island with the older rocks of the archipelago; 2) has many out-
crops of sedimentary rocks, including limestone, conglomerates and sandstones,
often with abundant and diversified fossil content, 3) is the only island were sev-
eral and major outcrops of pillow lavas can be observed, sometimes on well pre-
served stratigraphic sequences and 4), being as volcanic in origin as the others,
also presents several volcanic structures and landscapes (e.g. prismatic jointing,
volcanic necks, pillow lavas, old and weathered scoria cones, spheroidal joint-
ing), some of which can be considered has “geosites”.

Some of these geosites were already classified and are part of the 38 terres-
trial protected areas of the Azores Islands (e.g. Pedreira do Campo).

RESUMO

As ilhas dos Agores sdo todas de natureza vulcanica e apresentam uma
grande variedade de rochas, formas, estruturas e paisagens, que derivam, entre
outros factores, da natureza dos magmas, do tipo de vulcanismo e dos
condicionalismos geotecténicos intrinsecos a génese das ilhas, em especial do
seu posicionamento no Atlantico Norte, na jungéo tripla das placas litosféricas
Euroasidtica, Norte Americana e Africana (ou Ntbia). A paisagem agoriana,
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caracterizada, genericamente, por 14 grandes edificios vulcanicos (vulcoes
poligenéticos, na sua maioria com caldeira) e por cerca de 1400 vulcoes
monogenéticos (incluindo cones de escérias/bagacina, domos, anéis de tufos e
cones surtseianos), apresenta caracteristicas marcantes no contexto nacional e
internacional.

A ilha de Santa Maria distingue-se das restantes do arquipélago pelas suas
caracteristicas edafo-climaticas, geoldgicas e morfoldgicas: evidencia uma
importante multiplicidade de paisagens, de produtos vulcanicos e de rochas
sedimentares que, fazendo parte integrante da vivéncia mariense, deverao ser
melhor conhecidas e, logo, devidamente valorizadas. Como testemunhos da
geodiversidade da ilha, refira-se as jazidas fossiliferas da Pedra-que-Pica, os
calcarenitos do Figueiral, a disjuncao colunar da Ribeira do Malodas, os campos
de lavas submarinas (pillow lavas) da Pedreira do Campo e da Ponta do Castelo,
a chaminé vulcanica das Setadas, as arribas escarpadas e as grutas litorais, entre

75

tantos outros, objecto de caracterizacdo no presente documento.

INTRODUCAO

Patriménio Natural de deter-

minado territério é constituido
pela sua flora e fauna e pelo suporte
geolégico que as sustenta e
condiciona. Neste contexto, o mundo
vivo que constitui as ilhas dos
Acores, incluindo o Homem
Acoriano, tem “raizes” nos vulcdes
que as originaram, nas rochas que as
constituem e no ar e no mar que as
envolvem. Importa, pois, conhecer a
geodiversidade do arquipélago, uma
componente importante do seu
Patrimoénio Natural.

Mas, o que é a geodiversidade?
Este termo pode ser definido como “a
amplitude natural” (diversidade) de
caracteristicas geoldgicas (rochas,
minerais e fdsseis), geomorfolégicas
(paisagem, processos) e do solo.
Inclui as suas associagoes, relacdes,
propriedades, interpretagdes e
sistemas (Gray, 2004).

A geodiversidade consiste, assim,
na variedade de ambientes

geoldgicos, fenémenos e processos
activos (enddgenos e exdgenos) que
ddo origem a paisagens, rochas,
minerais, fdsseis, solos e outros
depésitos superficiais que sdo o
suporte para a vida na Terra. Em
suma, a geodiversidade compreende
todos os aspectos ndo vivos do
planeta Terra, ou seja, a natureza
abiética.

Dada a natureza arquipelagica
dos Acores e as limitagoes impostas
pela dimensdo e distribuicdo das
diferentes ilhas, tais componentes
assumem uma relevancia acrescida.
Com efeito, a geodiversidade das
ilhas dos Acgores, juntamente com
outros factores determinantes, como
o isolamento insular, o clima e o tipo
de solos, sdo responsaveis por
condigbes ecoldgicas distintas, que
traduzem, de forma singular, a

estreita relacdo entre a
geodiversidade e a biodiversidade do
arquipélago.

Neste contexto, a ilha de Santa
Maria apresenta peculiaridades e
importancia acrescidas, atendendo a
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que: 1) corresponde a parcela do
territério agoriano onde existem as
mais antigas formagdes geoldgicas do
arquipélago; 2) apresenta extensos
afloramentos de rochas sedimentares,
incluindo calcarios, calcarenitos e
conglomerados, frequentemente com
conteido  féssil abundante e
diversificado e 3) corresponde a tinica
ilha do arquipélago onde existem
afloramentos de lavas em almofada
(pillow  lavas), abundantes e
significativos.

Uma caracteristica peculiar na
histéria geolégica da ilha de Santa
Maria corresponde a existéncia de
uma intensa actividade vulcénica,

2007, Supl. 5: 74-111

alternada com periodos de acalmia
vulcdnica e concomitantes oscilagoes
do nivel do mar e episddios de erosdo
intensa. Em consequéncia, a ilha
possui actualmente formas
vulcanicas muito alteradas e indices
de erosdo claramente superiores aos
das outras ilhas do arquipélago, o
que atesta, simultaneamente, a sua
maior antiguidade geoldgica face as
restantes ilhas dos Acores. Neste
contexto, a sua localizagao
geografica, clima, actividade
vulcanica e oscilagdes do nivel do
mar que a afectaram contribuiram,
indubitavelmente, para a sua
evolugdo e a geodiversidade que
actualmente evidencia.

FIGURA 1 - Localizagdo geogradfica da ilha de Santa Maria (©Secgdo de

Geografia/UAc).
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ENQUADRAMENTO GERAL DA
ILHA DE SANTA MARIA

O arquipélago dos Agores,
localizado no Atlantico Norte a cerca
de 1600 km do continente europeu, é
formado por nove ilhas e alguns
ilhéus de origem vulcanica. As ilhas
encontram-se dispersas segundo uma
orientacdo WNW-ESE, numa faixa de
aproximadamente 600 km de
extensdo. Estdo distribuidas por trés
grupos: o  Grupo  Ocidental
constituido pelas ilhas do Corvo e das
Flores; o Grupo Central integrando as
ilhas Faial, Pico, Sdo Jorge, Graciosa e
Terceira e o Grupo Oriental, formado
pelas ilhas Sdao Miguel e Santa Maria
e os Ilhéus das Formigas (Fig. 1).

Santa Maria é a ilha mais Oriental
do arquipélago, ocupa uma area de
959 km? e apresenta um
comprimento e largura maximos de
16,6 km e de 9,7 km, respectivamente.
O seu ponto mais elevado localiza-se
no Pico Alto, a 587 m de altura. A ilha
de Sao Miguel é a mais préxima de
Santa Maria, a 80,6 km para Norte,

distancia esta medida entre a Ponta
dos Frades (Santa Maria) e a Vila da
Povoacao (Sao Miguel). Os Ilhéus das
Formigas, por seu turno, estao
localizados a cerca de 37 km para
Nordeste da Ponta do Norte.

A ilha alberga uma populagdo de
5578  habitantes (INE, 2002),
distribuida pelas 5 freguesias do
concelho de Vila do Porto: Vila do
Porto, Sao Pedro, Almagreira, Santa
Bérbara e Santo Espirito (Tabela 1).

Santa Maria é a ilha mais seca e
arida  do  arquipélago, com
temperaturas da ordem de 17° C no
Inverno e de 24° C no Verao,
enquanto que a precipitacdio média
anual varia entre 600 mm, na zona
mais aplanada da ilha e 1800 mm na

zona mais montanhosa da ilha
(Azevedo et al., 2004).
GEOLOGIA E HISTORIA

VULCANICA DA ILHA DE SANTA
MARIA

A ilha de Santa Maria é
constituida por uma sequéncia de
rochas e materiais vulcinicos com

TABELA 1 - “Passaporte” da ilha de Santa Maria, Acores.

Localizagao

Area

Perimetro

Altitude méaxima
Comprimento méximo
Largura maxima
Populacao

Concelhos

Freguesias

ITha mais préxima

36°58" 20” N / 25° 05" 59” W
95,9 km?

63,4 km (Borges, 2003)

587 m

16,6 km

9,7 km

5578 habitantes

1

5

Sao Miguel (80,6 km)




78 ACOREANA

intercalagdes de rochas sedimentares
marinhas e terrestres em posicdes
estratigraficas diversas (Serralheiro,
2003). Por ser a ilha mais antiga dos
Acores, as suas estruturas e
morfologia vulcanicas originais estao,
actualmente, total ou parcialmente
erodidas e/ou desmanteladas, sendo,
em alguns casos, irreconheciveis.

Do ponto de vista geomor-
fologico, destaca-se a presenca de
uma serra, localizada na parte central
da ilha, constituida por uma cadeia
de picos que culminam no Pico Alto e
que, no seu conjunto, definem um
alinhamento Norte-Sul (SRAM & UE,
2005). Esta serra separa 1) uma &rea
aplanada e de cotas baixas, onde as
altitudes ndo ultrapassam os 277 m,
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seca e com pouca vegetacdo, a
Ocidente e 2) uma zona montanhosa
e acidentada, a Este, com alta
drenagem e maior cobertura vegetal,
onde as altitudes atingem os 587 m no
Pico Alto, 492 m nas Cavacas e 482 m
nas Caldeiras (Figs. 2, 3 e 4).

A metade Oriental da ilha é
atravessada por vdrios cursos de
dgua profundamente encaixados,
com trajecto condicionado pelo
relevo acidentado e pela altitude da
zona, geralmente de cotas acima dos
200 m e com alguns picos com mais
de 300 m de altitude (SRAM & UE,
2005). Esta zona é constituida por
redes hidrogréaficas mais
hierarquizadas, onde predominam
cursos de dgua de vales mais abertos

FIGURA 2 - Orografia da ilha de Santa Maria (adaptado de Forjaz, 2004).
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FIGURA 3 - Hipsometria da ilha de Santa Maria (adaptado de Forjaz, 2004).

FIGURA 4 - Perfil topografico da ilha de Santa Maria (in Franga et al., 2003).

a montante e mais encaixados a
jusante. De entre estas destacam-se as
bacias hidrograficas da Ribeira
Grande, a Sul, da Ribeira do Salto, a
Leste e da Ribeira de Santa Barbara, a
Norte, esta dultima a de maior
densidade de drenagem da ilha
(Cruz, 1992). Na zona Ocidental da
ilha, mais aplanada, a rede de
drenagem é muito pouco desen-
volvida, com trajectos essencialmente
rectilineos, que correm segundo o

declive do terreno. Nesta zona
distinguem-se as redes hidrograficas
das ribeiras da Praia e de Séao
Francisco, ambas a Sul, e da Ribeira
do Engenho, a Norte.

O litoral da ilha de Santa Maria,
de grande valor paisagistico, inclui
arribas rochosas de consideravel
altura e diversas baias, mais ou
menos recortadas. De entre as arribas
e baias da ilha destacam-se a Baia da
Cré, a Bafa do Raposo, Lagoinhas e o
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seu ilhéu, e a Bafa do Tagarete, na
costa Norte; toda a costa Oriental, em
particular a Bafa de Sdo Lourenco e o
ilhéu do Romeiro, a Baia do Cura, a
Maia e a Ponta do Castelo; parte da
costa Sul, entre a Ponta do Castelo, a
Ponta da Malbusca e Larache e, a
Ocidente, da Praia até a Ponta do
Marvao, passando pelo Figueiral
(SRAM & UE, 2005). De acordo com
Borges (2003), grande parte dos
modelados da faixa costeira de Santa
Maria devem a sua formacao a
agentes dindmicos de natureza
marinha (ondas, marés, oscilacdo do
nivel do mar).

O litoral da ilha é praticamente
todo escarpado, salvo algumas baias
onde existem pequenas faixas de
areia ou de calhaus. As duas
principais praias da ilha, a Praia
Formosa e a praia de Sao Lourenco,
sdo de areia clara, na medida em que
derivam, em grande parte, da erosdo
de rochas carbonatadas.

De acordo com Madeira (1986), os
factores estruturais dominantes em
Santa Maria sdo alinhamentos
tecténicos de orientacdo preferencial
NW-SE e uma densa rede filoniana
de orientacdo predominante NE-SW,
que afectam essencialmente a parte
Sudoeste da ilha, mais antiga.

Segundo Serralheiro et al. (1987),
do ponto de vista litoestratigrafico,
individualizam-se oito unidades
distintas na ilha de Santa Maria que
sdo, da mais antiga para a mais
recente: a Formagao dos
Cabrestantes, a Formacéo do Porto, o
Complexo dos Anjos, o Complexo do
Touril, o Complexo do Facho-Pico
Alto, a Formacdo de Feteiras, as
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Praias Plio-Quaternarias,
Quaternarias e Terragos e, ainda, as
Formagdes Holocénicas (e.g. aluvides
e depdsitos de vertente — Fig. 5). De
seguida é efectuada uma breve
caracterizagdo de cada uma das
unidades litoestratigraficas acima
mencionadas, de acordo com
elementos disponibilizados por
Serralheiro (2003).

A Formagao dos Cabrestantes é a
unidade geolégica com menor
exposi¢do (apenas numa linha de
agua na costa Noroeste, na Bafa dos
Cabrestantes) e a mais antiga da ilha
e do arquipélago, de idade Ante-
Miocénica Superior. Esta unidade
estd representada actualmente por
afloramentos de piroclastos
submarinos, segundo um depdsito
bem estratificado (por vezes com
estratificacdo entrecruzada), muito
compacto, com coloragdo amarelada,
cristais de augite e liticos de natureza
baséltica. Os niveis mais superiores
destes tufos surtseianos apresentam
uma coloracdo avermelhada, devido
ao metamorfismo termal causado
pelas escoadas lavicas do Complexo
dos Anjos que recobrem os
piroclastos submarinos (Serralheiro e
Madeira, 1993).

A Formacao do Porto expressa-se
em dois cones de piroclastos
subaéreos expostos, em secgdo, nas
arribas da Baia da Cré, na costa Norte
da ilha, e do porto comercial de Vila
do Porto, na costa Sul. Os piroclastos
do cone do porto estdo cimentados
por carbonatos, dada a sua idade, o
que lhes confere grande coeréncia
(Serralheiro, 2003). Tanto a formacao
dos Cabrestantes como esta ultima
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apresentam no topo niveis de
cozimento resultantes do contacto
destas formagdes com as escoadas
lavicas, mais recentes, do Complexo

dos Anjos.
O Complexo dos Anjos ¢
constituido  por um  espesso

empilhamento de escoadas lavicas
basalticas s.l., subaéreas, intercalada
com niveis pouco espessos de
piroclastos e paleosolos e atravessada
por abundantes fildes de natureza
basaltica s.I. As escoadas afloram
desde Larache, a Leste de Praia, na
costa Sul, até a Baia de Tagarete, na

costa Norte e em vastas dreas na parte
Ocidental da ilha: na zona dos Anjos,
Aeroporto, Vila do Porto e Praia.
Diferentes aspectos podem ser
observados nas escoadas lavicas que
integram este complexo vulcanico,
nomeadamente estruturas
encordoadas, textura ora compacta
ora vacuolar, disjun¢do colunar, em
lajes ou em bolas e alguns niveis de
clinker. Os piroclastos desta unidade
geoldgica sdo pouco abundantes e s6
sdo conhecidos dois afloramentos
significativos na drea da Vila do
Porto: na Ribeira do Sancho e na

FIGURA 5 — Mapa vulcanolégico simplificado da ilha de Santa Maria (adaptado de
Serralheiro et al., 1987). 1 - Formacdo dos Cabrestantes; 2 - Formagao do Porto; 3 -
Complexo dos Anjos; 4 - Complexo do Touril; 5 - Complexo do Facho - Pico Alto; 6 -
Conglomerados e calcarenitos fossiliferos do Complexo do Facho - Pico Alto; 7 -
Formagao das Feteiras; 8 - Praias plio-quaternarias, quaterndrias e terragos; 9 - Aluvides,
depdsitos de vertente, areias e cascalheiras de praia.
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Ribeira dos Pogos (Serralheiro, 2003).
Os fildes, em ntimero superior a 350,
localizam-se entre a zona do
Aeroporto e a Praia, a Sul, e entre as
baias do Salto de Caes e do Tagarete,
a Norte, com orientagdes predo-
minantes de N24E a N74E (65% do
total) na parte Sudoeste da ilha e de
N26W a N4E na costa Norte. Refira-
se que as intrusdes filonianas
correspondem a um dos dltimos
episédios deste complexo, pelo que
atravessam todo o empilhamento
lavico do Complexo dos Anjos.

O Complexo do Touril esta
representado  por  sedimentos
terrigenos e marinhos e por escoadas
lavicas submarinas (pillow lavas), e
uma escoada subaérea, de natureza
basaltica s.I.. As maiores espessuras
dos sedimentos encontram-se na
costa Norte (desde as baias da Cré e
do Raposo) e na costa Sul (do
Figueiral ao Touril) e ultrapassam
120 m. De um modo geral, da base
para o topo, neste complexo
observam-se conglomerados grossei-
ros dispersos, tipo lahar, uma escoada
lavica subaérea, escoadas lavicas e
piroclastos submarinos e, no topo,
uma série sedimentar marinha
composta essencialmente por are-
nitos, argilas, conglomerados,
calcarenitos e calcérios, todos fossi-
liferos. Os mais antigos depdsitos
sedimentares terrigenos (e.g. conglo-
merados) distribuem-se irregular-
mente entre Anjos e Larache. A tinica
escoada lavica subaérea encontra-se
em Larache e os piroclastos e
escoadas lavicas submarinos (até
altitudes de cerca de 80m) observam-
se sobretudo desde a Bafa do Raposo
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até a Bafa do Salto de Cées. Inter-
calados nos conglomerados existem
niveis areniticos, de argila, calca-
renitos e calcédrios, estes tultimos
muito fossiliferos e que foram
explorados principalmente para a
produgao de cal (e.g. Figueiral). Os
estratos calcdrios aparecem prin-
cipalmente entre a Bafa da Cré, Anjos
e Acacias, na costa Norte, e no
Figueiral, na costa Sul.

O Complexo do Facho-Pico Alto
edificou-se na sequéncia de trés fases
vulcédnicas: a primeira estd relacio-
nada com a wunidade vulcano-
estratigrafica do Facho e as restantes
duas com a unidade do Pico Alto. O
vulcanismo que originou a unidade
do Facho foi praticamente todo
submarino, estando actualmente
visiveis apenas dois centros
emissores posicionados na parte Sul
da ilha (Serralheiro, 2003), rela-
cionados com esta actividade: o Pico
do Facho e um segundo cone
pirocléstico situado a 500 m para
Oeste da Rocha Alta, cuja chaminé se
observa na arriba. Ambos estes
centros emissores emitiram piro-
clastos e escoadas lavicas subma-
rinas. Na costa Norte, terd havido
pelo menos mais um centro eruptivo
associado a esta unidade, do qual se
desconhece a sua localizagdo, por se
encontrar desmantelada. Uma vez
cessada a actividade vulcanica da
fase do Facho em toda a ilha e
durante um periodo de tempo
relativamente longo (Serralheiro,
2003), geraram-se as condigdes
necessarias para a deposi¢do de
sedimentos sobre as rochas vul-
canicas submarinas do Facho, que
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contribuiram, designadamente, para
a formacdo dos depdsitos de praia.
Estes depdsitos, com espessura
métrica, sdo constituidos por
conglomerados muito grosseiros com
calhaus bem rolados e matriz
calcarenitica, esta ultima muito rica
em fdsseis, como é o caso da Pedra-
que-Pica (Serralheiro, 2003).

A unidade vulcanoestratigrafica
do Pico Alto, resultante funda-
mentalmente de uma actividade
vulcénica fissural, encontra-se ex-
posta sobretudo na zona Oriental da
ilha. Esta unidade é constituida por
duas séries:

- a série inferior desenvolveu-
se na area dos actuais relevos
centrais e contribuiu para o
crescimento da ilha para Oriente.
A actividade vulcanica associada
foi essencialmente subaérea, onde
os edificios vulcanicos estavam
emersos, existindo simultanea-
mente uma importante facies
submarina, com testemunhos
desde a Bafa do Tagarete até a
Ponta da Malbusca e ao longo da
costa Leste. O tnico centro
eruptivo que, actualmente, se
pode relacionar com esta série é o
Pico Malods, sendo que, como
referido, a actividade vulcanica
tenha sido sobretudo fissural.

- a série superior do Pico Alto
cobre uma grande superficie da
zona Oriental da ilha, distin-
guindo-se emissdes subaéreas e
submarinas. Da fé4cies subaérea
afloram extensos mantos lavicos
com intercalagdes piroclasticas,
algumas chaminés e numerosos
fildes (cerca de 230), que

originaram os actuais relevos
centrais das Cavacas a Caldeira,
passando pelo Pico Alto. As
escoadas lavicas submarinas
afloram, apenas, nas arribas,
apresentando maior expressdo da

Baia de S. Lourenco, Maia e até a

Ponta do Castelo.

As duas séries sdo separadas por
sedimentos terrestres e marinhos
(Serralheiro, 2003). Os primeiros sdo
constituidos exclusivamente por
aluvides e depositos de enxurrada
(lahars), sob a forma de con-
glomerados brechéides com matriz
argilosa ou grosseira, e que apre-
sentam maior expressdo entre Bom
Despacho Velho e Alto do Poente e
entre Feteiras e Pog¢o Grande. Os
sedimentos marinhos, por seu turno,
apresentam-se segundo pequenos
afloramentos correspondentes a
depositos de antigas praias, que
podem ser observados na Ponta dos
Matos, na Ponta da Rocha ou na
Ponta do Castelo, na costa Este da
ilha, neste ultimo caso constituidos
por calcarenitos fossiliferos plio-
cénicos (Serralheiro, 2003).

A Formacao das Feteiras ¢é
constituida por piroclastos subaéreos
(lapilli e cinzas), profundamente
alterados em argilas intensamente
coradas de vermelho (popularmente
designadas por almagres - Ser-
ralheiro, 2003), e alguns derrames
lavicos. A sua exposi¢do encontra-se
concentrada sobretudo na parte
Ocidental da ilha, entre Brejo e
Faneca, existindo, também, pequenas
manchas na parte Oriental da ilha. Os
centros emissores associados foram
os cones de piroclastos soldados
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(spatter), actualmente muito des-
mantelados, que se localizam entre
Sao Pedro e a Ribeira do Engenho, de
entre os quais se identificam os
cabecos Saramago, Trevina e
Piquinhos (ou Monteiros). A maior
parte dos piroclastos que
representam a Formacao das Feteiras
foram removidos pela erosdo
marinha quaterndria, na regido
Ocidental, e pelo entalhe das linhas
de 4dgua na regido Oriental, que
deixou apenas pequenos retalhos nos
interflavios.

