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Abstract
Many volcanic landscapes reflect the essence of volcanism and are particularly attractive to different kinds of visitors, featur-
ing the concept of volcanic geoheritage. The expressiveness of volcanic processes is exacerbated in active volcanoes, which 
increasingly attracts geotourism, despite the natural hazards associated to such geological environment. This work reports 
how the 2014–2015 eruption of the Fogo volcano at Cabo Verde (West Africa) affected the geoheritage of the central part 
of the caldera, classified since 2003 as Natural Park, and which caused the destruction of several villages but enabled the 
occurrence of new geosites. Chã das Caldeiras is the only inhabited area within the perimeter of the park and the unique 
case of human settlement inside the crater of an active volcano. Besides agriculture, geotourism is an important economic 
activity for the local communities, and both were devastated after the eruption. However, after the 2014–2015 crisis and 
despite the eruption risk the local population decided to return to the affected villages and re-start their former life, including 
geotourism which has since recorded enormous growth. The volcanic geoheritage has dynamic nature that stand out from 
the majority of stable geosites, with periodic destruction of geosites and corresponding geotouristic infrastructures, and the 
emergence of new geosites. But despite the costs of rehabilitating, this type of geoheritage must be seen as an economic 
asset capable of attracting visitors to travel to destinations subject to the risk of eruptions, therefore contributing to foster 
the typical community-based tourism of normally inhospitable territories.
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Introduction

Volcanic eruptions are one of the most spectacular geologi-
cal phenomena, and active volcanic fields engage geolo-
gists and the public both during and after their occurrence, 

as they form easily understandable landforms due to their 
geoheritage contents (Pena dos Reis and Henriques 2009). 
Volcanism is of particular interest to the public due to the 
human-scale duration of its operations and the highly visible 
impacts of both its generative and destructive parts (Németh 
et al. 2017), which gave rise to the emergence of a specific 
type of tourism: the volcano tourism (Erfurt 2022).

Volcanic regions have become increasingly attractive 
to tourists, who seek for adventure and fun in both active 
and extinct volcanic environments (Planagumà and Martí 
2020). Because volcanoes represent extraordinary geoherit-
age sites, many of them are often included in protected areas 
(national parks, world heritage areas or global geoparks) 
and subject to very strict rules of use, particularly because 
of the volcanic hazards inherent to this type of territory 
(Texier-Teixeira et al. 2014; Erfurt 2022). However, vol-
canic regions receive more than 150 million visitors world-
wide each year, a number that has likely increased over the 
past decade (Erfurt-Cooper 2010; Bidias et al. 2023). The 
demand for this type of tourism is increasing as it provides 
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new experiences in a healthy environment linked with the 
natural environment, developed at the local level and away 
from mass tourism (Naranjo Llupart 2022).

Active volcanoes have higher levels of natural risk, which 
frequently limits the implementation of construction, infra-
structure, or agricultural projects that could help to boost 
geotourism and, as a result, the sustainable development of 
regions. But the dangerous dynamic nature of volcanic geo-
heritage must be seen less as a hindrance to enjoyment and 
more as an opportunity to promote geotourism. This will 
help to justify public and private investment in high-quality 
infrastructure and accessibility in territories at high risk of 
eruption.

This work reports how the eruption of the Fogo volcano 
(Cabo Verde) in 2014–2015, despite being devastating 
for the communities that inhabit the Natural Park of Fogo 
(NPF) at the time, became an event that subsequently drove 
a clearly positive social and economic transformation (Silva 
et al. 2016; Jenkins et al. 2017). In fact, the great devastation 
caused to local communities estimated at US$28 million 
(PDNA 2015) made it doubtful that any significant resettle-
ment would be possible after the eruption (Worsley 2015). 
However, new geosites have since emerged as disaster geo-
sites (Migoń and Pijet-Migoń 2019), which have stimulated 
curiosity and interest among visitors, and greatly increased 
geotourism. Thus, the main objectives of the present work 
are:

– to describe the current geoheritage of the NPF, analyzing 
what existed and what was created as a result of 2014–
2015 eruption;

– to evaluate economic and social indicators of the com-
munities that inhabit the NPF before and after the 2014 
eruption;

– to contribute to demystifying the idea that the vulner-
ability inherent to volcanic geoheritage should not be 
seen as a constraint to the design and implementation of 
valuation projects that are fundamental for the promotion 
of geotourism and local development.

Geotourism plays a crucial role in promoting inclusive 
and sustainable economic growth, make safe and resilient 
communities, and ensure sustainable consumption and pro-
duction patterns (Jill 2017). The convergence of geocon-
servation with the objectives included in the 2030 Agenda, 
namely with ODS 8, 11 and 12, is clear. So, valuing and 
monitoring procedures fostering sustainable development 
through geoeducation and geotourism is a key issue for 
African countries, located in the continent with the rich-
est geological, biological, and cultural heritage but which is 
certainly further away from achieving the objectives set out 
in the 2030 Agenda (Toteu et al. 2010).

