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Abstract: Geological heritage, and generally geoheritage, needs identification in the regions known for the
modern progress in geological research, and the risks of its damage have to be documented. Recent discoveries
of trace fossil assemblages in the Early Jurassic rocks of Adygeya (Greater Caucasus, Russia) require the
consideration of their key localities as geoheritage sites. The Guzeripl Main and Khamyshki-Lipovaya localities
are the outcrops of the Toarcian rocks with abundant, rather diverse, and sometimes unusual ichnofossils
belonging to the Cruziana ichnofacies and shedding light on the bottom life of an oxygen-depleted palaeosea.
Both localities are unique on the regional and even national scales. Tourism growth in Adygeya provokes
physical destruction of the geoheritage (as in the case of the Guzeripl Main site despite its location on the
territory of the natural reserve), but it also increases in accessibility of unique features (as in the case of the
Khamyshki-Lipovaya site). Geopark creation is recommended as the best solution for efficient ichnological
geoheritage management in Adygeya.
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Introduction

Geological heritage, and generally geoheritage, has become an important research topic since the
end of the 20" century. The relevant ideas are diverse and well-conceptualized (Gordon, 2018;
Mikhailenko, Nazarenko, Ruban, & Zayats, 2017; Prosser, 2013). However, geoheritage inventory has
remained an urgent task for many regions, especially those where important geological,
palaeontological, and geomorphological discoveries have been made only recently. Geoheritage
risks and real/potential damage have been reported rarely (e.g., Carvalhido, Brilha, & Pereira, 2016;
Szepesi et al, 2018), and their recognition remains on the agenda. Attention should be paid to
specific kinds of unique geological objects. For instance, the geoheritage potential of trace fossil
(ichnofossil) localities has been realized (Habibi, Nielsen, Ponedelnik, & Ruban, 2017; Neto de
Carvalho, Rodrigues, & Baucon, 2014; Rabal-Garcés, Castanera, Luzon, Barco, & Canudo, 2018).

The Caucasus remains a poorly-known domain in regard to geoheritage and trace fossils,
although it is rich in both. The decade-long field investigations of the author have enabled to find
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two especially unique localities of Jurassic trace fossils in Adygeya, a region in the northwestern part
of the Caucasus. The objective of this study is the valuation of these localities as geosites. The
urgency of this study is dictated, particularly, by strong anthropogenic pressure on the entire
landscapes of this region linked to the rapid tourism-related infrastructure development. This
pressure is a serious challenge to geoheritage conservation, the ignoring of which may result in
damage or loss of important and just-discovered geological objects.

Geographical and geological setting

The Caucasus is a big, mountainous domain located between the Black Sea in the west, the Caspian
Sea in the east, the Russian Plain in the north, and the Middle Eastern mountain ranges in the south.
The highest peak is Elbrus (5,642 m). Its northern segment is known as the Greater Caucasus. The
study area corresponds to the southern part of the Republic of Adygeya, which is one of the
regions of the Russian South (Figure 1). This area is located in the northwestern part of the Greater
Caucasus. It is crossed by several sub-parallel, west-east stretching mountain ranges with the
elevations from 500 m to 2,500 m. The Belaya River, which is a big left tributary of the Kuban River
crosses these ranges from the south to the north and divides the study area into two halves. The
study area has become an important tourist destination of the Russian South, where nature serves
as the main tourism resource.

Black Sea
Khamyshki-
Lipovaya

Guzeripl Main

* trace fossil localities (geosites)

Figure 1. Location of the Jurassic ichnofossil-related geosites in Adygeya

Geologically, the study area belongs to the Cenozoic orogenic belt. The dominant sedimentary
rocks are of Jurassic age, and these consist of two complexes (Ruban, Nielsen, Mikhailenko,
Nazarenko, & Zayats, 2017). The Early-Middle Jurassic deposits are chiefly siliciclastics with a total
thickness of up to 10 km, and the Late Jurassic rocks are carbonates overlain by evaporites with a
total thickness of up to 3 km. The lower mega package represents the ancient deep, semi-enclosed,
back-arc sea basin with oxygen-depleted conditions. The upper complex represents the carbonate
platform.

