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Abstract: Granitoids are known to crop out on ancient seashores, but the related geological evidence
remains limited. The information from the Western Caucasus sheds light on the stratigraphical
distribution of coarse siliciclastic beds associated with late Carboniferous granitoids of the Dakh,
Rafabgo, and Sakhray crystalline massifs. For the purposes of this study, the available information was
reviewed and verified against the modern stratigraphical scales. It is established that the considered
coarse sisliciclastic beds occur at five stratigraphical levels of the Triassic–Jurassic succession. A
rocky seashore with granitoid exposures existed for a short time around the Sakhray and probably
Rufabgo massifs at the very beginning of the Triassic. The Dakh Massif possessed such a shore twice
(at least), i.e., in the Norian–Rhaetian and the Early Toarcian. However, it cannot be excluded that
rocky shores persisted there for >50 Ma. Generally, the Western Caucasus provides an example of
granitoid exposures on Mesozoic seashores and adds knowledge of the global distribution of rocky
shores in the Triassic and Jurassic periods.

Keywords: coarse siliciclastics; Greater Caucasus; Mesozoic; rocky coast; sea-level changes; stratigraphical
correlation; transgression

1. Introduction

Rocky shores constitute a specific depositional environment [1–5] with a relatively
poor potential for preservation in the geological record. The works by Johnson [6–8] laid a
conceptual foundation for the development of the related ideas, which are important to
marine geology, stratigraphy, sedimentology, palaeogeography, and palaeoecology. During
decades of research, evidence of this depositional environment was collected in many
regions and geological time slices [9–15]. Particularly, it became clear that some modern
and ancient rocky shores are linked to exposure of granitoids [16–18]. If so, attention to
coarse siliciclastic beds on margins of granitic massifs can facilitate the understanding of
ancient rocky shores; the related features are interesting not only theoretically, but also
practically, i.e., as objects of geoheritage and geotourism [19–23].

In a relatively small area of the Western Caucasus (western part of the Greater Cauca-
sus orogen), three crystalline massifs representing Late Paleozoic granitoids are known [24].
The evidence of several coarse siliciclastic beds associated with these massifs accumulated
and was discussed for about a century [23,25–28], but this knowledge remained limited,
fragmented, and non-systematized. Moreover, a joint consideration of some old (“forgot-
ten”) and very new works can shed light on exposure and wave abrasion of granitoids
in the Mesozoic. Apparently, these really spectacular geological records of ancient rocky
shores were almost missed in the geological research, despite their potentially interna-
tional importance. Moreover, a consideration of these records can help to fill some gaps
in the understanding of the geological evolution of the Western Caucasus. The infor-
mation about possible granitoid exposure on Triassic–Jurassic seashores of the Western
Caucasus [23,25–28] is already significant relative to the general scarcity of this kind of
evidence [8]. But this information is available in an imperfect form, and, thus, it is urgent
to review it, with certain updates, improvements, and additions.
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The objective of the present work is to review the stratigraphical distribution of the
coarse siliciclastic beds associated with Late Paleozoic granitoids of the Western Caucasus.
Particularly, the presence of these beds and granitoids in Mountainous Adygeya is consid-
ered. This review becomes possible thanks to new, original field observations in the study
area and critical consideration of the available, but yet to be systematized, published evi-
dence. Extraction and reinterpretation of the information from some old works [27,28] can
facilitate the understanding of the presence of several coarse siliciclastic beds. The present
work continues, but does not replicate, the discussion started in the previous work [23];
this paper differs from the latter substantially and presents more advanced interpretations.
It should be stressed that this review is essentially stratigraphical and deals with rock
relationships and ages. Indeed, composition of coarse siliciclastic beds is considered, but
only generally; a new, fully separate research project will be necessary to investigate this
composition in detail. Nonetheless, the reviewed stratigraphical information creates a basis
for further, pure sedimentological investigations.

2. Geological Setting

The study area is a central part of so-called Mountainous Adygeya, which is a part of
the Western Caucasus in southwestern Russia (Figure 1a). Tectonically, this area belongs
to the western segment of the late Cenozoic orogen, the development of which marked
the active contacts between the Eurasian lithospheric plate in the north and smaller plates
(particularly, the Anatolian plate) in the south [29–31]. The ongoing orogeny was preceded
by a long-term evolution of northern Neo-Tethyan island arcs and back-arc basins [32–34].
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shown on the basis of the reconsidered information from Popov and Sharova [35]. The 
palaeogeographical scheme is modified strongly from Scotese [36]. 

The geology of the study area is heterogeneous (Figure 1b). It is dominated by 
Lower–Middle Jurassic siliciclastic rocks and Upper Jurassic carbonate and siliciclastic 
rocks [35]. The former are folded and faulted in a complex manner; principally, there is a 
northwest–southeast-trending syncline with an axis located between the Dakh and 
Sakhray massifs [35]. The Upper Jurassic sedimentary complex forms a kind of 
north-dipping monocline, and this complex covers older rocks transgressively from the 
north and the west. 