This work is assumed to be a contribution to analyze 
and disclose the rich geodiversity outcropping in Africa 
that needs to be discovered, assessed, and used as a tool of 
sustainable development of local communities (Neto and 
Henriques 2022). But this requires innovative approaches 
to geoconservation by integrating natural and social and 
humanistic scientific knowledge with non-scientific and non-
Western forms of knowledge, and by acknowledging that 
sustainable development can be achieved through culturally 
different pathways (Werlen et al. 2016).

Geographical and Geological Setting

The Cape Verde archipelago is located in the Central Atlan-
tic, around 500 km off the west coast of Africa, 1,400 km 
SSW of the Canary Islands and 2,000 km east of the current 
rift of the mid-Atlantic ridge. It is made up of 10 islands and 
several islets, totalling 4,033  km2. The islands are organised 
in the shape of a horseshoe open to the west, bounded by 
parallels 14° 48' and 17° 13' N and meridians 22° 42' and 
25° 22' W. The islands are arranged according to their posi-
tion relative to the prevailing northeast trade winds in two 
units: Windward and Leeward (Fig. 1).

Although there is no consensus on the existence of a 
"hotspot" in the area of Cape Verde, Davies et al. (1989) 
and Patriat and Labails (2006) indicate the origin of this 
archipelago from thermal plumes originating in the mantle. 
According to Stillman et al. (1982), Robertson (1984), and 
Pollitz (1991), Cape Verde is located in an elevated region 
of the current ocean floor, which is part of the "Cape Verde 
Rise" or "Swell" and which, due to the neighbourhood of the 
islands, corresponds to a dome around 400 km wide (Lance-
lot et al. 1977). The archipelago lies in the ancient oceanic 
lithosphere, which here has ages of 120–140 Ma (Williams 
et al. 1990; Müller et al. 2008), and a thickness of around 
85 km (Cazenave et al. 1988). It is assumed that a dome 
of this size represents an important phenomenon, possibly 
related to decompression and partial melting that provided 
the source of the magmas that originated the islands through 
the "hot spot" mechanism (Stillman et al. 1982). The ori-
gin of this volcanism (characterised essentially by strongly 
alkaline magmas) is related to the presence of an oceanic 
"hot spot" within the African Plate, which is the surface 
expression of the "Cape Verde Mantle Plume" (White 1984; 
Courtney and White 1986). From a geodynamic perspective, 
this archipelago is located on the African plate, in a stable 
intra-plate environment, possibly marked by the presence 
of a mantle plume or other deep mantle processes, whose 
action on the surface is expressed by the seismic and vol-
canic activity that affects some of the islands, particularly 
Fogo, Brava and Santo Antão.
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The volcanic construction of the Cape Verde islands 
probably began in the Oligocene/Miocene period (Holm 
et al. 2008; Dyhr and Holm 2010; Ramalho 2011). Alkaline 
basaltic magmas are the most common, and their products 
(tephrite, phonolites, trachyte, etc.) are volumetrically resid-
ual (Kogarko 2008). According to Mourão et al. (2010), one 
of the striking features of Cape Verde's magmatism is the 
presence of intrusive and extrusive carbonatites on at least 
five islands.

The roughly circular island of Fogo is located in the SW 
of the archipelago (Fig. 1). With an area of 476  km2 and 
a diameter of 27 km, it belongs to the group of Leeward 
Islands and is situated between parallels 15° 03' and 14° 48' 
N and between meridians 24° 18' and 24° 31' W.

Fogo is the archipelago's most recent island and the only 
one with historical, post-population eruptions, with the last 
eruption occurring between November 23rd, 2014 and Feb-
ruary 8th, 2015 (Silva et al. 2016; Bagnardi et al. 2016; 
Cappello et al. 2016; Richter et al. 2016; Mata et al. 2017). 
A Quaternary age has been indicated as the most probable 
for the island (Day et al. 1999; Ramalho 2011).

This island is a large complex volcano and has a more 
recent stratovolcano (Pico do Fogo) overlapping a previ-
ous volcanic edifice that collapsed (Ribeiro 1960; Day 
et al. 1999; Masson et al. 2008; Ramalho 2011; Mata et al. 
2017; Martínez-Moreno et al. 2018). Pico do Fogo has con-
tributed to shaping the entire island into a cone-like structure 
with a rounded base around 25 km in diameter and 2,829 m 
of maximum height above sea level (Fig. 1). At the base of 
Pico do Fogo there are two large calderas (about 10 km in 
N-S direction and 7 km in an E-W direction) located in the 
NE corner of the island. These are flanked by steep, almost 
vertical escarpments to the north, west and south (locally 
called Bordeira), open to the E to the sea as a result of the 
landslide of the volcano's eastern flank towards the ocean 
(Day et al. 1999; Brum da Silveira et al. 1997; Paris et al. 
2011; Le Bas et al. 2007; Madeira et al. 2008; Masson et al. 
2008), which is thought to have occurred in ~ 117 or ~ 73 ka 
(Eisele et al. 2015; Ramalho et al. 2015).

