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Abstract: Geotourism has become more popular in recent decades. Volcanism is an essential part of
geoheritage and attracts a high number of visitors. In contrast to active volcanism, Tertiary volcanism
is often not identified as such by a lay audience and is understandably perceived as less spectacular.
The challenge is therefore to protect the volcanic heritage, to communicate its values, and to enhance it
with the help of adequate geotourism offers. Germany does not have active volcanism, but a very high
quality volcanic geological heritage, especially from the Tertiary period. Fortunately, this heritage is
being increasingly valued and presented in an attractive way for a lay audience. The two Geoparks
in the Eifel (Rhineland-Palatinate) are pioneers in this field. The UNESCO Global Geopark Swabian
Alb actually offers a well camouflaged potential. The Swabian volcano, with an area of 1600 km?,
is one of the most important tuff vent areas on earth, but hardly known outside of expert groups.
A comprehensive strategy for the geotouristic valorization of the Tertiary volcanic phenomena does
not yet exist in the Geopark Swabian Alb.

Keywords: geotourism; geoheritage; Tertiary volcanism; extinct volcanism; Germany; Vulkaneifel;
UNESCO Global Geopark Swabian Alb; Swabian volcano

1. Introduction

Tourism is rated as the “leading economy of the twentieth century” because of its high rates
of growth and regional added value [1]. Geotourism, long considered a form of niche tourism, has
become a popular form of theme tourism. Since the mid-1990s, not only geotourism offers, but also the
scientific discussion of the definitional delimitation, as well as management, use, and enhancement of
geoheritage have developed very dynamically (see [2-9]).

Volcanism has always fascinated and at the same time frightened people, and therefore attracted
not only scientists, but also tourists. Travel to volcanic regions has become an increasingly popular
branch of geotourism. Active volcanoes offer “nature’s most exciting and deadly shows” and a
special thrill due to their unpredictability [10]. In regions with active volcanism, the volcanoes are
among the “primary drawcards for visitors”, while in regions with dormant or extinct volcanism,
they probably only play a secondary role. There, they need to be linked with other attractions
in order to increase visitor numbers and length of stay [11]. However, dormant volcanism and
landforms of extinct volcanism are also a defining component of the regional geoheritage and as such
worthy of protection and important components of geotourism offers [12]. Although the dangers and
risks of active volcanic areas do not exist here, on the other hand, landforms of extinct volcanism
pose particular challenges to the development of attractive geotourism offers and geoenvironmental
education (see [13-15]). With successful implementation, however, geotourism can provide a high
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attraction potential, contribute considerably to the understanding of the geological history of the
respective region and arouse enthusiasm for the geoheritage. The economic effects of volcano tourism
can also play an important role [16].

Germany is rarely mentioned as a destination for volcanic tourism, presumably because it has no
active volcanism. However, there are numerous areas, shaped by volcanism in earlier geological epochs.
This geological heritage is valorized intensively in some regions (e.g., Vulkaneifel, see Section 3.1), while
in other regions (e.g., Geopark Swabian Alb) there is still some catching up to do. The present article
focuses on Tertiary volcanism in Germany with a special case study of the UNESCO Global Geopark
Swabian Alb located in southwest Germany. The later integrates with the so-called Swabian volcano
(Schwabischer Vulkan) a geological heritage of great importance. However, these volcanic landforms
are difficult for laypeople to identify without further information. A special challenge therefore lies in
adequate communication approaches in order to arouse fascination for these geological features.

The present article is based on a survey of literature as well as the homepages and information
material of the integrated geoparks and other geotouristic sites, my own surveys in the area, expert
interviews, and many years of experience as a scientist, landscape guide, and deputy chairwoman of
the advisory board of the UNESCO Geopark Swabian Alb.

2. Volcanic Geoheritage in Germany

The Federal Republic of Germany currently has no active volcanism. The most recent documented
volcanic eruption was around 11,000 years ago (Ulmen Maar in the Eifel, Rhineland-Palatinate).
After-effects of these volcanic activities such as mofettes can still be found in the Eifel today. Since
there is obviously still a magma chamber, further outbreaks cannot be completely ruled out [17,18].

As shown in Figure 1, extensive Tertiary volcanism areas are located in the central part of Germany
in a zone running from west to east, integrating the Eifel (Rhineland-Palatinate), Siebengebirge and
Westerwald in North Rhine-Westphalia, the Vogelsberg, Rhon and the Hessian Depression in Hesse
as well as Oberpfalz (Bavaria) and Erzgebirge and the Egergraben in Saxony. Additionally, Tertiary
volcanism is found in southwest Germany [17]. These areas are part of the European Cenozoic volcanic
province, which stretches from the French Massif Central to Lower Silesia and is part of intraplate
volcanism [19].

In the Eifel region, the eruption of the Laacher See volcano about 13,000 years ago produced six
times more volcanic loose material than the eruption of Mount St. Helens in 1980. The tuff deposits,
which reached heights of up to 20 m in the immediate vicinity of the eruption site, can be traced as
far south as Turin (Italy) and as far as the Swedish island of Bornholm. In total, volcanic material
was ejected or maars were formed at four hundred locations in the Eifel [17]. In this respect, volcanic
landforms in the Eifel are still present in large numbers and are easy to recognize (for details see [20]
and Section 3.1).

Both the volcanic landforms of the Siebengebirge and the Westerwald are related to the expansion
movements in connection with the collapse of the Tertiary rift systems [17]. With an extension of
1.000 km? the Westerwald hosts the second largest site of Cenozoic volcanic rocks in Germany [19].

In the Miocene, the Vogelsberg (Hesse) with 2100 km?, the largest contiguous volcanic area in
Central Europe, was formed. Contrary to earlier interpretations, it is not a large stratovolcano, but the
Vogelsberg consists of many basaltic and trachytic cover layers and is the result of a complex interplay
of uplift and erosion [17].

The cross-border volcanic area Saxony-Czech Republic has volcanic material with an age of
65 million years up to the Quaternary [17]. Of particular interest to geotourists are basalt columns,
such as those at Scheibenberg near Annaberg (Erzgebirge, Saxony).

Smaller volcanic areas are located in the Hessian depression, the Rhon and the Odenwald.
The Messel fossil site near Darmstadt is world-famous. This site developed in a maar formed in the
Eocene, represents an important archive of the landscape history of southern Germany, and has been a
UNESCO World Heritage Site since 1995 [21]. Important fossil sites also developed in the sediments
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of other maar lakes, like Randecker Maar and Béttinger Marmor (Swabian Alb) and Ohningen and
Howenegg (Hegau) [22]. Due to the long duration of the Tertiary, the mostly excellently preserved
fossils and the integration of groups of organisms (e.g., insects and arthropods), which are otherwise
less frequently found, the research possibilities to understand the development history of flora and
fauna are excellent. The volcanic landforms in southern Germany are described in more detail in

Section 4.
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Figure 1. Regions with extinct volcanism in Germany (Author’s design, based on [18]).

Palaeozoic volcanic landforms can be found in the Geoparks Harz, Braunschweiger Land, Ostfalen
and Schieferland. Volcanic landforms of the Rotliegend Period in the Geoparks Inselsberg—Drei
Gleichen and Porphyrland (see Table 1).