There are three crystalline massifs (Dakh, Rufabgo, and Sakhray—Figure 1b), which 
consist chiefly of Late Paleozoic rocks (Figure 2a), the exact age of which is established as 
late Carboniferous [37]. One massif (at least) includes also Proterozoic and Paleozoic 
metamorphic rocks (Figure 2b). All massifs associate with Triassic sedimentary rocks 
(Figure 2c,d). Apparently, the crystalline massifs and Triassic complexes are represented 
in uplifted tectonic blocks affected by deep erosion. The boundaries of these blocks and 
the related major faults are yet to be known precisely. 

Figure 1. Position of the study area: geographical location (a), geological setting (b), and palaeogeo-
graphical location (c). Locality numbers are explained in the text. Structural elements are shown
on the basis of the reconsidered information from Popov and Sharova [35]. The palaeogeographical
scheme is modified strongly from Scotese [36].
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The geology of the study area is heterogeneous (Figure 1b). It is dominated by
Lower–Middle Jurassic siliciclastic rocks and Upper Jurassic carbonate and siliciclastic
rocks [35]. The former are folded and faulted in a complex manner; principally, there
is a northwest–southeast-trending syncline with an axis located between the Dakh and
Sakhray massifs [35]. The Upper Jurassic sedimentary complex forms a kind of north-
dipping monocline, and this complex covers older rocks transgressively from the north and
the west.

There are three crystalline massifs (Dakh, Rufabgo, and Sakhray—Figure 1b), which
consist chiefly of Late Paleozoic rocks (Figure 2a), the exact age of which is established
as late Carboniferous [37]. One massif (at least) includes also Proterozoic and Paleozoic
metamorphic rocks (Figure 2b). All massifs associate with Triassic sedimentary rocks
(Figure 2c,d). Apparently, the crystalline massifs and Triassic complexes are represented in
uplifted tectonic blocks affected by deep erosion. The boundaries of these blocks and the
related major faults are yet to be known precisely.
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packages with a total thickness measuring several thousand meters and interrupted by a 
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Crystalline Massif (b), limestones of the Yatyrgvarta Formation exposed near the Rufabgo Crystalline
Massif (c) and the Sakhray Crystalline Massif (d), latest Triassic–earliest Jurassic conglomerate–
breccias near the Sakhray Crystalline Massif (e).

The Mesozoic stratigraphy of the study area is known rather well [24,25,38–42], although
many details and even the nomenclature of lithostratigraphical units are yet to be fixed.
The local sedimentary succession is dominated by siliciclastic and carbonate packages with
a total thickness measuring several thousand meters and interrupted by a series of major
hiatuses (Figure 3), often marked by coarse siliciclastic beds (Figure 2e). The most notable and
widely distributed packages include dark and hard limestones of the Yatyrgvarta Formation,
shales of the Sakhray Group, grey-to-black shales of the Psebay and Dzhangur formations,
massive limestones and dolostones of the Gerpegem Formation, and siliciclastic red beds of
the Mezmay Formation. These deposits accumulated in a tropical and subtropical sea on the
margin of the Neo-Tethys Ocean (Figure 1c), which embraced back-arc basins [23,43], although
temperate conditions could also exist in some time slices [44]. In the Norian–Rhaetian and
the Oxfordian–Kimmeridgian intervals, reefal ecosystems flourished in the study area and
marked a development of vast carbonate platforms.
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3. Material and Methods

The information of the presence of coarse siliciclastic beds associated with the three
crystalline massifs known from the study area was collected over the course of several
years of field investigations, as well as from the literature. Particularly, one should note that
the geology of Mountainous Adygeya was studied intensively in the first half of the 20th
century [27,28], but that information remained almost forgotten later. This creates a biased
vision because the study area is relatively large, and its total geological reinvestigation
requires the efforts of dozens of specialists and many years (even decades) of field works.
Moreover, some places are poorly accessible due to steep slopes, dense vegetation cover,
and absent trails, and finding small outcrops can be challenging there. This is why the old
works should not be omitted, and they can bear a lot of precious information that makes a
substantial addition to the present knowledge. Importantly, the old works were based on
investigations carried out and reported carefully.

To avoid the above-mentioned biased vision, a careful search in libraries and on-line
archives was carried out to find the old works dealing with the geology of Mountainous
Adygeya. It was established that two of them [27,28] contain much important information
about coarse siliciclastic beds associated with granitoids of the study area. Indeed, this
information can be used together with the newest lines of evidence [23,25,26] and the novel
field observations. Finding old sources and reinterpreting their content are important
elements of the present review. Indeed, the latter also takes into account the results of new,
original field investigations.