On Fogo Island, there is a predominance of rocks with a 
basaltic composition (sensu latu), generally represented by 
lithotypes that are more under-saturated in silica, such as 

Fig. 1  Geographic location of the Cape Verde archipelago and Fogo Island (Credits: Patrick Silva)
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basanites, limburgites and nephelinites (Mata et al. 2017), 
which are either effusive (more representative in terms of 
volume) or of an explosive nature. Occasionally, there are 
phonolitic rocks, which represent more evolved magmas, 
but are strongly undersaturated, and carbonatites, which 
stratigraphically represent the oldest rocks on the island, 
and which correspond to calciocarbonatites probably of a 
plutonic nature (Madeira et al. 2005; Mata et al. 2017).

On the October 28th 2021, the Fogo Island, together with 
the Maio Island, was classified by UNESCO as a World Bio-
sphere Reserve. This distinction is due to the uniqueness 
of the volcanic landscapes, as well as the biodiversity and 
centuries of coexistence between nature and society.

The Natural Park of Fogo (NPF) was created by Decree-
Law no. 3/2003 of February 24th and covers an area of 
8,468.5 ha (PGPNF 2009). It occupies the central part of 
the island of Fogo and is elongated in an east–west direction. 
It is situated at the convergence of the island's three munici-
palities: S. Filipe (1,861 ha, 22% of the Park), Santa Catarina 
(4,237 ha, 50% of the Park) and Mosteiros (2 370 ha, 28% of 
the Park) (Fig. 2). The area has four small villages—Portela, 

Bangaeira, Cova Tina and Ilhéu de Losna—located at the 
base of the Fogo volcano (Santos 2017).

The NPF is home of a unique geodiversity in the national 
territory, as well as a very significant biological diversity. 
Chã das Caldeiras is the only settlement inside the park 
and is a popular tourist destination due to its geodiversity. 
According to the 2021 Census (INE 2022), Chã das Caldei-
ras has a population of 472 inhabitants, 262 men and 210 
women, in a total of 151 households. These data indicate a 
decrease in population when compared to the 2010 Census 
and the demographic data from December 2014, obtained 
before the last eruption (Table 1).

The population of Chã das Caldeiras lives essentially 
from agriculture and livestock, agro-processing (especially 
the production of wine, cheese, jams, etc.), tourism ser-
vices (touristic guides, accommodation and restaurants) and 
handicrafts (a complementary subsistence activity). In recent 
years, tourism has boomed in Fogo, particularly in Chã das 
Caldeiras, becoming one of the main sources of income for 
the local population.

Fig. 2  Location and delimitation of the Natural Park of Fogo

Table 1  Data on the population 
of Chã das Caldeiras between 
2010 and 2021: M – Male; F – 
Female

Sources: Census 2010 (INE 2011); Census 2021 (INE 2022) and PDNA (2015)

Locality Population

Census 2010 December 2014 Census 2021

Total M F Total M F Total M F

Chã das Caldeiras 696 340 357 964 486 478 472 262 210
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Geoheritage of the Natural Park of Fogo

As mentioned above, the island of Fogo is the only active 
volcanic island in the Cape Verde archipelago with a record 
of historical, post-population eruptions. Thus, there are 
records of around thirty eruptions since 1500 (Deville 1848; 
Ribeiro 1960), with the last two being the best documented: 
the 1995 eruption (e.g. Torres et al. 1997; Day et al. 2000; 
Heleno 2003; Hildner et al. 2011, 2012; Costa 2011; Silva 
et al. 1997, 1999) and the 2014–15 eruption (e. g. Car-
racedo et al. 2015). g. Carracedo et al. 2015; Silva et al 
2016; Mata et al 2017; Cornu et al 2021; Bagnardi et al. 
2016; Fernandes et al. 2015; González et al. 2015; Jenkins 
et al. 2017; Richter et al. 2016; Silva et al. 2017; Worsley 
2015; Klügel et al. 2020; Cappello et al. 2016; Calvari et al. 
2018) (Fig. 3).

Until the end of the eighteenth century, descriptions 
refer to prolonged explosive eruptions inside Chã das Cal-
deiras and in the Pico do Fogo crater, with lava flowing 
down the eastern flank of the island (Ribeiro 1960). The 
eruption of 1785 marked the end of activity in the Pico do 
Fogo crater and corresponds to the last observation of an 
eruption outside Chã das Caldeiras (Ribeiro 1960). The 
eruptions after 1785, with the exception of two in 1857 
and 1799 on the east flank, occurred at the base of the main 
eruptive cone and inside Chã das Caldeiras, corresponding 
to predominantly effusive fissural activity, with the forma-
tion of cones of scoria and the production of lava flows 
which, in almost all cases, flowed down the east flank of 
the island to the sea (Torres et al. 1997; Day et al. 2000). 
With the exception of the 1995 and 2014 eruptions, which 
occurred on the SW flank of Pico do Fogo, the post-1785 
eruptions within Chã das Caldeiras form an approximately 
N-S alignment on both sides of Pico do Fogo, through fis-
sures that are also orientated close to N-S direction (Day 
et al. 1999, Brum da Silveira et al. 1997; Hildner et al. 
2012; Worsley 2015).