As Praias Plio-Quaternarias
correspondem a niveis de aredo
grosseiro com matriz argilosa, muito
alterada, entre 130 m e 200 m de
altitude, que ndo contém fdsseis mas
sim pequenos nédulos de limonite.
Existem pequenos depdsitos de
calhaus rolados a Nordeste de
Santana, em Feteiras de Baixo, entre
Cha de Jodo Tomé e Ribeira do
Engenho, na estagio LORAN (Ponta
do Norte) e a Noroeste do Pico
Maloéas. H4, também, plataformas de
abrasdo com alguns calhaus rolados
dispersos e as praias que se formaram
sobre os piroclastos da Formagao de
Feteiras possuem nédulos ferru-
ginosos. Estes depdsitos de praia
encontram-se na estagdo LORAN (a
altitude de 160 m), a Noroeste da
Faneca (a cerca de 200 m de altitude)
e a Nordeste de Santana. As Praias
Quaternarias, por seu turno, estdo
associadas as oscilagdes do nivel
médio do mar ocorridas no
Plistocénico e existem desde a Praia
até ao Monte Gordo (e.g. na zona do
Aeroporto), em antigas plataformas
de abrasdo marinha, a altitudes
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compreendidas entre os 5 e 0s 120 m
(Madeira, 1986; Serralheiro &
Madeira, 1993). Os materiais que as
constituem sdo conglomerados,
areias e argilas, margas calcdrias e
calcarenitos, muito fossiliferos (e.g.
Prainha e Praia) e calcarios com
grande abundancia de macro-
foraminiferos. Relacionados com
aquelas oscilagdes do nivel do mar
existem alguns Terragos em algumas
linhas de dgua, como é o caso da
Ribeira de S. Francisco e do Farropo.

Os materiais mais recentes,
Holocénicos, sdo constituidos por
aluvides, depdsitos de vertente,
terracos fluviais, depédsitos de areia
edlicas e de praia, sendo os dois
primeiros aqueles que ocupam dareas
mais significativas. Os depdsitos de
aluvides existem em quase todas as
linhas de agua com pouco declive e
os depdsitos de vertente estdo
presentes nas arribas Sul, Este e
Norte da ilha. Sao de grandes
dimensoes, e espessos, os depdsitos
de vertente formados a custa de
quebradas/desmoronamentos das
arribas, posteriormente transfor-
mados em socalcos pelo Homem,
designadamente para o cultivo da
vinha, como acontece na Baia de S.
Lourenco. Actualmente, os principais
depositos de areias de praia existem
em Sdo Lourengo e na Praia Formosa.

Na Tabela 2 apresenta-se um
resumo das unidades e formacgdes
geoldgicas que constituem a ilha de
Santa Maria e que foram suma-
riamente descritas atrds. A lito-
estratigrafia indicada materializa
uma complexa evolugdo geoldgica e
de variagdes relativas do nivel do
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mar, que abrangem os tltimos 8 a 10
milhdes de anos (Ma) da histdria
vulcdnica do Atlantico Norte
(Serralheiro & Madeira, 1993 e
Serralheiro, 2003).

Assim, e em termos gerais, a ilha
de Santa Maria terd emergido muito
provavelmente durante o Tortoniano
(Miocénico médio), ha cerca de 8 a 10
Ma, e a actividade vulcanica con-
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tinuou até ao Pliocénico Superior. A
erosdo dos relevos deu origem a
depésitos conglomeraticos (do tipo
lahar), enquanto que as variagdes
relativas do nivel do mar deixaram
testemunhos sob a forma de
sedimentos marinhos, os quais se
encontram intercalados nos produtos
vulcanicos (Serralheiro & Madeira,
1993). As rochas vulcanicas sub-

TABELA 2 — Sumario da geologia da ilha de Santa Maria (adaptado de Serralheiro, 2003).

) ) Milhdes
UNIDADES FAcres FAcies
GEOLOGICAS TERRESTRE MARINHA ESTRATIGRAFIA de(Balrjl)os
Formagdes - aluvides - arei i o ‘o
Holocéfl re. | - depdsitos de areias e cascalheiras de = Holocénico
vertente e de praia L ‘=
gravidade - praias quaterndrias =
Formagoes - areias de dunas E2pzliraligg lrgrhcc)l_e Elillatitelll*gglias 2 ?
Dy - aterros : S | Plistocénico
=3
Plistocénicas | (. cos (130 a 200 m de altitude 3
Formacio de | - pequenas escoadas
Feteir:fs (EF) lavicas, piroclastos e Superior
cones desmantelados
- escoadas lavicas e e
. iroclastos (LRs) 2
- escoadas lavicas, piroc RS
piroclastos, chaminés| - conglomerados e I
Complexo do & fildes calcarenitos, fossiliferos 2
Facho (F) - Pico | _ depésitos de - escoadas ldvicas e ~ Inferior
Alto (PA) enxurrada (lahars) piroclastos (LRi)
- cones pirocldsticos |~ escoadas lavicas,
p iroclastos e cones
Fchaminés)
- calcdrios, calcarenitos e
- depésitos de argilas (fossiliferos) e
Complexo do enxurrada (lahars) arenitos Messiniano 5
Touril (CT) - escoadas lavicas - escoadas lavicas e
(MCT) piroclastos (LRCT)
- conglomerados o
9
Complexo dos | - fildes, escoadas £ 7
Anjos (CA) lavicas e piroclastos 2
S | Tortoniano
Formacao do Porto| - cones piroclasticos e
fildes
Formacao dos - piroclastos (cone) Serravaliano
Cabrestantes (Ag) p 2




86 ACOREANA

marinas (e.g. pillow lavas) e as rochas
sedimentares da ilha de Santa Maria
registam uma descida do nivel médio
das dguas do mar desde o fim do
Pliocénico, da ordem de 180 metros.

A Formacdo dos Cabrestantes
representa uma fase vulcdnica
submarina, presumivelmente antece-
dente ao periodo de emergéncia da
ilha, enquanto que a Formagao do
Porto corresponde a fase vulcanica
subaérea, estromboliana, associada a
fase inicial da emergéncia da ilha.
Nao sendo conhecidas datagdes
absolutas e contetddo féssil em rochas
destas  formagdes, as idades
Serravaliana e Tortoniana para estas
formagOes, em particular a primeira,

devem ser consideradas como
indicativas.

O Complexo dos Anjos mate-
rializa uma fase de intenso

vulcanismo subaéreo, essencialmente
fissural e efusivo, que se desen-
volveu, aproximadamente, de 8 a 5,5
milhdes de anos (Ma) atras. Esta fase
eruptiva foi responsédvel pelo pri-
meiro crescimento da ilha, aumen-
tando-a substancialmente para Norte,
em cerca de 3 km (Serralheiro, 2003):
o Ilhéu das Lagoinhas testemunha
este crescimento, que a erosao ma-
rinha tem vindo progressivamente a
destruir.

O Complexo do Touril traduz um
periodo de paragem, ou diminuicéo,
na actividade vulcanica subaérea,
que coincidiu com uma fase trans-
gressiva, que iria elevar o nivel do
mar até uma altitude de, pelo menos,
180 m (Serralheiro, 2003). Este
periodo da histéria da ilha, sob a
transgressdo Messiniana-Pliocénica,
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inclui a emissdo de escoadas lavicas
submarinas (mais importantes na
costa Sul do que na costa Norte) e
espessos depositos de sedimentos
muito fossiliferos (incluindo conglo-
merados, provenientes da destruigao
dos relevos emersos, e calcarenitos,
margas e calcarios), com idades em
torno de 5 Ma.

A fase inicial do Complexo do
Facho-Pico Alto representa uma fase
de vulcanismo intenso, submarino,
que inclui a génese do Pico do Facho
e de extensas pillow lavas, das quais a
mais elevada se encontra a 180 m de
altitude (Serralheiro, 2003), aumen-
tado a drea da ilha para dimensdes
proximas das actuais. Segue-se nova
regressdo marinha, cuja descida do
nivel do mar potencia o aparecimento
de uma actividade vulcanica subaé-
rea (gerando relevos importantes) e a
formagdo de depésitos de enxurrada
(lahars), associados aos fendmenos
erosivos concomitantes. No seu
conjunto, o Complexo do Facho-Pico
Alto representa uma fase de vul-
canismo intenso, submarino a subaé-
reo, que se tera desenvolvido hé cerca
de 5a 3 Ma.

De idade igualmente inferior a
cerca de 4,5 Ma (e.g. Pliocénica), a
Formacgéo das Feteiras caracteriza-se
por uma actividade vulcanica subaé-
rea essencialmente explosiva, a qual
traduz o ultimo episédio eruptivo
ocorrido na ilha de Santa Maria.

Apés a edificagdo dos relevos
associados a Formacdo das Feteiras,
esta ilha é afectada exclusivamente
pela meteorizacdo e erosdo, terrestre
e marinha, com a ocorréncia de novos
fenémenos de deposicdo sedimentar,
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TABELA 3 - Datagoes isotdpicas K/Ar, ¥Sr/%Sr (*) e U/Th (+) para a ilha de Santa
Maria (modificado de Laranjeira & Nunes, 2005); “a” amplitude de variacdo da idade
(em milhoes de anos).

) UTM . ) Idad E
Ref M@ | ey Localizagio Tipo de Produto (ar?ose) (a]ﬁ;g) Autor
Abdel-
— Perto de Praia Sequéncia basaltica | 4 200 000 — Ni(;l;lem
1968
SMA-3B | 662525 | 4092725 Arriba, a Oeste do Aeroporto (Baixa da Basalto alcalino 8120 000 | 850 000
Salomeirzg olivinico (CA) Abdel-
SMA-3 | 669000 | 4091263 Sul da Praia Ancaramito (CA) | 6080000 | 510000 |Monem
SMA-1 | 668735 | 4091688 Oeste da Praia Basalto alcalino | 4130000 | 350000 | 197°
olivinico (F)
S14 664412 | 4089962 500 m a SW do porto de Vila do Porto Basalto (CA) 5140 000 | 401 000
S15 669925 | 4094750 150 m a Sul do topo do Pico Alto Havaito (PA) 5110000 | 200 000 Fera;.ld
etal.,
S65 670675 | 4090450 Base da arriba, a Oeste da Malbusca Basalto (CT) 4200000 | 1100000 | 1980
4700 000 |1 000 000
4900000 | 800000
S17 672125 | 4091900 Cruzamento da estrada Santo Espirito- Chaminé (PA) 5500000 | 1200000
Malbusca
SM 37 662275 | 4093325 Arriba a Oeste do Aeroporto, 5 m acima do Escoada lavica 5270 000 150 000
n.m.a.m. subaérea (CA)
S45 671125 | 4092588 Estrada para Santo Espirito, as Fontinhas Dique (PA) 5250000 | 160 000
MA 41 | 669113 | 4091775 | Estrada para Praia, ao Jardim, 60 m acima do Dique (CA) 4800000 | 250 000
m.a.m.
S63 671925 | 4091412 Estrada Setadas-Malbusca Dique (PA) 4600000 | 100 000
SM 54 672625 | 4088925 ESE do VG. da Piedade, 40 m acima do Esc. lavica Fsubmarina 4230000 | 100 000
n.m.a.m.
MA 35 | 676512 | 4088868 Ponta do Castelo, 65 m acima do n.m.a.m. Esc. lévi(%a As)ubaérea 3850000 | 250 000
Feraud
MA 12 | 669525 | 4091337 Estrada para Praia, 60 m acima do n.m.a.m. Frag. de basalto em 3770000 | 450 000 etal,
conglomerado (CT) 1984
MA7 669628 | 4091475 Barreiros Esc. lavica Pg,ubmarina 3530000 | 120 000
SM 56 672610 | 4089775 ESE do VG. da Piedade, 115 m acima do Esc. lavica subaérea | 3530 000 | 100 000
n.m.a.m. (PA)
MA5 669703 | 4091525 Estrada Praia-Malbusca, 150 m acima do Esc. lavica subaérea | 3520000 | 170 000
n.m.a.m. (PA)
SM 16 | 666487 | 4097212 Ponta do Pinheiro Esc. lévic? Fs)ubmarina 3420000 | 100 000
MA 26 | 676575 | 4088778 Ponta do Castelo Esc. lévic(?) Zl)xbmarina 3300000 | 300000
MA 1 668462 | 4091563 Estrada velha Facho-Praia, 150 m acima do | Esc. lavica submarina| 3 200 000 170 000
n.m.a.m. (F)
— Ponta do Monteiro 5270 000 —
Ferreira
— QOeste da Malbusca, 20 m acima do n.m.a.m. 4 600 000 —
Azevedo
— ESE do VG. da Piedade, 90 m acima do 3500 000 — 1995
n.m.a.m.
PC1 A | 665958 | 4090605 Pedreira do Campo Fossil de bivalve (CT)| 2 780 000* | 3.88-2.36a
PC1B | 665958 | 4090605 Pedreira do Campo Fossil de bivalve (CT)| 2 240 000* | 2.58-1.89a
PC1C | 665958 | 4090605 Pedreira do Campo Féssil de bivalve (CT)[10 030 000*{10.34-9.75a
PP11 675838 | 4089925 Pedra-que-Pica Fossil de molusco | 5280 000* | 5.56-4.96a | Kirby et
(CT) al., 2007
PP1II | 675838 | 4089925 Pedra-que-Pica Fossil ((ié {r)\oluscn 5670 000* |5.82-5.49a
PPTIIT | 675838 | 4089925 Pedra-que-Pica Foéssil c(lg {})\olusco 5590 000* | 5.82-5.25a
Patella #1 | 668730 | 4091200 Prainha Fossil de Patella 66 925+ +1.381/-
aspera em 1.357
conglomerado (Q)
Patella #2 | 668730 | 4091200 Prainha Fossil de Patella 77 140+ +1.183/- Avil
S vila et
aspera em 1167 [ 2175007
conglomerado (Q) v
Patella #3 | 668730 | 4091200 Prainha Féssil de Patella 64 713+ +0.987/-
aspera em 0.975
conglomerado (Q)
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incluindo a formagdo de aluvides,
depositos de vertente e de gravidade,
niveis de Terragos e Praias Plio-
Quaternarias e Quaternarias (Cachao
et al.,2003). Desde o fim do Pliocénico
o nivel médio do mar desceu
progressivamente, pelo menos, 180
m, mas ndo de um modo continuo,
até a sua posigdo actual.

A histéria vulcanica da ilha de
Santa Maria é suportada num
conjunto de datagdes isotdpicas de
rochas e fosseis, as quais sdo
apresentadas na Tabela 3. Nesta
tabela, para cada datagao é indicada a
unidade geolégica (e.g. CT) que lhe
foi atribuida por Serralheiro e
Madeira (1993), Kirby et al. (este
volume) e Avila et al. (2007),
verificando-se algumas incongruén-
cias entre a idade absoluta obtida, a
unidade geolégica em que foi
inserida e a estratigrafia de detalhe
definida por Serralheiro et al. (1987)
para a ilha de Santa Maria (cf. Tabela
2). Embora tais incongruéncias
tenham sido, parcialmente, disseca-
das no trabalho de Serralheiro e
Madeira (1993), ndo cabe no dmbito
do presente trabalho proceder-se a
sua analise exaustiva.

GEODIVERSIDADE DA ILHA DE
SANTA MARIA

A paisagem vulcanica do ar-
quipélago dos Acgores apresenta um
vasto conjunto de rochas, formas e
estruturas, que deriva, entre outros
factores, da natureza dos magmas, do
tipo de vulcanismo, da sua dinamica
e da posterior actuacdo dos agentes
externos. Neste contexto, a ilha de
Santa Maria apresenta uma geo-
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diversidade assinalavel, fruto da sua
histéria vulcanica e estilos eruptivos
associados, dos processos de alte-
ragdo actuantes e, ainda, das
oscilagdes do nivel do mar e dos
processos de sedimentagao ocorridos
na ilha. Faz-se, em seguida, uma
caracterizacdo sumadria desta diver-
sidade geoldgica, enquanto que no
Anexo se apresentam alguns
exemplos.

Cones de Escérias e de Spatter
Os cones de escorias sdao formas

monogenéticas, edificadas durante
uma Udnica erupgao vulcanica, na sua
grande maioria do tipo estrom-
boliano, de baixa a moderada
explosividade. Estas erupgdes sdo
responsaveis, em termos gerais, pela
formacgdo de um cone piroclastico
(pela acumulagdo de cinzas, lapilli e
bombas ou blocos) e pela emissdo de
escoadas lavicas.

Dada a idade da ilha e os
fenémenos erosivos a que esteve
sujeita, actualmente apenas se
observam alguns cones de escérias de
morfologia mais ou menos pre-
servada. Por outro lado, nas arribas
do porto da Vila do Porto e da Bafa da
Cré é possivel observar cones de
escoOrias pertencentes as mais antigas
formacgdes da ilha de Santa Maria
que, apesar de cobertos por for-
macOes mais recentes, estdo expostos
devido a ac¢do erosiva do mar. O
mesmo acontece com um cone de
escorias implantado a cerca de 500 m
para Oeste da Ponta Rocha Alta,
coberto por materiais mais recentes,
cuja chaminé assume particular
realce (Serralheiro, 2003).
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Figura 6 — Distribuicdo dos cones de tufos surtseianos, cones de escorias e cones spatter
identificados na ilha de Santa Maria (modificado de Serralheiro et al., 1987).

De entre os cones de escdrias que
se observam na ilha de Santa Maria
(Fig. 6) destaca-se o Pico Vermelho,
um antigo cone vulcanico localizado
em Santa Barbara e constituido por
piroclastos muito alterados, de cor
avermelhada. Outros cones de
escdrias presentes na ilha sdo o Pico
da Terca e o Cruzeiro (em Santo
Espirito) e o Pico do Norte (em Santa
Barbara). De acordo com Serralheiro
(2003) existem, ainda, outros peque-
nos cones de piroclastos, actualmente
muito desmantelados, na zona
compreendida entre Sdo Pedro e a
Ribeira do Engenho.

De acordo com Serralheiro &
Madeira (1993), existem trés cones de
salpicos de lava soldados (spatter
cones) na ilha de Santa Maria,
pertencentes a ultima fase eruptiva
da ilha (a Formacgao das Feteiras): os

cones de Saramago, Trevina e
Piquinhos (ou Monteiros). O Pico do
Maloés, por seu turno, corresponde a
um cone vulcanico constituido por
escorias soldadas, “bagacinas” e
pequenas escoadas lavicas, actual-
mente  bastante = desmantelado
(Serralheiro, 2003).

Cones de Tufos Surtseianos

Embora sejam intmeros o0s
depésitos de piroclastos submarinos
presentes na ilha, associados a
erupg¢des hidromagmaticas (ou frea-
tomagmaticas) de magmas bdsicos
(e.g. erupgdes surtseianas), o Pico do
Facho (com 150 m de altura), é o
maior cone da ilha e o cone de tufos
melhor preservado, constituido por
tufos hialoclastiticos e escoadas
lavicas submarinas (pillow lavas)
associadas (Fig. 6). A formacdo dos
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Cabrestantes, de idéntica natureza,
apesar de muito desmantelada e
coberta em grande parte por escoadas
lavicas mais recentes do Complexo
dos Anjos conserva, ainda, parte da
sua morfologia inicial.

Escoadas Lavicas Basalticas

As escoadas lavicas apresentam
diferentes formas externas e es-
truturas internas, decorrentes, entre
outros factores, da composi¢do e
propriedades fisicas dos magmas
associados, da taxa de efusdo e das
caracteristicas da superficie de

escoamento.
Na ilha de Santa Maria existem
abundantes derrames baséalticos

submarinos (lavas em almofada ou
pillow lavas), sobretudo ao longo do
litoral (com excepgao da costa Oeste).
No contexto dos Acores, apenas na
ilha de Santa Maria existem
abundantes e significativos aflo-
ramentos de lavas em almofada. Na
verdade, as pillow lavas nao se
encontram expostas com a mesma
pujanca em nenhuma outra ilha
acoriana, onde, provavelmente, estdo
cobertas por escoadas ldvicas ou
outros produtos vulcanicos mais
recentes, ou estdo abaixo do nivel do
mar actual (Cachéao et al., 2003).

As escoadas lavicas subaéreas que
ocorrem na zona Ocidental da ilha
pertencem ao Complexo dos Anjos e,
de um modo geral, estes derrames
lavicos apresentam superficie encor-
doada, grande variabilidade de
texturas, espessura muito variavel e
niveis de clinker mais ou menos
desenvolvidos (Serralheiro, 2003).

Na costa Sul da ilha, a Sudeste do
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lugar de Larache e na base da arriba
da Malbusca aflora a tinica escoada
lavica subaérea conhecida do Com-
plexo de Touril, segundo wuma
escoada basaltica alterada. Sobre esta
escoada existem outras pertencentes
ao mesmo complexo, mas de carac-
teristicas submarinas, que se esten-
dem ao longo da arriba até a
localidade de Cardal e que afloram
também na costa Norte, entre a Baia
do Raposo e a Baia do Salto de Caes
(Serralheiro, 2003). Sdo escoadas
lavicas submarinas de espessura
variavel, constituidas por lavas em
almofada e frentes de avanco, com
disjuncao radial, poliédrica.

As escoadas lavicas que cobrem a
maior parte da superficie Oriental da
ilha pertencem a unidade do Pico
Alto, enquanto que as escoadas que
afloram na zona Centro-Oeste, numa
parte da costa Sul e na costa Norte
pertencem a unidade do Facho. Estas
escoadas, quando submarinas, apre-
sentam  morfologias  diferentes
consoante a profundidade dos fun-
dos marinhos por onde correram
(Serralheiro, 2003): 1) lavas em
almofada tipicas, elipsoidais, de
grandes dimensdes e com muitas
digitagdes, quando associadas a fun-
dos marinhos relativamente planos e
2) formas alongadas, do tipo rolo,
tipicas do avango de escoadas subma-
rinas em fundos marinhos declivosos.

As escoadas lavicas subaéreas
evidenciam muitas vezes uma disjun-
¢do colunar e, quando alteradas,
apresentam uma disjuncao esferoidal
(e.g. disjungdo em bolas), uma are-
nizacdo mais ou menos intensa do
afloramento (total ou parcial) ou,



NUNES ET AL: GEODIVERSIDADE DE SANTA MARIA 91

ainda, niveis intensos de alteracdo,
argilizados, neste tltimo caso dando
origem a solos vermelhos, do tipo do
Barreiro da Faneca (Serralheiro,
2003).
Formas Subvulcénicas: Fildes e
Chaminés

De acordo com Serralheiro (2003),
a ilha de Santa Maria é essen-
cialmente formada por materiais
provenientes de actividade filoniana,
existindo mais de cinco centenas de
fildes de natureza basaltica s.l
identificados. Estes pertencem na sua
grande maioria ao Complexo dos
Anjos, segundo fildes subverticais
com direccdo predominante de NE-
SW (embora existam também alguns
com a direc¢ao NNW-SSE - Madeira,
1986) e, ainda, ao Complexo do Pico
Alto, segundo fildes com forte
inclina¢do e grande variabilidade de
direc¢des, predominando as orien-
tagdes entre NNW-SSE e NNE-SSW.

Estes filoes podem ser facilmente
observados nas vertentes costeiras,
distribuidos principalmente ao longo
da costa Sul da ilha, entre o aeroporto
e a Praia, e da costa Norte, entre as
baias do Salto de Cées e do Tagarete.
Nao se observaram escoadas lavicas
alimentadas por estes filoes (Madeira,
1986).

