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PREFACE 1

The Republic of Armenia has an exceptional geological heritage. The history of our planet has been recorded there for more
than a billion years, with specificities specific to this region of the globe, which mainly depend on the movements of tectonic
plates which move almost imperceptibly on a human scale. These slow motions, produced by telluric forces, modify the
surface of our planet and sometimes cause destructive phenomena. Earthquakes and volcanoes are striking witnesses to this.
Armenia is located in a mountain belt which is affected by these transformations and unfortunately the populations are
sometimes subjected to them in a very violent way. The 1988 Spitak earthquake is a sad testimony to this. But Armenia’s

scenic beauty and geological heritage are fabulous.

I discovered the geology of the Republic of Armenia in 2003 thanks to a meeting with Arkady Karakhanian (Armenian geologist) and Hervé
Philip (French geologist) during a scientific discussion in the latter's office at the University of Montpellier. These two eminent researchers,
unfortunately now missing, convinced me that this territory of the Lesser Caucasus was a geological pearl that had to be explored, observed, and
analyzed. Indeed, natural treasures are hidden there and treasures that can allow us to improve our knowledge of the geological history of our
planet. Thus, for nearly 20 years, thanks to a fruitful collaboration between Armenian colleagues and French teams, we have contributed to a
better understanding of this complex history but so well illustrated by the extraordinary geological riches of the Lesser Caucasus.

This book, which invites us to discover its riches, is a great success; it leads us to an extraordinary visit on key, unique and very emblematic
points, which will allow nature lovers to discover the geology, the tectonics of the plates and the obvious links between the creation of
landscapes and the development of the humanity until today.

I would like to congratulate the team of the Institute of Geological Sciences of the National Academy of Sciences of the Republic of Armenia,
which offers us this possibility by guiding us in this beautiful Geopark. This is a very beautiful book that will, I am sure, initiate vocations, please

all nature lovers and convince us that our planet is so beautiful that we must respect it. This book is a very good example of “Sciences for all”.

Prof . Dr. Marc Sosson
Directeur de Géoazur
Université Cote d’Azur (France)
Research Director CNRS
Honorary Doctor of NAS RA
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PREFACE 2

The concept of Geoparks emerged in the early 1990s as a mean to respond to the growing need for the development of
geoconservation activities, especially for geological sites and landscapes of outstanding and often global significance.
Geoparks are also important means for public outreach, as they offer a huge potential for the development of geotourism.
Finally, they are an important mean for the sustainble development of rural communities.

The basis of the first Armenian Geopark, presented in this book, covers a geographically limited area around the southern

part of lake Sevan ; it brings together geological sites and landscapes of international significance. It provides the opportunity for the visitor to get
an overview of the major geological events and processes that operated for nearly 400 million years in the Lesser Caucasus and shaped the
imposing relief and dramatic landscape of the country. In an area representing 15% of the total surface of the Republic of Armenia, the Geopark
brings together Paleozoic limestones that were formed in Bahamian-type tropical marine environments, deep-sea oceanic rocks that were once
formed in the Tethys ocean and recent magnificent volcanoes that bear the scars of active faults crossing the area.

The central theme of the Geopark concerns the geological hazards. The Upper Paleozoic carbonate rocks preserve an exceptionally rare and
complete record of the biggest mass extinction events that took place on Earth 250 million years ago. The ophiolites and associated deep-sea
sediments encapsulate the complex geodynamic processes and events that led to the disappearance of an ocean that existed once in the area. The
numerous active faults and surface ruptures, which may be even observed through gaz émissions in the lake Sevan, the beautiful and imposing
recent volcanoes and lava flows, the earthquake related landslides and destruction of historical monuments illustrate in a singular and pedagogic
way the dramatic forces of « living Earth » that may hit at any time without much warning.

The present book lays the scientific ground for the first Geopark to be establsihed in Armenia. For a country that displays such a great diversity
in rocks and geological structures and an amazing diversity of landscapes, it was great time to take this intitiave. This book is a highly valuable
contribution for the preservation of the important geoheritage of Armenia and for the sustainable economic and environmental development of

the country.

Prof. Dr. Taniel Danelian

University of Lille (France)

Director of the Lille Institute on Environmental Sciences

Foreign Member of the National Academy of Sciences of Armenia
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OVERVIEW

The territory of the Republic of Armenia (RA) is distinguished by its complex geological structure and diversity of units formed through the
complex geodynamic history and determined by country’s position in the axial part of the Arabian and Eurasian continental collision zone. The
selected geohazard-related geosites are all considered of regional and international interest and us such they would allow us to propose
establishment of the first Geopark focused on the geohazards in Armenia. Expected membership of the Republic of Armenia in the family of
states having Geoparks will be a serious step forward to promote the urgent issue of nature conservation.

The proposed Armenian geohazard-related Geopark will include twenty six geosites that represent evidence on various geological hazards
concentrated in a relatively limited area (Figs. 1, 2, 3) (active faults and surface ruptures, evidence of recent volcanism and related lava flows,
stratigraphic signs of mass extinction events, subaquatic emission of gas saturated with carbon dioxide and related to a buried active fault

segment, well of pulsating water fountain, evidence of coastal transgression and regression episodes at various intervals ranging from several
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thousand to about three hundred million years, active geodynamic processes and related obduction of ophiolites, active slope processes related to
earthquakes causing destruction and deformation of historical monuments, etc.)