So, the NPF displays a wide variety of forms result-
ing from different episodes of volcanism over time. The 
expressiveness, representativeness, and uniqueness of some 
of them allow us to identify them as geosites that con-
stitute geological heritage of the magmatic type (Habibi 
et al. 2018). More recently Németh (2022) specify volcanic 
geoheritage as the record of volcanic processes, volcanic 
landforms and/or the eruptive products of volcanism that 
shape the geological architecture of a region. At the NPF, it 
is possible to identify geosites expressing volcanic activity 
prior to the last eruption, and geosites resulting from the 
last eruption dating from 2014–2015.

Geoheritage before the Last Eruption

The active volcanic activity of Fogo Island, with its histori-
cal eruptions, has contributed to the formation of a singular 
landscape with a rich and unique geological diversity, and 
shows high potential for the practice of nature tourism, espe-
cially geotourism. In order to identify, characterise, value 
and publicise the geotourism potential of this island, based 
on defined criteria, studies have been carried out on the local 
geodiversity and geological heritage which have made it pos-
sible to carry out inventories of the geosites formed during 
the structural evolution and after the historical eruptions of 
this island (a total of 22 geosites on the island of Fogo, 13 
of which are in Chã das Caldeiras) (Fig. 4a and b) (Alfama 
2007; Costa 2011; Dóniz-Páez et al. 2018).

However, it should be emphasised that this geodiversity is 
subject to changes due to the island's active volcanism, par-
ticularly after volcanic eruptions. In fact, despite the destruc-
tion caused by these eruptions, new geosites have also been 
formed, which, in the case of the NPF, have become new 
tourist attractions relevant to the park. These new geosites 
have contributed to the return of people to Chã das Cal-
deiras after the eruptions (e.g. in the last eruptions, 1995 
and 2014–15), who have used these new attractions to their 
benefit.

Geoheritage after the Last Eruption

The last volcanic eruption on Fogo Island began on Novem-
ber 23rd, 2014 and ended on February 8th, 2015. It origi-
nated in a NNE-SSW eruptive fissure, approximately 700 
m long, at the SW base of the Pico do Fogo cone, between 
2,200 m and 1,800 m above sea level, and about 200 m from 
the fissure that gave rise to the 1995 eruption (Worsley 2015; 
Silva et al. 2016; González et al. 2015; Vieira et al. 2016; 
Bagnardi et al. 2016; Jenkins et al. 2017; Mata et al. 2017; 
Calvari et al. 2018). This effusive event took place about 200 
m SW of the eruptive fissure that caused the 1995 eruption.

Over a period of more than two months, the various erup-
tive phases recorded, from effusive to explosive, gave rise 
to various volcanic products (gases, ash, lapilli, bombs, lava 
fountains, lava flows), as well as different volcanic struc-
tures (cones, lava tubes). The lava flows covered a total 
area of around 4.5  km2 at Chã das Caldeiras and a volume 
of ~ 46 ×  106m3 (Silva et al. 2016; Calvari et al. 2018). Lavas 
flowed from seven eruptive vents, together with the emission 
of ash and gases, all aligned along an eruptive fissure with a 
NNE-SSW direction (Calvari et al. 2018).

The lava flow moved partly conditioned by the access 
road to the villages of Portela and Bangaeira. In general, the 
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Fig. 3  Map of the prehistoric eruptions occurred on the island of Fogo (Carracedo et al. 2015)
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lava spill was divided into three main arms, which flowed to 
the S, NW and W. The lava flows that moved to the NW were 
more important, both in terms of the area occupied and the 
damage caused by its progression through the terrain (Silva 
et al. 2016; Calvari et al. 2018). The flow that went to the W 
also destroyed the Ilhéu de Losna settlement, although the 
volume and extent of the lava were not as significant as the 
other flows produced during this eruptive event (Silva et al. 
2016; Calvari et al. 2018). This flow is made up of aa and 
pahoehoe types, which formed at different times during the 
eruptive event, and destroyed several agricultural plots and 
infrastructures in the NPF.

The 2014–15 eruption led to the formation of new geo-
sites that were inventoried based on the methodology used 
by Alfama (2016), by carrying out a non-systematic inven-
tory of geosites based on fieldwork, with campaigns during 
and after the volcanic eruption. For each of the new geosites, 
the aesthetic criterion was taken into account, due to their 
tourist, educational and scientific potential. The new geosites 
formed by the 2014–2015 eruption (Fig. 5) are listed and 
described below:

a) Lava flow fields (coordinates: 14° 55′ 52" N and 24° 21′ 
17" W): the aa and pahoehoe lavas flowed from seven 
eruptive vents that were aligned along an eruptive fis-
sure in a NNE-SSW direction, and gave rise to three 
main arms, which moved to the S, NW and W (Fig. 6) 
(Calvari et al. 2018) and progressed towards the base of 
Bordeira. Flow 1 is essentially formed by aa lavas, flow 
2, the largest of all, is formed by both aa and pahoehoe 
lavas (Fig. 7), and flow 3 is dominantly pahoehoe.