Since the present article focuses on the geotouristic valorization of Tertiary volcanism, the geological
background of extinct volcanism in Germany has only been sketched very briefly, especially the
Paleozoic landforms. For further and more detailed information, reference is made to [17,19,20,23,24].

3. Geotourism and Volcanism in Germany

Even if there were forms of tourism in the past that could be assigned to geotourism, geotourism
in the current sense has only developed in the last two decades in Germany [6]. Geoparks were and
are crystallization points to this day, which use geological phenomena to increase the attractiveness of
a tourist destination [25].

At the end of the 1990s, the Geopark movement started, supported by the four initiators Lesvos
Petrified Forest (Greece), Réserve géologique Haute Provence (France), Maestrazgo Cultural Park
(Spain) and Gerolstein/Vulkaneifel (Germany), financed by the EU—LEADER program with the aim of
protecting the geological heritage and promoting sustainable regional development in the respective
areas [26]. In the year 2000, the European Geoparks Network (EGN) was founded.

Geoparks are not a nature conservation category, but a predicate for a region that has a special
geological heritage and a strategy for sustainable regional development, geoenvironmental education
and scientific research. Clearly defined boundaries and economic development potential are required.
In addition to the geopotentials, archaeological, ecological and cultural sights are to be linked in a
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network. Since the geological heritage is the decisive basis, geotope protection is mandatory [27].
Geoparks are key areas for geotourism [3].

Due to the increasing interest in geo-themes and the international movement, the BLA-GEO
(Bund-Lédnder-Ausschuss Bodenforschung) created the seal of approval “National Geopark” for
Germany. In 2002, the Alfred Wegener Foundation awarded this title to the first four German
Geoparks [28].

As early as 2001, the European Geoparks signed an agreement with UNESCO, which placed the
network under its patronage [27]. At the end of 2015 the UNESCO Global Geoparks were created as a
further category of UNESCO sites—in addition to World Cultural Heritage, World Natural Heritage
and Biosphere Reserves [29]. As innovation regions, they should reconcile comprehensive protection
with economic development [30]. The UNESCO program has encouraged numerous countries to draw
up corresponding development strategies [31].

The Geopark movement has been very dynamic over the last two decades. In the Federal
Republic of Germany, 16 National Geoparks are accredited (see Figure 2 and Table 1). Six of them
are simultaneously European Geoparks and UNESCO Global Geoparks. One region (Vogelsberg) is
currently undergoing the recognition procedure.
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Figure 2. German Geoparks and the geotouristic valorization of extinct volcanism (Author’s design).

Table 1 shows an overview of all 16 National Geoparks in the Federal Republic of Germany
with their respective status, the occurrence of volcanic landforms and, if applicable, their geotouristic
valuation. Only five Geoparks, i.e., less than a third, do not have any volcanic geoheritage.
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Table 1. National Geoparks and volcanism (Author’s design, based on Homepages of Geoparks, [28,32]). The rating for German Geoparks and volcanism is based on
https://www.geoparks-in-deutschland.de/de/suchergebnis.php?var=Vulkanismusé&Zeitalter=#: 4 stars = main topic/unique selling proposition; 3 stars = many or very
important volcanic geotouristic offers; 2 stars = some volcanic geotouristic offers; 1 star = subordinate topic; few volcanic geotouristic offers.

Geopark Category Federal State Volcanic Landforms Main Topic Geotourism (Selection)
Special offers for children both in general (How is a
volcano formed?) as specific for the region.
Bavaria . Volcanism on front page (https://www.geopark-bayern.de/Kinder/
Bayern-Bohmen National Geopark (border-crossing with TertlaTy and Quaternary 3 stars (Geoparks and volcanism Vulkanismus/Vulkaninfos3.htm)
. volcanism of Eger Graben 1 “ ”
Czechia) Geotour “Volcanoes
(https://www.geopark-bayern.de/de/GEOVulkane/
GTV_0.html)
UNESCO W.Oﬂd Hgnt.agg Site Georoute Heidelberg: Volcanoes, deserts, earth quakes
Messel Pit: Fossil site in . . .
. . No direct mention of volcanism (https://geo-naturpark.net/deutsch-wAssets/docs/
National Geopark maar-sediments; Katzenbuckel, k
B Baden-Wuerttemberg, . on homepage; flyer/Heidelberg_Leporello.pdf)
ergstrafie Odenwald European Geopark . cretaceous volcano [20]; highest . b o
Bavaria, Hesse . No mention (Geoparks and Geopark Trail: Fire and water
UNESCO Global Geopark elevation of Odenwald; . ) ) )
volcanism) (https://geo-naturpark.net/deutsch-wAssets/docs/
awarded geotop of the year y .
2013 geopfade/geopfad-moemlingen.pdf)
National Geotop Bruchhauser
. Hesse; North . . Steine . . .
Grenzwelten National Geopark Rhine-Westphalia Tertiary volcanism 1-2 stars (Geoparks and No direct mention of volcanism on homepage
volcanism)
Volcanism on front page. Geological trail to volcanic cone Auerberg
Harz. Braunschweiger lé\]ahonal Geoparl; Lower Saxony; Paleozoic volcanism (Devon, Targizteq selsarc}}l necessary for (https://gcopark;h;tl)lyodc/stanbdortc/gcopfadc/
Land, Ostfalen uropean Geopar Saxony-Anhalt Karbon, Perm) geological trails integrating geopfad-am-auerberg/)
! UNESCO Global Geopark ! volcanism Nearly no geotouristic offers integrating volcanic
3 stars (Geoparks and volcanism) landforms
No mention of volcanism on Tabarzer Vulkansteig (https://www.bad-tabarz.de/wp-
content/uploads/2017/08/Vulkanflyer_web.pdf)
. homepage; some research - /
Inselsberg. Drei . - . . - L Haderholzroute with Porphyr
) National Geopark Thuringia Volcanism of Rotliegend necessary to find geotouristic . . .
Gleichen offers (https://www.geopark-thueringen.de/fileadmin/user_
2 stars (Geoparks ar.1d volcanism) upload/user/Georouten/routenfaltblatt_
P haderholzroute.pdf)
Saxony-Anhalt; Nothing
Kyffhauser National Geopark Thurineia ’ No volcanism No star (Geoparks and No volcanic geotouristic offers.
& volcanism)
Comprehensive offers; Part of German Volcano Road
(https://www.vulkanpark.com/geopark-laacher-see/
Center of Tertiary and Volcanism in the name: dt-vulkanstrasse/),
Laacher See National Geopark Rhineland-Palatinate Quaternary volcanism of the Vulkanpark Information center Vulkanpark-
Eifel

4 stars (Geoparks and volcanism)

