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Abstract:The history of geology intends to research biographies, ideas and controversies that have con-
tributed to the epistemological building of knowledge, and to the products of fieldwork and laboratory
investigation, and related written production on geosciences. A transversal research of all these elements
allows revealing itineraries, outcrops and sites where pioneer studies have been done. Many of them still
exist nowadays and are suitable for teaching and outreach activities of geoscientific literacy. An excel-
lent example of this close link between history of geology and geoheritage can be explored in the “clas-
sical” outcrops of Salmanha (Figueira da Foz, West Central Portugal), where highly fossiliferous Upper
Cretaceous carbonate units have been studied since the mid 19th century. Extensively described by Paul
Choffat, from 1886 onwards, its stratigraphic sections and Cenomanian-Turonian faunas were major
contributions for the scientific knowledge of that time, and can still be used as a source of information
for modern workers and as an important resource for teaching and touristic activities.

Key-words: History of geology; geoheritage; Upper Cretaceous; Figueira da Foz; Portugal.

Resumen: La historia de la geología tiene como principales objetos de estudio las personalidades,
ideas y controversias inherentes al proceso de construcción del conocimiento especializado y los pro-
ductos de la investigación de campo y laboratorio, así como la producción documental asociada a las
geociencias. El estudio de estos elementos revela itinerarios, afloramientos y lugares donde se realiza-
ron estudios pioneros, muchos de los cuales siguen siendo accesibles y adecuados para las actividades
educativas y de difusión y alfabetización en geociencias. Un excelente ejemplo de este estrecho vínculo
entre la historia de la geología y el patrimonio geológico se puede observar en los afloramientos “clá-
sicos” de Salmanha (Figueira da Foz), cuyas unidades carbonatadas fosilíferas del Cretácico Superior
se han estudiado desde mediados del siglo XIX. Las descripciones de las secciones estratigráficas y
faunas del Cenomaniense-Turoniense por Paul Choffat, desde 1886 en adelante, contribuyeron signi-
ficativamente al conocimiento científico de la época, y aún siguen siendo utilizadas como una fuente de
información para los investigadores actuales y un importante recurso para la enseñanza y las activi-
dades geoturísticas.
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As a major branch of scientific knowledge, modern ge-
ology has more than two centuries of history. Except a few
early ideas and basic concepts dating from the Classical
Antiquity and the Renaissance, the corpus of its epistemo-
logical framework started to be built during the Enlighten-
ment, but experienced its most noteworthy developments
with the industrial growth of the nineteenth century. Since
these distant times of unexpected discoveries, a huge
amount of scientific work has been done, exploring new
perspectives and theories to explain the morphology and
structure of the Earth, its history and past living beings. One
of the main advances was the contribution of early geog-
nostic studies to understand the meaning of fossils, and
their primacy as tools to establish interregional correlations
between distant formations with the same relative ages
(Rudwick, 1996).

Being a specific field of the history of science, the his-
tory of geology intends to research the biographies and the
scientific interactions of those who have spent their life-
times trying to understand structural and dynamic aspects
of the planet. This has been achieved side to side with stud-
ies on the evolution of ideas, concepts and controversies,
especially for those whose fieldworks and current para-
digms have been widely accepted and set the trend. Thus,
from a descriptive point of view, its historiography can be
looked as a testimony of an unbroken chain of failures and
advances in scientific process, where the role of many im-
portant contributors has deserved accurate biographic in-
vestigations (The founders of Geology in the sense of
Geikie, 1897).

In those areas where many of the “classical” places
originally visited by pioneer generations of geologists are
no longer accessible, there may also be a large number of
other sites which survived more or less unaltered, despite
decades of anthropic pressure. In the perspective of David
Oldroyd (1990), a conscientious return to these old sites is
proved to be essential for the modern historiographers of
geology, in order to review and contextualize the history of
scientific works and gathered collections, but also due to
the demand for scientific-cultural education that these
places can easily satisfy.