The proposed Geopark will cover an area of about 4573 km?, which corresponds to 15.3% of the territory of the Republic of Armenia. The area
includes about 62 communities that could benefit and receive additional revenue from geotourism. The relief of the Park is mountainous and
spans elevations in the range of 1000-3595 m (the average elevation is about 2297 m). There are 11 sub-climatic zones ranging from subtropics
with moderately warm and arid summers and moderately cold winters to the mountain tundra climate. The Park will encompass geological
formations with ages up to 360 Ma (Fig. 3).

The possibility of combining development of geotourism with historical, archaeological, and cultural components enhances the potential of the
first geohazard-related Geopark of the Republic of Armenia and might have made it of high interest internationally.

This contribution refers to the ongoing target research project funded by the Government of the Republic of Armenia and entitled “Geopark as
an impetus for sustainable economic development and environmental protection in Gegharkunik and Vayots Dzor Provinces, Armenia”
implemented by the Institute of Geological Sciences of the Armenian NAS.

Spectacular geological monuments of high scientific, educational, intellectual and aesthetic-touristic value were chosen using the
international, as well as local experience and considering the established geosite criteria. The Geopark area was selected mainly taking into
account the geosites chosen by the experienced and highly-professional participants of the Geopark Project, funded by the Armenian Committee
of Science. Before the geosites were selected, a detailed review of publications and preliminary fieldwork were carried out in all proposed areas.
Initially, the existing lists of natural and geological monuments were analyzed (e.g. Qocharyan 1979 (in russian); Grigoryan et al. 1987 (in
russian); Melik-Adamyan 1998 (in armenian); Melik-Adamyan et al. 2019; Avanesyan 2017 (in armenian); Nature of Armenia 2006 (in

armenian); Meliksetian et al. 2018 (in armenian)) including the list of Natural Monuments of the RA (decision of the Government of RA-

2013, https://ace.aua.am/hy/gis-and-remote-sensing/maps/natural-monuments/ (in armenian)). The work of Armenian and foreign geologists of
several generations become the basis for the final selection of geosites. The sites provide evidence referring to different geological disciplines,
such as tectonics or active tectonics (e.g. Philip et al. 2001; Karakhanyan et al. 2017a, b; Trifonov et al. 2017; Avagyan et al. 2010, 2017, 2018; Ritz
et al. 2016), volcanism (e.g. Karakhanian et al. 2002; Jrbashyan 2013 (in armenian); Neil et al. 2015; Meliksetyan 2018 (in russian)), geodynamics
and stratigraphy (e.g. Galoyan et al. 2009; Sosson et al. 2010; Sahakyan et al. 2017a), sedimentology and paleontology (e.g. Danelian et al;, 2012;
Sahakyan et al. 2017b,c; Friesenbichler et al. 2018; Joachimski et al. 2019), and hydrochemistry (e.g. Shahinyan et al. 2019 (in armenian)) and
other.

Areas proposed for inclusion in the Geopark are situated mainly in the Gegharkunik and Vayots Dzor regions of the RA (Fig. 1). However, in the

course of work, small areas from the Ararat and Kotayk regions of the RA were incorporated as well to include a few more objects of regional and
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international significance. Analyzing the rich geological heritage of the country, as well as the international experience, we have proposed to
establish a Geopark that would be focused on geological hazards. In its relatively limited area, the proposed Armenian Geopark (Fig. 1) offers an
outstanding set of geosites illustrating various geological hazards (active faults, and related surface ruptures and liquefaction effects, recent
volcanism and volcanic landforms, stratigraphic records of mass extinction events, subaquatic gas emission that identifies a buried segment of an
active fault and a well of pulsating water fountain, transgression and regression in the coastal zone, geodynamic activity of the geological past and
related ophiolite obduction, active slope processes, etc.). Some of the sites may help to demonstrate also the on-going active geological processes
that display correlation of different hazards and triggering factors. The proposed geosites bear evidence about the early stage of the geological
history of the Lesser Caucasus with clear indications of active geodynamics that generated a combination of catastrophic events and left its signs
in the geological formations up to 360 Ma.

In some cases, areas of the geosites in the proposed list have also monuments of cultural, historical-architectural and archaeological importance

and emphasize their geological context. This might attach additional value to the first Armenian Geopark and enhance its common recognition.

O&SUANrodNI, FUNUURGrLn

Qtnwuplh htn juyws wohiwnmwupubph pipugpnid withpwdbynnipinit wnwowguy Jhpwntknt tnp b hwuljwbwh wnkpdhutbp:
Geosite Uhpwuqqujhtt nkpuhtp wyunihtinn Yubpuywugyh &pgpumnépuip punny: Lhpdndytg bwb &pgpuhwduwyhp inkpdhup, puth np
Jwp withpudhonnipnit Ukl pinhwinip opjljnhl Ypupkpynn b dklhg wkjh pjpunbnuipbp wwpnibwynn pinpnonid: Ophlwly
Juynguuph Ephpuhwdwihpp wupmbwlnud b Eplne kpjpunbqubip dupnguupp b Supnguwph jujuyght hnuph kqpuidwup, npnip
Uhdjwighg qunuynud L 10 Y hipwynpnipjui Jpu:

BruluUSENULLLE P CLSULPLE 2UQULhTLE
Cpjpuntnuuph punpnipmniup juunwpdtp B Rubknd dhpwqquyunpbi, twl Zwjwunwih Zwbpuybnnipnianud pugniagus
swthwithoubph hhdwt Jpw:
Gubkpjuyugubup hhdtwlwuubpp.
e FPunmpjut wwhywiunipjut vhowqqujhtt vhnipjul «IUCN (International Union for Conservation of Nature) Protected Areas Category»
ninkgnygnid punipjutt hnipwpdwip vwhdwbynid E° wmmwpwsép, nip welw bt hwqugnun, jnipwhwnniy jud Gquljh wpdtp,
ubkpyuyugnigswljut jud gbnughnwljwt npuljutp jud dowlnipwht tpwbwlnipinit niitignn opjiljn jud opjkljnubn:
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e  Operational Guidelines for the Implementation of the World Heritage Convention- wwupniuwlnid £ Zudwouwuphwihtt dunwqnipjut
plnpuitiph wu suthwithskp, npniighg Jkgp Yhpupkpynid ki dpwlnypught hulj snpup’ pintpjui hnipwpdwikphh (Dingwal et al,
2005): Gphpwpwbwlju hnipwpdwbtbph ptnpnipjut hwdwp bujut G

-wnwbdtwhwnnml ptwluwt $bkundbuh Jud pugurhl ptwlwb ghnbgynipjui b ghinughnwlwt tywtwlnipjut wwpwspubph

wnljuynipnily;

-yupnibwll)] hhwiuwh ophttwlutp, npnup tkpuyugunid Gu Gpyph wwundnipjut quwynp thnybpp, tkpurju) Jutph dwuht
nbnkynipmit, wknh  nbkgnn  phpupwtwlwb  Gowiwlwh  wpngbutbp  wbnpwdnh  dbwynplui, Qud - bpwbwluygh
qinUnpdninghujutt jud dhquuojpiwphwgpuljus hmnljuhoubp;

e «Punipjult hwwnntl] wwhwywiyny wnmwpwspubph dwuht» 22 opkuph hnnpwsd 1-md «Pumipjut hnipwpdwt» hwuljugnipiniup
uwhdwiymd £ npybu «.. uwwhdwtiqws Juwpgny wnwbdbtwgjus qhunwfui, wwundwdowlnipuihtt b gqlqughunwlut
wnwbdtwhwwnnil] wpdtp ubplujugunn ptwlut opjtljun»:

Cinhwhpwghbiny'  Epfpwpminnlmb  hnipwpdwbibp  Ghunfwpjkh  qhinwlwl,  mumdim-Swhwsnpulwl,  gknughummlmb b
gpnuwopouyhll bowbhwlnipyul wybh whlEhnub phnipjub opjElnbkpp, npnbp [phakh hugyugnin, pupdpupdbp, nhunwpdwi:

GruruscuvLuerr ruuvutuurfeNprurt

Epjpuntnuupubph puuwlupguut hwdwp ntunidbwuhpyt) Bu dhpwqquyhtt gpujutinipjut puquuphy ophttwjutp, npnughg k.
(Ruban 2010; Ruban & Kuo 2010; Wimbledon et al., 1998; Massoli-Novelli 1999; Garcia Cortés et al., 2000; Gray 2004; Prosser et al., 2006;
Bruschi & Cendrero 2009; De Wever et al., 2014): tniuwlwt qpulijwunipjniithg ntumdtiwuhydby G (Jlamo 1993; Kapnynuna 1998):
Cunhwinip wndwdp mwppbp Gpptubpnid wnjuw B nuppbp dninbkgnudutp, UES Fphunnwthwymd btwpiptinpnud b Gpljpunbinuuptbpp
nuuwljupgl] pun polikph, nip wpdinpymd E pithwbnig guopuy Epjpupuiulul §ntnkpunp pun kphpuputuljub dudwbuljughl
hunbkpJuiutph b Gpyphp Udnpnpulh yuwwndnipjut Juplnpugnyt hpunupdmpmniuiiph (Wimbledon et al., 1995): huywuhuynid b
NMnpuniquihwnid Uninkgnudp tnyub E, Gpjpunbnuiputph tppupubwljut §ntntpunh skonunpdwdp (Garcia Cortés et al., 2000;
Garcia Cortés et al., 2009; Pereira et al., 2012): Niuntdtwuhpyl) k twb huyjuljut thnpdp (e.g. Uniyphowiywui 1975; Otuer-1987; [1pnonid-
2013): Ukp dnntgnidp npnkqpl) E puuwljupgnudubpp, npntp punniudws tu brnwjhuynud, dpwuvhuynud, ntuwunwinid bwb 22-nud,
nip wyl hhdugws E bplpupwinipjut muppbp ninnnipiniiubph ypu (Otaer-1987; Utkjhp-Unwdjwt 1998; Jlamo u ap., 1993; Baoger, 2009;
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Kapnynun 1998; Kucenes 2003; Giovagnoli 2012; Bruno et al.,, 2014): Unwiyt] twpuptwnbh £ Fpniun b wyng pungpnit puuwljupgnudp
(Bruno et al,, 2014), uyu puwn Enipjub tplnyputph ypuw hhdtjwsd (phenomena-based approach) unwbgnid E, npp whwp L pungpyh
wnbpplip opjnnutp b gnpéptpwugutpn: Unwowplynn huwjjulwmt wnweohtt ghnwwplh Epjpunbnubpubpp Yniubbwb npnowlh
wnwdbwhwnnipmitibp Juyuws tpu dwubughnwgjusnipntihg: Cinhwipuybu wknnihluiht Jepuptng nuuwlwupgnidubpp
ntpbu  miukbt  Jubughpttp b owwn puphwbpwlwt G, ppubp twb uvwhdwbughtt Bu, ophttwl jnipwhuwwnnily ubjudhl
wnwbditwhwnlnipniubpp buybku mEjunuwljut B, puyg ngputip jupnn o wpnwhwjngt) gindnpdninghwjut jud tunduspuhe
hwwnljutthputipny (Ruban et al., 2019):

