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Abstract
Some natural scenes of films shooting contain landscapes and other elements that are part of the geological heritage, representing an
added value for the growing cultural tourism that visits them. In the SE of Burgos province (Spain), near some filming locations of the
classic western movie directed by Sergio Leone (1966), “The Good, the Bad and the Ugly”, we have assessed the Geological Heritage
of 6 selected sites: (1) Dinosaur tracks; (2) Paleo-river structures preserved; (3) Fossil trees; (4) Sad Hill; (5) Marine Cretaceous fossils;
and (6) La Yecla Gorge. Their tourist-cultural, scientific and educational values range from 775 points in La Yecla Gorge site to 450 in
Marine Cretaceous fossils site. A virtual tour is presented implementing Augmented Reality on Google Earth with detailed but easily
understanding descriptive information of each site, suggested activities for tourism and a free geoapp. The proposed technologies can
enhance geotourism, favouring sustainable development and fostering attitudes and skills related to the tourist’s respect for nature.
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Introduction

There is a general consensus on the fact that tourism
specialised in nature (landscape, geology, biodiversity, fossils)
is increasing rapidly in recent decades (Balmford et al. 2009;
Sriarkarin and Lee 2018), although studies such as Pergams
and Zaradic (2008) show that the number of tourists visiting
public lands in the USA, Japan and Spain has declined over
the last two decades.

Geotourism is a recent form of nature tourism based on the
geosystem (Newsome and Dowling 2010; Dowling 2013), but
due to fast growth and capacity of attracting a high number of
tourists, its management challenges are many (Newsome et al.
2012). Geotourism also represents a new and important line of
research at a global scale (see Ruban 2015 for a review of 165
papers of 417 specialists from 45 countries, between 2012 and
2014).

Tourism that visits natural environments can observe its
biodiversity in situ, but it is also desirable to look to its
geodiversity since both promote awareness and sensitivity
for the environment and facilitate the understanding and re-
spect for nature.
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Few papers have analysed the relation between the natural
locations used in filming by the media and the observable
geology of the area (e.g. Lugeri et al. 2015). However, when
visible geology for its importance can be part of the geological
heritage, undoubtedly enhances the cultural patrimony of the
region and may raise the interest of cultural groups, students
and tourists in general, to visit them.

The importance acquired by geomatics tools and
Augmented Reality techniques, free of charge and easily
implemented in mobile devices, currently makes possible
the digital geotourism, allowing anyone to know the val-
ue of geological places of interest (GIPs) in a simple and
interactive way. These aspects have already been imple-
mented in rural mountain areas of the Salamanca prov-
ince (West of Spain) with low tourist occupation
(Martínez-Graña et al. 2014, 2017a) or in areas with a
high-density touristic activity such as the Algarve (South
of Portugal) (Martínez-Graña et al. 2017b). Furthermore,

new technologies facilitate the creation of updated virtual
geodatabases in official geoportals, and the access in real
time to information about the geological heritage (Bailey
and Chen 2011; Martínez-Graña et al. 2013, 2018; Cayla
et al. 2014).

In the SE of the province of Burgos (Castilla y León,
Spain), geotourism is increasing, in recent years, since
there are important paleontological si tes of the
Cretaceous period (between 145 and 65 million years
ago). Numerous dinosaur tracks (Bengoechea et al.
1993; Moratalla et al. 1994) and fossil trees (converted
into silica) occur in the rocks formed from sediments de-
posited when the area was part of a terrestrial ecosystem.
However, other rocks contain fossils of marine molluscs
witnessing the existence of an ancient sea that invaded the
previous terrestrial ecosystem with trees and dinosaurs.
Also noteworthy is the landscape with a diversity of
geoforms, including several gorges. In order to develop

Fig. 1 Study area and location of the GIPs
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tourism in the area, some places were intervened to pre-
serve their content, and explanatory panels and even 3D
models in real scale of some Dinosaurs installed (Fig. 4a).

Among all the geological variety observable in an area—
the local geodiversity—there are some sites of greater rele-
vance, which are part of the Geological Heritage (a set of
natural geological resources with high scientific, tourist, cul-
tural and educational value). These places can be valued in a
quantitative way using a simple methodology (García Cortés
and Carcavilla 2018). The results obtained help managers,
students and the general public to know the interest of each
site.

