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PALEONTOLOGY

ON TWO CYRTOSPIRIFERID BRACHIOPOD SPECIES FROM THE
LOWER FAMENNIAN OF CENTRAL ARMENIA

Serobyan Vahram"’, Mottequin Bernard’
DOI: 10.54503/0515-961X-2022.75.2-5
! Univ. Lille, CNRS, UMR 8198- Evo-Eco-Paleo, F-59000 Lille, France
e-mail: vahram.serobyan.etu@univ-lille.fr
? Institute of Geological Sciences of the National Academy of Sciences of the Republic of
Armenia-Yerevan, Armenia, 244, Marshal Baghramyan Avenue, Yerevan 0019, Republic of
Armenia e-mail:vahramserobyan@gmail.com
30.D. Earth and History of Life, Royal Belgian Institute of Natural Sciences, rue Vautier 29, B
1000 Brussels, Belgium e-mail:bmottequin@naturalsciences.be
Received by the Editor 28.04.2022

In an effort to describe the brachiopod diversity of the lower Famennian Aramaz-
dospirifer orbelianus brachiopod Zone of Central Armenia (coeval to the Palmatolepis
crepida conodont Zone), our attention is here focused on the description and
illustration of two previously unknown spiriferide species (Cyrtospirifer sp. A and C.
sp. B) of the Subfamily Cyrtospiriferinae.

Keywords: Brachiopoda; Spiriferida; Cyrtospiriferinae; Upper Devonian;
Aramazdospirifer orbelianus Zone; Lesser Caucasus.

Introduction

The Upper Devonian of Central Armenia constitutes a continuous successsion
of mixed carbonate-siliciclastic deposits, accumulated in a shallow water
environment. Geodynamically speaking, they are part of the South Armenian
Block (SAB), a microcontinent that was detached from Gondwana during the
Triassic and Jurassic (Sosson et al., 2010). These sequences contain a diverse
and abundant brachiopod fauna, among which the spiriferides are the most
common. Brachiopods were systematically studied by Abrahamyan (1957,
1964, 1974) and Serobyan et al. (2019, 2021, 2022a, b). Most notably, Se-
robyan et al. (2022a) revised Spirifer orbelianus Abich, 1858 and erected the
cyrtospiriferid genus Aramazdospirifer for this biostratigraphically important
species for the lower Famennian of the Lesser Caucasus. They also discussed
and discarded reports indicating the presence of Abich‘s species outside this
Gondwanan area. However, the brachiopod assemblages from Armenia are still
poorly understood, both taxonomically and biostratigraphically. Moreover, the
rarely encountered species are not well known and often were even not
collected. This is particularly true for the spiriferides that were generally ascri-
bed to the widespread cyrtospiriferid genus Cyrtospirifer Nalivkin in Fredericks
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(1924). Despite its unique and distinctive morphology, the concept of this genus
was often misunderstood. During the twentieth century, as many as 150 species
or varieties (equivalent to species or subspecies in modern terminology (Article
45 of the International Code on Zoological Nomenclature (fourth edition, 1999)
(consult also Article 10.2)) were incorrectly assigned to Cyrtospirifer (Ma and
Day, 2003). This has led to an overextension of its published stratigraphic
range, from the late Givetian to the early Carboniferous (see discussion in
Schemm-Gregory, 2011; Ma and Day, 2003, 2007; Gourvennec, 2019), but
recent systematic revisions over the past fifty years considerably reduced the
number of species erroneously ascribed to Cyrtospirifer. Nonetheless, many
cyrtospiriferids remain poorly known.
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Fig.1. Schematic geological map and distribution of Upper Palacozoic sequences in Central
Armenia, including the location of the studied Djravank section (after Serobyan et al., 2019,
modified).

The prime objective of this paper is to describe two cyrtospiriferid taxa
(Spiriferida) on the basis of the newly collected, although restricted, material
from the lower Famennian succession of Central Armenia (fig.1), in order to
better document the diversity of Cyrtospiriferid brachiopods from this interval,
in addition to the fauna recently published by Serobyan et al. (2022a, b).

Material and methods

The brachiopods described in the present paper were collected in the
marly/sandy limestone layers of the Ertych Regional Stage, which constitutes



the upper part of the Djravank section (Vayots Dzor Province) (fig.1). The
Ertych Regional Stage is correlated with the Aramazdospirifer orbelianus
brachiopod Zone of Abrahamyan (1957), which corresponds to the Ara-
mazdospirifer orbelianus—Tornatospirifer armenicus brachiopod Zone of
Rzhonsnitskaya and Mamedov (2000) (see Serobyan et al., 2022a, b), and is
coeval with the Palmatolepis crepida conodont Zone (Rzhonsnitskaya and
Mamedov, 2000). The Djravank section crops out along a mountain path ori-
ginating from the ruins of the Ertych village and leads to a tiny church hidden in
the mountains at the locality known as Djravank (fig.1).

All specimens illustrated and investigated herein are deposited at the
Geological Museum of the Institute of Geological Sciences of the National
Academy of Sciences of Armenia, Yerevan (IGSNASRAGM/PS). The prefix
PS indicates the laboratory of Palaeontology and Stratigraphy. The specimens
were coated with magnesium oxide before being photographed with a Canon
EOS 700D camera.

Systematic palaeontology
Order Spiriferida Waagen, 1883
Suborder Spiriferidina Waagen, 1883
Superfamily Cyrtospiriferoidea Termier and Termier, 1949
Family Cyrtospiriferidae Termier and Termier, 1949
Subfamily Cyrtospiriferinae Termier and Termier, 1949

Genus Cyrtospirifer Nalivkin in Fredericks, 1924

Type species.—Spirifer verneuili Murchison, 1840; from the Frasnian of
Ferques (France, Boulonnais area).

Cyrtospirifer sp. A
Figure 2, Plate 1.1-1.7

Material—Two mostly complete, but strongly exfoliated, articulated
specimens from the Djravank section (Fig. 1), lower Famennian Aramazdospi-
rifer orbelianus brachiopod Zone.

Description—Shell medium-sized (up to ¢. 39 mm in width, 17.9 mm in
length and 20.1 mm in thickness), wider than long, markedly ventribiconvex,
rounded subtrapezoidal in outline; widest at hinge line; cardinal extremities
acute; anterior margin emarginate (in ventral view); anterior commissure
uniplicate.

Ventral valve inflated, with convex flanks sloping moderately towards
lateral commissures; umbo small, not prominent; beak presumably small and
erect (tip broken); interarea triangular, very high, slightly concave, procline at
its base then becoming apsacline; delthyrium wide, partly covered by a convex
pseudodeltidium (poorly preserved); sulcus wide, relatively deep, originating
from beak, round-bottomed at front; tongue high, not perpendicular to com-



missural plane (bent dorsally), subcircular to subogival in outline.

Dorsal valve subtrapezoidal in outline, moderately inflated with flanks
sloping gently towards lateral commissures; highest slightly posteriorly to
midlength, then progressively declining towards the anterior margin; interarea
linear, nearly flat, orthocline; fold wide, well-delimited, moderately high,
starting from beak and widening anteriorly, round-topped at front.

Up to 22 simple, low, round-topped ribs on flanks with top rounded; 5 ribs
per 5 mm at anterior margin near sulcus and fold; in sulcus and on fold, at least
10 ribs (poorly preserved) increasing by bifurcations and narrower than those on
flanks; interspaces narrower than ribs; micro-ornament not preserved.

Ventral interior (fig.2) with relatively stout dental plates, intrasinal or
subsinal posteriorly but extrasinal more anteriorly; delthyrial plate distinct,
short, relatively thick; post-delthyrial and lateral apical cavities moderately
infilled.

Dorsal valve interior (fig.2) with an unsupported ctenophoridium consisting
of up to 23, relatively short lamellae; hinge plates divided; crural bases dorsally
convergent; spiralia unknown.

Fig. 2. Transverse serial sections of Cyrtospirifer sp. A (IGSNASRAGM 3945/PS 3051) from the
lower Famennian Aramazdospirifer orbelianus Zone of Armenia, Djravank section. Numbers
refer to distances in mm from the tip of the ventral umbo.

Remarks —Our material is ascribed to the genus Cyrtospirifer on the basis
of the external (e.g. type of ribbing, general shape) and internal (e.g. well-
developed, relatively thick delthyrial plate; position of the dental plates)
features and is left in open nomenclature due to the very limited number of
specimens available. We herein provide a comparison of Cyrtospirifer sp. A
with other Cyrtospirifer representatives but only with those which are described
with respect to modern standards, as several species were previously lumped



under the genus Cyrtospirifer and revision of which may reveal that they belong
to different genera (Ma and Day, 2003).

Cyrtospirifer sp. A differs from C. verneuili (Murchison, 1840) as revised
by Brice (1988) and Ma and Day (2003), mainly by its higher ventral interarea
and by its unsupported ctenophoridium.

Cyrtospirifer sp. A appears to be closely related to C. _sinensis‘ (Grabau,
1931) sensu Ma and Day (2003), known from the lower(?)—uppermost Frasnian
of China; however, the ventral interarea of the species is procline at its base,
then becoming apsacline, whereas the latter has an apsacline to catacline ventral
interarea. Moreover, C. sp. A differs by having fewer ribs on flanks and non-
thickened dental plates.

Cyrtospirifer sp. A differs from the specimens of the lower Famennian of
Afghanistan ascribed to C. asiaticus Brice, 1971 by Brice (1971) by its trans-
versely elongated shell and unsupported ctenophoridium. It is important to note
that Cyrtospirifer asiaticus was proposed to include specimens from the Upper
Devonian of the Zadonsk area (Russia), mistakenly identified as Spirifer
archiaci Murchison, 1840 by de Verneuil (in Murchison et al., 1845), but the
latter material has never been revised.

Cyrtospirifer sp. A is distinguished externally from C. placitus Stainbrook,
1945, known from the Upper Frasnian of Iowa (USA), by its high ventral
interarea, lower tongue, fewer ribs on flanks, as well as in sulcus and on fold.
Additionally, C. sp. A differs by the absence of a dorsal myophragm.

Cyrtospirifer sp. A may be distinguished externally from C. whitneyi (Hall,
1858), a middle—Upper Frasnian species from lowa (USA), by its shell shape,
wider sulcus and fold, lower and subcircular to subogival tongue. Internally, the
former differs from the latter by the absence of myophragm on floors of both
valves.

Cyrtospirifer sp. A differs from C. vjacheslavi Sokiran, 2013, known from
the Middle Frasnian of the East European Platform, mainly by its shell shape,
high ventral interarea and lower tongue. Additionally, C. sp. A may be
separated by the presence of a strong, ventral apical callosity, developed by its
nearly flat ctenophoridium and the absence of a dorsal myophragm.

Cyrtospirifer sp. A is distinguished from C. sp. B by its larger size, higher
ventral interarea, deeper sulcus and higher fold, higher tongue, and larger
number of ribs on flanks as well as in sulcus and on fold. Furthermore, C. sp. A
differs by its convergent dental plates and unsupported ctenophoridium.

Cyrtospirifer sp. B
Figure 3, Plate 1.8-1.12

Material —Two partly exfoliated articulated specimens from the Djravank
section (fig.1), lower Famennian Aramazdospirifer orbelianus brachiopod
Zone.



Description.—Shell medium-sized (up to ¢. 27 mm in width, 20.6 mm in
length and 17.6 mm in thickness), wider than long, ventribiconvex, subpen-
tagonal in outline; widest presumably at the hinge line; cardinal extremities
broken; anterior margin straight; anterior commissure uniplicate.

Ventral valve strongly inflated, with convex flanks sloping moderately
towards lateral commissures; umbo inflated, prominent; beak incurved,
interarea apsacline, strongly concave, low; delthyrium unobserved (concealed
by sediment); sulcus narrow, shallow to relatively deep, originating from beak,
flat-bottomed at front, well-defined by bounding ribs; tongue low, subtrape-
zoidal in outline, perpendicular to commissural plane or slightly bent dorsally.

Dorsal valve slightly inflated with flanks sloping gently towards lateral
commissures, subquadrangular to subtrapezoidal in outline; highest at mid-
length, then decreasing gradually towards anterior margin; interarea concave,
linear, orthocline; fold low, well-delimited, originating from beak, round to flat-
topped at front.

Ornamentation of up to 16 rounded, simple, low ribs on each flank, beco-
ming fainter towards posterolateral margins; 5 ribs per 5 mm at anterior margin
near sulcus and fold; in sulcus and on fold, up to 4-5 ribs, slightly narrower
than those present on flanks; ribs slightly wider than interspaces on flanks;
micro-ornament poorly preserved, only a few capillae observed in ventral
interspaces.
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Fig. 3. Transverse serial sections of Cyrtospirifer sp. B (IGSNASRAGM 3947/PS 3053) from the
lower Famennian Aramazdospirifer orbelianus Zone of Armenia, Djravank section. Numbers
refer to distances in mm from the tip of the ventral umbo.

Ventral valve interior (fig.3) with stout, long, extrasinal and markedly
divergent dental plates, converging dorsally in umbonal region (as seen in
transverse section); teeth massive, bilobed; delthyrial plate short, thick; post-
delthyrial (large) and lateral apical cavities poorly filled in by callus.

Dorsal valve interior (fig.3) with supported ctenophoridium that is com-
posed of up to 19 well-developed, relatively long lamellae; hinge plate divided;
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crural bases stout; spiralia oriented posterolaterally with at least 15 whorls per
spiral cone.

Remarks—The external and internal features observed (e.g., well-deve-
loped fold and sulcus, long and extrasinal dental plates, delthyrial plate) in the
two studied specimens are in favour of an assignment to the genus Cyr-
tospirifer.

Cyrtospirifer sp. B differs from C. verneuili (Murchison, 1840) mainly by
its smaller size, short hinge line, lower tongue, fewer ribs on flanks as well as in
sulcus and on fold. Furthermore, the former is distinguished by its markedly
divergent dental plates.

Cyrtospirifer sp. B is separable externally from C. thalattodoxa Crickmay,
1952, by its shorter hinge line, lower tongue and fewer number of ribs on flanks
as well as in sulcus and on fold. However, it is worth noting that Ma and Day
(2003; pl. 9.6-9.8) illustrated a specimen of C. thalattodoxa with very short
hinge line and obtuse cardinal extremities, but they specified that it is a result of
abnormal growth. Additionally, C. sp. B differs by its supported ctenopho-
ridium.

Cyrtospirifer sp. B differs externally from C. whitneyi (Hall, 1858) by its
lower and subtrapezoidal tongue, fewer ribs on flanks as well as in sulcus and
on fold. Moreover, C. sp. B is distinguished by its markedly divergent dental
plates, supported ctenophoridium and by the absence of a ventral myophragm.

Plate 1. Cyrtospirifer sp. A from the lower Famennian Aramazdospirifer orbelianus Zone of
Abrahamyan (1957) in Armenia. (1-7). IGSNASRAGM 3946/PS 3052 (Djravank section),
corroded specimen in ventral, dorsal, lateral, posterior and anterior views (1-5), close-up of the
ventral interarea (pseudodeltidium) (6, 7).

Cyrtospirifer sp. B from the lower Famennian Aramazdospirifer orbelianus Zone of Abrahamyan
(1957) in Armenia. (8-12). IGSNASRAGM 3948/PS 3054 (Djravank section), almost complete
specimen in ventral, dorsal, lateral, posterior and anterior views. Scale bars: 10mm (1-12), Smm
(6-7).
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Discussion

According to Ma and Day (2003) representatives of the genus Cyrtospirifer
occur in upper Givetian and Frasnian sequences, and perhaps in the lower
Famennian, pending the reinvestigation of the Famennian cyrtospiriferids.
Concerning the earliest known occurrence of this genus, Gourvennec (2019)
stated that its first known occurrence is from the upper Eifelian—lower Givetian
transitional layers of the Tindouf Basin in Algeria. Regarding its youngest
occurrence, Abrahamyan (1957, 1974) described and illustrated numerous
brachiopods that were assigned to Cyrtospirifer from the lower—upper
Famennian sequences of Armenia. Although most of the species she illustrated
were subsequently assigned to other genera (e.g., see Ma and Day, 2007;
Grechishnikova in Alekseeva et al., 2018a), some appear to belong indeed to
Cyrtospirifer. This is the case of the specimens from the lower—upper
Famennian of the Lesser Caucasus (Armenia and Nakhichevan) that were
identified as C. verneuili (Murchison, 1840) by Abrahamyan (1957), who did
not illustrate their internal features. It is important to stress here that
Cyrtospirifer verneuili was originally described from the Frasnian of Ferques in
the Boulonnais area (northern France) (Brice, 1988; Sartenaer, 2017), more
precisely from the Ferques Formation, and Murchison (1840) also included
Belgian material in describing this emblematic Frasnian species. It is highly
probable that the specimens ascribed to C. verneuili by Abrahamyan (1957) do
not belong to this species, but they just display some external similarities with
it. Nevertheless, they apparently belong to Cyrtospirifer. Consequently, it is
reasonable to assume that resampling and reinvestigation of the Middle and
Upper Devonian succession of the Lesser Caucasus is a necessary task as it
might improve our understanding of the biostratigraphic distribution of the
genus Cyrtospirifer.

Conclusion

The examination of the lower Famennian Aramazdospirifer orbelianus
Zone of the Djravank section (Central Armenia) reveals two uncommon
cyrtospiriferid brachiopods. Both of them are herein assigned to the genus
Cyrtospirifer Nalivkin in Fredericks (1924), which is one of the most
widespread cyrtospiriferid genera, and left in open nomenclature due to the very
limited material available for each species. It is well-known that the lower
Famennian is characterized by the huge development of representatives of the
subfamily Cyrtiopsinae in comparison with the Cyrtospiriferinae (e.g. Ma and
Day, 2007; Mottequin and Poty, 2016) as is also the case in Armenia. Further
investigations on the Armenian material are required in order to complete the
recent revisions conducted on the Famennian brachiopods recoveredfrom the
different parts of northern Gondwana that crop out now in the Lesser Caucasus,
Afghanistan and Iran (Alekseeva et al., 2018a, b; Mottequin and Brice, 2019).
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YELSNLUYUL ZU8UUSULP USNCPL SUUBLP CYRTOSPIRIFERID
FLUNPNNNYD BLUNP SEUTULED UUUDPL

Utpnpjui 9., Ununnnkpniht £.
Udthnthmd

Ghunpntwluwt Zwjwunwih unnpht Swdtvh Aramazdospirifer
orbelianus ppuluthnwynnuiht phngnuugh (app hwdwwywunwuppwtnud £
Palmatolepis crepida \nunnnuwnwjhtt phnqnuuwjhtt) ppwjuhnwnnubph
JEtuwpwquuquinipmniip quwhwwnbint tyuwwnwlny, unybt wohuw-
nwipnd winpunupd b junwpl) twhehhimd wihwpn® Cyrtospi-
riferinae Lupwpnwthphtt yuwwnlwuny tplnt uyhphdtphnuknh (Cyrro-
spirifersp. A. and C. sp. B) ujupwugpnipjutit nt tjupuqupnduinp:

O IBYX HOBBIX BUJAX CYRTOSPIRIFERID BPAXUOIIO/ U3
HMW/KHEI'O PAMEHA HEHTPAJIbBHOU APMEHUN

Cepo0sin B., MorTrekyuH b.
Pe3rome

B nanno#i pabote, jJis OLieHKM OMOpa3HOOOpa3usi OpaxuoIoa 30HBI Ara-
mazdospirifer orbelianus awxHero gamena LlentpanbHoit Apmennu (kKotopast
COOTBETCTBYET KOHOJIOHTOBOH 30He Palmatolepis crepida), BHUIMaHHE y/eIEHO
ONMCAaHHUI0O M WJUTIOCTPAIMM JBYX paHee HEM3BECTHBIX BHUJIOB CIUpPU(EpHN
(Cyrtospiriferid sp. A. n C. sp. B) npunagnexamux noacemeiictBy Cyrtospi-
riferinae.
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The alkaline lamprophyres of Vedi diatreme are composed mostly of green
globular volcanic glass and have typical mineral composition for these rocks. Vedi
diatreme is located in the Mankouk anticline (Khosrov reserve), where Middle Jurassic
ophiolite complex where the obduction took place during the Late Coniacian to
Santonian. U-Pb age of pyroclastic rocks of the diatreme is determined 18243 Ma
(n=17) by LA-ICP MS ablation on zircon grains. Broken rims of zircon grains indicate
that they are affected by explosion. Alkaline lamprophyres are formed in an
extensional environment of a subduction setting.

Key words: Armenia, Early Jurassic, subduction, zircon
Introduction

Lamprophyres are alkaline rocks enriched in H,O and CO, and genetically
related to lamproites, kimberlites and carbonatites, representing volatile-rich
magmas rapidly emplaced in crustal layer (e.g. Rock, 1991). They are classified
on the basis of their mineralogy and chemistry (e.g., Rock, 1991; Tappe et al.,
2005). Lamprophyres are reported from different settings from continental
active margins (e.g. Carmichael et al., 1996; Lange and Carmichael, 1990 etc.)
post collisional (e.g., Muller et al., 1992) orogenic (e.g., Abdelfadil et al., 2013),
intraplate rifting (e.g. Satian et al., 2005, Tappe et al., 2006), continental rift and
subuction zones (Rock, 1991; Karsli et al., 2014).

Alkaline lamprophyres (AL) in Erakh anticline and Vedi area (Armenia)
was firstly studied by M. Satian (e.g. Satian et al., 2005 and references therein).
They crop out as diatremes and dykes in the area of Jurassic ophiolitic
(obducted oceanic lithosphere) units.

Two main ophiolitic zones are recognized in the Armenian Highland: 1) the
Amasia-Sevan-Hagari zone, situated in the North, north-east of the Sevan Lake
(S), and 2) the Vedi ophiolitic unit, in the SE of the capital city Yerevan, is
considered as a folded klippe sequence thrusted on the South-Armenian
microcontinent (SAM), a micro-continent detached from Gondwana during the
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Late Palaeozoic — Early Mesozoic time (e.g. Knipper & Khain 1980; Barrier et
al., 2018). The obduction occurred during the Late Cretaceous (Sokolov 1977;
Knipper & Khain 1980) Late Coniacian — Santonian (Galoyan, 2008, Sosson et
al., 2010), Cenomanian (Danelian et al., 2014). At the same time, to the north
beneath the Eurasian plate, the subduction of the Tethys oceanic domain
occurred until the collision between SA Microcontinent and Eurasia during
latest Cretaceous to Middle Eocene (Sosson et al., 2010). This Tethyan oceanic
closure is well presented in palacogeographic maps (e.g. Barrier et al., 2018).

In this paper new U-Pb LA-ICPMS zircon geochronology data of Vedi
lamprophyres is presented and discussed possible geodynamic environment of
this magmatism. The aim is to shed more light on their genesis.

Geological setting of the studied sections

Lamprophyre diatremes (red circls) are situated in the Mankouk anticline
which is affected by numerous faults (fig.1). The new found Khosrov diatreme
(Sahakyan et al., 2022) is situated left part of the Khosrov river (fig.1), where
conglomerates containing pebbles of the ophiolite complex (serpentinites,
gabbro, radiolarites, basalts) are outcrops. About 500 m westward from the
lamprophyre diatreme pillow lavas (most probably of OIB type) intercalated
with radiolarites are exposed as well.

In the Mankouk anticline ophiolite complex of MORB type pillow lavas
and picrodolerites of tholeiite composition, trachytes, and alkaline lampro-
phyres (dominated alkaline, calc-alkaline basalts) are outcrop. Algae and
bryozoans fossils containing thin layered limestones exposed on the top of this
unite. The age of crystal limestone lenses is dated by foraminifera as Middle
Jurassic (Sokolov, 1977). The olistholites (up to several tens meters in diameter)
of crystalline, gray organic limestones also observed. The pillow lavas of
picrodolerites, dark grey picrobasalts and basalts of tholeiitic series, include
lenses of calcareous radiolarites (Aslanyan & Satian, 1987). The age of these
radiolarites is determined as Oxfordian - Kimmeridgian (Belov et. al., 1991).
Biostratigraphic data for the sedimentary cover of the Vedi ophiolite Danelian
et al. (2008) and Asatryan (2009) discovered Bajocian Radiolaria in radiolarites
intercalated with MORB type of basalts, while Danelian et al. (2010) establi-
shed the occurrence of Upper Jurassic radiolarites stratigraphically overlying
basaltic lavas and middle Albian to early Cenomanian radiolarites intercalated
with lavas Danelian et al. (2012). In addition, Rolland et al. (2010) provided a
radiometric dating for an amphibole of a diorite with the *’Ar/*’Ar method and
found a 178.7+2.6 Ma plateau age (Toarcian).

This oceanic crust sequence is covered by variable thicknesses of pillowed
OIB alkaline lavas. In previous studies, the presence of tholeiitic and alkaline
volcanic rocks had been noted (Zakariadze et al., 1983; Satian et al., 2005). In
the following are distinguished three geochemical magmatic rock types; basalts
with MORB geochemical signature of the ophiolite formed in a back-arc basin,
an alkaline volcanic series above the ophiolite sequence plus a hot-spot event
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with OIB-type geochemical features (Galoyan, 2008). “°Ar/*’Ar dating of a
single-grain amphibole phenocryst of OIB lavas provides a Lower Cretaceous
age of 117.3+0.9 Ma (Rolland et al., 2009).

Lamprophyres

=l Obduction contact
N 40°00 ==  Reverse fault
<«—> Anticline

>——<  Syncline

FN 39°58

N 39°56

T
E 44°55 E 45°00

:] Quaternary sedimentary rocks

- Upper Santonian reef limestones E Plio-Quaternary volcanic rocks

I: Santonian conglomerates, sandstones and siltstones I:l Lowexto Middle Eocens
g ¥ (conglomerates, sandstones, silty-limestones)

South Armenian Block autochthon Vedi Ophiolites
Upper Coniacian-Santonian melange - Pillow lavas, volcanic rocks, radiolarites
- Cenomanian-Turonian reefal limestones |:| Gabbros
- Triassic (limestones and coal-bearing sandstones) - Ultrabasic rocks
- Permian coal-bearing limestones

Fig.1. Geological map of the Vedi area (modified after Galoyan, 2008;). Fig.2 - Vedi
lamprophyre diatreme.

In Vedi area Santonian limestones cover the ophiolite sequence. In some
areas it is a conglomerate containing clasts of ophiolitic rocks (gabbros,
serpentinites and basalts) that covers the ophiolitic lavas. This conglomerate
evolves laterally to the above mentioned reefal limestones, built essentially of
late Coniacian Hippurites. This sedimentary sequence lies over the ophiolitic
rocks, ophiolitic melange, lamprophyres and the Cenomanian-Turonian
shallow-water carbonates of the SAM.

AL diatreme situated in upper stream of Vedi river (39.944819° N;
44.988182° E; fig.1). Ellipse shape diatreme has a 55m length, where picro-
basalt dyke cut the lamprophyres on the northern part (fig.2 A,B).

Xenolites in lamprophyres are mainly fine-grained limestones, high-Al
amygdaloidal basalts of Na alkalinity, basanites, gabbro, rarely serpentinitized
ultrabasites. Radiolarite xenolites in lamprophyres are absent (Sahakyan, 2007).
In the lower part of diatreme reddish and tobacco-yellow ferriferous silicites
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Fig.2. A-field photo and B-schematic map of the Vedi lamprophyre diatreme in the upper stream
of r. Vedi. 1. Quaternary alluvial and deluvial deposits; 2. Ophiolitic volcanic rocks; 3. Middle
Jurassic a) olistolite of crystalline limestone, b) crystalline limestone blocks; 4. a) middle
Oxfordian early Tithonian radiolarite cherts, b) hydrothermal silicite stocks; 5. a) alkaline
lamprophyres, b) alkaline basaltic tuffs; 6. Andesites; 7. Picrobasalt dyke; 8. Fault; 9. Samples.

with globular structure are exposed (sample Arm-006 in fig.2) where radio-
larians of Archaeodictyomitra apiarium Rust, Cinguloturris carpatica Dumit-
rica, Eucyrtidiellum ptyctum Riedel and Sanfilippo, Eucyrtidiellum pyramis
AITA, Podocapsa amphitreptera Foreman, Protunuma japonicas Matsuoka &
Yao, Stichomitra sp. A, Stichocapsa ulivii, Transhsuum brevicostatum gr.
Ozvoldova, Zhamoidellum ovum Dumitrica, Z. ventricosum Dumitrica are
determined and have been dated as of middle Oxfordian early Tithonian ages
(U.A.Z. 9-11, Danelian et al., 2008; Asatryan, 2009).

Material and methods

LA-ICP-MS U-Th-Pb zircon analyses were performed in situ. Analyses
were carried out using a Lambda Physik CompEx 102 excimer laser generating
15ns duration pulses of radiation at a wavelength of 193 nm. For analyses, the
laser was coupled to an Element XR sector field ICP-MS (AETE-ISO regional
facility of the OSU OREME, University of Montpellier). Analytical conditions
are identical to those reported in previous studies (e.g., Bosch et al., 2011;
Bruguier et al., 2017) where ablation experiments were performed under
helium, which enhances sensitivity and reduces inter-element fractionation
(Gunther and Heinrich, 1999). The helium stream and particles ablated from the
sample were mixed with Ar before entering the plasma. Laser spot size was 51
um. The laser was operated at a repetition rate of 4Hz using a 12 J/cm2 energy
density. Total analysis time was 60s with the first 15s used for background
measurement (laser disabled) which was substracted from the sample signal.
Before each analysis, the surface of the targeted zone was cleaned with 10
pulses using a spot size twice larger than the size used for U-Pb analyses.

U-Pb dating

In order to determine the precise timing of AL, zircon grains were
separated for U-Pb geochronology.
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Fig.3. U-Pb Concordia diagram for the analyzed zircons from alkaline lamprophyre (L1).

The analytical results are plotted in fig.3. U-Pb analyses of 13 zircons
grains from the alkaline lamprophyres (L1 from Vedi alkaline lamprophyres)
yielded a mean **°Pb/***U age of 182+3 My (n=17).

Cathodoluminescence (CL) imaging revealed that all grains show broken
rimes which suggest that they are affected by explosion (Fig.4). The zircons in

100pmy T AT e 00pm)

Fig.4. Cathodoluminescence (CL) images of euhedral zircons in alkaline lamprophyre.
these rocks are relatively large (generally 50-100 um) and most of them show

euhedral crystal shapes of colorless or pale pink color. They show high Th/U
ratios (0.39 to 1.02) which confirm their magmatic origin (Rubatto, 2002).
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Trace element geochemistry

The explanation of whole rock major- and trace-element analyses (chond-
rite-normalized rare earth element and primitive mantle-normalized trace
element) is presented in (Sahakyan, 2007, Satian et al., 2009). The chondrite-
normalized rare earth element and primitive mantle—normalized trace element
(fig.5,a) patterns are shown (normalizations are from Sun & McDonough 1989).
Chondrite-normalized REE patterns of lamprophyres are enriched in light REEs
(LREESs) relative to heavy REEs (HREEs), with (La/Yb)N= 14.7-52.7 ratios,
5.8 for ophiolitic alkaline basalt, and 3.49 for picrobasalt dyke (Vedi diatreme).
Primitive mantle-normalised element abundance patterns (fig.5,b) are
characterized by enrichments in large ion lithophile elements (LILE, such as Ba,
Rb, Th) relative to high-field strength elements (HFSE) with depletion in Ta
and strong enrichment in U (fig.5,b). All alkaline lamprophyres show negative
Zr anomalies (relative to Sm).

