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Abstract

Despite its paleontological importance, the Messel Pit was under threat to become
a waste disposal site, and its eventual designation as the first Natural World Her-
itage UNESCO geosite in Germany followed an intense fight in which numerous
principles of geoheritage and geoscience popularization were explored. The UNE-
SCO agenda 2030 for sustainable development is the basis of current plans for the
future of this extraordinary, unique geosite. The financial frame of the development
and special support of the State of Hesse were crucial in establishing a visitor cen-
ter. This provides a conceptual base for the Messel Pit WHS, through cooperation,
exhibitions, guided tours, a variety of digital approaches in media use, leading to
geotourism products and marketing activities. The challenge since March 2020
during the Sars-CoV-19 pandemic led to the development of web-based games. The
new activities include a portrait series named “Deathly Paradise” and a project se-
ries of videos. Collaboration with the UNESCO Global Geopark Bergstrasse-Oden-
wald is realized in different projects. The importance of long-term collaboration be-
tween both UNESCO entities, the geosite and the geopark, provide an international
best-practise example.
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Introduction

When the Messel Pit Lignite was discovered in
1884 (Harms 2011) local people noticed the po-
tential for industrial development in this landscape
mainly built from Variscan granitic rocks and ba-
sin fillings of Permian sandstones. The Messel Pit
Lignite was seen as a miracle from the start be-
cause it was so soft, so extensive, and the outcrop
was nearly circular, measuring about 1 km across

Figure 1. View into the Messel Pit.

Commercial extraction of the oil shale operated
from 1884 to 1971. The first fossils were found
soon after commercial work began, pieces of a
crocodile reported in the 1870s. Since the mid-
1960s fossil collectors as well as the Hessian State
Museum Darmstadt and since the middle of the
1970s the Senckenberg Research Institute and
other institutions discovered an increasing num-
ber of extraordinary complete fossils. However,
further industrial use was proposed, and the site
could have been used as a landfill site. At once, an
initiative to stop this was founded by Messel resi-
dents, municipality, scientists e.g. Dr. Heil, Hesse
State Museum Darmstadt and others, and the fight
lasted for nearly 20 years before the whole landfill

and with an area of 42 ha (Fig. 1). The fossils in the
dark brown to black oil shales, dated as Eocene,
raised many questions because of the complete-
ness of the skeletons, the exceptional preservation
of soft tissues, and similarities of many species to
non-European groups of mammals and birds. At
that time the oil shale deposit was identified as a
sort of infilling in a granitic landscape.

plan was abandoned at the end of 1989.

In the meantime, the residents of Messel had
founded a small museum in the old municipality
school, opened on 19" October 1980. In 1991, the
State of Hesse bought the pit property and handed
over management of the site to the Senckenberg
Society for Nature Research in 1992. The signed
contract identified the main task as proceeding
with scientific investigations and digging for fos-
sils. In parallel, an administrative company was
founded in 1993 to take over the state’s duty to
safeguard this property.

After application to UNESCO in 1994, the Messel
Pit was integrated into the list of UNESCO World
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Natural Heritage Sites as an Eocene Fossil Site
on 9" December 1995 as Germany’s first natural
WHS. The outstanding universal value (OUV) of
Messel is defined as the only Eocene fossil site
with a content of extraordinary mammal fossils
and a high diversity of other organisms show-
ing the development and evolution of organisms
during the Eocene. It is not surprising that the ex-
hibitions of Messel fossils in Messel, Darmstadt
and Frankfurt focus on the paleontological aspects
of this geosite.

In 2003, the state of Hesse, owner of the World
Heritage Site, decided that new infrastructure
was needed to give access to the Messel Pit and
to transfer knowledge about its World Heritage
status to the public. A new organization, a not-
for-profit limited company, was established, the
“Welterbe Grube Messel gGmbH”, and this was
the basis for a division between the scientific re-
search and geoscience popularization. The main
aim of the latter was to encourage the public to vis-
it the Messel Pit World Heritage Site through edu-
cation and geotourism activities. At that time, the
close cooperation with UNESCO Global Geopark
Bergstrasse-Odenwald started and includes a wide
range of activities integrating the aims and needs
of both organizations. After 2004, the numbers of
visitors increased, and guided tours helped them
to understand that the fossils of the Messel Pit are
hidden inside a material called oil shale. When oil
shale is excavated, it dries out, disintegrates, the
layers split open and the fossils are destroyed.

Before the new company started, there were no
regular daily offers to visit the World Heritage Site
and very limited options to experience the fascina-
tion of the site. The challenge for the Messel Pit
company was to implement a new approach for
the site with the support and in cooperation with
the UNESCO Global Geopark Bergstrasse-Oden-
wald. This includes activities that enable the vis-
itor and scientific institutions to understand the
world 48 million years ago, the landscape, climate,
fauna and flora. By visiting a scientific excavation

site on a special tour or other formats visitors get a
chance to experience the atmosphere and spirit of
this unique site.