In this area, during the summer of 1966, different scenes of
the well-known Sergio Leone’s western movie “The Good,
the Bad and the Ugly” were filmed. The unique landscape
with millenary junipers and limestone escarpments of Peña
de Carazo and the Arlanza River valley convinced Sergio
Leone and his team for its similarity to the natural scenery of
the NewMexico and the Rio Grande in Santa Fe, and Glorieta
Pass (USA). Some famous scenes filmed in different munici-
palities were the concentration camp of Betterville, in Carazo;
the battle of Langstone bridge, in Hortigüela and Contreras;
and the best known, the final duel lasting 20 min in the cem-
etery of Sad Hill, in Contreras (Fig. 1). Over the years, these
scenarios become hardly recognisable on the ground. But
thanks to the effort of cultural associations of Salas de los
Infantes, such as the Center of Tourist Initiatives of Sierra de
la Demanda, the Sad Hill Cultural Association, and the

Archaeological and Paleontological Collective, the area
around the final duel scene (the so-called Sad Hill cemetery)
has been partially restored. About 2000 tombs were recon-
structed of the nearly 5000 that appear in the film. Also, veg-
etation coverage of the central cobbled square was removed
allowing perfect recognition of the local where the scene took
place. The “Geology day 2016” in Burgos province (http://
www.sociedadgeologica.es/archivos_pdf/geolod%C3%
ADa16/guias_geolodia16/gdia16gui_burgos.pdf) promoted
by the Geological Society of Spain was carried out in the
Sad Hill (Huerta et al. 2016). In October 2018, the Spanish
movie (83’) of Guillermo de Oliveira, Desenterrando Sad Hill
(Sad Hill Unearthed), had his premiere, narrating this recon-
struction (https://www.youtube.com/watch?reload=9&v=
OUU7auBwyI0). In this work, we intend to give a further
tourist incentive for people wanting to visit the natural
setting of an iconic film shooting, through Augmented
Reality techniques and information on the visible
geological environment, part ly consti tut ing the
geological heritage (paleontological sites, landscape,
gorges) of the area, as an additional tool to increase
tourism. The objective of this study was to identify,
classify and evaluate six points of geological interest
(GIPs) (Fig.1) to perform a geological itinerary. Once
identified and selected, were qualitatively and quantita-
tively evaluated, and downloadable georesources gener-
ated a geoapp and a 3D virtual flight using the Google
Earth application.

Table 1 Geosite values (left) and weighting coefficients (right)

Geosites 1 2 3 4 5 6 Scientific Educational Tourist

Representativeness 2 1 4 2 1 2 30 5 –

Character type locality 2 0 2 1 0 1 10 5 –

Degree of scientific knowledge of the location 2 1 2 1 1 2 15 – –

State of conservation 2 4 2 4 2 4 10 5 –

Viewing conditions 4 4 2 4 2 4 10 5 5

Rarity 2 1 1 2 1 1 15 5 –

Geological diversity 0 1 1 2 1 2 10 10 –

Learning objectives/educational use 4 2 4 4 2 4 – 20 –

Logistics infrastructure 4 4 2 2 4 4 – 15 5

Population density 1 1 1 1 1 1 – 5 5

Accessibility 2 4 4 1 1 4 – 10 10

Intrinsic fragility (geosite size) 1 1 2 2 1 2 – 5 15

Association with elements natural and/or cultural 2 2 2 4 4 4 – 5 5

Beauty or spectacularity 2 0 1 2 1 2 – 5 20

Informative content/use 4 2 4 4 2 4 – – 15

Potential for tourism/recreation activities 2 0 4 4 1 2 – – 5

Proximity to recreational areas 1 1 0 0 0 0 – – 5

Socioeconomic environment 1 1 1 1 1 1 – – 10

Total 38 30 39 41 26 44 100 100 100
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Fig. 2 Screenshots of GIP 2 showing the placemark (up), and the description, pictures in flight, information sheet and other resources (down)
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Materials and Methods

Valorising the GIPs

The evaluation of the GIPs has been carried out according to
the methodology proposed by the Spanish Geological Survey
(Geological and Mining Institute, IGME) (García Cortés and
Carcavilla 2018), based on the assignment of 0 to 4 points to a
total of 18 parameters (Table 1, left) concerning its represen-
tativeness, size, type locality character, scientific knowledge
of the place, conservation, accessibility, observation condi-
tions, rarity, infrastructures in the area, population density,
association with other eco-cultural elements, beauty, potential
to carry out informative activities, proximity to recreational
areas and socioeconomic environment of the place. The value
obtained for each parameter is then multiplied by a weighting
coefficient depending on the type of value (scientific, educa-
tional or tourist) to be calculated (Table 1, right). The final
score of the GIP is obtained summing the three values.