A total of five localities representing coarse siliciclastic beds associated with the three
crystalline massifs of Mountainous Adygeya are considered in this review (Figure 1b). To
avoid further misunderstandings, these localities are not named, but numbered. Localities
1 and 5 were detected in the field, and they were also characterized in the literature [23,26].
The other localities were detected only in the literature [25,27,28], and they were not revis-
ited due to the limited accessibility (the appropriate quality of the published information
from these localities does not require revisiting them). The information available in both the
old and new sources is detailed enough to be used for the purposes of the present analysis.
One should note that the considered crystalline massifs are relatively small (Figure 1b),
and deposits of ancient shores are rather rare in the geological records [8]. Therefore, the
considered number of the localities known in the study area seems to be appropriate for
this review. Moreover, the presence of five localities representing ancient rocky shores in
one area makes the area almost unique on the global scale.

The procedures of the present review are rather elementary. Nonetheless, they required
much effort and complex solutions. Moreover, these procedures are essential and typical to
regional lithostratigraphical investigations.

First of all, the position of each locality relative to the crystalline massifs was verified.
Then, stratigraphical relationships of coarse siliciclastic beds with other rock packages
and granitoids were documented and, where necessary, interpreted. Although this paper
has a stratigraphical focus, the principal composition peculiarities of the beds were
considered. In the considered localities, the beds do not bear fossils that would permit the
establishment of their age directly. However, the noted attention to the relationships with
the other rocks with known ages (contemporary understanding of the local stratigraphy
(Figure 3) was followed) and some compositional peculiarities permitted judgments of
the age of the beds at all five localities. On the basis of this knowledge, a stratigraphical
correlation (a traditional, but powerful tool in stratigraphical, sedimentological, and
palaeogeographical research [45–49]) of the coarse siliciclastic beds associated with the
crystalline massifs was carried out. This permitted the proposition of a general model
depicting the chronology of exposure of Carboniferous granitoids of the study area on
Triassic and Jurassic seashores.
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4. Results
4.1. Key Localities of Coarse Siliciclastic Beds Associated with Three Crystalline Massifs

The occurrence of coarse siliciclastic beds in the considered localities is mentioned
below. Attention is paid to the general view of these localities and the contacts of principal
lithologies. This information is essential for the subsequent establishment of ages of these
localities and their correlation.

Locality 1 is found near the mouth of the Lipovy Stream (a small right tributary of the
Belaya River) and the northern periphery of the Dakh Crystalline Massif (Figure 1b). There,
a thin (~2 m) package of conglomerates crops out. These conglomerates overlay trans-
gressively Proterozoic and Paleozoic metamorphic rocks of the noted massif (Figure 4a).
Their contacts with any other sedimentary packages are not registered, but these coarse
siliciclastic beds were attributed provisionally to the basal horizons of the Bagovskaya
Formation (a former lithostratigraphical unit which is understood presently as a middle
part of the Psebay Formation—Figure 3) [23]. These conglomerates include numerous clasts
of Carboniferous granitoids of the Dakh Crystalline Massif [26]. These granitoids crop out
very closely to Locality 1 (Figure 4a).
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Locality 2 corresponds to the watershed between the Syuk River and the Grushevaya
River (both are right tributaries of the Belaya River) and the upper parts of their valleys;
this is the southeastern edge of the Dakh Crystalline Massif (Figure 1b). This locality
was characterized initially in the work by Vyalov and Nikshich [28], whose descriptions
were later confirmed and extended by Diakonova-Savelieva [27]. According to these
authors, a package of conglomerates with well-rounded granitoid clasts (up to 15 cm in
size) overlays granitoids (Figure 4b). Interestingly, this package also includes small lenses
of spotted, reddish limestones with a thickness of ~2.5 m. These limestones are similar to
the Khodz Group, which bears reefal limestones (Figure 3). If so, it can be postulated that
the considered packages of conglomerates from Locality 2 can be assigned to the Khodz
Group (Figure 4b). As this can be deduced from the descriptions offered by Vyalov and
Nikshich [28], this conglomerate package is overlain by Lower Jurassic sandstones and
shales, which represent the Psebay Formation (Figure 4b).

Locality 3 hosts a borehole drilled south of Dakhovskaya village, where the northern
periphery of the Dakh Crystalline Massif is overlain by a thick (>150 m) Upper Triassic–
Middle Jurassic sedimentary cover (Figure 1b). The evidence from this locality was reported
by Chaitsky et al. [25]. According to these authors, granitoids are overlain by a bed (7 m)
composed of angular clasts made of these igneous rocks (Figure 4c). This bed is thought
to be a result of physical weathering of granitoids [25]. It is overlain conformably by
arkose and then quartz sandstones of the Shapkin Formation (Figure 3), and the bed can be
considered as a basal part of this formation (Figure 4d).