Do mesmo modo, a acgao erosiva
pOs a descoberto algumas chaminés
vulcanicas que se encontram
dispersas pela ilha (Fig. 7): uma
pequena chaminé no Norte da ilha,
na estacio LORAN; quatro a Sul de
Marquesa (Lagos); outra a Ocidente
de Setadas (a maior de todas as
chaminés presentes na ilha, com mais

de 150 m de didmetro); duas
pequenas chaminés a Sudoeste da
anterior; a chaminé do Pico do Facho
e uma chaminé que se localiza a cerca
de 500 m para Oeste da Rocha Alta,
na costa Sul da ilha (Serralheiro et al.,
1987).

Grutas Litorais

Estdo inventariadas na ilha de
Santa Maria quatro grutas litorais,
resultantes da erosdo marinha: a
Furna de Santana (ou dos Anjos), a
Furna do Ilhéu do Romeiro, a Furna
Velha (ou das Pombas) e a Gruta das
Figueiras (Fig. 8). Para além destas,
existem outras cavidades na base das
vertentes costeiras em muitos locais
da ilha de Santa Maria, embora
apresentem dimensdes reduzidas.

A Furna de Santana localiza-se na
costa Norte de Santa Maria, na arriba,
a Oeste da localidade dos Anjos.
Corresponde a uma cavidade de
erosao e fenda, com 118 m de
comprimento total, 9 m de altura
maxima e 11 m de largura méxima
(http:/ /www.speleoazores.com).

A Furna do Ilhéu do Romeiro
encontra-se no ilhéu com o mesmo
nome, na freguesia de Santa Barbara,
em S3o Lourenco e integra a Reserva
Natural da Baia de Sdo Lourenco.

A Furna Velha, localizada na costa
Sul da ilha, a Este da Ponta do
Marvdo, na freguesia de Vila do
Porto, é a maior da ilha, com um
comprimento total de cerca de 337 m
(Fig. 9) e altura e largura méaximas de
15 m e 13 m, respectivamente
(http:/ /www.speleoazores.com). As
suas caracteristicas, designadamente
altura, seccdo rectangular e line-
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FIGURA 7 - Distribui¢ao das principais chaminés identificadas na ilha de Santa Maria
(modificado de Serralheiro et al., 1987).

FIGURA 8 - Distribuicdo das grutas litorais da ilha de Santa Maria (fonte:
http:/ /www.speleoazores.com).
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FIGURA 9 - Topografia da Furna Velha, ilha de Santa Maria (fonte:

http:/ /www.speleoazores.com).

aridade, indiciam um importante
controle estrutural (cf. fenda/frac-
tura) na sua formacdo. No interior
desta gruta observa-se um fildo
baséltico com disjungdo prismatica
horizontal (Borges et al.,, 1992),
formagdes sedimentares constituidas
por arenitos fossiliferos, que pre-
encheram uma fenda pré-existente, e
depésitos secundarios de carbonatos
que revestem parcialmente as
paredes da gruta. De acordo com
Frutuoso (1522-1591), do interior
desta cavidade “...se tira um barro
fino, cinzento como sabao muito
macio, que serve para lavar pano de
cor, principalmente branco, e tirar
nodoas dele...”.

A Gruta das Figueiras esta situada
igualmente na base da arriba a
nascente da Praia Formosa, na
freguesia de Almagreira. Com 52 m
de extensdo, largura maxima de 7 m e
uma altura que atinge cerca de 5,5 m
(http:/ /www.speleoazores.com),
esta gruta apresenta uma pequena
lagoa de agua salgada, com cerca de
1,5 m de profundidade, cerca de 22 m
de extensao e que se desenvolve em
toda a largura da cavidade.

Rochas Sedimentares e Jazidas
Fossiliferas
Santa Maria possui rochas

sedimentares tnicas no contexto
regional, constituidas essencialmente
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por conglomerados terrestres e
marinhos, arenitos, argilas, calcarios
e biocalcarenitos fossiliferos. Os
maiores afloramentos de rochas
sedimentares da ilha localizam-se
entre o Figueiral e a Praia, a Oeste da
zona do Bom Despacho Velho, na
zona de Lagoinhas, nas Feteiras, na
Bafa da Cré e nas arribas entre Sdao
Lourengo e a Ponta do Cedro
(Serralheiro et al., 1987).

As jazidas fossiliferas de Santa
Maria  apresentam  associac¢Oes
fossiliferas diversificadas e ricas em
organismos de ambientes marinhos
costeiros. As principais jazidas
localizam-se na Baia da Cré, nas
Lagoinhas e seu ilhéu, préximo da
freguesia de Santa Barbara, na Ponta
Negra, na Ponta do Castelo, na
Pedra-que-Pica, na Ponta da
Malbusca, na Prainha, no Figueiral,
na Pedreira do Campo e junto ao
aeroporto (Madeira et al., este
volume) - Fig. 10. Podem-se en-
contrar, nestas jazidas moluscos
(gastropodes e bivalves), equino-
dermes, briozodrios, peixes, ceticeos,
crustdceos e foraminiferos, que
datam do Miocénico-Pliocénico
(Kirby et al., este volume) e moluscos,
equinodermes, briozodrios e crus-
tdceos do Plistocénico (Avila et al.,
2002; Madeira et al., este volume).

ELEMENTOS SINGULARES DE
GEOPAISAGEM

A andlise da geodiversidade
presente na ilha de Santa Maria e o
conhecimento da sua geologia
permitem distinguir alguns elemen-
tos singulares de geopaisagem na ilha
(Fig. 11), descrevendo-se, em se-
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guida, os mais relevantes. Note-se
que, enquanto alguns elementos sdo
de paisagem natural, outros sao de
paisagem modificada pelo homem,
que sdo apresentados, por uma
questdo de facilidade, por ordem
alfabética. Em Anexo apresentam-se
algumas fotos elucidativas destas
geopaisagens da ilha de Santa Maria.

Arribas da Costa Norte (Foto 1)

Na costa Norte da ilha situam-se
as bafas da Cré e do Raposo, nas
quais se encontram diversos aflo-
ramentos de sedimentos marinhos
fossiliferos, como calcarios, arenitos,
argilitos e conglomerados. As rochas
sedimentares presentes nas bafas da
Cré e do Raposo possuem grande
diversidade e riqueza de associagoes
de fésseis, dos quais se destacam
moluscos (gastréopodes e bivalves),
equinodermes e algas calcdrias, por
vezes segundo exemplares bem
preservados. Neste contexto, merece
nota de realce o facto da casa
existente na Baia da Cré apresentar
na sua fachada um calcario muito rico
em fésseis, que lhe confere um
interesse especial Ambas as baias
referidas sdo bordejadas por arribas
extremamente declivosas, com al-
turas entre os 50 m e os 150 m, que
servem de local de nidificagdo para
aves marinhas endémicas, razao pela

qual foram classificadas como
“Paisagem Protegida de Interesse
Regional”.

A Baia do Tagarete, por seu turno,
apresenta arribas recortadas, muito
declivosas e altas (com cerca de 200 m
de altura), que testemunham os
fenémenos de erosio marinha que
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FIGURA 10 - Localizagdo das principais jazidas fossiliferas Miocénico-Pliocénicas e
Plistocénicas da ilha de Santa Maria (adaptado de Madeira et al., 2006).

moldaram uma parte significativa do
litoral mariense. Além destas carac-
teristicas, esta zona possui outros
aspectos geomorfolégicos dignos de
realce, como sejam uma queda de
agua e o vale muito encaixado, e com
meandros, da Ribeira do Amaro. As
arribas da Bafa do Tagarete sdo
constituidas por numerosas escoadas
lavicas basalticas subaéreas, inter-
caladas por rochas sedimentares,
como calcarenitos e conglomerados
fossiliferos. E possivel observar,
ainda, diversos afloramentos de
escoadas lavicas submarinas (pillow
lava) e varios fildes, que cortam os
mantos lavicos (Serralheiro et al.,
1987). Refira-se que essas lavas

submarinas e os depdsitos sedi-
mentares marinhos que se observam
(por vezes, a cotas superiores a 150
m) testemunham as varias oscilagoes
do nivel do mar (e.g. transgressoes e
regressdes) a que a ilha de Santa
Maria esteve sujeita ao longo da sua
histdria geoldgica.

Ainda na costa Norte da ilha de
Santa Maria, é possivel observar, na
Ponta dos Frades, um incipiente campo
de lapiaz, tipico de rochas carbonatadas
(e.g. calcdrios) aflorantes.

Baia dos Cabrestantes (Foto 2)

Na Bafa dos Cabrestantes, para
além da foz de ribeira escavada na
encosta, pode observar-se a formagao
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Figura 11 — Elementos Singulares de Geopaisagem da ilha de Santa Maria.

geolégica mais antiga da ilha, e dos
Acores - a Formagdo dos Ca-
brestantes — constituida por piro-
clastos submarinos muito alterados
(Serralheiro et al., 1987) e que se
apresenta coberta por escoadas
lavicas mais recentes do Complexo
dos Anjos, tal como evidenciado na
margem direita da ribeira.

Barreiro da Faneca (Fotos 3 e 4)

O Barreiro da Faneca constitui um
tipo de paisagem tinico nos Acgores,
que esta presente apenas na ilha de
Santa Maria. Trata-se de uma éarea de
terreno arido e argiloso, implantado
em escoada lavica do Complexo do
Pico Alto, de idade Pliocénica, que se

apresenta muito alterada, segundo
um espesso nivel argiloso. Os solos e
a ocupagao vegetal existente nesta
drea desenvolvem-se, ainda, na
cobertura de piroclastos finos (lapilli e
cinzas) da “Formacgao de Feteiras”, a
qual corresponde a unidade geolo-
gica vulcénica mais recente da ilha de
Santa Maria, de caracter essencial-
mente explosivo. Esses piroclastos
estdo alterados em argilas inten-
samente coradas de vermelho, muito
provavelmente devido a uma pro-
funda oxidag¢do destes materiais
vulcénicos sob acgao do clima quente
e huimido, alternando com estagdes
secas, que existiu durante parte do
Pliocénico (Serralheiro, 2003).
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Com altitudes que rondam os
200 m, o Barreiro da Faneca
apresenta-se como uma superficie
aplanada, de relevo ligeiramente
ondulado, declives muito suaves e
densidade de drenagem muito
reduzida. Nas zonas desprovidas
de vegetacdo é notdria a erosdo do
solo, podendo ser observadas
acumulagdes dunares causadas pela
erosdo edlica. Estas caracteristicas
geomorfolégicas fazem do Barreiro
da Faneca uma paisagem tnica no
contexto do arquipélago e justificam,
inclusive, a designacdo de “Deserto
Vermelho dos Acores” que lhe é
atribuida.

Barreiro da Malbusca/Piedade (Fotos
5a8)

Entre a localidade de Malbusca e a
Ponta da Malbusca existe um barreiro
sobranceiro a arriba, que constituiu
uma antiga praia elevada do Plio-
Quaternario, onde ocorrem ndédulos
de manganés, tipicos dos fundos
marinhos. Embora se trate de um
elemento de paisagem de carac-
teristicas similares ao do Barreiro da
Faneca, esta zona evidencia carac-
teristicas geoldgicas peculiares. De
entre estas destaca-se, junto a linha
de costa, a presenca de uma escoada
lavica baséltica com disjuncdo
prismatica, muito alterada e truncada
no seu topo, o que lhe confere o
aspecto de um pavimento poligonal
(Foto 7). O grau de alteracdo traduz-
se pela presenca de disjungdes
esferoidais bem desenvolvidas e por
material silicioso, do tipo opala (Foto
8), que preenche as fracturas que
definem os prismas e outros

intersticios da rocha (Serralheiro,
2003).

Cascata do Aveiro (Foto 9)

Na localidade da Maia, na costa
Oriental e no extremo Sudeste da
ilha, existe uma imponente queda de
agua, com cerca de 80 m de altura,
uma das mais altas do Pais. Esta
cascata encontra-se encaixada num
belo circo de erosdo e cai em vertical,
expondo a arriba existente no local,
que é caracterizada por uma im-
ponente sequéncia vulcanica, consti-
tuida por diversas pillow lavas da série
superior do Complexo do Pico Alto
(Serralheiro ef al., 1987).

Chaminés Vulcénicas (Foto 10)

Em varios locais da ilha podem
observar-se chaminés vulcanicas, que
correspondem ao preenchimento por
magma da conduta de vulcdes
monogenéticos, na sua maioria cones
de escérias. De entre estas, num total
de 10, destacam-se as chaminés das
Setadas, da estacado LORAN, da
Marquesa e do Pico do Facho
(Serralheiro ef al., 1987).

Gruta do Figueiral (Foto 11)
Trata-se de uma gruta artificial, de

onde se extrafa calcario e argila, o
primeiro para a produgdo de cal e a
segunda para o fabrico de telhas. Nas
imediagdes da gruta ainda é possivel
observar um antigo forno de cal
Apesar da intensiva exploragao de
outrora, presentemente identificam-se
estalactites e fosseis de origem marinha
nas rochas carbonatadas sedimentares
que constituem esta gruta artificial
(Cachao et al., 2003; Falé et al., 2005).
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Jazidas Fossiliferas (Fotos 12 a 14)

Existem diversas jazidas
fossiliferas na ilha de Santa Maria,
com fésseis tipicos de ambientes
marinhos costeiros que datam do
Mio-Pliocénico e do Plistocénico.
Existem algumas que se destacam,
pela sua facil acessibilidade, como é o
caso da Baia da Cré, da Ponta do
Castelo, da Prainha, da Gruta do
Figueiral e da Pedreira do Campo.
Para uma caracterizagdo
pormenorizada  destas  jazidas
recomenda-se a consulta dos diversos
trabalhos que abordam o contetido
fossilifero das rochas da ilha de Santa
Maria, designadamente os trabalhos
de sintese recentemente produzidos
(e.g. Serralheiro, 2003; Estevens &
Avila, este volume; Kirby et al., este
volume; Madeira et al., este volume).

Pedreira do Campo (Fotos 15 e 17 a
20)

A Pedreira do Campo
corresponde a uma antiga frente de
exploragdo, com cerca de 260 m de
extensao, talhada em escoadas lavicas
submarinas (lavas em almofada ou
pillow lavas) de composicdo basdltica,
de onde se extrairam inertes para
produgdo de britas (Cachdo et al.,
2003). De acordo com a carta
vulcanolégica da Ilha de Santa Maria
(Serralheiro et al., 1987), a Pedreira do
Campo desenvolve-se numa
sequéncia vulcanica de natureza
basaltica submarina (incluindo pillow
lavas e hialoclastitos), da base do
Complexo do Facho, a qual se
sobrepde a formagOes sedimentares
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do topo da unidade do Complexo do
Touril (Foto 15). Estas formacdes
sedimentares sdo constituidas por
biocalcarenitos conglomeraticos
fossiliferos, com contetido fdssil
abundante e diversificado. No seu
conjunto, estas unidades terdo uma
idade aproximada de 5 Ma (milhoes
de anos), datando do topo do
Miocénico a base do Pliocénico
(Cachao et al., 2003).

A geologia e a vulcanologia da
zona da Pedreira do Campo estdo
pormenorizadamente descritas, entre
outros, nos trabalhos de Serralheiro &
Madeira (1993), Cachao et al. (2003),
Serralheiro (2003) e, igualmente, no
trabalho de Nunes (2005). Especial
énfase ¢é usualmente dado a
caracterizacdo do abundante e
diversificado contetido foéssil dos
biocalcarenitos marinhos do
Complexo do Touril (Foto 20), que

inclui moluscos bivalves e
gastropodes, corais, briozoarios,
equinodermes, algas rodoficeas,

macroforaminiferos bentdnicos e,
ainda, icnofdsseis.

A Pedreira do Campo, tal como se
apresenta actualmente, expde uma
grandiosa sequéncia  vulcanica
submarina de composi¢do baséltica
(e.g. basalto porfirico, de aspecto
amigdaldide — Foto 17) que, a par de
outras existentes na ilha de Santa
Maria (e.g. Ponta do Castelo), sao
Unicas no contexto regional. A

principal  particularidade  desta
pedreira, para além da sua
proximidade ao principal

aglomerado urbano da ilha, Vila do
Porto, e da facilidade de acesso,
reside no facto de permitir observar,
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na sua plenitude, toda a sequéncia
estratigrafica da passagem de rochas
sedimentares marinhas a rochas
vulcdnicas submarinas. Por tais
motivos, este local encontra-se
classificado como  Monumento
Natural Regional (cf. Decreto
Legislativo Regional n® 11/2004/A,
de 23 de Marco).

Poco da Pedreira (ou Pedreira da
Cantaria) (Foto 16)

O Poco da Pedreira é uma antiga
zona de extrac¢do de inertes, mais
precisamente da designada “pedra de
cantaria de Santa Maria”, talhada
num cone vulcanico antigo (o Pico
Vermelho), constituido por
piroclastos basalticos (e.g. escorias)
de coloracdo avermelhada, muito
alterados e consolidados.
Actualmente, a frente de exploragdo
apresenta paredes verticais e
geométricas e, na sua base, formou-se
um lago.

Ponta do Castelo (Fotos 21 a 26)

A Ponta do Castelo é um
promontério rochoso alcantilado
sobre o mar, no extremo Sudeste da
ilha (SRAM & UE, 2005), classificado
como SIC (Sitio de Importancia
Comunitéria), com uma éarea de 306
ha e uma faixa costeira com 6730 m
de extensdo, onde existem diversas
espécies endémicas. Engloba arribas
escarpadas, com cerca de 200 m de
altura e constitui uma arriba
poligenética, com uma sequéncia
estratigrafica composta por escoadas
lavicas subaéreas e submarinas,
niveis de piroclastos, hialoclastitos e
depositos sedimentares de calcédrio

fossilifero.
A Ponta do Castelo, que constitui
uma das geopaisagens mais

importantes da ilha de Santa Maria,
evidencia alguns aspectos geoldgicos
adicionais para além daquelas
formagdes e produtos vulcanicos,
como é o caso de escoadas lavicas
basélticas com disjuncdo prismatica e
esferoidal  (Fotos 23 e 24),
hialoclastitos (Foto 25), intmeros
afloramentos de escoadas
submarinas (Fotos 22 e 26), incluindo
exposi¢des da disjun¢do radial de
pillow lavas, e diversas intrusdes
filonianas, de pendor e espessura
variavel (Serralheiro et al., 1987), por
vezes com disjuncdo prismatica
horizontal.

Porto de Vila do Porto (Fotos 27 a 29)

Na arriba sobranceira ao principal
porto da ilha, pode observar-se um
cone de escérias e varios fildes,
alguns dos quais cortam o cone
referido. Este cone de escdrias
materializa uma das mais antigas
formagdes geoldgicas da ilha de Santa
Maria (a Formacdo do Porto),
constituida por uma rocha basaltica
muito alterada, com depdsitos
secunddrios (e.g. carbonatos) que
preenchem os intersticios do depédsito
piroclastico e as fendas das
disjungdes que caracterizam os filoes
existentes no local (Foto 28). Estes
fildes, verticais ou subverticais,
apresentam espessuras variando de 1
a 4 m e trajectérias peculiares e
diversificadas.

Praia Formosa e Praia/Baia de Sdo
Lourenco (Fotos 30 e 31)
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A Bafa de Sdo Lourengo localiza-
se na costa Oriental da ilha (a mais
Oriental do arquipélago) e a Praia
Formosa situa-se na costa Sul de
Santa Maria, sendo ambas
caracterizadas pela presenca de
depositos de praia de areia clara,
tipicos desta ilha e que resultam da
erosdo de rochas carbonatadas.

Quer a Bafa de Sao Lourenco, quer
a da Praia Formosa, correspondem a
baias bem  recortadas, semi-
circulares, talhadas por uma intensa
accdo erosiva marinha. O Ilhéu de
Sao Lourencgo (ou Ilhéu do Romeiro),
por seu turno, constitui um elemento
paisagistico importante desta baia,
apesar da sua reduzida Adrea,
implantado muito préximo da costa e
sendo bem visivel do miradouro
existente junto a estrada (SRAM &
UE, 2005).

A bacia de drenagem da Ribeira
da Praia apresenta uma configuracéo
grosso modo triangular, com um
padrdao de drenagem dendritico,
fracamente hierarquizado e os seus
vales sdo profundamente entalhados
a jusante (Madeira, 1986). Merece,
ainda, nota de referéncia a existéncia,
na zona dos Barreiros, na Praia
Formosa, de «cinzas vulcanicas
cobertas por uma escoada lavica que,
fruto do “cozimento” (e.g. me-
tamorfismo termal) a que foram
sujeitas, apresentam uma coloracdo
avermelhada intensa e exibem uma
disjuncdo colunar centimétrica per-
feita (Foto 33), pouco comum em
depésitos vulcanicos deste tipo, que
foi identificado durante os trabalhos
de campo realizados por Serralheiro
et al. (1987).
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Ribeira do Maloés (Fotos 32 e 34)

No leito da Ribeira do Maloaés,
numa queda de d4gua a cerca de 220 m
da sua foz, existe um espectacular
afloramento de disjuncdo prismatica,
ou colunar, numa escoada lavica
basaltica com cerca de 15 a 20 m de
espessura. Este afloramento é o tnico
na ilha com estas dimensoes e um dos
mais belos dos Acores.

CONSIDERACOES FINAIS

A ilha de Santa Maria evidencia
uma importante multiplicidade de
paisagens, de produtos vulcanicos e
de rochas sedimentares que, tra-
duzindo a histéria vulcanica e a
evolugdo  geoldgica  marienses,
deverdo ser melhor conhecidas e,
logo, devidamente valorizadas e
classificadas. Estas caracteristicas
distintivas e peculiares devem-se,
essencialmente, a idade geoldgica da
ilha, a presenca de extensos aflo-
ramentos de rochas sedimentares
(incluindo calcérios, calcarenitos e
conglomerados) frequentemente com
conteido  féssil abundante e
diversificado e, ainda, pelo facto de
corresponder a tUnica ilha do
arquipélago onde existem aflo-
ramentos de lavas em almofada
(pillow lavas), abundantes e signi-
ficativos.

Esta geodiversidade e os ele-
mentos de geopaisagens que carac-
terizam a ilha de Santa Maria sao
objecto de inventariacdo e de
caracterizagdo no presente trabalho,
que, espera-se, possam constituir um

N

instrumento de apoio a decisdo,
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designadamente na criagdo de
legislacao especifica para imple-
mentacdo de medidas protectoras ou
de salvaguarda de locais passiveis de
serem enquadrados numa perspec-
tiva de geoconservacao.

Por outro lado, os elementos
agora disponibilizados contribuem
para a valorizagdo dos recursos
endégenos da ilha de Santa Maria,
incluindo os recursos geoldgicos e
geoturisticos, na medida em que a
identificacdo de sitios de interesse
geoldgico constitui tarefa importante
no ambito do inventdrio da
geodiversidade agoriana, da conse-
quente defini¢io de estratégias de
preservagdo do seu patriménio
geoldgico e, ainda, na implementacdo
de politicas de valorizagdo deste
patriménio. Com efeito, esta va-
lorizagdo passa, nomeadamente, por
uma maior consciencializacdo da
necessidade de se compatibilizar a
valorizagdo da paisagem mariense
(importante recurso turistico da ilha)
no contexto de um desenvolvimento
sustentavel e, logo, respeitador dos
valores naturais, neste caso geo-
logicos.
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ANEXO

Geodiversidade e Geopaisagens
da Ilha de Santa Maria, Acores

(Fotos de J.C. Nunes, excepto quando indicado ©)
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FOTO 1. Arribas da Costa Norte Faneca — Baia ~ FOTO 2. Tufos hialoclastiticos da Baia dos
da Cré (©Diogo Caetano). Cabrestantes: formagdo geoldgica mais antiga
da ilha/dos Acores. Faneca (©Diogo Caetano).

