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Abstract: Dispersed geoheritage points, which are small-sized and low-unique localities, manifest
local geoheritage and, thus, may be useful for its comprehensive understanding. Field studies in the
Lagonaki Highland (Western Caucasus, southwestern Russia) have permitted to find four geoheritage
points that are described with argumentation of their importance to scientists, educators, and/or
tourists. These points, none of which can be defined as a ‘traditional” geosite, provide some precious
sedimentary, palaeontological, and mineralogical information that improves perception of the local
geoheritage landscape dominated by the Late Jurassic carbonate platform deposits. The studied
localities are constituents of the local geoheritage resource because of their utility to three main
categories of potential users. Scientists may be interested in these dispersed geoheritage points
because of the need to collect massive geological data from big areas. Educators and tourists may
appreciate these points because of their location along principal roads, i.e., their good accessibility.

Keywords: calcite vein; fossil invertebrate; geoconservation; geosite; landscape management;
limestone; tourism; late jurassic; western caucasus

1. Introduction

Geological heritage (geoheritage) is an important resource for geoscience research, education,
and (geo)tourism [1-7]. Geoheritage sites (geosites) are the main constituents of this resource, and these
are employed taken alone, in groups, or in the form of geopark creation. Principles of their selection
and description are well-fixed in the literature [8-10]. However, geoheritage is a vast category, and the
full spectrum of its manifestations is yet to be registered. For instance, Migon and Pijet-Migoni [11] have
distinguished viewpoint geosites offering panoramic views of large-scale geological features as a new
kind of geosites. When geoheritage resource of any territory is evaluated, it seems to be insufficient to
restrict it to only ‘traditional’ geosites, i.e., geological sites of evident uniqueness. Other manifestations
of geological phenomena can add value (even significant value) to this resource.

Geoheritage landscapes are landscapes occupying areas of certain size (big or small) dominated
by well-visible, unique geological features [12]. Such landscapes are characterized by multiple,
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potentially-interesting (to scientists, educators, and tourists) phenomena that can be represented either
in geosites or other outcrops. Although the latter cannot be judged full-scale, ‘traditional” geosites
because of their ‘trivial’ nature (i.e., very low uniqueness), these should not be missed as manifestations
of the really unique territorial geoheritage. On the one hand, these permit to feel the very geoheritage
dominance in a given landscape. On the other hand, such outcrops can contribute to massive data
extraction from this landscape by Earth scientists, or these are located close to roads and trails offering
better geological vision to educators and tourists. It is proposed to distinguish such objects as dispersed
geoheritage points. The word “dispersed’ is used because it is the spatial distribution of these features
that makes them really valuable to geoheritage landscape comprehension. The word ‘point” determines
less importance relatively to ‘traditional” geosites and often (but necessary) small size. Geosites can
be of international (global), national, regional (provincial), or local importance depending on their
uniqueness. In contrast, the proposed geoheritage points are not unique at all when taken individually.
However, they reflect uniqueness of a given geoheritage landscape and make this uniqueness sharper
because they enlarge the entity of geoheritage manifestations. In the other words, dispersed geoheritage
points look like splitters of costly glass. Splitters have some value (even if minimal) only if the value of
unbroken glass is recognized. The need for recognition of dispersed geoheritage points is dictated by
availability of geoheritage landscapes occupying big areas.

A typical example of geoheritage landscape is the Lagonaki Highland in the Western Caucasus,
on the territory of southwestern Russia (Figure 1A). Its geological setting can be deduced from
Adamia et al. [13], Guo et al. [14], Ruban [15], Saintot et al. [16], and Veress et al. [17]. Generally, this
elevated (~2000 m) territory is a domain of the Cenozoic fold-and-thrust belt of the Greater Caucasus,
and it is dominated by the Late Jurassic carbonate platform deposits accumulated in a back-arc basin,
numerous epikarst and endokarst features, and cuesta-type mountain ranges. The high geoheritage
value of the Lagonaki Highland is undisputable and already established [12], as well as its resource
potential for science, education, and tourism. However, a kind of challenge of this geoheritage
resource exploitation is its big size and manifestation of unique features in numerous, small, and often
difficult-to-access localities. These can be judged dispersed geoheritage points. The objective of the
present paper is to provide the first characteristics of some of these localities in order to demonstrate
their utility as constituents of the local geoheritage resource.

f

Kamennomostski

B
Abadzekhskaya?

Cretaceous
(siliciclasitcs,
carbonates)

- Upper Jurassic
(carbonates)
Lower-Middle

Jurassic
(siliciclastics)

Permian
(siliciclastics)

Paleozoic
(granites)

@ townsivillages

roads

100 km 420E-

Figure 1. Geographical location of the study area (A) and the dispersed geoheritage points (B).