Locality 4 corresponds to the middle part of the valley of the Sakhray River (a right
tributary of the Dakh River, which flows to the Belaya River), where it crosses the Sakhray
Crystalline Massif (Figure 1b). There, a thin (~3 m) package of conglomerates with quartz
clasts and mica grains transgressively overlays granitoids (Figure 4d). These deposits
were reported by Vyalov and Nikshich [28]. The upper part of the section is made of
hard limestones, which are typical to the Yatyrgvarta Formation (Figure 3). Diakonova-
Savelieva [27] noted the existence of conglomerate interbeds in these limestones; these
conglomerates bear rare granitoid pebbles and common limestone pebbles (Figure 4d).

Locality 5 is situated in the lower part of the valley of the Gosh River (a left tributary
of the Sakhray River), close to the southwestern edge of the Sakhray Crystalline Massif
(Figure 1b). There, a package of conglomerate–breccias with both angular and rounded
clasts of different sizes and a visible thickness of ~12 m crops out (Figure 4e). Initially, it was
reported by Ruban [23] and reconsidered by Ruban et al. [24]. New investigations showed
that these deposits include numerous clasts of Lower Triassic limestones (Yatyrgvarta
Formation) and Upper Triassic limestones (Khodz Group). The former crop out at the
same locality, and contemporary exposures of the latter are located close to the Sakhray
Crystalline Massif (Figure 4e). Some clasts (e.g., quartz clasts) from the considered package
of conglomerate–breccias can be interpreted as products of destruction of granitoids, al-
though such an interpretation is highly hypothetical. Due to the local tectonic complexity,
the lower and upper contacts of this package remain invisible, and it is represented in a
small tectonic block exhibited among Lower Jurassic fine siliciclastics of the Psebay For-
mation (Figure 3). Nonetheless, the local geological setting is such that the presence of the
Yatyrgvarta Formation close to the base of the package of conglomerate–breccias is clear
(Figure 4e).

The information presented above implies that localities 1, 2, and 4 represent ancient
granitoid seashores. Undoubtedly, Locality 5 also represents a rocky shore [23], although
with exposures of limestones, not granitoids. Nonetheless, this locality is of utmost im-
portance in the present study because it marks non-exposure of the Sakhray Crystalline
Massif at the time of accumulation of conglomerate–breccias. Locality 3 does not permit
the hypothesis of the presence of a rocky seashore because the basal part of the Shapkin
was deposited where granitoids were exposed directly on land, and sandstones of this
formation mark marine deposition. Anyway, this locality is relevant to each study when
local exposures of granitoids is addressed.
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4.2. Ages of Coarse Siliciclastic Beds Associated with Crystalline Massifs

The presented characteristics of the considered localities of the coarse siliciclastic
beds (Figure 4a–e) facilitates establishing their ages and correlation. Indeed, the regional
stratigraphy (Figure 3) is taken into account for the purpose of the related interpretations.

The age of conglomerates from Locality 1 is unclear due to the absence of visible
contacts with the other sedimentary rocks (Figure 4a). However, the presence of clasts of
sedimentary rocks and siderite concretions, which are typical to the Psebay Formation,
indicates that the age of the conglomerates is younger than the time when the lower part
of the noted formation accumulated [26]. If so, these conglomerates can be linked to
the basal horizons of the Dzhangur or Kamennomostskiy formations, i.e., they can be
either late Bajocian or early Callovian in age (Figure 3). However, these options should
be ruled out because the noted formations cannot crop out locally, taking into account
the topography and the tectonics of the study area. If so, the only acceptable option is to
prove the earlier proposition [23] of the assignment of these conglomerates to the former
Bagovskaya Formation [40] and, thus, an early Toarcian age.

The presence of highly specific and, thus, easy-to-distinguish limestones in conglom-
erates of Location 2 (Figure 4b) implies that these coarse siliciclastics were deposited
synchronously with the Khodz Group consisting of such limestones (Figure 3). This group
accumulated in the Late Triassic (Figure 3). Diakonova-Savelieva [27] and Vyalov and
Nikshich [28] made similar conclusions. If so, the age of these conglomerates is middle
Norian–early Rhaetian.

The age of breccia from Locality 3 is no younger than early Norian, when the Shapkin
Formation, at the base of which they occur (Figure 4c) [25], accumulated (Figure 3). Al-
though weathering of subaerially exposed granitoids could be a long-term process, this
breccia formed, most probably, together with a local tectonic uplift at the Carnian–Norian
transition, which interrupted the deposition of the Sakhray Group (Figure 3). If even
some weathering products accumulated earlier, their thin cover was eroded as a result of
this uplift.

The position of conglomerates of Locality 4 between granitoids and the Yatyrgvarta
Formation (Figure 4d) [28] means that these conglomerates should be attributed to the
Bambak Formation of an early Induan age (Figure 3). The presence of this formation
consisting of coarse siliciclastics in the study area was documented by Chaitsky et al. [25].