FOTO 3. Barreiro da Faneca. FOTO 4. Barreiro da Faneca (©Diogo Caetano).

FOTO 5. Barreiro da Malbusca/Piedade. FOTO 6. Barreiro da Malbusca/Piedade.
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FOTOS 7. Barreiro da Malbusca/Piedade:
disjungao colunar (em seccao) e disjungdao em
bolas.

FOTO 9. Cascata do Aveiro (Maia).

FOTO 11. Gruta do Figueiral.

FOTO 8. Barreiro da Malbusca/Piedade:
depésitos  secundarios (e.g. de opala)
preenchendo as fendas/disjungdes.

FOTOS 10. Chaminés vulcanicas de Setadas, a
esquerda (© Diogo Caetano) e da Ponta do
Norte - Estagdo LORAN, a direita (© Sara
Medeiros).

FOTO 12. Calcarenitos fossiliferos da Ponta do
Castelo.
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FOTO 13. Exemplar fdssil da ilha de Santa =~ FOTO 14. Exemplar féssil da ilha de Santa
Maria (Baia da Cré): Clypeaster sp. — ourico do ~ Maria (Bafa da Cré): dente de tubardo (©Pedro
mar (©Pedro Monteiro). Monteiro).

FOTO 15. Pillow lavas da frente de exploragdo =~ FOTO 16. Pogo da Pedreira (ou Pedreira da
da Pedreira do Campo (foto superior) e  Cantaria), antiga exploragdo de inertes
sequéncia vulcanica do Pico do Facho sobre  (bagacina soldada). Notar fildo, em primeiro
biocalcarenitos do Complexo do Touril (foto  plano, a esquerda (foto superior).

inferior).
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FOTO 17. Aspecto amigdaléide do basalto da
Pedreira do Campo.

FOTO 19. Pormenor da frente de exploragao da
Pedreira do Campo (notar a estrutura
concéntrica e as disjungdes radiais de
sucessivas acumulagdes de lavas em almofada.

FOTO 21. Ponta do Castelo, Maia e respectivo
farol.

FOTO 18. Pillow lava isolada da frente de
exploragado da Pedreira do Campo.

FOTO 20. Biocalcarenitos marinhos fossiliferos
do Complexo do Touril, em bloco extraido na
Pedreira do Campo.

FOTO 22. Ponta do Castelo. Escoadas lavicas
submarinas (pillow lavas), do tipo rolo.
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FOTO 23. Ponta do Castelo, acesso ao farol.
Disjungao colunar em escoada lavica, com
passagem gradual a disjun¢do esferoidal (ou
em bolas) no topo.

FOTO 25. Ponta do Castelo. Lavas em
almofada (pillow lavas) e hialoclastitos
associados (cf. na base da foto).

FOTO 27. Porto de Vila do Porto. Cone de
escorias da Formacdo do Porto, atravessado, na
parte central, por fildo basaltico.
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FOTO 24. Ponta do Castelo. Disjungao
esferoidal (notar a estrutura em camadas, tipo
“casca de cebola”).

FOTO 26. Ponta do Castelo. Lava em almofada
(pillow lava).

FOTO 28. Disjungbes prismatica e esferoidal
em encosto de filao intruido no cone de
escorias da Formacao do Porto (Vila do Porto).
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FOTO 29. Fildao basaltico (Porto de Vila do
Porto) - ver foto anterior.

FOTO 31. Baia da Praia Formosa.

FOTO 33. Disjung¢do colunar centimétrica em
cinzas vulcanicas consolidadas, sob escoada
lavica subaérea. Lugar de Barreiros, Praia.

FOTO 30. Bafa de Sao Lourengo.

FOTO 32. Ribeira do Maloas (Malbusca):
disjuncdo colunar/prismatica.

FOTO 34. Ribeira do Maloas (Malbusca):
disjuncdo prismatica tipo “Calcada de
Gigantes”, na base da escarpa.
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ABSTRACT

The fossils of Santa Maria Island in the Azores archipelago represent one of the
few shallow-marine communities of Neogene age between Europe and North
America. Before the evolutionary and biogeographic implications of these fossils
can be understood, however, their associated depositional environments and geo-
logic ages must be determined. Here we present preliminary results from sedi-
mentary facies analysis and strontium isotope chronostratigraphic analysis of sed-
iments and fossils from two localities on Santa Maria Island that provide a window
into shallow-marine environments and communities within the mid-Atlantic
Ocean during the Neogene. Pedra-que-Pica on the southeastern corner of Santa
Maria contains strata of fine-grained lithic calcarenite, coquina, and fine- to medi-
um-grained lithic wacke that represent a regressive sequence from transition-zone
to foreshore environments. The second locality at Pedreira do Campo on the south-
western-side of Santa Maria contains limestone and fine- to coarse-grained lithic
arenite that represent a regressive sequence from shallow bank to shoreface-fore-
shore environments. Strontium isotopic results from Pedra-que-Pica and Pedreira
do Campo indicate that these localities contain fossils that range from late Miocene
to late Pliocene in age. Three molluscs collected from the coquina at Pedra-que-Pica
have an average ¥Sr/%S5r composition of 0.709018+0.000008 that represents an
average estimated age of 5.51+0.21 Ma. Three pectinid bivalves collected from the
limestone at Pedreira do Campo show a wide range in ¥Sr/%Sr ratios, from
0.708885 to 0.709078, which represent estimated ages from 10.03 to 2.24 Ma, respec-
tively. These results help to place the shallow-marine communities of Santa Maria
Island into a geologic context that will aid our understanding of how these com-
munities relate to the broader evolutionary and biogeographic history of the
Atlantic basin during the Neogene.

INTRODUCTION evolved into separate and distinct
Mediterranean, western Atlantic-

he Neogene Epoch was an impor- ~ Caribbean, and eastern Pacific com-
tant time when shallow-marine munities. It was during the Neogene
faunas of the former Tethys Sea that the seaway between North and



KIRBY ET AL: NEOGENE OF SANTA MARIA ISLAND 113

South America closed (Emiliani ef al.,
1972; Keigwin, 1978), thereby divid-
ing a once continuous marine
province into distinct Pacific and
Atlantic communities (Woodring,
1966; Vermeij, 1978; Vermeij and
Petuch, 1986). Also during the
Neogene, the remnants of the Tethys
Sea continued to contract as the
African tectonic plate collided with
the Eurasian plate. Although many
Neogene localities in the western and
eastern Atlantic Ocean have been
described, there are few opportuni-
ties to examine shallow-marine local-
ities between these two ends of an
ocean basin.

The Azores archipelago, located
almost in the middle of the Atlantic
Ocean, provides an opportunity to
examine shallow-marine communi-
ties of the Neogene. The Azores arch-
ipelago consists of nine islands, but
despite six centuries of occupation by
people, only one island has been
found to contain fossils (Mayer, 1864;
Cotter, 1888-1892; Ferreira, 1955;
Krejci-Graf et al., 1958; Zbyszewsky
and Ferreira, 1962b; Avila et al., 2002;
Avila, 2005). This is the island of
Santa Maria, which is the southeast-
ern-most island in the archipelago.
The fossils and associated sediments
of Santa Maria offer a window into
shallow-marine communities and
environments within the mid-
Atlantic Ocean during the Neogene
(Zbyszewski and Ferreira, 1962a;
Serralheiro and Madeira, 1993; Avila
et al., 2002; Cachao et al., 2003). In this
study, we analyze the sedimentary
facies of outcrops at two localities on
Santa Maria (Pedra-que-Pica and

Pedreira do Campo) in order to infer
their depositional environments
(paleoenvironments). We also ana-
lyze the strontium isotopic composi-
tion of fossil shells in order to esti-
mate the geologic ages at these
localities as a first step toward a Sr
chronostratigraphy of the fossils and
sediments of Santa Maria Island. This
method of age dating is appropriate
for the fossils of Santa Maria because
past studies elsewhere have shown
that the Neogene was a time of rapid-
ly increasing *Sr/%Sr in the global
ocean and, therefore, particularly
amenable to dating and correlating
marine sediments using strontium
isotopes (e.g. Hodell et al., 1991;
Miller et al., 1991; Jones et al., 1993;
Hodell and Woodruff, 1994;
Mallinson et al., 1994; Oslick et al.,
1994; Miller and Sugarman, 1995;
Martin et al., 1999; McArthur et al.,
2001). These results place the fossil
communities at Pedra-que-Pica and
Pedreira do Campo into a geologic
framework in order to better under-
stand the biogeography and evolu-
tion of these shallow-marine commu-
nities during the Neogene.

MATERIALS AND METHODS

We conducted fieldwork in May
2005 at two localities on Santa Maria
Island, Pedra-que-Pica and Pedreira
do Campo. Two stratigraphic sec-
tions were measured upsection using
the method of eye height and
Brunton compass described by
Compton (1985). Pedra-que-Pica is
located on the southeastern corner of
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Santa Maria at Baixa do Sul
(N36°55.806", W25°01.482’), about
0.76 km west of the lighthouse on
Ponta do Castelo (Fig. 1). The lower
portion of the outcrop is exposed in a
wave-cut platform about 1709 m? in
area in the intertidal zone. The upper
portion of the outcrop is exposed in a
sea cliff that is several hundred
meters in height.

Pedreira do Campo is located on
the southwestern corner of Santa
Maria (N36°56.818", W25°08.119"),
about 1.0 km east of Vila do Porto
and about 1.4 km southwest of Pico
do Facho (Fig. 1). The outcrop is
exposed in an abandoned quarry that
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was formerly used to mine basalt for
construction material. Pedreira do
Campo is now part of a natural mon-
ument and the area is protected for its
geological, paleontological, biological
and cultural significance (Cachdo et
al., 2003). Cachao et al. (2003) have
recently described the international
importance of the fossils and geology
at Pedreira do Campo, particularly
toward understanding the geologic
history of the North Atlantic and the
colonization of the Azores Islands by
marine biota.

We analyzed three fossil speci-
mens of molluscs (oyster, spondylid,
and pectinid) from Pedra-que-Pica

FIGURE 1. Map of Santa Maria Island, Azores, showing the location of Pedra-que-Pica

and Pedreira do Campo.
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and three specimens of pectinid
bivalves from Pedreira do Campo in
order to determine the ratio of
8Sr/%Sr of the low-magnesium cal-
cite composing the shell (Table 1).
These data allow us to estimate the
geologic age for each fossil specimen.
For isotopic analyses, we first ground
off a portion of the surface layer of
each shell specimen to reduce possi-
ble contamination. Areas showing
chalkiness or other signs of diagenet-
ic alteration were avoided. Powdered
low-magnesium calcite samples were
drilled from the interior of each shell
using a hand-held Dremel tool with a
carbide burr. Approximately 0.01 to
0.03 g of powder was recovered from
each fossil sample. The powdered
calcite samples were dissolved in 100
pl of 3.5 N HNO, and then loaded

onto cation exchange columns
packed with strontium-selective
crown ether resin (Eichrom

Technologies, Inc.) to separate Sr
from other ions (Pin and Bassin,
1992). Sr isotope analyses were per-
formed on a Micromass Sector 54
Thermal Ionization Mass Spectro-
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meter equipped with seven Faraday
collectors and one Daly detector in
the Department of Geological
Sciences at the University of Florida.
Sr was loaded onto oxidized tungsten
single filaments and run in triple col-
lector dynamic mode. Data were
acquired at a beam intensity of about
1.5 V for %Sr, with corrections for
instrumental discrimination made
assuming %Sr/%5r=0.1194. Errors in
measured %Sr/%Sr are better than
+0.00002 (2 sigma), based on long-
term reproducibility of NBS 987
(¥Sr/%65r=0.71024). Age estimates
were determined using the Miocene
portion of Look-Up Table Version
4:08/03 associated with the strontium
isotopic age model of McArthur ef al.
(2001).

RESULTS

Sedimentary Facies Analysis at Pedra-
que-Pica

Pedra-que-Pica contains an expo-
sure of 7.5 to 40.0 m of sediments that
lie between two basalt flows. We

TABLE 1. Strontium isotope data and age estimates from Santa Maria Island, Azores.

Sample Locality 875r/86Sr error (%) Age (Ma)* Age range (Ma)*
PC1 A Pedreira do Campo  0.709064 0.0010 2.78 3.88-2.36
PC1B  Pedreira do Campo  0.709078 0.0010 2.24 2.58-1.89
PC1C Pedreira do Campo  0.708885 0.0010 10.03 10.34-9.75
PP11 Pedra-que-Pica 0.709027 0.0010 5.28 5.56-4.96
PP1II  Pedra-que-Pica 0.709012 0.0008 5.67 5.82-5.49
PP1III Pedra-que-Pica 0.709016 0.0012 5.59 5.82-5.25

87Sr /8Sr relative to NIST987 = 0.710248

* Ages from look-up tables in McArthur ef al. (2001)
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interpret the sediments and lower
basalt flow as part of the Touril
Complex as defined by Serralheiro et
al. (1987) (Fig. 2). We interpret the
upper basalt flow as part of the over-
lying Facho-Pico Alto Complex as
defined by Serralheiro et al. (1987).
The bottom of the Touril Complex
was not seen at this locality as a result
of being below sea level. The top of
the Touril Complex was seen in con-
tact with the overlying basalt of the
Facho-Pico Alto Complex. The top of
the Facho-Pico Alto Complex was not
seen. Sediments of the Touril
Complex at this locality are divided
into four distinct facies. The base of
the section is marked by brecciated
basalt pillows that are overlain by a
fine-grained, lithic calcarenite show-
ing abundant bioturbation. Two sizes
of Thalassinoides sp. are present: One
size that is about 1 cm in diameter
and another that is about 3 mm in
diameter. Both types of burrows are
vertical to subvertical and show
branching. This facies is overlain by
1.5 to 3 m of coquina that is rich in
large, disarticulated valves of
spondylids, pectinids, and pycn-
odontids, as well as in barnacles,
echinoids, bryozoans, calcareous
algae, and coral. The coquina is struc-
tureless, except for some cross-lami-
nation (1 cm) near the top of the
coquina. Overlying the coquina is a
thick unit of fine- to medium-grained,
lithic wacke that is 4.0 to 32.5 m thick.
The lithic wacke is well-stratified at
the base and contains planar bedding
about 1 cm thick. There are internal
erosive surfaces within the lithic
wacke where the planar bedding is
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discordant. Rare basalt clasts up to 30
cm in size are present in the lithic
wacke. A boulder conglomerate con-
taining basalt clasts overlies the lithic
wacke at this location, as illustrated
in Figure 2. The contact between
these two units is erosive and the
boulder conglomerate clearly infills a
fluvial channel. About 50 m to the
east beyond the channel, however,
the lithic wacke is 32.5 m thick and is
overlain by a basalt flow. Here, the
lithic wacke grades upsection into an
immature sandstone with less dis-
tinct bedding and more basalt clasts.
There is relief along the contact
between the lithic wacke and the
overlying basalt flow of the Facho-
Pico Alto Complex.

We infer from the sedimentologic
and fossil evidence that the deposits
at Pedra-que-Pica represent a regres-
sive sequence of transition zone to
foreshore environments. The under-
lying pillow basalt indicates subma-
rine volcanism. The cracked and
weathered nature of the top of the pil-
low basalt indicates an interval of
exposure before deposition of the
overlying lithic calcarenite. This
lower sandstone formed in transi-
tion-zone or lower shoreface environ-
ments, based on the abundant biotur-
bation and grain size. The overlying
coquina represents one or more
storm-lag deposits, where storms
have winnowed out most of the sand,
thereby leaving behind the larger
shells. Most of the bivalves that we
observed were concave down, sug-
gesting winnowing. The overlying
well-stratified sandstone most likely
formed in a foreshore to upper
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FIGURE 2. Stratigraphic section at Pedra-que-Pica, Santa Maria Island, Azores
(N36°55.806", W25°01.482").
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shoreface environment, based on the
planar bedding, erosive surfaces, and
general lack of bioturbation, which
are all indicative of modern foreshore
to upper shoreface environments
(Reineck and Singh, 1975). The over-
lying basalt of the Facho-Pico Alto
Complex represents a return to active
volcanism in this area. The boulder
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conglomerate infilling the fluvial
channel represents Quaternary allu-
vium.

Sedimentary Facies Analysis at Pedreira
do Campo

Pedreira do Campo contains an
exposure of 5 m of sediments that are
within the Touril Complex of

FIGURE 3. Stratigraphic section at Pedreira do Campo, Santa Maria Island, Azores

(N36°56.818", W25°08.119").
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Serralheiro et al. (1987) (Fig. 3). The
bottom of the Touril Complex was
not seen, but the top was seen.
These sediments can be divided
into two facies. The base of the sec-
tion is marked by bioclastic lime-
stone (calcirudite/skeletal grain-
stone) that is rich in large benthic
foraminifera, bryozoans, gas-
tropods, bivalves, and rhodoliths of
calcareous algae. The base of the
limestone is not exposed. Overlying
the limestone is a well-stratified
lithic arenite that is 4.5 m thick,
which is overlain by about 20 m of
pillow-basalt flows of the Facho
Complex of Serralheiro et al. (1987).

The top of the Facho Complex was
not seen.

We infer from the sedimentolog-
ic and fossil evidence that the
deposits at Pedreira do Campo rep-
resent a regressive sequence of
open-ocean environments grading
upsection into a shallower fore-
shore or shoreface environment
with subaqueous volcanism. The
limestone most likely formed on a
shallow bank or shoal within the
photic zone, based on the photosyn-
thetic organisms (rhodophytes and
benthic foraminifera) and sedimen-
tology. The absence of fine-grained
terrigenous material suggests that

FIGURE 4. Scatter plot showing estimated geologic ages of Pedra-que-Pica and Pedreira
do Campo as derived from measurements of the ¥Sr/#Sr in fossil mollusc shells from

these localities.



120 ACOREANA

this bank or shoal was far from any
subaerial sources of terrigenous
sediment. The sandstone probably
formed in a foreshore or shoreface
environment, based on the planar
bedding. The tuffaceous nature of
the sandstone indicates that ash
falls were a common occurrence
from one or more nearby volcanoes.
8Sr/Sr Chronostratigraphy

Strontium isotopic results from
Pedra-que-Pica and Pedreira do
Campo indicate that these localities
contain fossils that range from late
Miocene to late Pliocene in age (10.0
to 2.2 Ma) (Fig. 4, Table 1). The three
fossil shells collected from the
coquina at Pedra-que-Pica have an
average ¥Sr/%Sr composition of
0.709018+0.000008 that represents an
average estimated age of 5.51+0.21
Ma, which is Messinian age in the late
Miocene. The three fossil shells col-
lected from the limestone at Pedreira
do Campo show a wide range in
87Sr /8Sr ratios, from 0.708885 to
0.709078, which represent estimated
ages from 10.03 to 2.24 Ma, respec-
tively (Fig. 4).

DISCUSSION AND CONCLUSIONS

The fossils of Santa Maria Island
in the Azores archipelago represent
one of the few shallow-marine com-
munities of late Neogene age
between Europe and North America
in the north Atlantic Ocean. The rari-
ty of similar localities makes our
results important in the consideration
of the evolutionary and biogeograph-
ic history of shallow-marine faunas in
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the north Atlantic. Both localities
studied in this report contain
deposits that formed in shallow-
marine environments, with Pedra-
que-Pica representing a regressive
sequence from transition-zone to
foreshore environments, and
Pedreira do Campo representing a
regressive sequence from shallow
bank to shoreface-foreshore environ-
ments. Although both localities con-
tain regressive sequences, they differ
in their sedimentology. Pedra-que-
Pica contains abundant terrigenous
sediment that is clearly derived from
volcanic and bioclastic sources.
Pedreira do Campo, on the other
hand, contains limestone with very
little terrigenous input, but with
abundant photosynthetic organisms
(large benthic foraminifera and
rhodophytes). We infer from this pat-
tern that Pedra-que-Pica was very
near emergent land, whereas
Pedreira do Campo was not as close
to emergent land, but was instead on
a shallow bank or shoal either isolat-
ed or on the windward edge of Santa
Maria Island. If the former was the
case, then the sediments at Pedreira
do Campo may record the complete
submergence of Santa Maria Island
between eruptive phases, with the
last eruptive phase re-establishing an
emergent island in the Pliocene (rep-
resented by the overlying Facho-Alto
Pico Complex).

The estimated geologic ages of
these two localities are different as
well (Fig. 4). Pedra-que-Pica is latest
Miocene in age, whereas Pedreira do
Campo is either as old as late
Miocene or as young as late Pliocene.



KIRBY ET AL: NEOGENE OF SANTA MARIA ISLAND 121

The Sr ratios determined from the
three specimens collected from the
coquina at Pedra-que-Pica form a
tight cluster, giving an estimated age
of 5.51+0.21 Ma. This estimated age is
very interesting as it coincides with
the Messinian salinity crisis, when
the Mediterranean Sea is believed to
have desiccated several times during
the Messinian age (Adams et al., 1977;
Hsti et al., 1977, Krijgsman et al.,
1999).

The Sr ratios from the three speci-
mens collected from the limestone at
Pedreira do Campo, however, do not
form a tight cluster but are scattered,
with two specimens clustering at
about 2.5 Ma and the other specimen
indicating a much lower Sr ratio and
older age date of 10 Ma. There are
three possible alternative explana-
tions for the pattern observed in the
specimens from Pedreira do Campo.
First, there may have been significant
time-averaging at Pedreira do
Campo. An older shell from a late
Miocene deposit may have been
reworked into a younger death
assemblage during the late Pliocene
at Pedreira do Campo. Second, it is
possible that some of the shells ana-
lyzed may have undergone diagenet-
ic alteration that may have altered the
ratio of ¥Sr/%Sr. Future work will
need to further exclude the possibili-
ty of diagensis. Third, local volcanism
may have affected the Sr ratio of the
seawater locally where the molluscs
lived on the open bank. The three
shells from Pedreira do Campo are
from limestone that is overlain by a
thick section of tuffaceous sandstone
and pillow basalt. Perhaps hydro-

thermal activity associated with near-
by submarine volcanism altered the
ambient Sr ratio of the water for short
periods of time during formation of
the limestone, such that some shells
may have a lower Sr ratio than other
shells that reflect global Sr ratios
more accurately. Sr ratios from mid-
oceanic, ridge flows and pillow-
basalt fluids are comparatively lower
than ratios from rivers bringing Sr to
the ocean from eroded crustal (sialic)
rocks (Faure and Mensing, 2005). If
seawater with lower Sr ratios sur-
rounding the Azores from periods of
high submarine volcanism or active
vent flows was incorporated into
shell calcite by the molluscs, it could
have lowered their ratios and made
them appear artificially older.
Further work is clearly needed in
order to test each alternative hypoth-
esis in order to better understand the
preliminary results from Pedreira do
Campo.