In this contribution, we describe our efforts in geo-
science popularization, bearing in mind the com-
plexity of topics and disciplines, including partner
activities like geo-workshops and games, tourism
activities as well as the challenges, including a
short review of economic aspects. A special fo-
cus is laid on the partnerships of the Messel Pit
World Heritage company with regional, national
and global partners.

Geological Setting and Industrial Heritage

The Messel Pit is situated about 14 km east of
Darmstadt, in the northern part of the Berg-
strasse-Odenwald UNESCO Global Geopark, on
the Sprendlinger Horst (Fig. 2).

The oldest rocks of the area are pre-Paleozo-
ic metamorphic shists (Weber and Biihn 2009).
They are followed by Variscan crystalline rocks
like granites, granodiorites and gabbros which are
partly overlain by Lower Permian arkosic sand-
stones (Rotliegend) dating to 280 Ma. Both these
formations were disrupted by volcanic activity,
especially in the northern area of the Sprendlinger
Horst, first from 70-65 Ma and then from 4947
Ma (Reischmann et al. 2011). This volcanism
was part of a wider phase of volcanic activity
in the northern hemisphere (Ziegler 1988:134),
termed the “Thulesian Volcanism”, from 60-50
Ma, with explosive volcanism at the end. These
volcanic activities were driven by the movement
of the Upper Rhine Graben, starting from 50 Ma
to the present day (Hinsken et al. 2007; Jacoby
et al. 2000). Besides volcanism, horst structures
such as the “Sprendlinger Horst” developed due
to the rifting. The maar volcano of the Messel Pit
is directly connected with the development of this
horst structure.

For many years, geoscientific researchers have
discussed the genesis of this location, especial-

526



Frey: UNESCO Global Geopark Bergstrasse-Odenwald

[\

] Oil shale deposits (Eocene)
. Basalt rock (Tertiary)

. Odenwald crystalline rocks (Carboniferous) /
. Rotliegendes (Permian) /

<
v
Q
o
o
)
]
&
45
(33
i
v
Q
Q
=)

Prinz von

|
Seligen-
stadt

| |
Babenhausen

/
Erlenwiese

Sellborn-Schneise

—

I M Dieburg

O GroR-Zimmern

Hanau- Seligenstidter Depre
SSio
n

Figure 2. Simplified geological map of the Sprendlinger Horst area and key locations.

ly as the number of extraordinary fossil findings
increased during the digging campaigns. During
the 1980s, scientific research on the formation of
the Upper-Rhine-Graben as a geological structure
started and delivered information on the wider
geo-tectonic situation. Work was also done on
the formation of the Messel Pit (Nix 2003; Reis-
chmann et al. 2011; Biichel & Schaal 2018).

At the end of the 1990s, a scientific drilling proj-
ect was agreed and implemented by several insti-
tutions in 2001, reaching the Variscan crystalline
breccia at a depth of 433 m. It turned out that exist-
ing models for the formation of this structure were
not confirmed. The only plausible model (Fig. 3)
is that the Messel Pit formed through eruption of
a maar volcano about 48.2 Ma, and the crater lake
(Lorenz and Biichel 1980; Schulz et al. 2002) was
then filled (Mertz and Renne 2005; Lenz et al.

2015), in the Eocene (middle Ypresian - lower Lu-
tetian).

After the maar explosion, groundwater flushed
into the crater and formed a lake in which sedi-
ments were deposited in the following ca. 1 Ma
throughout the Eocene (Biichel and Schaal 2018;
Lenz and Wilde 2018). Below this, the borehole
penetrated a diatreme breccia (433—373 m), pyro-
clastic sediments (373—-228 m) and lacustrine sed-
iments, which make up the upper portion (228-0
m) (Felder et al. 2001; Felder and Harms 2004;
Biichel and Schaal 2018). The diatreme brec-
cia comprises amphibolite, granite, granodiorite,
and Rotliegend sandstone, sampling the Variscan
basement around the magma pipe of the Paleocene
volcano. The pyroclastic sediments are primarily
accretionary lapilli tuffs and lapilli representing
airfall debris from the eruption.
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The 229-m-thick maar lake filling comprises 90
m of the Lower Messel Formation, starting with
mostly graded gravel to clay and some tuff, pass-
ing into a conglomerate with amphibolite blocks
with sand and clay, then mostly graded fine grav-
el to clay and tuff, and a unit of oil shale (Lenz
and Wilde 2018). The Lower Messel Formation
ends with an event bed of redeposited blocks of oil
shale, oil shale debris, and clay that extends across
the whole deposit. The Middle Messel Formation
in the upper 94 m of the borehole is entirely the

classical fossiliferous finely laminated oil shale,
showing varve-like stratification. Above this, the
Upper Messel Formation has been almost entire-
ly removed by mining activity, leaving only trac-
es in small areas in the eastern and south-eastern
part of the Messel Pit today (Biichel and Schaal
2018). Radioisotopic age dating suggests an inter-
val for deposition of the Lower and Middle Mes-
sel Formation of 700-900 kyr. The organisms and
deposits document climate changes during this
short time (Lenz and Wilde 2018) and confirm the
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c E Rupelian 33,9
E R Priabonian 38,0
N T PALAEOGENE | EOCENE Bartonian 41,3
(o) I
Z Lutetian 47,8 c.51,4-57,9
0 Messel
Formation
I A Ypresian 56,0
c Thanetian 59,2
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Figure 3. Eocene stratigraphy at the UNESCO World Heritage Site Messel Pit, Germany.

greenhouse climate.