Conglomerate–breccias from Locality 5 pose a true challenge for the stratigraphical
interpretation due to unclear contacts with the other sedimentary packages (Figure 4e).
Ruban [23] attributed it to the Bambak Formation, but new observations [24] imply that
these deposits are no older than the Khodz Group of a Late Triassic age (Figure 3), be-
cause clasts of its characteristic limestones are found in the conglomerate–breccias (this
observation was also proven in the course of new field investigations in the summer of
2024). However, these conglomerate–breccias cannot represent basal horizons of the Psebay
Formation (the Bugunzha Formation is locally absent) of a Jurassic age (Figure 3) because
of the presence of an angular unconformity between the package of conglomerate–breccias
and the Psebay Formation. The dip direction and angle of conglomerate–breccias is similar
to that of Triassic deposits [23] and differs strikingly from those of the younger Psebay
Formation. If so, the only acceptable option is that this coarse siciliclastic bed is older than
the Khodz Formation and younger than the Psebay Group. Apparently, its age ranges
within the late Rhaetian–early Hettangian interval. A bit younger, late Hettangian–early
Sinemurian age cannot be excluded, but it is rather improbable because deposits of this age
(if present) should be related to the Psebay Formation and share its structural setting.

4.3. Stratigraphical Correlation of Coarse Siliciclastic Beds Associated with Crystalline Massifs

The established ages of the coarse siliciclasitc beds associated with the crystalline
massifs of the study area (see above) and their justification against the local stratigraphical
scheme (Figure 3) make possible a stratigraphical correlation of these beds (Figure 4).
Generally, these beds occur at five stratigraphical levels, some of which correspond to the
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known hiatuses. At each level, the only local distribution of the beds can be documented,
and it is limited to the peripheral parts of the crystalline massifs. Nonetheless, two beds
can be grouped provisionally (Figure 5). Localities 2 and 3 represent southern and northern
peripheries of the Dakh Crystalline Massif, respectively (Figure 1b). One can hypothesize
that the deposition of breccias from Locality 3 postdated the denudation of the massif
before a further transgression, and the deposition of conglomerates from Locality 2 marked
this transgression, which affected remote parts of this massif (see palaeogeographical
interpretations below).
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Besides the considered localities, there is some other information related to the Triassic–
Jurassic evolution of the crystalline massifs in the study area. First, Chaitsky et al. [25] used
borehole data and noted the existence of the Bambak Formation in the vicinity of Kamen-
nomostskiy town in the very north of the study area (Figure 1b), where conglomerates of
this unit underlay limestones of the Yatyrgvarta Formation. Principally, this means the exis-
tence of this formation in the northern part of the study area, where the Rufabgo Crystalline
Massif is located (Figure 1b). Despite several attempts, observations made in the valley of
the Syryf River, which cuts this massif, do not either prove or disprove the presence of these
lower Induan conglomerates above granitoids because outcrops of the latter are very small
and slopes above them are covered by soil and vegetation. However, the above-mentioned
information [25] means that these conglomerates can be hypothesized there.

Second, the Kamennomostskiy Formation of an early–middle Callovian age (Figure 3)
underlays Late Jurassic limestones everywhere in the western and northern parts of the
study area (Figure 1b). The lower part of this formation consists of conglomerates (Figure 3),
which include clasts of various sandstones and Triassic limestones [40]. This formation
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does not and did not overlay granitoids of the Sakhray Crystalline Massif, which remained
covered by the Bambak and Yatyrgvarta formations during the Triassic–Jurassic. The same
can also be true for the Rufabgo Crystalline Massif, although the contacts of granitoids with
sedimentary packages are not visible there. However, it appears that the Kamennomostskiy
Formation may overlay directly granitoids of the Dakh Crystalline Massif (Figure 1b). The
present state of the knowledge does not permit proving this idea due to the very limited
accessibility of the related parts of the study area, and an exposure of granitoids of this
massif at the time of the Bathonian–Callovian hiatus can only be hypothesized.

5. Discussion and Conclusions
5.1. Modelling Exposure of Crystalline Massifs on Ancient Seashores

The stratigraphical information about the coarse siliciclastic beds associated with Late
Paleozoic granitoids (Figures 4a–e and 5) provides evidence of an exposure of the latter on
rocky seashores in the Triassic–Jurassic history of the study area (Figure 6). The proposed
model and the related palaeogeographical interpretations are given below. This pioneering
reconstruction offers a new vision of the local geological history, but is tentative and, thus,
can be detailed and even corrected in the light of future investigations.

J. Mar. Sci. Eng. 2024, 12, x FOR PEER REVIEW 11 of 17 
 

 

because outcrops of the latter are very small and slopes above them are covered by soil 
and vegetation. However, the above-mentioned information [25] means that these 
conglomerates can be hypothesized there. 