Table 1
Whole rock major- and trace-clement analyses of studied rocks from
Vedi diatreme

alkaline lamprophyres alkalirtlsfl;:saltic basalt p;::l)tb
Samples L1 6.13 6.14 6.15 6.17 6.18 6.22 ED1 P12.2
SiO, 31.1 29.78 313 3092 | 26.6 | 39.82 31.79 45.54 | 44.28
AL O3 10.2 12 10.52 11.66 | 9.41 16.1 13.48 17.37 18.98
Fe,0; 4.39 3.88 4.07 4.6 3.51 5.37 4.11 9.23 8.22
FeO 3.33 3.25 3.44 2.13 3.02 4.03 3.71 4.08
MnO 0.11 0.1 0.12 0.21 0.13 0.11 0.08 0.34 -
MgO 2.6 7.3 7.7 3.9 7.4 8 9.52 8.67 9.95
CaO 25.65 18.26 17.32 19.78 | 21.7 7.04 14.8 7.16 3.97
Na,O 1.4 1.7 1.1 1.1 1.8 1 1.3 2.9 3
K,O 1.1 0.7 1.5 1.8 0.9 2.9 0.8 0.77 0.13
TiO, 0.24 0.18 1.51 1.2 1.68 0.75 0.31 1.73 0.97
P,054 0.26 0.62 0.61 0.14 0.58 0.38 0.23 0.32 0.19
H,0 0.09 0.06 0.09 0.31 0.07 0.08 0.11 - 0.01
LOI 0.16 0.68 0.4 1.1 0.08 0.05 2.8 6.79 0.05
CO, 1937 | 21.49 | 2032 | 20.74 |22.94| 1437 16.96 - 6.08
Total 100 100 100 99.59 |99.82 100 100 100.82 | 99.91
Na,0+K,O 2.5 2.4 2.6 2.9 2.7 3.9 2.1 3.67 3.13
Rb ‘ 218 \ - \ 92.7 \ 13.6 \ - ‘ 90 ‘ - ] 7.978 | 3.903
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Sr 2005 115 1580 300 - 830 680 304.3 [207.473
Y 32 42 30 10 75 20 42 23.78 125.192
Zr 70 30 70 23 30 24 70 134.3 | 88.698
Ba 485 95 190 180 320 285 330 246.3 |134.192
La 38.1 514 38.7 16.6 | 41.6 | 529 112 18.01 | 7.651
Ce 62.9 88 65 27.6 | 69.7 | 902 171.5 37.24 | 17.497
Pr 6.06 7.96 6.14 2.59 6.7 8.92 17.5 4.629 | 2.300
Nd 20.6 253 20.4 872 | 222 | 30.7 60.2 18.86 | 11.054
Sm 4.73 5.45 4.45 197 | 478 | 6.99 13.8 4.28 2.880
Eu 1.96 1.46 1.19 0.55 | 3.11 2.23 2.65 1.539 | 1.173
Gd 4.8 59 4.71 1.82 | 5.53 5.99 12.5 4.462 | 3.799
Tb 0.66 0.86 0.64 023 | 084 | 0.73 1.64 0.71 0.653
Dy 35 4.77 3.47 1.21 4.88 | 3.65 8.02 4.296 | 4.253
Ho 0.69 1.02 0.69 0.23 1.08 | 0.64 1.53 0.85 0.875
Er 1.74 2.63 1.72 0.55 | 2.81 1.4 3.6 2292 | 2.471
Tm 0.23 0.37 0.23 0.069 | 042 | 0.17 0.45 0.341 | 0.349
Yb 1.13 1.77 1.04 033 | 203 | 072 1.95 2232 | 2.189
Lu 0.17 0.29 0.17 0.048 | 0.35 | 0.095 0.28 0.337 | 0.367
Hf 2.75 2.49 4.13 279 | 342 | 3.88 0.55 3.208 | 2.056
Ta 0.26 0.51 0.27 0.74 | 046 | 2.63 - 1.571 | 0.482
Th 4.12 3.78 6.1 2.01 6.1 6.67 6.11 2.146 | 0.883
U 44.97 444 23.8 8.88 3.7 1.47 17.7 0.624 | 0.191
(La/Yb)N | 242 20.8 26.7 36.1 14.7 | 52.7 41.2 5.8 3.49

Th/Yb 3.65 2.14 5.87 6.09 3 9.26 3.13 0.96 0.4

Ta/Yb 0.2 0.3 0.3 22 0.2 3.7 0.7 0.22

Zr/Y 2.19 0.71 2.33 23 0.4 1.2 1.67 5.65 3.52

Tb/Yb 0.58 0.49 0.62 0.70 | 0.41 1.01 0.84 0.32 0.30

Th/La 0.11 0.07 0.16 0.12 | 0.15 | 0.13 0.05 0.12 0.12

Ce/Yb 55.66 4.78 4.52 478 | 483 | 4.24 4.33 6.55 0.17

La/Sm 8.05 9.43 8.70 843 | 870 | 7.57 8.12 4.21 2.66

Ba/Th 117.72 | 2513 | 31.15 | 89.55 |52.46| 42.73 | 54.01 114.8 | 151.90
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Fig.5. (a) Chondrite-normalized REE patterns and (b) primitive mantle-normalized spidergrams
for the Vedi lamprophyres (Sun and McDonough 1989).

The Th/YD ratio vs. Ta/Yb diagram is used to display source variation and

crustal contamination (fig.6, a). The melting histories of the AL, dyke and
basalt rocks are evidenced by the modeling of Tb/Yb versus Ce/Yb ratios
(fig.6,b). Ba/Th vs La/Sm diagram highlights mixture between variable depleted
mantle and material released from the subducted crust (fig.6,c).

Zr/Y values shown by the studied lamprophyres are > 1.0 besides samples
(06.13) and (06.17) suggesting residual clinopyroxene in the protolith and low
degrees of partial melting. Basalt ED1 and picrobasalt (P12.2) have 5.65 and
3.52 ratios respectively (table 1). Th/La values ranges from 0.05 to 0.16.
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Fig.6. a) Th/Yb v. Ta/Yb log—log diagram (Pearce 2008); b) Partial melting model for the rocks
from the Vedi diatreme (Tb/YDb vs Ce/YD plot), Starting composition is enriched—depleted MORB
mantle (E-DMM; Workman and Hart, 2005); Garnet- and spinel-facies melting curves use
mineral assemblages from (Walter, 1998) and (Kinzler, 1997) respectively; c) Ba/Th vs La/Sm
log-log diagram (Plank, 2005). Av.UC- average upper crust.
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Discussion and conclusion

Several lamprophyre diatremes have outcrops in southern part of Armenia.
Based on the mineral paragenesis (diopside, augite, Ti-augite, garnet, zircon and
other minerals) and geochemical compositions the rocks from Vedi diatreme are
classified as lamprophyres (e.g. Satian et al., 2005, 2009; Sahakyan, 2007).
Diatremes are easily distinctive from the surrounding deposits by their colour
and oval shape structure, composed also by dykes. The material of diatreme (or
pipe of explosion) is ocherous green crumbly tuffic rocks which contain 60—
70% fragments of volcanic glass with numerous globules.

AL are highly enriched in LREE (>100 times chondrite) relative to HREE
(~10 times chondrite), also have high LILE, and low HFSE, which reflect either
a LILE and LREE-enriched mantle source, or continental crust contamination
(fig.5a,b).

In the Th/Yb v. Ta/Yb diagram (Pearce et al. 2008; fig.6,a) the AL slightly
shifted to higher Th/YD ratios. Their enrichment in Th, compared with the
midocean ridge basalt (MORB) mantle, suggests the influence of subduction-
zone fluids. In the plot Tb/Yb vs. Ce/Yb ratios a dynamic melting equation
(Zou, 1998) is applied to an enriched depleted MORB mantle source
composition (E-DMM; Workman and Hart, 2005). The modeling results show
that up to ~10% (~4% for dyke and basalt) partial melting of the E-DMM
source may explain the LREE and HREE levels in the AL samples and in the
dyke and basalt respectively. These suggest that the source of the AL was
enriched by LILEs, which can only be supplied by fluids or sediments derived
from a subduction zone (Pearce, 1982). In a diagram of Ba/Th vs La/Sm
highlights that mental source enrichment of the lamprophyres is dominated by
melts from subducted sediment rather than by aqueous fluids (fig.6,b).

Low Ba/Th and high La/Sm ratios suggesting that the LILE and LREE- Th-
U budgets of these magmas are dominated by melts from suducted sediments.

The average global subducting sediment has a Th/La ratio of 0.24 (Plank &
Langmuir, 1998; Plank, 2005) while the values of the bulk and the upper
continental crust are estimated to 0.27+0.05 and 0.33£0.05 respectively
(Rudnick & Gao, 2003). Th/La values ranges from 0.05 to 0.16 (table 1), with
values of < 0.12 indicating insignificant crustal contamination.

Some samples (e.g. 06.15, 06.18) display a HREE depletion combined with
very low Y and Yb contents indicate that melting occurred in the field of a
garnet-bearing source where garnet was present as a residue (e.g. Martin, 1999).

We suggest that the Early Jurassic AL could form in an extensional
environment in a subduction zone setting (fore- or back-arc). A subduction
related setting for the alkaline lamprophyres is evidenced by their enriched
LILE and depleted HFSE (Ta) compositions and partial melting of the E-DMM
source may explain the LREE and HREE levels in the AL samples.

Mental source enrichment of the lamprophyres is dominated by melts from
subducted sediments. The differences in normalized element patterns support
that AL and alkaline basalt (ED1) of ophiolite complex are not petrogenetically
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related and most likely derived from melts formed in different tectonic settings.
However, it is still difficult to relate these alkaline events due to the paucity of
Sr, Nd, Pb isotopic data.

Based on U-Pb dating on zircon minerals the AL of Vedi diatreme were
emplaced during the Early Jurassic (182+3 My) and according previous results
their mineral composition and chemistry are typical for alkaline lamprophyres.

Trace element concentrations, such as enrichment in large ion
lithophile and strong depletion of some high field strength elements,
indicate a mantle source that was partially modified by a subduction
event. Alkaline lamprophyre diatremes were emplaced in a subduction
zone setting, where the slab presumably was rolled back initiated
asthenospheric upwelling.
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Jhinnt wjuu-judypnbhpuyght phwnpidugh hwuwljp (Zuywunwt)
Uwhuljjui L.

Udthnthnid

dtnnt phwnpbiduh wijuuyghtt judwypndppubpp juqudus tu
hhdtwlwinid juwbuws onulwdl hpwphiwihtt wyulnig b niuku wju
wwuwpbbtph hwdwp punpny dhubpuwuyhtt juqd: dEgh ghwnpbdwt
nbnujuyyws bt Uwulniljh wbwnhljhtwnd (fvnupngh wpgking),
nputn dhohlt jipuyh oppnihpughtt hwdwihpp opymygty £ qpht
intyull- vwbnnt dudwbwjuhwndusnid: thwwnpbdwjh whpnljuu-
wnhl wyupubph U-Pb hwuwlp npnoyty k 18243 Uhy. vnwuph (n=17) pun
ghpynt dhubkpwjutph LA-ICP MS pwjpuwjdwi: 8hpynt dhubpuwjutph
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Eqpuyhtt hmwndwsubph Yninpdws (hubkp thwuwnnud E, np dhukpwjubpp
Juwuyby Eu duyppdwt wpyniupnid: Ujjujughtt jadwypnbphputpp dbw-
Ynpyk Lt unipyniljghnt qnuugh punupdwldut dhowduypnid:

BO3PACT BEJUCKOMH IIEJTOYHO-JTAMIIPO®HUPOBOI
JIUATPEMBI (APMEHMUS)

Caaxsan JI.

Pe3iome

[enounsie mammpodupsl TuaTpeMbl Beawm cOCTOAT B OCHOBHOM M3 3elie-
HOTO IIAPOBUIHOTO BYJIKAHUYECKOIO CTEKJIAa W HMMEIOT TUIWYHBIA ISl 3THUX
opoJ MUHEpalbHbIA cocTaB. [uatpema Benu pacrnosiokeHa B MaHKyKCKOH
anTHKIMHATH (XOCpPOBCKMM 3allOBEHUK), A€ OOIYKIHS CPEIHEIOPCKOrO
o(pHOTUTOBOrO KOMIUIEKCA MPOM30MLIa B TMO3AHEM KOHBsiKe-caHTOHe. U-Pb
BO3pacT MUPOKIACTUYECKUX MOPOJ AUATpeMbl ompexaeneH 182+3 muH. ner
(n=17) metogom LA-ICP MS abnsamuu mo 3epaam mupkoHa. ClioMaHHBIE Kaii-
MBI 3€pEH IIUPKOHA YKAa3bIBAIOT HAa TO, YTO OHU 3aAeThl B3pbiBOM. lllenounsie
samMnpoupbl  (GopMHpaBAIMCh, B YCIOBHSX PACTSDKCHUS B CYOMYKIIMOHHOM
00CTaHOBKe.
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B cratee mpencraBieH merox aHanuza ImppoBoil Moxenu penseda (LIMP) u
BBIICICHNSI PETHOHANBHBIX JIMHEHHBIX MOPGOIOTHYECKHX eAWHHI  penbeda
(Mopdorpadudecknx IHMHEaAMEHTOB, linear morphological feature). Meron moctpoex
Ha TIOCJICIOBATEILHOCTH CIeMyromux nponeayp: (1) BblIelcHHE THHCHHBIX 3JIEMEH-
ToB penbeda 1mo (HOpMAIBHEIM MOP(HOMETPUYECKUM IPH3HAKAM, HM3BJICUYECHHBIM U3
LIMP, (2) reomopdororndeckas uaeHTA(UKAINS BBIACICHHBIX JIMHEWHBIX 3JIEMEHTOB
WK OTpeNeNieHne JHHEHHBIX (GopM penseda, (3) CTpyKTypHas nAeHTHDUKAIHS
BBIICJICHHBIX JIMHEHHBIX (opM penbeda Wi 0OOCHOBAaHHE HMX IPHHAIUISKHOCTH K
MOP(OCTPYKTYpaM MO TEOJOTHYECKHUM HpHU3HAKaM U 10 JaHHBIM ONMYyOIMKOBAHHBIX
pabor. IIpuMenenue ¢GopManbHBIX omepanuii obecrednBaeT OOBEKTUBHOCTH BBIZC-
JICHHS JIMHEHHBIX (opM penbeda, NCKITIodast OMUOKY, IPHUCYIIIE BU3YaTbHBIM pelle-
HusM. ONMCaHHBIM METOJIOM HCCJeIOBaHa JeBoOepexHass 4acTb [lpuapakcuHCKOW
reoMopdoI0rnuecKoii 30HbI, I7ie BBIISNICHBI JMHEHHbIE GOopMBI penbeda, MpUHaLIeK-
HOCTH KOTOPBIX K MOP(OCTPYKTypaM OIpEAeNIeHa FeOMOP(OIOTHIECKUMH, CTPYKTYP-
HBIMH ¥ UHBIMH T'€0JIOTHYECKHMH MpU3HAaKaMi. BEIABIEHO CIOXXHOE CTpOeHHE KPYII-
HBIX MOP(BOCTYKTYp, HMEIOIIHMX KaBKasckoe mpoctupanue C3 310°-320°,

KaroueBnle cioBa: mopdhomerpus peibeda, 1udppoBas Mojaeas peibeda,
nuHelHbIe GopMbl perbeda, MOPHOCTPYKTYPbI, THHEAMEHTHI.

BBenenne

[Ipu mMopdoMeTpruecKiX HCCIIEOBAaHUIX pelibeda Ha TEPPUTOpUU Ap-
MEHHH, Hapsyly C ONHCAaHHBIMU paHee KoJbleBbIMH cTpykTypamu (Piloyan,
Avagyan, 2016), ObTH yCTaHOBJIEHBI TAKKE CUCTEMBI IMHEHHBIX T€OMOP(OII0-
THYECKHX 3JIEMEHTOB, JIeTaJbHbIE HCCIIEA0BaHNS KOTOPHIX OyJIET UMETh Ba)KHOE
3HA4YEeHUE Il NMOHUMAaHUS CJIOXHOH reomeTpuu peibeda ApMeHHH M IPO-
[IECCOB €€ BO3HHKHOBEHHWA. Llenpro JaHHOUN CTaTbH SBISETCS ONHMCAaHWE pa3-
paboTaHHOTO aBTOpaMH METOJIa BBIICICHUS JTMHEHHBIX TeOMOP(OIOTHYECKIX
CTPYKTYp W TPEACTAaBIIEHUE PE3yJIbTAaTOB NMPHUMEHEHHs] 3TOr0 METOJa Ha U3y-
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4eHHON Teppuropuu. llomydeHHbIe HOBBIE Hay4yHBIE JAaHHBIE O CTPOCHUU M
MIPOCTPAHCTBEHHBIX B3aMMOOTHOIIEHUSIX WM3BECTHBIX W BHOBH BBIABICHHBIX
MOpP(OCTPYKTYp TpPENCTaBICHBI B CTaThe W OOOOIIEHH B €€ 3aKII0YEHUH.
HccnenoBanne BBIMOJHEHO HA OTPAHUYCHHOW TEPPUTOPUH, ONPEICIIICMON KaKk
neBoOepexHas vacTh llpuapakcuHckoit reomopgonoruueckoir obmact (3or-
pabsia, 1979). Meron ucciieJOBaHUs COCTaBJICH aBTOPAMH CTaThbH C HCIIOJb-
30BaHMEM OOJBIIIOrO OMBITA MCCIEAOBaTENEH, MyOINKAand KOTOPBIX PacCMOT-
PEHBI HIDKE.

Anamuz mudposoit Momenu penbeda (IIMP) sBisercs >ddekTHBHBIM
METOAOM TeoMOp(HOMETPUH, UMEET MHOr0OOpa3Hble MPUIIOKEHUS, NeTaTbHBIH
0030p koTopbix BeimonHeH Jlenrom (Deng, 2007). TeopeTudeckue OCHOBBI
aHaimu3a IIMP u meTtoguueckue MmoAXoAbl K €ro INPWIOKEHUIO HEIPEPBIBHO
COBEpIICHCTBYIOTCS. OTHUM M3 aKTyalbHBIX MPUJIOKEHHN SBISAETCS —MOpQo-
TEKTOHMUYECKUW aHanmu3 peibeda” (Grohmann et al., 2007; Sboras et al., 2010;
Clauzionor et al., 2007; Jelinek, 2008; Lone, 2017; Della Seta et al., 2004;
Urbano et al., 2017), KOTOpbIi OmpeNeNIeTCs TaKKe KaK —TRTOHUYECKAas
reoMopdosiorus (i reoMopdoMeTpusi)” U TPEJACTABISACTCS KaK MHTErpaIus
CTPYKTYpHOH Teosioruu, reomopdonoruu u ananuza LIMP (Jordan et al., 2005).
OpHOlt W3 KIIIOYEBHIX 3aflad B yKa3aHHOW OO0JIaCTH SIBISIETCS BBINEICHHE
MopdocTpykTyp mo maHHeiM [IMP. B myOnukamusax, MOCBSIIEHHBIX 3TOMY
BOTIPOCY, aBTOPHI IpeciieAysl OJHYy W Ty K€ [eJh — YCTaHOBJICHHWE TEKTOHH-
YeCKH KOHTPOIMPYEMBIX (opM penbeda, UCIoNb3yI0T pa3inyHylo mo Gopme u
coJiep)kaHui0  MOP(HOMETPUYECKYI0 HHGPOPMALMI0 H  Pa3UYHBIE METOJIbI
aHanm3a, 0000IIeHHEe KOTOPBIX MTPUBEJCHO HUKE.

A) Aramu3 [IMP metonom muddepennmansHOl reoMeTpun, Ipyu KOTOPOM
paccMaTpuBarOTCs KapThl TEHEBOTO penbeda, YIIIOB HAKIIOHA W 3KCIIO3WITUI
ckimonoB (Clauzionor et al., 2007; Jelinek, 2008; Pareta, Pareta, 2011; Groh-
mann et al., 2007; Jordan et al., 2005).

b) CocraBinenne W aHaiu3 KapThl CTPYKTYPHBIX HWJIM T.H. CKEJIETHBIX
3JIEMEHTOB pelibe()a — TAKKUX, KaK BRIPOBHEHHBIC TPEOHU U MIOBEPXHOCTH BBIPaB-
HUBaHUS, TOPHBIE BEPIINHBI, CEJIOBHHBI, TAIbBETH PA3IMYHOTO MOPSIKA,
0a3uchl Apo3uu. MeToJa BKIIIOYAET TOMOJOTHYECKUN aHAM3 - OIpeaelieHHe
MMPOCTPAHCTBEHHBIX B3aMMOOTHOIIIEHWH KapKAaCHBIX JIIEMEHTOB pelbeda,
CBSI3aHHBIX C MX TEKTOHHYECKHUM MpoucxoxkaeHueM (Jlacrouxun, 2013), Briro-
Yasi B3aMMOIIEPECEKAIOIINECs] U OJIHOHATIPABICHHBIE CEPHU CTPYKTYp, a TakxkKe
MOCTPOCHNE PUCYHKA CTPYKTYpHI penbeda (Silva, Morales et al., 2007; Jordan
et al., 2005; Jlactoukun, 2013; Clauzionor et al., 2007). [Ipu 3TOM y4uThIBaeTCS
TaK)Xe HATMYUE TPSIMOJIMHEHHBIX OJMHAKOBO OPUEHTUPOBAHHBIX OTPE3KOB Ped-
HBIX JIOJIWH, HAJIMYKME CETH JIOJIMH C PE3KMMH M3MEHEHUSMHU WX HAIpPaBICHHUM
(Jelinek, 2008; Suryawanshi, Golekar, 2014; Radaideh Omar, Grasemann et al.,
2016; Grohmann et al., 2007), ciyaiiue Mpu3HaAKaMH TEKTOHHYECKH KOHT-
ponupyeMoit MOp(OJIOTHH PEYHBIX JIOJUH.

Mertonpl peanu3alii JAHHOTO MOIX0Ja OOBEAMHSIOTCS 1O OOIIMM Ha3z-
BaHMEeM —HU(POBOW aHanu3 apeHaxHoi cetn” (digital drainage network ana-
lysis).
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B) CrpykrypHo-cTraTuicTryeckuii aHanm3 (GOpMBI PEYHBIX OacceifHOB,
(OpMBI W CTPOSHHSI PEYHON CETH, WCIIONB3YIONNI TeoMop(oMeTpruIecKe
WHAEKCHI, BKJIIOYAs MOKa3aTel yIJIMHEHHOCTH W aCHMMETpHH, (OopMy THII-
COMETPUYECKOW KPHUBOH M BEIMYMHY THIICOMETPUYECKOTO HHTErpaia BOJAO-
cbopHoro OacceiiHa, a Taxke K0d(Q(GUIHEHTH OUpypKaMd U M3BHIMCTOCTH,
COOTHOILICHHWE MIUPUHBI U AJHHBL, KOI(QQGUIMEHT yIUIMHEHHS PEYHBIX pycen
(Mandi, Soren, 2016; Sboras et al., 2010; Lone, 2017; Sharma et al., 2018, Dar
et al., 2013).

Hns ananmza LIMP ucnonp3yrorcs pa3mudHble KOMOWHAIIUHM MHOMKECTBA
OIMCAHHBIX BBIIIE Omnepanuid. J[0cTaTOYHO YHHBEPCANBbHBIM HpPEACTaBIISETCS
QITOPUTM BBIIENCHUS JMHEHHBIX 3JIEMEHTOB penbeda, COCTaBICHHBIH COBO-
KYITHOCTBIO IOCJICOBATEIILHO BBITIONHSEMBIX omneparuii (Jordan at al, 2005).
AJTOPUTM BKIJIIOUYAET CIEMyroIne MeTonbl aHanmm3a [IMP: Bu3yanbHbI aHanmms3
LMP, wmeTton mpoOW3BOIHBIX BHICOT penbeda, TU(MPOBON aHANNU3 CTPOSHUS
peuHoit cetn u opmbel peuHoro OacceiiHa, MHoroMepHblii anamm3 ['MC-me-
TOAMH TEO0JIOTUYECKUX KPUTEPHEB OMNPENEISIONINX T'eHE3UC BbIIEICHHBIX
reoMop(OJIOTHYECKUX CTPYKTYp, 00paboTka (craTUCTHYEeCKas M (pHIbTpOBa-
HUe) TU(POBBIX (PACTPOBBIX) H300pAKEHH.

[Ipu peanm3amu OMHMCAaHHBIX METOJIOB aHANHU3 pelbeda B TOW I WHOU
CTeTleHn (opMaln3yeTcs, BIUIOTh JO TOJHONH aBTOMATHU3AlUW TIPOIETYPHI
BeieneHus muHeameHToB (Ling et al., 2018; Chun Xue et al., 2013, Chandrasiri,
Henkel, 2010).

[Iupoko MCHONMB3yOTCS METONBI Mopdomerpuueckoro anamuza L[MP,
JIOCTYyIHbIE B Takux nporpammax kak Surfer, ArcGIS, Grass (Jelinek et al.,
2013; Udhi, Arum, 2016). IIpeumymiecTBo (OpMaIbHBIX METOJIOB 3aKJIFOYAETCS
B TOJIYY€HUU OOBEKTHUBHBIX pe3ynbTaToB. OHAKO, OMBIT MPUMEHEHUS ITPUIIO-
skennit ArcGIS, PCI Geomatica moka3sIBaeT, 4TO JOCTATOYHAS TOUHOCTh TaKHX
MoJIeJIell MOXKET OBbITh o0ecrieyeHa TOJILKO MPH YCIOBUW TNPUMEHEHHS ONTH-
MaJIBHBIX BXOJIHBIX MapamMeTpoB mporpaMMHbIx npuinokeHuid (Kusak, Krbcova,
2017), xoTopble HANPSAMYI0O WMJIM KOCBEHHO BIMSIOT Ha OKOHYATENIbHBIE pe-
3ynbTaThl — Ha (JOPMY M KOJMYECTBO BBHIIETICHHBIX JHHeaMeHTOB. [lo yka-
3aHHOHM TPUYHMHE MPAKTUYHO TaKKe NMPUMEHEHHWE YaCTUYHON aBTOMATHU3AI[UU
BBICTICHNs] JIMHEAMEHTOB, C IOCIEAYIONMM He(pOopMaTbHBIM KOPPEKTHUPOBa-
HUEM MIPOCTPAHCTBEHHBIX CBOWCTB BBIJCIICHHBIX CTPYKTYP.

MopdomeTpuueckuii aHau3 peiabeda ApPMEHHHM MPOBOIMIICS OJHUM M3
aBTOPOB JaHHOW CTaThU C IEIBI0 M3YYCHHs KONbIEBBIX cTpykTyp (Piloyan,
Avagyan, 2016). Torna >xe ObUIH BBISIBIICHBI JIMHEHHBIE GOpMBI penbeda, ogHa-
KO 3TH pe3ysbTaTbl He Obuin omyOnmMKoBaHbl. PaccmarpuBaeMomy Bompocy
TaKXe TOCBSIIEHa MyONUKalKs, B KOTOPOH aBTOPBI OMHCHIBAIOT BBIACICHHBIE
VMU JIMHEWHBIE W KOJIBIIEBBIC CTPYKTYPHI B Oacceiine p. Apmna (Haamersa u mp,
2018). Bonpocy o opMax mposiBIIeHUsI aKTUBHBIX Pa3lioMOB B pelibed)e Teppu-
TOpUr APMEHHU TIOCBSIICHBI JieTalbHbIe HcclieoBanus A.B. ABarsHa, BBINOJ-
HEHHbIE C MO3MLIMH TI'eOAMHAMHKH M KHHEMAaTUKU pPa3pbIBHBIX JBHKEHUI
(ABarsms, 2019):
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JlaHHble ucc/IeT0BaHUS

B kauecTBe MCXONHBIX AAaHHBIX OBIIM PACCMOTPEHBI OCTYIIHBIE B MHTEP-
Here LIMP cnenyrommx mexayHaponusix mnporpamm: Shuttle Radar Topo-
graphy Mission (SRTM), Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER/GDEM), Advanced Land Observing Satellite
(ALOS AW3D30). IlpoctpancTBenHoe paspemienue ykasanHbix LIMP paBHO
OJTHOM TyTOBOM CEKyH[IE, TMHEHHBII pa3Mep KOTOPOH Ha TEPPUTOPHHA APMEHHUN
paBeH 24m. Mcxoas m3 3TOTro, IS MTOCTPOSHUST MOP(POMETPUICCKUX KapT pas-
MepbI IPUI—S9eiKU BEIOpaHbI PaBHBIMU 24M X 24M.

Beptukanbnas Ttounocts LIMP onenuBaetrcs paBuoit: SRTM - mo 9wm
(Rodriguez et al., 2006), ASTER/GDEM - nol3m (Tachikawa et al., 2011),
ALOS - nmo 5m (Takaku et al, 2016). [Tocnenuss LIMP, kak HanOosaee ToUHas,
ObUIa KCIIONIB30BaHA B JAHHOM HCCIICIOBAHUH.

BusyaneHble mponenypsl aHajin3a BBIIOJHEHBI 1O MOP(POMETPHUUECKUM
kapram MacmTaba 1:100000, 0OBIYHO HCMOJIB3YEMOTO TPH PETHOHATBHBIX
WCCIIEIOBAHUAX TMOMOOHBIX AaHHOMY. [Ipu 3TOM OBUIM yYTEHBI BO3MOXHEIC
UCKaKEeHUSI MOp(oMeTprIECcKOi MOZIEH B XapaKTepUCTUK pelbeda, TaKuX Kak
COOTHOIIICHHE IO TOJIOTUX M KpyThix ckimoHOB (Claessens et al., 2005),
CTJIaKUBAaHUE CPaBHUTEIBHO HEOONIBIIMX JeTajed W APYIHX MOrPEeIHOCTEH
(Wood, 1996; Albani et al., 2004; Hupy et al., 2004; Roecker and Thompson,
2010). BeiOpanHbIii MacTad MO3BOJII BBISIBUTH KaK KPYIHBIC MPOTSKEHHEBIE
MOpGOJIOrHYecKHe CIUHMIBI, TaK W HEOOJbIINE JJIEMEHTHl penbeda MpoTs-
xKeHHOCThIo 10-20KM.

MeToauka uccaea10BaHuSA

MeTtoauka rcciaeIoBaHus COCTAaBIeHa C YIETOM ONMHCAHHOTO BBIIIE OIBITa
aBTOPOB, BBIMIOJTHABIIUX MOpdoMeTpuyeckuii aHau3 penbeda, BKIOYas aHa-
3 qudQepeHnnalbHON reoMeTprH penbeda, KapThl CTPYKTYPHBIX JIEMEHTOB
penbeda M CTPYKTYPHBIM aHaIM3 CTPOEHHs pedHod ceTH. B uactHOCTH, HC-
noJjib30BaHa HauOosee oOoOuieHHas cxema aHanu3a LIMP u BbineneHus -
HEaMeHTOB, pa3zpaboraHHas rpynnoil aBropos (Jordan et al., 2005). Kak mo-
Ka3aJd Hallld HWCCIEAOBAaHUS, JUIS BBIJEJICHUS NPOTHKEHHBIX PErHMOHATBHBIX
JUHEHHBIX MOP(QOJIOTHUYECKUX CTPYKTYp JOCTaTOYHO 3(PeKTuBHON sBIsIETCS
CIIeyIOIasl CXeMa aHajln3a, NCIOJb30BaHHAs B JAaHHOM paboTe:

1.Br160p 1 060CHOBaHME UCXOTHBIX TAHHBIX JUTst TocTpoeHust [IMP.

2.CTaTUCTUYECKUI aHAM3 SKCIO3HULMI CKIOHOB, OIpenesieHne mpeodia-
nammx (M1 oOpaTHBIX MO OTHOIIEHUIO K HUM) 3KCIO3MLMH, MIAEHTH(OUKALMS
COOTBETCTBYIOIIMX MM (opMm penbeda W WHTEpHpETAUs] OYSBHIHBIX OTKIIO-
HEHUI OT TEOPETUIECKOTO pacpeaesieHusI.

3.AHanu3 KapThl IKCIIO3UIMI CKIOHOB (OCHOBHAS MPOIIETypa BBIICTICHUS
JUHEHHBIX 3JIEMEHTOB penbeda), B pe3yibTaTe KOTOPOW YyCTaHABIMBAETCS
MPOCTPAHCTBEHHOE IIOJIOKEHHE CONPSDKEHHBIX YYacTKOB (CKJIIOHOB) pelnbeda,
MMEIOUINX MPOTUBOIIOJIOKHBIE IPYT APYrY SKCHO3UIKU. CMBICH TaHHOTO aHa-
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JM3a OCHOBAH Ha TOM, YTO JIMHEIHBIE (OPMBI penbeda Ha KapTe SKCIO3UITHN
TEOMETPUYECKH BBIPAXKAIOTCS B BHJC JIMHUH COSIMMHEHHS TaKUX Yy4YacTKOB.
®usnyuecKky TakwWe JIMHUMU SBISIFOTCS TMHUSAMH TIepernda 3eMHOM MTOBEPXHOCTH
(slope bend line), obpasyromield monoxuTenbHble QOpMbI penbeda (B ciaydae
CXOXIICHHUS CKJIIOHOB, HMEIOILIMX MPOTHBOIIOJIOKHBIC SKCIIO3UIINN) HIH — OTPHU-
HareNbHble (MIPU PACXOXKACHUU TaKHX K€ CKIOHOB) (puc. 1). JIuHeliHble 3ie-
MEHTHI penbeda, BOSHUKAIONINE TIPH CYIIECTBEHHOM W3MEHEHHH yTJIa HAKJIOHA
CKJIOHA (OTpaHUYCHHS Teppac) B JAHHOH CTaThe HE PacCMaTPUBAIOTCS BBUILY
HEIOCTaTOYHOTO BEPTUKAIBHOTO paspemienus [IMP.

2-a

Puc. 1. opmanbHas MOJIEIb JTMHEHHBIX 3JIEMEHTOB peibeda:

1.1HUN, 00pa30BaHHBIE PE3KHM U3MEHEHHEM YTJIa HaKJIOHA CKIIOHA (OTpaHMYeHUs Teppac),
2.mmHUM Tiepernba 3eMHOU moBepxHOCTH (Slope bend lines): a) mpu CXOXICHHH SKCIIO3UIHN
CKJIOHOB (oTpHuarensHas ¢popma penbeda), 0) Mpu PacxokISHHH IKCIO3UIMN CKIOHOB (II0JIO-
)KuTeNbHas Gopma penbeda).

4.I'eomopdonoruueckas ACHTU(UKALNS BbIICICHHBIX TUHCHHBIX JICMCH-
TOB BBITIOJIHEHA C ILENBIO OMPEIEICHUs] MX COOTBETCTBUS PeaTbHBIM (opMam
penbeda — pedHBIM pyciaMm, TeppacamM, BOIOPa3IeIbHBIM JTHHHSIM.