Within the oil shales, there are four marker
horizons (Harms and Schaal 2002; Lenz et al.
2015:fig. 9), termed alpha, beta, gamma, and “M”,
the final one being a “Messelit layer,” which are
used by paleontologists to identify the position of
fossil finds. Kubanek et al. (1988) identified these
horizons as former palagonite ash layers. The only
other comparable location is at Offenthal in Hesse
Germany (Moshayedi et al. 2020).

In 1856 the first mining field was declared (Harms
2011). From 1864 to 1971, the oil shale was mined
at a volume of about 25 million cubic meters in

total for the production of crude oil and other
products. From 800 t per year in 1888 the produc-
tion rose to 13.500 t per year in 1910 and in the
1930s reached a volume of about 20.000 t per year
(Harms 2011). This was done first by the “Messel
Union” company, founded in 1884 and worked up
to 1923 extracting and processing the oil shale.
From 1900 to 1924 the production of gasoline and
diesel took place in furnaces. The company own-
ership changed in 1923 to the “A. Riebeck’sche
Montanwerke AG” which was handed over to
the “IG-Farben-Konzern” (IG-Colour-Concern).
From 1929 onwards the ”Deutsche Gasolin AG”
worked on the distribution and sale of the prod-
ucts. After commercial activity ceased in 1971, an
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open cast mine about 1 km in diameter and c. 65
m deep was left. Historically, the carbonaceous
sediment was often mistakenly called the “Messel
lignite.” It was described roughly as a black pelite
with lignite seams and colorful pelites (Biichel
and Schaal 2018).

Importance of the Fossils from Messel

The importance of the site is underlined by abun-
dant and mostly complete carcasses of animals
and plants, with more than 40,000 finds in the
Senckenberg Museum in Frankfurt am Main, the
Hesse State Museum in Darmstadt, and the Muse-
um in Messel. In addition, scientific results show
considerable faunal innovation from the Eocene
onwards, with for example reconstruction of the
evolution of the horse by primitive horse finds of
Eurohippus (Franzen 2018). Other primitive mam-
mals with highly specialized adaptations, plant
relicts and insect finds reflect environmental con-
ditions of all ecosystems in and around the maar
crater lake. All these fossils were preserved ex-
ceptionally by the special chemical conditions of
the oil shales (Wuttke 1988; Wuttke 2012). More

than 75 plant families with more than 200 species
have been identified (Bohaty and Zell 2021) and
among the vertebrates about 75 taxa with more
than 40 species from more than 30 genera of mam-
mals. Numerous taxa found in the Messel Pit are
holotypes of new genera and species. Since 2007
the Messel Pit WHS has been a National Geotop
(Look & Quade 2007).

Bohaty and Zell (2021) summarize the history of
these discoveries, including the cimolestan mam-
mal Kopidodon macrognathus, the first mammal
fossil to be described from Messel, in 1902. This
was followed by the first primitive horse find
around 1920, the first find of Ailuravus macrurus,
a large rodent like a giant squirrel, described in
1949 and then a complete carcass found in 2013
(Fig. 4) by the Senckenberg Research Institute
(Ruf and Lehmann 2018). Then in 1970 came
Lesmesodon behnkae, a key specimen worldwide
for understanding of early and middle Eocene
hyaenodonts (“creodonts”) (Gruber & Micklich
2007).

Figure 4. Head and anterior torso of the skeleton of Ailuravus macrurus from the Messel Pit, Germany
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The primitive tapir-like animal, Hyrachyus was
the first Messel mammal to be studied and con-
served by the newly developed “transfer meth-
od” in 1973 by Willi Ahrend (Gruber & Micklich
2007). The transfer method allows the fine detail
of the fossil to be studied from both sides. After
collection, the fossil and surrounding oil shale are
kept moist with wet newspaper to prevent crack-
ing, and the technician works to remove sediment
from one side of the fossil. Once it is ready for
transfer, the fossil is coated in lacquer and a frame
is built to produce an epoxy mold on which the
prepared face of the fossil sits. Then, the fossil is
flipped over on its epoxy mold, and mechanical
preparation is done from the other side, removing
all oil shale and leaving simply the bones, viewed
from behind and resting on the epoxy mold. The
method has proved invaluable for close scientific
study, but also for long-term conservation in mu-
seum collections without risk of the unstable oil
shale around the fossil drying and cracking. The
method cannot be used for insect and most plant
fossils, which are instead archived in boxes with
glycerine.

Additional well-preserved finds include the only
complete fossil of an anteater-like pangolin, Euro-
tamandua joresi (first thought to be an anteater),
hedgehog-like insectivores, and the first complete
skeleton of Buxolestes, which is part of a primor-
dial group of otter-like mammals, in 1977 by the
Hesse State Museum. Fossils like those of Eogli-
ravus, a dormouse, give the oldest evidence of
groups that exist today. Additional finds and in-
vestigations on insects have been done recently by
Wedmann (2018) and Wappler et al. (2015). Their
work has resulted in new, significant insights into
the ecosystem and its functioning.