(https://www.vulkanpark.com/infozentrum/)
Lava-Dom in Mendig
(https://www.vulkanpark.com/lava-domelavakeller/)
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Geopark Category Federal State Volcanic Landforms Main Topic Geotourism (Selection)
National Geopark Brandenburg, Saxony; Nothing
Muskauer Faltenbogen European Geopark border-crossing with No volcanism; No star (Geoparks and No volcanic geotouristic offers.
UNESCO Global Geopark Poland volcanism)
Numerous offers, e.g., Georoute Porphyrlehrpfad
Northwest Saxon volcanic . (https://www.outdooractive.com/de/route/
L 2 Very prominently on the . - o
complex; with 900 km* one of homenage: “Land of the super themenweg/region-leipzig/porphyrlehrpfad-auf-
Porphyrland National Geopark Saxony the largest areas in Central pag x;olcanoes” P dem-rochlitzer-berg/21894939/)
Europe from the Rotliegend 4 stars (Geoparks and volcanism) Guided tour “the super volcano below our feet”
period P v ! (https://www.geopark-porphyrland.de/geoerlebnis/
buchbare-angebote/)
Bavaria; Nothing
Ries National Geopark ! No volcanism; No star (Geoparks and No volcanic geotouristic offers.
Baden-Wuerttemberg :
volcanism)
North Nothing
Ruhrgebiet National Geopark . . No volcanism; 1 star (Geoparks and volcanism), No volcanic geotouristic offers.
Rhine-Westphalia- -
but link runs nowhere
Two Geotrails: Geotrail Eisenberg
(http://www.geopark-schieferland.de/files/
. . . L Underwater diabase volcanism No mention on Homepage 133A6B83BB6/Ludwigsstadt_web.pdf) and Geotrail
Schieferland National Geopark Bavaria; Thuringia (Devonian) 3 stars (Geoparks and volcanism)  Steinachtal (http://www.geopark-schieferland.de/files/
13239BC9227/Steinachtal_web.pdf) However,
volcanism is only mentioned in a subordinate manner.
Some offers like Volcano trail Miinsingen-Apfelstetten
. Mentioned on homepage, but (https://www.geopark-alb.de/de/Vulkankrater-
. National Geopark . . . o2 e .
Swabian Alb Tertiary volcanism much less prominent than the Rundweg-M%C3%BCnsingen--- Apfelstetten);
a1 European Geopark Baden-Wuerttemberg : . .
(Schwébische Alb) UNESCO Global Geopark (Swabian Volcano) karst and cave phenomena Some guided tours as well as geopoints
P 3 stars (Geoparks and volcanism) (https://www.geopark-alb.de/de/Naturwunder-H%
C3%B6wenegg-ist-Geopoint??pid=0)
National Geopark Lower Saxonv: North Nothing
Terra Vita European Geopark Rhine—Westy,halia No volcanism; No star (Geoparks and No volcanic geotouristic offers.
UNESCO Global Geopark p volcanism)
National Geopark Extensive Tertiary and Volcanism in the name: Great variety of volcanic offe'rs, e.g., museums
. . . . Vulkaneifel (https://www.geopark-vulkaneifel.de/geo-museen/
Vulkaneifel European Geopark Rhineland-Palatinate Quaternary volcanism; ) . )
2—4 stars (Geoparks and vulkanhaus-strohn-mit-vulkancafe.html), trails,
UNESCO Global Geopark numerous maars - .
volcanism) guided tours, etc.
Integration of volcanism in georoutes, e.g.,
Westerwald-Lahn-Taunts National Geopark Hesse; Tertiary volcanism with large Difficult to find on homepage. (https://geopark-wlt.de/georoute-vom-teufelsberg-

Rhineland-Palatinate

basalt coverings

3 stars (Geoparks and volcanism)

zur-caaner-schweiz) and some geopoints like
(https://geopark-wlt.de/basaltpark-2)
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Of the eleven Geoparks integrating volcanic geoheritage, only four, i.e., about a third, use their
regional volcanic landforms for comprehensive geotourism and geoenvironmental education (e.g.,
Geopark Vulkaneifel) (Section 3.1). In the remaining seven, volcanic geoheritage is valorized as one
aspect among many others (e.g., Geopark Swabian Alb; see Section 4.1) or hardly at all, so that a
targeted search for these offers is necessary (e.g., Geo-Nature Park Bergstrafie-Odenwald) (Section 3.2).
The Vogelsberg Volcano Region, which is currently in the process of being recognized as a National
Geopark [33], offers a very comprehensive range of volcanic geotourism. The majority of the cenozoic
volcanic fields in Germany such as Siebengebirge, Westerwald, and Lausitz are however not present
within the public awareness [34].

The valorization of the volcanic heritage takes place in many ways. In addition to classic nature
trails, there are nature discovery trails, various guided tours, museums, visitor information centers,
brochures, books and hiking or cycling tours as well as various individual offers. The general
tendency—as is the case with other geotourism or geoenvironmental education offers—is to integrate
more visitor participation and activity elements, especially for children and young people. In the
Museum Vulkanerlebnis Parkstein (Geopark Bayern-Bohmen) a volcanic eruption can be experienced
virtually [35]. In the Vogelsberg volcano region, the interactive Vulkaneum offers information and
experience elements [36]. Based on the “German Volcanic Road” established in 2007 in the Eifel,
a “Route to the volcanoes in Germany” is currently being developed, which will connect the volcanic
fields of the Eifel with the neogene and palaeozoic volcanic fields across Germany via a west-east
Theme-Road for geotourism. This route links existing and planned Geoparks and biosphere reserves,
promotes tourism exchange and is intended to bring visitors to regions that have since been less known
to (geo-)tourists. The virtual theme route will initially start with six volcanic fields (Vogelsberg, Hessian
depression, Rhon, Heldburg, Oberpfalz, Lausitz) and an extension is being considered. The special
scientific, geodidactic and geotouristic value of the new route results from insights into volcanic
processes and structures, which the German Volcano Road cannot offer, based only on the volcanic
geoheritage of the Eifel. The unique selling point lies in the unique potential to give insights into
all structural levels of the volcanic system. In the long term, a European Route to Volcanoes is to be
implemented [34].

3.1. Geopark Vulkaneifel and Geopark Laacher See as Examples of an Intensive Valorization of
Tertiary Volcanism

The Eifel (see Figure 1) was shaped by intensive Tertiary volcanism. Germany’s youngest volcano,
the Ulmen Maar, can be found here as well as around 350 other volcanoes, maars, lava flows and
numerous mineral springs [29] as well as the highest cold water geyser in the world, located near
Andernach. The term “Maar” was coined in the Eifel in the early 19th century during a dispute
between Neptunists and Plutonists about the formation of these maars. This made the West Eifel
known internationally as a classic maar area [20]. The German Vulcanological Society was founded
in Mendig (Eifel) in 1987. The aim of this society is to arouse interest in volcanism by promoting
science, research, and education, and to deepen knowledge through excursions, publications, and other
activities for scientists but also for a lay audience [37].

Characterized by barren agriculture and without any notable industry, the Vulkaneifel was an
economically weak region. After the Second World War, attempts were made to establish tourism.
For this purpose, the volcanic heritage was seen as an ideal unique selling proposition [38]. As early as
the end of the 19th century, Rudolf Blenke described the Vulkaneifel and especially the area around
the Laacher See as a major tourist attraction, because of the volcanoes and declared, “that it would
be difficult to find another equally interesting region anywhere else in Germany”. A few years
later (1884/1888), Johann Baumgarten published two travel guides on the volcanic attractions of the
Eifel [39]. The region’s volcanic heritage had been actively valued since the late 1980s [40]. In 1984
the Hillesheimer Geopath was opened as a pilot project. The volcano museum in Daun followed in
1996 [25].
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In 2016, the former Vulkaneifel Geopark was divided into two independent Geoparks. The western
part, which had been recognized as a UNESCO Global Geopark, kept the name Vulkaneifel, while the
eastern part became the Geopark Laacher See [41]. Since many of the activities date back longer than
2016, the two Geoparks will be considered here as an entire region.