Our results for Pedra-que-Pica are
in general agreement with previous
studies, but there are differences.
Results are mostly congruent with
previous work that inferred a late
Miocene to early Pliocene age for the
sediments of the Touril Complex,
based on biostratigraphy (e.g. Krejci-
Graf et al., 1958; Zbyszewski and
Ferreira, 1962b). Our results are also
congruent with the K/Ar radiometric
ages determined by Abdel-Monem et
al. (1975). They dated the basalts
underlying the “coquina zone” (pre-
sumably  Touril Complex of
Serralheiro and Madeira, 1993) as
being 6-8 Ma or older, and the basalts
overlying the “coquina zone” as
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being 4 Ma or younger. These ages
for the underlying and overlying
basalt flows bracket our average Sr
age date of 5.51+0.21 Ma for the sedi-
ments at Pedra-que-Pica. However,
our estimated age for the sediments
at Pedra-que-Pica are older than the
K/Ar age dates determined by
Feraud et al. (1980, 1981, 1984) for
what they described as the “pillow
complex interbedded with fossilifer-
ous calcarenites,” which Serralheiro
and Madeira (1993) inferred as con-
taining the Touril Complex. Feraud et
al. (1981, 1984) determined that these
rocks are 3.8 to 3.3 Ma, which is 1.7 to
2.2 million years younger than our
average estimated age for the sedi-
ments at Pedra-que-Pica. Finally, our
results are in agreement with the geo-
logic review of Serralheiro and
Madeira (1993), who inferred that the
fossiliferous sediments in the Touril
Complex were Messinian to early
Pliocene in age, based on the previ-
ous studies and their own geologic
field work. Results from Pedreira do
Campo are not in agreement with
previous studies, which further indi-
cates that the initial results from
Pedreira do Campo need to be treat-
ed with caution.

These results and conclusions
help to place the shallow-marine
communities of Santa Maria Island
into a geologic context that will aid
our understanding of how these com-
munities relate to the broader evolu-
tionary and biogeographic history of
the Atlantic basin, as well as that of
the world, during the late Neogene.
Future work must include: (1) Sr age
dating of additional samples from
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Pedreira do Campo in order to better
resolve its age; (2) Sr age dating of
samples from new exposures, such as
those at Ponta da Malbusca and Baia
da Cré; (3) correlating the different
exposures of fossiliferous sediments
around the island through Sr age dat-
ing and geologic field work; and (4)
ultimately creating a Sr chronostrati-
graphic framework for Santa Maria
Island that will help to resolve the
discrepancies between the previously
published age dates for the Touril
Complex.
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ABSTRACT

We propose the definition of Atlantic pre-glacial Pliocene Molluscan Units
and a critical comparison with the Mediterranean Pliocene Molluscan Units
(MPMUT1) of Raffi & Monegatti (1993). Our aim is to outline the extent and
boundaries of the pre-glacial climatic zone (in the sense of Hall, 1964) by means
of molluscan proxy data. This approach enables to demonstrate that the lati-
tudes between 38° and 40° both through the pre-glacial Pliocene, before 3.0 Ma,
and at the Present-day, mark the transition between two different climatic
marine zones. These latitudes marked the boundary between the tropical and
subtropical zones in the pre-glacial Pliocene, whereas they correspond to the
subtropical-warm temperate transition in the Present-day. A similar pattern is
recognizable at about Latitude 50° North which in the present-day approximates
the boundary between the warm-cool temperate climatic zones and in the pre-
glacial Pliocene marked the boundary between the subtropical-warm temperate
zones. This setting has been linked to the long-standing debate on marine lati-
tudinal diversity gradients and their explanations. Productivity as a conse-
quence of temperature regime triggered by solar input and geographic-oceano-
graphic setting appear to be the basic factors (Roy ef al., 1998).

INTRODUCTION

he Zanclean-Early Piacenzian is

unanimously defined as the last
warm age before the onset of the
glacial climatic age. As matter of fact
this age is a stable warm time interval
between the warmer Late Tortonian-
Early Messinian age, when tropical
fauna (Monegatti & Raffi, 2001)
thrived at the latitudes of 48°-50°
North in North Western France, and
the onset of the Glacial age at about 3-
2.9 Ma. This warm time interval is
characterized, in the Mediterranean

Basin, by a tropical marine molluscan
fauna categorized as Mediterranean
Pliocene Molluscan Unit 1 (MPMU1
of Raffi & Monegatti, 1993, and
Monegatti & Raffi, 2001).

The Pliocene marine mollusc
record along the European Coast is
scanty, discontinuous and often diffi-
cult to date. Despite these difficulties
molluscan record provides a good
opportunity to depict the biogeo-
graphic scenario of the pre-glacial
Pliocene. Our approach will be the
comparative  analysis of the
Mediterranean MPMU1 with the



MONEGATTI & RAFFI: MEDITERRANEAN AND ATLANTIC FACADE 127

coeval molluscan fauna of South
Western Andalusia, Portugal, North
Western France and the Southern
North Sea Basin.

Our main purpose is to suggest
the definition of molluscan biogeo-
graphic units and to outline the
extent and the boundaries of the pre-
glacial Pliocene climatic zones.

The present-day marine climatic
zone boundaries along the Southern
European coast

Since Hutchins (1947) and Hall
(1964), the biogeographic molluscan
units and the shallow water marine
climatic zones are known to be close-
ly linked. Northwards along the
European Atlantic Coast the bound-
aries between the biogeographic
units (and the relative climatic zones)
are essentially defined by the North
end range of a significant stock of
taxa and by an evident decrease in
the latitudinal gradients of taxonomic
diversity.

About 40 shallow water bivalve
species (Raffi et al., 1989) and a much
higher number of gastropod taxa,
including the Fasciolaridae, Mitridae
and Cancellaridae (Taylor & Taylor,
1977), do not extend their distribution
beyond 38°-40° Lat North. The North
end range of this stock of taxa defines
the transition between the Mediter-
ranean-Moroccan/Iberian-French
molluscan biogeographic unit which
corresponds to the subtropical-warm
temperate climatic zone transition of
Hall (1964). At 49°-50° the North end
range of at least 20 species of bivalves
and at about 25 species of gastropods
(data from Seawards, 1990, 1993)

defines the transition between the
French-Iberian and the Celtic biogeo-
graphic unit which corresponds to
the warm-temperate-mild temperate
climatic zone transition (Hall, 1964).

Mediterranean Pliocene events and
the definition of Mediterranean
molluscan units

Throughout the Mediterranean
Pliocene the extinction phases of the
molluscan fauna offer an easy means
of monitoring the Northern Hemis-
phere transition from a preglacial to a
glacial regime and the main biogeo-
graphic-paleoclimatic changes.

Taking into consideration the
Pliocene extinction events and the
Mio-Pliocene and Plio-Pleistocene
faunistic changes, Raffi & Monegatti
(1993) have defined four Mediter-
ranean Pliocene Molluscan Units
(MPMUs), each delimited by two
extinction events (Fig. 1). We refer to
Monegatti & Raffi (2001) for an analy-
sis of the bivalve richness of every
unit. Each unit marks a particular
time interval in the climatic oceano-
graphic evolution of the Mediter-
ranean ecosystem, which is clearly
related to the climatic changes of the
Northern Hemisphere. Thanks to
new stratigraphic data (Monegatti et
al., 2001, 2002) the dating of the
MPMUs has been emended as quoted
in Fig. 1. As a matter of fact Terebri-
dae and Flabellibepecten disappearan-
ces have been respectively correlated
with the 110 and 100 marine isotopic
stages (Monegatti et al., 2002). We
suggest that the definition of Pliocene
molluscan units along the Eastern
Atlantic Coast, their dating and com-
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FIGURE 1. Mediterranean Pliocene
Molluscan Units (MPMU) of Monegatti &
Raffi (2001) ememded with the new strati-
graphic data of Monegatti et al. (2001) and
Monegatti et al. (2002).

parative analysis could promote the
understanding of the climatic biogeo-
graphic changes, the aim being the
triggering of a cognitive domino
effect.

Preglacial Late Neogene biogeogra-
phy along the European coast
Mediterranean, Atlantic Andalusia
and Portugal

The starting point for unravelling
the biogeographic significance of the
Early Pliocene Mediterranean and
Atlantic mollusc fauna is based on
three main steps: a) the definition of
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MPMUs (Mediterranean Pliocene
Mollusc Units) and the admission of
the tropical significance of the
MPMUI1 in the sense of Hall (1964)
slightly modified by Raffi et al. (1989);
b) the stratigraphic evidence that
MPMU1 time includes both the
Pliocene of Huelva and of Vale do
Freixo (Sierro et al., 1990; Silva, 2001,
2003); c) the hypothesis that, at least
in the Early Pliocene, Southern
Portugal represented the Northern
boundary of a tropical province
which in Miocene was extended up to
the North France (Monegatti & Raffi,
2001; Silva, 2001, 2003).

The MPMUI refer strictly to the
Mediterranean and is not applicable

FIGURE 2 - Stratigraphic setting of
Early Pliocene Molluscan Atlantic
Units: the Lusitanian Pliocene
Mollusc Unit 1 (LPMU1) and the
Andalusian Pliocene Mollusc Unit 1
(APMU1).
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to the Atlantic Realm; therefore we
propose to introduce two Molluscan
Atlantic Units, the Lusitanian
Pliocene Mollusc Unit 1 (LPMU1)
and the Atlantic Andalusian Pliocene
Mollusc Unit 1 (AAPMU) (Fig. 2). We
refer here to the works of Silva (2001,
2003 with references) and Gonzales
Delgado et al. (1984, with references);
these units and their features will be
the object of a joint paper.

The interpretation of the malaco-
fauna of Pombal (Portugal) as a

record of the tropical-subtropical
transition is based on two points:

a) the presence of a few taxa typi-
cal of MPMUI1 such as Callista italica
(Defrance), Distorsio tortuosa
(Borson), Paphia vetula (Basterot),
Palliolum excisum (Bronn) in the con-
text of subtropical fauna; b) the evi-
dence that some of the still living
tropical taxa (e.g. Circomphalus foliace-
olamellosus (Dilwyn), Strioterebrum
reticulare (Pecchioli in Sacco) etc.) are
typical both of the Early Pliocene and

FIGURE 3 - This sketch shows the withdrawal of the climatic zones from Pliocene to the
Present-day and Northern end range of a stock of selected bivalves species during the
Present-day (continuous line) and the Early Piacenzian (sketched line).
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present-day tropical-subtropical tran-
sition respectively along the Portugal
coast, at 38°-40° lat. North, and along
the West African coast (Cape Blanc-
Cape Barbas) at 20°-22° lat. North
(see also Silva, 2001, 2003) (Fig. 3).

The most interesting achievement
is that the present-day subtropical-
warm temperate transition approxi-
mates the latitude of the tropical-sub-
tropical transition throughout the
Zanclean and Early Piacenzian
(Monegatti & Raffi, 2001; Silva, 2001,
2003).

If that is the case, following a
domino effect, there would have been
an unknown subtropical bioprovince
North of Portugal. In such a scenario
the debate on the age and significan-
ce of the Redonian appears of out-
standing importance.

The Redonian: a window on the Late
Miocene tropical-subtropical change

The recent Strontium isotopic data
on mollusc shells of Redonian of
Mercier et al. (2000) and Neraudeau et
al. (2002, 2003) have come up again
the old debate on the age of the
Redonian local stage of Dollfuss
(1901). These isotopic data performed
on molluscan shells reconfirm the
ecobiostratigraphic framework of the
malacologists (Brebion, 1964; Lauriat-
Rage, 1981) based on the distinction
between a Redonian 1 (or warm
Redonian) and a Redonian 2 (or cool
Redonian). The Redonian 1 has been
dated at about 7-6.5 and 6.5-6 Ma and
the Redonian 2 at 7-6 and 6.0-4.6 Ma
respectively in the Anjou Region and
in the “Redonien stratotypique”.
Briefly the age of the Redonian would
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be essentially Messinian, without rul-
ing out a Late Tortonian or Early
Pliocene age.

The dating of Redonian 1 fully
reconfirm the stratigraphic interpre-
tation of Brebion (1964; in Lauriat-
Rage et al., 1989a) who interpret this
unit as late Miocene. Forty years later
we fully agree with Brebion (1964)
who emphasized that the Redonian 1
shows a stronger faunistic affinity
with “the faluns Helvetien de
Touraine” than with the Redonian 2.

We refer to Brebion (1964) for a
detailed analysis of his Miocene gas-
tropods fauna.

Lauriat-Rage (1981) interpreted
the bivalve fauna of Redonian 1
(Reneauleau, Sceaux, etc.) as Early
Pliocene but her bivalve list too
(which include Anadara turonica
(Dujardin), Barbatia vincenti (Couf-
fon), Cardites subaffinis (Tournouer),
Cardites monilifera (Dujardin), Car-
dites crassa (Lamarck), Venus fallax
Millet, Venus subrotunda Defrance
and possibly Nemocardium spondiloy-
des (Von Hauer), Manupecten fascicu-
lata (Millet), M. puymoriae (Mayer),
etc.) supports a reference to the Late
Miocene.

The presence of Hinnites crispus
(Brocchi),  Spondylus  crassicosta
Lamarck, Trachycardium multicosta-
tum (Brocchi), Spisula proaspersa
(Sacco), Callista italica (Defrance),
Corbula carinata (Dujardin), Corbula
revoluta (Brocchi), Corbula cocconii
Fontannes, and among the gas-
tropds, Conus dujardini Deshayes, C.
mercati Brocchi, C. antiqguus Lamarck,
Terebra acuminata Borson, which
characterize the Mediterranean
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Early Pliocene (MPMU1), and
Hastula subcinerea (D’Orbigny), sup-
ports the evidence of a tropical envi-
ronment at least up to 48° Lat North
(Fig. 3).

The Redonian 2 unit is character-
ized by a strong faunistic impover-
ishment but the extant Miocene taxa,
following the molluscan lists of
Brebion (1964), Brebion and Lauriat-
Rage (in Ters et al., 1970; Lauriat-
Rage et al., 1989b), suggest again a
reference to a Late Miocene. The fau-
nal composition of “La Limouziniére
for ... «longtemps servi de gisement
de reference pour le Pliocene a facies
Redonien» (Dudicourt et al., 2005)
allows to focalize the main charac-
ters of the Redonian 2 faunal compo-
sition (Lauriat-Rage et al., 1989b). In
fact, the survival of typical Miocene
taxa such as Anadara turonica
(Dujardin), Barbatia vincenti (Couf-
fon), Natica  neglecta  Mayer,
Cerithiopsis vignali Cossman &
Peyrot, Clanculus baccatus (Defran-
ce), Mitraria gravis Bellardi, Circulus
planorbillus (Dujardin), etc., suggests
again a reference to a faunal (even if
impoverished) Late Miocene compo-
sition. It is also of particular in-
terest the appearance of new taxa
such as Cirsotrema funiculus (Wood),
Cirsotrema fimbriosum (Wood),
Epitonium frondiculum (Wood), E.
subulatum (Sowerby), Turbonilla
internodula  (Wood), and others
which were not cited in the
Redonian 1. These new appearances
and the decrease in Miocene taxa
show a strong analogy with the
Mediterranean  faunal change
throughout the Late Tortonian-

Messinian, before the salinity crisis.

Furthermore, among the rich con-
tingent of tropical species of the
Redonian 1 only two species are still
present, Hinnites crispus (Brocchi),
and likely Venus excentrica Agassiz
(in our opinion cited as Venus subro-
tunda in Lauriat-Rage, 1989b, tav.
VII, fig. 6). Taking into consideration
also the sites of Vendée (in particular
Palluau) we can add Calliostoma tau-
romiliare Sacco (which survive in the
Early Pliocene of Estepona) and
Chicoreus bourgeoisi (Tournouer) a
present-day species of West Africa.

Among the warm water taxa, the
extant subtropical taxa represent the
more numerous group: Calliostoma
conulum (Linné), Serpulorbis arenarius
(Linné), Seila trilineata (Philip-
pi), Clathrella clathrata (Philippi),
Muricopsis  cristata  (Brocchi),
Typhinellus sowerbyi (Broderip),
Glans aculeata (Poli), G. trapezia
(Linné), Acanthocardia erinacea (La-
marck), Acar clathrata (Defrance),
Astarte fusca (Poli), which do not
extend North of 37°-38°, and other
species such as Panopea glycymeris
(Born), Glycymeris insubrica (Broc-
chi), Barbatia barbata (Linné), Chama
gryphoides  (Linné), Pseudochama
gryphina (Linné), Cardita calyculata
(Linné), which do not spread North
of Portugal or Northern Spain and
therefore mark the transition
between the subtropical and warm-
temperate zone (Hall, 1964) (Fig. 3).
Also of particular interest is the pres-
ence of some Mediterranean
Pliocene taxa such as, Limopsis aradasi
(Testa) (cited as L. recisa Defrance),
Parvicardium  hirsutum  (Bronn),
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Clausinella scalaris (Bronn), Clavagella
brocchii (Lamarck), Clavagella bacillum
(Brocchi), Ficus geometra (Borson),
Narona tauroparva (Sacco), etc., which
thrived in the Mediterranean and dis-
appeared throughout the Late
Pliocene or the Early Pleistocene.

Eventually, the molluscan fauna of
the Redonian 2 appears typical of a
subtropical climatic zone, still charac-
terized by few taxa with tropical affin-
ity.

Our conclusions are that a) the fau-
nistic change between Redonian 1 and
Redonian 2 correspond to the transi-
tion from a tropical to a subtropical cli-
matic zone; b) this change dates back
to the Messinian.

The age of the classical site of
Goubersville is still matter of debate,
even if interpreted as Pliocene by both
Brebion (1964) and Lauriat-Rage
(1981). No tropical taxon is cited in
this site and the only warm-water taxa
are represented by some of the sub-
tropical taxa recorded in the Vendee
Region (Serpulorbis arenarius (Linné),
Seila trilineata (Philippi), Barbatia barba-
ta (Linné), (?) Manupecten pesfelis
(Linné), Acar clathrata (Defrance), Lima
lima (Linné), Pseudochama gryphina
(Lamarck), Cardita calyculata (Linné))
and others warm-temperate species
such as Digitaria digitaria (Linné) and
Irus irus (Linné). The low number of
subtropical taxa and the presence of
Modiolus modiolus (Linné) suggest a
reference to a subtropical zone, likely
just to the transition with a northern
warm-temperate zone.

This interpretation is based on the
low number of subtropical taxa and
the presence of Modiolus modiolus, a
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boreal species which today extends its
southern distribution southwards to
the Biscay Gulf.

A Late Messinian-Early Pliocene
faunal composition appears as the
most appropriate definition for the
molluscan association of Goubersville.

Finally, we hypothesise that since
at least the Late Messinian, a subtrop-
ical bioprovince extended from the lat-
itude 38°-39° North up to about 49°-
50° North, approximately with the
same range of the present-day warm
temperate zone (Fig. 3).

Such an interpretation fully match-
es the data of Dowsett et al. (1999,
2005) who suggested a mean Pliocene
August SST of 22°C at the latitudes of
the northern Normandy. The analysis
of the Anglo-Belgian-Dutch Early
Pliocene is of basic importance in
order to test this hypothesis.

The Southern North Sea Basin

The correlation of the Pliocene
deposits in the Southern North Sea
Basin (S.N.S.B.) has always been diffi-
cult because the shallow water sedi-
mentary record is discontinuous,
highly incomplete and lacking in
planktonic markers such as calcareous
foraminifera and nannoplankton.
Despite recent progress in the stratig-
raphy of this basin, we shall limit our-
selves to the mollusc fauna of the
Early Pliocene formations, until a
more stable and objective time frame-
work is obtained.

According to Louwye et al. (2004)
dinoflagellate  cysts from the
Kattendijk Formation are indicative of
an Early Zanclean age, presumably
between about 5.0 and 4.7-4.4 Ma; fur-
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thermore the overlying Lillo
Formation (whose base is constituted
by the Lutchball Sands Member) is
interpreted as “Late Zanclean-Early
Piacenzian” in age and the unconfor-
mity at its base has been “correlated
with the sequence boundary Za2 at
4.04 Ma or Pial at 3.21” of Hardenbol
et al. (1998). Following the same
authors, the dinoflagellate cysts indi-
cate a conspicuous climatic cooling at
the very base of the Lillo Formation.
As a matter of fact, bivalve record
does not show any important taxo-
nomic richness change between the
Kattendjik formation and the overly-
ing Lutchball Sands (Marquet, 2002,
2005) and we interpret its fauna as
belonging to the same ecobiostrati-

graphic-biogeographic unit (Fig. 4).

Furthermore, according to Head
& Norris (2003) the finding of the
acritarch Leiospheridia rockhallensis in
the Ramsholt Member, supports an
Early Pliocene age, between 4.4 and
3.9 Ma for the Coralline Crag. This
new dating is slightly older than the
previous interpretation which locat-
ed the Coralline Crag in the Gilbert
chrone between the Cochiti sub-
chrone and the Gilbert/Gauss
boundary (Hodgson & Funnel, 1987;
Funnel, 1996).

Considering that the molluscan
fauna of the Kattendjik Formation,
Lutchball Sands, and Coralline Crag
do not show tangible differences,
they belong to the same basin and are

FIGURE 4 - Stratigraphic setting of the Early Pliocene Molluscan unit of the Southern

North Sea Basin (5.N.S.PMU1)
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all included in the Brunssumian
(Andrew & West, 1977; Meijer, 1993;
etc.), we interpret them as a unique
ecobiostratigraphic-biogeographic
unit (Fig. 4).

On the whole, this SNS Mollusc
Pliocene Unit (SNSMPU1) which
ought include also the D2 and D1
units of Spaink, (1975) (Meijer, 1993)
is characterized both by still living
taxa over a wide latitudinal range
and numerous North Sea endemic
taxa, probably as a consequence of
the Dover Street Closure up to the
Early Pliocene. The interpretation of
these taxa as climatic markers is prob-
lematic and would require a careful
analysis of their origin. Some of the
extant taxa have, however, an appar-
ent climatic significance. Limaria
tuberculata (Olivi), Barbatia barbata
(Linné), Lima lima (Linné), Chama
gryphoides (Linné), Panopea glycymeris
(Born), are present-day species typi-
cal of the subtropical zone which are
cited up to 40°-41° North in the
southernmost warm temperate zone.
Pitar rudis (Poli), Digitaria digitaria
(Linné), Gregariella petagnae (Scacchi),
and Pteromeris minuta (Scacchi), do
not cross northwards the Latitude
of 44°-46° (Fig. 3). Other species such
as Coralliophaga lithophagella (La-
marck), Donax variegatus (Gmelin),
Papillicardium papillosum (Poli), and
Mactra glauca Born, do not spread
beyond approximately 50° North
(Fig. 3).

The presence of Arctica islandica
(Linné), Mya truncata Linné, Macoma
obliqgua (Sowerby), and many endem-
ic taxa of the North Sea (Marquet,
2002, 2005) allows a clear cut biogeo-
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graphic distinction from the “Early
Pliocene” of Vendée. The presence of
present-day warm temperate species
and of a few taxa, typical of the sub-
tropical - warm temperate zone tran-
sition, enables us to locate this bio-
geographic unit in a warm climatic
zone, in the sense of Hall (1964). This
interpretation is fully consistent with
the presence of a Pliocene subtropical
bioprovince just south of the Anglo-
Belgian-Dutch Basin.