EruluSeNuLLLE P UuLuuarudnrapuc

Qtnwuplybkph uwntnédwtt hwdwp hwpluwynp Lt niubkbwy  Eppunbtnubpubph wbdtwgpuynpdwt  pugnitbih wwwpplpuly:
Niunidtwuhpbiny vhowqquyht (e.g. Barettino et al., 2000; De Wever et al., 2014), huisyjtiu twl ZZ-nid punnitjws thnpdp (e.g. Otuer-1987;
«Punipjut hwwnntl] ywhywtyny wwpwspubph dwuht» 22 opkuph wwhwiettphtt hwdwwwwnwupiwt 7 fEnbkph yuwhwbeutpny
wbdtwgpuynpnidp) 22 wnweht Fnwyuplh hwdwp dpwlyt] £ wtdiwgpuynpdwt hbnbyug dup.

QENNULYD FENUUSEED (GLUlUSELULLLEN D) ULQLUSGMUYNTUL MUZULRLE D
1. Qbnuwyph (kphpuntnuuph) wadwtnudp:

2. Sknunhppp (wpdhthunpuunhy, dnnwuju ptwlwduyp, $hqghjujut tjupugpnipjudp ((Eptwjwuby, ghnh wduqub b wy)
opptjnh Juu opjkiwnubpp tkpwpnn wwpwsdph nipugsh hhdtwluwt womuphwgpuljut Ynnpphttwntbpp): Quthwqgpnipniup
(uwhdwbph, dwlbEpbup, npubuynpunuwght b tpuwbwluihtt hwuwbbjhnipyniup) b tkpughu Jhdwlyp:

3. Twuwlwpgnudp’

Shy (puun Epypuwpwtnipjui njnpnh b Epjpupwbujut Juuubgh) pinhwipulwt quwhwnwlwiup (lwpquyht, hwbipuybnwlul,
nwpwswppguiuihli, thowqquiyht)

4. Quwhwwnnudp 5 puuyhlt hwdwlupgny pun’
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Zuqugmnunnipjutt - 5, Gpipwpwbwlut Jupbnpmipjut 5, nwunignquljuinipjuit 5 b ghnwhwbpwdwwngbihnipju 5,
nhunwupdwinipjub b ginughunwljwt wpdtph 5, gpnuwopewyht wpdtph 5:

5. Zwuwikjhm pjut giwhwnnidp pun’

Swuwwywphh nmhyh, wupwjnmuyun-3 dhwynp, judninh- 2 dhwynp, wpwhbwn -1 dhwynp; =2

Uhgngh, guujugwusd mputuynpuwhtt vhong wyn pynid wjwnnpniu- 4 dhwynp, wdkuwguwg -3 dhwynp, dhwpowy, hkdwtdupowy - 2
vhwynp, htnhnunt - 1 dhwnp;

Othulikph wnluynipyul, wkuwlp b qouhwnwluip wywhn]-3 thudnp, hwdbdunwpup wayuhng-2 dthundnp, phuljughi-1 dhu]np-3:
6. NMuundwdrwlnipuyhtt (fwpunwpuybnwlut, wyuuduub, htwughnuljul, wqqugpuljut) hnpwpdwbubph weljuwynipmniup
Epjpuntnutph mupwspnid b tpw hwphwinipjudp: Fhwhwnwljuip upgh pun opjkljnkph pwbtwlh:

7. Ghunwlub tjupwugpnipiniup (hhdtwlwb opjijnutph, hpwywpwlws ynipkph jupd witwupyny): Unhpudbtrnnipjut nhuypnid
ubipuyugt) hwdkdwnwlut Jpnismpiniuitp Zujuunwthg nnipu qunynn tdwbtophtiwly hntpwpdwuttph htwn:

8. Zwupwdwwskih wlhuupl. vk mbpunnwghtt kony (kY 1Eqyh hwdwp), gpnuwopohjhtt hwuwubjh kpdhtwpwnipjudp huytptu b
wlq pkt (Eqniubkpny ubpyuywugtt] nhnwplybihp opjijnubkpp, §hg nruwtjwupubpny, vjpbdwtpny, jupjwuspubpny:

9. SGhunwluwl ntuntdiwuhpnpjnibiiikph, nuunignnuljui, dowlnypwihl, nniphunwlui (wjy pynd’ wiwwwphibph, hnounibph,
Swowpwuttipnh b wy opjijunutnh) qupqugdwt hknwtjwpubpp b wnwtduwhwnlnipniutbpp:

10. SYjujutip ubthwlwbwwnhpng b hnnogquugnpénnh dwuht (Lownbny wmwpwédph hnipwpdwbwywhywi  jud w)) ywhnwlub
guipnid wnjuynipjniup):

Opwqph hpwjwbwgdwl, tpjpuntnubupubph Juplnpnipjut wunhdwip gnigunpbint hwdwp dowldby £ quuhwndwt wnyniuwl,
unnnl pipdws E Qpnduitiph Epljpunbnuiph hwdwp wpdws whqiptu ophtiwlyp:

Quuwhwndwl  wpu  wwpphpulp  ipugpmd b pighwipuljwt  qowhwnwlwih  snpu’ dwpquyhl,  hwbpuybnwuljwi,
nwpwdwopowbiuyhi, dhowqquyhtt thotpp: Ujt hwogyh b wnund Epyjpuunbtnuiph hwqugmninnipiniip, Jupbnpnipintup,

16



niunignuljutmpniip b ghnnwhwbpwdwskihnipnitp, hyywbu twb ghinughnwlwt wpdtpp: Fuwhwnymd o twb pun
hwuwtbjhnipjut b phuljiph, husyku tub yundwdrwlnipwjhtl jpugnighs hnipwpdwtbph wojunipiui:

Unyniuwy 1. Gpypuntnuuputph quuhwndwi hwdwp dowljyws wnniuwl Qpndwitiph ophtiwlyng

Table 1. Evaluation of a geosite on the example of Jrovanq
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Lhwp 1. Zuyjulub wpweht ginyupyh mwupwspp 22 dupgqbph b Unin hwpnip hwdwyupubph pugpdusnipjudp: 1-Upwpwnh dwpg,
2-Gtnuppnithph dwpg, 3- Ynwnwyph dwng, 4- Yuyng 2nph dwpq

Figure 1. The area of the first Armenian Geopark with indication of the marzes and about hundred communities of the RA it covers. 1. Ararat
marz; 2. Gegharkunik marz; 3. Kotayk marz; 4. Vayots Dzor marz
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QENNULYD SUSMUOLD

Ljwp 2. @knyuplh Yihdwyuljut gnnpubph b juunpubnubph pupntqutpp hpwjutugyus Uojuuphwgpujut nkntjunduljut
hwdwljupgnid:

Figure 2. Maps of climate and landscape zones in the Geopark area in Geographic Information System (see legend on the map)
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U hdwywljuwt pupwnbkgh hwdwp. 1. 2np gmdwpuwyhl, snp, mwp wdwnubpnyg b pupkjuwnp gnipn ddntbkpny; 2. 9np gudwpwghl, ong
wdwnubpny b gnipn ddknutpny; 3.fuptjuwnp, viwp, snp wdwntubpny b swthwiynp gnipn ddtnutpny; 4. Ukpdwplwnupdwjht, nup
wdwnubpny b hwdbkdwwnwpup Jbind ddknutpny; 5. Fupbjuwep, Jup&, qny wdwnubpnyg b gnipn ddtnubpny; 6. LEntwwnniugpuygh
1 huw:

Klimate map; 1. Arid continental, with dry warm summersand moderate cold winters; 2. Arid, continental, with hot summers and cold winters;
3. Moderate, relatively dry warm summers and cold winters; 4. Moderate, warm arid summers and moderate cold winters; 5. Moderate, with
short cool summers and cold winters; 6. Mountain tundra climate.

Lwlnywudntph pwpinbkqh hwdwnp. 1. Lintwhndunuwghtt jhuwwbtwwywwn; 2. Swsp b vhohtt (knubph whnmwpwwyuwonuwb gnunh; 3. Swdp
b dhoht Entwnnuwthwunuil; 4. Uhohtt (Entwunwthwunwi; 5. Uhohtt (Enttughtt dwpqugbntuhtt muwthwunwt; 6. Fupdp (Entwght
tupwuul; 7. Fupdp (Ekptughtt wjwjui; 8. Fupdpwunhp dnitwdwsly:

Landscape map. 1. Mountain-valley semidesert; 2. Low and middle mountain forest shelter belt; 3. Low and middle mountain steppe; 4. Middle
mountain steppe; 5. Middle mountain meadow steppe; 6. High mountain subalpine; 7. High mountain alpine; 8. High-altitude snow-cowered.
Ghnyuplh nmwpwsph punpnipniup hhdudws E Enl) Gpjpupwinipyut npnpunid §ninwljyws ghnbjhpubph, htswybu twb dpwugnph
dwutwlhgutph Epupuwdjwm thnpdh Jpu (uy. 1, 2, 3): Ghnwywplh wwpwsph pbnpnipniip wnwehtt htpphtt wdwuguwy b
Epypunbtnuupubph ptnpnipjuin:

Zupyh b wntdl] twlb dwpqbph qupqugusnmipjut dwjuppuljp b nwtnbuwut jpugnighy ppwidwt wihpudbynnipiniup:
Qtnwuplh hwdwup wowewplynid E pungpll) hhdtwjuiunid SEnuppniithph b duyng 2nph dwpgqtphg nwupwsputp: Uju Ypungplh
twlt thnpp nwupwspubp Ynunwyph b Upwpwwnh dwpqtphg, husp htwpwynpnipinit junw thnpp nupwspubiph tbpundwdp niubbug
1pwugnighs mwpwswopowbiuyht b thpwqquyhtt ipwwlnipjut opjtljnukp:

Uyuyhuny 22-mud wnwewplpynny wnwehll ghnuyuplyp pugplnt k dnwn 4573 G2 mwpwsp, npp hudwyuwnwuuimd b 22 nupusph
15.3% -hu: Uyt puggpynud k 102 hwdwjupuyhtt nwpwspubp (uly. 1): Ehtdp Eetught kb tbpuencd £ 1000-3595 U (2297 J dhohlu
pupdpnipjudp) dhowljuyph pugupdwl pwpdpnipnibbbpp: Unluw i jjhdwyulwt 11 Bipugnunhubp ujuws dipdupbwnupduwght
swthwynp (nwp wdwn b gnipn ddkn) dhtish (Eknttughtt nntunpu (uly. 2):
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GrurusStuLLuert CuLSrNke3NpuLt