b) Cinder cone (coordinates: 14° 56′ 40" N and 24° 21′ 
13"W): it is a 138 m high monogenetic cone (the high-
est of the last eruptions) with basal diameter of 512 m, 
which resulted from the accumulation of lapilli, bombs, 
ash and lava (Teves 2018). It is located at the bottom of 
the western slope of the main cone and represents the 
most recent volcanic structure on the island and in the 
country. Its shape was moulded according to the NNE-
SSW eruptive fissure direction. As a result, the cone 
presents a succession of craters, made up of sets of four 
to five aligned craters, displaying the complex morphol-
ogies of typical of fissural eruptions. A special feature 
of this cone is that it is located on the SE side of the 
cone formed in the 1995 eruption (Monte Mota Gomes) 
(Fig. 8). It is made up of dark-coloured pyroclasts with 
light tones on the crater side. During the eruption that 
formed this cone, four vents were formed simultaneously 
through which materials were expelled. Later, these 
vents merged to form the current cone crater, which is 
elongated (Fig. 9). At the base of this cone, a lava tube 
2–3 m in diameter was formed, located approximately 20 
m below the topographic surface (Calvari et al. 2018).

c) Ropy lavas (coordinates: 14° 57′ 03''N and 24° 23′ 
8''W): there are several spills of pahoehoe lavas that 
have extended to the surface through the eruptive mouth, 
continuing the flows that went W towards the village of 
Ilhéu de Losna. These lavas must have travelled around 
1.4 km until they reached the base of Bordeira, through 
a channel between 55 and 100 m wide (Calvari et al. 
2018; Teves 2018). The slope deposits near the Bor-
deira escarpment caused the split into two flows, which 
inflected to the N and S. This flow is distinguished by 
the fact that it consists almost exclusively of pahoehoe-
type lavas, with a shiny, bluish surface full of fractures 
along its entire length (Calvari et al. 2018). After con-
solidation, this flow gave rise to magnificent examples of 
ropy lavas (Figs. 10, 11, 12). These ropy lavas resulted 
from the cooling of relatively fluid pahoehoe lavas as 
they moved towards to lower zones. The samples of ropy 
lavas are found in series and are morphologically differ-
ent from the surrounding lava structures, making them 
of great scientific, tourist and educational importance.

d) Contact between 1995 and 2014–15 flows (coordinates: 
14° 57′ 41 ''N and 24° 22′ 53'' W): this geosite (Cabo 
Nhô Ernesto) shows the contact between the lava flows 
from the last two eruptions on the island. Both are dark 
in color, but the 1995 lava is less dark than the 2014–15 
lava because it is more eroded. This geosite displays 
didactic interest as it contains aa type lavas from the 
1995 eruption (in the form of broken blocks) and pahoe-
hoe type lavas from the 2014 flows (with a softer appear-
ance), besides good exemples of ropy lavas (Fig. 13).

Geotourism Dynamics at the Natural Park 
of Fogo

Chã das Caldeiras has biophysical and sociocultural char-
acteristics of great scenic and scientific interest, in addition 
to the rich geodiversity and biodiversity, which led to the 
creation of the NPF. Community-based geotourism is the 
main tool for local economic development of the poor rural 
community that inhabit the park, besides agriculture and 
livestock production, although free grazing is not allowed, 
to preserve the biodiversity and the agricultural production 
(Costa 2011). Tourists are attracted by the great geodiversity 
of volcanic landforms scattered all over the park (Alfama 
2007; Alfama et al. 2008) and for the uniqueness of Chã das 
Caldeiras, as the crater of an active volcano that is inhabited 
by several households.

The history of Fogo Island, particularly Chã das Cal-
deiras, is marked by an immense effort of human adapta-
tion in relation to its volcanic nature, which made living in 
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continuous harmony with nature a very difficult task (Nas-
cimento et al. 2016). Therefore, despite the physical damage 
and production losses caused by the various volcanic erup-
tions that occurred on the Fogo Island, particularly the last 
ones (1951, 1995 and 2014–15), the population of Chã das 
Caldeiras always returns there after their end, demonstrat-
ing the peculiar resilience of those who live in the crater of 
a volcano.

According to PDNA (2015), Chã das Caldeiras continues 
to be the main focus of the population's livelihood, which is 
always affected by eruptions, but this process also reveals 
the strong cultural link between the population and this part 
of the island, particularly with the volcano they consider as 
a friend and relative (Santos 2017).

The 2014–2015 volcanic eruption was responsible for 
the destruction of three villages in Chã das Caldeiras 
(Portela with total devastation; Bangaeira and Ilhéu de 
Losna with partial destruction), evacuation and displace-
ment of 994 people and destruction of important infra-
structure and equipment as well as as well as agricultural 
land (Table 2).

Despite the damage and losses caused by the eruption 
and the PDNA's (2015) recommendation that the popula-
tion should be resettled outside Chã das Caldeiras, less 
than a year after the end of the eruption, 1/3 of the former 
population returned to their volcanic environment and to 
the sites now occupied by the lava flows. This process 

Fig. 4  Geosites inventoried before the 2014–2015 eruption: a Fogo 
Island; b Natural Park of Fogo, Chã das Caldeiras (based on Alfama 
2007; Costa 2011; Dóniz-Páez et al. 2018)

◂

Fig. 5  Geosites formed after the 2014–2015 eruption

Fig. 6  Outlined photo of lava flow field (white line) comprising 
mainly lava flow surfaces (Credits: Got2globe.com)
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of self-recovery was aimed at restarting old economic 
activities and promoting new initiatives, thus proving their 
adaptability, tenacity, reorganisation and resilience.