5.CtpykTypHas uaeHTU(UKANS YCTAHOBJICHHBIX JTHHEWHBIX ()OpPM pelbe-
(da — ux omnpejeIcHHe KaK BO3MOXHBIX MOP(POCTPYKTYp IO Py T'€ooruyec-
Kux mpu3HakoB. C 3TOH I1I€JIbI0 COCTABJICHBI U(POBBIC CIIOM PA3IOMHON TEK-
TOHHKH (110 MaHHBIM KapT J.B. Anansgna, O.A. CaprcsHa u ormyOIHMKOBaHHBIM
JAHHBIM), a TaKXKe SIUIEHTPOB CHJIBHBIX 3EMJICTPSACEHUA, PYIHBIX MECTO-
pOXIeHHid, OAaCCEHOB M POJHUKOB TOA3EMHBIX BOJ. BBUIM HMCIIONB30BaHEI
TaKkxke crenu(uuHble CTPYKTYPhl PEYHOH CeTH — pe3Koe M3MEHEHHE HalpaB-
JIEHUS PyCeN PEeK, OPTOTOHATHLHOE PACIIOIOKEHNE MPUTOKOB PEK OTHOCHUTEIHHO
OCHOBHBIX PYCEIL.

Teppuropusi ucciea0BaHus

Tepputopus ucciaeqoBaHUsl BbIOpaHa HCXOHAS M3 OINbITa IPOBEICHHOTO
panee mopdomerpudeckoro ananmmuze LIMP tepputopun ApMeHuu, mpu KOTO-
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pOM, Hapsimy C BBIICIEHHBIMH 371€Ch KOJNBIEBBIMH CTpyKTypamu (Piloyan,
Avagyan, 2016), Bu3yaibHO OBUTH YCTaHOBJICHBI OT/ICNIbHBIE JINHEHHBIE (DOPMBI
penbeda U UX CHCTEMBI, TPEOYIOIINE AETAILHOTO PACCMOTPEHHS IS ITOJTHOTO
Ipe/CTaBICHUs OOILEro CTPYKTYPHOTO IUIaHa penbeda.

WzyueHnass TeppuTopHs OrpaHHYeHa C ceBepo-3amaga Boxuabepiackum
XpeOToM, C ceBepo-BOCTOKA U BOCTOKA - ['eramckuM, Bapaenucckum, 3aHresyp-
CKAM B MerpuHCKHM XpeOTaMH, C IOr0-BOCTOKA - peKOil Apakc, M BKIFOYAEeT
Takke Tepputoputo HaxmaeBanckoit AP. Tepputopust B reomopdonormaeckom
palfOHMpOBaHNN ApPMEHHUH BBLIEISACTCS KaK JIeBOOEpEe)KHAst YacTh €IUHOM 00-
nactu IIpuapakcunckux xpedtoB (3orpadss, 1979). ABTop cuuTaet, 4To Xapak-
TEPHBIH CTPYKTYpHBIH IJaH peibeda cozmaeTcss CHCTEMOH B3aMMHO Tapal-
NeNbHBIX Mopdorpaduiyeckux JTUHEAMEHTOB, MPEICTABICHHBIX 3PO3HOHHBIMU
WIA 3PO3HOHHO-CTPYKTYPHBIMH TOPHBIMH XpeOTaMH M PEUHBIMHU JOJUHAMHU,
Pa3BUBAIOIIUMUCA 1O Y3KHM CTPYKTYpPHbIM KoTjioBuHaM (3orpalsH, 1979).
Wzyuennas TeppuTOpHs NPOTATMBAETCS B IOTO-BOCTOYHOM HAIIPABICHUU NpU-
MepHO Ha 210kxM, B TOM K€ HaIlpaBJIeHUH OHa paciupsercs oT 25kM 10 90km
Ha tore (puc.2). 371ech YCTaHOBJICHbI CUCTEMBI PA3IOMOB KaK CE€BEpPO-3aIaHOr0
(KaBKa3CKOT0) HAmpaBlieHHs, TaK U CEBEPO-BOCTOYHOIO (AHTHKaBKa3CKOTO,
MOTIEPEYHOT0) U CyOMEepUANOHANBHOrO HanpasieHus. IIpu 3ToM dacTh U3 HUX
BbIJIeJIEHAa 10 (paKkTy OoT4eTIMBOro mnposiBiieHus B penbede (['abpuensH u ap.,
1981, puc. 28 - cxema pa3ioMoB).
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Puc. 2. V3yueHHas TeppUTOpHs, TEHEBOH penbed.
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O0cy:xk1eHue pe3yJbTATOB HCCIe10BAHUS

Pesynpratel uccnenoBaHusl NPEACTaBICHBI HIDKE B IOCIENOBATEIbLHOCTH
BBITTOJIHEHHSI OCHOBHBIX MPOLELYP METO1a UCCIICAOBAHNS.

1.CraTucTuuecKkuii aHajdW3 pacHpeAeieHUs] HW3YyYeHHOW IUIomand Mo
SKCHO3UIMSIM CKJIOHOB BBIIIOJHEH C IENbI0 BBISABICHUS XapakTEPHBIX OCOOCH-
HOCTe# cTpoeHus penbeda. s »Toi menn Bes IDIomans Oblia pa3leicHa Ha
JJIeMEHTapHbIe yYacTKu (Tpup sdedkn) pazmepoM 24m x 24w, 3ateM ObLIO
BBIYUCIICHO UX PACIpeAeeHUe [0 UHTEpBalaM a3MMYTOB HKCIIO3ULMK PaBHBIM
5° (puc.3). CTaTucTHYECKOE PacIpeieieHHe SKCIO3UIMI HHTEPIPETUPOBAHO Ha
OCHOBE JIOTHYECKOH Mojenu penbedoobpasoBanus (puc.l), mo Kotopoi
JOJDKHBI TTPEBATMPOBATh JKCIIO3MIIMU, COOTBETCTBYIOIIME OOLICH peruoHallb-
HOH OpHEHTAllMM 3PO3HMOHHOIO CKJIOHAa. B TO Xe BpeMs MOBEPXHOCTH C
AKCITO3UIEH 00paTHOH 00IeMy HAKJIOHY CKIIOHA OYIyT 3aHUMATh, IO KpaiHel
Mepe, MUHUMaJbHYIO Miomans. CylecTBOBaHHE 3HAYUTEIBHOM IUIOMAAU C
—o0paTHOK WM OJMM3KOW K HEel SKCIO3UIUEH HHTEPIPETHPYETCS KaK HaJMuue
B pesbede JIMHEHHBIX MOPPOCTPYKTYP C COOTBETCTBYIOIINM MPOCTUPAHUEM.

Puc.3. Jluarpamma pacmpefeneHHss SKCIO3MIMHA CKJIOHOB M3y4EHHOH TEppUTOpUM TIO
MHTEpBaTaM a3UMyTOB B 2° (B MPOIIEHTAX).

W3y4eHHbI CKJIOH BIOJH PEKHM ApaKCc MPOTATWBAETCS B HAINPaBIEHUH Ha

OB 142° Ha paccrostaue 135km, no p. HaxuueBan-uait, 3atem — Ha 1OB 105° Ha
paccrosuue 67kM u nanee — Ha B 84° Ha paccrosuue 30kM. B cooTBeTcTBUH C
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BBIIIICONFICAHHOW MOJIENIbI0 ¥ YKa3aHHBIMU HATPABIEHISIMH CIIEAYET OXKHIATh
mpeo0Oyiaflanie SKCIIO3WINN HOPMANBHBIX K HAIPaBIEHUIO IMPOTSKEHHOCTH
ckiona, T.e. FO3 232°. B wmenblueil, HO B CPaBHUMOM CTETICHH OXXHIACMBI
skenosunun K03 195° 1 IOB 1740, COOTBETCTBYIOIIME OPUEHTAIUSAM CKJIOHOB B
I0’KHOHM YacTH MCCIIEAOBAaHHON TEPPUTOPHH.

Habmiomaemble B peanbHOCTH TpeoOsIafaronIfe 3KCIO3UIUU C BBICOKOH
TOYHOCTBIO COBMAJAIOT C OXHUIAEMBIM MaKCHMyMOM pacHpeelIeHus] 3KCIO-
summit (FO3 232°), ¢ CHMMETPHYHBIM Pa3bpOCOM OTHOCHTEIBHO 3TOI BETHIHHBI
— B quanasoHe azumyTos ot F03 215° (max - 17°) no FO3 250° (max + 18°) (puc.
3). B 3THX mpejenax OpHeHTHPOBaHO Gosee 16%, a B Ka)kI0M HHTEpBaje B 5' -
He MeHee 2% W3y4eHHOW IuTomanu. TakuMm o0pa3oM, YCTaHOBJICHHBIC MPe00-
Jaaloniie SKCIO3UIMU COOTBETCTBYIOT OOIICH OpHEHTAlMM W3YyYeHHOH Tep-
PHUTOPHHL.

MuHUMANBHYIO IOl 3aHUMAIOT CKIIOHBI C SKCIIO3HUIUSAMH B IIpereiax
asumyToB CB 15° - CB 30°. B 5ToM jMana3oHe KaxI0My HHTEPBATy a3UMyTOB
B 5° cooTBercTBYET OKO7I0 0.8%, @ BCeM MHTEpBaNaM BMecTe - 2,4% H3yueHHOI
wioniaad. OTMETUM, YTO ATH 3KCIIO3UIIMU HE SIBJSIFOTCS —OPaTHBIMU™ TIO OT-
HOLIEHHIO K npeBaupytomum C3 225°-235°,

[ToBepxHOCTH ¢ ~60paTHOI HKCMO3UIMEH IO OTHOIICHHUIO K 001l opreH-
tarmn ckiaona (CB 52°) 3aHuMaroT GONMBLIYIO MIIOMIAh, YeM HAGII0AeMBIil
MHUHUMYM, 9TO BO3MOXXHO JHINb TPH HATUYAH MOPQOCTPYKTYp C IMPOCTH-
pannem C3 320° - FOB 140° u ¢ Gnu3kuMM K HEM a3MMyTaMH MPOCTHPAHHSL.
Takum o0pa3om, aHanM3 pachpefeleHrs SKCIO3UIUH MO3BONSET IMPEIIONo-
KUTh HaIU4ue MOPQHOCTPYKTYP M OINPEICISITH BEPOSTHBIM a3MMyT HMX IPO-
ctupanus. Taxke MOXHO CUMTaTh, YTO B OOIIEM ciy4dae IO COOTHOIICHHUIO
IIoMIaiel CKIIOHOB C IMPEBATUPYIONIEH W —OPaTHON SKCIIO3UIUSAMEI MOKHO
CYyIUTh O CTEIEHW BIUSHUS TEKTOHMYECKMX (PAKTOPOB Ha TPOIECC peibe-
($hoobpazoBaHusl.

OTMETHM TaKXKe JPYrue OCOOCHHOCTH paclpeieeHus SKCIO3UIIMA, 0Tpa-
KaroIie CTPOeHUE penbeda.

Kak oTmedeHo BrIle, HAOIOAa€TCSl CTPOTO CHMMETPUYHOE pacpeielieHue
A3UMYTOB OTHOCHUTEIHHO MPEBANHUPYIOIIEH 3KCTIO3HIINH, COOTBETCTBYIOIIEH 00-
el opueHTanuu Tepputopurd. CUMMETPUYHOE paclpeielieHre MPOU3BOIBHOM
MPUPOAHON XapaKTEPUCTHKH OTHOCHTEIBHO €€ MaKCHMyMa COOTBETCTBYET
CIly4aifHBIM TIpOllecCaM, MPOTEKAIONIMM B OTCYTCTBHE HANpaBJICHHBIX (aK-
TopoB. HalOmonmaemass O0COOEHHOCTh pacTpeleNieHUsT SKCHO3UINIA XapakTe-
PHU3YeT CKIIOHBI C MPe00IalaloIiuM pa3BUTHEM SPO3UOHHBIX MTPOIIECCOB.

3a mpenenamMu 00JacTH CUMMETPUYHOIO pa3dpoca, Mo Mepe yAajeHus OT
Hee, HaONIONAeTCs TOCTENEHHOE YBEIMYCHHE AacCUMETPHH pacHpeaeiIeHus
3KCIO3ULMHI, TP KOTOPOM IMOBEPXHOCTU C BOCTOYHOM 3KCIO3ULIMEN 3aHUMAKOT
OOJIBIIYIO IUIOIIA/b, YeM TOBEPXHOCTH C 3alajHbIMUA M FOT0-3aMaJIHBIMU JKC-
no3unusmu. [IpeoOnaraHre BOCTOYHBIX JKCIIO3UIMN YaCTHYHO OOYCIIOBJICHO
W3MEHEHUEM TPOCTHpaHHs (OTKIOHEHHEM K CEBEpy) BOCTOYHOIO OKOHYAHHS
W3yYeHHOH TeppuTopuu. BO3MOXKHON NpPUYMHOW OTMEYEHHOW OCOOEHHOCTH
pacrpeneneHust 3KCIO3UIMHA MOXKET ObITh Takxke accuMeTpusi (Hopmbl Oac-
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ceiiHoB pek Asat, Bemm, Apmna, HaxwueBaH-uaii, 3amamHple O0pTa KOTOPHIX
HMEIOT OOJBLIYIO IUIOLIA(b 110 CPABHEHHUIO C BOCTOYHBIMH.

2.AHaM3 KapThl DKCIO3WINK CKIIOHOB, BBINCICHHEC W WICHTHU(DUKAIIHI
JTUHEHHBIX (OpM penbeda.

AHanmM30M YHOMSHYTOH KapThl BBIJICNICHBl JHHUU Tepernda penbeda,
TEOMETPUUYECKH TMPECTABISIONINE OCH IMOJOXKHUTEIbHBIX HIM OTPULATEIBHBIX
aneMeHToB penbeda. C menpio reoMopdoTornIecko HaAeHTH(OUKAITIN BhIIC-
JICHHBIX JTMHEHHBIX 3JIEMEHTOB BBIIIOJIHEHO MX COIIOCTaBJICHUE B IPOCTPAHCTBE
(HamoxeHMeM MU(MPOBBIX CIOEB) C ABYMS THITAMHU CTPYKTYPHBIX TOUEK penbeda
— JIOKaJIbHBIMA MaKCHMyMaMH, B COBOKYITHOCTH CJaraloluMH I'peOHU TOPHBIX
XpeOTOB, W JIOKAILHHIMH MHUHHUMYMAaMH, COCTaBJISIFOIIUMH TallbBETH PEYHOM
cetu. LludpoBeie KapThl CTPYKTYPHBIX TOUEK peibeda cocTaBlICHBI MO alro-
PUTMY, OCHOBAaHHOMY Ha METOJE pacueTa MHIACKCa TOHOrpapuuecKoi MO3ULNU
(Guisan et al., 1999).

CrpykTypHast uaeHTU(UKALMA BBIICICHHBIX JHHEHHBIX (GopM peibeda
SIBIISIETCSI 3aBEPIIAIONINM IIArOM JUIs UX OTHECEHUsI K MopdocTpykrypam. s
TaKOHW OICHKH MPHUBJICUCHBI KPUTEPUH TMPOCTPAHCTBEHHOTO COBMAJEHUSI MOJIO-
JKEHUS JIMHEHHBIX (opM penibeda ¢ OCOOBIMU THAPOJOTUUCCKUMU JIUHUSIMH U
y3naMu (OPTOTOHAJIBHBIMU MPUTOKAMHU PEK, PE3KUMH H3MEHEHUSIMH HaIlpaB-
JICHUS TaJbBErOB), MPOCTPAHCTBEHHAsI OJIN30CTh K HUM BYJKaHHYECKUX alIla-
paToB, SIMULEHTPOB 3EMIICTPSICEHUI, PYIHBIX MECTOPOKICHUN U MPOSBICHUM.
Brinenennsle Hamu JTUHEHHBIE (GOPMBI penbeda CBEPEeHBbI TaKKe C OIMyOIHKO-
BaHHBIMH JJAHHBIMU ¥ PYKOTIMCHBIMHU TEKTOHUYECKUMH KapTaMH.

Hwxe onmcanbl Hanboliee KPyIHbBIE ¥ NPOTSHKCHHBIC JTMHEHHBIE DJIEMEHTHI
U HUX CHCTEMBbI, MOP(OIOTUYECKH U CTPYKTYPHO HACHTH()HUIMPOBAHHBIE KaK
JIMHEAMEHTHI.

2.1.Haubonee mpoTshKeHHAs CHUCTEMa JTIMHEWHBIX SJIEMEHTOB penbeda Ha
M3Y4EeHHOW TEpPUTOPHUU TNPOTATHBAETCA Ha paccTosgHue npumepHo 140k, u
umeet npoctupanre C3 315°. Ona npocnesxena Ha4MHAS C 3aNATHOM TPAHHIIBI
HCCIIEA0BAHHON TEPPUTOPUN — B paiioHe C. ['apHM, OAHAKO NPOSBIEHA U 3a €€
3amajHeIMu TpenenaMu. CucteMa UMeeT CI0XKHOE CTPOEHHE - COCTOMUT U3 BbI-
Jep>KaHHOT'O 0 NPOCTUPAHHIO OTPULATENBHOTO JIMHEHHOTO 3JEeMEHTa W, Ia-
paJUIETBHOM eMy, CepuU MPEPBIBUCTHIX KyJIMCOOOPa3HO PACIIONOKEHHBIX MOJIO0-
KUTENBHBIX W OTPUIATENILHBIX JIMHEHHBIX dmeMeHTOB. IllupuHa u cTpoenue
CHUCTEMBI MO0 TpocTHpaHWi0O M3MeH4nBHl (puc.4). Ha neBoGepexsu p. A3zar
crcreMa 00pa3oBaHa JBYMsI BBIICP)KaHHBIME JIHHEHHBIME 3JIEMEHTaMHU — TI0JIO-
XKHUTEIBHOW M OTpULATEIbHON. 31ech ee Hauboee y3Kasi 4acTb UMEET LIUPUHY
nopsizka 1kM M mposiBieHa B MecTe ciusiHuS pek ['oxT n Bockemxkyp, oOpa-
3yromux p. Azat. Jlajgee mo npocTUpaHUio cUcTeMa OCTENIEHHO PacIInpsieTcs,
W B JonuHe p. Beam mocturaer mmpHHBI 8KM, 3aT€M CTPOCHHE M IIUPUHA
CHCTEMBl COXpaHSIOTCS N0 pycna p. Apma. Ha neBobGepexbe p. Apma, B
Tpenenax BBIJIEICHHON paHee KoibleBoi cTpykTypsl (Piloyan, Avagyan, 2016),
CTPOCHHE CHCTEMBI 3aMETHO H3MEHsETCs. 3/eCh JHMHEHHbBIE SJIEMEHTHI, Clia-
raple CHUCTEMY, 3aMETHO OTpPaHMYEHBI IO JUIMHE, a camMa CHUCTeMa HUMeeT
MEHBIIYI0 IIUPUHY, HO €€ HampaBleHHWEe B LeJOM coxpassercs. FOxknee, 3a
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IpenenamMu KOJbLEBON CTPYKTYpbl, CTPOCHHE CHUCTEMBI BOCCTAHABIMBACTCS U
BBIepkuBaeTcs 1o p. HaxnueBan-yait. Ha meBom Oepery sToil peku cucrema
NPOSBISIETCS 3HAYMTENBHO ciabee — B BHJEC OJHOM Mapbl JMHEWHBIX (GOpM
penbeda U mpOoCIeKUBACTCS SIIle Ha MPOTHKEHUN 0KoJIo 20KM, 110 p. AXUHIKA-
Yaif, TAe OTKIOHSETCS K CEeBepy M B CBOEM OKOHYaHMM NpuoOpeTaeT
ONMU3MIMPOTHOE MTPOCTUPAHUE.

YcnoBHble 3HaKn
©  HacenékHble nyHKkTb!
®  MuHepanbHe UCTOUHUKH
@ Merannuueckue pyfonposeneHus
*

Ouaru 3emMneTpsAceHuit

MonoxutenkHbie aneMeHTsl penbeda
~"N\~~— PeuHas ceTb
/7" TpaHuua HaxuuesaHckoii AP

a lpaHuua uccneayemoil TeppuTopum

Puc.4. Kapra 5Kkcro3uIuii CKJIOHOB H3YyYEHHOH TEPPHUTOPHU C BBISABICHHBIMH JIMHCHHBIMH
dhopmamu penbeda. Macurrad 1:100.000 (ymeHbIICHO).

2.1.1.I'eomopdosorudeckas uaeHTU(HUKALINSA CUCTEMBI.

OmnucanHas CcHCTeMa JIMHEWHBIX O3JEMEHTOB (H3UYECKH MPEICTABISIET
c000if 30HYy, COCTaBJICHHYIO COBOKYITHOCTHIO B3aWMHO MapauIC/IbHBIX JTHHEH-
HBIX (opM pernbeda-peuHbIX JOJIMH U KOPOTKUX XpeOTOB Wi MX OTporoB. Ha
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BCEM IPOTSDKEHUM 30HBI OTYETIMBO U MPAKTUYECKH Oe3 IpepbIBaHUM INPOsB-
JISIeTCS €e CEBEPHOE OrpaHMuEHHe, IPoXoasiee yepes ¢. ['apHu, KoTopoe 3aTeM
COCTaBJICHO CPEHUM TeUeHHeM peku Bockemxkyp (nmeromieit B aToit wactu C3
HampaBlIeHHUE), U Jajiee COCTaBICHO AOJMHAMU OPTOTOHAIBHBIX IPUTOKOB PEK B
CIIEAYIONIEH MOCIen0BaTeNbHOCTH: MPUTOK ApMuK (p. Bean), mputoku Ennun
u numuk (p. Apna) u mputok JIxayk (p. HaxuueBan). Coyeranue AOBYX
HaOMogaeMbIX (PaKTOB: OPTOTOHAIBFHOTO PACIIONIOKEHHS IIPUTOKOB PA3THMYHBIX
PEK K OCHOBHOMY DPYyCIy M HUX HaXOXICHUS Ha OJHOH IpsIMOM sBisieTcsl 00-
LIETIPU3HAHHBIM KPUTEPHUEM TOTO, YTO OHHU COBMECTHO COCTABIISIOT EIAMHYIO
JTUHEHHYI0 MOPQOCTPYKTYPY.

Bronbs omnucanHo# JMHEWHOW MOP(GOCTPYKTYpHI, TOJOCOH MepeMEHHOU
mmpuabl, ¢ C3 Ha FOB mocnenoBarenbHO pacroniararoTcs TOpHbIe XpeOThl, HX
OTHeNbHBIC YacTH U OTporu (puc.5): neHtpanbHas yacte EpaHocckoro xpe0ra
(1), ero orporu nampasnennele Ha lO-IOB (2-5), ropa Xocposacap u ero
3arajHble CKIOHHI (6-8), oTporu Ypiuckoro xpeOTa Ha neBodepexsu p. Benu (9-
13), HempoTsbKeHHBIE XpeOThl B MEKAypeubr pp. ApMuk u Asuskenn (14, 15),
oTporu Ypickoro xpebra Ha mpaBobepexbu p. Apauorer (16, 17), orporu
VYpuckoro xpedra, mpoxozsiue Ha ceBepo-BocToke (18, 19, 20), u ¢ woro-
BocTOoKa (21-26) mepeBana Tyx-MaHyk Ha mpaBoOepexbpu p. Apma, OTpOru
Baiikckro xpe0ta, napamiensHO MPOTSIHYTHIE € JIeBOil cTOpoHsl p. ['Humuk (27,
28, 29), roro-BocTouHsIi oTpor Baiikckro xpedTta (30).

YcnoBHble 3HaKn

©  HacenémHbie nyHKTs!
—— MonoxuTensHsle anemeHTs! pensedba
~A~~ Peurias ceTo

/o7 Tpanuua Haxniesarckoit AP

I: l‘ MpaHuya uccnenyemon Tepputopun 0 375 75 15 KMo

- TR R O | TR

Puc.5. I'eomopdonormdeckas HAeHTUPHKANNS JUHEHHBIX (opMm penbeda ceBepo-3amagHoMl
YaCTH HCJIeIOBaHHOH TeppuTopny. Homepa Ha KapTe COOTBETCTBYIOT OIIMCAHUIO B TEKCTE.
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2.1.2.0nmcanHas BpIEe JHHEHHas MOP(OCTPYKTYpa, MPEeACTaBISIONIAT
co00if ceBepHOE OTpaHWYEHHE BBIIECIEHHOW HAMU 30HBI, paHEe ONHcaHa Kak
—Haun0o@e KpyImHOe TeKToHm4deckoe Hapymenne” B IlpuapakcuHckoi reoMop-
¢donoruyeckoit 3oue (I'abpuensin u ap, 1981). B Toii xe pabore Ha cxema-
THYECKOH KapTe paziaoMoB (puc.28) maHHas MOp(OCTPyKTypa aBTOpaMu Mpe-
CTaBJieHa KaK TNIyOMHHBIH Pa3lioM, YCTaHOBIICHHBIN MO Treo()U3NUECKUM JIaH-
HBIM. DJTa ke Mop(hOCTpyKTypa Ha OoJee MO3aHeH PyKOIMMCHOW TEKTOHMYECKOM
kapte Apmennn (aBTop O.B. AHaHSH) MOKazaHa B BHJE JBYX Pa30OIIEHHBIX B
MIPOCTPAHCTBE PAa3phIBHBIX CTPYKTYp. K ommceiBaemoil 30HE MPOCTPaHCTBEHHO
MPUYPOUYCHBI MUICHTPHl UCTOPUYECKUX 3EMIIETPSICEHUI M MHOTOUYMCIICHHBIE
pynomnposiBiienus: prytu (1, 3), monubaena (2, 26, 29), mapranma (7), monume-
tamoB (22, 27), meau (25, 28), a Takke UICTOYHUKH MUHEPAIBHBIX BOJ (pHc.4).

2.2.BTopas 1mo mpOTSHKEHHOCTH CHCTEMa JIMHEWHBIX AIIEMEHTOB penbeda,
oOHapy)XKeHHas Ha M3YYCHHOUW TEPPUTOPHH, UMeeT AyrooOpa3Hyr KoHpHUrypa-
U0 W Oo0mIylo mpoTsbkeHHocTh Oonee 70km (puc.4). Ee 3amagHas dacTb
MposiBIIsIETCST Ha TpaBoOepexkbr p. Beaw, rme cocraBieHa TpeMsi B3aMHO
napaieabHbIMI JTMHEHHBIMH dJIEMEHTaMH ¢ OOIIIMM HalpaBJeHUEM Ha I. Benu.
DTa 4acTh CUCTEMBI JeTabHO omrcaHa A.B. ABarsHoM Kak CHUCTEMa TEKTO-
HUYECKNX OJIOKOB W pa3pbIBHBIX HapymeHwid (ABarsH, 2019). Cpemnuii 1o
TTOJIO’KEHUIO DIIEMEHT pelbeda MpoCiekuBaeTcs Mo IuHuM T. Bequ — c. JIBuH u
nanee Ha C3. Ha BOCTOYHOM CKJIOHE HEHTPAIBHOM YacTH Y PIICKOTO XpedTa u
nanee B BocTouHoM Hanpasienun (B-FOB 87°), omucwiBaemas cucTema mpo-
CIIe)KHMBACTCS Ha paccTOssHUU npuMepHo 40KM, 3aTeM BOJIM3M C. 3aHTaKakaTyH,
B BOJIOpa3/eNbHONM YacTH MeXJIy OacceiiHamMu pek Aparorer m Aprna CMbI-
KaeTcs ¢ ONMUCAaHHOW BbIIe cucteMoit (cM. 2.1). OOe cucTeMbl COBMECTHO Ha
MPOTSHKEHUH 22KM 00pa3yioT €IWHYI0 30HY, COCTABIEHHYIO B3aMMHO Tapal-
JIENBHBIMH, TPEPHIBUCTHIMHA I10 TPOCTHPAHHUIO TIOJOXHUTEIHHBIMH M OTpPHIIA-
TeNbHBIMU (popMamMu penbeda. OOImas muprHa 30HBI ABYX JTHHEHHBIX CUCTEM B
noiuHe p. Apra gocturaer nopsaka 12xM. BOnusu ¢. Xauuk omnuchiBacMast
cuctema (2.2) MEHSET HampaBlieHHe, OTACISISICh OT CUCTEMBI 2.1, U IemuTCs Ha
JIBE€ BETBHU, M3 KOTOPHIX — FOJKHAs BETBb, MEHSAA HAIpaBIeHHE N0 OIHM3MEpH-
muoHaibHOrO (C3 3450), B BUJIE I'PSAbl HEBBICOKHX I'Op MPOTATMBAETCS HA IOT OT
Baiikckoro xpedta 6onee, yeM Ha 30KkM [0 HaAXHIKEBAHCKOTO cejla XBIHKAO.
CeBepHast BeTBb MPOXOJUT IOT0-BOCTOYHEE C. Xa4MK B HANPABICHUH CPEIHETO
teuenns p. Jpxayk (C3 326°), 3atem, B CBOIO oOuepeb, BOIM3M CPEIHETO
TedueHus p. HaxuueBaH-4aii, IeNuUTCs Ha JIBE BETBU, U3 KOTOPHIX FOXKHAS BETBb
MpoTATHBaeTCs npuMepHO Ha 30KM B TOM K€ HAlpaBICHUU 10 HaXUIDKE-
BaHCcKoro cena Haxamxup. CeBepHasi BETBb, IpeACTaBICHHAs OTPOroM 3aHre-
3ypCcKOro xpedra, MpOTSATrUBaeTCsl B BOCTOYHOM HarpaBJIeHHH.

2.2.1.I'eomopdosorudeckas uaCHTU(HUKALNSA CUCTEMBI.

Ha neBoOepexsu p. Bemu cuctema O4eTIMBO OTpaHMYMBAETCS C CEBEpa
pyciiom niputoka p. Beau - Cemags-Illaram, a ¢ fora - Bogopa3neabHON JTUHUEH
VYpuckoro xpebTta. B mpocTtpancTBe MexIy HHUMH, Ha CEBEPHOM CKJIOHE
VYpuckoro xpedTa, BIOJb HEE MPOTITUBACTCS LENb KOPOTKUX HEBBICOKHX TOP

(puc.4).
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OmnwuceiBaeMasi cucTeMa B BOCTOYHOM HAIIPAaBICHUH, HAauuWHas OT LIEHT-
payibHON yacTu YPLCKOro XxpedTa, cocTaBieHa IOCIEA0BATEIbHO PACIIONOKEH-
HBIMH KOPOTKHMMH TOPHBIMH XpeOTamM, NPOTATMBAIOIIMMUCS IOXKHEE CC.
Jlanmxap u Ypoananmxk. B mecte cMpIkaHHMsS 30HBI COBMECTHO INPEICTaBIECHbI
YepeOBaHNEM B3aMMHO NapajieNbHBIX HEBBICOKMX MPEPBIBUCTBIX TOPHBIX
XpeOToB.

Boctounee c¢. Xaunk C W3MEHEHHUEM HAalpaBJICHHs H3MEHSAETCS TaKkKe
dhopma penbeda: nmpeodaagaroT HEBBIAEPKAHHBIE IO MPOCTHPAHUIO KOPOTKHE,
HEBBICOKHE I'peOHU 0€3 OTHETVIMBO BBIPAKEHHBIX OTPULATENBHBIX (OPM MEXIY
HUMH. 37iech CeBEepHasl BETBb CHUCTEMBl COCTABJIEHA IOCIENOBATENbHO pacro-
JIO)KEHHBIMH OTpOoTraMu 3aHre3ypckoro xpebra. FOkHasi BETBb cocCTaBieHa
oTporamu Baiikckoro xpe0ra.

2.2.3.CtpykTypHast ©IeHTHDUKAIHUS.

OnwucaHHas CTPYKTypa MPOCTPAHCTBEHHO COBHAJAET C IIIyOMHHBIM pasiio-
MOM, YCTaHOBJICHHBIM II0 Ie0()M3MYEeCKHM AaHHBIM M 30HOH B30pOCO-HAABH-
roBeix JBwkeHuit ([abpuwenssH w  gp., 1981, puc.28 —Cxem pa3nomoB
Apwmsackoi” CCP).

2.3.MepunroHaipHas clUcTeMa JIMHEHHBIX 3JIEMEHTOB MPOCIIEKUBAETCS OT
pycna p. Apakc Ha ceBep 0 BEPXOBbEB p. AXMHIDKA, 3aTeM IPOJOIKAeTCA 3a
npeAeiaMd W3Y4YeHHOW IUIOAAu, Ha Tepputopun ApmeHuu. Ee mpoTskeH-
HOCTh Ha WM3YYEHHOH Teppuropuu cocrtaBisier Oomee 60xkm (puc.4). Cremyer
OTMETHTB, YTO CUCTEMA MPOSIBIISIETCS TAKXKE HA MPaBoM Oepery p. Apakc.

OnuceiBaemasi JIMHEHHas CHCTeMa COCTaBJI€Ha IIOCJIENOBAaTeNbHO, a
MECTaMH KYJIUCOOOPa3HO pPAacCIOIOKEHHBIMH ITOJIOKUTEIbHBIMUA  (hopMaMU
penbeda, OpeACTaBIECHHBIMH KOPOTKMUMH 10 10KM JJMHOH HEBBICOKMMU
TOPHBIMU TPSJaMH, a TaKKe OTACIbHBIMH H30METPUYHBIMH, KYIIOJOBHIHBIMHU
dbopmamu penweda. lllupuna cucremsl — mpumepHo 6-8km. B BepxoBbe p.
HaxunueBan u ceBepHee Ha TEpPUTOPUM APMEHHUU CTPYKTypa ONHCAaHHON CHC-
TeMbl U3MEHSAETCS: OHA MPOSBISLETCS Ha LIMPOKON IUIOMIATM B BHAE MEJKHX,
c1a00 BBIPAKEHHBIX HEBBICOKUX TOp, B COBOKYITHOCTH COXPAHSIONIUX MEpH-
OUOHAJIBHOE MpocTHpaHue. s yTOYHEHHs MOIPOOHOCTEH CTPOCHUS! CHCTEMBI
U BBISICHEHHS €€ CTPYKTYPHOTO B3aMMOOTHOIIEHHS C IPYTMMH ONHCAaHHBIMHU
cUcTeMaMHd HEOOXOAMMO MpPOBEIEHHE KPYHMHOMAcITaOHOro MOpGOMETpH-
YECKOT'0 UCCIIEJIOBAHUSI.