As most of the Messel Pit finds are complete car-
casses in fantastic preservation conditions, the
continuing scientific investigations have delivered
a tremendous volume of information on a wide
variety of animal groups, plant families and fungi
of Eocene times; the living environments of these

organisms in and around the lake and tropical-type
rainforest; paleoclimates; phylogenetics and pale-
obiogeography of key clades; food chains from
their preserved gut contents; reproduction; and
taphonomy.

The remarkable soft tissue preservation at Mes-
sel (Rose 2012) has enabled discoveries of such
wonders as a pregnant horse with preserved utero-
placenta (Franzen 2019), the earliest and only
known pollinating bird in the fossil record (Mayr
& Wilde 2014), a coevolutionary relationship of
a parasitoid fungi with ants (Hughes et al. 2010),
fossils of mating turtles (Joyce et al. 2012), the
first fossilized leaf insect (Wedmann et al. 2007),
preserved uropygial gland lipids (O’Reilly et al.
2017), a new dragonfly family related to dragon-
flies extinct since the Early Cretaceous (Garrouste
and Nel 2015), and a new spider species (Selden
& Wappler 2019).

Geoheritage Values

After its designation as a World Heritage Site in
1995, the Messel Pit has received further geo-
conservation recognition. Through the UNESCO
Global Geopark Bergstrasse-Odenwald it was des-
ignated Geotope of the year 2010 (Weber 2010)
and National Geotope since 2006 of the Academy
of Geosciences (Look & Quade 2007).

The Messel Pit has been protected as a “Geo-
top” under the Hesse Monument Law (HDSchQG)
since 1998 (Dietrich 1998). After designation as a
World Heritage Site of UNESCO, the contribution
of the finds from the Messel Pit to the UNESCO
criteria viii was confirmed by the International
Union of Conservation of Nature (IUCN) in the
newly defined “Outstanding Universal Value”
(OUV, Anonymous 2014): “Messel Pit Fossil Site
is considered to be the single best site which con-
tributes to the understanding of the Eocene, when
mammals became firmly established in all prin-
cipal land ecosystems. The state of preservation
of its fossils is exceptional and the scientific work
undertaken at the site is extensive and successful.”
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The rich geodiversity and geoheritage of Messel
have been used repeatedly in new models for geo-
science popularization following the philosophy
of the UNESCO Global Geoparks (Frey 1993;
Kasig and Frey 1997; Frey 2000; Frey et al. 2002;
Frey et al. 2006; Frey 2012; McKeever et al. 2012;
Escher et al. 2015), in which today’s storytelling
is used as the main tool. In the following section,
we explore examples of how the varied geodiver-
sity of the Messel Pit can attract the public espe-
cially during the COVID-19 pandemic.

Challenges of Geoscience Popularization in a
Complex Geoheritage Context

The geodiversity of the Messel Pit WHS is not di-
rectly visible in the pit itself, as the fossils are hid-
den in the oil shale outcrops, which dry out under
the sun (Fig. 5).

T S B
Figure 5. Example of exposed oil shale after drying under sunshine.

Following the geological and industrial history of
Messel, different action fields and themes have
led to a new concept for geoscience populariza-
tion according Agenda 2030 (Fig. 6). This was de-
veloped by close collaboration with the UNESCO
Global Geoparks Bergstrasse-Odenwald, Vulka-
neifel, Naturtejo, Hong Kong and Lesvos Island,
which are all members of the International Geo-
science and Geoparks Programme of UNESCO
and the Global Geoparks Network. When regular
visitor access started in 2004, it was clear that a
new approach was needed to raise the interest of
the wider public in the Messel Pit. Up to that time,
only limited access by very engaged members of
the local Messel Museum was available.

In this context, the main challenges were the geo-
graphically isolated situation of the Messel Pit in
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the middle of a forest; the absence of regular access
to the Messel Pit WHS for visitors; the absence
of infrastructure except for a viewing platform;
no staff; access only by guided tours; no science
information or transfer on-site; three other muse-
ums in the neighbourhood presenting Messel Pit

fossils; a small starting budget for administrative
tasks; limited scientific results on the geodiversity
of the site; and a division between site manage-
ment (Senckenberg) and site access and science
popularization (“Welterbe Grube Messel gGm-
bH”). From summer 2004, guided tours for visi-

Scheme of Action fields within the concept for geoscience popularisation

Aspects of human interest Tools Action fields
Type of visitors Curiosity & safety == Infopanels = Looking around
Children - Creativity Artistic work + Music Admiration of Nature
Families Being active Trails & QR-code +... Walking & Cycling
Single Adults Discover Expert guidance Exploring by Guided Tours
— — . . . . .
Senior people Have Fun Games & Talking Enjoyment incl. eating drinking, etc.
School Classes Thinking Experts & Common Self-Exploration & realising a project,
e.g. collecting s.th.
Adult Groups == Experience Lab Equippment
Analysis, talks & discussion
Responsibility & Identity=="  Video & o ) )
Social Media - Presentation in public audience

@ Frey 2021

- Showing knowledge & Happiness

Figure 6. Scheme of action fields within the concept for geoscience popularization.

tors were developed first on an ad hoc basis. But
the main question was how to transfer the spirit of
this location and the importance of the Messel Pit
in the new guided tour offers. The response was to
tell the holistic story of the origins of the Messel
Pit, and the big dream was to have a new visitor
center at Messel.