The form of resilience of the population of Chã das Cal-
deiras, which faces volcanic risks, has been mobility, i.e. 
evacuation managed by the authorities at the time of erup-
tions and the private decision to return without observing 
all the rules after the eruptions are over. The return is 
driven by attachment to the place, the new opportunities 
opened up by the fertility of the land, with the availability 
of favourable soil to promote vine growing, and the attrac-
tiveness of the volcanic areas for tourism.

With this return, the towns destroyed by the eruption 
were rebuilt, in particular: the rehabilitation and construc-
tion of new buildings; the opening/construction of roads 
over the lava; the creation of new agricultural land; the 
establishment/reconstruction of new wine-growing facili-
ties; and the re-establishment of tourist activity. For exam-
ple, despite the lack of rainfall for four months after the 
end of the eruption, the vines grew enough to guarantee 
a good wine harvest for 2015. Only with the efforts of 
the local people of Portela and Bangaeira, and without 
any mechanical help, a new road was built over the lava, 
aptly named "Estrada da coragem" (“Road of courage”), 
linking Portela to the vineyard area of Montinho. Com-
munity efforts have led to the installation of a mini-market 
and a restaurant, and some houses have been prepared as 
guest houses to receive tourists. In other words, routine 
has returned to Chã das Caldeiras.

This voluntary and unregulated return of the population 
to Chã das Caldeiras was then accepted by the government 
authorities for political reasons. However, in 2018 the Cape 
Verdean government drew up a detailed plan (RPDCC 2018) 
for Chã das Caldeiras in response to the need to define a 
plan to organise construction and infrastructure as a result 
of the 2014–2015 volcanic eruption that affected the local 
population. The aim of this plan, which follows a model 
of sustainable, self-sufficient and environmentally-friendly 
development, is: to define the layout of rural settlements 
and building regulations, taking into account the need for 
evacuation and rapid response to volcanic risk; to guarantee 
the protection, conservation and enhancement of areas of 

Fig. 7  Detail of the aa and pahoehoe lava flows in Portela during the 
eruption. (Credits: Vera Alfama)

Fig. 8  Cone from 2014–2015, next to the 1995 cone, seen from Bor-
deira (Credits: David Gomes)

Fig. 9  View of the 2014–2015 
cone (in the foreground, see the 
detail of the coalescing craters) 
and the lava field formed (in the 
background) (Credits: Eurico 
Montrond)
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landscape, geological and environmental interest, agricul-
tural land and heritage elements with tourist, historical and/
or architectural potential; and to encourage and strengthen 

compatibility and interconnection between housing and 
farming activities.

Today, Chã das Caldeiras has a higher level of develop-
ment than before the last eruption, which has contributed 
significantly to improving the living conditions of the local 
population, who have been able to take advantage of this 
new dynamic and the existing landscape (Fig. 14).

A balanced combination of agriculture and tourism pre-
vails there: new tour operators build establishments for tour-
ists; new farmers promote vine growing; new farmers/tour 
operators share both specialisations; and new tour guides 
promote the tourist value of Chã das Caldeiras with an ever-
increasing variety of activities. Statistical data for Fogo Island, 
which refers mainly to activities in the NPF, indicates 33 new 
tourist accommodations in the period from 2015 to 2022, rep-
resenting an increase of 11.1 per cent, making Fogo the island 
in the country with the highest increase in this item (INE 
2023a, b). Tourist conditions before and after the 2014–2015 
eruption show significant development, particularly with 
regard to the increase and improvement of tourist offers, both 
in terms of tourist facilities (accommodation and restaurants) 
and in terms of diversification of tourist activities (Table 3).

Fig. 10  Solidification of pahoehoe lavas into ropes during the erup-
tion at Ilhéu de Losna (Credits: Vera Alfama)

Fig. 11  Panoramic view of the 
aa, pahoehoe and ropy lavas in 
Ilhéu de Losna (Credits: Eurico 
Montrond)

Fig. 12  Detail of the ropy lava 
in Ilhéu de Losna (Credits: Vera 
Alfama)
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This increase in the number of accommodations necessarily 
implies a greater number of tourists on the island after the last 
eruption. In addition to these tourist facilities, there has also 
been a considerable increase in the number of tour guides, and 
there is even an association of tour guides with 42 members 
and around twenty guides actively working in the sector.

Discussion

Volcanoes are among the three types of disasters that consti-
tute substantial negative motivators for prospective visitors, 
which lead to a significant fall in tourism demand following 

an event (Rosselló et al. 2020). Besides the great devastation 
to the human environment, the 2014–2015 eruption at the 
NPF caused profound transformations in the landscape and 
the destruction of all infrastructures supporting geotourism 
in the area of Chã das Caldeiras.