The “Adventure of Volcanism” is valorized intensively and with great visibility. The Eifel is
perceived as the “land of maars, geysers and sleeping volcanoes” [42]. Despite the activities of the other
German volcanic regions, volcanism in Germany is mostly associated with the Eifel. This also applies
internationally. Although Germany is not integrated as a volcanic destination, Erfurt-Cooper [16] lists
the Eifel Museums in Daun, Manderscheid, and the Strohn Volcano House, as well as the Vulkaneifel
Geopark as the only German example of volcanic geoparks.

Geotourism offers include both on-site and indoor offers, i.e., trails and panels, guided walks,
informative leaflets and museums. “Volcanic storytelling” shall bridge the gap between science and
society [43]. Also integrated are (historical) economic uses of volcanic material, such as the extraction
of millstones or the underground quarries (“lava caves”) that were later used as cooling cellars for local
breweries (e.g., in Mayen) [39]. Today, guided tours to the deepest beer cellar in the world are offered
here to experience the “elemental forces of volcanoes” in the widely ramified basalt quarries and to
convey what volcanism has to do with beer, thus “combining interesting facts with pleasure” [44].

To connect the two Geoparks, the German Volcano Road (Vulkanstrafie) was created in 2006 as
a common tourism marketing tool that covers both parts of the Vulkaneifel. However, a few years
later this proved to be less effective than expected. More than a third of the visitors surveyed at
museums along the VulkanstraSe had never heard the term before and almost half did not know
that the museums are part of this road [25]. This coincides with surveys by Clement [45]. 88% of
the people interviewed by him in the Vulkaneifel Geopark were in principle interested in geothemes,
especially in self-guided trails and specific museums, but mostly learned about the offers only through
the survey. Even the comprehensive surveys of Schmitz [38] did not show any changes. Nearly 75% of
those questioned were not familiar with the Vulkaneifel Nature and Geopark, although they had been
questioned within the Geopark. Even among the hosts within the Geopark, only slightly more than
half of them knew it [38].

With over 10 million overnight guests and numerous day visitors, the Eifel is an important
destination in Germany. Surveys by Kagermeier [25] showed that the geotouristic museums Daun,
Manderscheid and Strohn only attracted a relatively limited number of Eifel visitors. Visitors were
much more satisfied with the interactive elements, on condition that they worked well, while the
traditional concept of the Vulkanmuseum Daun was not highly estimated.

In the course of time, adjustments were made to newer didactic findings. The youngest museum
(Strohn) is designed to be much more interactive than the more traditional museum in Daun. In 25 years,
the Geopark has also passed through three generations of information and nature trail boards. While the
oldest ones had an extensive wording of more than 1000 words (see Figure 3), the second generation
al-ready reduced the text volume to half but added colorful pictures, and the newest boards only
contain about 200 words but in three languages [43].

Erfurt-Cooper [39] classifies the Eifel as one of the most successful tourist destinations in Germany,
mainly due to the comprehensive geotouristic marketing of the volcanic landforms. The “Eyes of the
Eifel” (aerial photos of the water-filled maars) are “probably the best known landscape feature having
been used first as a unique selling proposition”. Schmitz [38], on the other hand, considers the potential
to be by no means exhausted at the moment, despite the intensive connection between volcanism and
the Geopark Vulkaneifel, numerous tourist offers, and a corresponding marketing strategy.
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Figure 3. First generation of nature trail boards in the Eifel (Author 2011).

3.2. Geo-Nature Park Bergstrafie-Odenwald as an Example for a Low Geotouristic Valorization of Volcanism

The Bergstraie-Odenwald Geo-Nature Park focuses its activities mainly on its non-volcanic
features. In the short presentation [29] volcanic landforms are not mentioned at all; they can only
be found on the homepage with a targeted search. This is quite astonishing, since the Katzenbuckel,
the highest mountain of the Odenwald, has a volcanic origin from the Cretaceous period [20].
The Katzenbuckel was awarded “Geotope of the Year” in 2013. The “Path of Crystals”, a 1.5 km long
nature trail, leads to the summit and explains the formation of the mountain and its various outcrops
in ten stations. According to Simper [46] the Katzenbuckel is thus the volcano with the best geological
interpretation in Germany. Nevertheless, the Geopark lists the “path of crystals” as a mineralogical
nature trail and the Katzenbuckel as the highest mountain of the Odenwald, but neglects all hints of
volcanism [47].

The world-famous Messel Pit is also located within the Geopark area, but is managed independently.
Since 2010, there has been a visitor center and museum, which is visited by an estimated 100,000 persons
per year. In addition, guided tours and self-guiding elements such as information boards and a viewing
platform are offered. The volcanic formation is mentioned, but the focus is on the fossil finds [48].

3.3. Geotouristic Valorization of Volcanism Outside of Geoparks

Even outside of recognized geoparks there are examples of geotouristic valorization of the volcanic
heritage. A good example is the Vogelsberg region (Hesse), for which an application process is currently
under way to be recognized as a National Geopark.

Further examples are the Kaiserstuhl and the Hegau volcanoes in Baden-Wuerttemberg (see
Sections 4.2 and 4.3). Geological and hiking guidebooks also integrate excursions to volcanic landforms
in the corresponding regions for a specialist audience or, in some cases, an interested lay audience [46].

In 2004, the Academy of Geosciences launched a Germany-wide competition to award the most
important geotopes of the Federal Republic of Germany as so-called National Geotopes. From 180
submitted proposals, 77 National Geotopes were selected [49]. Of these 77 geotopes, 19 show a volcanic
origin—see Table 2. Some of these geotopes are located within Geoparks.
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Table 2. National Geotopes of volcanic origin (Author’s design).

10 of 26

National Geotop

Federal State

Volcanic Landforms

Geotouristic Valorization

Other Remarks

Hexentanzplatz and
Rosstrappe

Saxony-Anhalt;
Harz

Diabase as the remains of a
submarine volcanism

Volcanic geoheritage only plays a very
minor role.