We refer to the works of Marquet
(2002, 2005) for an up to date analysis
of the Belgium Pliocene bivalve
fauna.

CONCLUSIONS

We hypothesize that it was
throughout the Late Messinian age
that the tropical-subtropical transi-
tion withdrew from Northern France
southwards to the Portugal latitudes
(Monegatti & Raffi, 2001).

Whether this new setting is due to
a threshold effect, or to major climat-
ic oceanographic changes, is beyond
the scope of this paper. At least as far
as molluscan fauna is concerned, this
biogeographic setting remained sta-
ble up to about 3 Ma (Monegatti &
Raffi, 2001) and then finally, starting
from 2.7-2.6 Ma, it underwent modifi-
cation to the present-day conditions.
Thanks to one of the referees of our
work, we learned that our conclu-
sions are similar to those of Silva &
Landau (2007), on the gastropods.
The analysis of the differences
between our data and those of Silva
and Landau will be the object of
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another work (Monegatti & Raffi, in
progress), because this paper was
submitted to Acoreana before the
printing of Silva and Landau’s work.

The new interpretation of the
Redonian on the part of the French
school (Neraudeau et al., 2003, with
references) has opened new interest-
ing perspectives on our knowledge of
the Messinian age. The pattern of
extinction and the withdrawal of the
tropical taxa southward, suggest the
hypothesis that the “Pliocene biodi-
versity” had already been acquired,
both at the latitudes of Gibraltar and
North-Western France, at least since
5.5 Ma (0.2 my before the convention-
al Miocene-Pliocene boundary), that
is, at the end of the Messinian glacia-
tions (Shackleton et al., 1995) (work in
progress).

The work of Marquet (2002, 2005),
on the mollusc fauna of the Belgium
Pliocene, provides us with sufficient
evidence to state, on a steady taxo-
nomic basis, that latitudinal diversity
gradients had already been very
steep at least since the Early Pliocene.
In fact, Marquet (2002, 2005) cites 185
bivalve species for the Belgium
Pliocene (highly representative of the
SNSB biodiversity) and at least 355
shallow water species have been list-
ed for the Mediterranean Pliocene
(Monegatti & Raffi, 2001). Moreover,
if we also consider the specimens still
waiting to be described on the desks
of Pliocene malacologists, 400 would
be a more realistic number (see also
Marasti & Raffi, 1980 for a list of taxa
to be checked). This strong gradient is
in tune with the expected differences
between a tropical and warm temper-

ate bioprovince. In all probability, the
latitudinal biodiversity gradients
increased progressively throughout
the Late Miocene, and decreased
again from about 3.0 Ma with the
onset of the Earth’s climatic cooling.

Climatic-oceanographic changes
always determine new seasonal tem-
perature patterns, which control the
biodiversity of the climatic zones,
and give origin to new unpredictable
biota (Monegatti & Raffi, 2001).
Historical and geographical factors,
upwelling conditions, and spatial
heterogeneity play a further funda-
mental role. The best strategy to
unravel the biogeographic Mio-
Pliocene history of the European
Eastern Atlantic is to define and com-
pare well dated ecobiostratigraphic-
biogeographic units from different
regions.

The southward shifting of the cli-
matic zones throughout the Late
Messinian to the Present-day setting
is not surprising and due, clearly, to
the Earth’s climatic cooling (Fig. 3).
What is unforeseeable, however, is
the stability of the oceanographic
thresholds at about 38°-40° and 48°-
50° Lat North.

The interplay of the regional
oceanographic pattern and the latitu-
dinal solar energy input appears to be
the general factor controlling the
boundaries between climatic zones.
A possible hypothesis is that the Late
Neogene stability of the thresholds
along the European coast is due to the
prevailing imprinting of the latitudi-
nal pattern of solar energy. Data and
interpretation need to be integrated
with more copious data, but without
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doubt the southern displacement of
the climatic zones and the stability of
the climatic thresholds throughout
the Late Neogene poses a stimulating
problem to be analysed and critically
verified on a global scale.
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ABSTRACT

The Azores are well-renowned for their rich fauna of living cetaceans. Less
known, however, is the occurrence of Late Neogene fossils of whales in Santa
Maria, the only island in this volcanic archipelago with a significant sedimenta-
ry record. This work reviews the scarce fossil record of cetaceans from Santa
Maria, including both the historical occurrences long cited in the literature, and
more recent ones, as yet unpublished. All 10 occurrences currently recognized
originate from Touril Complex, an essentially marine sedimentary unit that has
been dated, as a whole, from the Messinian-Zanclean (» 6.0-4.8 Ma). Apart from
a few scrappy remains, tentatively assigned only to Cetacea indet., the more sig-
nificant specimens belong to groups that are mostly pelagic and typical inhabi-
tants of deep and open ocean waters (Mesoplodon sp. and ? Balaenopteridae
indet.). Pending further discoveries, the Late Neogene cetaceans from the
Azores may prove quite relevant in the establishment of palaeobiogeographic
correlations within the North Atlantic, due both to the strategic mid-oceanic
location of the archipelago and the rarity of cetacean associations known from
the sampled interval in this region.

RESUMO

Os Acores sdao bem conhecidos pela sua rica fauna de cetdceos actuais.
Menos conhecida, no entanto, é a ocorréncia de fésseis de baleias do Neogénico
superior em Santa Maria, a tinica ilha deste arquipélago vulcanico com registo
sedimentar significativo. Este trabalho consiste numa revisao do escasso registo
fossil de cetdceos de Santa Maria, incluindo as ocorréncias histéricas hd muito
citadas na literatura, bem como outras mais recentes, ainda ndo publicadas.
Todas as 10 ocorréncias presentemente reconhecidas provém do Complexo do
Touril, uma unidade sedimentar essencialmente marinha que foi datada, no
conjunto, do Messiniano-Zancliano (» 6.0-4.8 Ma). Além de alguns restos menos
completos, tentativamente atribuidos apenas a Cetacea indet., os espécimes mais
significativos pertencem a grupos maioritariamente pelagicos, que vivem
tipicamente em Aaguas ocednicas profundas e abertas (Mesoplodon sp. e ?
Balaenopteridae indet.). Na iminéncia de mais descobertas, os cetdceos do
Neogénico superior dos Agores podem vir a revelar-se bastante importantes no
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estabelecimento de correlagdes paleobiogeograficas no ambito do Atlantico
Norte, quer devido a localizagdo estratégica do arquipélago quer devido a
raridade, nesta regido, das associagdes de cetdceos conhecidas deste intervalo

estratigréfico.

INTRODUCTION

he mid-North Atlantic Azores

Archipelago is well-renowned for
its rich fauna of living cetaceans
(Reiner et al., 1993), which makes
these islands one of the most sought-
after whale watching spots in the
world (Silva et al., 2003). Less known,
both to the general public and the sci-
entific community, is the occurrence
of Late Neogene fossils of whales on
Santa Maria, the only island in this
volcanic archipelago with a signifi-
cant sedimentary record. These fos-
sils, nevertheless, have long been
known by the local population,
which commonly refers to them as
“ossos de gigantes” [bones of giants].

The present work reviews the
scarce fossil record of cetaceans from
Santa Maria, including both the his-
torical occurrences long cited in the
literature (but not described), and
more recent ones, as yet unpublished,
based on specimens deposited in sev-
eral institutions at the Azores and
mainland Portugal (see below). It
expands on a preliminary note pre-
sented at the 1%t “Atlantic Islands
Neogene”, International Congress,
held in June 2006 at Ponta Delgada,
Sao Miguel Island (Estevens, 2006a),
which was since updated with new
information. In addition to a system-
atic synopsis of all the occurrences so
far inventoried, it includes a first
appraisal of the palaeoecological and

palaeobiogeographical significance of
the fossil cetacean record from the
Azores within the framework of the
Late Neogene from Portugal and the
North Atlantic region.

INSTITUTIONAL ABBREVIATIONS

DBUA-F - Reference Collection of
the Fossil Marine Molluscs of the
Azores, Marine PalaeoBiogeography
Working Group, Biology
Department, University of the
Azores, Ponta Delgada, Sao Miguel
Island, Azores, PORTUGAL;

DTP - Private collection of Mr.
Dalberto Teixeira Pombo, Vila do
Porto, Santa Maria Island, Azores,
PORTUGAL;

MCM - Carlos Machado
Museum, Ponta Delgada, Sao Miguel
Island, Azores, PORTUGAL;

MG/INETI - Geological Museum,
National Institute of Engineering,
Technology and Innovation, Lisbon,
PORTUGAL;

MMRDC - King D. Carlos Sea
Museum, Cascais, PORTUGAL.

HISTORY AND INVENTORY OF
OCCURRENCES

Currently, the fossil cetacean
record of Santa Maria consists only of
10 occurrences, herein identified with
the notation SMI (Santa Maria Island)
and numbered in approximate
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chronological order of discovery
(Table 1). A brief inventory of all
these occurrences follows, comple-
mented by a short review of their his-
tory.

Although the existence of fossil
bones on Santa Maria has been seem-
ingly known by the inhabitants of the
island for a long time (according to
popular knowledge), published refer-
ences to their occurrence can only be
first detected in the 19" century liter-
ature, and still, have remained scarce
ever since. In fact, only two verified
occurrences were previously men-
tioned in the literature, as the remain-
ing reports are presently regarded as
doubtful or clearly erroneous.

Apparently, the first published
reference of fossil bones on this island
(SMI 1) was reported by Captain E.
Boid, an English navy man that,
based on personal observations,
wrote: “In a part of this schistose rock
on the N.W. side scarcely accessible,
is to be seen an immense fossil thigh-
bone of some animal (by the inhabi-
tants called that of a man), which has
been, by the erosion of rain, partly
freed from its bed, and is now seen
projecting from the rock. I offered a
considerable sum in order to obtain
it, but without success.” (Boid, 1835:
101). After visiting Santa Maria him-
self in 1836, the Danish author Carl
Friedrich August Grosse (also known
as Edouard Romeo, self-proclaimed
Count of Vargas de Bedemar), stated
for the first time: “que o grande osso
antediluviano, que se dizia existir alli,
era unicamente um osso de balea”
[that the large antediluvian bone, that
was said to exist there, was only a

whale bone] (Bedemar, 1837: 4).
Although inaccurate in several points
(even in light of early 19™ century
knowledge), Bedemar’s work was
quite explicit in the assignment of
these bones, for which the ironic crit-
icism that received soon after
(Anonymous, 1838: 374) seems rather
unjustified. As demonstrated above,
and contrary to what was then
implied by this unknown author
(possibly John White Webster),
Bedemar did not regard these bones,
erroneously referred to Madeira
Island by the same anonymous
source, to be the fossil remains of the
ancient people of Atlantis. Bedemar’s
authority on these vertebrate remains
would be subsequently cited in a
work (Reiss, 1862: 14-15), that added
some information about the geo-
graphic and stratigraphic provenance
of this occurrence when it referred
the presence of “Bruchstiicke grosser
zelliger Knochen” [fragments of large
cellular bones] in some tuff blocks
fallen at the base of “Ponta da
Pescaria” cliffs, a locality on the
northwestern coast of the island cur-
rently known as Ponta do Pesqueiro
(Fig. 1). Later references to this occur-
rence include only posthumous
reproductions of Bedemar’s original
work (Bedemar, 1889: 290; 1982: 290),
and a citation based on Reiss’s work
(Zbyszewski & Ferreira, 1962a: 220).
The whereabouts of these bones is
presently unknown (Estevens, 2006b:
179) and, as suggested by Boid’s
remarks, may have never been col-
lected at all.
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FIGURE 1. Location of fossil cetacean localities and occurrences in the Touril Complex
(Messinian-Zanclean) of Santa Maria Island (Azores, Portugal).

The other published occurrence
(SMLI 2) relates to some “fragmentos
de vertebras e costellas de cetaceo”
[fragments of cetacean vertebrae and
ribs], that were included in a collec-
tion of fossils from Santa Maria there-
in gathered by Luiz de Figueiredo
Lemos do Canto Corte Real and
donated to the Geological Survey of
Portugal by José Julio Rodrigues
(Cotter, 1888-92: 255, 283). According
to the latter author, the fossils had no
record of geographic provenance (p.
259) and the cetacean bones, in partic-
ular, had not been cited in previous
lists of fossils from this island (p.

287), thus reasserting its identity as a
separate occurrence. Based on this
original reference, it would be cited
repeatedly over the years, namely in
Teixeira (1950: 212), Cotter (1953: 97,
101) (in a posthumous reproduction
of the original work), Ferreira (1955:
15, 37), Zbyszewski & Ferreira
(1962b: 288) and Estevens (1998:
A161). The referred bones, with no
number assigned, are still deposited
in cupboard 67, tray 8, of the
Stratigraphic Collection of the
Geological Museum of this institu-
tion, now named the INETI
(Estevens, 2006b: 180), and are par-
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tially described and illustrated below
for the first time.

Other historical bibliographic ref-
erences to vertebrate remains found
in the sedimentary rocks of Santa
Maria Island could not be presently
confirmed as belonging to cetaceans.

Some “Knochen-formige Kalk-
konkretionen” [bone-shaped calcare-
ous concretions], long noticed in a
fossiliferous bed of the section at
Pinheiros cliff (Reiss, 1862: 13), were
later interpreted as constituting
“0ssos de cetdceos” [cetacean bones]
(Zbyszewski et al., 1961: 11;
Zbyszewski, 1962: 688), just to be
soon again recognized as nothing
more than “concrétions en forme
d’ossements” [bone-shaped concre-
tions] (Zbyszewski & Ferreira, 1962a:
218).

Although not specifically attrib-
uted to cetaceans, a few “fragmentos
de pequenos ossos” [fragments of
small bones] were also noted in a
level of tuffs in the section between
Almagreira and Praia, on a slope fac-
ing the southern coast (Zbyszewski et
al., 1961: 10, 13; Zbyszewski, 1962:
691). Due to the reportedly small size
of the bones, their assignment to
Cetacea seems unlikely, although not
completely impossible.

All remaining occurrences corre-
spond to unpublished material
housed in Portuguese institutions,
some of which resulting from historic
collecting (and only recently recog-
nized among collections), whilst oth-
ers were found during rather recent
expeditions (Table 1).

Two of the historic findings are
deposited at the Carlos Machado

Museum, and were supposedly col-
lected and donated by Priest Ernesto
Ferreira, possibly during the early
20" century. One of the occurrences
(SMI 3) consists of three separate
fragments of bone (a larger rib por-
tion and two smaller rib fragments of
a mysticete whale), each of which
partially encased in its own block of
dark grey volcanic tuff, but all includ-
ed under the same catalogue number
(MCM 108). The other occurrence
(SMI 4) corresponds to a large
cetacean vertebra that has an
attached block of light calcareous
matrix (MCM 114). Both lack infor-
mation about their provenance, but
the rather different types of associat-
ed matrix suggest that the two occur-
rences may have come from distinct
localities.

Two other occurrences were col-
lected later in the 20* century by the
same person, Mr. Dalberto Teixeira
Pombo, but had different repository
destinations (Table 1). One is a
cetacean vertebra found in Figueiral
(SMI 5), the only locality near the
southern coast of the island (Fig. 1),
that Mr. Pombo keeps in his private
collection at Vila do Porto (personal
communication of Patricia Madeira).
The other is an odontocete rostrum
fragment collected in April 1984 at
Assumada (SMI 6), a locality also in
the northwestern part of the island,
but further inland (Fig. 1). This ros-
trum is currently deposited at the
King D. Carlos Sea Museum as speci-
men MMRDC-R/2003/02/0841,
where it was originally catalogued as
MMRDC 6260 (personal communica-
tion of Carlos Marques da Silva).



146 ACOREANA

The last four fossil occurrences
resulted from recent expeditions
made to Santa Maria Island by the
team of the Marine PalaeoBiogeo-
graphy Working Group (MPB) and
collaborators (Table 1), and are all
deposited in  the Reference
Collection of the Fossil Marine
Molluscs of the Azores (DBUA-F).
All originate from Pedreira da Cré, a
locality near Baia da Cré, on the
northwestern coast of the island (Fig.
1). The first such occurrence (SMI 7)
was collected in July 26, 2001 and
consists of a rather eroded, undeter-
mined small fragment of bone
(DBUA-F 123-13). The second (SMI
8) is a large rib portion broken in two
fragments, that were collected on
two separate occasions. The first
fragment, catalogued as DBUA-F
163, was discovered and excavated
on June 25, 2002, during a visit
framed within the 1% workshop
“Palaeontology in Atlantic Islands -
Marine Fossils of the Azores: per-
spectives for the future”. The second
fragment, numbered DBUA-F 401,
was recovered from the same locali-
ty on June 17, 2006, during the
“Palaeontology in Atlantic Islands 3
International Workshop”. Although
not formally published, the original
fragment was briefly mentioned in
Estevens (2006b: 180). The third (SMI
9) and fourth (SMI 10) recent fossil
occurrences both consist of small rib
fragments, one discovered on May
22,2005 (DBUA-F 194), and the other
likewise collected on June 17, 2006,
during the “Palaeontology in Atlantic
Islands 3™ International Workshop”
(DBUA-F 402).

2007, Supl. 5: 140-161

Although not all could be defi-
nitely positioned geographically
and/or stratigraphically, the 10
occurrences listed in Table 1 com-
pose the currently known record of
fossil whales in the Azores, and thus
constitute the basis of this study.

STRATIGRAPHIC SETTING

The existence of fossiliferous sed-
iments of Tertiary age on Santa
Maria Island has been known for
nearly 150 years, and was the object
of study ever since (Hartung, 1860,
1864; Reiss, 1862).

These marine sedimentary rocks
were traditionally regarded as
belonging to a single Late Miocene
stratigraphic  unit, intercalated
between eruptive volcanic complex-
es that underlie and overlie it
(Agostinho, 1937; Teixeira, 1950).
Based on its macrofaunal content,
the sedimentary unit was broadly
dated from the “Vindobonian”
(Ferreira, 1955; Zbyszewski et al.,
1961; Zbyszewski, 1962), with a
slight tendency towards the
Tortonian (Zbyszewski & Ferreira,
1962a, 1962b). The study of the
microfauna, namely the planktonic
and benthonic foraminifera, pointed
instead to a Late Miocene-Pliocene
age (Krejci-Graf et al., 1958), appar-
ently corroborated by later radio-
metric dating of some lava beds
lying below, above and amid the
sediments, as a whole framed
between 6-3 Ma (Abdel-Monem et
al., 1968, 1975; Feraud et al., 1980,
1984).
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Revision of the paleontological
data, coupled with detailed strati-
graphic field studies (Serralheiro &
Madeira, 1993; Serralheiro, 2003), led
to the recognition of two separate
Neogene units containing fossilifer-
ous marine strata: the oldest unit,
named Touril Complex, is dated
from the Messinian-Zanclean (6.0-
4.8 Ma) and consists mostly of shal-
low marine sediments, with few
intercalations of lava flows and
pyroclastic materials; the youngest
unit, designated Facho-Pico Alto
Complex, is entirely assignable to
the Pliocene (4.8-3.0 Ma) and con-
tains fewer deposits of beach facies,
for the most part subordinated to
eruptive volcanic materials.

The confined distribution of the
known cetacean localities to the
western part of the island, where
only Touril Complex marine sedi-
ments occur, restricts the prove-
nance of most of the fossils herein
described to this stratigraphic unit
(Fig. 1). This hypothesis is further
reinforced (and tentatively extended
to the fossil remains of unknown ori-
gin) by the fact that the Touril
Complex is the most fossiliferous
rock unit on the island, and that the
more restricted beach deposits of the
Facho-Pico Alto Complex seem to
constitute a less appropriate facies.

SYSTEMATICS

Class Mammalia Linnaeus, 1758
Order Cetacea Brisson, 1762
Suborder Odontoceti Flower, 1864
Superfamily Ziphioidea (Gray,

1865) Gray, 1868
Family Ziphiidae Gray, 1865
Subfamily Hyperoodontinae (Gray,
1866) Muizon, 1991
Genus Mesoplodon Gervais, 1850
Mesoplodon sp. (Figs. 2A-C)
Material. MMRDC-R/2003/02/
0841 (formerly MMRDC 6260), a
medial fragment of a ventral portion
of rostrum (occurrence SMI 6).

Description. Short fragment of a
worn medial section of an edentulous
odontocete rostrum, that is trans-
versely broken by a clean, sloping
fracture throughout its entire length,
thus lacking most of the dorsal
region. As preserved, the fragment
measures 193 mm in greatest length,
51 mm in greatest width (approxi-
mately at mid-length), and 32 mm in
greatest height (at the proximal end).

The lack of the dorsal region
makes it possible to see that the
mesorostral canal is completely filled
with extremely dense, osteosclerotic
bone (Fig. 2A). This dense bone occu-
pies most of the width of the rostrum
in dorsal view, except for two narrow
strips of nearly fused maxilla and
premaxilla that lie adjacent to this
medial, denser region on both sides.
At the anterior end, only the medial
denser ossification of the vomer
remains, with the more cancellous
bone of the maxilla and premaxilla
greatly eroded. Vomer, maxilla and
premaxilla seem to be mainly
pachyostotic and fused throughout
most of the fragment, thus suggesting
that the specimen belonged to an
adult male (Mead, 1989).

Due to the inclination of the trans-
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FIGURE 2. MMRDC-R/2003/02/0841 (formerly MMRDC 6260), a medial fragment of
a ventral portion of rostrum assigned to Mesoplodon sp. (occurrence SMI 6). A — Dorsal
view; B — Left lateral view; C — Ventral view. All ~ 0.5.

verse fracture of the fragment, the
right side is comparatively more
complete in lateral view (Fig. 2B). On
this side, part of the anteriorly
inclined premaxilla-maxilla suture
can be faintly recognized. Most of the
height of the fragment is thus consti-
tuted by the maxilla. The ventral pro-
file is slightly concave from end to
end, possibly because of some degree
of erosion at the medial portion of the
ventral region. This concavity causes

the rostrum fragment to be lower at
mid-length and higher at the proxi-
mal and distal ends, with the latter
apparently also curving dorsally
(probably exaggerated due to erosion
of this region).

Although also somewhat worn in
the middle region (i.e., possibly flatter
than originally), the ventral surface is
the better preserved region (Fig. 2C).
The sutures between the vomer and
the maxilla can barely be distin-
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guished, but the ventral exposure of
the vomer was surely wider near the
proximal end (22 mm), narrower near
the distal end (10 mm), and would
widen again slightly towards the
apex. Due to erosion of the antero-lat-
eral margins, part of the paired canals
that run through the inside of the ros-
trum are exposed on both sides at the
anterior third of the fragment (26 mm
apart). The left canal also pierces the
fractured dorsal surface, indicating
that the canals would incline notice-
ably to the ventral side towards the
anterior region (the right canal reap-
pears only at the proximal end of the
fragment, due to the greater pre-
served height on this side). The only
other recognizable structures on the
ventral surface are two elongated
shallow depressions located on both
sides of the mid-line at mid-length of
the fragment, which could represent
the anterior ends of the palatine sulci.