The selected GIPs were (1) Dinosaur tracks of Regumiel de
la Sierra; (2) Paleo-river sedimentary structures at the same
village; (3) Fossil trees in Hacinas; (4) “Sad Hill” site in
Contreras; (5) Marine Cretaceous fossils in Contreras; and
(6) “La Yecla Gorge” in Santo Domingo de Silos (Fig.1).

Virtual 3D Route on Google Earth Platform

Once the sites have been identified, catalogued and qualified,
were geo-referenced with UTM coordinates. The Google
Earth platform has been used for placement of the GIPs in a
3D virtual globe and gets its geo-referenced information in a
simple way in different devices. The information is accessible
online, from any place or during the route between the stops of
the itinerary, facilitating the location of the GIPs and increas-
ing the interactivity.

The implementation of each GIP was done using
placemarks including a brief description of the area, and the
information sheet with field photographs, graphics and inter-
pretations. Its scientific, educational and tourist-cultural value
was also indicated (Fig.2).

All GIPs generate a geodatabase in “kml/kmz” format
(Fig.3) that allows to virtually visit each site in real
time, and download specific resources including the
quantitative assessment and the location within the itin-
erary. It is also possible to set the route to the next GIP
(to here/from here).

By opening each file, the virtual platform automatically
geo-reference the selected stop. The application allows the
user to move closer or away from each GIP, providing simple
information about the geological context and offering a spatial
view of the itinerary with several 3D geological materials,
enabling the visualisation of the topographic position and
the variety and antiquity of the rocks that surround him.

The application itself creates the virtual route with all the
information, using by default the roads and paths that lead
from one site to another, or it may be defined by the user,
manually, choosing the path to follow. In the first case, the
GIP information appears in the window on the left, with indi-
cations similar to those of a GPS, as well as the different
transport options (car, public transport, walking, cycling,
etc). When the user decides the route, he can interact with
the “StreetView” application of Google Maps, observing the
outcrops “in situ”. In both situations, it is also possible to
obtain a topographic profile of the route, to previously know
the slope of the terrain and its difficulty (Fig. 3).

The proposed route follows a geographical criterion con-
sidering the order of the stops (see supplementary materials)
and usefulness for easy orientation of the tourists, so the layout
is not based on the age of rocks and fossils of each site, as it
should be from the most logical scientific point of view. This

Fig. 3 From left to right: table of contents (geodatabase). Visual route from the GIP4 to the GIP 6 (blue colour), suggested by the GPS of the mobile
device. a Topographic profile of the route. b Street view capture of site 3
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facilitates easy understanding by all types of public and opti-
mises the duration of the route, which is generally appreciated
by the tourist.

Afterwards, a 3D virtual flight was made using the “record
tour” command. The flight comprises a tour over the map,
according to the selected route for the different GIPs and

Fig. 4 a Dinosaur tracks of Regumiel (GIP 1). b Paleo-river structures in
Regumiel (GIP 2). c Fossil tree of Hacinas (GIP 3). d Aerial view of Sad
Hill, with its former Roman theatre shape. e Sad Hill cemetery in 1966. f

Sad Hill today (GIP 4). gCretaceous marine fossils quarry (GIP 5). h, i La
Yecla Gorge (GIP 6)
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respective photographs, displayable on the Smartphone or
downloadable in video formats (avi , Mpeg) (see
supplementary materials).

Creation of a Geoapp

Another resource is the creation of a geoapp, in several lan-
guages, which contains detailed information for the tourist
(geological, paleontological, landscape ...) using the internet
access and the GPS of the device.

This application has been generated using the Android crea-
tor platform (Weng et al. 2012) for mobile devices and Android
tablets, enabling the easy development of free applications, with
no need of programming skills. The application shows the in-
formation about the proposed route by entering the data for each
site on the platform assistant. In addition, it displays the infor-
mation on Google Maps allowing to send messages about the
GIPs directly to social networks and to attach links. One of these
links may be connected to a field guide, allowing “in situ” ac-
tivities and the assessment of the degree of understanding of the
informative content of the site by the participants.