Current geoheritage of the park includes 13 geosites that 
were not affected by the eruption, also resulting from older 
eruptions, and four geosites that emerged from volcanic 
activity that took place between 2014 and 2015. Rudimen-
tary local infrastructure, which supported an important 
tourism activity for local communities, was destroyed, and 
the population was temporarily moved out of the park. The 
large-scale resettlement of Chã das Caldeiras after the crisis 

Fig. 13  Contact between the 
2014–15 lavas and the 1995 
lavas in Cabo Nhô Ernesto. 
(Credits: Alveno Barros)

Table 2  Impacts of the 2014–
2015 volcanic eruption

Source: PDNA (2015)

Impacts of the 2014–2015 volcanic eruption

Affected villages Chã das Caldeiras (Portela, Bangaeira, Ilhéu de Losna).
Population—number of people 

affected
994 people evacuated.

Damage caused Destruction and losses at various levels: social sector (housing, educa-
tion, health and culture), productive sector (agriculture, livestock, 
agro-processing and tourism), infrastructure (electricity, water, 
sanitation and communications – roads) and in transversal sectors 
(environment, governance, risk reduction disasters and employment);

Most social facilities were completely destroyed (e.g., NPF headquar-
ters and interpretation center, health unit, school, municipal delega-
tion, churches, sports equipment; domestic cisterns, tourist accom-
modation (1 hotel, 5 guesthouses and 5 hostels),

In the productive sector, in addition to the material damage to proper-
ties and equipment, there were losses in terms of production flow, 
particularly in agriculture and tourism (the most affected activities)

Resettlement locations Achada Furna, Monte Grande, São Filipe and Mosteiros.
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seemed quite unlikely because the urban infrastructure was 
completely devastated, the arable land resources were signif-
icantly reduced and became insufficient to support previous 
levels of agriculture, and the government showed reluctance 
towards investments in reconstruction at a location with high 
eruption risk (Worsley 2015). But contrary to the theory that 
the evacuation experience had greatly altered the popula-
tion's perception of risk, Chã das Caldeiras has since been 
repopulated and its tourism-related economic activity has 
significatively increased. Furthermore, and contrary to what 
Coratza and De Waele (2012) argue, visiting these disaster 
geosites does not appear to contribute to a better understand-
ing the exposure to danger among visitors.

The research developed by Komorowski et al. (2016) 
revealed that eruption risk is not the major concern for the 
Chã das Caldeiras communities, who are particularly wor-
ried about the lack of basic services, drought and resulting 
food insecurity. The daily access to sources of livelihood 
overlaps the perception of local people of the risk on their 
lives and properties (Texier-Teixeira et al. 2014). So, after 
the 2014–2015 crisis and despite the risk on their lives and 
properties the local population decided to return to the 
affected villages and re-start their former life, i.e., resum-
ing work (especially agriculture and tourism) and recon-
struction of houses (Castro and Martins 2018).

Fig. 14  Current aspects of Chã 
das Caldeiras: a House invaded 
by lava repurposed into local 
tourist accommodation, Pedra 
Burkan Restaurant; b Current 
appearance of the village of 
Portela; c Harvest at Chã das 
Caldeiras. d Funco-shaped 
tourist accommodation (typical 
construction of Chã das Cal-
deiras) made with lava material 
(Credits: Eurico Montrond)

Table 3  Tourist facilities (accommodation and restaurants) in Chã 
das Caldeiras before and after the 2014–2015 volcanic eruption

Sources: PDNA (2015) and Eurico Montrond (tourist guide in Chã 
das Caldeiras, oral communication on October 30th, 2023

Before the last eruption After the last eruption

1 hotel (with restaurant)
5 inns (with restaurant)
5 hostels

Hotels (all with restaurant)
- Pensão Casa Mariza
- Pensão Casa Arlindo
- Pensão Casa Zé e Sónia
- Pensão José Dole/Doce
- Pensão Ciza e Rose
- Pensão Casa Lavra
- Pensão Pedra Burkan
- Pensão Casa Fernando
- Residencial Adriano e Filomena
- Residencial Escoral
- Residencial Monte Amarelo
Guesthouse (without restaurant)
- Guesthouse Eco-Funco
Housing tourism (without restaurant)
- Casa Mana di Madona
- Casa Celina
- Casa Luzia
- Casa Antonita
- Casa Rio de Lava
Restaurants
- Casa Bebé
- Restaurante Isabel
- Bar-Restaurante Fefé
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In addition to these eminently pragmatic reasons, there 
are other relevant reasons of topophilic nature that also 
contribute to understanding the return of the population 
to an area of such high risk: the “spritu de burcan” or the 
spirit of the volcano in Creole (Henriques 2007). From 
the metaphysical point of view, the autochthonous com-
munities make no distinctions between plants, volcanoes, 
humans, animals, that is, between society and nature, 
showing great respect for the existence of the other, that 
is, for otherness, in relation to the plants, the animals, 
the land, and even the volcano, which existence they try 
to understand, by sharing with this natural phenomenon 
anthropocentric and social qualities (Santos 2017). Tour-
ism on Fogo Island converges with the concept of the 
typical community-based tourism, a tourism management 
model that put local communities (and their values, norms, 
beliefs, and attitudes) at the center of the process in which 
local people are given the opportunity to improve their 
standard of living (Rungchavalnont 2022).