Siebengebirge

North Rhine-Westphalia

Tertiary volcanism

Geological hiking tours

Building blocks, e.g., for Cologne
Cathedral
Oldest nature reserve in Germany [50]

Bruchhauser Steine

North Rhine-Westphalia

Devonian volcanism

Mentioned as geotope on the homepage
of the Geopark Grenzwelten
Information center; 2015: 15,000 visitors,
1000 of whom booked a guided tour

Oldest ramparts of the region on the
main rock

Messel Pit

Hesse

Volcanic Maar

Geo-Naturpark Bergstraie-Odenwald
(see Section 3.2).
Visitor and information center since 2010;

UNESCO World Heritage Site due to

Guided tours and information boards; fossils
approx. 100,000 visitors per year
Blockhalde. am Hesse Tertiary volcanism, Hiking tours with information boards Biosphere Reserve Rhon
Schafstein Basalt stone run
. L Tertiary volcanism Popular name as devil’s stone; local sagas
Feldstein Thuringia 12m high Basalt rock and legends about the origin
Scheibenberg Saxor}y Tertiary volcanism Observation tower on the summit World famous through the Neptunist
Erzgebirge Basalt columns dispute 200 years ago.
Palmwedel Saxor}y Tertiary volcanism Fomer quarry opened f(?r the public and Local sagas and legends about the origin
Erzgebirge Basalt columns with an explanation board
Stolpen Castle on the dome
Basaltschlot des Saxony Tertiary volcanism Guided tours to the castle Outstanding importance in the scientific
Burgbergs von Stolpen Lausitz Basalt dome research of basalt. Agricola used the term
basalt for the first time in 1546 [49].
National Park Séchsische Schweiz
Elbsandsteingebirge Saxony Mainly sediments, some Tourist hotspot, but volcanism only plays Very high number of tourists; At times

Tertiary volcanism with Basalt

a minor role

overtourism with all the associated
disadvantages.
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Table 2. Cont.

11 of 26

National Geotop

Federal State

Volcanic Landforms

Geotouristic Valorization

Other Remarks

Porphyrtuff Rochlitz

Saxony

Part of the more than 2000 km?
large volcanic area of the
Rotliegend period. Ignimbrite,
popularly known as Rochlitzer
Porphyrtuff

Porphyr educational trail

Building material since the 10th century,
typically for numerous cities and
buildings in the area

Dauner Maar

Rhineland-Palatinate
UNESCO Global Geopark
Vulkaneifel

Tertiary and Quaternary
volcanism
Volcanic Maars

Museum Daun;
Hiking tours

Land der Vulkane

Rhineland-Palatinate
UNESCO Global Geopark
Vulkaneifel

Tertiary and Quaternary
volcanism
Maars, volcanic cones

See Section 3.1

Use of volcanic tuff as building blocks
Meurin Roman mine as one of the last
remaining ancient tunnel systems.
Unique monument of technology history.

Druidenstein

Rhineland-Palatinate

Tertiary volcanism
Basalt columns

Hiking tour

At times used as a quarry
Local sagas and myths about the origin

Geysir Andernach

Rhineland-Palatinate

Aftermaths of Tertiary
volcanism

Geysir

Touristic destination since 1912

Kaiserstuhl

Baden-Wuerttemberg

Miocene volcanism;
Ruin of a volcano because of
erosion

Nature center and numerous nature
trails, but mainly due to the special fauna
and flora (see Section 4.2)

Some deep rocks were first described
here, e.g., Mondhaldeit or Bergalit [49].
Used for viticulture since Roman times

Randecker Maar

Baden-Wuerttemberg
UNESCO Global Geopark
Swabian Alb

Miocene volcanism
Maar, Part of Swabian Volcano

Nature conservation center with
exhibition; (see Section 4.1)

Great importance as a fossil site and for
bird migration

Hegau-Vulkane

Baden-Wuerttemberg

Tertiary volcanism
Basalt- and Phonolith cones

Volcano trail (adventure trail); Volcano
tours, guided tours (see Section 4.3)

Numerous castles on the hilltops.
Fossil site Howenegg with worldwide
significance.

Hoher Parkstein

Bavaria

Tertiary volcanism
Basalt columns

Guided tours; hiking trails; geological
trail

Early dismantling as road gravel; belongs
to the hundred most beautiful geotopes
in Bavaria
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4. Case Study Southwest Germany

The geological map of southwest Germany shows four large units with different dates of origin.
The crystalline basement is built up by igneous and metamorphic rocks of Paleozoic age. The overburden
consists of a wide variety of sediments, ranging from Permian to Jura, forming a cuesta landscape.
The Upper Rhine Rift is filled with massive sediment deposits, mainly from the Pleistocene. The alpine
foothills are covered with thick molasse layers. Lake Constance and its surroundings were extensively
shaped by glaciation during the Pleistocene. Southwest Germany has a global importance for geologists
due to the two meteor craters (Nordlinger Ries and Steinheimer Becken), the world-famous fossil
sites (e.g., Holzmaden), the research of Jurassic stratigraphy by Friedrich-August von Quenstedt
and of Ice Ages by Albrecht Penck, and finally the archeological sites of homo heidelbergensis and
steinheimensis [51].

During the Tertiary, volcanic phenomena were observed in several places in what is now
Baden-Wuerttemberg. This was the case in the Rhine Rift Valley, where the Kaiserstuhl in particular
should be mentioned, the Hegau volcanoes west of Lake Constance and the Urach-Kirchheim volcanic
area (Swabian Alb) (see Figure 1, Figure 4, and Figure 5). Volcanism, which reappeared for the first
time since the Permian, is related to the intensification of the tectonic processes during Alpine orogeny
and the formation of the Rhine Rift Valley (see below).

Important volcanic geotopes

=

Name Form

Georgenberg volcanic vent

Calver Buhl volcanic vent

Randecker Maar volcanic vent

Schopflocher Moor | moor on volcanic vent

Zaininger Hule village pond on volcanic vent

Bttingen voleanic thermal sinter

Neuffen volcanic vent

Runder Berg witness mountain

o|lw|[~[ofalsle|n]=

Howenegg volcanic vent

Legend

Younger Formations,
Valley Sediments

Colluvium
Loess.

Areusajenp

s
- Tertiary Magmatites
D Impact Rocks

[ Molasse Sediments

Koy

‘:l Younger Upper

Jurassic (ki4-ti)

[ O'cer Upper durassic
(ox-ki3)

[ Miadie durassic

Il Lower Jurassic

[l Kevperiassic

sisseinp

dIssely

Figure 4. Geological map of Geopark Swabian Alb with outstanding volcanic geotopes (Author’s
Design based on Data from Geopark Swabian Alb).

A survey of geotopes worthy of protection and those actually protected in the four administrative
districts of Baden-Wiirttemberg shows two important findings: Volcanic landforms generally make up
only a very small proportion of all geotopes recorded. Of 2856 mapped geotopes, 102 had volcanic
origin. This corresponds to a share of just 3.6%. Moreover, 54% of the volcanic geotopes are protected,
46% were principally worthy of protection, but without their own protection status [52-55]. However,
volcanic geotopes share this problem with almost all other geotopes, as geotope protection in Germany
is still a stepchild of nature conservation [56].
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Most laypeople are not aware that there are volcanic landforms in Baden-Wiirttemberg at all.
Considering the rich geology of Baden-Wiirttemberg and the singularity and small size of Tertiary
volcanic landforms, they are only prominent in areas like the Hegau, where they can be also clearly
identified visually. Mostly unspectacular volcanic landforms like in the Geopark Swabian Alb (see
Section 4.1) are usually not recognized as such by a lay audience. A sound and professional valorization
is therefore very important for both geotope protection and geotourism.

4.1. UNESCO Global Geopark Swabian Alb—A Well-Camouflaged Potential

The Geopark Swabian Alb was founded in 2000. In 2002 it was recognized as a National and
European Geopark; in 2015 as a UNESCO Global Geopark.