2.4.C uenpio OIEHKH pa3peliaroNiei CIIOCOOHOCTH METOJa BBIICICHA U
OIMCaHa cUcTeMa JIMHEHHBIX DJIEMEHTOB OOHApY)KEeHHasl B OacceliHe MPHUTOKA P.
Apakc — I'mnanuaii. Cucrema cocTaBiieHa HEOONBIIMM YUCIIOM YepeAyIOIUXCs
CTPOTO TNPSIMOJIMHEMHBIX B3aUMHO NapaJlIeTbHBIX MOJIOKHUTENbHBIX U OTpHLA-
TenbHBIX (hopM penbeda. [locneanue nuIeHs TPU3HAKOB, CBOHCTBEHHBIX 3Jie-
MEHTaM 3pO3UOHHOU ceTH (puc.4-b). OTHOCUTETHEHOE MPEBBIIEHNE BHICOT TP
HaJl TOHKEHHBIMUA ydacTkamu pocturaeT 50-60M. B GonpmmHCTBE CirydacB
npeBblieHne coctapnsier okono 30m. [lupuna orpunatensHbBIX (GOpPM B
OoipIIMHCTBE city4aeB cocraBiusier meHee 100M. IIpoctupanme cucremsr C3
326°, a ee HPOTKEHHOCTh — NPUMEPHO 11KM, IIMPHHA COCTABIAET 2-3KM.
Cuctema nposiBnsiercs Ha kapte M-0a 1:200000, ogHako ee CTpOSHUE TOCTYITHO
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aamu3y B Macmrabe 1:50000. Cucrema mox yriom 60°-90° mepecexaer
NpUTOKM p. ['WiaHyaif, MpU 3TOM MPSIMOJIUHEHHOE CTPOEHHE CHUCTEMBI U
HEIpepbIBHAS TEOMETPHS €€ DIIEMEHTOB HE MCKaKaeTCsl.

3akaoueHue u BbIBO/IbI

[anHoe uccienoBanue Mmokas3ano 3¢(GEeKTUBHOCTD MIPEIaraeMoro MeToaa
U1 aHanm3a MopdomeTrprdecknx kapt MmacmrTabda 1:100000 ¢ menpio BBIIE-
JIEHWS PETHOHAIBHBIX JUHEHHBIX MOPGOJIOTHYSCKHX SIWHMII pelbeda (Mop-
¢dorpaduueckux nmHeameHTOB, linear morphological feature). Ha mpumepe
OTpaHUYEHHOM TEPPUTOPHUM MOKA3AHO TAKXKE, YTO METOJIUKA MPUMEHUMA U IS
KpYITHOMAcCIITaOHOr0 MOP(OMETPUIECKOTO aHaJIH3a C LENbI0 JACTATBHOTO H3Y-
YEHUS CTPOCHHUS MOPPOCTPYKTYP.

Takum 0Opa3oM, OCHOBHBIM METOIMYECKUM PE3yJIbTaTOM JAHHOI'O HCCIe-
JOBaHMsI CIIEAYET CUUTATh Pa3pabOTKy HOBOI'O PAlMOHAJIBHOTO — JAOCTATOYHO
YYBCTBUTEJILHOTO U, B TO € BpPeMsl, HE TPYJOE€MKOI'0 METO0/1a, JOBEICHHOTO JI0
aJropuTMa BBIIIOJIHEHUS! COBOKYIMHOCTH IOCJTENOBAaTEIbHBIX MPOLEIyp BbIeE-
neruss MOpocTpyktyp mo naHubiM LIMP u ux wuneHtudukamuu mo reo-
JIOTHYECKUM IPU3HAKaM.

Boinenennsle npemiaraeéMbiM METOOM MOP(GOCTPYKTYpPbI COTJIACYIOTCS ©
JaHHBIMU TIPEIBIAYIINX HccienoBaTeneil. B To ke Bpems, METOH IO3BOJIHI
BBIJICIUTh HE OMHCaHHbIE paHee MOPHOCTPYKTYPHI M, YTO HE MEHEE BaXKHO,
MOJYYHTh HOBBIE JaHHbIE O CTPOCHHUHM M IPOCTPAHCTBEHHBIX B3aMMOOTHO-
HICHUSIX Hambojee 3HAYMMBIX MOP(MOCTPYKTYp Ha HM3YyYEHHOW TEPPUTOPHH.
OcCHOBHbBIE HOBBIE CBEJICHHMS, IOJIyYEHHbIE IO YKa3aHHBIM BONPOCaM, IpPHUBE-
JICHbI HUKE.

Kpynsbie MOPOCTYKTYpBI UMEIOT CI0XXKHOE CTPOCHHE, IOMUMO Pa3JIOMOB,
OIMMCAHHBIX (KaK YCTAHOBJICHHBIX WJIHM TPEAINONaraeMbiX) U OMyOJUKOBaHHBIX
paHee, TaKXKe BKIJIIOYAIOT B3aMMHO IapajjielibHble dYepeayIouluecs BKpPecT
MPOCTUPAHUS,, IPEPHIBUCTBIE MO  MNPOCTUPAHUIO  IOJIOXKHUTENbHBIE U
orpuuaTenbHbie Gopmbl penbeda. OnrcaHHas COBOKYNHOCTb JHHEHHBIX (OpM
penbeda cocraBnsieT 30HY mepeMeHHON mmpwHBI 10 10kM u Oomee. Takoe
CTPOGHHE B CBOIO OUYE€peAb MNPEACTABIAETCS MPHU3HAKOM MOP(GOCTPYKTYPHI.
Haubonee npotsbkeHHass MOPPOCTPYKTypa UMeeT KaBKa3ckoe rnpoctupanue C3
310°-320°, ona ¢ ceBepa orpanuMueHa 'apHHMICKMM pa3ioMOM, KOTOPBIH MO
pe3ynbTaTaM IJaHHOTO HCCIEIOBAaHHWA MMEET OONBIIYI0 MPOTSHKEHHOCTb, YeM
ONMCAHO TMPEBIAYIIMMHE uccienoBarensiMu. ClienyeT OTMETUTh CJI0XKHOE
CTPYKTYpHOE B3aHMMOOTHOIICHHE JaHHOW MOP(OCTPYKTYpPHl C KOJbLEBOH
CTPYKTYpOH, BBIAEJICHHOW paHee OJHMM W3 aBTOPOB JAHHOW CTaThH, BBI-
PaXEHHOE B TOM, YTO YaCTh JIMHEHHON CTPYKTYpPHI NPOJOIKAETCS B KOJIBLIEBOM
CTpYKType 0e3 W3MEHEHHWs TPOCTHUpPAHHS, OJHAKO 3aMETHBIM 00pa3oM H3-
MeHsIeTCsl ee cTpoeHue. Bropas 4acTh (10)KHas BETBb) OTMOAET KOJBIEBYIO
CTPYKTYPY C MOCTENIEHHBIM U3MEHEHUEM POCTUPAHUS JI0 IIUPOTHOTO.

BBuay TOro, 4T0 OCHOBHOH LIE€TIHIO HCCIIEAOBAaHMS OblIa OLICHKA Ipeasiarae-
MOT0 METOJia, OHO OBLJIO BBIIIOJIHEHO B CPEeAHEM KapTorpaduyeckoM macmrade
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Ha OrpaHMuYeHHOM Iuiomanu. [lo 3Toil ke mpuYMHE Mbl OrPaHUYUIUCH OIH-
CaHMeM YacTH Pe3yNbTaTOB W HE CTaBWJIM 33Jla4d ITOJHOTO BBIJEIIEHHUS BCEX
BO3MOXXHBIX MOP(HOCTPYKTYp HCCIEIOBAHHON TeppuTOpuHu. Takyio 3amady
1Ieeco00pa3HO MOCTABUTh B JANBHEUIIEM JJI BCEH TeppuUTOpUUd ApPMEHUH,
KOHEYHOHN IIeIbI0 KOTOpPOH OYyIeT IMOCTPOSHUE KapThl JIMHEHHBIX MOpPQO-
cTpykTyp mMacmrada 1:100000.

ABTOpBI BBIpaXAIOT MpHU3HATENBHOCTH wWieH-kKopp. HAH PA P.JI. Men-
KOHSIHY 32 03HAKOMIIEHHUE C PYKOMFHCHIO CTAThH U MOJIE3HBIE COBETHI.
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OGLPESD 09U3PL UNTYELD YELLOARONRE3UUE PGLPGIP
QOUSDPUL QEYErP SULULRUSUUL UBENYL NB UMIBSNRLRLENT
UrULU QESk UPRPL 2Z0UULLE UUQULE QUL Uk Orhulund,

Uduqui U. U., Qynjui Z. [}, Pojuwgpui 9. (2., Swpuujwi L. Z.
Udthnthnid

znyJuénid ujupugpynud  hinhtwlubph Ynnuhg dowljyus nk-
1htdh pYuyhtt Unpbjh ((2EU) dhwswthwuljui Jtpnidnipjut thengny
b htdh mwpwswopowiughtt gduyhtt Awpwwjutt thwynpubph pw-
guhuyndwt dbpnngp, htyywbu twb tkpjuyugynud tu Zuywunwh b
Lwjuholwih b2 nwpwspnid’ Upwpu ghnh w]uquimd nyjuy dkpnnh
Yhpwndwdp uinwugwé wpnyniupubpp:

Utpnnyp hhdws E ndjuy juunphtt idhpdus ks pyny ntunidbw-
uhpmipjniiubph thnpdh Jpu b tbpwnnd E htnlyw) hwenppupwip
Juwnwpynn gnpénnmipiniuubpp. 1) (MEU-hg unugdus dbwsmthuljut
$npuw) hwnlubhpbbph wpwbjuwybu jwiekph phpmpynibubtph b
ynnutwunpnipjniutbph hhdwt ypw nbihtdh qdwyhtt nuppbph pugw-
huynid; 2) pmgwhwjnus gdwyhtt mwupptph gindnpdninghwljut tny-
twlwbtwgnidp jud nputg punpnonidp npytu nkjhkbh ppuljui gdw-
jhtu dukp; 3) Puguhwjnwsé qdwjht mwupptph junpnigquspwihtt tiny-
twuiugnudp pun Eppuputulju hunlubhoubph hwpldh wnlikyng
npuig nupuwsujut juwulgusnipmiip yundwlut tplipuwowp-
dtiph twhlkunpnuutph, dbnwunuliwt hwipwduypbph b Gphwlnud-
ubkph, htywbu bwlb hwipwjht optiph wnpnipubph htwn:

Ljupugpyué dbkpnnny hpujwbhwgyt) £ Ukpdwpwpuyut gindnp-
dninghwjut gnuint dwpuwthiyu hwndwsh 1:100000 dwupwnwph dnp-
Inubnphwljutt pupnkqubph JEpndnipmnii: Niunidtwuhpywsd nw-
puwépnid pugwhuwjnybty] Bu nbihEdh qdbuwyhtt wmwppkp, npntg wywwn-
Juubnipiniup Unpdnjunnigusputphtt hhdtwynpjws k gindnpdnin-
ghwljut, Yunnigjubspwjhtt hwwnuwthpubpny, Epypwowpdtph twh-
yEtwnpnuubph, wnmwpkp dbnwunujut hwipwjuugnidutph, hwupwjht
optph wnpmipubph htn npputg mwpwswlut juyuwlgusdnipjudp:

Pugwhwjnjws wowyl] junonp Unpdnljunnigyuspp 1404d tplw-
pmipjudp nhhbbh gduyhtt mwuppbiph hwdwlwupg £ b nwwpwdynmd k
zuUpd 315° niqnnipjudp: Uju ghunwplynud £ ujuws hbnwugnndus
nwpwsph hu-wplidnywi uvwhdwihg Swnth gninh spowbnid, vwljuy
npubnpynud E bl mupwsph wpbdnyut vwhdwubphg nnipu:
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Zudwlupgp Juqujws b dqynn puguwuwlui gduyhtt mupphg b
npu qniquhtn, punhwwnyny, Ynihuwdl mEknuljuydws dh pupp npu-
Jut b puguuwlub gdwyhtt mupptphg:

Zudwlupgh (uyumpiniup b jupnigquspp nwpwsdwb ninnni-
pjudp thnthnhuynid ke

Yunnigquépny tdwl nbihtdh qduwyhtt mwuppbph Epypnpn Eplunp
hwdwlwpgp, npp hwynbwpbpyty E ntuniduwuhpnipjut nupuspnid,
nith wnbnutdwt Yntbhgmipughu b wylbkh pwb 704d punhwnip
Epjupnipnit: Zuynbwpkpdl) Bu twb wy) junnigdusp b mwupusnid
niukgnn phhk$h gduyhlt wwppbp, wyn pymd dhgopbwljwith ninnn-
pjudp 4qynn, npp owpnibwlynid L wwpwsdl] nrunidbwuhpdus
nwpwsph uwhdwbiikphg nnipu’ nuh hyntuhu:

THE METHOD AND RESULTS OF THE LINEAR LANDFORMS
EXTRACTON USING DEM ANALYSIS DATA, ON THE LEFT BANK
EXAMPLE OF ARAKS RIVER MIDDLE STREAM BASIN

Avagyan A.A., Uloyan H.R., Boynagryan V.R., Tarasyan N.H.
Abstract

The article describes the method developed by the authors for revealing
Earth surface regional linear morphological features (morphographic linea-
ments) by morphometric analysis of a digital elevation model (DEM). It also
presents the results of the method application on the territory of Armenia in the
Araks river basin.

The method is based on the experience of a large number of studies
devoted to this issue and includes the following successively performed
procedures: 1) revealing of Earth surface linear features by formal mor-
phometric indices extracted from the DEM, mainly based on the analysis of
slope and aspect maps; 2) geomorphological identification of the revealed linear
elements or their definition as real linear landforms; 3) structural identification
of the revealed linear landforms, i.e. proving their identity with morphostruc-
tures according to geological features — their coincidence with the spatial
localization of the epicenters of the historical earthquakes, ore deposits, mineral
water springs, as well as the consistency of the identified morphostructures with
the data of previously published articles and maps.

The described method was used to analyze morphometric maps at a scale of
1:100.000 for the left-bank part of Araks river geomorphological zone. Using
the described method, linear landforms were identified in the studied area.

The largest morphostructure revealed in the research area is a system of
linear landform elements which is 140 km long and has a stretch of NW 315°. It
has been traced starting from the western border of the studied territory - in the
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area of the village of Garni, however, it was also discovered beyond the western
border of the studied area. The system consists of a negative linear landform,
and, parallel to it, of a series of discontinuous, echelon-located positive and
negative linear elements.

The width and structure of the system along its stretch are variable. Along
the entire length of the system, its northern border can be traced clearly and
practically without interruption. This morphostructure was previously described
as —the largest tectonic fault” in the Araksian geomorphological zone.

The second-longest system of linear landform elements, found in the study
area, has an arcuate configuration and a total length of more than 70km. It
spatially coincides with a deep fault established from geophysical data and a
zone of reverse-thrust movements.

Morphostructures of a different structure and orientation were also found,
including extended meridional structures penetrating northward beyond the
boundaries of the study area.
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Hebnmur HedTH M raza Ha MHPOBOM PBIHKE 3aCTaBHJII MHOTHE CTpPaHBI HCKATh
HOBBIC HCTOYHHKH SHEPTUH. Y CHIIIIIOCH BHUMaHHE K TBEPBIM BHIAM TOIUINBA, B TOM
YHCIE U K TOPIOYMM CJIaHIIaM, 3arachkl KOTOPBIX MMEITCs Ha Tepputropuu Oosnee 80
CTpaH U 3HAYMTEJIbHO IPEBBIIAIOT U3BECTHBIE 3aI1achl )KUAKUX YTJIEBOJOPOJOB BMECTE
B3ATBIX. [Opioune CHaHIBl CcOAepKaT TAaKXKe IIOBBINICHHBIE KOHIIEHTPAINH
OIIaropoOJHBIX M PEIKHUX 3JIEMEHTOB, U MOTYT OBITh HCIONB30BAHBI JJISI KOMIUIEKCHOM
nepepaboOTKH, M3BJIEHYCHUs] METAJUIOB M NPOM3BOJCTBA roproymx rasoe. Ha rteppu-
TOpUM ApPMEHHM HU3BECTHBI OKOJIO 50 MECTOPOXACHUM U MpOSBIEHUN yTieH, yriuc-
TBIX ¥ TOPIOUNX cinanneB. OHU PacIoarafoTcs B BUAE IBYX MOJIOC, MPOTATUBAIOIIUXCS
C CeBepo-3armazia Ha I0ro0-BOCTOK; OHA M3 HHUX NPOXOIWT Ha ceBepe, Apyras — Ha [ore
ApmeHnuu. Briepsble IpUBOJATCS HOBBIE JAHHBIC [0 METAIJIOHOCHOCTU YEPHOCIIAHIIe-
BbIX (hopmarMii ApMEHHH TNOJYYEHHbIE COBPEMEHHBIMH BBICOKOTOYHBIMH aHAJIMTH-
YECKIMH METOJAaMH HCCIIeIOBaHMH, OOCYXIAIOTCSI MEePECHEKTUBIBI KOMIUIEKCHOTO
UCIIONB30BAHMS YePHOCTAHIEBBIX (pOpMaIiii IS MOTyUEeHHS METAUIOB U MOTydeHHUS
TOPIOYMX Ta30B METOJIOM r'a3u(HKaLINH.

[MouckoBble paboThl B ApMEHHH Ha yrojb U TOPIOYHE CIAHIBI, a TaKXKe
OUTYMUHO3HBIE KOMIUIEKCHI, MPOBOJAWINCH Ha MPOTSDKEHUH [JECATKOB JIET.
OnHako B LIEJIOM M3YYEHHE TOIUTMBHO-3HEPIeTUYECKUX PECYPCOB PecIyONnKu
HOCWJIO HETIAHOMEPHBIH, OECCUCTEMHBIM XapakTep U B HACTOALIEEe BpeMs Ha-
XOJUTCSI B HEYJIOBJIETBOPUTEIBHOM COCTOSHUHU. Tem Ooisiee, 9TO MMEIOLTHECS
MIPEAMOCHUIKH JIJIsl PACIIMPEHHSI CHIPHEBOM 0a3bl TBEPIBIX TOPIOYMX TOJE3HBIX
HCKOIaeMbIX TPeOYIOT MPOJOIDKEHHST HCCIIEA0BAHHM, TOCKOJIBKY YU U TOPIO-
YHe CJIAHIBI MOTYT COCTABUTh 3HAUUTENBHYIO J0JII0 B JHEPreTHYECKOM OanaHce
PecnyOnuku ApmeHust.

B Apmenun uzydeHo u pazBenano Ooisiee 16 MectopokaeHuil Oypbix yrien
Y TOPIOYMX CIIaHIIEB, OJTHAKO B CBSA3M C WX HU3KMM KaueCTBOM, OHH OTOpa-
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KOBaHbI KaK HENEpCIIeKTHBHbIE HA TOIUIMBHOE chipbe. Ho TBepaple roproune
HCKOTIaeMbIe UMEIOT U JIPYTYI0 —TOPOHY  IMOJIE3HOCTH — METAJUIOHOCHOCTH. 3a
MOCJICIHUE AECATUIICTUSI B MUPE HAOJIOAaeTCs HMOBBILICHHBIH HHTEPEC K Ipo0-
JIeME€ METAJUIOHOCHOCTH YepHBIX claHIeB. [IoBBIICHHBIE COAEpX aHMs 30710Ta,
cepebpa, peaKuX METaUIOB M IUIATUHOMAOB B YEPHOCIAHILIEBHIX KOMIUIEKCAX
MOTYT MPEICTaBIATh COOOW MPOMBILIUICHHBIH HHETPEC.

MHOro4nCIeHHBIE MCCIEN0BaHMs MO ANBIUICKOW reonmHamuke Manoro
KaBka3a n 3aKOHOMEPHOCTAM IPOCTPAHCTBEHHOTO pa3MEINEHHUs PYIHBIX U
HEPYIHBIX MECTOPOKACHUM, B 3aBUCHMOCTH OT T'€OAMHAMHUYECKOI'O PEeXHUMa
pa3BUTHs CKJIaa4aThix obnacteit Apmenun (Mecponss, CapkucsH, 1956 u np.),
MO3BOJIMJIM TEOPETUYECKH Tpe/AcKa3aTh, a B IOCIEAYIOMEM — MPaKTUYECKH
JI0Ka3aTh MEPCHNEKTUBHYI0 METAJUIOHOCHOCTh TEPPUTCHHO-YIJIEHOCHBIX KOMII-
nexkcoB Apmernnu (AnosH .I1., Anmosta ILI., 2003; Anosa I'.I1., Anosa ILT.,
2010; Anosa I''I1., Anosa I1.I. 2012). DT KOMIIIEKCH UMEIOT IIUPOKOE pac-
npoctpaneHue B ApmeHnu. OHHM IIPEICTABICHBl TEPPUICHHO-YITICHOCHBIMH U
TEePPUTreHHO-KapOOHATHO-YTTICHOCHBIMH OTJIOKEHHUSIMHU C TIepeciianBaHUEeM Ma-
JIOMOIIHBIX MavyeK OyphIX YIiei, TOPIoUnX CIaHIeB, ONTYMUHO3ZHBIX YHUDHUIIN-
POBaHHBIX aprHJUIUTOB, IECYAHUKOB M NU3BECTHSAKOB, TIMHUCTHIX CIIAHIIEB, PEXe
aHne3uToB, TyhduToB, TypokoHrIOMEepaToB U TydoOpekunit. OOmas Mori-
HOCTh KOMILJIEKCOB CHUJIBHO BapbUpPyET U cocTaBisieT B cpeaHem ot 60-120 mo
200 M. OHU IPOCIIEKUBAIOTCS MO MPOCTUPAHUIO HA COTHU METPOB, & B OTHEJb-
HBIX cIy4asix oT 2-3 o Skm (AcnansiH, Pynssackwuii, 1954; HyOapsin, AtabeksiH
u ap. 1996; I'eonoruss Apm. CCP. Hemeramnuueckue Moje3HbIe HCKOTIaeMBbIE.
Towm VII. Epesan 1966. 570c.).

BospacT TeppUreHHO-yriIeHOCHBIX KOMIUIEKCOB Ha TEPPUTOPUH APMEHHH —
OT HW)KHETO TpHaca J0 IUIMOIeHAa (Tpuac, [opa, H0LEH, OJIMTOLECH, MHUOLEH,
IUTMOLIEH), YTO CBUAETEJILCTBYET O MHOTO3TAIIHOCTH OPYJCHEHHUS B TEUECHHUE
Bcero (anepo3os. B OoNbIIMHCTBE clydaeB 3TH OTJIOKEHHS UMEIOT TOJIOTHE
najieHusi U OOHAXKAIOTCSI Ha TOBEPXHOCTH WJIM 3aJIeraloT Ha HeOONBIION
rIyOrHEe U OJIarOnpHUsITHEI JUIsE OTKPBITON TOOBIYH.

TexHomornyeckrue uccienoBanus mo oodoramenuto (AmosHa [.I1., AmosH
ILT., 2010) yriieHOCHBIX OTJIO)KEHWH APMEHHH, a TaKKe M3BICUCHHUIO U3 HUX
O5aropoJHBIX METAJUIOB M PEAKHX 3eMeHToB (MapTupocss, AipaneTsH u ap.,
2015; AwipanersH, Maptupocss, 2015), nmokasanu NpUHIUIHAIBHYIO BO3MOXK-
HOCTHb TIONYy4YEHHsS KOHIWIIMOHHBIX KOHIIEHTPATOB C W3BJICYEHHEM 30JI0Ta,
cepebpa, TNIATHHOUAOB, PEIKUX U YEPHBIX METAIJIOB.

C y4yeToM MEepCHeKTUBHOCTH YKa3aHHOW TEMaTHKH B ApMEHHHM Npea-
Jlaraetcs MPHUCTYNHUTh K BBINOJIHEHUIO KOMIUIEKCHOW IMPOTrPaMMBI, BKIHOYAIO-
el Kak MccieqoBaTeNbCKUE, TaK U Te0JI0ro-pa3BeiouHbie paboTel. B cBs3m ¢
MEPCIEKTUBHOCTHI0 KOMIUIEKCHOTO HCIIOJIL30BaHUSI OYpPBIX YIJIEH U TOPIOYHX
CIaHIIEB ISl TIOMyYeHHUsS] TOPIOYHMX Ta30B W METAUIOB, B paMKax COTPYIHH-
yectsa Mmexny UT'H HAH PA u CII6I'Y, Hauatel paboThl 10 M3YYEHHIO TPO0-
JIEeMbl PalMOHANBHOTO HCIOJB30BaHUSI OYpBIX YIJIEH W TOPIOYHX CIIAHIEB C
KOMILJICKCHBIM H3BJICYEHHEM LIEHHBIX METAIJIOB.
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Kpartkue cBegeHust 0 reoJiloru MeCTOPOKICHUH YIJIsl M
rOpIOYMX CJIAHIEB APMEHUHU

st m3yueHus mpoOsieMbl HAMH YXKe OMpoOOBaHbl HEKOTOPBIC MPOSIBICHUS
u mectopoxaenus (puc.l). M3 MHokecTBa 0OBEKTOB HaMH BBIOpaHBI T€, KO-
Topble (U3NUECKH HanOosee MOCTyIHbIe M MHPOPMATUBHBIE C T€OJIOTHIECKOM
TOYKH 3pEHUSI.

Hooicesanckoe mecmoporicoenue BoisiBieHo B 1972r. B paitone mecto-
POKIIEHHUSA 3aJIeTaeT MOIIHAS BYJIKAaHOT€HHAs TOJIIA CPETHEH IOpBI, CI0XKEHHAS
KBaplEeBbIMH MOpdUpaMu U UX OPEKUYHMEBBIMH PAa3HOBHIHOCTSMU, IUIArHOKIIa3-
MUPOKCEHOBBIMU MOP(GUPHUTAMH, CIOUCTHIMH BYJIKAHOTCHHO-OCAIOYHBIMHU TI0-
ponamu.

HazemubiMu BBIpaOOTKaMH YTIICHOCHAs CBUTA TMPOCIEKEHA IO IMPOCTHU-
paHUIO HA MPOTSHKEHWH 2KM, K 3alaay OHa MEPEeKPhIBACTCS aLTIOBHAIHHBIMHU
oTnokeHusIMU. [IporHO3HBIE pecypchl MECTOPOXKACHUS OIleHUBaroTcst B 150-
200 MTH. TOHH.

[icadacypckoe mecmopodricoenue 0yporo yris pacrosiokeHo B Illupak-
CKOM Map3e ApMeHuH, B 12 KM K ceBepy OT k.-A. ¢T. JKaKyp.

Momnocte yrneHocHod Tommu  100-130M. IIpomykTuBHON —sBisieTCs
HWDKHSISI 9acTh TOJINW, BKITIOYAIONIAs MIECTh CONMKEHHBIX IUIACTOB JIUTHHTA,
o0I1asi MOIIHOCTh KOTOPBIX HE MpeBbIIIaeT 16M. 3amachl yriel MOJCYMTAHBI
(Tapasn, 1942) B xonnyectBe 565,0THIC.T 110 KaTeropusiMm A+B+C; u 241,0 toIc.
T 320aJJaHCOBBIX CAYKUCTHIX YTIICH.

Junuscanckoe mecmopoxrcoenue YriaucThIX W TOPIOYUX CIAHIIEB PACIIO-
JIO’)KEHO B OKPECTHOCTSAX T.JMIFKaH W MPOCIEKUBAETCS BIIONb CPETHErO Te-
YeHUs p.ArcTeB Ha MNPOTSHKEHUH A0 2KM. PalloH MeCTOpOXAECHHS CIOKEH
OTJIOKCHUSIMU BEPXHETO MeJla, DOIICHA, OJIMIOICHA W MOCTIuTHoleHa. [IposB-
JIEHUs YTJIeH, YTIUCTBIX M TOPIOYHX CJIAHIEB MPUYPOUYEHBI K IeCYaHO-TIIH-
HHUCTBIM OTJIOKEHHUSAM, OTHOCSIIUMCS 110 Bo3pacTy (mo ganHeiM K. H. IMad¢en-
roJibIla) K DOIEHY. YTJICHOCHBIE OTIOKEHHS UMEroT MoIHOCcTh 80-90M. ['eo-
JIOTUYECKHE 3aI1ackl OpPUEHTHUPOBOYHO OLEHUBAIOTCS B 150MITH. T.

JIcepmanucckoe mecmoposrtcoeHue Yriisg U YIIUCTBIX CIAHIICB HAXOJIUTCS
B ApaparckoMm map3se, BOim3u r. Bemu. MecTopoxXaeHHe MPUypoOvIeHO K IOXK-
HOMY U IOTO-3alaJHOMYy Kpbu1y J[KepMaHUCKOW OpaxWaHTHKJIMHAIH, B SPE
KOTOpOI OOHAXKAIOTCSA M3BECTHIKH HIKHETO - CPETHETO TpHaca. 3amachl yriei
Y YIJIMCTBIX CIIAHIEB, IMOJICYUTAHHBIC 1O Kateropuu C; B KonndecTBe 225ThIC.
TOHH, OTHECEHBI K 3a0a1aHCOBBIM. [I[pOTrHO3HBIE pecypChl - 2MITH. TOHH.

Hllamymckoe mecmopostcoenue yrisi U yrIUCThIX CIAHIEB PACIIONOKEHO B
Jlopuiickom map3e, B okpecTHOCTsX c. IllamyT. YrieHOCHas cBUTa CpeIHEro
D0IIeHA B BUJIE Y3KOU ITOJIOCHI TIPOCIICKUBACTCS C 3aMaqHou okpanHsl ¢. [llamyT
- Ha BOCTOK JI0 C. ATaH.

ITo mamueiM [1.I'.AnosiHa, comepikaHue 30JI0Ta B MPOOaxX W3 HA3EMHBIX
BBIPa0OTOK cocTaBisieT oT cieaoB fo 0,3r/tT, a cepedpa — ot 0,7 mo 6,3r/T. [lo
MIEpBOMY U BTOPOMY IJIaCTaM MPOU3BENEH MOJCUET 3aMacOB YTIUCTHIX CIAHIEB
o kareropuu C; — 1909, 41pic. TOHH.
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Puc.1. Cxema pacrosioxeHus: orpoOOBaHHBIX MECTOPOXKICHUH 1 IPOSBICHUIT

banoueanckoe mecmoposcoenue TopouNx CIaHLEB PACIOI0XKEHO B paio-
He c. Bepxuuii banaueasn, B 27xkM ot r.['tompu (JIenuHakan).

B ocHoBaHuMM CBHUTBI OTMEHYaeTcsi CiIOHM 0a3aJbHOrO KOHIJIOMeEpara C
rajbKaMy U3 MOJICTUIAIOIINX TY(QOTreHHbIX MOPOJ 30IeHa. Bolme oTMmedaercs
YepeloBaHWEe TOPIOYMX CJIAHIEB, aprIJUIMTOB U AJIEBPOJIMTOB C MPOCIOSMH
Meprens 1 NecyaHuka

['oproune ciaHIBl MECTOPOKACHUS MPEACTABIISIIOT CO00H aleBpPOIUTOBYIO,
[JIMHUCTYIO, MHOT/Ia M3BECTKOBHUCTYIO IIOPOAY, KOTOpas IO BHEUIHEMY BHIY
[IOYTH HEOTJINYMMA OT BMEILAIOIINX €€ PACCIaHIOBaHHbBIX aJIEBPOJIUTOB.

Hop-Apesukckoe (Mezpunckoe) mecmopocoeHnue. 31ech BbISIBICHA May-
Ka IECYaHHUKOB C TUIACTAMU YTIIMCTHIX CJIAHLIEB U MIPOCIOSAMH YTJIsl, 3ajeraromas
Ha rpaHoxuoputax MerprHCKOro IUTyTOHA W MPOCIEKHUBAIOLIAsICA MO MPOCTU-
PaHMIO Ha MPOTSDKEHUU OKOJIO 2 KM. MecTOpoXKIeHne HaXOUTCs K BOCTOKY OT
c. Hop-Apesuk CIOHHKCKOTO Map3a.

Hop-ApeBukckoe MeCTOpOXKACHUE Oyporo Yrilsi W YIIHCTHIX (TOPIOYHX)
CJIaHIEB Malo M3y4eHo. 3amachl roprovnx cianies (mo A.H. Hazapsny), mon-
cunTaHHbIe MO0 Kateropusm B m C,, s ogHOro ydactka cocraBisior 374,0
THIC.T; OOIIME TNPEONONIOKUTENbHBIE 3aMachkl OleHMBarOTca B 3muH. T. Ilpo-
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BEJICHHBIE HA MECTOPOXKICHUHM PAaOOTHl MOXKHO KJIAaCCH(PUIUPOBATH KaK IOUC-
KOBO-OLICHOYHBIE C ITOICYETOM 3aIacoB.