As can be ascertained from the
more complete proximal end, the ros-
trum would probably be elliptical to
somewhat laterally compressed in
cross section.

Discussion. The cylindrical to lat-
erally compressed shape of the ros-
trum, together with the lack of dental
alveoli and the strong mesorostral
ossification of the vomer, readily
identify MMRDC-R/2003/02/0841
as a portion of rostrum of Ziphiidae
and, particularly, of the genus
Mesoplodon Gervais, 1850.

A specific assignment is more dif-
ficult though, due to the fragmentary
condition of the specimen. Isolated
rostra are the most common fossils of

Ziphiidae and, particularly, of
Mesoplodon (Bianucci, 1997). Several
species have been described based on
incomplete rostra, most of which are
not considered valid at present (see
for instance Bianucci, 1997 about the
numerous Italian specimens). A sin-
gle fossil species, M. longirostris
(Cuvier, 1823), has been consistently
recognized by different authors in
Neogene sediments exposed in sever-
al parts of the world: early Middle
Miocene to Early Pliocene of Florida
(Whitmore et al., 1986; Morgan, 1994),
the Early Pliocene of North Carolina
(Whitmore, 1994), the Late Miocene
(?) of Antwerp (not as frequently as
thought by Abel, 1905, but surely pre-
sent according to Lambert, 2005), the
Pliocene of Italy (revised by Bianucci,
1997), and the Early Pliocene of
Australia (Glaessner, 1947; Fordyce,
1982; Fitzgerald, 2004).
MMRDC-R/2003/02/0841 is sim-
ilar to some of the specimens
assigned to this extinct species in the
referred literature (for instance
Whitmore et al., 1986 or Bianucci,
1997), namely in general dimensions,
elliptical cross section, supposed
elongation of rostrum, supposed
exposure of vomer on dorsal surface
and very pointed and anteriorly
extending palatine sulci (if the paired
depressions on the ventral surface do
in fact correspond to those struc-
tures). However, due to its fragmen-
tary condition, the Santa Maria ros-
trum can be safely assigned only to
Mesoplodon sp., inasmuch as the taxon
M. longirostris may also include more
than one fossil species and constitute,
in fact, a form species (Whitmore et
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al., 1986; Morgan, 1994; Bianucci,
1997).

Suborder Mysticeti Flower, 1864
? Superfamily Balaenopteroidea
(Gray, 1868) Mitchell, 1989
? Family Balaenopteridae Lacépede,
1804
Genus and species undetermined
(Figs. 3A-D, 4A-B, 5A-F, 6A-B)

Material. MCM 108, a large medi-
al portion of a right rib and two

2007, Supl. 5: 140-161

smaller fragments of ribs (occurrence
SMI 3); MCM 114, a lumbar vertebra
(occurrence SMI 4); and DBUA-F 163
and DBUA-F 401, two fragments of
the same medial portion of a large rib
(occurrence SMI 8).

Description. MCM 108 comprises
a 137 mm long fragment of the medi-
al region of a large right rib. At the
proximal end, it measures 75 mm in
greatest antero-posterior diameter
and 42 mm in greatest transverse
diameter. The fragment is partially
encrusted in a block of matrix that

FIGURE 3. MCM 108, a medial portion of a large right rib assigned to ? Balaenopteridae
indet. (occurrence SMI 3). A — Lateral view, B — Posterior view, C — Cross-section at
proximal end, D — Cross-section at distal end. All “0.25.
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FIGURE 4. MCM 114, a lumbar vertebra assigned to ? Balaenopteridae indet. (occur-
rence SMI 4). A — Anterior view, B — Posterior view. All “ 0.25.

covers most of its antero-medial sur-
faces, and is too short to allow the
definite recognition of any longitudi-
nal curvature (Fig. 3A-B). The shape
of its cross-section changes somewhat
from the proximal to the distal end.
The proximal view shows a convex

lateral surface and a concavo-convex
medial surface, with the greatest
diameter located near the anterior
edge (Fig. 3C). The distal view also
shows the greatest diameter nearer
the anterior edge, but is more trans-
versely compressed, with less convex
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lateral and medial surfaces (Fig. 3D).
Although eroded (Fig. 3B), the keel at
the posterior edge is thus more acute
than that at the anterior edge (Fig.
3C-D). The other two associated rib
fragments of MCM 108 (smaller,
more incomplete and not illustrated
here) are also encrusted in blocks of
matrix, and only partially exposed.
Both have greatest measurable diam-
eters between 40-42 mm, although
the smallest is reduced to half of its
diameter, showing the inner core of
cancellous bone.

MCM 114 is a somewhat eroded,
large-sized lumbar vertebra, which is
essentially reduced to the centrum
(Fig. 4A-B). As preserved, the main
obtainable measurements are: 185
mm in greatest length and, at the pos-

2007, Supl. 5: 140-161

terior epiphysis, 180 mm in width
and 125 mm in height (incomplete).
Although too incomplete to be mea-
sured, as it lacks most of the left ven-
tro-lateral region (Fig. 4A), the anteri-
or epiphysis would be considerably
larger than the better preserved pos-
terior one, which maintains an ellipti-
cal shape (Fig. 4B). Both are, howev-
er, fused to the centrum, thus
indicating an adult individual. There
is also a large block of matrix encrust-
ing the right dorso-lateral surface of
the vertebra, and covering most of
the dorsal surface of the right trans-
verse process. Both transverse
processes are broken near their bases,
barely projecting from the centrum.
Otherwise, the vertebra is extensively
eroded both on its dorsal and ventral

FIGURE 5. DBUA-F 163, the first recovered fragment of the large left rib assigned to ?
Balaenopteridae indet. (part of occurrence SMI 8). A — Lateral view, B — Medial view, C
— Anterior view, D — Posterior view, E — Schematic cross-section at proximal end, F —
Schematic cross-section at distal end. All “ 0.25.
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surfaces, with no traces whatsoever
of neither the neural arch nor the
median keel.

DBUA-F 163 was the first fragment
of the occurrence SMI 8 to be recovered,
and seems to constitute a medio-distal
portion of a large left rib. It measures
approximately 196 mm in length, 84
mm in greatest antero-posterior diame-
ter and 54 mm in greatest transverse
diameter (both at the proximal end).
The antero-posterior diameter tapers
noticeably towards the distal end, most-
ly due to a strong curvature of the pos-
terior edge (Fig. 5A-B). A gentle lateral
bow is also noticeable in anterior or
posterior views (Fig. 5C-D). Moderately
acute keels run the whole length of both
the anterior and posterior edges in a
diagonal line, being somewhat more
pronounced near the proximal end (Fig.
5C-D). The cross-section of the rib frag-
ment changes in shape throughout its
length, from fairly sigmoidal at the
proximal end to approximately ovate at
the distal end. (Fig. 5E-F). The surface of
the fragment is somewhat corroded all
over, and additionally covered by a
great number of shallow, circular-
shaped depressions, approximately 10
mm in diameter, that are most likely
due to bioerosion.

DBUA-F 401 was the second frag-
ment of the occurrence SMI 8 to be col-
lected (Fig. 6A), and judging from its
more robust cross-section (Fig. 6B), it
seems to be the proximal continuation
of DBUA-F 163. It is generally similar to
the latter, even in the presence of the cir-
cular bioerosion markings, but shows
an even more concavo-convex lateral
and medial surfaces that, coupled with
the different positions of the greatest

convexities, further accentuates the sig-
moidal shape of the cross-section (Fig.
6B).

Discussion. Both the large rib frag-
ments and the isolated vertebra do not
constitute significantly diagnostic ele-
ments, but at least a tentative familial
assignment may be advanced.
Although quite short, the rib portions
MCM 108 and DBUA-F 163 + DBUA-F
401, as well as the MCM 114 vertebra,
are all of considerable dimensions and
would surely belong to some large-
sized mysticete cetaceans. All are in fact
compatible with the corresponding
skeletal elements known for some
members of the Balaenopteridae, a fam-
ily with several fossil representatives in
the North Atlantic region during the
Messinian-Zanclean (see Deméré, 1986
and Deméré et al., 2005). Consequently,
only a familial and yet tentative assign-
ment to ? Balaenopteridae indet. is here
suggested for all three occurrences.

Cetacea indet.

Suborder undetermined (Figs. 7A-B, 8)

Material. Not located, some unde-
termined (limb?) bone(s) (occurrence
SMI 1); MG/INETI unnumbered, 12
bone fragments, including some ribs,
vertebrae? and other undetermined
elements (occurrence SMI 2); DTP
unnumbered, an undetermined ver-
tebra (occurrence SMI 5); DBUA-F
123-13, an undetermined bone frag-
ment (occurrence SMI 7); DBUA-F
194, a small rib fragment (occurrence
SMI 9); and DBUA-F 402, a small rib
fragment (occurrence SMI 10).

Description. The specimens listed
above could either not be examined
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FIGURE 6. DBUA-F 401, the second recovered fragment of the large left rib assigned to
? Balaenopteridae indet. (part of occurrence SMI 8), immediately after being collected.

A — Lateral view, B — Cross-section at intermediate break. Scale given by handler’s
hands.
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during this study or are too fragmen-
tary and/or eroded to allow for
detailed descriptions.

The material that corresponds to
SMI 1 is impossible to locate
(Estevens, 2006b), and thus can only
be interpreted from the meagre infor-
mation provided in the historic litera-
ture. Boid (1835) referred originally to
an “immense fossil thigh-bone” and
both Bedemar (1837) and Reiss (1862)
reported that the bones, although not
specified, were of large dimensions
and had cancellous texture, descrip-
tions also given by Zbyszewski &
Ferreira (1962a). This, and the refer-
ences to “whale” by Bedemar (1837)
and Reiss (1862), suggest that these
undetermined remains may have
consisted of some large (limb?)
cetacean bone (or bones?).

FIGURE 7. DBUA-F 194, a small rib frag-
ment assigned to Cetacea indet. (occur-
rence SMI 9). A — Outer view, B — Inner
view. All “ 1.

The vertebra that constitutes the
occurrence SMI 5 is deposited in a
private collection (DTP) and could
not be directly examined during this
study, but according to indirect
accounts (Patricia Madeira) is of large
dimensions and may be also assigned
to a cetacean.

Specimens deposited in the
DBUA-F collection are all too frag-
mentary and can only be superficially
described. DBUA-F 194 and DBUA-F
402 can both be recognized as small
fragments of ribs, reduced to about
half of its width, where the inner core
of cancellous bone may be distin-
guished from the more compact outer
cortex (Fig. 7A-B). DBUA-F 123-13,
on the other hand, is reduced to a
mere fragment of rather cancellous,
internal bone, not definitely assigna-
ble to any particular skeletal element.

Most of the bones grouped under
MG/INETI unnumbered are quite
eroded and reduced to rather small
sizes (Fig. 8), and not all can be
assigned to particular skeletal ele-
ments. Some seem to be small frag-
ments of ribs (between 31 and 59 mm
long), mostly preserving only the
outer, denser cortical layer of bone,
with little of the inner core of cancel-
lous bone remaining (mid-upper row
and middle row in Fig. 8). Others,
although larger (60 to 97 mm in great-
est length), are notably cancellous all
over and essentially shapeless due to
erosion (upper left and right corners
in Fig. 8). Still, the presence of appar-
ent foramina in one of them suggests
that they could consist of eroded ver-
tebral centra, which could be the
basis for Cotter’s (1888-92) reference
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FIGURE 8. MG/INETI unnumbered, vertebral? and rib fragments assigned to Cetacea

indet. (occurrence SMI 2). Scale bar = 10 cm.

to both “ribs and vertebrae” among
this association. The larger and most
important element is a somewhat
eroded medial portion of a rib, diago-
nally fractured in two separate frag-
ments (lower row in Fig. 8). This 200
mm long portion of rib is noticeably
curved longitudinally and slightly
compressed  transversely, with
greater and lesser preserved diame-
ters at mid-length of 40 mm and 32
mm, respectively. Most notable, and
quite the opposite of the remaining
rib fragments, this specimen shows a
comparatively more cancellous corti-
cal layer (5 mm in width), surround-
ing a noticeably osteosclerotic inner
core of bone with few macroscopical-
ly visible canals throughout its entire

preserved length. Such features of the
ribs, most likely responsible for the
better preservation of this fragment,
have previously been recorded
among cetaceans only in some
Eocene archaeocetes and a few
Oligocene archaic mysticetes (sum-
marized in Fordyce & Watson, 1998),
with no definite records among post-
Paleogene cetaceans and, even less,
Late Neogene ones.

Discussion. Such fragmentary
material obviously lacks the diagnos-
tic characters that may allow detailed
classification, but the overall cancel-
lous nature of most of the bones (with
the notable exception of the osteoscle-
rotic rib fragment in MG/INETI
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unnumbered), and the inferred large
size of several elements, suggests a
most probable assignment to Cetacea
indet.

PALEOECOLOGICAL AND
PALEOBIOGEOGRAPHICAL
CONSIDERATIONS

Albeit limited, the fossils from Santa
Maria provide an opportunity to draw
some preliminary considerations,
regarding the palaeoecology of the
Messinian-Zanclean seas of this region
and the palaeobiogeographic relation-
ships of its cetacean faunas.

Regarding palaeoecological condi-
tions, it is noteworthy that the most sig-
nificant fossil occurrences belong to
groups whose living representatives
are mostly pelagic, such as large baleen
and beaked whales (mostly Balae-
nopteridae and Ziphiidae), all typical
inhabitants of deep and open ocean
waters (Fordyce & Muizon, 2001) and
still present around the Azores today
(Reiner et al., 1993). This suggests that
the Late Neogene Azorean seas, much
like today, were well separated from
the continental shelf, thus allowing for
these pelagic species to come rather
close to the island coast.

Although meagre, the Azorean fos-
sil record also increases our knowledge
of Late Neogene (8-3 Ma) eastern mid-
Atlantic cetaceans, and builds on the
correlative record known from the
Portuguese mainland, which consist
only of fragmentary remains of unde-
termined odontocetes and mysticetes
(Estevens, 2006b, 2006c¢).

Regarding  palaeobiogeographic

relationships, the Azorean fossil fauna
may prove to be quite relevant in the
establishment of correlations within the
North Atlantic realm, mostly due to the
strategic mid-oceanic location of the
archipelago. At the moment, and pend-
ing further discoveries, tentative com-
parisons may be established with such
approximately contemporaneous (Mes-
sinian-Zanclean) faunas as those from
the Eastover (» 7.2-6.1 Ma) and
Yorktown (» 4.8-3.0 Ma) formations
from the Middle Atlantic Coastal Plain
(Gottfried et al., 1994, Whitmore, 1994);
the Palmetto Fauna (» 5.2-4.5 Ma) from
Florida (Morgan, 1994; Hulbert et al.,
2001); and the Kattendijk (» 5.0-4.4 Ma)
and Lillo (» 4.2-2.6 Ma) formations from
Belgium (Hampe, 1996, Deméré et al.,
2005). Although unevenly studied, all
of these associations share a noticeable
modern character, being largely domi-
nated by living groups such as the
rorquals (Balaenopteridae) and right
whales (Balaenidae) among the mys-
ticetes, and true dolphins (Delphinidae)
and beaked whales (Ziphiidae) among
the odontocetes, somewhat like the
meagre Azorean fossil fauna described
in this paper.

CONCLUSIONS

The scarce record of fossil cetaceans
herein reported indicates that more sig-
nificant remains may be expected to be
found in the Late Neogene marine sed-
iments of Santa Maria Island. The fact
that four out of the ten known occur-
rences resulted from recent expeditions
to the island suggests that this is,
indeed, a promising area. The discov-
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ery of more complete cetacean remains
would be rather important, considering
the geographic position of the Azores,
and the potential for varied palaeobio-
geographic correlations within the
North Atlantic realm. The particular
stratigraphic interval sampled (Mes-
sinian-Zanclean) is also relevant, since it
constitutes one of the periods whose
cetacean faunas are poorly known
within the North Atlantic. Finally, and
just as interesting, is the role played by
these whale fossils in the local folklore
and history of Santa Maria Island, pop-
ular references of which may be traced
back a few centuries.

ACKNOWLEDGEMENTS

The authors would like to express
their gratitude to Carlos Marques da
Silva (Faculty of Sciences, University of
Lisbon) and Patricia Madeira
(MPB/DB) for providing information
relating to historical and recent occur-
rences of cetacean fossils in Santa
Maria, and to Nuno Mendes (MPB) for
help with the examination and photog-
raphy of DBUA-F specimens. Our most
sincere thanks go also to Jodo Paulo
Constancia (MCM), Miguel Magalhaes
Ramalho (MG/INETI) and Jodo
Camacho (MMRDC) for kindly allow-
ing access to collections under their
care, as well as to an anonymous
reviewer and Thomas Deméré (San
Diego Natural History Museum) for
improving the original manuscript with
most helpful reviews. We also acknowl-
edge the financial support from the
organizers of the 3 Workshop
“Palaeontology in Atlantic Islands” and

2007, Supl. 5: 140-161

from the FCT (Portuguese Foundation
for Science and Technology), SRAM
(Secretaria Regional do Ambiente e do
Mar, Governo Regional dos Agores),
Camara Municipal de Vila do Porto,
Clube Naval de Santa Maria,
CCPA/UA (Centro de Protecgdo e
Conservacdao do Ambiente, Univer-
sidade dos Acores), Nerus and Geo-
Fun.

S.P. Avila was supported by grant
SFRH/BPD/22913/2005 (FCT - Funda-
¢do para a Ciéncia e Tecnologia) from
the Portuguese government.

REFERENCES

ABDEL-MONEM, A.A., L.A. FER-
NANDEZ & G.M. BOONE, 1968.
Pliocene-Pleistocene minimum K-
Ar ages of the older eruptive cen-
tres, Eastern Azores (abstract).
Transactions of the American Geo-
physical Union, 49(1): 363.

ABDEL-MONEM, A.A., L.A. FER-
NANDEZ & G.M. BOONE, 1975. K-
Ar ages for the eastern Azores
group (Santa Maria, Sao Miguel and
the Formigas islands). Lithos, 8: 247-
254.

ABEL, O., 1905. Les Odontoceétes
du Boldérien (Miocene supérieur)
d’Anvers. Mémoires du Musée Royal
d’Histoire Naturelle de Belgique, 3: 1-
155.

AGOSTINHO, J., 1937. Sobre a
tecténica da ilha de Santa Maria.
Acgoreana, 1(4): 281-285.

ANONYMOUS, 1838. Resumo de
observagdes geologicas feitas em
uma viagem as ilhas da Madeira
Porto Santo e Agores nos annos de



ESTEVENS & AVILA: FOSSIL WHALES 159

1835 e 1836. The North American
Review, 46(99): 366-386.

BEDEMAR, V. de, 1837. Resumo de
observagdes geologicas feitas em uma
viagem ds ilhas da Madeira Porto Santo
e Agores nos annos de 1835 e 1836, 25
p. Impressdo de Galhardo Irmaos,
Lisboa.

BEDEMAR, V. de, 1889. Resumo de
observagdes geologicas, feitas em
uma viagem d&s ilhas da Madeira,
Porto Santo e Agores nos annos de
1835 e 1836. Archivo dos Acores,
10(58): 289-296.

BEDEMAR, V. de, 1982. Resumo de
observagdes geologicas, feitas em
uma viagem d&s ilhas da Madeira,
Porto Santo e Agores nos annos de
1835 e 1836. Arquivo dos Agores, 10:
289-296. (fac-simile reproduction)

BIANUCCI, G., 1997. The Odontoceti
(Mammalia, Cetacea) from Italian
Pliocene. The Ziphiidae. Paleonto-
graphia Italica, 84: 163-192.

BOID, E., 1835. A description of the Azores
or Western Islands, 373 p. Edward
Churton, London.

COTTER, J.C.B., 1888-92. Noticia de
alguns fosseis terciarios da Ilha de
Santa Maria no archipelago dos
Acores. Communicacoes da Commis-
sio dos Trabalhos Geologicos de Por-
tugal, 2: 255-287.

DEMERE, T.A., 1986. The fossil whale,
Balaenoptera davidsonii (Cope, 1872),
with a review of other Neogene
species of Balaenoptera (Cetacea:
Mysticeti). Marine Mammal Science,
2(4): 277-298.

DEMERE, T.A,, A. BERTA & MR.
McGOWEN, 2005. The taxonomic
and evolutionary history of fossil
and modern balaenopteroid mys-

ticetes. Journal of Mammalian
Evolution, 12(1-2): 99-143.

COTTER, J.C.B., 1953. Noticia de alguns
Fosseis Terciarios da Ilha de Santa
Maria. Agoreana, 5(1): 71-101.

ESTEVENS, M., 1998. Mamiferos
marinhos do Neogénico de Por-
tugal. Distribuigdo geografica e
estratigrafica. Comunicagoes do Insti-
tuto Geoldgico e Mineiro, 84(1): A161-
Al64.

ESTEVENS, M., 2006a. Fossil whales
from the Azores. Program and
Abstracts, Atlantic Islands Neogene
International Congress, pp. 13-14.
Marine Palaeo-Biogeography Work-
ing Group, Ponta Delgada.

ESTEVENS, M., 2006b. Mamiferos ma-
rinhos do Neogénico de Portugal, 369 p.
PhD Dissertation, Faculdade de
Ciéncias e Tecnologia, Universidade
Nova de Lisboa, Lisboa.

ESTEVENS, M., 2006¢c. Evolugao das
faunas de mamiferos marinhos do
Neoggénico de Portugal: correlagdes
paleoambientais e paleobiogeo-
graficas. In: MIRAO, J. & A.
BALBINO (coords.), VII Congresso
Nacional de Geologia. Resumos alar-
gados. Volume I, pp. 713-716. Pélo de
Estremoz da Universidade de
Evora, Evora.

FERAUD, G., I. KANEOKA & CJ.
ALLEGRE, 1980. K/Ar ages and
stress pattern in the Azores: geody-
namic implications. Earth and
Planetary Science Letters, 46: 275-286.

FERAUD, G., H.-U. SCHMINCK,
J. LIETZ, J. GOSTAUD, G.
PRITCHARD & U. BLEIL, 1984.
New K-Ar ages, chemical analyses
and magnetic data of rocks from the
islands of Santa Maria (Azores),



160 ACOREANA

Porto Santo and Madeira (Madeira
Archipelago) and Gran Canaria
(Canary Islands). Arquipélago, Série
Ciéncias da Natureza, 5: 213-240.

FERREIRA, O. da V., 1955. A fauna
miocénica da Ilha de Santa Maria
(Acores). Comunicacdes dos Servigos
Geoldgicos de Portugal, 36: 9-44.

FITZGERALD, EM.G., 2004. A
review of the Tertiary fossil
Cetacea (Mammalia) localities in
Australia. Memoirs of Museum
Victoria, 61(2): 183-208.

FORDYCE, R.E., 1982. A review of
Australian fossil Cetacea. Memoirs
of the National Museum of Victoria,
43: 43-58.

FORDYCE, RE. & C. de MUIZON,
2001. Evolutionary history of
cetaceans: a review. In: MAZIN, J.-
M. & V. DE BUFFRENIL (eds.),
Secondary Adaptation of Tetrapods to
Life in Water, pp. 169-233. Verlag
Dr. Friedrich Pfeil, Miinchen.