Geoscience Popularization Concept and Edu-
cational Programs

Geoscience popularization according to the many
demands started in 2004 in close partnership with
the UNESCO Global Geopark Bergstrasse Oden-
wald and with the headline “Dive into Time”. Af-
ter two years, this approach was adopted based
on visitor feedback (Frey & Wurche 2009). Since
then, this approach has been checked continuously
for its value in a changing society, with the sto-

rytelling prioritized on the “Formation-Degrada-
tion-Formation-Cycle”. Since 2018, storytelling
themes of “fire, water, light and life” have been
used as topics for activities (Fig. 7).

The guided tours start with a holistic central topic
linked to “time”, looking at how the oil shale filled
this unique location. But this cannot be the sole
geoscience popularization concept for a program
that also aims to attract a high number of visitors
per year. Additional aspects have been developed
in access, educational elements, raising awareness
activities and tools: information for all residents
and visitors is free of charge; visitors of all ages,
provenances and educational backgrounds are in-
cluded; regular access is offered; and also paid,
service programs are offered.
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Figure 7. Artist canopy in the outside garden of the Messel Pit visitor center with symbols on “Fire, water, light, life and forest”

in Chinese writing — by the artist Barbara Beisinghoff
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It was important also to consider that the site is
“owned” by the citizens of the world. It was nec-
essary to establish a new pride in the site for vis-
itors as well as for the inhabitants of the region,
making them willing to re-visit, as well as safe-
guarding this unique treasure. It became clear af-
ter some years that simply giving information on
the World Heritage status of the Messel Pit and its
international importance would not be enough in a
rapidly changing society.

Luckily the investigations related with the drill-
ing project and the borehole cores of 2001 brought
new research results: a volcanic eruption as the
source of the Messel crater; then it was filled with
water; a lake was formed; then the lake was filled
by algal mud that preserved animal bodies and
plants. This opened up important educational top-
ics about the site, as well as links from the climatic
conditions of the organisms during a greenhouse
time in the Eocene to the modern-day climate
crisis. Diverse educational activities (Frey and

Wurche 2009; Frey et al. 2006; Frey 2012, 2016,

2018) have been developed:

a) Self-explorer infrastructure for single visitors
or groups — outside the Messel Pit WHS: infor-
mation and artistically designed interpretation
panels

b) Transfer activities across personal commu-
nication: guided tour offers with a variety of
program durations into the Messel Pit WHS;
special topic guided tours for people with spe-
cial thematic interests, e.g., “Looking over the
shoulder of the scientist by visiting a dig site”
or “Bat tour evenings”

¢) Transfer activities in the new visitor center
since 2010: thematic exhibition rooms to be
discovered by visitors or by guided tours last-
ing one hour

d) Activities and events: campaigns on Messel
Pit related topics like “Summer Butterflies”;
campaign on World Heritage Sites in Germany
— “#shareourheritage”; special exhibitions e.g.
Understanding climate change with Lesvos
UGGp, Greece

e) Home working activities through digital plat-
forms, CD and printed materials, such as web-
sites, QR-code trail as well as flyers, a yearly
Messel Pit magazine, booklets, quiz formats,
jigsaw puzzles and games

g) Special offers on: scientific lectures; scientif-
ic exhibitions on old and new fossil discover-
ies (Fig. 8); film presentations “Film Summer
Hesse” and / or “Junior WH-Officer”/ / “Wel-
terbe Lotsen”.

Additionally, collaboration with the partner UNE-
SCO Global Geopark was established and devel-
oped since 2004 onwards. Projects in the context
of Agenda 2030 are:

a) Courses for young people like “Geo-Work-
shop or Geo-Studio with the Geopark Rang-
ers” for many years.

b) Transfer activities through art and nature
themes: exhibition “Zeitwert” / “Time value”;
Land Art project Global Nomadic Arts Proj-
ect — a collaboration with International For-
est Art and UNESCO Global Geopark Berg-
strasse-Odenwald (Fig. 9).

¢) Partner activities and events: Projects with
UNESCO Global Geopark Bergstrasse-Oden-
wald include Quartett games and ABC game
through EU funding project RURITAGE; par-
ticipation activities on International Forest Art
“Art-Nature-Identity” to create three sculp-
tures for the Messel Pit Time garden areas,
south of the Messel Pit WHS in 2020 and one
new sculpture in 2021; COVID-19 campaign
with games during lock down for home-based
activities; virtual guided tour through the visi-
tor center (six videos in cooperation with the
Geopark); authors’ lectures with kids stories
about the “Fiora Eozin — Fiora Eocene” time
travel crew, a comic, exclusively developed for
the WHS Messel Pit (five videos in coopera-
tion with the Geopark).