Second, the Kamennomostskiy Formation of an early–middle Callovian age (Figure 
3) underlays Late Jurassic limestones everywhere in the western and northern parts of 
the study area (Figure 1b). The lower part of this formation consists of conglomerates 
(Figure 3), which include clasts of various sandstones and Triassic limestones [40]. This 
formation does not and did not overlay granitoids of the Sakhray Crystalline Massif, 
which remained covered by the Bambak and Yatyrgvarta formations during the 
Triassic–Jurassic. The same can also be true for the Rufabgo Crystalline Massif, although 
the contacts of granitoids with sedimentary packages are not visible there. However, it 
appears that the Kamennomostskiy Formation may overlay directly granitoids of the 
Dakh Crystalline Massif (Figure 1b). The present state of the knowledge does not permit 
proving this idea due to the very limited accessibility of the related parts of the study 
area, and an exposure of granitoids of this massif at the time of the Bathonian–Callovian 
hiatus can only be hypothesized. 

5. Discussion and Conclusions 
5.1. Modelling Exposure of Crystalline Massifs on Ancient Seashores 

The stratigraphical information about the coarse siliciclastic beds associated with 
Late Paleozoic granitoids (Figures 4a–e and 5) provides evidence of an exposure of the 
latter on rocky seashores in the Triassic–Jurassic history of the study area (Figure 6). The 
proposed model and the related palaeogeographical interpretations are given below. This 
pioneering reconstruction offers a new vision of the local geological history, but is 
tentative and, thus, can be detailed and even corrected in the light of future 
investigations. 

 
Figure 6. A proposed model of the chronology of exposure of granitoids on Triassic–Jurassic 
seashores in the study area. Global sea-level changes are shown for reference according to Haq 
[50,51]. 

Figure 6. A proposed model of the chronology of exposure of granitoids on Triassic–Jurassic seashores
in the study area. Global sea-level changes are shown for reference according to Haq [50,51].

In the beginning of the Triassic, all three crystalline massifs were exposed, and a wave
abrasion of the related rocky shores resulted in a widespread accumulation of the Bambak
Formation on a northeastern periphery of a large land mass (Figure 7a). The presence of
megaclasts [25] makes realistic the idea of possible severe storms and even tsunamis [23].
Although the global sea level did not rise in the Early Triassic [50], a wide regional trans-
gression led to the drowning of the Rufabgo and Sakhray massifs, which, probably, were
not exposed again during the Triassic–Jurassic interval (Figure 6). Despite multiple uplifts
during the phases of tectonic activity (Figure 6), erosion was not deep enough to reach
granitoids of these two massifs beneath limestones of the Yatyrgvarta Formation.



J. Mar. Sci. Eng. 2024, 12, 1623 11 of 15

J. Mar. Sci. Eng. 2024, 12, x FOR PEER REVIEW 12 of 17 
 

 

In the beginning of the Triassic, all three crystalline massifs were exposed, and a 
wave abrasion of the related rocky shores resulted in a widespread accumulation of the 
Bambak Formation on a northeastern periphery of a large land mass (Figure 7a). The 
presence of megaclasts [25] makes realistic the idea of possible severe storms and even 
tsunamis [23]. Although the global sea level did not rise in the Early Triassic [50], a wide 
regional transgression led to the drowning of the Rufabgo and Sakhray massifs, which, 
probably, were not exposed again during the Triassic–Jurassic interval (Figure 6). Despite 
multiple uplifts during the phases of tectonic activity (Figure 6), erosion was not deep 
enough to reach granitoids of these two massifs beneath limestones of the Yatyrgvarta 
Formation. 

 
Figure 7. Tentative local palaeogeographical schemes for five geological time slices: Induan (a), 
Ladinian (b), Rhaetian (c), Toarcian (d), and Bajocian (e). Each scheme corresponds exactly to the 
area shown on Figure 1b, and contours of the massifs and the localities are shown accordingly. 

In contrast, it appears that the Dakh Crystalline Massif remained a landmass 
throughout the Triassic. At least, any Lower–Middle Triassic deposits are not known 
from its periphery in contrast to two other massifs, which are surrounded by vast “fields” 
of Triassic rocks (Figure 1b). Moreover, the information provided by Chaitsky et al. [25] 
implies that the Shapkin Formation comprises the first marine deposits formed on the 
northern periphery of this massif. An intensified tectonic activity at the Anisian–Ladinian 
transition [38] did not change the situation (Figure 7b), as well as the perturbations at the 
Carnian–Norian transition, although the size of the land mass centered around the Dakh 
Crystalline Massif could increase temporary (it cannot be excluded that the entire study 
area became a land mass at the mentioned transitions). Moreover, the regional uplift at 
the Carnian–Norian transition protected the study area from any transgression caused by 
a major global sea-level rise [50] (Figure 6). 