These on site data collection should be integrated with
the collections of minerals, rocks and fossils already gath-
ered from previous studies, many of them centenary exam-
ples classified following old taxonomic practices, as well as
good-quality specimens no longer available at the field.
They still are sources of renewed geologic knowledge and
pragmatic information resources for the history of geology
(Jackson, 1999). Manuals and other scientific texts are also
an additional object of study (Fig. 1), as they act as the main
vehicle for circulation and transfer of specialized knowl-
edge between distinct science production centers
(Gavroglu, 2007; Gavroglu et al. 2008).

Brief history of geoheritage

Some of the “classical” places described in early stud-
ies are remarkably adapted for the recognition and inter-
pretation of geodiversity, architecture of geological

processes, and palaeogeographic and biotic evolution. In
this sense, they may be considered as cultural georesources
prone for geoheritage conservation as “points of geological
interest” (POGI’S) (Muñoz, 1988; Lleonart and Mata-
Perelló, 2004). Of substantial importance are those with a
history of descriptions contemporary to the “golden age”
of palaeontological taxonomy, but also to the definition of
stages and their stratotypes, chronostratigraphic scales, or
early cartographic works. These attributes are valuable ad-
ditions from a historical point of view (Ayala-Carcedo,
2000), especially if linked with the moveable geoheritage
preserved in museums (Brandão, 2008).

The face of the natural heritage represented by world-
wide museum collections is considered by many as
absolute testimony of geodiversity, and its intrinsic value
has been enhanced as part of a “cult” that contributes for
its preservation and outreach. However, the paradigm that
results from the enhancement of the virtues of conserva-
tion, interpretation and enjoyment of the natural
environments out-of-doors still feeds the false dichotomy
that opposes traditional museums and collections to new
forms of presentation of geodiversity. Nevertheless, the
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Fig. 1.- The Principles of Geology by Charles Lyell (1797-1875)
have been repeatedly published since 1830-1833. The book is a
mark in the history of geology, by its content as well as an exam-
ple of a manual that influenced generations of worldwide geolo-
gists. Its French translations have been widely used in Portugal
since the second half of nineteenth century.



conceptual system of geoheritage involves both the move-
able and the in situ environments, as two complementary
facets of a whole strategy. For that purpose, the interdisci-
plinary view with the history of geology and
palaeontology can be a noteworthy advance in a sense of
complementarity, and a way to reduce apparent distance
between the in situ geoheritage and the related museum
collections and scientific publications disseminated out-
side.

The study of all these subjects has an obvious interest
for the modern and contemporaneous history of science
and its relationship with socioeconomic and cultural
impacts. Many of these topics also have relevance for geo-
heritage and its importance for educational and cultural
activities, because many concepts in geology contain a sig-
nificant degree of abstraction and their comprehension can
be facilitated with a historical approach, both in formal
and non-formal educational settings.

Importance of the “classical” sites

It is known that many European “classical” geological
sites have been revisited thousands of times by successive
generations of collectors, geologists and school groups
since their discovery in the eighteenth or nineteenth cen-
turies. Their geological materials and contexts have been
fully described for scientific purposes and their fossils,
rocks or minerals are housed in museums, but also dis-
seminated as didactic materials or personal collections. In
any of these situations, there is a close and obvious rela-
tionship between the importance of these “classical”
contexts as geoheritage, and their historical contribution
for the development and epistemology of Earth sciences.

The understanding of the link between the history of
geology and geoheritage, both in situ and ex situ as a
methodological approach to reveal natural contexts and
sites related to the geology of Portugal, is necessary as a
proper planning of future activities.