In addition to the regular operation of the com-
pany, guided tours were the first offering to
provide regular access to the Messel Pit WHS
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Figure 8. Collection of flyers on special exhibitions at the visitor center on fossils.
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Figure 9. New sculptures in the grounds of the visitor center at the Messel Pit by artist Wal-

traud Munz-Heiliger.

Figure 10. Geopark ranger “Geo-Studio” activity with children.

536



Frey: UNESCO Global Geopark Bergstrasse-Odenwald

from spring 2004 onwards. Thanks to collab-
oration with the UNESCO Global Geopark,
geopark-rangers (Fig. 10), were the first to offer
tours of the Messel Pit.

Because of the scientific value of this geosite, spe-
cial emphasis was laid on the qualifications of the
guides, who were selected based on their academ-
ic degrees in geology, geography and/or biology.
They also had to have an ability and will to im-
prove their skills in education and on geoscientif-
ic topics related to the Messel Pit. It was neces-
sary to define a fair payment for the guides, even
though first there existed no experience on how
to raise income across geotourism offers. These
two points exemplify core challenges in develop-
ing all the activities: the mix of enthusiasm for the
importance of this highly diverse geosite, and the
economic demands that exist because of the orga-
nizational situation of this managing company
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Through close collaboration with regional part-
ners, marketing of the geosite started early. In
2007, the World Heritage Site was identified as
the northern entrance to the UNESCO Global
Geopark Bergstrasse-Odenwald. Public relations
through the tourism platform and other communi-
cation channels were used, including tourism fairs
like the International Tourism Bourse in Berlin
from 2009 onwards (Fig. 11).

This promotion has been the third core chal-
lenge for the strategic geotourism concept. In this
context, the Messel Pit has been developed as a
high-profile attractor and lighthouse for the Oden-
wald-Bergstrasse tourism destination. The local
and regional public and stakeholders also focus on
the isolated location of the geosite in the middle of
a forest- this has led to collaboration projects for
example with the “Location Marketing”, Oden-
wald Tourism and also with the International For-

Figure 11. Messel Pit participation with UNESCO Global Geoparks Network at the ITB Fair, Germany.
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est Art Association Darmstadt to attract visitors by
art installations (Fig. 12).

This work goes hand in hand with high quality
magazines and advertisements in appropriate mag-
azines, such as “Erbe der Welt” (Matejka 2020).
Interested visitors with a high-level educational
background, mainly adults and seniors with aca-
demic degrees, are attracted by this type of quality
promotion. Families and schools have been at-
tracted since 2010 by events during the holidays
and by popular posters accompanying exhibitions
in the visitor center. With posters as handouts to
visitors, knowledge of geological and natural top-
ics was successfully disseminated. These kinds of
events also attract coverage by newspapers, TV
and radio. For a few years, digitization changed
people’s behavior and activities (Moerstedt 2017).
If Covid-19 had not have happened, the change
would have taken longer, but now it dominates our

daily life.

Recent Geoscience Popularization Activities,
“Deathly Paradise”

Usually, scientists do not think of using games to
engage people in geoheritage themes, because the
scientific community does not consider them to
be serious. However, under the restrictions of the
Covid-19 pandemic, there was pressure to develop
programs for guided tours and quiz activities for
visitors. By regular checking (Hogefeld and Frey
2021) it became clear that feedback on the new,
unusual approaches is positive, as well as com-
munication in an unpatronizing manner. Based
on this experience, the Messel Pit WH team has
developed new digital activities using games and
knowledge about this geosite. One of the results
was that users received positive energy through
interesting quiz games and activities that took
their minds off the Covid-19 situation.
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One of the most successful offers has been the on-
line portal “Deathly Paradise.” The first task was
to inform users that not all fossils are dinosaurs,
and some of the best-known fossils from the Mes-
sel Pit, Germany, the dawn horses or miniature
horses were highlighted. The average first-time
visitor tends to assume that there is only one spec-

imen, even though there are over 70 specimens
of four species, Propalaeotherium hassiacum,
Propalaeotherium voigti, Europhippus messelen-
sis and Hallensia matthesi (Fig. 13).

Other famous Messel fossils include the primate
Darwinius masillae, named in 2009 and popular-
ized as “Ida” and the giant bird Gastornis geiselen-

Figure 13. Messel fossil find: Eurohippus messelensis found in the year 2013, a complete skeleton prepared by the fossil trans-

fer method and imaged against the epoxy base.

sis. Sometimes children know the mammal Lept-
ictidium because it played a key role ina BBC TV
documentary. Even children who are interested in
paleontology do not know that this mammal was
found in the Messel Pit and that there are three
species (L. auderiense, L. nasutum and L. tobieni)
or even that this documentary was set at the an-
cient Lake Messel.