With an area of around 6,200 km?, the Geopark integrates almost the entire Swabian Alb, a low
mountain range, mainly characterized by limestone deposits from the Jurassic period (Figure 4). The
Swabian Alb is the largest karst area in Central Europe and the cave-richest region in Germany with
over 2800 documented caves. The caves played a decisive role in the Aurignacien period. The oldest
prehistoric sculptures (Lowenmensch and Venus vom Hohle Fels) as well as the oldest musical
instrument were discovered here [57]. Since 2017 they have been protected as UNESCO World Heritage
Site “Caves and Ice Age Art in the Swabian Jura”. The two meteorite craters are another world-famous
highlight. The larger one is in Nordlingen in the Ries Geopark, the smaller one in the Steinheimer
Basin in the Geopark Swabian Alb.

Another special feature, which is usually little noticed outside geological expert groups, is the
so-called Swabian volcano, today usually referred to as the Urach-Kirchheim volcanic area due to the
location of the magma chamber (Figure 5). The main period of activity can be dated to the Miocene.
Due to the predominantly pyroclastic rocks, it had been an explosive volcanism, i.e., rising hot magma
came into contact with groundwater (phreatomagmatic processes) [20]. This also explains why, in
contrast to the Vulkaneifel, on the Alb there are neither lava flows nor mighty layers of tuff. Instead,
over 360 volcanic vents have been mapped (see Figure 5), most of which are only a few hundred meters
in diameter, some of which have not even reached the surface. With an area of 1600 km?, the Swabian
volcano is one of the most important tuff vent areas on earth [22]. The northernmost volcanic vent
is near Scharnhausen (see Figure 5). For more than a century, the shift back of the Jura strata was
calculated on Malm rocks found in this vent. It was only in 2018 that Schweigert [58] was able to prove
that these rock fragments originate from Lias.

9°30'0°E

nnnnnnnnnnnn &
Teck Weilneim ® ¢
an der
Teck ® ¢
. o VARSI

Figure 5. Swabian volcano (Author’s design, based on Data from [59]).
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Due to the different hardness of the volcanic rocks and the surrounding materials, the volcanic
vents in the Alb foothills were prepared as hilltops, while on the Alb plateau they form depressions
embedded in the relatively hard malm layers (Figure 6).

Limburg Randecker Maar Schopflocher Moor
822m

present-day >oom

land surface

300m

200m

Oom

Figure 6. Volcanic vents and erosion (Author’s design, based on [59]).

The water-impermeable volcanic rocks were essential for settlement development. Due to
karstification the Swabian Alb is the most arid region in Germany despite high precipitation. Many
settlements were therefore located at volcanic vents. In some cases, a village pond (local name: Hiile)
was created on this rock (see Figure 7), which served to supply the farm animals, but occasionally also
the people.

Figure 7. Village pond on volcanic vent in Zainingen (Author 2020).

The largest volcanic vent with a diameter of over one kilometer is the Randecker Maar. As a fossil
site (in the former lake sediments) it became known to experts worldwide [59]. In the immediate vicinity
of the Maar is the Schopflocher Moor (Figure 8), the only moor on the arid Alb. The maar sediments of
Howenegg are another internationally significant fossil site. Particularly noteworthy are the findings
of relatives of the Hipparion genus, as well as water musk deer, fork deer, and rhinoceroses [22].



Geosciences 2020, 10, 445 15 of 26

Figure 8. Schopflocher Moor on volcanic vent (Author 2020).

The so-called Bottinger marble also became reknowned as a fossil site as well as a sought-after
building block. Formed by chemical precipitation from thermal waters, the marble is characterized by
alternating light and red bands (Figure 9) [60]. Petrologically, it is no marble, but a special form of
thermal sinter [61]. The naming comes from the earlier usage. Among others, the interior design of the
King’s Palace in Stuttgart was decorated with Bottinger marble.

Figure 9. Volcanic thermal sinter (Bottinger marble) (Author 2020).

To this day the Urach-Kirchheim volcanic area is characterized by a geothermal anomaly.
The geothermal depth is sometimes only a third of the usual values. This allows the exploitation of
thermal water and the installation of thermal baths (Bad Urach, Beuren) [20].

Geotouristic Valorization of Tertiary Volcanism in the UNESCO Global Geopark Swabian Alb

The Swabian volcano aroused the interest of scientists very early on. Its volcanic origin was
already discovered in the 18th century. At the end of the 19th century the first detailed monograph
about the “largest maar area on earth” was published, at that time with 125 volcanic vents listed [22].
While scientific research was ongoing, the Swabian volcano was less noticed by the general public.
Local volcanic geoheritage was “little known and always surprising” [59]. This might be due to the fact
that the weathered crests and cones in the foothills of the Alb are not recognized as volcanic landforms
by most laypeople, and that many of the volcanic vents are covered by debris and thus elude direct
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observation. Only magnetic field measurements can detect these vents [22]. The search for volcanic
shapes therefore requires some intuition [59].

If it is known that volcanism existed in the area, then laypeople often refer to prominent witness
mountains such as the “Runde Berg” near Bad Urach or the “Achalm” near Reutlingen as volcanoes,
since they have a similar shape to a “classic volcano” (Figure 10). On student excursions in Bad Urach,
such statements are the rule.

Figure 10. Witness mountain “Runder Berg”. From laypeople often classified as “typical volcano”
(Author 2020).

The UNESCO Geopark Swabian Alb focuses on a combination of individual geological highlights,
some so-called geopoints equipped with information boards (Figure 11), museums that present
geological contents, educational and adventure trails, guided tours and special campaigns, such as the
“Day of the Geotope” every year in September.

Figure 11. Geopoint Volcanic Vent Neuffen (Author 2020).

The starting point of geotourism was the brochure “Adventures in Geology” [62], published in 1999,
in which for the first time the geology of the Swabian Alb was prepared for a lay audience. A separate
chapter “Volcanoes erupt, meteorites strike” was devoted to Tertiary volcanism. This brochure, which
in a way represented the initial spark for the Geopark, has now been published in its 11th edition and
has achieved widespread circulation with over 100,000 copies.

The basis for the geotouristic valorization was the survey of geotopes in Baden-Wuerttemberg,
classified as worthy of protection. Based on this, 438 geotopes within the area of the Geopark were
recorded in detail, taking into account accessibility, current use, condition and endangerment [63].
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Possibilities for geotouristic valorization was not in the main focus. A proposal for a qualitative
assessment of sites of geological interest for geotourism promotion as well as geoconservation was
presented by [64]. A comprehensive and scientifically sound assessment of the geotouristic values
of selected geosites as done by [13,14,65,66] is unfortunately still missing, as is a SWOT analysis
(Analysis of Strengths, Weaknesses, Opportunities, and Threats) on the development of geotourism in
the geopark.