Geosciences 2019, 9, 367 30f8

2. Materials and Methods

The Lagonaki Highland is understood differently. Most often, it is treated as an area restricted
to the Stonesea Range and the surrounding cuesta-type mountain ranges. In this case, this is one
single geosite of global value [12]. However, the Lagonaki Highland can be interpreted as a bigger
geographical domain that includes also wide peripheries of the above-mentioned core and some
other ranges (e.g., the Azish-Tau Range). This second option is preferred in this study. In this case,
the above-mentioned geosite is the core of the highland, and smaller rock outcrops with very restricted
(if any) uniqueness occur on its peripheries.

This study is based on the material collected in the course of field investigations conducted during
the summer campaigns in 2015-2019. The eastern and southern parts of the Lagonaki Highland have
been surveyed in order to find manifestations of its geoheritage resource. In this case, the entire
geological environment of the highland is considered as a geoheritage, and, thus, all rock exposures in
natural outcrops and roadcuts are considered as this geoheritage manifestations. In the other words,
the very existence of a given manifestation on the geologically valuable area is enough to consider
this manifestation. The only selection criterion is representation of the geological phenomenon (a)
typical for this area. Particularly, four small localities have been found in the course of field search for
rock exposures (first of all, along the main roads where the demand for geoheritage manifestations is
especially high). These are outcrops representing peculiarities of rocks, minerals, and fossils of the
study area (Figures 1B and 2). These localities manifest the local geoheritage and, thus, permit to feel
its uniqueness if even their own uniqueness is restricted. As these are not ‘traditional” geosites by
definition, it seems to be unreasonable to describe them formally as geosites with the application of the
well-known approaches [8-10].

Figure 2. The studied localities: (A) Tender Cave, (B) 5000, (C) Partisan Glade, and (D) Azish Cave.

All four localities were examined in the field, and the key features relevant to the local geoheritage
were registered. The utility of these localities to scientists, educators, and tourists was established,
and the relevant arguments are presented in this paper. Some special analytical procedures were
conducted later. These included analysis of thin sections of carbonate rocks, analysis of their mineral
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composition using X-ray powder diffraction method, major and trace element geochemistry, and analysis
of $13C (PDB) value using X-ray fluorescence wave-dispersion spectrometry and inductively coupled
plasma mass spectrometry at the laboratories of the Institute of Geology and Petroleum Technologies
at Kazan Federal University (Kazan, Russia). These lithological and geochemical studies are necessary
to stress some peculiarities of the exposed rocks, i.e., their uniqueness and utility, say to geoscientists.

3. Results

The first geoheritage point is the Tender Cave locality where ammonites (Figures 2A and 3A) and
some other marine macroinvertebrates have been found in the Late Jurassic limestones. The importance
of this geoheritage point to scientists is linked to significant potential of the noted fossils to solution
of many still existing problems of regional and local stratigraphy [15]. For instance, stratigraphical
relationship of limestone layers represented in the lengthy (up to 40 km), but too fragmented section
along the Lagonaki-Dakhovskaya road remains very unclear; as the Tender Cave locality is a constituent
of this section, palaeontological data from there can be very useful. To educators, this point with
highly fossiliferous limestones is valuable to demonstrate existence of rich ecosystems in an ancient
tropical sea. As for tourists, fossil amateurs may be really interested in collecting at this locality, which
is possible without risks for impoverishment of the local palaeontological record: Fossils are attractive,
but very obvious and occurring widely on the study area.

Figure 3. Some notable minor geological features of the Lagonaki Highland: (A) unidentified ammonite
in the highly-fossiliferous Upper Jurassic limestones (Tender Cave locality), (B) calcite aggregate on
the exposure of the Upper Jurassic limestones (5000 locality), (C) calcite veins in the megaclast of the
Upper Jurassic limestones (Partisan Glade locality), and (D-F) the Upper Jurassic red dolostones with

calcite veins (Big Azish Cave locality).

The second geoheritage point is the 5000 locality stretching along the Lagonaki-Dakhovskaya
road, ~5 km far from the Belaya River bridge (Figure 2B). This point represents the lower part of the
Late Jurassic carbonate complex. Its significance is marked by an occasional discovery of very unusual
fossil that is interpreted preliminary as a pharetronid sponge? Muellerithalamia sp. (Calcarea; see taxon
description in [18]). The specific features and the rarity of this fossil determine the locality importance
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to scientists. Educators and tourists may find this point less attractive, although its potential to offer
interesting fossil findings (e.g., echinoderms) would attract the both university students in geology
and amateur collectors. The existence of a spectacular ‘spot” (up to 30 cm in diameter) formed by big
calcite crystals on the outcrop wall (Figure 3B) partly recompenses the restricted utility of this point
to tourists.

The third geoheritage point is the Partisan Glade locality, which is situated on the southern
periphery of the Lagonaki Highland (Figure 2C). Although the local geological landscape is dominated
by the Lower-Middle Jurassic black shales, big megaclasts occur here and there along the Yavorova
Glade-Guzeripl road. These megaclasts represent the Late Jurassic limestones detached from cliffs
of the nearby cuesta-type mountain ranges. Some of them bear representative veins with big calcite
crystals of post-depositional origin (Figure 3C). To scientists and educators, this locality is of low
importance, but occasional tourists may be interested in looking at these calcite veins that seem to be
really spectacular.