Bo3spacT cBUTHI matupyeTcs KaKk HIOKHHN TUTHOIICH (MEOTHC-TIOHT). BEIsSB-
JeHbl 6 TUIACTOB YIJIMCTHIX (TOPIOYMX) CIAHLEB, MOIIHOCTBIO 10 6,5M. Ha
ydacTke XaBOT MOACYUTaHO 0KoJI0 600 THIC.T yrIHMCTHIX ciaHueB. OxxugaeMble
MIPOTHO3HBIE PECYPCHI IIs1 MECTOPOKIEHHS — 3MIIH.T.

Pynuple MuHepanbl NpeAcTaBIE€Hbl MUPUTOM, MApKa3sHUTOM, MarHETHUTOM,
reMaTUTOM U CaMOpOAHBIMU Au, Ag 1 MIIT.

Xnozopymckoe npoaenenue OUTYMUHO3HBIX U3BECTHSIKOB PACIOI0XKEHO B
Baiion JI3opckom map3e, BOim3M ¢. XHA30pYT. MeCTOPOKICHHE MPUYPOUCHO K
OpaxMaHTUKIMHAIBHOW CTPYKTYpE, CIIO)KEHHOH BEpPXHENEPMCKUMH OTIIOXKE-
HUAMHU. MecTOopoKAeHHE CII0KEHO TEMHO-CEPhIMH, TOHKO- M CPEIHECTIOUCTBIMU
MEPMCKUMH OUTYMOCOACP)KAIIMMHU HM3BECTHSKAMH. XapakTep M COAepKaHUe
outyma ¢ TITyOMHOW HE MEHSETCSI.

Ypuaozopckoe npossnenue OUTYMUHO3HBIX W3BECTHAKOB PACIOIOXKEHO B
ApapaTckoM Map3e B Ipejienax Y plaa30pcKoro aHTUKIMHAPHUS, OCIOKHEHHOTO
BTOPOCTETIEHHON CKJIAaA4aTocTblo. B 3Toll cTpykType Hambonee ApeBHUMHU
OTJIOKCHUSIMH SIBJISIIOTCSL MOPOJBI BEPXHEro NEBOHA. 3/IeCh OMTYMHWHO3HBIC
MOPOJBI OTHOCSTCS K HIXKHEMY KapOOHY M MMEIOT LIMPOKOE PaclpoCTpaHEHHUE
u 6ompiue MomHocTH (0T 20 1o 160M).

Takum 00pazoM, YepHOCIAHLEBbIE (OPMALIMK MOIB3YIOTCS LIMPOKUM pac-
MIPOCTPAaHEHUEM Ha TEPPUTOPUU APMEHMH M HMEIOT BO3pPacT OT HHXKHEro
TpHuaca 7o mironeHa. Ha HeKoTophIX 00beKTax MPOBOIWINCH T'€OJIOTO-Pa3Be-
nounsle u3bickanus (AjosH I.I1., Anosn ILI., 2010) Ha GmaropoaHsie Me-
TaJuIbl ¢ TexHonorndeckum onpobosanuem (Hop ApeBuk u [[xepmanwuc). Ilo
COJCp)KaHUIO METAJUIOB OBUIM MOJNydeHBl Oojiee 4YeM YHOBIECTBOPHUTEIbHBIC
pe3yabraThl. OnHaKO HEOOXOIUMO MPOBECTH KOMIUIEKCHBIA aHaJIM3 BO3MOXK-
HOCTEW HMCIOJB30BaHMS STHUX 00pa3oBaHMI HA COBPEMEHHOM aHATUTHUYECKOM
ypoBHe.llens paboThI - ONpeneauTh BO3MOXHOCTH JE€TAIBHOTO KOMIUIEKCHOTO
aHaJM3a YepHOCJIAHIEBBIX (opMalii ApMEHHH C OIEHKOW Ha COBPEMEHHOM
YPOBHE U NEPCIIEKTUB UX UCTIOIb30BaHHA.

MarepuaJj u MeTOAbI

Marepuanom Jyiss MCCIEIOBaHUS TMOCITYXHWIH 00pa3mbl Mpod M3 MeCTo-
pOXIeHN ApMEHUH, KOTOphie yKa3aHbl Ha cxeme (puc.l.). [IpoObl oToOpaHbI
CHM3Y BBEpX IO pazpe3am TOJIIL.

Jns aHanu3a pacmpenesieHHs B YEpHBIX CIIaHLAX PEHHs U DJIEMEHTOB-
pUMecel HCIONB30BAH MEMmo0 MAacc-CHeKmpoMempuy ¢ UHOYKMUBHO-
cesazannot naasmou (LA-ICP MS).

[Tpu 3TOM NPUMEHSITH METOIONOTHIO M aITOPUTM aHaIN3a, pa3padOTaHHbIH
s Oypeix yried (OnelinukoBa u ap., 2015). Iy pasnoxeHus o0OpasiioB W
pacTBOpeHHs cOJiell NPUMEHSUIM a30THYIO, COJISIHYI0 U (TOPOBOJOPOAHYIO
KHCJIOTBI 0CO00# YHCTOTHI, IOTOJIHUTEIBHO OUMIIEHHBIE MEPErOHKOM, a TaKkKe
JIEMOHU3UPOBAHHYIO BOLy. AHAIU3 MOJATOTOBICHHBIX PACTBOPOB MPOBOAMIN HA
npubopax Agilent-7700 u ELAN-6100 DRC.
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AmomHo-abcopoyuonnas cnekmpomempus TTO3BOIIAET MPOBECTH KOIHIECT-
BEHHBII aHANIM3 Ha coaep:kaHue Onaropomueix metaimioB (Au, Pt, Pd, Os, Ir,
Ro, Ru), KoTOpEIil OCYIIECTBIISIIN 110 METOANKE ITOJIHOTO KUCIIOTHOTO BCKPBITHS
C IomyaBiieHHeM ocTaTka. HaBecky mucreprtoii mpoosl Maccoit 10 1 pasnaranu mo
MeTOoAMKe, pa3paboTaHHOl B 1abopaTopun. Crocob pasinokeHus: npod OCHOBaH
HA YaCTUYHOM HEOKHCIHMTEILHOM Pa3pyLIEHUH MPOObI CMEChIO KHUCIOT, Mpo-
MBIBaHWH, BHICYITUBAHUH M 030JIEHUHM OCTATKa, CIUIABICHUH €ro C TePOKCHIOM
HaTpUsA W PACTBOPEHHWH CIIaBa B COJSTHOM KHCIOTe. BBemeHme B cMmech pas-
PYLIAIOMIMX PEareHTOB IIaBENIEBOM KHICIOTHI MPEIOTBpaIIaeT mepexoa Oiaro-
POIHBIX METAJIIOB B PACTBOP M 00ECIIEUNBACT BBIICIICHUE METAJUIOB B TBEPAYIO
¢a3y B cirydae, €ClId OHU MPHUCYTCTBYIOT B Ipo0e B BHJIE PACTBOPUMEBIX COJICH.
[ImaBukoBasi KMCIIOTa pa3pylliaeT CHIMKATHYIO MaTpHUIy MPOOBI, BCIEACTBHUE
4ero KpeMHHUH ynaisercs B Buue (TOpHIa, a cMech CepHOM W QochopHOit
KHCIIOT CIOCOOCTBYET BBITECHEHHIO (TOPWA-MOHA W3 TONyY4aeMbIX COJeH
npyrux MeTtamuioB. OcoOeHHOe 3HaueHHEe MMEET pa3pyIleHHe YTIEPOIHCTOTO
BEIIECTBA, YTO TMO3BOJSIET OTKA3aThCS OT MPEABApUTEIbHOM MpOoneayphl 030-
JICHUA YTJICPOAUCTBIX Hp06. Ananus IMOATOTOBJICHHBIX PaCTBOPOB ITPOBOJUIN
METOZOM aTOMHO-a0COPOLIMOHHOW CHEKTPOMETPHH C BIIEKTPOTEPMUUYECKOI
aToMu3anueit Ha nmpudopax Analyst-800.

I'eoxuMu4eckasi XapaKTepUCTHKA OPOJ
Pe3ynbraThl aHATUTHYECKUX MCCIICIOBAHUI MPUBEICHBI B Ta0JI. 1.

Tabmuma 1
Cpennue conepKaHus XUMHUYECKUX JIEMEHTOB B INIMHUCTBIX M YSPHBIX CIIaHIAX, I/T

X, YepHocnaHLEeBbIE I'muaucTeIe cnan- YepHslie C.']'IaHHI:.I
SOMEHT noposl ApMeHUN 1161 (CKiIIpoB (Ketrls,
(n=30) u nip., 2001) Yudovich, 2009)
U 1-75 3,7 8,5
\% 3-134 130 205
Mo 1-40 2,6 20
Cu 3-170 48 70
Co 5-435 19 19
Ni 3-104 74 70
Zn 2-133 93 130
Pb 1-120 20 21
Rb 5-150 150 74
Sr 25-504 330 190
Au 0,002-0,83 0,0033 0,007
Ag 0,06-10,5 0,072 1
Pt 0,002-0,0061 0,001 0,0009
Pd 0,002-0,027 0,001 -
Re 0,005-0,042 0,0001 0,3-0,8

53



HaunOonee BbICOKHE 3HAUEHMS II0 CPABHEHHUIO C KJIAPKAMU YCTaHOBJICHBI
IUIs 30J10Ta U cepedOpa. IlnatvHa m mamnanuil TpaAWLMOHHO NPHCYTCTBYIOT B
HE3HAYUTEIbHBIX KOJUYECTBAX, HO MOTYT PacCMaTPHUBAThCA KaK IIOIyTHBIE Jie-
MeHTHI. BriepBeie 3adUKCHpOBaHBI MOBBIILICHHBIE COACPXKAHHUS pPEHHs. Oie-
MEHTBHI-CIYTHHKH — BaHaAUHd M ypaH HE JOJDKHBI OCTaTbcsi 0e3 BHUMAaHUSI.
Cpenn xanbKO(QUIBHBIX 3JEMEHTOB IO MOBBIIICHHBIM COACPXKAHHUSIM BBIICIIS-
1oTcs (B mopsinke yObiBaHus kiapkoB koHmeHTparmn): Co, Cu, Ni, Mo, Zn, Pb.

B cBs3u ¢ TeM, 4TO Ha TEppUTOPUM APMEHUH IPUCYTCTBYET LIMPOKHUN
CIIEKTP MECTOPOXKAECHUM Ppa3HOro TeHe3rca M BO3pacTa, HEOOXOOUM HHIM-
BUIYaJbHBIN TOJAXO0/ K U3YUEHHUIO KaXJA0Tr0 U3 HUX.

W3BecTHO, 4TO (hopMUpOBaHHE MECTOPOXKICHUN B YIIEPOJUCTHIX TEPPH-
TCHHO-BYJIKAHOT€HHBIX TOJIIAX HOCUT KOMIUIEKCHBIN XapakTep U 00yCIOBJICHO
mpoleccaMy CeJUMEHTALUH, MeTaMop(du3Ma U HaIO0KEHHOTO MeTacoMaTu3Ma.
VYcTaHOBNIEHO, YTO MOBBILIEHHBIE COAEPKaHUSI OJIarOpOAHBIX METAVIOB B 4ep-
HBIX CJIaHLAX MOTYT KOHTPOJIMPOBATHCSI 30HAMH TPEIIUHOBATOCTH U OBITH
00YCIIOBJICHBI TOSIBIIEHHEM THAPOTEPMAIBbHO-METACOMATHYECKUX MPOIIECCOB C
nepepacnpeaeicHueM U npuBHocoM BM riyOunHbIME pacTBopamu (Kopobeii-
HuKoB, 1999; I'ypckas, 2000; Hulbret et al., 1992; Yu, 2009; Han et al., 2015;
Parviainen, Loukola-Ruskeeniemi, 2019).

Ilocnennue necsATUICTUS IMPUCTAIBFHOE BHHUMAHHME YACSICTCS PEHHIO B
YIIEPOOUCTHIX CIAHLAX, B KOTOPBIX HAKAIUIMBAIOTCS €rO IMOBBILICHHBIE COAEP-
xaHus. PeHnil kpaiiHe penko oOpa3yeT caMoCTOATENbHbIE MHUHEPaIbHbIE (HOop-
MBI, TIO3TOMY OH KakK M30MOp(QHas MpUMeECh MPUCYTCTBYET B cocTaBe Oojee 50
MUHEPAJIOB-HOCUTENEH M HaXOAMUTCA B PACCEIHHOM COCTOSIHUM B COCTaBe Op-
TFaHUYECKOr0 M TJIMHUCTOrO BemiecTBa. Kilapk peHus: B YepHBIX ClIaHIAX COC-
taBnsier 0,3-0,8r/T, 4TO Ha MIECTh MOPSAIKOB IPEBBINIAET €ro KIapK B oOca-
NOYHbIX nopoaax. O6nagarommidi opraHoQUIBHEIMUA CBOWCTBAMH, OH SIBIISETCS
XapaKTepHBIM 3J€MEHTOM yriepoaucTsix cianueB (FOmosuu, Kerpuc, 1994;
Mmuprt, Ilynanosa, 2009).

B nocnennee necsitunerue, Oiarojapsi pazpadoTKe COBPEMEHHBIX aHalM-
TUYECKUX METOJIOB, ONPENENICHHUs PEHUSI B YIIIEPOAMCTONH MaTpHie, ObUIM MO-
Jy4eHbl HOBBIE NPEACTaBUTENbHBIE IaHHBIE O PEHUEHOCHOCTH OOBEKTOB,
MPUYPOUYCHHBIX K OCaZOYHOMY uexiy. COBEpIIEHCTBOBaHHE aHAJIUTUYECKOTO
00OpYZOBaHHUS M METOJAWK OMNpEJCTCHUs PEHHs TO3BOJUIIO MPOBOJHMTH Mac-
COBBI€ aHAIM3BI C HU3KUM MOPOTOM ero oOHapykeHHs. Tak, B mpenemax oca-
no4yHoro dexna Bocrouno-Esponeiickoit mmardopmer (BEIT) mokazana reoxu-
MHUYECKas crienuanu3anus (Tadn.2) yriiepoaAucThiX U roprodnx cianueB (CMmbic-
10B, 1996; Enrainerues, 2019).

VYCTaHOBJIEHO, YTO PEHMEBYIO CIELUAIN3ALNI0 HUMEIOT JUKTHOHEMOBBIE
CIIaHIbl, TOPIOYHE CIAHIBI-KYKEPCHUTHI, YTJIEPOJUCTHIE CIIAHIbI PAa3INIHBIX
OacceiiHoB. CBf3p METAUIOB C YEPHBIMH CIAHI]AMH MOXET HUMETh TeHEeTH-
YeCKyI0 MPHUPOAY WU OBITh MPOCTPAHCTBEHHO-NIapareHeTndeckod. B mepBom
Cllydae HaJM4YHE CBA3M ONPEIENAETCS HATUYMEM OPraHWYeCKOH COCTaBIISAIO-
1Ield, BO BTOPOM - OOIIHOCTBIO 0CAZA0YHBIX 0aCCEHHOB, OJJMHAKOBO OJIaromnpHsT-
HBIX U1 (POPMHUPOBAHUS YTIIEPOANUCTHIX IOPOA M HAKOIUIEHUS! METayuioB. B
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Tabmuma 2
®opMyJbl FTEOXMMHUYECKOH CielMaNn3aluy yriepoaucTsix cianues BEIL u
MIPIIETAOIINX paiioHOB Ha Tepputopun Poccnu (CMbicios, 1996)

Bacceiin (mnomanp) Dopmyna reoOXUMHYECKOH CelHaTH3aluu
Bocrounas (poccuiickas)
qacth [Ipubantuiickoro 350Mo 160Sc 143Re 111Bi 75As 52U 24Cd 13Cu 12V 11Tl
OacceiiHa. 10Ag 10Au 7Pb 6Sb SHg 4B 4Co 3Zn 2F 2Sn 2Ni 2Nb
JIMKTHOHEMOBBIE CIIaHITbI
Bocrounas (poccuiickas)
yacts [Ipubantuiickoro 1000Re 160Sc 14Ag 11Mo 5Hg 4Pb 4B 3Zn 2Sn
Oacceiina. Kykepcutet
Spenrckuii 6acceiiH 112Re 101Cd 66Mo 27As 12Zn 7V 5Ag 5Ni 4Cu 3P 2Ba 2Cr
gfc“zz‘%?{'ne%pc“““ 165 Re 150Bi 50Mo 12U 7B 3Ag 3Pb 2Sn 2TI 2V 2Zn 2Hg
IIpumeuanue. Llugppa neped cumeonom snemenma 0603na1aem Kiapk KOHYeHmpayuu s1emeHma.

HacTosIllee BpeMs YEpPHOCIAHIIEBbIC (OPMALUM PAcCMAaTPHUBAIOTCS HApSAIy C
TPaJUIIMOHHBIMU pPyJaMH MarMaTH4ecKOTO IMPOUCXOXIEHHUsI B KadyecTBE IO-
TEHIMAJIbHOTO MCTOYHHKA OJIarOpOJTHOMETAIUILHOTO CTPAaTH()OPMHOTO OpyZAe-
HeHus. YUepHble CIaHIbl JalOT HOBBIA CHIPHEBOM HMCTOYHHUK 30JI0TA, PEHUS U
METAJUIOB IJIATUHOBOW TPYMIBL. B CBA3M ¢ 3THM Ba)XHO MOHHUMAaHUE UX pac-
npenencHus U GOpMbI HAXOXKCHUS B YSPHOCTAHICBBIX MOPOJIAX JUIsS CO3TaHUS
OCHOBBI ITPOrHO3UPOBAHUS, pa3pabOTKU MOUCKOB OOBEKTOB MOJOOHOI0 TUMA U
CO3JIaHHS CXeM 00OTaIeHHS.

(I)OprI HaAX0KACHUA XUMHYECKHUX 3JICMECHTOB

Cornacno H.U. CadpoHoBy, XMMHUYIECKHE SIIEMEHTHI HAXOAATCS B IPUPOJIE
B MHHEpaJIbHOM M Oe3muHepaiibHol (popmax (Cadponor, 1971). Ilocnennue
BKITIOYAIOT TPOCTBIE M CIOKHBIE MOHBI, KOJUIOMIHbIE, COPOMPOBaHHbIC U B3Be-
IeHHble YacTulpl. Kpome Toro, oHM pasfeneHsl Ha MOABIKHBIE M MPOYHO-
CBSI3aHHBIE 110 TIPU3HAKY M3BJIEKAEMOCTH M3 IOPOA MPOCTHIM BBIIIEIaYBAHUEM
0e3 paspylleHus pemeTku MuHepayoB. Ilpu 3ToM u3BecTeH (akT, YTO AOJIS
asieMeHTa B Oe3MuHepasibHOH (opMe B NPUPOAE BHILIE €ro JO0JM B MHHE-
panbHOl (opme.

JlurepaTypHble TaHHBIE CBHJICTEIBCTBYIOT, UYTO (hopMa MPOSIBICHUS OJIaro-
POIHBIX METAIIOB B YEPHOCIAHIEBBIX KOMILIEKCAX CIIOKHA M pa3HOOOpas3Ha,
[P 3TOM HE BCErZa MOXHO €€ yCTaHOBUTb. JTO CBA3aHO C JHUCIIEPCHBIMHU
(oxomo 1mMkM) BeigeneHusMd BM, KOoTOpble TPyIHO (PUKCHPYIOTCSI COBPEMEH-
HbIMH aHanmuTHdeckumu Metogamu (Kones, 2006; EpmoxkumoB u ap., 2007).
Ecau B Ilonbme, ABctpanuu, Kapennu mMuHepasbpl IUIATHHOUIOB BIIOJIHE Pas3-
muanmbl (20-30MkM), TOo B FOxHOM Knrtae u CIIA, a Takxke B GOJBIIMHCTBE
pernoHoB Poccun MpUCYTCTBHE IUTATHHOWIOB OMPEAETSETCS TOJIBKO XMMHKO-
aHaJIMTHYeCKUMH MeTonamu. [Ipu 3ToM HabmoAaeTcs MOsSBIEHUE UX B COCTAaBE
pPacTBOPUMOIO M HEPACTBOPHUMOIO OPraHMUYECKOrO BELIECTBA, NMpPUMEcEH Iula-
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TUHOWJIOB B MUHEpajax HHUKEIs, MeIH, cepedpa, MonnOaeHa, INHKA, CBUHIIA U
pTYTH.

ITo mammemm JL.U. T'ypckoii (I'ypckas, 2000), oOHapy>KeHHBIE B YEpPHBIX
CJIaHIIaX MHUHEpaJbl OJIAarOPOJHBIX METAUIOB O00Pa3yIOT CIIOKHBIA KOMIDICKC,
KOTOPBIY OBLT pa3jeiicH Ha HECKOJbKO KJIAcCOB: 1) caMOpOJHBIE METalUIbI; 2)
METAJLTMYECKUE TBEPHbIC PACTBOPHI M HMHTEPMETALIMYCCKUE COCIUHCHUS
(mpupomnbie cruiaBbl); 3) cynbuabl; 4) apceHHABI M CyTb(ho-apCeHUIbI; S)
CeJICHUBI; 6) TEITypHUAbl; 7) BACMYTHABI; §) aHTUMOHHUABI. B YepHOCTaHIIEBBIX
MOpo/Iax 3aMEYeHO MHOTO HOBBIX MHUHEPAIOB, B TOM YHCJE MX COCIWHEHHH C
OMOUITBEHBIME SJIEMEHTAMH - CEJIEHOM, (POCPOPOM, MBIIIBSIKOM.

[Tockonbky (opMa HAXOXKACHHS OJIATOPOJHBIX METAUIOB M CIEKTP HMX
3IIEMEHTOB-CITYTHUKOB OIPEEISIOT MX TEXHOJOTHYECKHUE CBOMCTBA, BOIIPOC
YCTaHOBJICHHS MUHEPATHHOTO COCTaBa YEPHOCIAHIIEBBIX ITOPOJ SIBIIICTCS TIep-
BOCTETEHHBIM. TpafuinoHHO (DOPMBI HAXOXKIECHUS XUMHUYECKHAX JIIEMEHTOB
Pa3IensioT Ha CIEAYIOIINE THIIBI: JISTKO W3BIIEKA€MBIE; PY/bI, B KOTOPHIX Ola-
TOPOJIHBIC METAJUTbl HAXOAATCSA B COCTAaBE CYJIb(HUIOB UIH apCCHUIIOB; PYIbI, B
KOTOpbIX BM BXOJAT B COCTaB OpPraHMYECKOrOo BewleCcTBa. TpaauIIMOHHBIE
TEXHOJIOTMYECKUE TPOIECChl BCKPBITUS YIHOPHBIX PYA HE YYUTHIBAIOT OCO-
OCHHOCTE MMOBeNeHUsT OIArOpOJAHBIX METAIIOB B CIAHIIAX, B PE3YNIBTATE YEro
HEBO3MOXKHO WX TOJHOE H3BiIedeHHe. V3BecTHBI ciemyromiue (popMbl Oiaro-
POIHBIX METAIJIOB B YEPHBIX CIIAHIAX: MUHEpANbHas W MHKPOMHHEpallbHas,
JUCTIEpCHAsl B aCCOLMAIMM C TJIMHHCTHIM, OPraHUYECKHM BEIIECTBOM M BO-
nopactBopumMast, OYEBUIHO, YTO KaXX/bIA THIT TPEOYET ONPEICICHHBIX YCIOBHI
BCKPBITHS M CAMOCTOSTEIBHOM MepepadoTKH.

MuHepanorudeckue HCCIIEOBaHUSI YEPHBIX CIIAHIIEB KeMOpPO-OpIOBHKA
[Ipubantuiickoro maneodacceiiHa MO3BOJMIN YCTAHOBUTH B COCTaBe aJeBpO-
MECYaHON MPHMECH CaMOpOJHBIE METaJUIbl W HWHTEPMETAITUABL: AU, Pd;
Os—Ir; Au—Ag; Au—Cu; Au—(Cu)—Hg; Au—Hg; Ag—Cu; Pt—Fe. Hapsaay c aumu
B mpobax mnpucyrctByroT camopoanbie Fe; Al; Cu; Fe—Ni; Ni—Fe; Cu—Zn, a
TaKKe TeJLTypulbl 1 okcuabl BucmyTa (ITanoBa u np, 2021). B cocraBe KOHK-
PEIMOHHOTO KOMIUIEKCa (JUareHeTHYeCKUX CyIb(UA0B), ObUIHM OOHAPYKEHBI
CIIeyoIe MUHEPaIbHbIE (ha3bl OJATOPOIHBIX METAIUIOB: AUy, XaTBKOIUPUT
¢ mpuMeckio 3o0Ta. B accommanuu ¢ mupurom bBM HaxomaTcs ¢ mpuMecsIMu
Ni, Co, Zn, Cu, As, chanepurom - ¢ npumecsto Cd, Fe u nentnangurom. Joms
MUHEPAJIbHBIX U MHUKPOMHUHEpAIbHBIX (OPM HAXOXKIACHUS OJAropoAHBIX Me-
TaJUIOB B YepHBIX ciaHiax [Ipubantuiickoro najgeodacceiina KpaliHe HEBEIMKa
u coctaBisieT 1-5 otH.%.

bnazopoonvie memannvt u opzanuueckoe seuiecmeo. Hanbosnee BaxxHbI-
MU (opMaMH CyIIECTBOBAHHS SJIEMEHTOB B YIJIEPOIUCTBIX TOPOJaX MOTYT
ObITh (pOPMBI COPOMPOBAaHHBIC (HAa OPraHMYECKOM BEIIECTBE M TJIMHHUCTHIX
MHUHEpajax) U KOJUIOMIHO-COJIEBbIC. B MmocieqHue rofpl K CIOXKHBIM THIIAM
YEPHOCJAHIICBBIX PYyJl CTal HPUMEHSATHCS METOJ] OMOKCHIHOIO BBIIIEIaYH-
BaHUs, OCHOBAaHHBIA Ha BO3JIEHCTBUM YKEJE30- U CEPOOKUCISIONINX OaKTepUH.
[Ipu 3TOM BaXXHO TPHUCYTCTBUE IOJBHXHBIX, CIA0OCBA3aHHBIX, KOJUIOWUIHO-
BOJIOPACTBOPUMEIX (hOPM METAJUIOB B TIOPOie. METO] ] YCHEIIHO UCIONB3YETCS B
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MMPOMBINIUIEHHBIX MaciiTabaXx BO MHOTHX cTpaHax mupa — B llonsme, Kanane,
IOAP u Ounansuanu (Kucha, 1984; Schieber, 1994; Falk et al., 2006; Young et
al., 2013).

B uepnocnanueBbix ¢Gopmanuax cogepxkurcs a0 50 otH.% C,,. Ycra-
HOBJICHA TECHAas KOPPEJSIIMOHHAS CBS3b PCHUS C OPraHUKOW. YBEIHUYCHHUC
koHIeHTparuu perus a0 0,1-0,2 1/T compoBOXMaeTCsi TOBBIIICHUEM KOJIH-
gecTBa Copr.

bnazopoonsie memannvl _u_2nunucman _cocmasnawuian_cianya. Jns
BBISIBIICHUS CBSI3M TIMHUCTOHN cocTamistonieii YC u 61aropomHbIX METAJIOB
ObL1 TIpoBeJieH aHanu3 cocTaBa YC B LENIOM M OTAETHHO TIIMHUCTOM (ppakiun
metosioMm ICP MS (ta6um. 3).

Tabmuma 3
Pacnpenenenue XUMUUECKHX JIEMEHTOB B rpobe uepHoro cnauna (UC) u B ero
rmaucToi (1) cocTaBisromeH, I/T

Pd Pt Au Re U \% Mo

[Ipoba

YC | I'm | UC I'm qcC I'm |4YC | I'm |UYC | Tn | UC | I'm |UC | In

O

0,06 {0,45]0,012 | 0,11 | 0,067 | 0,093 {0,15|1,23| 14 | 119| 279 | 1760 | 43 | 782

3510,05{0,36 0,011 0,089 0,034 0,089 0,22 (1,14 172|310 | 1483|2360 | 176|217

1141 0,07 0,770,078 | 0,55 | 0,078 | 0,13 {0,29|1,56| 152|204 | 860 | 653 | 214|118

Kak BuAHO M3 TaOJUIIEI, TIIMHNACTAsE COCTABIISIONIAsl oOorameHa oaaroposu-
HBIMH MeTalZlaMd W JAPYTMMH 3JIeMEHTaMH-CIlyTHUKamMHu. OOoraiieHue Iiu-
HUCTOH YaCTH CJaHIa XapaKTEepPHO JJIsl peHUs, ypaHa, MOTUOJcHA U BaHAIUSI.
310 00BsCHSETCS OoJiee BBICOKOH COPOIMOHHON €MKOCTBIO TJIMHHCTBIX MU-
HepaoB. [ mHKMCTas Qpakius odoraiieHa MIaTHHON U NMajiaJueM MPUMEPHO B
2 pasa, B CpaBHEHHH C IIPOOOH CIIaHIIa COAEPKaHUE PEHHS B IIIMHUCTOM YacTH B
3—7 pa3 Gounblie, 4eM B IIpooe.

Konnoudno-¢odopacmeopumvie popmvl 01a20p00HbIX MEMANI06 6 Uep-
HOM cliaHye.

XHUMHYECKHE JIEMEHTH B YEPHOCIAHIEBBIX ITOPOIAaX MOTYT HAaXOAHUTHCA B
paccesHHOM BHJIe M OBITh NPEACTABIICHB YACTHLAMH CBEPXMAaJIbIX Pa3MepOB -
meHee 1000 am. Conepkanue 3Tod (ppakuy BappUpyeT B Pa3HbIX THUIAX MeC-
TOPOXKJICHUM, TUIOXO MOAJNAETCS Y4YeTy, TEepSAETCs NMPH aHAIW3€ U HCIIONb30-
BaHWU TPAIWIIMOHHBIX TEXHOJOTHYECKHUX CXEM H3BJIiedueHHsa. B To ke Bpems
MMEIOTCSl CBEJICHUS, YTO PEJIKHE M PAacCesHHBIE 3JIEMEHThI €CTECTBEHHBIM 00-
pPa3oM KOHIIEHTPHUPYIOTCS B TIOPOBOM IPOCTPAHCTBE MOPOABI B HECKOJIBKO pa3
BBIILIE, YeM B NpoO€ B LIEJIOM M BBILIE, YeM INpenen OOHapyKeHHs aHaIUTU-
yeckumu metogamu (Cyznanes, 2006; Kpaiitnos u ap., 2004).

Baxnble pe3ynbTaThl, NMPONMBAIOIIME CBET Ha MpobieMy (opm Haxox-
JeHHs] OJaropoJHBIX METAIJIOB M PEHUS B YEPHOCIAHIEBBIX MOPOJAX, OBLIH
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MOJyYEHbl IPU BBIIEIEHUH U3 TMOPOJBI TAaK Ha3bIBAEMBIX «CYOMHKPOHHBIX
¢paxmuit»y (Oneitaukosa, [1anosa, 2011). [lox cyOMukpoHHO# (ppaknneis moHu-
MAaeTcs 4acTh MPOoObI, B KOTOPOH XMMUYECKHE IEMEHTHl HAXOIATCS B HOHHOH,
MOJIEKYJISIPHOH M KOJUTOMIHOH (hopme ¢ pazmepom yactul] 1-1000 M, KoTopas
W3BJIEKAETCS! BOAHBIM PACTBOPOM IPH CHEIUAILHO NOA0OPAHHBIX YCIOBHSX.

OKcrepuMeHTHl Ha Tpole ¢ colepxaHueM peHus 1,75T/T u BwIXOze
cyOMUKpoHHOW (pakumu u3 mpoOsl - 1,94 Bec. % TO3BONMIN yCTaHOBHTH
collep)KaHUe peHusi B CyOMHKpOHHOH ¢pakmuu 22,6T/T. V3BIedeHne 3TOro
3JIEMEHTa B KOJUIOMIHO-COJIEBYIO (ppaKIHIO0 cocTaBmiio 25,3 oTH.%.

Ananuz BOJHBIX PACTBOPOB ITO3BOJIACT B MaKCHUMAaJIbHOM CTEIIeHU pcainn-
30BaTh BO3MOKHOCTH MeToAa ICP MS, mockonbKy OTCYTCTBYET HEraTHBHOE
BJIMAHUEC Ha PE3YJbTAThl AOIOJIHUTCIBHO BBOAMMBIX XUMHYCCKHUX PEArcHTOB,
YTO NPUBOIUT K CHIDKEHHIO NpenenoB OOHapyXeHHs 3JIeMeHTOB. B pactBope
CM® conepxaHre METPOTEHHBIX OKCHJIOB 3HAYMTENHEHO HIDKE, YeM B Tpode
CJIaHIa. DTO MO3BOJIET IOJYYaTh PEabHbIC 3HAUCHUS MHUKPO3JIEMEHTOB Oe3
BBOJia JOIIOJIHUTCIBHBIX IOIIPAaBOK. CHCI[CTBI/ICM pa6OTBI B O6HaCTI/I PCAJIBbHBIX
KOHIICHTpAIMH, a He BOJU3U NPEJCIIOB O0OHAPYKEHUs, SIBJISIETCSA BhICOKAs BOC-
MPOU3BOJMMOCTD aHaJIM3a U CHUYKEHUE MTOTPEIIHOCTH ONpeAeIICHUSI.

st 61aropoTHBIX METAJUIOB M peHUs KOOPPUIIMEHT HAKOTUICHHUS OKa3alcs
JIOBOJIPHO BBICOKHM 3a HCKIIIOUEHHeM cepeOpa (Tabm.4). DTo MOXeT CBH/IE-
TEJIHCTBOBATH O HAKOIUICHUH cepedpa B MUHEpaIbHOU (hopMe B oTiimdrie oT bM
u Re.