A significant transgression started in the Norian (Figure 7c) and culminated in the 
Rhaetian; apparently, it was triggered by a regional subsidence because the global sea 
level tended to fall stepwise [50] (Figure 6). The Dakh Crystalline Massif submerged 
gradually, but to a significant degree. In the north, the sea covered weathering-related 
breccias of the Shapkin Formation. Apparently, rocky shore did not exist there. In the 
south, a true rocky shore established. Deposition of conglomerates from Locality 2 
marked the maximum incursion of the sea into the land corresponding to this massif. The 

Figure 7. Tentative local palaeogeographical schemes for five geological time slices: Induan (a),
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In contrast, it appears that the Dakh Crystalline Massif remained a landmass through-
out the Triassic. At least, any Lower–Middle Triassic deposits are not known from its
periphery in contrast to two other massifs, which are surrounded by vast “fields” of Triassic
rocks (Figure 1b). Moreover, the information provided by Chaitsky et al. [25] implies
that the Shapkin Formation comprises the first marine deposits formed on the northern
periphery of this massif. An intensified tectonic activity at the Anisian–Ladinian tran-
sition [38] did not change the situation (Figure 7b), as well as the perturbations at the
Carnian–Norian transition, although the size of the land mass centered around the Dakh
Crystalline Massif could increase temporary (it cannot be excluded that the entire study
area became a land mass at the mentioned transitions). Moreover, the regional uplift at the
Carnian–Norian transition protected the study area from any transgression caused by a
major global sea-level rise [50] (Figure 6).

A significant transgression started in the Norian (Figure 7c) and culminated in the
Rhaetian; apparently, it was triggered by a regional subsidence because the global sea level
tended to fall stepwise [50] (Figure 6). The Dakh Crystalline Massif submerged gradually,
but to a significant degree. In the north, the sea covered weathering-related breccias of the
Shapkin Formation. Apparently, rocky shore did not exist there. In the south, a true rocky
shore established. Deposition of conglomerates from Locality 2 marked the maximum
incursion of the sea into the land corresponding to this massif. The presence of large
rounded granitoid clasts [28] reflects wave abrasion. As these conglomerates accumulated
during the entire interval of the Late Triassic–earliest Jurassic deposition on the southern
margin of the massif, it appears that the latter was not drowned entirely. Conglomerate–
breccias reported from Locality 5 are found close to the outcrops of granitoids of the Sakhray
Crystalline Massif (Figure 1b). Their composition implies the existence of a shore affected
by severe storms and/or tsunamis [23], but granitoids were not exposed there. These
deposits formed when the study area experienced an intensification of tectonic activity
and overall regression (Figure 6). Coarse siliciclastic beds formed in more or less similar
conditions are known from some other places of the world [52–54].

During the Hettangian–Sinemurian, a strong deformation phase occurred (Figure 6).
Most probably, the land mass grew, and granitoids of the Dakh Crystalline Massif were
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exposed more widely than in the end-Triassic. However, the two other massifs of the
study area were not exposed. Marine sedimentation in the study area restarted widely
in the mid-Early Jurassic (the locally distributed Bugunzha Formation and the widely
distributed Psebay Formation—Figure 3). Taking into account the age of conglomerates
from Locality 1 (see above), it is possible that the Dakh Crystalline Massif remained a land
mass until the beginning of the Toarcian, when a global sea-level rise [51] coupled with
a regional subsidence caused full drowning of the granitoids (Figure 6). A rocky shore
existed in the early Toarcian (Figure 7d), when granitoids and older metamorphic rocks
were abraded by waves. A subsequent basin subsidence and voluminous deposition of
fine siliciclastics of the Psebay Formation (Figure 3) kept granitoids unexposed (Figure 7e).
Their short-term, ephemeral exposure was possible in the late Bathonian due to regional
tectonic activity [33,38,55,56] (Figure 6), but the evidence in support of this interpretation is
unknown (see above).

5.2. Additional Inferences

The international importance of the outcomes of the present study is linked to the
insufficiency of information about Triassic and Jurassic rocky shores [8]. This review
implies that three localities (1, 2, and 4) represent granitoid seashores of three different
time slices (Induan, Norian–Rhaetian, and Toarcian), and one locality (5) represents a
non-granitoid rocky shore of the Triassic–Jurassic transition. Moreover, the reviewed
knowledge of the exposure of granitoids on the Triassic–Jurassic seashores of the study area
permits various, supplementary interpretations. These interpretations are linked to the
time span of seashores, local palaeogeography, and lithostratigraphy. The related thoughts
are given below.

The present stratigraphical review implies that rocky seashores with exposed grani-
toids appeared several times in the Triassic–Jurassic history of the study area (Figure 6).
But how long did they exist? The Bambak Formation accumulated during the only part of
Induan (Figure 3). This stage was very short (~0.7 Ma) [57], which implies an exposure of
granitoids on a rocky shore for <0.2–0.3 Ma. Nonetheless, this shore could be rather long
(Figure 7a).