FORDYCE, RE. & A.G. WATSON,
1998. Vertebral pathology in an
Early Oligocene whale (Cetacea,
?Mysticeti) from Wharekuri,
North Otago, New Zealand.
Mainzer naturwissenschaftliches
Archiv/Beiheft, 21: 161-176.

GLAESSNER, M.F., 1947. A fossil
beaked whale from Lakes En-
trance, Victoria. Proceedings of the
Royal Society of Victoria, 58(1-2):
25-35.

GOTTEFRIED, M.D., D.J. BOHASKA
& F.C. WHITMORE, Jr., 199%4.
Miocene cetaceans of the Chesa-
peake Group. In: BERTA, A. &
T.A. DEMERE (eds.), Contributions
in Marine Mammal Paleontology
Honoring Frank C. Whitmore, Jr.

2007, Supl. 5: 140-161

Proceedings of the San Diego Society
of Natural History, 29: 229-238.

HAMPE, O., 1996. Ein artikuliertes
Bartenwalskelett aus dem Neogen
(?Uedem-Schichten, Obermioz&n)
der Niederrheinischen Bucht (NW-
Deutschland) und seine systemati-
sche Stellung innerhalb der
Mysticeti (Mammalia: Cetacea).
Decheniana, 33: 1-75.

HARTUNG, G., 1860. Die Azoren in ihrer
dusseren Erscheinung und nach ihrer
geognostichen Natur, 350 p. Engel-
mann, Leipzig.

HARTUNG, G. 1864. Geologisch
Beschreibung der Inseln Madeira, Porto
Santo und Santa Maria, 285 p.
Engelmann, Leipzig.

HULBERT, R.C,, Jr., G.S. MORGAN &
A.E. PRATT, 2001. Whales and dol-
phins. In: HULBERT, R.C,, JR. (ed.),
The Fossil Vertebrates of Florida, pp.
322-330. University Press of Florida,
Gainesville.

KREJCI-GRAF, K., J. FRECHEN, W.
WETZEL & G. COLLOM, 1958.
Gesteine und Fossilien von den
Azoren. Senckenbergiana Lethaia,
39(5-6): 303-351.

LAMBERT, O., 2005. Systematics and
phylogeny of the fossil beaked
whales Ziphirostrum du Bus, 1868
and Choneziphius Duvernoy, 1851
(Mammalia, Cetacea, Odonto-
ceti), from the Neogene of Ant-
werp (North of Belgium). Geodi-
versitas, 27(3): 443-497.

MEAD, ].G., 1989. Beaked whales of the
genus Mesoplodon. In: RIDGWAY,
S.H. & R. HARRISON (eds.), Hand-
book of Marine Mammals. Vol. 4. River
dolphins and the larger toothed whales,
pp- 349-430. Academic Press.



ESTEVENS & AVILA: FOSSIL WHALES 161

MORGAN, G.S., 1994. Miocene and
Pliocene marine mammal faunas
from the Bone Valley Formation of
central Florida. In: BERTA, A. &
T.A. DEMERE (eds.), Contributions
in  Marine Mammal Paleontology
Honoring Frank C. Whitmore, Jr.
Proceedings of the San Diego Society of
Natural History, 29: 239-268.

REINER, F., JM. GONCALVES & RS.
SANTOS, 1993. Two new records of
Ziphiidae (Cetacea) for the Azores
with an updated checklist of ceta-
cean species. Arquipélago, Life and
Marine Sciences, 11A: 113-118.

REISS, W., 1862. Mittheilungen tiber die
tertidren Schichten von Santa Maria,
der stidlichsten der Azoren, und
ihre organischen Einschliisse. Neues
Jahrbuch fiir Mineralogie, Geognosie,
Geologie und  Petrefacten-Kunde,
Jahrgang 1862: 1-22.

SERRALHEIRO, A., 2003. A geologia
da Ilha de Santa Maria, Acores.
Acoreana, 10(1): 141-192.

SERRALHEIRO, A. & ]J. MADEIRA,
1993. Stratigraphy and geochro-
nology of Santa Maria Island
(Azores). Acoreana, 7(4): 575-592.

SILVA, M.A., R. PRIETO, S.
MAGALHAES, R. CABECINHAS,
A.CRUZ, ] M. GONCALVES & RSS.
SANTOS, 2003. Occurrence and dis-
tribution of cetaceans in the waters
around the Azores (Portugal),
Summer and Autumn 1999-2000.
Aquatic Mammals, 29(1): 77-83.

TEIXEIRA, C., 1950. Notas sobre a
geologia das Ilhas Atlantidas. Anais
da Faculdade de Ciéncias do Porto,
23(3-4): 193-233.

WHITMORE, F.C, Jr., 1994. Neogene
climatic change and the emergence
of the modern whale fauna of the
North Atlantic ocean. In: BERTA, A.
& T.A. DEMERE (eds.), Contribu-
tions in Marine Mammal Paleontology
Honoring Frank C. Whitmore, Jr.
Proceedings of the San Diego Society of
Natural History, 29: 223-227.

WHITMORE, F.C., Jr., G.V.
MOREJOHN & H.T. MULLINS,
1986. Fossil beaked whales -
Mesoplodon  longirostris dredged
from the ocean bottom. National
Geographic Research, 2(1): 47-56.

ZBYSZEWSKI, G., 1962. Contribution a
la connaissance de la géologie du
district de Ponta Delgada (Agores).
Estudos  cientificos oferecidos em
homenagem ao Prof. Doutor |.
Carrington da Costa, pp. 665-709.
Junta de Investigagdes do Ultramar,
Lisboa.

ZBYSZEWSKI, G. & O. da V.
FERREIRA, 1962a. Etude géolo-
gique de l'lle de Santa Maria
(Acores). Comunicagoes dos Servigos
Geologicos de Portugal, 46: 209-245.

ZBYSZEWSKI, G. & O. da V.
FERREIRA, 1962b. La faune mioce-
ne de l'ille de Santa Maria (Acores).
Comunicagdes dos Servigos Geologicos
de Portugal, 46: 247-291.

ZBYSZEWSK], G., O. da V. FERREIRA
& C.T. de ASSUNCAO, 1961. Carta
Geologica de Portugal na escala 1/50
000. Noticia explicativa da folha de Ilha
de Santa Maria (Agores), 28 p.
Servicos Geoldgicos de Portugal,
Lisboa.



ACOREANA, 2007, Supl. 5: 162-172

THE COASTAL ZONE MANAGEMENT PLAN OF SANTA MARIA AS A
CHANCE FOR FOSSILIFEROUS OUTCROPS MANAGEMENT

Calado, H. 2, S.P. Avila %5 & P. Madeira 34

! Secgao de Geografia, Departamento de Biologia, Universidade dos Acores, Rua Mae de Deus,
9501-855 Ponta Delgada, Azores, PORTUGAL

2 CIBIO, Centro de Investigagdo em Biodiversidade e Recursos Genéticos - Pélo Acores,

Departamento de Biologia, Universidade dos Agores, Rua da Mae de Deus, Apartado 1422, 9501-
855 Ponta Delgada, Azores, PORTUGAL
* MPB, Marine PalaeoBiogeography Working Group of the University of Azores, Departamento
de Biologia, Universidade dos Acores, 9501-855 Ponta Delgada, Azores, PORTUGAL, e-mail:
tamissa@hotmail.com
4Departamento de Biologia, Universidade dos Agores, Rua Mae de Deus, 9501-855 Ponta
Delgada, Azores, PORTUGAL
5Centro do IMAR da Universidade dos Acores, 9901-862 Horta, Azores, PORTUGAL

INTRODUCTION

he Azores Environment and Sea

Agency through its Regional
Department of Land Management
and Water Resources, together with
the Agency of Land Management of
the Autonomous Government of The
Canary Islands and the Regional
Cabinet of Transport and Social
Equipment of the Autonomous
Government of Madeira carry on the
project “Sustainable Management of
the Social, Economic and Ecological
Development of the coastal areas of
Macaronesia within the community
initiative INTERREG III B 2000-2006,
Acores-Madeira-Canary Islands,
which has been designated as
LITOSOST.

The LITOSOST project aims at
achieving land management of a
coastal area which focuses on reduc-
ing the urban and infra-structural
pressure and regenerating, recover-
ing and converting it for public

fruition (UNESCO, 1997; Mota et
al., 2004, DROTRH/SRAM, 2006;
MAOTDR, 2006).

The general goal of the project
consists on stimulating practices to
the sustainable management of the
coastal areas of the Azores, Madeira
and Canary Islands. As specific objec-
tives, the following stand out:

to strengthen the cooperation
between the Macaronesia authorities;
to identify the problems and the com-
mon potential of the coastal areas of
the islands;

to train human resources:
Management and Preservation of
Resources;

to contribute for the improvement
of the state of the coastal ecosystems
of the EU islands.

The intervention area of this pro-
ject in the Autonomous Region of the
Azores, are the islands Santa Maria,
Graciosa, Flores and Corvo, the main
goal consists in the elaboration of the
Coastal Zone Management Plans.
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MATERIALS AND METHODS

Definition of Coastal Zone
Management Plan

The Coastal Zone Management
Plans (CZMP) are considered as
Special Land Management Plans, as
mentioned in the Law-Decree nr
380/99 dated from September, 2279,
altered and re-published by the Law-
Decree 310/2003, dated from
December, 10", which establishes the
juridical regime of the Land
Management Instruments/Tools. It
has been adapted to the Azores
Region through the Regional
Legislative Decree nr 14/2004, dated
from May, 23", altered and re-pub-
lished by the Regional Legislative
Decree nr 24/2003/A, dated from

May, 12%. These plans constitute a
Governmental extra means of inter-
vention and aim at achieving objec-
tives of national interest with spatial
repercussions, establishing safeguard
regimes for resources and natural
values, ensuring the permanence of
systems which are fundamental to
the sustainable land use.

Intervention Area

The definition of the intervention
area for the CZMP is presented in the
areas defined in Fig. 1. When the
beach stretches beyond the estab-
lished width, the bank will be extend-
ed according to the limits defined in
the CZMP. In the process of design-
ing this area, some practical aspects
must be pointed out:

FIGURE 1. Intervention (operational) and Study Area of the CZMP. LowEST — Lowest
level of equinox spring tide. HighEST — highest level of equinox spring tide.
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a) the sea limit representing the
Protection Sea Zone of Santa
Maria Island has been found
by interpolating the bathymet-
ric of the -50m and - 20 m;

b) the island’s limit, which equals
the sea level, as been taken as
the land limit of the Protection
Sea Zone of Santa Maria
Island, due to lack of informa-
tion concerning the highest
level of high tide of the
equinox spring tide;

¢) coastline has been assumed to
meet the sea level, as shown in
the vectorial information, of
the Geographic Institute.

In order to simplify the graphic
representation, the Al is shown in
two distinctive units as in Fig. 2:

a) Protection Sea Zone, between

2007, Supl. 5: 162-172

the bathymetric of -30m and
the coastline;

b) The coastal strip 500 metres
wide, measured from the
coastline inland.

Coastal Zone Management Plan
main Goals

The CZMP aims at integrating the
socio-economic development with
environmental  protection and
improvement, urban planning and
management, besides protecting the
coast, promoting the communication
between institutions and public par-
ticipation. The environmental plan-
ning is based on a set of guidelines, in
order to achieve a holistic manage-
ment of all resources, regardless their
nature — economic, social, cultural or
natural — ensuring, thus, a sustainable
development (Beller et al., 1990).

FIGURE 2. Limits of the intervention area of Santa Maria Island. At yellow, the pro-
tected terrestrial zone; at blue, the bathymetry of 30m depth.
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According to the Law-Decree nr
309/93, dated from September, 279,
changed by the Law-Decree nr
218/94, dated from August, 20", and
by the Law-Decree nr 113/97, dated
from May, 10", and still in accor-
dance with the adaptation done con-
cerning the Autonomous Region of
the Azores, in the Regional legislative
Decree nr 18/98/A, dated from
November, 9th, the objectives of the
CZMP are as follow:

a) to rank the different uses and

practices;

b) to classify the beaches and reg-

ulate the bathing use;

¢) to value the beaches consid-

ered as strategic, due to envi-
ronmental or tourist reasons;

d) to lead the development of

specific activities of the coastal
area;

e) to preserve nature.

The fulfilment of the guidelines
regarding the interventions on the
coastal area implies that a set of prin-
ciples is observed during the elabora-
tion of the CZMP. The principles
established by law, to be observed
during the elaboration of the plan are
the following:

a) protection of the biophysical

integrity of the space;

b) valuation of the

resources;

c) preservation of landscape and

environmental values.

coastal

Taking into consideration the
pressures which exist along the
coastal area and being the ecosystems
of an immense natural, landscape

and environmental importance, but,
very sensitive, a proper land use
management of this place must be
observed. The guidelines concerning
the coastal interventions are defined
in the Resolution nr 138/2000, dated
from August, 17%, which sets the
guidelines regarding the interven-
tions on the coastal areas:

a) environmental protection and
valuation of the natural and
landscape resources;

b) integration of the water
resources in the comprehen-
sive coastal planning, aiming
at its sustainable development;

¢) promotion of the socio-eco-
nomic development;

d) transport and communications
as regional cohesion factors;

e) improvement of the popula-
tion’s life standard;

f) preservation of the coastal area;

g) preservation of the sea environ-
ment adjacent to the coast.

The general objectives underlying
the elaboration of the CZMP reflect
different concerns and support the
issues which are intended to be pre-
vented and will be presented accord-
ingly with specific goals for the coastal
area of each island. The goals include
simultaneously the specificities (urban
and legal) of this Land Management
Plan tool, the coastal planning on
islands and the specific features of the
coastal areas of the islands. According
to the Resolution nr 138/2000, dated
from August, 17%, the general objec-
tives underlying the elaboration of the
CZMP concern:

a) respect for the soil conditions,
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FIGURE 3. Methodology of the different stages of the CZMP of Santa Maria Island
(Azores).
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preservation of the resource
water and delimitation of risk
areas;

b) urbanization (limits, con-
straints, uses of the urban soil,
etc.);

¢) building (construction stabili-
ty, construction typology per
soil, use and building area);

d) cultural trend and dimension
of each island;

e) institutional communication
and plan management.

DISCUSSION

The CZMP of Santa Maria Island
(Azores)
The CZMP of Santa Maria Island
is due to be elaborated in about 12
months and taking into consideration
the last period due to public partici-
pation. Thus, the different stages of
the plan will be:
a) Stage I — Characterisation and
Diagnosis;
b) Stage II — Land Management
Previous Study;
c) Stage III — Proposal of a plan;
d) Stage IV — Final version of the
plan.
The plan will be developed
according to the methodology pre-
sent in Fig. 3.

A chance for Fossil Deposits mange-
ment

Within stage I — Characterisation
and Diagnosis of the CZMP of the
Santa Maria Island, an item has been
included specially to enable the fulfil-
ment of a specific goal: “Preservation

and Promotion of the Fossil Deposits
of the Island Santa Maria”. Therefore,
the fossil deposits management is a
part of the CZMP proposals and will
be one of the conditions defined to
achieve the suatainable use of
resources and coastal development.

The island of Santa Maria is the
only one in the Azores archipelago to
have visible fossiliferous outcrops.
These are often characterised by their
value and good state of preservation.
Most of these outcrops are Late-
Miocene Early-Pliocene of age (e.g.,
Figueiral, “Pedra-que-Pica”, Ponta
Negra, Ponta da Malbusca, Ponta do
Norte and Cré) (Zbyszewsky et al.,
1961; Zbyszewsky & Ferreira, 1962;
Estevens & Avila, 2007; Kirby et al.,
2007), although there are also evi-
dence of Pleistocene outcrops
(Prainha, Lagoinhas and possibly
“Pedra-que-Pica”) (Zbyszewsky &
Ferreira, 1961; Garcia-Talavera, 1990;
Callapez & Soares, 2000; Avila et al.,
2002; Avila, 2005). For a complete list
of references see Madeira et al. (2007)
and consult Fig. 4 for the location of
the fossiliferous outcrops.

Since the 16™ century that these
deposits have been source of interest
(e.g., Gaspar Frutuoso (1978) in “As
Saudades da Terra”) when limestone
was extracted to be used in construc-
tion. Nevertheless, the industry was
not very significant outside the inter-
nal market due to the bad quality of
the stone and because of the difficult
access to the deposits and it came to
an end when limestone from the
mainland became more easily avail-
able (Mitchell-Thomé, 1976).

In the second half of 19" century
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FIGURE 4 - Location of the fossil deposits of Santa Maria Island and environmental
areas in which they are included (adapted from DRA/SRAM, 2005). 1) Pedreira do
Campo, Figueiral, and Gruta Velha (Marvao) outcrops, are included in the protected
area of “Monumento Natural Regional da Pedreira do Campo” (Regional Natural
Monument of Pedreira do Campo) and in the “Reserva Natural Regional do Figueiral-
Prainha” (Regional Natural Monument of Figueiral-Prainha); 2) Macela, Prainha, and
Praia do Calhau (Praia Formosa) deposits, are included in the “Reserva Natural
Regional do Figueiral-Prainha” (Regional Natural Reserve of Figueiral-Prainha), and in
the “Reserva Natural da Baia da Praia” (Natural Reserve of the Baia da Praia); 3) Ponta
da Malbusca (Piedade), “Pedra-que-Pica” (Baixa do Sul), and Ponta do Castelo (Maia)
deposits, are included in the areas “Sitio de Interesse Comunitario da Ponta do Castelo”
(Spot of Community Interest of Ponta do Castelo); 4) Ponta das Salinas (Figueiras), and
Ponta Negra (Bafa de Sao Lourenco), are included in the “Reserva Natural da Bafa de
Sao Lourengo” (Natural Reserve of Sdao Lourengo Bay); 5) Ponta do Norte, Baia do
Tagarete (Lagoinhas), and Ilhéu das Lagoinhas, are included in the area of “Paisagem
Protegida do Barreiro da Faneca e Costa Norte”(Protected Landscape of Barreiro da
Faneca and North Coast); 6) Cré deposits, are included in the area of “Reserva Natural
da Bafa dos Anjos” (Natural Reserve of the Anjos Bay).

the first scientific studies began with
the arrival of German scholars to the
island (e.g., Bronn, 1860; Reiss, 1862;
Mayer, 1864). Throughout the 20%
century, although prolific, the scien-
tific publishing decreased until it

became almost forgotten from 1980
onwards. At the turning of the mil-
lennium the Santa Maria fossil
deposits gained a new importance
when they restarted to be systemati-
cally studied by one of the authors
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(Avila), in 1998. As a consequence of
his work, three international expedi-
tions were organised by him and
other members of the “Marine
Palaeobiogeography Working Group
of the University of the Azores (MPB,
Department of Biology of the
University of the Azores) between
2002 and 2006. These were charac-
terised by their scientific nature, as
well as by the fact that the partici-
pants in the expedition spread their
findings of a natural and unique her-
itage urging to be preserved to the
population, during a series of talks
given in every expedition at the local
yacht club, Clube Naval de Santa
Maria. As a result, scientific articles
were published (e.g., Cachdo et al.,
2003; several papers on this volume)
and the most complete reference col-
lection (DBUA-F) about the Fossils of
Santa Maria Island was done. This
collection is housed at the
Department of Biology of the
University of the Azores (Sao Miguel
Island).

The Pedreira do Campo was the
first site in the Azores to be classified
as a “Regional Natural Monument”.
This protection zone possesses
diverse geological, biological and his-
torical characteristics, with an ancient
exploitation front where a sequence
of volcanic eruptions and sediment
deposits can clearly be seen (Cachao
et al., 2003). It includes, still, an artifi-
cial cave (an old lime extraction cave),
which makes this reserve into a place
of the highest importance to under-
stand not only the natural, but also
the social history of the Azores archi-
pelago. These characteristics can be

found in many other deposits on
Santa Maria (e.g., Ponta da Malbusca
and Ponta das Salinas). Nevertheless,
Pedreira do Campo is the only one to
have an easy access, allowing it to be
used for tourism exploration and
enabling the possibility of didactic-
pedagogical activities to take place
there.

The growing interest of the scien-
tific community on the fossil deposits
of Santa Maria has shown that these
are threatened or even at risk when
certain natural and anthropogenic
factors are taken into account. Most
deposits are located on the coast,
exposed to the sea erosion. As for the
effects of Man upon these deposits, it
can be observed that, even though the
exploitation of this non-renewable
resource has stopped due to its eco-
nomic unviability, the tourist sector,
fast expanding on the island, together
with the low interest of the local pop-
ulation, seems to be the major risk
factor. From all the deposits, those of
Prainha and of Praia do Calhau are
elucidating examples of the risks that
the deposits are exposed to nowa-
days. Both are located in the bathing
zone of Praia Formosa, they are
exposed not only to the sea erosion
but also to the increasing pressure
created by tourism since other places
such as Baia dos Anjos, Maia and Sao
Lourengo cannot respond to the
growing tourism pressure, even
though it is only during the Summer.
The threats come from the possible
increase of buildings on the coast,
summer-houses, hotels and a large
number of supporting structures,
such as parking lots and paths. The
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accessibility, which turns a deposit
into a possible study and leisure
place, without proper control struc-
tures can become a risk factor, partic-
ularly when the good state of preser-
vation that the fossils show in many
of the deposits is taken into consider-
ation. These become easy targets for
“irresponsible collection”. This risk
can only be minimised by isolating
the deposits and making campaigns
to raise the population’s awareness
for the fact that a fossil out of its envi-
ronment is worthless (Beatley, 1991;
Comissao Europeia, 1999).

The focus on the potentialities and
risks of the fossiliferous outcrops of
Santa Maria Island is a consequence
of a renewed scientific interest which
is at the very beginning. Besides the
need to continue to study the geolog-
ical heritage of Santa Maria, efforts
must be done in order to sensitise the
population not only for their protec-
tion, but also for the potentialities of
their non-destructive exploration,
being them an added value, instead
of a negative contribution, for the
local economy.

CONCLUSIONS

The CZMP of Santa Maria Island
is now entering the last phase. On
this phase a Land Use map is pro-
duced and it has bindery power to all
private and public agents. Also an
operational and financial program is
presented. These programs do not
have the same power to oblige the
agents and institutions, but they act
as guidance for the agency responsi-
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ble for Coastal Mangement. Thefore
the fossil deposits were included on
the final phase in two parts:

Land Use Map - the fossil deposits
of Santa Maria are included in a land
use class defined as “Coastal Buffer”.
In those areas only conservation and
protection measures will be allowed.
They will be non aedificandi and even
the buildings and structures already
existing are not allowed to expand.
On the opposite, the structures need-
ed to promote and protect nature and
natural values are incentivated;

Operational and Financial pro-
gram — a specific project for fossil
deposits management was included
with the indication of the amounts
needed and the institution that will
promote the project. The project
includes the existence of a “Fossils
interpretation and museum house”.

The success or not of these pro-
posals can only be measured in a few
years, when the CZMP of Santa
Maria Island be assessed. However
successful it will be, the scientific
research and knowledge need to be
improved. This is a task that the
CZMP can not achieve, and at ulti-
mate sense, the researchers will be
the most important agents in the
overall process of the fossils deposits
conservation and management.
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