Tabmuma 4

bnaropo/iHbie METAJIbI B YEPHBIX CITAHIAX U UX CYOMUKPOHHBIX, T/T
(ITanoBa u mp. 2021)

% Cpennee o [Ipubantuiickomy naneobacceiiny Koshdumment
E HaAKOIIJICHUA
= CM® (n=70) 4C (n=70) (CM®/YC)
Pt 0,20 0,018 11,2
Pd 4,86 0,654 7,4
Au 0,29 0,034 8,4
Ag 0,91 1,309 0,7
Re 2,1 0,214 9,8

Takum oOpa3om, aHaNMW3 MAaTEPHAJIOB IO MHHEPAJIOTO-T€OXHUMUYECKUM
0COOEHHOCTSAM YIJIEPOJUCTBIX MOPOJ MO3BOJISAET BBICKa3aTb MHEHHE O COZAEp-
XKaHWU 30J10Ta, cepeOpa, IIaTHHOMIOB M PEHUsSl B YETHIPEX BO3MOXHBIX (hop-
Max, KaXJasd M3 KOTOPBIX CBA3aHA CONPEICIICHHOW 4YacThO MOPOJIBL: B BUC
MPUMECH B COCTaBe CYIb(PUIHON MUHepanu3anuu (MMPUT-MapKa3uT, XalibKo-
MUPUT, TAICHUT W JAPYTHe CyIbQUIbI), TPUCYTCTBYIONICH B CIAHIAX B BHJE
TOHKOW TPUMECH, KOHKPEIU WM CIUBHBIX CYIb(UIHBIX MPOCIOEB; B TIIH-
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HUCTOM BEIECTBE, YTO OMPEACISCTCS €ro BRICOKON COPOIMOHHON EMKOCTBIO; C
OpPTraHUYECKHM BEIIECTBOM TOPOJI; B COCTABE JICTKOMOBUKHBIX (MOHHBIX, MO-
JIEKYJISPHON M KOJUTOMIHOH) hopM.

O 603m01cH0Oll _2a3upukayuu cianuegvlx u Oypovix yenei Apmenuu.
Bonpmioit 06beM pa3TUIHBIX CIIAHIEBBIX U OypBIX yTied ApMeHUH, KaKk HCXOI-
HO€ CBIPHE ISl TIOTYUIeHHS 0JaropoIHBIX METAIIOB U3 HETPAAUIIMOHHBIX MaTe-
PHANBHBIX PECYPCOB, OIMPENENIeT aKTyalbHOCTh IPOOIEMBI X PAI[HOHATBHOTO
WCTIONB30BaHMS ¢ KOMIUIEKCHBIM M3BJICYEHUEM IIEHHBIX MeTaluioB. B padote C.
I'. Aiipanersna u B.A. Maprupocsina (AiipanersiH, Maptupocsu 2015) npen-
JIO’)KEHa CXeMa MOJy4YeHMsI KOHIIEHTpaTa IUIATUHOBBIX METAJUIOB ITyTeM Mpen-
BapUTEIHFHOTO O0XHUTa, COISTHO-KUCIIOTHOTO BHIIIEIAYNBAHUS U COJIEBOTO XJIO-
PUpPOBaHUS YIIISI CIAHIIEBOTO TPaBHKOHIIEHTpATa, a 30JI0Ta U cepedpa — cpes-
CTBaMH THUTENHHOW TUIAaBKH KPEMHE3EMHUCTHIX OCTaTKOB XJIOpHpoBaHHWA. Hawm
MIpe/ICTaBIsIeTCs JaHHAs CXeMa He ONTHUMaIbHOM:

a) B pe3yJbTaTe MPOCTOr0 CKUTAHUsI HU3KOCOPTHOT'O OYPOBOTO YIIIsl, SHEP-
TeTUYECKUM BBIXOJ IOCTATOYHO MaJl.

0) MuHepanbHbIe (HOPMBI BXOXKICHHUS cepedpa, IMIIATHHBI U 30JI0Ta B YTOJb
Ha HACTOSIINIA MOMEHT He OIpe/IeIeHbI, Hanboyiee BEpOATHO UMEET MECTO MHK-
PO IMCIepCHOE pacrlpeieieHne MUKpPO W HaHO mpumecedt. [Ipu mpoctom cxn-
TaHWH BEPOATHO UMEIOT MecTo Oobime nmotepu MIII ¢ 301m0#t yHOCA.

Bonee BBITOAHON TpeCTaBIsAETCS cXeMa ¢ rasuduKaiueil yriied u ropo-
YuxX claHieB ¢ noxydeHueMm cunte3 raza (Illwmmuar u map., 1986; AnemuHa,
Ceprees, 2010) KOTOpBIH BIOCIEACTBUM HCIIONB3YETCS Ui SHEPIEeTUKH, U
JaNbHEHIIe mnepepadOTKH 30JILHOTO OCTAaTKa IO Pa3IMYHBIM TEXHOJOTHSIM
oboramenus (Hudanros, 2011).

B mpomecce BbICOKOTEMIIEpaTypHOW Ta3u(UKalUK HU3KOCOPTHOTO YTIIst
oOpasyeTcsi 3HAYMTENbHOE KOJMYECTBO 30JIbI, SBISIONICHCS KOHIIEHTPATOM
PEIKHX DIIEMEHTOB (KpeMHUH, alFOMIHIM, IMHK, TE€PMaHHM, BAaHAIUHA, CBUHEII U
np.). Ilpy 3ToM KOHIEHTpaIys 3TUX 3JEMEHTOB B IIUIAKE MOXET B HECKOJBKO
pa3 MpeBBIIATh COJIepKaHNe HX B MCXOMHOM yrie. C y4eToM BO3MOXHOCTH
WCTIONIb30BaHUS TaKOTO KOHIIEHTpaTa 3(¢EeKTUBHOCTh KOMILIEKCa IO Tepepa-
0OTKe yIJIsi MOJKET 3HAYUTEeNbHO MoBbIcHThCs ([ToTamnos, 2003).

lasudukanus yrias — 3To IpOU3BOACTBO TOPIOYEro Tasza (CHHTE3-ra3a) Mpu
TEPMHUYECKOM Pa3NIOKEHUH YTJs. BrepBple TOPIOYM Ta3 M3 YIUIA IMONYYWIT
aHrIM4aHuH Mapaok B 1792r. mpu npou3BoACTBe «CBETHIIBHOrO Macna». K 50-
M rogam XIX Beka MpakTHUECKU BO BCEX KPYIHBIX M CPENHUX ropojax EBporsl
n CeBepHOIl AMEPUKH JIEHCTBOBAIM I'a30BBIE 3aBOABI Ul MPOU3BOJICTBA OTO-
MUTETHHOTO, OBITOBOIO U CBETHIILHOTO ra3a. [Iporecc razupukanmy yris Obia
ocBOeH B Hadasie XX-ro Beka B ['epMaHUM, KOTOPHIM BIOCIEICTBUU CHaOMXall
SHEPTHUEH BeCh BOCHHBIN KOMIUIEKC CTPaHBI BILIOTH 110 1945 roga. B pesynbraTte
MOJTy4aeTCs] BBICOKOPHEPreTHUECKUI CHHTE3-Ta3 C OOJBLIMM KOJUYECTBOM
Bonopoja. Temnora cropanus 30-40 M/Ix/kr.
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Tabmuma 5
IIponykTer u3 cunaTe3-Ta3a — Meranon, Bogopox, Oxuce yraepona, ['a3 s
okco-cuHTe3a (TeXHOIOTHsI BEICOKOTEMIIepaTypHOil rasudukanuu no Bunkiepy).

OKucnuTens Kucnopop 1 nap Bozpyx

CcO % 06. 29.4 20

H. % 06. 29.5 i
CO, % 06. 18.8 8.1
CH, % 06. 4.0 1.7
N,+Ar % 06. 0.5 46.5
H.O % 06. 17.5 8.5
H,S MKA/n 1,000 1,000
NH, MKAN/N 1,500 750

B kpatkom 0030pe baiitanosa (baiitanos, 2017) pa3oOpaHbl pa3indHbIC
CXeMbl Ta3u(uKaluy Uil Pa3IUYHBIX TUIOB YIJIEHOCHBIX mopon — Ilpowus-
BOJCTBO CHHTE3- Taza, llapoBoii pudopmunr, ABTOTepMIUYECKUN prUOPMUHT
(ATP), KomOunupoBaHHbIl aBToTepMudeckuii pudopmunr (KAP).

TexHonorun raszuduranuu Uhde ocHOBaHBI Ha TOAaye CHIPbS B CyXOM
BUJIE U TEM CaMbIM MO3BOJIIIOT paboTaTh Ha BCEX BHJAX YIS (KaMEHHBIH
YTOJIb, OYPBINA YTOJlb, aHTPAITUT, BEICOKO30JIHEIN YTOJIb, YTOJIb C BEICOKOW TOY-
KOH IUIaBJE€HUS), a TakKe Ha HEPTSIHOM KOKCe, IPEBECHOM yrie u Oduomacce
(zpeBecuHa, KypUHBIH IIOMET, OCaJIOK CTOYHBIX BOJ, OCTATKH IPECCOBAHMUS
MAacliiH H T.I.). JlOTIOJIHUTENbHO K OCHOBHOMY NPOAYKTY (CHHTE3-Ta3) B IPO-
necce razuuKanuy MoydaroTcss U MOOOYHBIE TPOJAYKTHI, UMEIOIIUE YKOHO-
MHUYECKYI0 IICHHOCTh - NIIAK, JIeTy4ast 30J1a, a TOcCIe MOCeYIOmeH OYHCTKI
rasa — dJIEMEHTapHas cepa WM cepHas KucioTa (Tadu.S). M3 cymecTByrommx
MEPCHEKTUBHBIX HOBBIX CIIOCOO0OB KOMIUIEKCHOW NepepabOTKH YIJIeH, BEPOSITHO
CTOUT TaK XK€ YIMOMSIHYTh IuiazMeHHble TexHosoruu (Prasad, 2015). "azudu-
Kalus ¢ IPUMEHEHNEM TUIA3MEHHBIX TEXHOJIOTHH TO3BOJISIET MOIyYaTh CHHTE3-
ra3 BBICOKOH CTENEeHM KadecTBa W3 yrUieH JI00O0H cTajauu Meramopu3ma — OT
CJIZHIICB JIO aHTPAIIUTOB.

Junist oTpabOTKM METOAMKH MONYYEeHUs] KOHIIEHTpaTa HamMK Oblla BHIOpaHa
cxema napoBoro pedopmunra (Ilpubarypun, 2010) peanu3oBaHHas B KOMIa-
Hun OOO «TonnmBHag skosornueckass kommnanusy». YcraHoBka OO0 «TOK»
spusiercs MmoauduuupoBanHoii CBY u3nmyuarensiMu ycTaHOBKOH razuguxaniu
OTXO/IOB, OCHOBHBIM TEXHOJIOTHYECKUM OTJIMYHEM SBIISIETCS HCIIONB30BaHHE
neperperoro CBU wm3nydyeHuem mapa Kak areHra rasu(UKamud W TEIJIOHO-
curenst. PaHee MpOMBINIJICHHBIE YCTAHOBKY Ta3u(UKAIIMHA OTXOJI0B, MOJAHDHUITH-
pOBaHHBIC 10 aHAJIOTMYHBIM TEXHOJOTHMAM, Ha Tepputopuu Poccuiickoii de-
Jiepaliiy HE MCIIOJIb30BAIINCh, 3apYOEKHBIM ONBIT MCIIOIB30BAHUS B MPOMBIIL-
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JIEHHOCTH TaK)Ke HEM3BECTCH. Y CTAHOBKA ITO3BOJIIET 00padaThIBaTh 0OPA3IThl B
pasHbIX TemmepaTypHbix pexknmax oT 600 go 1000 C mpu HOpMaIbHOM aTMO-
chepHom naBieHnn. Bpemst pa3noxenus OypsIx yrieit cocrasmio 15 -30 MunyT
B 3aBUCHUMOCTH OT ()PaKIMOHHOCTH (1OMOJIa). 30IbHOCTh apMSIHCKHX OyphIX
yraeit coctaBmwia 50 -70%. Byner mpousBeseHo Takke, MUKPO30OHJOBOE HC-
clleloBaHHE 00pa3lOB C LENBI0 ONpeeNieHNs] N3MEHEHH MUHEPAJIbHBIX (a3 U
HaJIMYUS WX OTCYTCTBUS arjoMepannu cepedpa 1 30J10Ta U JPYTUX METAIIOB.

BrIBOABI M TpeIOKEHUSA

1. YepHocnanuessie (opMalliy MONB3YIOTCA ITUPOKUM PACIpOCTPaHEHHEM
1 3HAYUTENIbHBIMH O0ObEMaMM Ha TEPPUTOPHUH APMEHHUH, UMEIOT BO3pacT OT
HIDKHETO TpHMaca [0 IUIMOLEHA M IpeAcTaBJeHbI TeppHreHHO—KapﬁoHaTHO—
YIJCHOCHBIMU OTJIOKEHUSMHU, OypbIMH YIJISIMH, TOPIOYKMMH CIaHLAMH, OH-
TYMHUHO3HBIMU apTHJUTUTaMH, IECUaHUKAMHU M U3BECTHIKAMHU.

2. Hexoropwie uepHocnanueBbie (opmanmu Apmennn (MmxeBaHckoe
MECTOpOXKACHUE Yy, J[KepMaHHCCKOE MECTOPOXKICHHUE YIS W YTIHCTBIX
ciaHnes, Hop-ApeBHUKCKOE MECTOPOXKAEHHE YIVIA M YIJIMCTBIX CIIAHLEB,
VYpuaazopckoe MposiBIeHHE OWTYMHHO3HBIX H3BECTHSAKOB, XHA30PYTCKOE
MpOsIBIIEHHE OMTYMHWHO3HBIX M3BECTHIKOB) OOOTAIIEHBI 30JI0TOM, CepedpoMm,
perreM W TuiatuHOMIamMu. Cpean 3J1eMEeHTOB-CIYTHUKOB mpHucyTcTBYyloT Co,
Cu, Ni, Mo, Zn, Pb.

3. HeoOX0MMO YCTaHOBUTh MakKpO- U MHUKpPO- MHHEpajibHble (opmbl BM,
PEHHS U 3JIEMEHTOB-CITyTHUKOB AJIs1 BEIOOpa ONTHUMAJIbHBIX METOZOB MX U3BJIE-
YEHUs], TOCKOJIBKY BO3MOXKHO OOHAapYyKEHHE 3HAYUTENBHON NOJIHM KOJUIOMIHO-
coJieBbIX (OPM XHMMHUYECKHX OBJIEMEHTOB, W3BJICUEHHE KOTOPBIX IOTpedyer
KOMILIEKCHOTO MOJIX0/1a.

4. HeoOXoauMo MpOBEACHUE OMPOOOBAaHUS CXEMbl rasu(uKaiuu yriei u
TOPIOYMX CJIAHIIEB C MTOJyYE€HHEM CHHTE3a ¢ OOJIBIION J0Jei Boopoaa, ¢ Aab-
Heime nepepaboTKK 30IbHOTO OCTAaTKa MO Pa3jInYHBIM TEXHOJOIHSIM obora-
LICHUS 17151 U3BJICUHEHs] PelKUX U OIaropoJHbIX MeTauioB. B mpomecce rasu-
¢ukanuy yrield BEpOsSTHO BO3MOXKEH MPOLECC Mepexoa YacTH MUHEPATIbHBIX
¢dopM (B YACTHOCTH KOJUJIOWJHO-COJIEBBIX M OpraHWMYecKuX (opM) B BOC-
CTaHOBHTEJILHOW BOJIOPOJHON atMocepe B YMCThIE METAUTUYECKUE OPMEI C
MOCIEIYIOLIEH arJoMepalnyeil HAaHO U MUKPO pa3MEPHBIX BKIKOYEHUH.
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znjhwtithuyymt U.EG., Mwindw 6.9, Otintul b.U., Unwpkjjui Q.
Uhpunptnut 9.9, Qtptndw b.Q.

Udfthnthnd

Zudwpwphwht ontjuynd twph b qugh uvwjwynipniup unh-
wby £ punn tpypubph Lutpghwgh tnp wnpmpipbbp thinnpty: Ukdwgh) k
nipunpnipiniip whin Junekihph, wyy pynid wypynn phppwpuptph
Ypw, npnug yuwpwpubpp hwynuh B wbkih pw 80 tpyputph tnwpwsp-
ubkpnmid b qquihnpkt ghipwquugnid Bt hbnnil] wshiwmepwshuutph,
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dhwuht yipgpws, pninp hwjnth wwowpubpp: Zujwunwith nwpws-
pnid hwjnuh kbt pwpwshuh b wypyny pEppwpuptph dnwn 50 hwtpw-
Juypbp b hwtpkphwlnidubp: dputp mbnupwopudws b hyntuhu-wphb-
Uniinphg hwpwy-wnplt)p dqynn tplnt gninhubipny. npuighg Ukt wug-
tnud E Zuywuinubih hjntuhuny, dntup hwpugng:

ON THE PERSPECTIVES OF THE BLACK-SHALE FORMATIONS OF
ARMENIA: ORE BEARING CAPACITY, GASIFICATION AND NEW
TECHNOLOGIES

Hovhannisyan A.E., Panova E.G., Okuneyv LS., Arakelyan D.G.,
Siradeghyan V.V., Chernova L.G.

Abstract

The shortage of oil and gas in the world market has forced many countries
to look for new sources of energy. Attention has increased to solid fuels,
including oil shale, the reserves of which are available on the territory of more
than 80 countries and significantly exceed the known reserves of liquid
hydrocarbons taken together. About 50 deposits and manifestations of coal and
oil shale are known on the territory of Armenia. They have two belts, elongated
in the direction from the northwest to the southeast; one of them is located in
the north, the other - in the south of Armenia.
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Grurudrohulu

Bdu Ukl whqud Ephwtywb b hwpwljhg wlnhy juqusputph
qujnipjuih jutmph gnipg

Zupmpmbyub U, 5o 10.54503/0515-961X-2022.75.2-65

QUU Gphpupwiwlwi ghuninipinibbbph hhumnpinnin
0019, Epluul, Uwppuy Funpuidjuih wyng, 24w,
Zuywunuith Zwbhpuybuinieinil
e-mail: roubenhar@web.am
Zwhdinjwé Fhpunnwpwlsnyeni i 09.02.22

Znnuédnid, hhdudkny Gplwiywt funppught fuqusph qnnipjut Jup-
Juwsh hhupnid pujws wuwunkpugnudutph b tpw Gpupudju nruniduw-
uhpnipniiubph wpyniipubph Jhpnsnipiniuibph Ypw, gnyg k wipdws, np
wjuntuhynu U.Uunjmiyuith Yanudhg 1955 p. wnwewplyus b dhiy opu shtpp-
Jwsd ghnwujuplusp, phk Gphwiyut b Tuh-Oppmipunh unppughtt juqusp-
ubipp, hwinhuwinud ki Zniupu-Uhwnnhulwt wnhy juqusph wplbjut
&nintp b tpwig htwn b juwyyws Onpp YUnyljuuh ponp wntunwh Epjpu-
owpdtph ogwpuitipnp, ppwjunipiniup sh hwdwwywwnwujpwbnd:

jﬁdzwimbpy' funppughti fjuquisp, whunhy puqusdp, upuwy gh-
nwywpluo:

«.hwdwprulh npyhu  junppughll  ugyuwdpbbp  Ghwpu-
gpynud k@ uglighup unnyghlp, npnbp nibkh wyy Swgnid-
wpwinipmia:  Up  opwpp  dwubwgbnbbp  funppuyhi
Jugusphlph hkwn kb ungnid plnnpnighwbbpp, hiasp dhown
3k np dppwn E Upiabbpp funpwépbbph popnp Jupnd]y
thnihnfunipinibkpl £ pugunpnid funppuyhll uqyudpal: -
ph wehugnipyudp: Zhwpun/np Fouyn dhunnidhg qhpd sp
Ulnugly b uyu wpuunnwiph hkghbwlp:»

U.Uujuiyuit (1958)

‘Lwhwpwt

Bplwiywt b bpwb hwpwlhg jnppuyhtt uqusputpp wnwehtp
dwnbwiol] L U.Uumywup (Acranss, 1955, 1958), kjubkin] nupwbw-
opowtth ghinuhuljjhtwuyhtt qupqugdwtt yuwnlkpugnidubphg: Zudw-
duy wyn wwnfkpugndttph unppughti juquspubpp hpktg swih-
utipny Unpnpulughtt dwupwnnwph Junnygutp G, npnup mukt Ejw-
punl (Uhjhntwynp wwphttph) qupqugnid b wpungdtye (yhpdw-
ukuwn) wljnhy i dhts opu: Yupshp E hwjnuynid, np Gphwiywu b
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hwpwlhg juinppuyhtt fuqusputiph wljnhynipnitp hwunynd E pun
hEwnlyuy ululmllhpulgdulh‘ Zmupu-Ubwwnnjhwuwb  wlnhy juqusph
(2UU) wplbjub gnintphg tpyniup hwubnud £ dhugh 22 wplidnjut
vwhdwip Unippub ghwn, b hwnnd kb wyh Sknp qhnh ghnwpk-
pwth b Uuh punuph wykpuljutph dnn: Uwubwynpuybu, Gphwuiyut
Junppuyhtt uquspp (Bulu), hunnd E hwipuugbnnpjub tnupuspp’
Stinnph ghnwpbput-"Mht-2n11dw htinwgdny, wugunid £ bpwth nw-
pudp PFunphgh nunnpyudp: ‘

Uju wohuwnwph hhdttwljut tywwnwlt £ wwupql] wpynp hpw-
Juinud 22 mwpwspny wugnd ki ZUUN wplbbpgwt gninkpp, npntg
htwn, punn U.Uuwuiyuth (Acrawas u zp. 1975), juwydws tu «..Pnpp
Unyljwup pnjnp wnbtwunwih Epjpuowupdtph opwpabpp...»:

fwlh np Gplwiywt fuqudpp hp nhpph otnphhy Zwyuunwih
dujpwpwnupht b Zugjulut wnnduyhtt fEjupuljuyuiht (ZUEY)
Ubpdwjumipmniup, wthwdbdwn Ubks npwnpmipjut B wpdutugl) b
wykjh dwbpudwut E hEnwgnugt) btpw Epjpuowpdwynutgnipinip,
wj Yihuh dkp npwnppnmipyut fEunpnind tnybwybu: Ujunbn wpdb
k), np Ytpohtt 30 wwphutph pipwgpnud UBuh-Opynipuinh junppuht
luquspp hhpwnwldws E Zudwguignid tnus ghnwljut hnnqus-
Uhpnd  dpuyt dp pwlh  whqud  (ophtwl]  Cumomsm, 1994,
http://ysu.am/files/17-1480574630-.pdf;  ABamecsn, Capxucsa, 1999,
http://ysu.am/files/20-1433937093-.pdf, 2004, http://ysu.am/files/1-
1410504360-.pdf; bBaiipaman, 2013, http://ysu.am/files/UGY_65-1 118-
121.pdf):

Bplwiymt junppuyhtt juqudph gnmipjut Juplwsh hhupnid
nnyué wuwnlkpugnmdukpp

bPusybu wpnkt uoky Lup, Gulv gnynipjut qunuthwupp Yunluind
E wliwunbdhynu U.Uugywiywiht (Acraman, 1955, 1958), ny hhdugkny
nwpwswopowth ghnuhtljjhtwyuyhtt qupqugdwutt b Ynunpulghni
ghunwuplwsh (http://geo.web.ru/db/msg.html?mid=1177935) wwwnlk-
pugnidubph Jpw, wnwowpll] £ tpw hbwnwghép: Cunn ghnuhtlyh-
twjuyhtt nwbumpjut gpoypubph Zujulwt (kptwohwphp hwdwp-
Ynud k opningtnuhuljhtiwy, npp hp htppht, Eubknyg tphpuputulut
wnwidwhwinmpnitibphg, pudwinud t kpym gnunt’ kqbn-
uhthtwjwyht b Uhngknuhuljhttwuwyht: Uju gninhtkpp hpkug htppht
pudwibiynid Eu Euipwgnupubph, tpubp pnnpp vwhdwbwquuygnid
Ynpwdl junppujhtt uqusputipny (Ljwp 1U), npnug hhdtwlwt hwwn-
Juihop hwighuwinmd b juquéph bEplynt plhbph Ephpupwbului
Yunpywsputinh hgqnpnipmnitubph mwuppbpnipniup:

Edqbnupuljjptwyuyhtt b dhngbnuhuljjhttwyuyhtt gnunhutph dheol
uwhdwt £ hwinghuwinid Uth-Opgnipuinh junppujhtt juquspp, npp
Aqmud £ wundwlwi Uth punqup - Upwuqud (kn — Upathupu -
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Uuwnuunui |kn - Bnkquwdnp — duwyp — Opynipwn,  nupnnipjudp:
U.Uyuiyut tond k, np wyu juqusph Epluytpny junppuyht jugnid-
ubph dwuht Jyuynn wighdbh wmjuukp sfut b whwnp b punkup
hhdudtny wtninnuyjh nyjwjubph ypus:

u w Mk p

UL.l. U Zuuiuit UUZ wwpwsph wnbkjuntuiub spputugdult gdwywunlbpp
(Acmansn, 1958): Gninhubkpp. w - K]qknupuljhtwpuyht, p - dhngknuhulhtwuyght:
ULl R Zmuuhu-Ubwnnjhwulub juqusph Gupwunpu) gniqudnponudp Zugjujut
(Enttwojuwuphh mupwdpnid (I'abpuenss, 1989):

Uhngbnuhtlhtwjwyhtt gnunint hmiuhuwghtt dwup wnwbduwmgyby k
npyku Bplwth dbkquuhtuljhttwjujhtt Bupwgnunh, npp vwhdwbiuqun-
Ynud E hjniuhuhg nt hjmuuhu-wplbtphg Uth-Opngnipunh  junppugghte
huqqudpny, phulj hwpwy b hwpwy-wpbuninphg Gphwbywt junppwjht
huqquédpny, npp htwwghép wwpynud E Skinp ghnh ghnwpbput -
Qupdpuott - Unujuwwnnit — Qupwpwp — Mht - dbnh - Upthw -
Quignh - nidw ninpnipjudp: U.Uujuiyuip hadnqunitp L hwjntnud,
np «unppwjhtt juquépubph pwgwhuwyndwb hwdwp wthpwudbon
hwnlwihotbpp, wpu gnunid wpnwhwynjws i quuwlwbnpb’
Ubqngnyut b Eppnppuljut hwuwlh wwwpubph hgnpnipmibubpp
huqqusph gnunnig hwpwy, hwdbkdwwnws hyntuhuwghtt Ynnuh htn sushu
hgnpnipnit niukl, jupgwspubpp phy skb...»:

«Unpldninpnid nhwnwplynn juquspp pwptdws b tphunwuwpy
jwujuttph mul b tpdwpymd £ dhuyb swvpuswthuljut ndyuubpny,
vwluyt Juulwshg Jtp E np wt wwunluwind b hmiuhuwght
Ubtwwnnihwyh Jupubnpwihtt gnunnil, npp dgynid k, punn wpunwuwh-
duiywt Gphpwpwbubph, Uwpdwpw énghg dhtsh Upiniputh qb-
wnwpbkpwip, Upwpuwnyut hodwsph wpldnjut dwunid: Ujuyhuny,
Zujuunnwih b LVwjholwtth wmwpwépubph tpipuwpwbwluwb ndju-
ukphg Liukny, junppuyhtt juquésph tpluwpnipniup juqunid E dnwn
2000 Yu: Zuwpwynp k, wyt owpnitwyynid £ Qnyduyhg nhwgh Cuwphq
ninnnipjudp:» (Acranas, 1958):
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Gpynt mwubyull wmwphtubp hbwnn, UUgwiywup dond £ unygh
Jwpshphi' «BuIU-i hkwnwgsymd t nhgh hwpwd-wplibp Qnudu-
Pwynphq-Twqyhtt hknwgsény, hull nphyh wplbdninp dqymid t nbuyh
Epqponud (Ywpht) - Gpqujw, npntn dhwinmd E Spodwh hwynuh gsht,
npp dgynud E nhiygh Uwpdwpw 6ny: Utwwnnihwgh, @npp YUndljuuph b
bPpwth pninp wnbwnwh Gppuwowpdtph oowhiibpp fuydws Eu togws
huqqudph htw» (Acnansu u gp. 1975):

‘Uniju dudwtwlnid hp Jupshpp Gvlu-h dwuht, wnwtg uobnt wyy
wiwtnudp, hwyniubkg twb U.Gupphbjjwiup (Tabpuensn, 1959), ny
nhunwpynd £ Upwpuywmb dhojkntwghtt £4wsdpp hjniupu — hyniuhu-
wnlt)phg vwhdwbwgdnn Upwpujut junppuyhtt fuqusdpn, wnwbdtiug-
ukny wyt pun phbpnud upgwsputpnh wljtwunnt mwppbpnipjut, hpw-
potpjubph b hwbpwjhtt opbph wnpmipubph nuuwynpnipyui: Gkun-
pnunud juquspp hwynwbpynd b pnipbknuyjhtt hhdph dwpwpup-
Bughow (Unpwpug) tniunny: vquéph hwpwy — hwpwyd-wpbbjjut
owpnibwlnipjut Jpuw wpymd L hwtpwjhtt wnpmipttp b wpudbp-
wnhuh nuowntkp: «buy YEpwpbkpynid £ tjupwugpynn Upwpuymb fuqus-
ph wpldwnjwb swupmibwlnipjup, wyw wyy jpunph pusdw hwdwp
hunwl] mjuutp shwt: Yupkih £ dhugt Bupwunnpt) tpu hwjubwlut
wpldnjut swpnitwlnipniip Upuqué (kpwtt hwpwduwyhtt uwinnpn-
wnny, hush dwuphtt winiynujh Jyuynd ko juqusph ypu nknunpjus
hpwpniputbpp»:

zhknmwquynid  U.Qupphtjuip pugniund E, np Gvlu-h  gnunht
dqnmud Lt SEinph ghunwpbpwt — Unudtwwnnit — Gupwpwp — dknh
nunnipiniuny dhtsh Mipgh (Entwonpuwih uinnpnunp (labpuenss u gp.,
1981), hul wpbuninpnid hwiughuwind b Zpruhu-Ubtwnnhuljub
huqyusph &nintphg Ukyp (Fabpuenan, 1989) (uly.1R):

Ujuyhuny, gknuhuljhttwjuyhtt nkunipjub gpoypubph hhdwt Jpw
Clulu-h gqnnipjutt Juplwsh 1955p. wnwewnpnidhg htnn wugué
hwdwpyu 40 nwphlbph pipugpnid nhnbu 90-wljwtbkphi (Tabpwremnss,
1989), hwy kpypwpwubph dnwn dbwduwynpyky) kp.