Results

The six GIPs are located in two readily accessible zones, a
fundamental requisite for tourism purposes. The first two
stops (ichnites and fossil fluvial structures) are in Regumiel
de la Sierra. The other four at the north of Santo Domingo de
Silos. All GIPs can be easily reached by any vehicle, through
paved or dirt roads. Some of them have a small route or are
very close to each other, allowing the visitor to walk, observe
and discover an area of great beauty with multiple geological,
zoological, botanical and cultural interests.

Description of the GIPs

GIP 1:Dinosaur tracks of Regumiel. In Regumiel de la Sierra,
there are two deposits, called El Frontal and Frontal II, pre-
senting a large number of ichnites. Most were formed by
Iguanodontid dinosaurs dominant herbivores at the beginning
of the Cretaceous, whose most striking feature is his thumb

transformed into a spur. These footprints are found on what
oncewere sands deposited in the channels and fluvial plains of
large rivers 125 Ma ago (Fig. 4a). The total weighted assess-
ment (Table 1) is 670, of which 200, 255 and 215 correspond
to its scientific, educational and tourist value.

GIP 2: Paleo-river structures. Located at 30 km of the
regional highway CL-117 connecting Salas de los Infantes
(Burgos) to Abejar (Soria). At this point (Fig. 4b), there are
sedimentary structures not produced by organisms, the so-
called cross stratification, consisting of arrangements of thin
fluvial sedimentary strata deposited at an angle to the main
stratification. The total weighted assessment is 525, of which
135, 235 and 155 correspond to the scientific, educational and
tourism value, respectively.

GIP 3: Hacinas fossil trees. Remains of fossil trees, that is
silicified wood from the Lower Cretaceous, 120 million years
ago, in the historic town of Hacinas. It constitutes the first
record of the genus Protopodocarpoxylon. Its morphology
highlights the favourable climatic conditions of the area, at
that time, with abundant water availability. In the urban centre,
four fossil trees are exposed (Fig. 4c), and there is an
Interpretation Centre for tourism. The total weighted assess-
ment is 705, the second highest in the route, of which 235, 255
and 215 correspond to the scientific, educational and tourist
value, respectively. Its high tourist value is also notorious,
reinforced by the presence of the “Centro de Visitantes del
Árbol Fósil de Hacinas” (www.arbolfosilhacinas.es).

GIP 4: Sad Hill cemetery. Located between the towns of
Contreras and Santo Domingo de Silos is the fictional Sad Hill
Cemetery (Fig. 4d, f), created in 1966 for the movie “The
Good, the Bad and the Ugly”. It is a huge cultural experience
for anyone who has seen this classic movie since everything in
the area is reminiscent of the final famous duel scene. As an
additional scientific aspect, observing the paving slabs of the
central plaza in detail, it can be seen that they are made up of
limestones called oncolytic due to the presence of concentric
structures visible to the naked eye, which were built by uni-
cellular organisms named cyanobacteria. The surrounding
landscape is also of high value. The weighted assessment of
the GIP is 655, of which 195, 235 and 225 correspond to the
scientific, educational and tourist value, respectively. The
tourist-cultural value of this geological interest point is one
of the highest on the itinerary, together with stop 6 (Table 1).

GIP 5: Marine Cretaceous fossils. Located in one of the
mountains that surround the Sad Hill Cemetery, to the south-
west, on the old road from Contreras to Santo Domingo de
Silos (which is a village of great cultural and tourist interest,
with a famous Benedictine monastery whose monks actually
pray through the Gregorian chant). It is a small abandoned
quarry (Fig. 4g), with calcareous marine sediments from the
Cretaceous, containing fossils of organisms that lived in the
area, especially molluscs. The tourist can easily understand
that the region where Dinosaurs lived (GIP 1), with the

Table 2 Values for the scientific, educational and tourist interest of the
six selected GIPs

Geosites 1 2 3 4 5 6

Scientific interest 210 150 235 205 120 215

Educational interest 250 225 245 250 185 305

Tourist interest 225 155 205 225 145 255

Total 685 530 685 680 450 775
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presence of abundant trees (GIP 3), was later invaded by the
sea, as recorded by the marine fossils found at this point. The
total weighted assessment is 440 (110, 185 and 145 corre-
sponding to the scientific, educational and tourist value,
respectively).