Geotouristic valorization of volcanic geoheritage is still significantly underrepresented in the
Geopark Swabian Alb. On the homepage, caves and fossil sites are promoted as interesting places to
visit, but no volcanic landforms. In the special “Geoparks” issue of Bild der Wissenschaft, the Geopark
presents itself as “Jurassic Park in Germany”. On the five-page presentation, the volcanic geoheritage
is not mentioned once, and no volcanic landform appears among the highlights listed [35]. This applies
analogously to the illustrated book “Vulkane, Schluchten und Hohlen” [42], in which the Swabian Alb
is likewise reduced exclusively to fossils, strata and the meteorite impact.

Of the current 26 geopoints, which are supposed to represent a selection of the geotourism
highlights, only two are volcanic landforms (Héwenegg volcanic crater and Neuffen volcanic vent)
(Figure 11).

The 39 outstanding geotopes presented on the homepage, integrate only four geotopes of volcanic
origin. In addition to the two geopoints mentioned above, the internationally important Randecker
Maar and the closely related Schopflocher Moor are added. Of the 22 nature trails listed on the
homepage, only one (Volcano crater circular trail—Vulkankraterrundweg Miinsingen-Apfelstetten)
deals with volcanic heritage. Of the 24 listed guided tours, not a single one valorizes volcanic
geoheritage. Even for the guided tours of the Nature Conservation Center Schopfloch, in direct vicinity
of the outstanding volcanic landforms Randecker Maar and Schopflocher Moor, the term “volcanism”
is not mentioned at all. This applies analogously to the 42 listed museums as well as the official map of
the Geopark. The Geopark cooperates with schools and offers support for school trips and excursions.
Special educational material on volcanic geoheritage has not yet been elaborated.

Volcanic landforms, such as the weathered volcanic vents in the Alb’s foothills, are mostly without
any information on site that could explain the volcanic formation to a casual visitor. This applies
among others to the Georgenberg, a striking hilltop on the outskirts of the city of Reutlingen with a
viewpoint that attracts numerous visitors as well as the Calver Biihl (Figure 12). This would be a good
opportunity to draw attention to the Swabian volcano without great efforts.

Figure 12. Volcanic vent Calver Biihl (Author 2020).

In 2003 the geotouristic map for the National Geopark Swabian Alb was published. This map,
which is supplemented by a detailed booklet, lists geotouristic destinations including museums,
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educational and adventure trails, nature conservation centers and selected geotopes. For each geotope
listed, the booklet contains information on the location, accessibility and geological features. Of the
38 listed museums, only one deals marginally with volcanic geoheritage; of 19 nature trails also only
one. Of 79 listed out-crops, 8 are of volcanic origin, of 83 landforms only four [67]. The selection seems
somewhat arbitrary. Some volcanic landforms are mentioned, others not. Contrary to the geotouristic
map for the Black Forest [68], which was published one year later, no general information about the
Geopark’s geology was integrated. A keyword search therefore is not possible. The short scientific texts
make it even more difficult for laypeople to use the map. For the outstanding Geopoint “Howenegg”
for example only the Miocene basalt tuff is mentioned. A reader who is not familiar with the technical
terminology may completely overlook the volcanic formation.

The combination of didactically inadequate texts with incorrect assignments is particularly
problematic. The trail board of the Sternberg’s nature trail does not take into account any of the
required criteria for a professional heritage interpretation (see Section 5.1) and was unfortunately set
up in front of dolomite rock and not at the aforementioned volcanic vent [69].

In 2003 the popularized hiking guide “Vulkanalb” [59] was published. 16 thematic hiking trails
allow recreational visitors to discover the geoheritage. A new and updated edition appeared in 2016.
Numerous other hiking guides also integrate volcanic phenomena, but in contrast to [59], only as
one aspect among many others. Mostly, the particularly striking volcanic formations are integrated,
especially the Randecker Maar. This applies analogously to geological field guides, which usually
integrate some excursions. In contrast to the hiking guides, these books (e.g., [70,71]) are aimed more
at a professional audience.

A comprehensive strategy for the geotouristic valorization of the Tertiary volcanic phenomena
does not yet exist in the Geopark Swabian Alb. First ideas on a “volcanic route”, which combines
different volcanic phenomena, are currently being discussed. The starting point could be the Miinsingen
suburb of Bottingen, where an older, currently vacant school building could be converted into a
volcano museum and visitor center (Figure 13). Together with an interpretation concept for the nearby
former quarry of Béttingen marble (Figure 9), this could be the first step for the valorization of the
volcanic geoheritage.

Figure 13. Possible volcano museum and visitor center in Bottingen (Author 2020).

In the foreseeable future, the signage of further volcanic geopoints is planned: Randecker Maar,
Aichelberg and Calver Biihl (Figure 12), two volcanic vents in the Alb foothills, and the Hiile (village
pond) in Zainingen (Figure 7), which points to the great importance of waterthawing volcanic rocks
for the settlement development on the karstified Alb. Due to corona restrictions, several awards
already planned for 2020, have been postponed to 2021. This also concerns the planned exhibition
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“Otto Méausnest—Erforscher des Schwibischen Vulkans” (Otto Mausnest—Reseacher of the Swabian
Volcano), which was to open in spring 2020 at the Biosphere center.

In addition to volcanic landforms, a stronger valorization of fossil sites is also worthwhile. Some of
these are of international importance (Randecker Maar, Bottingen quarry, Howenegg) and could
reach other target groups. In the longer term, the Swabian volcano is to be included in the “Route to
the Volcanoes of Germany” (see Section 3.1) [34]. As volcano geotourism is still underdeveloped in
Geopark Swabian Alb, sharing experience and learning about good practice is especially important.
Examples from other German Geoparks like Vulkaneifel or Bayern-Bohmen could be very helpful,
as well as strategies from foreign regions, like the “Land of Extinct Volcanoes” in Poland, Bohemian
Paradise (Czechia), Novohrad/Noégrad (Slovakia, Hungary) and Bakony-Balaton (Hungary) [13-15].

The Swabian Alb is one of the most important tourist regions in southern Germany. In 2016,
it recorded 75 million day trips and 5.3 million overnight stays by tourists, thereby gaining a tourism
added value of € 2.8 billion [72]. The twelve show caves of the Swabian Alb recorded 320,000 visitors
per year [73]. Nevertheless, the Baden-Wiirttemberg tourism concept criticizes the “under-utilization
of the Geopark for tourism and the actual positioning in the market which does not correspond
to the potential”. The Geopark Swabian Alb therefore adopted a master plan [74] that listed the
most important fields of action, including the development of the geotope management concept [63],
which is the decisive instrument to ensure the compatibility of geotope protection and geotourism.
The valorization of volcanic landforms could bring more visitors to the Geopark. A stronger networking
of the different actors in the Geopark and the development of a common strategy are crucial here.
The outstanding guide “Vulkanalb” [59], for example, contains no references to the Geopark apart
from the logo. The cooperation with the UNESCO biosphere area, which is located completely within
the Geopark’s territorial delimitation, is still upgradable [75]. At important geotopes like the Neuffen
volcanic vent, the Biosphere reserve set up information panels without even mentioning the Geopark.