The fourth geoheritage point is the Azish Cave locality where the Late Jurassic red-colored
dolostones crop out (Figures 2D and 3D). This point has significant importance to scientists.
The lithological and geochemical properties of the noted rocks are yet to be fully understood.
The results of the preliminary investigations carried out for the purpose of this study imply that these
dolostones are dominated by dolomite (96-97%) (Figure 4) with subordinate amounts of calcite (~2%),
detrital grains of quartz (0.4-0.9%), and albite (up to 3%). Dolostones also include organic matter
(up to 1%) that occurs between dolomite grains. The rocks are diagenetic by their origin; apparently,
many dolomite grains were formed in pore spaces of the former limestones. The dolomites also
bear numerous calcite veins, some of which boast by well-shaped, big calcite crystals (Figure 3E,F).
The elemental content of the dolostones is summarized in Table 1. Carbon isotope studies show
the §!3C (PDB) value ranging between -27 and -29. Taken together, these preliminary results imply
specific characteristics of the dolostones and their depositional environment, which require further
examination. If so, this geoheritage point is of special interest to geoscientists. To educators, this
locality is important to demonstrate typical dolostones as a specific rock type and to speculate about
the red color of carbonate rocks (in this case, the color results, probably, from iron enrichment (the
content of Fe;O3 is 0.7-1.1%) from the overlying, thick, Fe-rich clays). Potential geotourists include
also academic geotourists (i.e., geoscientists) with enough knowledge to judge lithologically- and
geochemically-interesting features. Finally, the outstanding aesthetic properties of the entire locality
(Figure 3D) and calcite crystals (Figure 3E,F) make it very attractive to tourists.

S

Figure 4. Petrological peculiarities of the Upper Jurassic dolostones; dolomite grains dominate the rock (XPL).
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Table 1. Elemental Content of the Studied Dolostones.

Element Content (ppm)
Li 1.64-2.54
Be 0.14-0.15
Ti 88.07-93.23
\% 4.29-7.64
Cr 5.60-8.52

Mn 77.05-204.64
Co 1.21-2.13
Ni 7.59-12.31
Cu 3.62-8.50
Zn 27.00-63.23
Ga 1.06-1.51
Se 1-83
Rb 2.92-2.99
Sr 141.65-207.90
Y 8.38-17.00
Zr 2.64-3.12
Nb 0.26-0.30
Mo 0.33
Cd 0.32-0.86
Ba 11.43-12.73
W 0.06-0.08
Pb 1.90-2.13

4. Discussion and Conclusion

The characteristics presented above permit recognition of several geoheritage points dispersed
within the territory of the Lagonaki Highland (most probably, the number of such points is much
bigger, but the noted points are best-accessible and typical). None of these points deserves recognition
as a geosite (with the probable exception of the second point) because of limited uniqueness. However,
these points contribute to representation of the geoheritage of the entire Lagonaki Highland and
illustrate typical rocks, their fossil content, and some mineralogical peculiarities. These also permit to
realize the diversity and the integrity of the local geoheritage landscape. The problem of difference of
geoheritage manifestations is significant for detailed geoheritage resource assessment (e.g., [19,20]),
and the idea of dispersed geoheritage points permits to solve it partly making a clear distinction
between primary, ‘traditional” geosites and secondary, auxiliary dispersed geoheritage points. This idea
seems to be worth consideration for further refinement of the available quantitative approaches of
general geoheritage analysis and description [8,10,21-29].

Dispersed geoheritage points seem to be important to scientists, educators, and tourists. If so,
these points can be judged auxiliary, but nonetheless important constituents of the local geoheritage
resource. Their special importance is determined by two reasons. First, in order to make general
judgments of the local geology, scientists need significant massif of data representing the entire study
area, not just its fragments available in geosites and big outcrops (see review of the problem in [15]).
In this case, numerous ‘secondary-order” outcrops are very important as data from them (if even
elementary and small-amount) permit to provide comprehensive characteristics of such a big domain
as the Lagonaki Highland. Second, the studied localities are well-accessible being situated along
the principal roads sustaining tourist flows to the Stonesea Range, which is the main (geo)tourist
destination of the Lagonaki Highland (Figure 5). This is very important to educators and tourists who
need demonstration of the local geoheritage in the course of normal-condition excursions. In this case,
the low uniqueness of the localities is recompensed by their accessibility and possibility to deliver
geological knowledge in a logical way.
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Figure 5. Relations of the analyzed dispersed geoheritage points to tourism activities in the study area.

Conclusively, dispersed geoheritage points constitute a particular class of geoheritage objects.
Their principal function is linked to full representation of local geoheritage that permits efficient
exploitation of the geoheritage resource. The Lagonaki Highland in southwestern Russia provides
a typical example of dispersed geoheritage points. An important question for further discussion is
whether big-sized geosites occupying territories measured by square kilometers can be understood as
assemblies of geoheritage points.
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