Since 2007, many discoveries of Jurassic trace fossils have been made in Adygeya. For instance,
the Guzeripl Main locality yields a very rich assemblage of the Toarcian (Early Jurassic) trace fossils.
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Although this assemblage has been characterized by Ruban et al. (2017), new findings were made in
2018. The same field campaign resulted in interesting Toarcian trace fossil findings in the other
locality, namely the Khamyshki-Lipovaya locality, which was earlier described by Ruban et al. (2018).
These two objects seem to be the most important trace fossil localities of Adygeya.

Methodology

Two principal approaches were employed for the purposes of this study. First, the chosen geosites
are formally described on the basis of the field inventory in July 2018. Special attention is paid to
their ichnofossil content (principal trace fossils are identified) and argumentation of their
uniqueness. The latter is the main criterion for geosite valuation (Ruban, 2010). The spatial
dimension of the uniqueness is also considered. Second, the anthropogenic pressure on these
geosites is documented. Visible signs of damage are inspected. Of interest are the anticipated
effects of modern tourism growth in Adygeya. The factors of geoheritage risk (Carvalhido et al.,
2016; Szepesi et al., 2018) are also taken into account.

This study involves the ichnological analysis. Its general principles were described by Seilacher
(2007) and Buatois & Mangano (2011). Some information relevant to the ichnotaxa identification can
also be found in Uchman (1998), Bednarz & Mcllroy (2009), and Nara & Ikari (2011).

Results

The Guzeripl Main locality is situated on the right bank of the Belaya River near the town of Guzeripl
(Figure 1). This is a single outcrop of alternating thin layers of fine and medium-sized siliciclastics of
Toarcian age (Ruban et al., 2017) (Figure 2A). This locality boasts the significant abundance of trace
fossils typical for oxygen-depleted conditions of a submarine fan. In addition to the representatives
of ichnogenera Chondrites, Gyrochorte, Nereites, and Planolites identified earlier (Ruban et al., 2017),
the trace identified as Phycosiphon isp. has been found recently. The uniqueness of this trace fossil
locality as a geosite is determined by several circumstances. First, this is the first Jurassic ichnofossil
locality established in Adygeya in 2007. Second, this locality is characterized by significant
abundance and moderately high diversity of trace fossils. Third, the ichnofossils are well-visible on
the exposed surfaces of rock layers, and these are easy to collect. Fourth, this locality provides a
very typical example of the Cruziana ichnofacies and the deep submarine fan depositional
environment. Fifth, this locality is crucial for the understanding of the bottom ecosystems of the
Early Jurassic Caucasian Sea. Although other, less important localities of the same kind are known
regionally (Ruban et al., 2017), this one is the most informative for Adygeya and, most probably, for
the entire Greater Caucasus. Therefore, the uniqueness of the Guzeripl Main geosite is regional.

The Khamyshki-Lipovaya locality is situated on the left bank of the Belaya River in the southern
part of the large village of Khamyshki (Figure 1). This is a lengthy, fragmented outcrop representing
Toarcian shales with siliciclastic and carbonate interbeds (Ruban et al., 2018) (Figure 2B). Probably,
the age of these strata is a bit younger than the age of the strata in the Guzeripl Main locality. The
section of the Toarcian sedimentary rocks has been recognized recently as a geosite of a regional
rank (Ruban et al,, 2018), but before the discovery of ichnofossils there. The identified trace fossils
include Protovirgularia cf. rugosa, Arthrophycus tenuis, Nereites isp., Ophiomorpha isp.,
Palaeophycus tubularis, and Planolites isp (these are also characteristic to the Cruziana ichnofacies).
The first of the above-listed ichnotaxa (Figure 2C) is essentially a bivalve locomotion trace (Buatois
& Mangano, 2011; Nara & lkari, 2011; Uchman, 1998), and this is its first report from the Jurassic
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deposits of Russia (to the author's knowledge). This evidence strengthens the arguments for the
significant uniqueness of this geosite.