4.2. Kaiserstuhl—Isolated Volcano with Viticulture

The Kaiserstuhl (Figure 1) is a volcanic ruin, originating 13-18 Mio. years ago [61], which is
located at the intersection of two important fault zones. Since 80% of its surface is covered by loess
today, the volcanic rocks are only exposed in a few places [20]. The good suitability for viticulture led
to the construction of terraces very early on. In the course of an extensive land consolidation, these
small structures fell victim to enormous, intensively agriculturally used large terraces. Although the
rather small (15 by 12 km) and low volcano (557 m) is clearly visible as a landmark from afar due to its
exposed position in the broad plain of the southern Rhine Rift Valley [61], the volcanic origin of the
Kaiserstuhl is hardly recognizable to laypeople.

Several nature trails provide access to the local geology, where the volcanic origin is only one
aspect among many:.

4.3. Hegau: Fire, Ice and Water; Volcano Trails and Tours

The Hegau volcanism took place 7-15 million years ago. Similar to the Alb’s foothills, volcanic
vents are harder than the sedimentary rocks surrounding them [22]. During the Pleistocene, the basaltic
and phonolithic volcano vents were strongly overshaped, most of the Hegau volcanoes overlooking
the mighty glaciers as nunataks [20]. Today they form striking mountains, excellent building sites for
castles (including the Hohentwiel fortress—see Figure 14). The embedding of the volcanoes in the
molasse deposits leads to an impressive landscape, which is popularly known as God'’s skittles [20].

A first attempt to geotouristically valorize the Lake Constance region was undertaken by an
international team, including the author, in 2000. Based on the model of the brochure “Adventure
Geology” (see Section 4.1), the brochure “Fire, Ice and Water” was intended to present the complex
geology of the Lake Constance region in an exciting and vivid way for a lay audience. Under the
headline “Etna and Vesuvius at Lake Constance” a popular scientific presentation of the Hegau
volcanism is given [76]
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Figure 14. Castle Hohentwiel built on a Hegau volcano (Author 2020).

Today, Hegau markets itself touristically as “Vulkan- und Burgenland” (Land of volcanoes and
castles). Several hiking trails lead on and around volcanoes, like the 3 km long circular trail around
the Hohentwiel (Figure 14). At the time of its inauguration, the path was a very good example of a
successful implementation of heritage interpretation (see Section 5) [69]. Regrettably, the path was not
maintained accordingly, such that the weather-exposed boards have visibly suffered in the meantime
(Figure 15).
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Figure 15. Weathered board at the Vulkanpfad Hohentwiel (Author 2020).

Unfortunately, this is not an isolated case. In a pilot project for cross-border geotourism, the map
package “Vulkane im Hegau” (Volcanoes in Hegau) was developed, consisting of a double-sided
printed map and two brochures. The package enables a lay audience to explore the Hegau landscape
via various hiking tours. The demand was very positive, so that the first edition was sold out rather
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soon. A reprint or a revised new edition never took place, despite which Hegau tourism is still focusing
on corresponding volcanic offers.

5. Resulting Requirements

Both in the Federal Republic of Germany in general and specifically in the southwest (State of
Baden-Wuerttemberg) there is a high-quality volcanic geoheritage. In order to use this potential for
geoenvironmental education and geotourism offers, the following aspects have to be considered:

5.1. Professionalization of Geo-Didactics, Geotourism and Geotope Protection

Geology generally held a subordinate position in environmental education for a long time.
Only 3% of the educational trails in the Federal Republic dealt with geological topics [77]. Up until
the 1980s, geological issues were hardly discussed outside of specialist circles; integrating the general
public by providing information that was generally understandable was considered “unscientific” [78].
This began to change at the end of the 1990s in connection with the inauguration of the first Geoparks.
Geoenvironmental education for laypeople was one of the main objectives [27]. Only in the 2000s the
term “geodidactics” became established and was increasingly seen as important [79].

Geoenvironmental education should follow the guidelines of heritage interpretation,
an educational activity, which aims to reveal meanings and relationships through the use of original
objects, by firsthand experience, and by illustrative media, rather than simply to communicate factual
information [80].

It is particularly important to consider the following points:

Awaken and maintain interest in geothemes.

Target group orientation.

Adequate mediation techniques, including understandable language.
Regional focus on local characteristics.

Take home message [6].

In the meantime, geology as well as methods of heritage interpretation are increasingly being
integrated into the training courses of landscape guides, whereby the guides in the Geopark Swabian
Alb today integrate geology in the vast majority of the offered tours [81]. Innovative methods for the
valorization of geotopes were published by [7,82], among others. This has led to increasingly good
examples of geotourism offers.

Outstanding examples of professional valorization of volcanism can be found in the geoparks of the
Eifel, Bayern-Bohmen, and in the Vogelsberg volcanic region, among others. Innovative offers benefit
from new technologies, such as film recordings or satellite images of current volcanic activity [83].

Nevertheless, there are still far too often “traditional” trail boards, sometimes with far too much
text and a technical language incomprehensible to laypeople. Those panels can neither spark interest
in volcanism nor sensitize for geotope protection. There is still some catching up to do in the Geopark
Swabian Alb, where many volcanic phenomena are not provided with any information for the general
public or in which the implementation is very inadequate (e.g., Sternberg).

Unfortunately, geotopes are still insufficiently protected. Geotopes that have no or insufficient legal
protection can therefore only be maintained in good condition through a corresponding appreciation
and awareness of their importance, but also of their vulnerability. Geoenvironmental education is
therefore also of particular importance in promoting an understanding of the need for protection [84].
This is all the more true as the importance and value of geotopes is not only not well known to the
general public, but even to other specialist disciplines [85]. Wardenbach et al. [86] even see a need for
clarification among biologists and nature conservationists in order to achieve more acceptance for the
“protection of dead rocks”. For volcanic landforms, this particularly applies to phenomena which are
difficult to recognize for non-geologists.
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5.2. Geotourism Offers, Regional Added Value and Geotope Protection

Tourism is generally a very important economic factor. Geotourism can be an important economic
con-tribution, especially for peripheral regions with structural weaknesses [8]. Examples include
the Sinter Terraces in Pamukkale (Turkey) [87], the US Mammoth Caves [4], and Terra Vita Geopark
(Teutoburg Forest) [88]. For Ireland, INDE-CON [89] estimates the economic value added by geotourism
and geoheritage at €660 million per year and 8750 jobs. However, the front-runners are Chinese
geoparks, which attract over 2 million visitors per year and provide thousands of jobs [8]. For all
sectors and areas, the numbers are expected to continue to rise. Since volcanic formations have a high
attraction potential, surveys [16] show high visitor numbers and in connection with this a high regional
economic value added.

6. Conclusions

Germany does not have active volcanism, but a very high quality volcanic geological heritage,
especially from the Tertiary period. Fortunately, this heritage is being increasingly valued and presented
in an attractive way for a lay audience. The two Geoparks in the Eifel are pioneers in this field.

Furthermore, in other regions of Germany, especially in the southwest, there is a high-quality
geo-heritage, which, however, has so far only been insufficiently valued. This potential should be used
for geotourism, regional added value, awareness raising and regional identification.

To make better use of this potential, a high-quality and professional geo-interpretation is required
as well as a cooperation between the various actors (geo-scientists, specialists in geoenvironmental
education, tourism experts, regional managers, local and regional politicians as well as locals and
visitors) and ultimately good public relations and marketing.
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