The situation with the younger rocky shores developed on the margins of the Dakh
Crystalline Massif could differ. Localities 1 (early Toarcian) and 2 (Norian–Rhaetian) can
represent the only short episodes when the preservation of coarse siliciclastics was possible.
However, the massif remained a land mass since the beginning of the Triassic and until the
mid-Toarcian (Figure 6), i.e., during >50 Ma (according to the numerical time scale [57]).
During long time intervals, seas existed in the neighboring parts of the study area, and, thus,
rocky shores could evolve for millions of years. If so, their deposits were eroded together
with uplifts at the Anisian–Ladinian, Carnian–Norian, and Triassic–Jurassic transitions.

The established chronology of exposure of Carboniferous granitoids on Triassic–
Jurassic seashores of the study area (Figure 6) facilitates the understanding of the local
palaeogeography (Figure 7a–e). First, it appears that the three massifs formed a “core” of
an ancient landmass (a possible island), which existed at the Permian–Triassic transition
and diminished in size in the Early Triassic when the Rufabgo and Sakhray massifs were
drowned. Indeed, this island was larger in size in the Late Triassic than in the Early Jurassic
because Norian weathering-related breccias from Locality 3 were located far northward
than Toarcian marine conglomerates from Locality 1 (Figure 1b). Second, the sea trans-
gressed more actively from the east than from the north because Locality 3 remained land
until the mid-Norian. Third, although all three massifs can be parts of a single igneous body
emplaced in the late Carboniferous, they had already separated in the palaeogeographical
sense in the Triassic. For instance, the distance between the Dakh Crystalline Massif and
Locality 5 is very short (<10 km), but a denudation of granitoids of this massif in the Late
Triassic did not result in massive accumulation of the related clasts at Locality 5.

Conglomerate–breccias exposed at Locality 5 need justification in the terms of regional
lithostratigraphy. The composite scheme indicates a late Rhaetian–early Sinemurian hiatus
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(Figure 3), although the age of the package of these conglomerate–breccias is established as
late Rhaetian–early Hettangian. Two alternative options are possible. First, this package
can be related to the upper horizons of the conglomerate package from Locality 2. The latter
belongs to the Khodz Group (see above), which means the uppermost part of the latter
exists at Locality 5, and the age of this group should be extended into the early Hettangian.
Second, this package can be related to a new local lithostratigraphic unit that occurs in the
only east of the study area (it is logical to name this unit as the Gosh Formation, with Locality
5 as its reference section). The second option seems to be a bit more realistic regarding
the different evolution of the heterogeneous palaeogeographical development of the study
area noted above. Anyway, the major hiatus at the Triassic–Jurassic transition should be
dated by the middle Hettangian–early Sinemurian, irrespective of which option is correct.
Moreover, the information from the works by Diakonova-Savelieva [27] and Vyalov and
Nikshich [28] makes reasonable a hypothesis that marine sedimentation continued locally
through the Triassic–Jurassic transition in the vicinities of the Dakh Crystalline Massif. In
such a case, the local lithostratigraphy will need even deeper revision. Verification of this
hypothesis is a task for future investigations.

5.3. Conclusive Remarks

The present review of the stratigraphical distribution of the coarse siliciclastic beds
associated with Carboniferous granitoids of the study area in the Western Caucasus permits
the making of three general conclusions, as follows. First, the existence of these beds on five
stratigraphical levels is established. Second, the early Induan, Norian–Rhaetian, and early
Toarcian conglomerates mark ancient rocky shores where granitoids were exposed. Third,
granitoids of the Rufabgo and Sakhray massifs were exposed on rocky seashores only once,
i.e., in the earliest Triassic, whereas the Dakh Crystalline Massif could have rocky shores
for >50 Ma.

Methodologically, this study stresses the utility of the works, which are old, but
not outdated, as sources of the precious information about difficult-to-access and small-
sized geological features. Geologists who worked many decades (even a century) ago
made observations and descriptions which can easily be reinterpreted against modern
stratigraphical schemes and extend a stratigraphical vision of highly complex areas. The
international significance of this study is linked to the stratigraphical interpretations of
ancient granitoid shores, the evidence of which remains demanded, but scarce, on the
global scale. This review is chiefly stratigraphical, which means that future investigations
should pay attention to the compositional peculiarities of the reported coarse siliciclastic
beds. Of course, new field investigations in the remote parts of the study area (e.g., along
small streams crossing crystalline massifs or along new roads and trails constructed for
the purposes of tourism) will be essential for the comprehensive understanding of the
locally existing ancient granitoid shores and islands. Moreover, an application of remote
sensing techniques and geophysical approaches may help to outline the true contours of
the crystalline massifs and their relationships with younger rocks.
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