The study area experiences significant, permanently-rising anthropogenic pressure, which is
linked to the growth of the regional tourism industry. This pressure includes three components.
First, road construction and maintenance leads to the creation of new, artificial outcrops in
roadcuts, but also to the destruction of the earlier-existed outcrops (both artificial and natural).
Second, the creation of trails and spaces for open recreation increases access to some geological
features, but the latter can also be damaged at the stage of infrastructural objects installation. Third,
uncontrolled visits to geological localities provoke their occasional damage or fossil over-sampling.

Figure 2. Views of the Guzeripl Main (A) and Khamyshki-Lipovaya (B) geosites and the trace fossil Protovirgularia
cf. rugosa (C)

Both of the analyzed geosites are located in the areas directly and heavily affected by tourism
activities. Although the Guzeripl Main locality belongs to the territory of the Caucasian State Natural
Biosphere Reserve with strict regulation of visits, it is situated near the official entrance to this
reserve, the popular exhibits, and the open recreation spaces. The daily number of visitors crossing
the locality by trail is measured by dozens and even hundreds, according to the author's
observations. Their walking destroys some exposed rock surfaces and "polishes" the outcrop, which
results in the loss of the ichnological information. Moreover, trail maintenance for better comfort
and safety of visitors has resulted in the locality modification, which is also a kind of a negative
influence. There is significant anthropogenic pressure on this geosite and high risks for its further
serious damage. In contrast, the Khamyshki-Lipovaya locality has gained a significant advantage
because of tourism growth. This geosite has become well-accessible because of the metallic stairs
constructed by the nearby hotel and the maintenance of the river bank recreation area. Despite the
high number of visitors (up to a hundred per day, according to the author's observations), no
negative influences have been documented. In this case, the anthropogenic pressure and the
landscape modification are favorable to the ichnological geoheritage.
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Discussion

It is not excluded that the uniqueness of the described geosites is national because they both
represent bottom ecosystems of an oxygen-depleted palaeosea; and it is sensible to add that this
oxygen depletion was linked to the global environmental perturbations (oceanic anoxia, mass
extinction, etc) in the Toarcian (Ait-Itto, Martinez, Price, & Ait Addi, 2018; Caruthers, Smith, &
Grocke, 2013; Danise, Twitchett, Little, & Clémence, 2013; Dunhill, Foster, Azaele, Sciberras, &
Twitchett, 2018; Huang & Hesselbo, 2014; Krencker et al, 2014; Ruvalcaba Baroni et al., 2018).
Geological objects of this kind seem to be rare for the territory of the entire Russia.

Both of the geosites experience significant anthropogenic pressure. The latter has a negative
effect in one case, and a positive effect in the other case. Surprisingly, the former is established in
the officially protected area, and the latter is found on the area of uncontrolled recreation. These
observations imply that the standard nature protection does not guarantee efficient geoheritage
conservation, and the very anthropogenic pressure may bring unexpected effects.

The analyzed geosites can be conserved more efficiently in the case of geopark creation in
Adygeya. Geoparks provide significant advantages for geoheritage management (Henriques &
Brilha, 2017). Notably, they have two functions. First, geoparks increase the awareness of local
nature protection authorities and activists, public community, and visitors about the unique
geological phenomena. This is very important in the case of the Guzeripl Main locality because of
the high risks for this geosite resulting, most probably, from the unawareness of its true value. The
Caucasian Reserve offers efficient protection of the unique wildlife of the northwestern part of the
Greater Caucasus, but it is not clear whether it recognizes the value of the geoheritage (especially in
the case of the newly-discovered trace fossil localities). Second, geoparks are focused by definition
on finding a balance between geoheritage conservation and tourism activities (Henriques & Brilha,
2017). This function would be essential for the study area where the tourism-related anthropogenic
pressure affects geoheritage so differently. The established uniqueness of the Guzeripl Main and
Khamyshki-Lipovaya geosites implies these are very suitable candidates for inclusion into a possible
geopark to be created in the mountainous part of Adygeya.

Conclusion

The two Jurassic trace fossil localities of Adygeya are considered as important geosites. The tourism
development has both negative and positive effects on their state. The geopark creation seems to
be an efficient approach for the geoheritage management on the study area. Further research
should examine these effects in other geosites known locally, which will enable to develop an
adequate strategy of geoheritage management in Adygeya.
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