GIP 6: La Yecla Gorge. Located in a Protected Natural
Area, known as “Yecla Natural Park”, this short but deep
and narrow river path runs through the steep escarpments of
the limestone rocks of Cervera, which serve as home to a large
number of griffon vultures. It is formed by a series of bridges

Fig. 5 An aspect of the 3D virtual flight on theGoogle Earth, with descriptive and graphic information of the itinerary (up), and visualization of the GIP 6
in the “Street View” mode (down)
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and footbridges that allow crossing the gorge on the waterfalls
and pools of the Helechal river for about 600 m, being able to
observe the spectacular surrounding nature, the waterfalls that

the stream makes, the drawings and traces of the abrupt walls
and numerous morphologies reflecting carbonate dissolution
processes (Fig. 4h, i). The total weighted assessment is of 725,

Fig. 6 Screenshots of the geoapp and the QR code, and screen captures of activities of the Field Guide
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the highest of the entire route, of which 195, 305 and 225
correspond to its scientific, educational and touristic value,
respectively. This GIP is the one that presents the highest
educational and tourist/cultural values of the route (Table 1).

Table 1 shows the valuation of each parameter in the six
selected GIPs and the unweighting total sum, as well as the
weighting coefficients for the assessment of the scientific,
educational and tourist interest.

Table 2 presents the weighted values for the scientific, di-
dactic and cultural interest of each selected GIP.

The GIP 6 (La Yecla gorge) shows the highest unweighted
score (44 points), followed by the GIP 4 (Sad Hill) with 41
points, and the GIP 3 (Fossil Trees) with 39. Conversely, the
GIP 5 (Cretaceous marine fossils quarry) presents the lowest
unweighted score (26 points). The GIPs 1, 3, 4 and 6 have the
maximum value of 4 points for the parameter “Learning
objectives/educational use” since currently being used in ed-
ucational activities of Grade and Master’s degrees of the
Salamanca University. The GIPs 2, 4 and 6 present the max-
imum valuation for the parameter “State of conservation” as
they are intact. In the case of sites 1, 3 and 5, the score is lower
because of the slight alteration, without seriously affecting the
value or interest of the GIP.

All the GIPS reached high total values. Educational interest
is always higher. Concerning the tourist interest, the GIPs 1, 3,
4 and 6 present values above 200 points. It should be
highlighted the GIP 6 (La Yecla gorge) with 255 points, well
signposted and accessible, located in a small and very narrow
gorge (where both sides can be touched with one’s hands), as
well as the GIP 1 (Dinosaurs tracks of Regumiel) and the GIP
4 (Sad Hill) with 225 points, respectively.

Once all the information has been incorporated using the
Google Earth application, following the described methodol-
ogy, a virtual flight can be generated enabling the observation
of the study area prior to the visit. This route can be seen in
3D, using the Google Maps application “Street View” (Fig.5).

The geoapp allows improving the performance during the
realisation of the pre-designed paleontological route (Fig. 6).
The geoapp starts with a welcome message integrated into a
photo of the most touristic place, Sad Hill. Then, the main
menu appears with different sections of information for each
site, and a chat to the exchange of opinions with other regis-
tered users that have made the route, are in it or are going to
make it. The access to a community for searching the assis-
tants and the field guide is also available through an enabled
link to Drive. By just entering the personal email, the interest-
ed user will have full access to the document containing the
activities and the information sheet of each stop (supplemen-
tary material).

The geoapp for the Android operating system can be
downloaded through a link (http://www.androidcreator.com/
app271527) or from a QR code that appears in the panel of
each GIP of the route.

Conclusions

This work provides a methodology for the development of
georoutes in favour of the tourism around natural filming lo-
cations, as in the case of the well-known Sergio Leone’s mov-
ie “The Good, the Bad and the Ugly” (1966) in SE of the
Burgos province (Spain). The geological and paleontological
heritage was valued, and virtual resources have been created
using AR, which enhances the touristic-cultural and educa-
tional value of the area.

The route designed between the areas of Regumiel de la
Sierra and Santo Domingo de Silos presents six GIPs of high
scientific, educational and tourist value. The tracks of
Dinosaurs (GIP 1) and the iconic cemetery of the “Sad Hill”
movie (GIP 4) show high touristic rating (225 points each),
but La Yecla gorge (GIP 6 located in a Natural Park) got the
highest score, reaching 255 points. Using the Google Earth, a
geo-referenced route linked to graphical elements with simple
explanations, a geoapp and virtual 3D flights have been cre-
ated, providing additional geological information of the sur-
rounding environment, easily useable by the tourist of nature,
aiming to increase the sustainable development of the region
through geotourism.
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