Cpjpuntnuupubtph puwnnippiup ujudl] £ gnnipynit niubgnn qpujuinipjut ntumdbwuhpnipjudp: Ulqpuwjutt  opowtinid
niunidbwuhpyby b punipjutt b Epjpupwiwjut hnipwpdwubph gnnipinit niutkgnn guwultpnp (e.g. Orger-1987; Utkihp-Unwuujwut 1998;
Uduubywt b nip., 2017; Zwjwunwbh punipjnil, 2006; Lnswupub 1979; Ukjhpubpjut b nip., 2018; Melik-Adamyan 2019): Cuwn
Qknuyuplh nwpwsph nunidbwuhpyly b 22 Runipjut hnpwpdwbkph guiyp (WCATNRU-2013° 22 Ywnwiwpnipjub Opnontd 2
dughuh 2013p.), pun npnud Juwunwpyl] b npnowljh wojpownnwp nmbknnpnodwt b wjuwinidubph dudwbwlwlhg wnwwuppbpulubtph
JEpuwlubqudwt ninnnipjudp: dhpohtiu yepwpkpynid E twli Orver-1987 hwpytwnynipjut gumultpht:

Zuy b wpunuuwhdwbjwb  Eppupwbttph  puquudju wpjpwwnwtpubph hhdwt Jpu b ppwjubugyl] Epjpuunbnuupubph
plnpnipniip: Ypwbp Yepupkpymd kb kphpupuimpjub twppp npnpuikphtt husybu ophtiwly wkljnnihjuyhtt jud wlnhy
wnklwnnuhluwjht (e.g. Avagyan et al., 2010, 2017, 2018; Ritz et al., 2016; Karakhanyan et al., 2017 a,b), hpwppimjuinipjutp (e.g. Karakhanyan
et al., 2002; Qppwojut 2013; Neil et al., 2015), tpypunhtwdhlujhtt b skpunwgpnipjuip (e.g. Galoyan et al., 2009; Sosson et al., 2010;
Sahakyan et al., 2017a), hubwpwunipjutp (e.g. Danelian et al., 2012; Sahakyan et al., 2017b; Friesenbichler et al., 2018; Joachimski et al., 2019),
opwkpipwpwunipjuin (e.g. Cwhhyyub b nip., 2019) b wyjt:

dhpnistiny hwpniun Epjpuputuljut dunwugnipiniup, husybu btwb qginyupltiph vntnddwt vhowqquyhtt thnpdp, wnwewnlytg
unbndt]; ny phk puphwbpuut  Gpipwpwbwlwt  hnvpwpdwbbbph  Sbnwyupl, wy] dwvbwghunwugdus:  Zwdwjuwphwihl
wypwliunhjumd tdwut thnpd u, ptujubiwpwp pughwinip pyh dbe nputp wybkih vwjuy tu b ntunh hunpdus: Unwowplynid F, np
huyulwb wnwohli ghnwyuplp jhah Epfpupwbwlwb Jnwbqhbpny Jwubuwghunwgfuéd: Unpwyhup dwubughunugusd qbnupuplbpp
hugqugnun &b wojumphnid, ophbwl Jhhwuwnmwimd wrjw b Ephgpuowupdh JEpwpbpyuy wuwpl: Unpuwuwnknd huglulwin
Junubdhwinu bpwbny, np hwdEdunnuwpup vwhdwbunhwl nwpwdpmd Inbkhw Enfpupuwbwlub funubgbbpnh nwuppkn ninpuinbEphb
Yepwpkm/ng ophbwljbkp (wlwnhy nElnnbwlwb uqudphbp, unnubpbhbp, inpugnyh Apwphnulwinipini i, Ahppnpbpdwhqd, (dughb
wpwhugpbuhw, Jwuuuywluwl nsbswgdwb Jwuhb Jjugnn obpunwgpnipinih b wyl): Uju hwbquidwbpp huylwlwb wpwghb
glnwyuphhl junw pugunhlnipinih, wounjly bu, np plnpmpub wpyniipnid nibkbhw nwupuduspowbughl b uh pubh dpowgquyhb
bowbulnipyul Ephpunknuwbphkp:

Swulnid wnkn Eu qubp wyu dowlnipwyht, yundwdwupnwpuybnwlub, htwghnwuljut optljnutpp, npntg phwypnid wnlw E
Epypuputiwlut pununphs, jud gniynid kb Epjpuntnuitph mwupwspnid, jud wtdhowljwut huphwinipjudp:
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busyku twjunpnhy tpdkg wnwewnplynn 22 wnwehtt kpjpupwbiwlut Junwbqubpny dwuttmghinwugws ginyuplp puquuptnype b, wy
pynud Yihukt Gplnyputp, npnup wljnhy Eu b pipwinud Bu wyuop, Yihuku gnpépupwgubp, npnup wmtnh Eu niukgl) Epypuljtnuh
qupqugiwi twhnpy hogbpmd, Juynid B wljnhy] Eppunghttudhly wpngkubbpp wnbnwpbp iplimygputph qniquljgdudp: 2npu
nwuljul Epjpunbtnutputphg ptnpdb Gu 26-p: pwtg mbnunhpptpp tipuyugdws o jupdhp opowtitbpny twpubp 1 b 2-nud:
Ujuntin wuhpwdtiown k pungsdt), np ginyuplh wlnhympjut ptpwugpnid sybwnp k pugunt] unp opjiljintiiph h hwywn qup:
2020 pYwlwuh pbpwugpmd hpuwjuwbwgyl] b nbknuphtt woiwwmwupubp Bpjpupwiwljut tnp Ymptph dbnpphpdwil, npuljjuyg
wnbnujht | nuuwuwupwhwinidutph, wn pYnd  onwiniuwbwpwhwinidubph  hwdwp:  Uuhpwdbonnipjut  wwpwquynid
hpwyuwtwgyt] Eu hudbubpw-pjpwpwibujut woupwwmwuputp, hisytu ophtiwl] Ywpnktyug (Enttwtigph unnuph wwpwquynud, nph
quwynp wnldwb ujupwyh hwpbwinipjudp 1332 pyulwihtt hojuwt Qtuwp Opphpwith vhongubpny Jurnigyl] £ dhotunwupuu
hottwiwwnniip: Uju, hsybu twl Unipp Yupuybnh tppunbknuipp jwipwyhtt wljnhy Juuubquynp gnpéptpwugutpht Jepupkpynn
juy ophtwljubp kb, nip wnljw E twb dowlnipughtt dwnwignipyut wuhywdw jutunhp:
Zpuphiuyhtt yrnwtigh htn juyygws Fhnyupynid pungplytnt tu dvh pupp hpwpnitpjuubp. @Enudw (Enukph oppudwbiughtt hwndwshg,
Juwippkuhuh (knutphg, Updwnui hpwpntpup, htsybu twb dwnguwp b Udpwnwuwp hpwpnitjuubpp: Zhgpobppupuinipjut wjnhy
gnpépupwgutnh bpupbpu SEnwyupynmd Ypungplgtu Zoppuntny b Qpunpnip pjpunbnuipubpp: Znppunbtnh hwbpwght oph
wniuwghntt sunnpuing kpjpunbnuipp Jupnn E Swoeuyl] npybu hhgpnbpypupwbwluwb bphnygpitphg dbhh guontdwgh,
owwnpyuwinn Gph whuyhY ophtwy, npp vwluwytt Zwjwunwh hwdwp hwqugnin k oph swnpjutbint hnyuyunipjudp: Lpwbnid
wupnibwlnn quqbpp wdbktuwt hwjwiwjuwinipjudp dwubwlhnpbt vbynud o Gppuytnth unpph hpwphiaghtt opwutitinhg:
Unpuwinniu  Lwbimgln fjuqusph gnuinid qutdnn Qpunpnip unnpopyu Epjpunbtnuipp pugurhl E b juydws L wlnhy
hugquwoépwynpdwil, unnnpginntyu opkiph opowtwrmipudp b dwubwlhnpbt hpwppuwhtt wwquuubphg ququjhtt uinigdwt htwn:
Mumidbwuppnipnibtubpp hpuwjwbwgyt) bu Zuy-$pubuhulju unignignppujut CARPS Etwnpnuh htn hwdwgnpswulgnipjudp:
Nputu skpunugpuljut tpjpunbknuup Jubkpgpuydytu dh swpp opjtjntutp, npnug pynid ywhpd-inphwu vwhdwbwgsh dwuwuwyuljut
nstywgdwt  pugwnhll, dhowqquyhtt wywbwlnipjutt  Yupdwépp (Upwpwwnh dwpgh uwwhdwbwgsht  dnw), Qpnduiiph
nwpwdswopowtiwght tpwbwlnipjub Epjpuntnupp b odpnihputinh htn juwyyuws Epynt Epjpuntnuupubp, Ukip SEquppniuhpnd,
Ujntup Upwpuwwnh dupgmd: dpubp ipwpbkpnid Bu 22 nwpwsph tpjpupwiujut gqundnipjut jupbnp Ephpunghttwdhly wjnpyg
gnpépupwgutpht, gnpw) dwuuwjuljub nsuswugdwt tplinypht, mpubugpbuhw b ntigptuhw Gplinyputphtt: 9Ekpghtthu hbn juwydws
Upwnwthoh Eppuntnuipp pugurehy £ Ubwbh (dught wwquih dwjuppulih thnthnpnipjut b htwghnwlwi hnipwpdwttph
wnluwnipyut mbhuwtlynithg: Fujuljut hupniun Yihtth wjnhy nmkjunuhluwghtt Jepupkpynn hwnywsén, nip jukpunydkt wntjuqh
Epynt dhpwqquyhtt wpwbtwlnipjutt Epjpunbtnuuputp, npnughg tu vntwphwuwph hpwpnijuh Epjpuntnuipp b Fujunwugbnh