Quwpdhp 1 - CGlv-i hwinhuwimd F Uwpdwpw énijpg, Zujwu-
nwlah nupwdpny plyh Ppwb, wijkjh pub 2000 [ dqyng, Zniupu-
Ubunnnphwlmi wlpnfif juqyjuwéph &ninkphg uklp, npp, uljhqp wnblkny
Epqifjuyh Ununwluypnid, whghnd E Qupu-Quphbh vwpwhwppny,
www 22 wwpwépny Skhnph gbnwpkpui — Gwpwpwp —Jkph nig-
nmipnriny uhlsh Mpgh jEriuonpuyh unnpmnp puwn U, Qupphbuih
(Tabpmerar u gp., 1981) b dplsh Qnypw puwnn U.Owwulymbh (Acramas,
1958):

Glulu-h gnynipynitp 22 mmwpwspnid hhdtwdnpdnud tp tpw phtph
Epypupwbwut jupgusputph ks nmwppbpnipjudp, huqusph gn-
nmd Gupwpwph Gnrunh, hpupnijuubph, wnpniptbiph b wnbwnwh
Epypuwowndtph oowutibph wnuwynipjudp:
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EBplwiyui  junppuyhtt  juqusph  wpunwhwjnjwubnmpmip 22
wnwnpwspmyd

Swpwéswopowth wnkjuntwlwt YJuweniguwsph niruntdbwuhpnt-
pintutiiph unp dwdwbwlwopeowt uljykg Uyhwnwlh 1988p. wnbwnwih
Epypwowndhg hkwnn:

Uy dudwbwl wowydb] htnbnnuljut pupdpugynid tp ZUEY-h
wiunwbgnipjutt jnunhpp U pwth np tpw oppwtng Ep wwpynid
Clulu-t1 hitnwghép, wwyw wuppbpwpwp wigugynn vhowqquyht hk-
wnwqnuunipniiubpp tbkpwptnd Ehtt twb Bulu-h htwpwynp wqpk-
gnipjult hwpgp: Ywuljws sfwp, np hwqupuynp Yhndbnp tpljupnt-
pjudp, hupnipwynnp Jhindbwnp junpnipjudp b dhjhntwynp vmwuph gn-
ipnil nitbkgnn junppwihtt wnhy juqusépp wywhkwp £ np wpunw-
huwynytp dwlbplnipht:

1994-2006 pywlwuttphtt juwnwpyb] i wmnndwljujwithg 100 - 150
Y ownwynny wnmwpwéph hhug niundbwuhpnipnit b Glulu-h gnjnt-
pjul dwuht dhwipwbwl tqpuljugmpjui skt kit (Karakhanian A. at
al., 2011):

1994p. «Zuytubkpgnubjudntiwpuwughd» Juquuljkpuynipyul, «Ukjudhly
wuwonywiunipjul wqquhtt Swnuwynipjutr (UNUO) dwutwlgnipjudp,
Juwnwupyuwsd ntuntduwuhpnipiniutiph wpnniupnid (Apyrionas P. u gp.
HccnenoBanue BO3#eHCTBUA HCTOPUYECKUX.., 1994).

e hwuwnwwnylk] k, np Bulu-u snith dwlbpunyph ypw npbk wp-

wnwhuwjnnipjntl,

e wupqyk) k np GVl-h wpbdwnjwb pbh hbn juwynn Eplpu-
owipdtphg 972 p. Unmi&h Gphpwowpdp, npp hwdwpymd kp
QJupplungh wykpdwt yquwwmdwn, ins ntup L (Haroutiunian R.
et al. 1997), hulj 1916 p. Znjubdptkpjwuh (Uwpnwpuuyuwnh)
pypuowndh Jepiknpnip quimd b oown wkjh hwpuad
Pqnhph opguljuypnid,

e GIulu-h qnnipiniup sh pugniugb], vwluyb shuyws nput, hwdw-
dujt W Hwpwpwtywuh (Karakhanian A. at al., 2011), UNUO-n
Glulu-h gnnipyniup widhdbh £ hwdwnt) (Jousydyenne ceiicmu-
YeCKUX yCJIOBHUA.., 1995):

1999. UNUO-p ghwnwplt) £ Glulu-t, nputu ZUEY-ht uyyuniugng

wljnnhy juqyudp (Balassanian S. et al., 1999):

2001p. UNUO-p Blulu-h ubpnidp quhwhwwnt] £ Mme=6,5 b juu-
Jwédkih £ hwdwpk) Bulu-h wpbdwnjwt plip (Balassanian S. et al., 2001):

2004p. «3tnnhulpp pultpnipiniup nhunwpll) B Qupupup—thu-
Lwuholwb ghgmubwsht junnygp Mmax=6,8 kpypuowpdtph thpn-
dny (Karakhanian A. et al., 2004):

2006p. «Enconet» pulbtpnipiniup, «@knphulj»-h htwnn hwdwwnby,
hhdudtny GvIv-h qninipjut hwuwnh Ypu: Glv-h wipnwhwjnnipemnii
k. hwdwpk) pniptnuyhtt hhdph @wpwpwuph Enrunp vwhdwbwqu-
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wnnn kupwnu) jaqusputpp (Aspinall W. et al., 2007):

2009-10pp. yuwnwpyt) £ ZUEY-h opowh 6-pn hkwnwgnuinipiniup

‘UnpUwnnd-2011 épugpny (qupwnnughtt wpuwwnwupttp, dhiy wyn uinwg-
Jué nfjuutph puunipinit): Upyniupnid hwtigl) Eu hbknlbjwy tqpu-
Jugnipnitubnht (Karakhanian A. et al., 2010, 2011).

1. Blu-h wplbjjub swpnibwlnipniup hwunwnng hunwly hwwn-

Jwuhpubkp sjwi: dkphtt W ht gyninhg wplbkjp jub Jpuwowpdtp,
npnug wnwpwénidp  wpbbp-wpldninp E, wjuhlpt  tpwbp
hwunnmd & Bulu-h ninkghép b pun wynd skt upnn hwdwpyby
wyn} uqudph dwu:

. Bulu-h wpldnjut swupnitwlnipniup wpnwhwjndws skt dw-

Ytpunypht b swn hwjwbwlwi k, np wyt wjnhy sh tnk] wd-
pnne whngku-snppnppuljut dudwbwluopowtnid, Epp wyy
wnwpwédpp swshynid kp jujuiukpny:

. Uhwl Epjpuputiwjut jurnygp, npp widbpuwwhnpku tpynud

k, npujbiu Glulu-h dwu’ pnipbquyhtc hpdph @wpupup-Unpapwugh
Entunt E: Uyt pugwhwyndby Ep, hhddbng swpusuhwljut
htwnwgnunmipnniiubph wpnyniupttph ypw, npntp hwuwnwnyty
Ehtt hnpundwt wppuwnwuputpny (Acnansn, 1958; I'abpuenss,
1959): Uy kyniunp, npp Gqupugpmd kp Gupnil] mnnquhw-
jughtt Unwn, uwhdwbubpny, hwdwpyt] Ep funppuyhtt juqusph
ulpmulhm]mmp]m‘u‘ hnpuwn, npp vwhdwbwquuynd £ Gplne
quiquihtin uquisplitipn] hymuhu-wplbkphg Glulu-nd, huly hw-
pwy-wipbuniinphg Eouhwsétuh fuquépny  (Tabpuenan, 1959,
l'abpuenan u gp., 1981): Cuwnn Q.Uhunywuh (Cumonsan, 1969)
«.hnuunp quynud E pupdpugdwt thnynud, punnpnud tpu
wpugnipniup gipuqutgnid L tunjugpulnuinuljdut puthp»:

Uwljuyt intunh jpugnighs ntunidtwuhpnipjniittpp (Karakhanian

A. et al., 2010, 2011) wyt) Lu hkwnlbjw) wpyniupubpp b hwpnigk tnp
wnwowplubp.
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¢ Gniunp hwwnnn Epjpupwbwljut jupgwsph Jepujunnignudp,

pun pnipbknujhtt hhuph dwljtpbuhtt hwutng hnpuwnwugpbph,
gnyg k wyk), np @upwpwnph Gnrunp hpwlwind ny ph Juupnil
uwhdwbtpny hnpuwn t, wy] thnppwpbkp wjhpwdlb pupdpugnid:
Uju muh 18 Yd Epyupnipimit b Epk hwodh wnubup nhup
hwpwy-wplbkp wutywh pupdpnipjudp tpw Eupwunptih owpnt-
bwlnipiniup, wyw punhwtnip Gpupnipniup Yuqdh 30 Yu:
Bintunh hpwwb nbuph wnuunnuip juwyyws k tnk) bwj-
twlwt jupduspnid ninnubuwjug dwusnnwph hiquuuwnhy (1)
Ukbwgdwt hbtw, husp Juwwwpdl] Ep, hwdwbwpwp, Eniuwnp
wybh ggnit ubpjuyugubint tyuwwnwlny:

Twonuwjht ntuntdbwuhpmipinitibph wpnyniupnid wupqyb L,
np Qupwpwp gninh pwphwipnmd quupupbph 6 dbkinpuing



opuinmid knws 1,2 dknpuing upubwntbpp wljnpy Gu gk dhiy
ytpht wyhngkl, Epp quupuptph tpunp swslypdby Ejuduibpn:

e GPS guugh wmjujutpp skt wpdwwgpb] nplk pupdnid Pupw-
pwph Enruwnh opowjuypnud:

e Ujunthwnhpd, stwjywms Gwpwpwph tintunh tplujupny dwlk-
plnyph Jpu mbkjuntwlut winhympjut htwnpbp gunudus
sk, sh Jupkjh pugunt), np Enrunp vwhdwbwqunng Gupw-
nu] fugnudubpp Ynyp B b bpwbg winhynipmpiup sh wp-
nwhwjnyb] dwljbpbnypht:

e hkwnwunt ppmipknuyhtt hhdph @wpwpwph kntunp Ynskint kup
Gplhwiyw:

e Glukny wwhywinnuljwub ulgpnitiphg, ubjudwnbljunntuljut
Unnbkih hblnwqu fhpwndwt dudwbwly Yupkh E pungniut), np
Ephwiywt Enrunp Epyne nndbphg vwhdwbwquuynmd k
hugniudubpny: ‘Unyyu uljqgpniiphg Giukny, stwyws Einrunh wpliky-
jut plp pny] B wpnwhuwyungws, qniyq fugnidubph Gplupnt-
pinLup punnik) 30 Yu:

Quuwnnpkl gnyg nwny, np 22 mwupwspnid Gulu-h wpbdwnyub b
wnplbjut pltpp hhdtwynpywsé sk, hinhttwlukpp (Karakhanian A. et
al. 2010, 2011) nipwnpnipjniup ubbkonid Bu pnipknuyjhtt hhuph Qw-
pwpwph Gnrunh Jpu: By stwyws hpkug hull wwpqupwinidubpp
huhunn juuljwskih B gupdund, Gpb swubup hbppnid Bu Giniuwnp
hnpunwtudwinipjniip, Gjukny yuhywinnujuinipjut uljqpniphg,
Uimd kb Bl-h qoympjut shpmd @wpwpwph wjhpwdl Eniunp
hwdwpynid £ hnpuwn, b Jeputjutting wjt Gplhwth wiunttung (?!), wyu
uvwhdwbwquunn Gupwnpu) Ynyp juquspubpp, npnig hpwlwbn-
pintup b winhynipmiip hwunwnduws sk, hwdwpnid Bt Gphwiyut
hunppuyjhtt uqusdph wpunwhwynnipnii:

Ujuyhuny, ytpoht 25 wwphubkph pupwugpnid juwnwpjws 6 hk-
nwqnunnipiniubph wpynibpnd, dbquinid gbiphpjunid E hbwnlyug
Jupsdhpp (Aspinall W. et al. 2007; Karakhanian A. et al. 2010, 2011; Ba-
nacausu 2018).

Qupshp 2 - 22 wwpwspmd Bl F hunfwmnd dupupuwph’
Cphwlywl JEpuwinjwinfws, Eniunp vwhdwinugénn Eipunpyuy qnyg
Juquwédplbkpp, npnig Epluipnipynrip 30 §u £

Uju jupshpp, juqusph gnympjut uinniyq thwunwpljubph pugu-
junipjutt wupuquynmd, pugnitdus b Gjukny wwhywinnuijub
uljgpniiphg: Uwljuyt Epni-tpkp mwutyuly Yhindbwnp Epupnipjudp b
hudwywunwupimt junpnipjudp Juenygp  Juunwhwpwp sh jupng
1hub] «dnjnpujuyhtt dwupnnwph nkljuntuljut junnyg»: 6y pun hu,
hdwuwn sniubp wijwiwthnjub] @upwpwph Enrunp Gphwiyut wine-
uny - wykh npudwpwbwlut §ihukp Gphwbywt fuquspp, tpbk wih
wwhdwbwquunid E dhuwyt wyy Enrunp, Jeputuitl] dwpupwnph
wunitny:
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‘Uokip, np ubp pjutinph nusdwitt mkuwlbnhg, wpwytl) nipwqpuy k
wjt whgnudp, np Gnuunp hbkndbphuyhnghyut b dwdwbwlwlhg
wljnhynipjub npbk towl shw:

Yupu-Ywuphtt vwpwhwppnd Gphwiywbt juqiubdph Gupwnpkih
wpbunyuib plh htwpuynp wpnwhwpndusnipjui dwuhh

Clulu-h qnnipjutt Jupliwsh wnwownpnidhg hbkwnn hhdbwlwb
niownpnipiniup phtndws L Enky 22 mwpwspnid tpuw dwljkplnygpught
wpunwhwjnnipnitubph pauguhwjndwip: Uwljuyt pugh @wpwupuph
Einiuwnp, npp punn hu, wuhhdt Yepuny ubpuyugynid £ npytu hnpun,
Tuqudph gnynipjul wy) thwunwpl sh guik):

Uhts opu dnnwugnipjut kp dwwntgl) wyt hwiqudwpp, np pun
U.Uuutyuth Bphwiywt junppuyhtt fuqquépp uljhqp L wnbnud
Epquyuyh dnwnnwluyphg b wiugund £ dhtsh 22 wwhdwip Ywpu-
Quphth uvwpwhwppeny (Acmanas, 1958). «Uwntwgniyyg wpjus bpkp
hnppuyhtt fuqqusplbpp (Ubh-Oppnipunh, Eplwmbyub b Upwpuinh' -
r.2.)) htnlynud & wpbduyut nignnipjudp dhtiy Gpquuyh opow-
Juypp, npunbkn Ygymd L hwjnuh Zmniuhu-Ubwwnnnhut quptbn-
puyhlt gnuintly, npp dgynud k 14004d dhtish Uwpdwpw ény b wdpnne
tplwjupny punpngynud b puquuphy wytphy U wibih hqnp tplpw-
owpdbpny: Bplwiyut juquédph gnuunid Bpqulwyh b Gplwuh dh-
owljuypmid’ Epgpmudmd (Quiphinid), nbnh ki niikgh) wbphs tpl-
puwowndtp’ 8 — 9 pwy ndqunippudp, 1712, 1766, 1790, 1859, 1868 n1 1924
pYulwutbpht:

Lwih np, 22 nwpwspmd Glulu-u nplk Yhpy wpunwhwjndus sk,
npudwpwbwlui E ghuwpll] tpu hbwnwgsh htwpuwynp wpunw-
hwpnmpnibibpp nhwh wplununp Skinph ghnwpbputhg Ywpu-
Yupht vwpwhwpph ypuyny dhtgh Gpqulju:

Cuwnn GIvIu-h gnjnipjut Jupluwsh, Znruhu-Ubwnnjhuljut wljnhy
huqusdpp (ZUUN) Zugulut (Entwojuwph hnuuhu-wpbdnyjwd dw-
unid gniquiynpdnid £ U bpu §minbphg Ukhp Gplwiywb juqluspp,
wugubiny GBpqujuw-Yupht mpnmpjudp, hwnnd L Zujuunwth
uwhdwtp Skinp ghnp ghnwpbpwtng (Lhwp 1): Ldwbwybu, dnu
&ninp Uth-Opynipunh fuquspp, inyiygbu phpwiwgn] wpldnunp-
wplbp ninynipjudp, hwnmd £ Zujuunwth vwhdwip Uth punuph
wytpwlubph dnw:

' «Upwpuwwnh uqyudpp dqynid b Zugufub wup (kebwonpuygh hjniuhuwghb jwbeny: Uph
ghyh wplbp swélynd t Uwuhuh jwduitpny, hul ptyh wphuninp htwnbynmd
Uquplkpinhg hjntuhu-wplikyp b wuyyw Muniuhg hjniuhu» (Acranas, 1958):
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Eurasian Plate

Anatolian
Plate

Arabian Plate

u P
V.2, Zuguljub (Entwojuwuphh wunhy juquspubtpp. U - pupunbkqp (Avagyan et al.
2005) b B - gdwuljupp (https://www.wikiwand.com/en/Geology_of Turkey): Ul punwil-
niup tkipgpuynid £ Yupht-Yupu vwpwhwpph wijnhy pquspubpp: Lonwdukp. N.AF.
— zmupu-Utwnnjhufui; AF. - Uunipuuh; G.F. - Quopuny; G.SF. - dhpunnunbsju-
Uwphnudhoh; P.S.S.F — Quudpwl-Ulw-Uyuniuhph N.T.F. - Zjniuhu-Cwyinhgh juqusdp:

Uwljuyl, punn wpnh wdjujubph, Ywpu-Yuphtt vwpwhwppeh Jpu
nbkljunntwlut juquspubpp niuku ny pk wpldninp-wplkp, wy pw-
pugunuybu hmiuhu-wpbbjut ninpusnipmit (Wh.2U0): ‘Lpubghg
wnwybk] wpbbjjuup Upjunipjuih wljnhy juquspu kE, nph htn Eu ubkp-
Juynidu juuynmid Fnudpne 1926 p. b Uuh punupp Juwuws wyun-
dwljut Epjpuowndtpp:

Ujuyhuny dkp Unnn dbwdnpynud k.

Qupdhp 3 — Ppuljuimid Zymupu-Ulnuwnn hulpul wlnhy jugudpp
Epqlljuyh uninpg sh phpinid wphuninp-uphkp monoipyudp pkuh 22
vwhdwil, wy) pwpnibwlnid b hp hwpunf-wpbbypub nignjwénipiub
plpugpp plyh Jwiw jhs (4l.2):

Zudwdwjt wyu Jupshph 22 mwpwépny whgjugynny Gphwiyuu b
Uuh-Opnnipwnh junppuhtt juquispltpp skt jupnn - hwinhuwbug
2UUIu-h &ninbipe

Y Lpnidnipiniu

Bplwiywt b Uuh-Oppmipunh juquspubpp h uyqput U.Uujwt-
juth Ynnuhg wpwownpt) &t npybu junppughti uqusplbp: Lbp-
Juynidu  hwiipughinwpwbwht Lounudwpunmpnit £, np  «junppuyhte
huqudp» Eqpniypp yuundwlwbh ginnkjunnuhjuyh hhdtwlwi hwuljw-
gnnnipniutphg Ukt b tnk) $huhquh qipholunipuyt dudwiwlju-
onowunid (https://bigenc.ru/geology/text/2364929):

20-pn nuph Ytpgnud, Epp wkh pgmubih puupdtght Unphihqup
npnyputpp, hwunwwnltg, np Gpipulbnbh Gpipwpwtnpbit Jupndy
wnwpplpynn dwubph jpquspujhtt vwhdwbbpp gjluwynpuwytu gnyjw-
unud B dESwjuyunyp hnphgnuwljut wknuowpdtph htnbwipnyg b
wjy hul wuwndwnny «unppuyht juquspr tqpoypep Ynpgpkyp £ pp
uljqgpiwutt pwbwlnipnitp: LEpjuynidu wyny hwuljugnnnipniup
wnuwyl] huwdwywnwuppudnid E «junppuyhtt jupuwghtt gninh» hwu-
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Jugnnmipjuin, npybu Gphpulbtnlbh funonp hwwnduwsubph pwhudwb
gnunh (https://www.vsegei.ru/ru/public/sprav/geodictionary/article.php?
ELEMENT_ID=46015):

Ujunkn nipwgpuy k, np «unppuyhtt jupuyhtt gninh» hwuljugn-
nnipjniup, h twppbpnipinit «unppuyhtt jpqusp» hwuljugnnnipjul,
sh Eupwunpnid hp juqunid wljnhy juqusputinh hmpwnb gnmipniip:

Swpwéph Junppuwjhtt juqubputph gdwwywwltph dwuht: Zng-
Juénid putiwplynn 22 mwpwsph unppuyhtt juquspubph gdwuyun-
Ytpp (0.1 U) wnwownlyty £ U.Uuwiyuth Ynndhg: Usph L qupunud,
np uquépubpp qniquhbn Et ®npp Unydljwuh Junnyghtt b tpuig
htnwynpnipiniup hpwphg qupiuwbwihnpbt hwjwuwpuwswh b Q-
phh Ep Qupst), np wyn gdwwunltpp juqudly E hputgbng tpy-
pupwbwlwbt nuonuwhtt hbnwgnunipnitubph wpynibpubph Jpw.
huqqudputiph plbtpnid Yupdwsépubph Yupnily wwppbpnipnibaubpp,
bpwpnipjubph, wnpmipubph b ubkpdwypnijubph  (hunpniqghwitph)
wnbknunpnipiniup, twb hwogh wetbing wytphs tpypuowndtnh oowiu-
ubph phppbpp: Uwluyu hEnhtwyp uonmd E, np ophtiml Uth-Opnni-
punh Juquspp nwpynid b dnnwdnpuytu’ hkindtng bphpnppuljui
huwwnlimpmiuubph dpu, Upwpwwnh fuquspp wigugynud b tupw-
npupwp, hull Junwh wighugyny Gphwiywt juquspp, npp wpunw-
hupnus E aqquuulwinpbiy plbpnid upduspubph Jupntly nwp-
pEpnipjudp, husybu gnyg wmykghtt hbnwqu dwipwlplhwn htwnwgn-
nmpniutbpp, npbk Ypy sh tpdwpynid dwljbplnyphi:

Syunpnipniup wyt k, np U.Uuutyuip @npp Yndjuuh Junny-
ghtt qniquhtn Ynpwdl puquspubpp (ul.1 U) wiughwugpk) L wnwght
htpphtt wpwounpbny Ynunpulghntt ghnnwduplush wuwnlbpw-
gnudutpny U hwdwywunwupjpwt hwyduplyny: Cunn wyn wnbuntpjul
Ynpwdl Ephpwpwbwlut junnygubph wnwowgnudp puguwnpynud k
Epypuljinth pnpnpudlmpiudp: Lwih np. «Unwbdquijut hhup niuk-
gnn udkphly wwinjuh ubthwljwl pwph wnwly &ydkp Jupny £ wow-
owgit] dhuytt wynwhuh Juenygubp, npnyhknb tpuwbg wnwugpubpp
nnipu kb Bplpwuqunh UES opowtimgstphg, wjjuuybu wyn Lynudp
Yuyuwhwbgbp dlwpwpindwt dwpuhdwy Eukpghw» (Acmamas, 1958):
Glubin upwuhg b pungnitbny, np ®npp Undjuuh dkquubuwnhlh-
unphnudh  quyunipniip Unnnynpuybu juqund E180-1904d, wyh
pudwtyly k 3 opnnbkljinntwljut gnnnt, npnughg jnipupwiisjnipp nith
60-70yd (wjtunipjnit: Upwup ppkug hbkppht pudwbdby Bt wydbkh ubn
gnuihubtnh, npnug juyunipmniup juqunid £ 30-354d b pninp wju gnunp-
ubpp vwhdwbwgsymd tu junppuyhtt jpqusputpny: Unwbwny Yn-
pwdl junppuyhtt juqusputph wju dwpbdwnhlnptt hwyquplus
géwujupp, hwonpnhy wyn gétph Ukpdwluwypnid npnyby Gu junppuyghe
Tuqqudpp Jyuynn Eppuputiwlut hwjnwihpbp:

U.Uuuiyuup tpnud L. «junppuyhtt juqusputiph hwjnwthobpp
tjuunyl) Eu Zuyjuunwih sun sppwtitbpnid, uvwljuytt wydd wnwyby
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Jud yulwu unnygmpjudp jupkh £ junul] dhugt snpu nhghntiug
fanppughtt juqusph dwuhb?, npnip bwb hwinhuwbnd ko nklunn-
twljw gnunhubph vwhdwuttp» (Acraman, 1958):

Bluknd wytt thwunhg, np yhdwhwpnyg Gplwywt juqusph puw-
guhwjnnudp hwdwpyly] bp «qquuulwib», wjuhtipt wpwyl] unnyg,
Yunth k fupsky, np wyn snpu juquspubiph unnygnipmniiup puduljub
Jhdtih E Pull hwpdh wnubind wju thwuwp, np wyy juquspubpp
wiglugyt] i hwdwduyt hwpduplubph pun tbpuynidu dkpddus
Yntiinpuljghntt ghtnwjuplush (https://encyclopedia2.thefreedictionary.com
/Contraction+Hypothesis), Jupkjh £ wunk), np tpubp hhdtwgnipl tu b
httug wn wuwndwnny hpkug wdpnne tpluyupny Eppuwpwinpbi sku
hwunuwnyby:

unppuyhtt juqubputiph wljnnpynipjus mwphph dwuht: U.Uujwi-
jmtth §nnuhg wpwbdttmgws wnwyk] unnyq snpu junppuyhtt juqus-
phg wowghth’ wownlly hymuhuuwghth, Thpwy-Quigkqmph fuqusph
«gnjnipjniip npwbku punppughtt juqusp wpunwhwyndws t jnipugh
nupuonpowith ulqphg» (Acmanan, 1958), wjuhtiptt wyt nith wykh put
200dju. mwuphubkph wunhynipini: Ukq wnwyt) hbtnwppppnn Gplwb-
jub juquspp pun U.Qupphbjjuih «..owwn hhlt £ dhbs Jipht jun]h&h
hwuwlh... Uuuyl, juulwshg Jtp L, np wyt owpnitwlnd Ep Y-
nuih dowp twb whnpnyngbunud» (Fabpuenan, 1959): Ujuhuplt tpw
wljnynipjut dudwbwlp wykjh pwt 100U}t tnwph k:

Ujuyghuny, pun $hpuhqup bpljuyugmghsubph upshph, 22 nw-
nwédph funppuyjhtt fuqusputipp, npnup wupundbe wwhwwb) tu hpkug
wlwnhynipniip, goynipnit niibt 100-200U)u. mwph: Zujunupdbing
wyu Yupdhpht, Unphihquh tkpljuugnighsp uubp «Gihu]wiulub b,
np Gnunpduiugh dudwbwfjubpnid wpwewgus juquspp wwhwwukp
hp wyunhynipniup dhty opu: 2L np wjunnbnhg 10004u ntwh hwpuy
quiynn b dhjhntwynp mmwphubp thnputbthnp pupwbwny nbuyh hnt-
uhu hp wyuopyw nhppp, kphypultnth dkp hwngwsp, huwjnigbng nw-
puthnthnpu Epjpunhtwdhy wuydwbubpnud, stp Jupnn withntnju
niuktwy tnyt Epipuwpwbwlui Juenigduspp b quugl] unyb qw-
pnidubph qupwnnid»:

Zqnp Eplypwownpdtpp b tpwig opwputtph ntlwnntwlwi nhppkpp:
NMupgbnt hwdwp wpynp Uuh-Opgnipunh, Gplwth b Upwpwnh
huqqusputipp wjnhy b, ph ny, whwp L &onkup, ph np hqnp Eplhpw-
owpdbph oowhiutpt Gtu, pun U.Uuwbjwbh, wnpwbsynid upwbghg
nipwpwisjnipht.

2 Pugh Ytpp pyws kpkp uqiudpibphg, npnlip whwnp k np hwinhuwbught 2Z0U0R-h
wplbbjjwb &mnkpp, tpwbghg wykh hjupu wwpymd Ep Shpul-Quitghqniph
hunppuyptt juqubph htwnwghép  dnuiph-dwbwdnp-Ulwb-Uwpunniith-Uhuhwb-
Shpwpwn-Choytpin nupnnipjudp, npp uh thnpp gknJwé E ubpiughu Cwdpwl-
Ulwt-Ujnihph juqudph htwnwgshg: Upluninpnid juquspp dqyniud t Qnpk-
O1ph-Snpuinnid hkwnwgény (Acraman, 1958):

75



e Uuh-Opnnipunh juquspht ku Jipugpynid Uuh punuph (1045,
1132, 1319, 1926 pp.), Twyng dnph (735, 906 pp.) U Quuqkqniph
(1931 p.) Lpypwowpdtpp;

e Gplwbh puquéphtt Eu dhpugpynud Gplwh (894, 1937pp.) L
M hup (851, 858, 863, 869 pp.) mytinhs kpypuowpdtpn;

e Upwpwwuh huqusphtt tu yhpugpynud 136, 341, 1679, 1840pp.
nbwpbpp:

Uhwtquuhg wsph E qupumd pyuplus tphpuwowupdtph wuhw-

Uwyyunnuuuwinipyniip thpljuynudu wupgyus hpulubnpejui htn

e 906 p. nunwlkpug Jwbph bpypwownpdhtt Jkpwugpgnn wyk-
pnudubipp juwyuws ki unnuiph htwn (Zupnipniyui, 2019 w);

e Mlhunud wybkphy Epypwowpdtp tu bEnbkp dhuyt 863 L 893ppe.
(Zupnipiniiywi, 2021);

e Gplwl pwnupht Jkpwgnynn  Ephpwpwpdtphg  ppuljut &
Uhuyt 1937p. Gpypuwowndnp; ‘

e Upwpwwn uquqdpht Jtpugpynn 136 (Yphwywly &hownp k 139),
341, 1679, 1840pp. Lplhpwownpdbiphg uwnnyq t dhuyh 1840p.
Epypuwowndp (Unbthwiywi, 1964):

UL.3: 22 b hwpwlhg wwpwdph hpufuwb o Bupunpjuy whnhy fuquspubpp b wbphy
tpypwpwnpdtph ogwpuibpp:

Ppwlwh jugquspltipp (ub gnyjing). U - Uunipjubth, @ - Quntng, @ - Qujjunne-Tungh, 2 -
Quiigkqniph, 20 - Zmuhu-Ubhwunnjhwljwb, 2 - 2Quynpuith, ®UU - Qudpwl-Ulwb-
Upmitph:

Blpunpuy juqluspbpp pun U.Uuwlyjuih b U.Qwupphbyuth (04.1) T - Chpul-Qub-

ghqniph (uwnywn gnyuny), Zniupu-Uhwnnjhwlut winhy juqusph dniqudnponidubpp
(ntnht gnyuny) I - Uuh-Opnnipunh, I - Gplwbh, IV - Upwpwwnp:

Uytphs tpypwowpdbiph pluqpdusé ogwpulibpp (wuwnnuithony):
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Uhiwyy B npnodws il ipdws Epjpuwowipdtnh opwpuitinh mkljunn-
Lwlwl nhppbpp.

e ‘Lwjuwmykbu uykup, np dhsh whgyuy nuph 90-wjut pdulub-

utpp hwjnth skp Gununt wjnhy juquspp;

e Uuhh wuwwndwlwh tpypuwowupdtpp b Ynudpne 1926p. Gplhpw-
ownpdp ubpunidu juwynid E ns phk Uth-Opnnipunh, wyp
Utuntpyutih wljnhy] huquwsph htn;

e 893, 1679pp. bEpypwowpdtpp Juuwywsd b Qununt wlunhy
luquéph htn (hwdwyunuupubupup Zupmpgnbyub, 2021;
Kapaxansasn, 1995): Uhtsntn U.Uujwiywth Ununn wpweohtipn hw-
dupyl) tp Gplwuh 894p. tpypwowpdp b Juwyl] Gplhwuh
luqqudph htwn, hulj tpypnpph ogwiup juwyt tp Upwpunh
Juqudphiy;

e 735, 1931pp. tpjpwowpdtpp Juuwynid Lu Quugkqniph wljnhy
huqudph htwn (Zwpnipmniiyui, 2019 p);

e 1840p. Lphpwowpdp wydd fuwynid £ Qujjuunnit-Tuny wljnpy
huqudph htwn (Ambraseys et al., 1982):

Ujuyhuny otownkup, np tkpjuyhu wunljipugnidubpny Zuyjulju
(Entwpuiwphh tmwpwsph wjnhy puqusputph gswwyuwnljtpp hhdun-
Jht nwppbipynud £ U.Uuyuiyuth Ynndhg wuunltpugushg (ul.3):
Gpt U.Uuuiywih wowowuplws nppuyjhtt juquspubtpp 22 mupws-
pnid niukt Ynpwdl nbup, Ypjubing @npp YUnyljuwuh dup, wygu Upanip-
jmth & Qunpunt juquébputpp, npnug hkn i tkpjuynudu Juwynid
Jtpp pdws hgnp Epypuwowpdtph ogwjutikpp, niubkt hwdwwwwnwu-
huwttwpwp hjnruhu-wpbbput nt hnruhu-wpbdnyut nindusénipmnit b
hwwnnd tu Gplwth b Uth-Opngnipwunh funppujhtt juquspubph hk-
wnwgstpp: bull Ywpht-Yupu vwpwhwppeh nwpwspnid hpujub wl-
nhy juquspubpp niukt hjnruhu-wpbbjjut ninnjuénipmnit b tnyb-
whu hwinnmd ku upwnpuubkpp:

Utgyu nuph Ephpnpn Yhunid, npnp phwpbpnud dhty wydd, Jk-
quunid nwupwsyws thu b Eu pnip Jupshputp quundwlwb Eplpu-
owipdbph ogwutikph Swplh, Mhh ogwpilikph Judpkpp, 906, 972, 1406,
1827 1 wy| Epypupowndtp, mnunpnipjut dwupti (ApyTionss u ap. 1994,
Haroutiunian et al. 1997; Zwpnipniiyut, 2019w, Zwupnipniiyui, 2019p,
Zupnipniiyui, 2021): Uju pinip wunlkpugnidutpp wdpnnowgubyny,
whtup L hwdwnbpunnud tol) twl, np dhtgh whgyuy nuph 90-wjut
pYuwluubpp hwy Epypwpwtibpp Zugjulub (Entwphiwphh dhwly
wljnnhy hpwpniju hwdwpnid Eht @nunpuyp b tpwb Ehu JEpwugpnid
wiquu Lkdpniph 1441 p. quudwlwt dujppnidp b nu tnyuybu wyy
dudwtwlutph hwipughnwlut Loudwpunnipmnit tp Quyjulijut
hwipwghmnwpui, 1980; Zupnipniiywi, 2001):
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Bqpuljugnipini

Ujuwntin wnknht £ hhoby, ptwpwtnid pipduws, junpupwthwig ghwn-
twjut U.Uuwiymih Jupshpp (Acmaman, 1958): Lhukiny gtnuhtly-
1htwuyhtt mbuwjut nypngh tkpjuyugnighs, tw thwuwnnpku Jhakih
tp hwdwpnid junppuyhtt juqusputiph gnjnipjutt npny hhdtwynpnid-
ubpp punn wyny wbkunipjut hhdtwnpnyputph: Uwliuyt wbwpwplbihn-
pkb pugniubng Gplhpwqunh qupqugdwt hnttnnwpuljghntt ghnnwyup-
Jwép, tw thnpdnud tp twlb hwyynnuljut Enwbwlny quubk] nbklwnn-
uhyuyjh puunhpubph psnudp: Uwubtwynpuybu wnybu tw juqdk) bp
2Z wmmupwédph unppuyhtt juquspubiph gdwwyuwwnltpp, npntn wpwtd-
twgnpt) Ep wpwyb] hwjwbwlw snpu juquspp, puyg wuqud npuip
skt quby Epjpuwpwiwljut hwunwwnnmd hpktg wdpnne Epljuyupny,
pwth np hhduJws b tnk) pinip ghnnwduplush Jpu

Lkpluwjhu wuwwnlbpugndubpp 22 mupwsph wljnhy hpwpliwlw-
unipjwt nt mklwnnuhuyh, husyku twb hqnp Epjpuwowpdtph oowtu-
ukph wbkjunuwlut nhpph YEpwpbpu] qquih wwppbpynd Bu XX
nuph Epypnpy Yhuht punpny yunlkpugnidutphg: puihg Gjukng L
hhdudtny Jtpp owpunpjwsé putiwlwb JEpnidnipyut ypw jupth k
wiunk], np UUuwlywuh Ynnuhg wnwowplwsd qunuthwpp, ph
Enqujuyh dnnn 20U ninuynpynid | nhwyh wplbbp b tpw &ninkphg
tpyniup Bphwlyui b Uih-Opgnipunh wljnhy uquspltpp wghnid
ku 22 mwpwspny b bpwig htn o juyws «..Onpp YUndjuuh ponp
wnbtwunwh tpypwowpdbph opwitikpp...», hpwwinipjutp sh hwdw-
wuwnwupiwtn:

Updt ok, np Gplwiywt wlwnhy huquséph sqgnmipjut dwuht
Jupsdhp wpunwhwjnytk] kp phnbu 1994p. (Apytionas P. u gp., 1994),
uwluytt hbnwquynid, pwth np hbnwgnunipjniutbpp hhdws ku
tnt] wbgu) nwph Ykubpht puinpmbudws wuwnlbpugnidutph Jpu b
Jhpuwpymd Ep wwhwywiunnuljut ulqpniupp, dhs opu Gphwiyub wy-
] fuqugph gnympjut hwpgp skp Yh&wplnid:

zinhtwyp sunphwfuwy t g U.UJuquiht hnpdush wpmynitw-
Jtwn puttmpynidubph hwdwp b q.p. L.Equuunnuywtht hnpjush dhw-
Ynpuwt pipugpmu gnigupbkpjwé gnpstwljut ogunipjut hudwn:

zknhuwyp punphwlwy k twl q.p. U.UJuikywiht gpujut gpu-
hunuwjutth b hnpJwsh hunwlbgdwit ninnjwsé unphnippubph hw-
dwp:

Qpuljwtmipnih

Zuyjujut unybnwlwt hwiipughwnwpub, 1980. 2. 6, Gplhwl, 719 be:

Zupmpjnigub, . U, 2001. Zugfuljwt (Eptwohwuphh whnhy hpwplwlwinipeuh
dwupt: Gplhwl, 22 QUU Sknkljwuqhp, Shunnipmnit Gpyph dwuhb, 2. 54, N 1, by
3-11.