There is a variety of subjects from the history of sci-
ence that can be used as contributions to reveal ‘points of
geological interest’ (POGI’s). These subjects complement
physical attributes already used by many, towards the
identification of geoheritage in situ to preserve treasures
of Earth legacy: samples, structures, and landscapes from
present and past. Amongst them stand out the historical
scientific researches concerning the site area and their
importance for the local and regional socioeconomic
development (economy, tourism, environment, education,
science), as well as the scientific background of pioneers
and further contributors, with emphasis on their impor-
tance to science and to the advance of knowledge on the
geological setting. Other significant subjects to be consid-
ered are the importance of earth-sciences’ evolution for the
development of new ideas and models on local and
regional geology, the relevance of the local geology for the
development of new theories and new methodological
approaches, and the contributions towards the scientific
and cultural enhancement of historical geological collec-
tions.

Application to a palaeontological site

The Meso-Cenozoic sedimentary units of central west
Portugal have several noteworthy examples of “classical”
sites with historical background, singular relevance as geo-
heritage, and suitable educational approaches. The Upper
Cretaceous formations stand out amongst them. They have
been known since the early studies undertaken by Daniel
Sharpe (1806-1856). This English pioneer on invertebrate
palaeontology and president of the Geological Society of
London spent several periods in Portugal taking care of
business and travelling (Pinto, 1932), but also researching
and collecting samples on the Palaeozoic and Mesozoic
units of Oporto, Lisbon and intermediate areas, namely its
Cretaceous units and fossil faunas (Fig. 2).

The Cenomanian-Turonian platform carbonates from
the Baixo Mondego region ofWestern Central Portugal are
some of the best examples of these units historically known
since the Earth-Sciences’ gold age. Here, the fossiliferous
limestone and marly beds of the Costa d’Arnes Formation
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Fig. 2.-A - Daniel Sharpe (1806-1856) pioneer of the Portuguese
geology (photo: courtesy of the Geological Society of London); B
- Type and original label ofOtostoma mundae from the lower Tur-
onian of Figueira da Foz and housed on the British Museum (Nat-
ural History).



(Rocha et al., 1981) display a set of large outcrops located
in the “classical” areas of Figueira da Foz, Santa Catarina
(fortress), Salmanha and Fontela (Fig. 3). These exposures
have been widely studied since 1849. They have revealed
a 65 meters thick stratigraphic succession with ammonites
and abundant benthic invertebrates of middle Cenomanian
to early Turonian age (Soares, 1980; Callapez & Soares,
2001; Callapez, 2003) (Figs. 4, 5).

The local sequences of shallow marine carbonated fa-
cies were fully studied by the Swiss geologist Paul Choffat
(1849-1919) of the Portuguese Geological Survey (Fig. 6),
and used to correlate faunal associations of the Tethyan and

Temperate domains, during the Cenomanian-Turonian
(Berthou, 1984; Callapez, 2008; Barroso-Barcenilla et al.,
2011). Its early studies included the description of a re-
markable ammonite fauna and the recognition of the genus
Vascoceras Choffat, 1898 (Fig. 7), representative of the
Vascoceratidae, one of the main mid-Cretaceous cephalo-
pod families (Berthou et al., 1985; Callapez et al., 2001).

This significant palaeontological evidence was fully
recorded in several historical collections gathered since the
1840s decade. They have been housed in Lisbon, at the
Museu Geológico (the museum of the former Geological
Survey of Portugal; Paul Choffat collection) and also in the
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Fig. 3.-General map of the coastal town of Figueira da Foz and the Rio Mondego estuary, showing the “classical” localities of Santa Cata-
rina (fortress), Salmanha and Fontela, and location of the Cenomanian-Turonian Costa d’Arnes Fm. (geologic data plotted on the 1/25.000
topographic map nº239 of Instituto Geográfico do Exército).

Fig. 4.- The main quarry of Salmanha (Figueira da Foz) and several of the Cenomanian units studied since the mid nineteenth
century (beds “B” to “O” after P. Choffat, 1900; “E” thickness = 1 m).



Museu Nacional de História Natural e da Ciência (Uni-
versity of Lisbon; nineteenth century specimens from the
Geological Survey, and Pierre-Yves Berthou collection).
Other additional collections have been held at the Univer-
sity of Coimbra and British Museum (Natural History), in-
cluding that of Daniel Sharpe offered to the Geological
Society of London in the year of his death, and therein de-
posited (Pinto, 1932).