The common tourist visiting this island, mainly with higher 
education, coming from European Union countries and the 
United States, claim to be satisfied with the services provided 
by community enterprises to the point of willing to repeat the 
experience (Lopez-Guzman et al. (2011). The volcano is the 
island´s major attraction, namely the experience of going up 
and coming down from its summit, named Pico do Fogo and 
rising to 2,829 m above sea level, and the physical effort and 
time needed to perform such activity (Oliveira et al. 2019). 
With the surrounding plateau it became Cabo Verde´s first 
national park on an inhabited island in 2003 (Gaudru 2010), 
being Chã das Caldeiras the only inhabited area within the 
perimeter of the park and the unique case of human settlement 
inside the crater of an active volcano.

Gotham (2015) assigns “disaster tourism” to situations 
where the tourism product is generated within, and from, the 
aftermath of a major disaster or traumatic event. Chã das Cal-
deiras has the potential for disaster tourism, offerig various 
opportunities to visitors to experience active volcanic envi-
ronments (Göktekin and Şimşek 2023). With the 2014–2015 
eruption, new volcanic forms appeared, some of them now 
identified as disaster geosites (Migoń and Pijet-Migoń 2019), 
that represent a new asset as a geotouristic product. This cir-
cumstance contributed decisively to the resumption of tourism 
activity and its growth to previously unreached levels, giving, 
in some way, substance to the local population’s cosmic vision 
about their "peaceful" exchanges with the volcano, i.e., "[what] 
the volcano takes away, the volcano gives back" (Castro and 
Martins 2018).

This highlights the importance of considering during all 
operations related to geoconservation, from inventory to valu-
ation, the way in which the people inhabiting any region cul-
turally interpret the surrounding landscape (Henriques et al. 
2013). The intangible cultural elements that base the symbolic 

content of geosites (Pena dos Reis and Henriques 2009) are 
particularly relevant when dealing with the so diverse African 
socio-cultural contexts and represent a key factor to a suc-
cessful community involvement in geoconservation (Tavares 
et al. 2015).

Moreover, assuming the role of local culture as a crucial 
tool to achieve global sustainability (Henriques and Brilha 
2017) is the best way to avoid the recurring conflict between 
local communities and the NPF administration and the munici-
pal officials regarding restrictions to land use within the central 
part of the caldera, including the so-far unsuccessful perma-
nent relocation of people outside the caldera (Texier-Teixeira 
et al. 2014).

Conclusions

The last eruption of the Fogo volcano at Cabo Verde (West 
Africa) started at Ilha do Fogo on November 23rd, 2014 
and finished on February 8th, 2015, and originated from 
a NNE-SSW eruptive fissure, approximately 700 m long, 
at the SW base of the Pico do Fogo cone. The eruption 
affected the central part of the caldera, classified since 
2003 as Natural Park (the NPF), and it caused the destruc-
tion of several villages in Chã das Caldeiras area (Portela 
with total devastation; Bangaeira and Ilhéu de Losna with 
partial destruction), evacuation and displacement of 994 
people and destruction of important infrastructure and 
equipment as well as agricultural land. At the same time, 
new geosites (four) were created, in adition to 13 geosites 
previously identified at the NPF as a result from older 
eruptions.

The large-scale resettlement of Chã das Caldeiras after 
the crisis seemed quite unlikely, but it has since been 
repopulated and its tourism-related economic activity 
has significatively increased particularly with regard to 
increasing and improving tourist offerings, both in terms 
of tourist equipment (accommodation and restaurants) and 
in terms of diversification of tourist activities.

Two main reasons can be identified to understand the 
return of Chã das Caldeiras communities inside the crater 
of an active volcano:

1. Volcanic regions are particularly attractive to tour-
ists, who seek for adventure and fun in both active and 
extinct volcanic environments. Chã das Caldeiras has the 
potential for disaster tourism and for volcanotourism, 
therefore representing a valuable economic asset capable 
of attracting visitors.

2. The eruption risk is not the major concern for the Chã 
das Caldeiras communities, who perceive the volcano in 
a culturally differenciated way. Local communities make 
no distinctions between society and nature, including 
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the volcano, which existence they try to understand, by 
sharing with this natural phenomenon anthropocentric 
and social qualities.

The 2014–2015 eruption at NPF contributed decisively to 
the development of the Chã das Caldeiras villages through 
the increasing promotion of tourism (essentially geotourism) 
in the park up to previously unreached levels. New tourist 
guide services, restaurants and tourist accommodation or 
local products (e.g., wine production, which is known world-
wide, jams fruit, goat cheese, lava stone crafts, etc.) were 
implemented with positive impact on local communities.

This case can contribute to look at the vulnerability 
inherent to volcanic geoheritage not as a limitation to the 
design and implementation of valuation projects that are 
fundamental for the promotion of geotourism and local 
development, particularly important for African coun-
tries. Moreover, its singularity regarding the harmonious 
relationship between resilient communities and natural 
hazards can contribute to assist United Nation’s goals 
regarding Small Island Developing States and therefore 
contributing to achieve the Sustainable Development 
Goals of the 2030 Agenda.
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