Zupmpniigui, . U, 2019w. vnnwlbipug quiph Zujuunwih Zubpuybunipjub
Juyng 2nph dwpq) IX-X-pn pupbpnid wdbkpnudubph tpjpupubwljut yungwn-
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EILIE PA3 K BOITPOCY O CYIHIECTBOBAHHUU EPEBAHCKOI'O U
INPUMBIKAIOIIIMX K HEMY AKTUBHBIX PA3JIOMOB

ApyTionsin P.A.

Peslome

B cratbe Ha OCHOBe aHalM3a MJEH, JIEKAIIMX B OCHOBE T'MIIOTE3BI O
cyiiecTBoBaHMM EpeBaHckoro riyOOKoro pasioma, M pe3yiabTaToOB €r0 MHO-
COJIETHUX HCCIEAOBAHMM, MOKA3aHO, YTO MPEAJIOKEHHAs aKaleMHKOM A.Ac-
JaHsHoM B 1955 r. u He ompoBeprHyTas A0 CHX HOp THMIOTE3a O TOM, YTO
EpeBanckuii 1 AHU-OpayOaackuii TIyOMHHBIE Pa3lIOMbl aKTHBHBI, MTOCKOJIBKY
SIBIIIIOTCA BOCTOYHBIMU BeTBAMHU CeBepo-AHATOJIMICKOr0 aKTHBHOTO pas3jioma
U C HUMH CBSI3aHBl OYaru pa3pylIMTENbHBIX 3emieTpscenuit Ha Manom Kas-
Ka3e, He COOTBETCTBYET ACHCTBUTEIBHOCTH.

ON THE QUESTION OF THE EXISTENCE OF YEREVAN AND
ADJACENT ACTIVE FAULTS

Haroutiunian R.A.
Abstract

Based on the analysis of the ideas underlying the hypothesis of the
existence of the Yerevan deep fault and the results of its long-term
research, the article shows that the hypothesis proposed by Academician
A.Aslanyan in 1955 and not refuted until now that Yerevan and Ani-
Ordubad deep faults are active because they are the eastern branches of
the North Anatolian active fault and the foci of destructive earthquakes in
the Lesser Caucasus are associated with them does not correspond to
reality.
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22 20U BMrUfULULUYUL @PSNRESNPLLEP PLUSPSNRSONRU
2022 ¢4U4YULP GLU/NMY GrUUUSUUE UBUDLULNLED

e wwynhih 15-ht, «Ugpnuttnwntbtph ptwyuwhywbwlwb b unghwi-
ntnituwlut juptnpoipiniip b hhdudwt htwpwnpoieinia-
ubpp Zwywunwiniud», qiljnignn Gpjpupwbwlut nknkjuwnynt-
pjul jwpnpuwnnphuwjh Ypunubkp ghnn. wppuwwnng, w.q.pe. nphly
Ugtkwnhujut

e Uwjhuh 23-ht, “Far-field deformation in the hinterland of the Arabia-
Eurasia collision zone: a thermochronometric viewpoint”, qklnignn’
Pnnthwjh hwdwjuupwth ypndtunp dhihjud Tuduqu

ehnithuh 20-ht, «2pwédnp wnbknuduyph whngtuh Gpipwpwine-
pmiip b wwndhow]uypps, qbmgnny 8ARLUUPYU pubqu-
pwth (Moppkunpny, SYguphw) ghnwyunng, §.q.p. tujhp
Juuhpul

e hmhuph 21-hb, «(tunhninughnt htnbkpdtpndtnphw. Zhduw-
Jut uljgpniuptipp b Yhpwnnipniutppr, qiinignn Gplinh pun-
nhqugnpnipjui b hknwhwnp quudwt pwmduh Junhs, QU Uspawnp-
hwgpnipiut htunhunnun b 22 @UU Eyninquiunnubbpuihtt hk-
nwgnunnipniiibph  jEunpnth wjwg ghnwuwnnn  Uunply
Utndtnl

e hmihu 24-ht, “Gplypwpwpdtph tpypuphdhulumb juiwnbu-
dwl hkpwuwpubpp Zujwunwund”, qiynignn  Zpwppuiwghwnnt-
prul jupnpuinnnhurth ghinwshiwnnn b.a.e. Undkl Twauniut

ehnithuh 29-hti, "Guinit hannnwbnn. tnp httwpwynpnipnii-
ttp hhnpnbpypupwinipjui dke", qymgny Qknpgh Ukjhn-
Jwdk, FEndhqhjuyh httunhwniniwn, Bphithuph MEnwlwb Zw-
dwpuupuwi (dpuunub)

Uwghunpnuuut phqbph yquonwwinipini

Ubuwnniyut Lnwuhuk, «22 YEtnpnbwlwt dwuh wlnhy juqus-
pujht gnunhubkph niumdtwuhpnidp Eppuowpdtph hhuynltuwnpnt-
utph Ypluwlyh JEpwhwpdupluwi dkpngny», SEnwppubwnghugh b
gtnuUnuhpnphugh jwpnpuunnphw, nkY., t.q.p. Lhihp Uwupguyut

Pupuyut @bnpg, «22 wpunbptwnphy dwbwwwuphubph hudbubpw-
Eppupwbujut wuydwuubpp», Gpjpunghttwdhlju b Jununubquynp Epi-
pupwbwlub tplnypubph jupnpuunnphw, kY., t.q.p. Thnph Unw-
phjult
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uswunpui Unpwdwihu, SEnudw hpwphahtt pupdpuduinuljh
Updwnuwi hpwppuh hpwpluwghnwlwt tjupwugpnipniup, Zpuphwgh-
nnipjul jwpnpunnphw, nkY., b.q.1. vwswwnnip Uk hpubpjut

Zudpupui Ywpkl, «wjwunwith gnpy wénijuubph b wypynn php-
pupwpbph dbnwunupbpnipjut hEipwuljwptbppr, ogrnuljup hwtiwén-
ubtph jwpnpunnphw, nkY., E.q.p. Upwhp Zndhwthuyyw

Ukpuhywb Upwpujw, «Ulwbw 1£dh b npu ophwjup wjwuquih
gintyninghwjut yhdwljh nt thnthnpunipjniutibiph vhnnwdubph quuwhw-
unid USZ b hknwquudwb dbpnnubpny», Gphjpuwpuwtwlut nbnblw-
nynipjul jupnpuwwnphw, nkY., n.q.p. Ujkpuwtnp Unwphjjut

Uwhwljjut Lphunpbiw, «Uhwih wijwquih wwindhpwjuyph
Jhpujuigunidp pun bunquspubpnid wuwhundnpdutph», Lhpnn-
ghwh b ntghntwy Epjpupwinipjut jwupnpunnphw, nkY., t.q.pp Lhihpe
Uwhwljjut

Swpuwunwiyut Yhdw, «Ubhwbw 1£h wjuquih npny ghnbph nh-
wuwpwinipniup pun BU QTY bpjpwpwbwlwt ulqpnituph», Lhpnn-
ghwjh b nighntwy Epypupwinipyut jwpnpuwnnphw, kY., t.q.p Lhihpe
Uwhwljjut

Uwpquyubt Lhihp, «Ulhwuh odhnihpuyhtt gnuant dhohtt jnipuyh b
unnpht juwydh hwuwlh pughnjuphwttpp (htbwpwtwljui, Jhuuw-
otipnugpuljut b Epjpunhttwdhl tywtwlnipniup)», 2Zubwpwiniemni
b oipnugpnipjub jupnpuwnnphw, nkl., b.q.p.Upujhl Sphgnpjui

Qnpéniymdutp

Qtnphtwdhluygh b Epjpuputujut Juuubqubph jupnpuwnnphugh
Juphs, ¢/ Upw Ujugyutp thtinpjwph 14-hg dwpunh 3-p gnpsnupby £
Bghwywunu, wppubnubjudwpuujut b ywjbnubjudwpuwbujut hbnw-
qnuunipniutibp hpwlwbwgtbnt tywwnwlny:

Epypwintntjuunynipyut jwpnpuinnphwih b gpunwpwih quphsy,
¢/p Ujkpuwlinp Unwpbjjulp dwpwnh 9-11-p gnpsninyly b Zntbwunwl
p.Uwnthy, <<NOLSNU>> Ubsnfjut wjwuquih tplyputph wunpuwh-
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wnwljhgubp Pwpuyut ZEYnnpp, Funpgyut Uhpuytp, Unwpbjjut Unt-
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twubpnid wopownwupwjhtt ghtnwdnnnihtt dwubwlglint tyunw-
Uny:

BQP wntoptu . Ukjhpubkpjuup hnithuh 12-19 UUQUSE-h hpw-
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ZbtUrduL SurcEeder

NNUPY LURCPP QUMBUL
(Sutyu 90-wdjulhr)
(1932-1992)

2022p. puguy tpypuwpwtw-dhubpuinghw-
Jut ghwnnipnitubph gonlunp, hwjpnuh tplhpw-
phuhynu (kndhly LVwhphh Qupjuuh (28.01.1932p.
—16.06.1992p.) 90-wdjulp: L stk b Ukdwgh) k
hwiupwdwtws gpnn Lwhph Qupyuth plwnwbh-
pnid: 1955p. wjwpuntk] E Gphwih yhnwlwb hw-
- dwjuwpwbh  Gpipuwpwbwluwt  wlnynbunp:
. 1955-1958pp. ukpwnju) wppjuwwnk) L npytu tply-
puwpwt ZUZ  Epjpupwbulut  Jupsnipjub
wnwppkp  Epypupwbwhbnwpniqujut - wpow-
Jujudpbpnid: 1958p. nhijnbuptpnhtt punniugly
20Uz Ghunmpniuubph wjunbdhwgh Gpipupw-

twlwt ghumpnitubph httunhnnunh  wpunwunpnipnithg Jupgus
wuwhpwtinnipu: 1961p.-hg dhtsh hp Yyutph Epght opbipp wpuwnty
E tnyt htunhwnninnd uljgpnid npytu Ypuukp, huly 1967p.-hg wjug
ghnwpwwnnn htunhnnunh Epljpuphdhwih pudunud: 1965p. Unul-
Jumud vUZU QU 4. dEptwinunt widut tpypuphdhugh b whw-
1hnnhy phuhuwyh ghnwhbwnwgnuuiuit htunhnnnh TEOXH AH
CCCP) ghnnujutt junphpnnud, hnswjuynp Epypuphdhlinu tphpupw-
tw-Uhubpunghwjutt  ghwnipnitubph  yniunp, wpnbtunp <4
Gobippptiwgh ghnwljub nEjufupnippudp uynit epuyny ywpnww-
ul b Cugjujut UUZ Yuyuih b Lugupwuth hwupwjuyptph hwt-
puwbympbpnid ubjkuh b phniph nwpwsdwb ophttwywihnipniuubpp»
phUwny phljtwdniwjut wnkiwjnunipiniup b unwgh) Epyjpupwbw-
dhtubpunghujut ghnunipniuutph pkljuwsdnith ghnujut wunhgu:
Zhnmquynid hp wdpnne ghnwljwi Yyuliph phpwgpmd, (. Quipjuip
qpunyt] E Zwjwunwth Yuwywih spowuh dknwunuljut ogunujup hw-
twoénubph hwtpwuwptph hwiupwiympbpnid wniwu gpduws b hwg-
Jugmun nwppbph, Epypuphdhuut b ywbnpnphyhwjuwt wnwbd-
twhwwnlnipnitiubph, htyybu twb tputg mwpuswlut ninupwsju-
dult hwpgbpny: Uwutwynpuybu, Ywuywuh wnhtd-hpupwpught
hwipwduypnid tpw Ynnuhg nrumdbwuhpyl) B phniphnubpp b
wnwohtt wmbquu puguhwjuty ki hkuhn' Ag:Te b phympnphudniinhun’
Bi2Tes, Uhubkpwjubkpp: Uju hmipwduyph upwbphwn b quikthnn wwupnt-
twlnn hwipwiympbpnid tw wnwohtt whqud Zwjwuwnwih wnw-
pwspmd puguwhwyink] t juwwph phniphinh huqiugnin dhitkpug
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nuihtuhwn PbTeOs, npp Uhts wyn huynbtwpbpyl] b wnwohtt wbqud
uupwugpyty tp wbghwgh dhubpning Fwuhtdh Ynnuhg 1935p. UUL
‘Unt Ukpuhln twhwugnud: (. Qupyutihtt hwennyt) k puuguhwjink, np
Guuwwih hwtpwjuyph hwipwiynmipnid hwqugmnun b gpgws nwp-
nptpp YEunpniwgdws ki hhdtwljuinid ubwibphwn, qukuhwn, wyhphwn
dhtubpwutpnud: Cun npnud, quihnudh b huinhnudh wdbbwpwpdp ww-
poiwlnipgniip’ 0.001%-0.1%, tjwwndnd E ubwpbphumd, pughne-
Uhtip Uhlish 0.002%, quitihunnd, hul Yundhndhp dhish 1%, k-
mdwtinid: Fhntwluih Ynnuhg hmqugnin b gpwsd dbnwnubp Eu
hwyntwpkpyt] twb Upnituhph Owdh wnhud-udnjhppibwghtt b Chiw-
hnnh wnhud-hpwpwpuyhtt tphwlnidubpnid: Uywgnigyby k, np wju-
wtn pugh Unjhpptiithg, wnudhg, ghjhg, juwyuphg b nuljnig, ny Uks
pwbwlnipjudp wnlu tu twb ubjkup, phnipp, quihnidp, nkuhnudp b
gipdwuhnuip: dbpohtt vnwpph wwpnibwlnipniuip wunmh&wwpwp
wybjwtund £ dnjhpptuhwn-yhphun-jowynuyhphn-dwgubnhwn dhtkpw-
Juyht hwgnpruutnipjudp: Fuhnidh wewyl) pupdp wupnibwlne-
pinLup hllulmllnu[ E huwjynyhphwnnid, hull pkuhnudp fuwynuyhphwnnid
b pnpuhwninid  dhtsh 0.0002%: Ghwnbwlwbip ntuntdbwuhpl] E bwb
dwyng 2nph Fwdnph puquudtnwnuiht (Juwwp-ghtl) hwbpwgwiph
JEunpnuwljut hwndwsh Unpklhdnph (@hpuwuph Jurnigjuspudpw-
ghwy gnunp) huqugmuun bt gndws nwppbph Ephpuphdhwt b puppu-
Jwoénipjut ophttwswthnmipinitibpp: 1987p. U.U. SYwsplijhdkh wudut
dhubpwjwyhtt hnwdph Undjuujut htunnhwnninh (Bphihup) ghnwlwb
funphpyniud (. Qupyutp wwownwuwl] £ «®npp Yndljuuh Guuywb-
Quugkqniph hwupwpbkp dwpgh hhnpnptpdw) hwipwduypbpp» nnljnn-
pujut wnbktwhmumpmiip b wpdwbwgl] Gpipuwpwtw-dhttpuyn-
ghwjut ghnnipjniutph nnljuinph ghnnwjut wunhgdwh: Uju wohow-
wnwbpnid punhwbpuwgyl) Gu (f. Qupyuih Epjupudju ghnnwlwb hk-
wnwqnuunipiniibph wpnniupubpp Gpipwphdhugh b ywhwnpnphuhuwgh
wuwwpbkqubpnud, npdt] G npny hwtipuybwgmidubph juhiwnbunt-
duwghtt quwhwwnwlwuubpp: Uwubtwynpuybu, Lugwpwih wynhud-un-
1hppttughtt hwupwduyph hwdwp wnwybk] hkpwujuwpuyhip tpw hynt-
uhuwght b hniuhu-wpbdnjwt phbpt Bh, Ugupulh wynhtd-unjhpyk-
twyhtt hwipwquiph hwdwp hmiuhuwht hwndwsép, hull Yuwywth
wnhud-hpwpwpwhtt b Cwhndjuth puquuubnunuihtt hwtpuyuy-
piph hwidwp hmuhu-wpldnywt b hwpuy-wpbbput hundusibph
lunppuyhtt hnphgnuubpp: (k. Qupjup htinhttwy b hwdwhbnhuwy k 35
qhunwlub hpunnwpuynudibph, wn pynd 2 Uklwgpmipul (hudw-
htnhtuwynipjudp), 23 hngjwsh, 13 ptqhup, htyytu twb 12 dkpwghp
hwoybwnynipnit: Lpw hwdwhbnhtwlubph pynud B hwbpwhwyn
dwutwgbnubp wjunbdhlnuutp 2. Cwnupjuip b U. Ywpuybnjwbp,
wnnd. 9. Tskpphtiwl, ghwn. nniunnpubp Q. @hojutip, T. Udhpulp, E.
wswwnnipjutp, 8. Ukjhpubpjuip b wyjnp:

Zwyly Uk hp-Unudjut
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Juquuljtpynipniiip b hwugk, tkpunjuy E-mail-p (kpk hwdwhbtnhtwlubpp nwuppkp juquulbpuynipmniaik-
Rhg kb, phipdnud Eu pnjnph hwughibpp® juwulgdus wunnuihyny), hnnjush wunnwghwi (8-10 winn), hhdtw-
punkpp (7-9 pun): Uyw htnbnd b hngywsh hhdbwlwh wkpunp, wupwwnhp tokny hnyjwsh nywgpuwh
twwwnulp b ghuwwhwh inpnypp, wdthnthwghpp pnwebpbt (hwybpkl) (Eqny b winnwghw whqkpk (kqyny:

4. Oquugnpdws gqpuljuimpnibp phpynud £ pighwinip gnigung’ wpwdhi boh dpu: 2knhtwlyibph
wqquiniiipp qpynud o wyppkiwljut jupgny (wpwehtip® hnnpjwsh (kquny, www hugbkpby jud nnwubpki,
Jhponud® wpldnwbypnuyuljut (kgnitipny): Skpuinmd dkeplipynn hnnudp phipdnud £ Yinp thwljugstpnud, htinh-
twlh vhuyt wqquinjut tpdwdp, puophtiwmlh (kqny, tph hinhtwlutpp kpyniuhg wykh G, bpynud £ wnweht
hwuwhbtnhtiwlh wqquunibp b wyh, wyw® hpuywpwldw wwupht:

5. Ukgptipynn qpuljuiinipjutt guijp dbwynpynud k htnlywy Ypy. w) gppliph hwdwp tpynud B hinhtw-
bh (hknhtwlubph) wqquiniup b widuwi-hupuigui ujqpuuwnwntpp, hpunwpwldwh wwpbphdp, qpph phy
wlduinudp, npuinkn Ehpunwpulgby, hpunwpulsnipniup, kobph pwbwlp; p) wduwgpuyhtt hnnjusubtph hw-
dwpn' htnhtwyh (hinhtwlubtph) wqquuniup b widui-hujpwdui ujqpwnwntpp, hpwnwpwldw wwupbph-
Up, hnnjwsh 1phd widuunudp, wduwgph widuinudp’ hwudwdwyy punniadws hwwwynudubph, hwnnpp, wd-
uwgph juwd poqupliwt hudwpp, tobpp; q) gpplipmud (hwfwpwsniitipnud) qlinbnyus hnnpjustbph hwdwp®
htnhtwhh (hknhtuwlubph) wqquiunibp, widui-hupuidui uljqpunwntpp, hpuwnwpuldwut wwpbphdp,
qppnud hnndush 1ph wiubnudp ( ....... ' qppnud), gpph wijuunulp, npunkn t hpuwnwpulyt), hpunwpuljsni-
pniup, kotipp: ) ubnuuqpbph hwdwp® htnhtwlh wqquiniup, witdui-huwpuidui ujqpununtpp, wnkbw-
ununipyut wijuwinuip' hwdwdwyt pugniigws hwwwydwb (ophtiwl]” Eplpwp.-hwp.qhwn. phljuwdnih ghwnw-
Jul wunhfwih huygdub wnkiwjunumput ukindwghp), punupp, juquwuljipynipniip, npnbkn juyugh) &
wupinyunipnip, mwpbphyp, tetiph pubwyp:

6. PJupljdud ywhwhgubpht spwdupupnn hnnJustbtpp sk pgnignud:

7. Uppugpnuthg htinn jpugnudubp sk wpdnud:

8. vlpugpmipjult Ynnuhg hnnush dbpdudwt nhupnud hinhtiwht JEpunupdynud k piwgph 1 ophtiwlp b
ulpugpmipniit hpku k Jhpuwuwhnud hopush dhpddwt wyuwndwnubph dwuhlt pubudbg squpkne hpw-
Unilipp:

IMPABUJIA O®OPMIJIEHHMA PYKOITUCHU

1. B xypnane cep. “Hayku o 3emne” M3Bectuit HatmonansHo# Akanemun Hayk PecryOmukn ApmeHnst myOnuKyTcs
Pe3ysbTaThl TEOPETHYCCKUX, DKCIICPUMEHTAIBHBIX M MPHKIAIHBIX HCCIIEIOBAHHUMH, TIPOBOAMMBIX B APMECHUH M 3apYOekHBIX
rocyaapcTBax B 00JaCTH reoJOruu, reopu3nKH, ceiicMoJ0rn1, FOPHOTo Je1a, YKOreoXumMuu, pusnyeckoii reorpagum u
B JPyrHX HAmpaBieHUsX Hayk o 3emiie. CTaTbd MPEACTaBISIOTCS HAa apMSHCKOM, PYCCKOM WIIM QHIJIMHCKOM SI3bIKE B
OKOHYATENIbHO MOJATOTOBICHHOM BHAC BMECTE C COHNPOBOAMTEIBHBIM IMCHMOM M PaspelIeHHeM Ha omybimkoBaHue. Bee
myOJIMKaIMK B )KypHale 6e3roHopapHsbIe.

2. O6beM cTaTby, BMECTE C MILTIOCTPALMSAMH, YHCIO KOTOPHIX HE JOJDKHO NpEBBINIATh 3, BKItodas “a”, “6” m T.x.,
TabiMuaMu, pestome, Oubimorpadueil  Io/DKeH cCOCTaBisATh OKOJO 12 crpaHui. TekcT AOMKEH ObITh IOArOTOBICH B
penakrope Microsoft Word ¢ ucnonszosanuem mpudros TIMES NEW ROMAN pasmepom 12 u pacnedatan B HHTEepBaie
1.5, 6e3 neperocos ¢ nousimu (ciea — 3.0 cM, cBepxy, cHU3Y — 2.5 cM, a cripaBa — 1.0 cm). CraTbst npejicTaBisieTcs B 2-X
9K3EMILIAPAX PacIeyaTky, IOAMMCAHHBIX aBTOPAMH, a TAKKe B AIEKTPOHHON Bepcuu Ha qucke CD.

Pucynku, Gpororpaduu n TaGIIHMIBI BMECTE ¢ HyMEpalMel U MOIMHCHIO JIOJDKHBI ObITh YepHO-0elbiMu, popmaToM A4 1
YeTKO BBIMOJIHEHbl. KOMIBIOTEPHBIH BapHaHT PHCYHKOB JOJMKEH ObITh B (opmare *.bmp, *.tif uin *.pcx ¢ paspemenuem
200-600 dpi (Touek Ha mioiim). TToApUCYHOUHbBIE MOANMCH MPHIATAIOT HA OTAENBHOM CTpaHUIE U O(OPMIISIOTCS COTIACHO
TpeOOBaHUSM.



3. ABTOpaM cieayeT NPUACPKUBATHCS OOILIENPUHATON B JKypHale CXeMbl CTAaThbH: Ha3BaHUE CTaThbM, WHULUAIBI U
¢damunus aBropa (aBTOpOB), OpraHM3auus M ajapec, Bkiouyas E-mail (ecnm coaBTOpbl M3 pasHBIX OpraHU3alMUH, TO
NPUBOJIATCS ajipeca BCeX, NPUBA3aHHbIE CHOCKAMM Yepe3 3Be3/JJ0uKy); aHHoTauus ctatbu (8-10 cTpok), mocie aHHOTALUH
KIIFOUEBBIE CJIOBA (7-9 CJ'IOB), OCHOBHas 4aCTb TE€KCTa, € 00513aTeJbHBIM VKa3aHueM e U Ha!'—lHOl‘;l HOBHU3HbI CTATHH,
pe3ioMe Ha pycCKOM (apMsIHCKOM) sI3bIKE M QHHOTALUS HA aHIJIMHCKOM SI3bIKE.

4. J'[I/[TepaTypa NPUBOJAUTCA OGLHI/IM CIIMCKOM Ha OT)]eJ'leOi/'l CTpaHuue. Damunun aBTOPOB pacmnojararTcsa Io
andaBuTy (BHaYale Ha A3bIKE CTAThU, 3aT€M apMAHCKUE WM PYCCKHE, B KOHIIE 3alaJHOeBpoOIeiickue). B Tekcre ccbuika Ha
JIMTEpaTypy HPHBOAUTCS B KPYIIIBIX CKOOKAaX C YykasaHHeM (paMHIMM aBTOpa 0€3 HHHMIMANOB, B OPHMTHHAIBHOI
TPAaHCKPHIILIMH, & eCJIU aBTOPOB GoJiee ABYX, TO yKa3biBaeTCs (paMUIIMS IEPBOIO COABTOPA U JP., 3aTEM I'OJl H3/1aHuUs.

5. CIMCOK LMTHPYEMOil TUTepaTypbl 0OPMIISETCS CIeIYIOIMM 00pa3oM: a) Ul KHHT YKa3bIBalOT (haMHJIMIO aBTOpa
(aBTOPOB) U MHULMAJIBI, TOJl U31aHUS, IOJIHOE HA3BaHUE KHUI'M, MECTO U3JaHHs, U3aTeIbCTBO, KOJMYECTBO CTPAHuULL; 0) s
KYpPHAIIBHBIX cTareit — d)aMI/IJ'II/Iﬂ W MHUIKAJIBI aBTOpa (aBTOpOB), Toa U3aHus, IOJTHOC Ha3BaHUE CTAaThH, HA3BAaHUE XXKYypHalla
COIJIACHO INPUHATOMY COKpAILCHHIO, HOMEP TOMa, HOMEp >KypHajla WM BBINYCKa, CTPAHWILbI; B) JUIi CTaTeil B KHUrax
(cOopHMKax) — GaMHINS ¥ MHULHAIBI aBTOpa (aBTOPOB), TOJ] U3JaHMUs, MOJHOE Ha3BaHUE CTAaThbU B KHUTre (NumIeTcs B kH.:
“....”), Ha3BaHUE KHUTHU, MECTO M3IaHMs, U3/1ATENILCTBO, CTPAHHUIIBL; 1) Ul aBTopedepaToB — GpaMuiIns U MHULMAIBL ABTOPA,
Ha3BaHUE CO CCBUIKOW COTJIACHO TIPUHATOMY COKpAIllCHUIO (ABTOped).LlPlCC. Ha COHUCK.yY.CT.KaHA. HJIH TOKTOpa HayK), ropon,
opraHusanus, rie CoCTosjiaCh 3alluTa, rog, KOJIM4eCTBO CTPaHUILL.

6. CTaTLI/I, HE OTBCYAIOIIHUE MEPEUYNCICHHBIM T‘pCGOBaHI/IﬂM, HE IIPUHHUMAIOTCA.

7. JlononHeHus B KOPPEKTYpy HE BHOCSTCS.

8. B cliydae, €CJIM CTaTbs OTKJIOHCHa pCHaKHHCﬁ, aBTOPY BO3BpalIa€TCAd OAUH DK3EMIUIAP PYKOIIMCH, U peaaKUus
oCTaBJIsieT 3a cO0OM IIpaBO HE BECTHU AUCKYCCHUIO 10 MOTHBAM €€ OTKIIOHCHHUA.

MANUSCRIPT PREPARATION GUIDELINES

I. Earth Sciences Series journal of the Proceedings of the National Academy of Sciences of the Republic of
Armenia publishes results or theoretical, experimental and applied research conducted in Armenia and abroad in the
field of geology, geophysics, seismology, engineering seismology, mining, eco-geochemistry, physical geography, etc.
Articles are submitted in Armenian, Russian, or English as finally ready manuscripts enclosed with a cover letter and
letter or authorization for publishing. All publications in the journal do not provide for any royalties.

2. Article volume, including maximum 3 illustrations with a, b. etc., tables, abstract, and list of references, shall
total to about 12 pages. Texts shall be prepared in Microsoft Word editor with 12-point TIMES NEW ROMAN and
printed 1.5-spaced without hyphenation. Text margins shall be set 3.0 from the left, by 2.5 cm from the bottom and top,
and 1.0 cm from the right. Article manuscript shall be submitted in two printed copies signed by the authors, and as an
electronic copy on CD disk.

Figures, photos and tables, numbered and with captions, shall be black-and-white in A4 format and of good quality.
Electronic version of figures shall be in «.bmp, e.tif or «.pcx format with resolution of 200-600 dpi (dots per inch).
Figure captions are attached on a separate page and formatted according to the requirements.

3. Authors shall adhere to the following template common for all articles in the journal: article title, initials and
surname of author(-s), alliliation and address, including e-mail (if authors have different alliliations, asterisked addresses
for all must be placed in the footnote), abstract (about 8-10 lines), key words (7-9 words), body text with
mandatory indication of the purpose and scientific novelty of the article, summary in Russian (Armenian) and
abstract in English.

4. References should be listed on a separate sheet. The authors' surnames should be given alphabetically in the
origin language of the article and followed by the Armenian or Russian, and then by the West-European). All
citations in the text should have references in parentheses and include author's surname without initials, in original
transcription and the year of publication. In case of two and more authors, the first author's surname followed by et al
and the year of publication should be provided.

5. List of References is formatted as follows: a) author(s)' surname(s) and initials, year of publication, complete title,
place of publication, publisher and number of pages are given for books; b) author(s)' surname(s) and initials, year of
publication, complete article title, journal title in standard abbreviation, volume number and issue number, followed with
number of pages, are given for journal articles; c) author(s)' surname(s) and initials, year of publication, complete article
title followed by "In: " ... book title...", place of publication, publisher and number of pages are given for articles in
books (article volumes); d) author's surname and initials, title and standard abbreviation for thesis abstracts (thesis
abstract for the degree of Candidate, or Doctor of Geology and Mineralogy), year, city, thesis defense institution, and
number of pages.

6. Articles not meeting the listed requirements are not accepted.

7. No additions are introduced into proofs.

8. If an article is rejected by editors, one copy of manuscript is returned to the author and editors reserve the right not
to enter into discussion on the reasons for such rejection.

TMoanucano k neyaty 26.09. 2022 r. ney. 5.5 n1. 3aka3 N 1187
Tupax 150 5k3. Llena goroBopHas.
Tunorpadpus HAH PA. 0019, Epesan, np.Mapinana barpamsua, 24
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