During tours to the Messel Pit and in exhibitions
at the visitor center, it became clear that people are

very interested in non-dinosaur fossils, especially
fossils of a site like Messel Pit, which are mira-
cles of preservation, as noted earlier. Their lack
of knowledge is not their responsibility because
it is not easy to find out which species of animals,
plants or fungi lived 48 Ma ago in Messel. Sci-
entific papers are in general too complex for the
interested layman, hard to access and often hard
to find. Newspaper articles are quickly forgotten.
Books are important but can be expensive for the
average visitor. Documentaries can reach a wid-
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er audience, but are expensive to produce and can
show, after a short time, outdated knowledge. This
leaves the option of visiting a museum, a visitor
center or the fossil key geosites itself. There is not
yet an “Encyclopedia of Messel Organisms”. So,
how can this problem be addressed? How can we
give people the opportunity to inform themselves
about the fossils of Messel Pit?

The answer has been the project “Deathly Para-
dise - Hesse in the Age of Dawn”. On the website
of the Messel Pit — www.grube-messel.de/projek-
te-aktivitaeten/toedliches-paradies.html — people
can read about World Heritage topics. Here they
find information about opening times, tour of-
fers and a new option to book online tours was
introduced in 2020. Every week or every month
(depending on the season), a profile of one spe-
cies is introduced. At the moment, these profiles
are indexed as plants, insects, fishes, amphibians,
mammals and sauropsids for easier navigation.
A profile consists of a picture of a species with
its scientific name below. The German name (if
it exists), taxonomy, author, year of scientific de-
scription, age and geologic epoch complete the
first page. On the following page, there are in-
teresting facts about the species, like appearance,
phylogenetic relationships, food, predators, pa-
leogeographic implications, form of preservation,
ecology or miscellaneous are presented. The cate-
gories are not always the same but depend on what
is known of the species and seems interesting for
the general public. The language used is easy for
interested people, and important or useful scientif-
ic words and concepts are explained. So now ev-
erybody can be informed about the extraordinary
adaptations of Leptictidium (Rose 2012; Maier et
al. 1986), beetles with original colors (Chalumeau
and Brochier 2001), the pit organs of the snake Eo-
constrictor fischeri (Scanferla & Smith 2020) and
what isolated feathers and feet can tell us about
a hidden diversity of large birds (Mayr 2016). In
addition, the Messel Pit is only one of two fossil
geosites or “Fossil-Lagerstétten”, where a fossil
with three trophic levels has been found, namely

a beetle within a lizard within a snake (Smith &
Scanferla 2016; Kriwet ef al. 2008).

To engage people more with the project, pictures
of two fossils are presented on social media and
everybody can vote for their favorite. After a cer-
tain amount of time, the winner is added to the
website. Currently, an update of the website is
planned, which integrates translations of the pro-
files into English. It is also intended to integrate
the profiles into the physical exhibition, so people
without access to the internet have an opportunity
to browse the project. It can always be updated
when new knowledge is gained, and it is certain
that many new species will be added by further
scientific excavations (Smith & Wedmann 2013).

The project “Deathly Paradise - Hesse in the Age
of Dawn” will grow slowly and will help people
to inform themselves about the significance of the
Messel Pit and the Eocene, as well as paleontolo-
gy in general. Currently it can be freely accessed
without cost from anywhere in the world. The
first visitors with print-outs of the project have
already been spotted on tours. So “Deathly Para-
dise - Hesse in the Age of Dawn” can already be
considered a success.

Geoscience Popularization: Interactions of In-
frastructure, Collaboration, Visitor Offers as
Tourism Products and Tourism Marketing

A key question is how to finance activities such as
these. The “Welterbe Grube Messel gGmbH was
founded in 2003 to give regular access,” expand
the activities and the knowledge about this unique
geosite to a wider audience. Basic finances were
decided for the “Welterbe Grube Messel gGmbH”
with an internal two-part structure, a not-for-profit
(charitable) part and an economic part. New man-
agement was recruited that gradually developed a
new team to follow the goals given by this orga-
nizational structure and those given by the UN-
ESCO Convention. Right from the beginning the
political will of the board, responsible for official
guidance and control of the management, was
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declared to have an intensive collaboration not
only with the scientific institutions working at the
Messel Pit WHS but also with the Global Geopark
Bergstrasse-Odenwald and other regional tourism
organizations. This decision enabled the develop-
ment of the activities already mentioned (Frey &
Wurche 2009; Frey & Weber 2014).

With core funding from the shareholders, the new
management and team developed a new range of
guided offers to the Messel Pit Fossil Site. This
raised additional income. During the first years,
it was shown that a welcome point like a visitor
center is needed to achieve a higher visitor stream,
despite there being three natural history museums
at a distance of 4-60 km. Visitors quickly made
it clear that a visitor information point was miss-
ing at this unique location. Rising visitor numbers
from nearly zero to 28,000 (Frey 2006) since 2004
provided evidence to invest in a new visitor center.