At the same time, the current scientific work has re-
sulted in several monographs dedicated to the Cretaceous

stratigraphy and palaeontology of Figueira da Foz and other
regional sections. The works of Daniel Sharpe (1849a,b,c),
Paul Choffat (1886, 1898, 1900, 1902, 1927), Perceval de
Loriol (1887-88), Gaston de Saporta (1894) and Henri
Sauvage (1897-98), among others, are excellent examples
of this rich bibliographic background and historical setting
that allow us to acknowledge the importance of the area
from the point of view of geoheritage (Fig. 8).

All these works generated taxonomic collections with
type specimens housed in museums, and accessible to the
general public. Side to side with this rich historical back-
ground of scientific studies, the “classical” outcrops of
Figueira da Foz have been visited during many field ex-
cursions, among them scholar groups of geology and biol-
ogy interested in practical concepts and in situ observations
of sedimentary rocks, stratigraphic principles and fossil
record.

Aspects of earth sciences’ history, with emphasis on the
history of the area, have been frequently used as a comple-
mentary methodology for non-formal teaching procedures.
These approaches include, for instance: (1) the principles of
historical geology and its synthesis in the local stratigraphic
sections; (2) the historical evolution of Portuguese geology
and its response to the introduction of new concepts and
ideas; (3) Daniel Sharpe, Paul Choffat and the beginning
of Mesozoic studies in Portugal; (4) the importance of
stratigraphic historical collections for scientific knowledge,
with emphasis on the Upper Cretaceous ones, and (5) the
relevance of museum collections as part of geoheritage, and
as an important tool for education and research towards
geoconservation.

Conclusions

The epistemology of Earth Sciences (history, methods
and evolution of knowledge) is a valuable issue that can be
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Fig. 5.- Stratigraphic section showing the upper Cenomanian and
lower Turonian platform carbonates of Salmanha (Figueira da
Foz) and their most common fossil invertebrates.

Fig. 6.- Paul Choffat in mid 1919, soon before his death (Photo:
AHGM, LNEG).



used for the selection and characterization of POGI’s. This
interdisciplinary view based on the history of geology and
palaeontology has a special significance when it comes to
“classical” sites with a long and rich background of scien-
tific studies, museum collections and publications. From

this point of view, its developments are congruent with the
purposes and the specific conceptual system of geoheritage.
At the same time, this methodology reduces the traditional
gap between the “cult“ of museum collections as absolute
testimony of geodiversity, and the worship of geoheritage
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Fig. 7.- The upper Cenomanian Vascoceratid ammonite Vascoceras gamai Choffat, 1898. Specimens from Salmanha, Figueira da Foz,
(unit “E” of Choffat, 1900). The derivatio nominis is an homage made by Paul Choffat to the late XV and XVI Portuguese explorer D.
Vasco da Gama, Earl of Vidigueira (Alentejo), 400 years after his successful departure to discover the maritime way to India.

Fig. 8.- Front pages and monograph plate by Paul Choffat, describing the Upper Cretaceous of Portugal, and the section and faunas of
Figueira da Foz focused on this paper. The figured specimens are Pachydesmoceras cf. denisonianum (Stoliczka, 1865) from the upper
Cenomanian unit “J”.



preserved in situ. After all, these are two sides of the same
coin. Thus, against this apparent antagonism, the interdis-
ciplinary view opposes complementarity, mingling knowl-
edge and efforts within the understanding of the history of
Earth and life, and conservation of the natural heritage.

The same approaches of historical perspective can also
be useful both for geoconservation and teaching of natural
sciences, using the geological sites and their contexts as
valuable didactic materials for interdisciplinary strategies.
They have a wide field of application in the geology of Por-
tugal, as demonstrated for the example of the Upper Creta-
ceous of Figueira da Foz.
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