Fortunately, the State of Hesse showed their clear
will to promote, safeguard and develop this first
UNESCO Natural World Heritage Site in Germa-
ny by initiating progress with the planning and
realization of a new visitor center (Frey 2012,
2016, 2018). The process started in 2004 and was
successfully finished on 26" August 2010 when
the handing over of the new visitor center to the
public was celebrated by the former Minister Pres-
ident of the State of Hesse, Roland Koch. The vis-
itor center was completely financed by the State
of Hesse and a generous donation from a private
bank in Frankfurt /Main. With this important step,
visitor numbers jumped to 60,000 paying visitors
in 2011. However, societal changes, technical ad-
vances and new demands led to declining visitor
numbers, and this indicates that regular renewal
and new attractions are required.

Tourism initiatives in the Bergstrasse-Odenwald
territory paralleled progress around the Messel Pit
WHS. An important step for both was enabled by
the government of the Federal Republic of Germa-
ny after launching substantial funding through the

project in 2009 “National German World Heritage
Sites” federal fund. As project partners, the Senck-
enberg Society for Nature Research, the Oden-
wald Tourism Company, and the Welterbe Gru-
be Messel gGmbH came together. With support
and coordination from the municipality of Messel,
they succeeded in acquiring funding of about 2.1
Million Euro for restoration of main road access to
the Messel Pit and about 700,000 Euro for tourism
development of the Bergstrasse-Odenwald region
and the Messel Pit WHS (Frey 2014; Rabenstein
and Schaal 2012).

Over nearly ten years, the visitor center and
geotourism activities described earlier cost a year-
ly budget of about 880,000-900,000 Euro. The
marketing budget is about 5—-7% of this. The main
fixed costs are infrastructure maintenance plus
staff at 70%. However, the income from geotour-
ism activities, including products and services,
plus the shop and bistro run by the company, gen-
erates nearly 50% of the budget, depending on
visitor numbers and years without extreme restric-
tions such as the covid pandemic. Depending on
seasonal changes, the core team works on guid-
ed tours or creates new ideas, as shown in 2020
and 2021 by the new virtual activities published
on the website. It should be also emphasized that
regional promotion of the WHS Messel Pit is en-
abled by regular and very constructive collabora-
tion with the partner UNESCO Global Geopark
Bergstrasse-Odenwald. As a follow up of this
collaboration, other new funding options and proj-
ects were realized (Weber and Frey 2010). Thus,
the WHS Messel Pit and the UNESCO Global
Geopark Bergstrasse-Odenwald are best practice
examples of collaboration between UNESCO en-
tities in the long term (McKeever ef al. 2012).

Summary and Conclusion

For 18 years, a range of activities has been under-
taken on geoscience popularization at the extraor-
dinary, universal geosite Messel Pit WHS, a key
geoheritage site Croft et al. (2020). After identi-
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fying the heart of the geosite or its “geo-identity”,
a popularization concept could be developed that
matched the challenge of scientific, world heritage
and economic demands through the geosite man-
agement. The vision is based on the geodiversity
of the Messel Pit, but this alone is not the core
of successful development. Further, the quality of
the activities and staff, as well as their creativity,
the promotion strategy, and logistics of planning
and carrying out guided tours, with quality control
throughout, plus active collaboration with reliable
partners are essential elements for a successful
visitor experience and a successful economic re-
sult for the management.

As measured by visitor satisfaction, the key ele-
ments of our geo-education and geotourism ac-
tivity include exciting impressions during a tour,
an exciting story told about the formation of the
site, an appropriate level of knowledge transfer,
the special atmosphere on guided tours, and the
self-directed experiences, games and quizzes, as
well as competitions in social media. Long-term
interest by visitors can only be achieved by con-
tinuing promotion of existing activities and new
offers which allow new experiences, including
events, special offers or new approaches by col-
laboration with partners like the UNESCO Glob-
al Geopark Bergstrasse-Odenwald, Vulkaneifel,
Naturtejo, Hong Kong, Lesvos Island and specific
projects. In this context, the Messel Pit as a single
WHS has a limited potential for active experienc-
es. Additional online activities will be important
both to attract visitors to the site, and to allow them
to feel the spirit of the location and its importance.

Following quality checks and visitor feedback
it will be important to develop additional focal
points or formats not exclusively inside the Mes-
sel Pit but around the geosite inside the tourism
region and the geopark territory. A clear visible
highlight is necessary at this geosite to give vis-
itors a more obvious reason to visit this unique
location or to explore its invisible treasures. New
formats and their integration into a tourism struc-

ture will enable visitors to have an additional ex-
perience or give inhabitants a reason to re-visit
the WHS Messel Pit. Collaboration in geoscience
popularization plays an important role and raises
high interest among the people living in the region
and foreign visitors. Activities need to be commu-
nicated across media regularly to indicate that the
geosite is alive and valuable. New infrastructure,
regular collaboration and stable financial support,
even in difficult periods such as the covid pan-
demic by the State of Hesse are core points for
successful development as well as to generate in-
come that enables and supports new development
to adapt to new visitor demands.

Finally, a new pride in this treasure can grow step
by step. According to Agenda 2030, the needs of
future generations will be served by these activi-
ties, at least by handing over the knowledge and
atmosphere at this location - that this is its “locus
spiritus” — a key geoheritage site, a geosite of out-
standing universal value worldwide and finally, a
learning lab for our future on Earth.
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