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huqqudph (pdws hndup Epjpunbnuipp: Unwowplynid L tbkpwnbk] Jbly htwbpyjpupowupduljut ppudnigmd  ghunwplgus
dwljbpinipughtt uqusph Shqupwp-2 kphpunbknuipp Mntwphwuwph whnh] jugqluspught ukqubinh kpluyipny: Skqubipnud
wnljw ku Epiphwqupudju punnidwhtt jupnygh nhynpldughwbp:
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Llwp 3. Unwowpnlynn wnwohtt huyjuljut tnwyuplyh wwpwspp nhhtdh b Ephpuputwlui pupntqh Jpu’ thnthnjujws pun
vupwuquth (2005 p.): Ywpdhp opowuutipp gnyg tu tnwhu Epjpuntnuuputpp: PSSF-Owdpwulj-Ulwu-Untuhp-Tuqusp; GF-Qunuph
luqusp: 1. Q4 Zpupniputtiph YEunpnuubp; 2. Q4 Ld&w-wpnuhwy, Enudhw), hbnknuunught, wnujhw) btunguspubp; 3. Qs Zpujuughte
jwduyhtt hnupkp; 4. Qs+ Zpuwphiwghtt jwuyhtt hnuptp; 5. Qs+ L&w-wnidhwy tundusputp; 6. Qs Zpwphuwghtt jwduwyhtt hnuptp; 7. Q2
dtpht mkpwuh quupwptp; 8. Q2 Zpwphuwghtt jwyuyhtt hnuptp; 9. Qi2 L&wjht, Léw-wnidhw) tunusputp; 10. Qi2 Zpwphiwght
jwduyhtt hnupkp; 11. Qi Uwnphtt mbknwuh quupwpbp; 12, Q Zpwphiught jwdughtt hnupkp; 13. Qi Spwybkpwnhubbp; 14. N
Zpwphiwptlnpuygh tunuspukp; 15. N2 Othyhtwght-puquijnibp hbipputhnjujus dughtt tundwsputpny; 16. N2 Zpuphiughtt juduyghte
hnuptp; 17. N2 [*hnjhputp, opuhnhwtbp, ywknjhnukp, npputg ywhpnljjwunhly Wnipp; 18. N2 [Fhnjhpubkp, nhnqughwubkp, whnhwnukp,
wnpuwjuhnhnjhpubp, wintqhwnbkp, nughwnubp, puqunukp; 19. N1 Zpuppwpknpuyghtt ppElshwttp; 20. N1 (thnjhputp, nhnqughwunttp,
wyhdquutp, hpwppwghtt dnjuhp; 21. N1 Qpuinghnphwbp, pjupgughtt ghnphwutp, dnugnuhwnubp, uhkuhntubp: Zpuphwghtt judught
hnuptp; 22. Ni: Upwpwptp, Jwydbkp, wpghihpukp, oojhpwihtt Ypwpwnpbp; 23. Pls Unjjuuwghtt tunjwspubp; 24. Pgs Uunkqhwukbp,
wlintqhnuyhtt nwghwnubkp, npubg ppklyshwtpp, hquhdpphwnubp; 25. Pls Uwbhnhtughtt npwpuhwnubkp, wpuwjuhwinkqhwnubp; 26. Pls
Qpuuhwnubp b gqpuiunphnphwntbp: Spujuhwintkqhwntbp, wpwjuhnhnihpubtp; 27. Pls Skpphglt tundwsputp, junipuwjhtt jpupuntp; 28.
Pl> LEyngputhnutp, (Eyngpuihwn uhkuhwnubp: Sputnphnphnttp, pjupguyhtt phnphnitp: Spuwiunuhtuhnibp, thdkhuhwnubkp b
wjjuuwyhtt uhbkthwnubkp, quppnubp, quppnphnphwnubp: (thnjhputp, phnpughwntbp, wiunbkqhnwihtt nughwubp; 29. Pl Skpphqgku
tunguwsputp, untdnihpuyhtt Ypupwntp; 30. E2 Zpuwppwghtt b hpwphwpknpughti-tunduwspuyhtt dnpdwghwukp; 31. E2 Ojhyhtwght
quppnubp, quppnihnphnbbp, gputnphnphinbtp, pjupgwihtt ghnphnttp, dnugnuhnbtp, wjwghngpubhwnbbp, (Eyngpuhnitp,
pyupguyjhtt uhkthwnubp: Spwhihnhnihputp, nughwnubp; 32. E2 Uunkqhwnubp, winkqghnwjht puqujntbp, nputg ywhpnljjuunhl ynipp;
33. E: Skpphqbku, hpwppwpbinpujht-tundwspuyhly, uhjhghtnughtt tunduspubp, wunbkqhwnubp; 34. E: Zpwphwpklnpuyght-
tunydwbspuyhtt wmywpukp, puquynnuyhtt winkqhwnubp, winkqhwnubkp, wunbqhnwihtt pughwukp; 35. Es Quppnubp, quppnphnphwnbp,
qpuunnhnphwnttp, pjupgujhtt ghnphwntbp, pwquntbp; 36. E2 Unudniyhpuyhtt Ypwpwpbp, wnbkpphqbt tunduwsputp; 37. Es
Quppnbwwnwjht, wbkpphgbht  tuwndwspubp; 38. Ko Quwppntwwuwghl, uhjhghutnuwghtt  tunduspubp, wbpphgb  tunywspubp,
olhuinnihputp; 39. K2 Ywppnuwwnubp; 40. Ko Skpphgbt tunwoépubp; 41. K: Skpphgqbu tuwnduwspubp, Juwppntwwntbp; 42. K
Quippnuwwntbp, nkpphgkt tunwspubp, hhuph §nuqnudbpunttbp; 43. Ki Zpupuwpbklnpuyhti- tunjwspuyhtt wywpukp, puqupunuyghy
wlntqhwntubp, puqunibp, ojhyhttwghtt puquunutp, nhwpwuqubtp, nunhnjuphwntbp, mbpphgbu tunwspubp, juppntwwnitp; 44. Ki
Puquunukp, puquunuyhtt wminkqhwntbp, Ypwpwpbp uhjbputibpny, nunhnjuphwntbkp, wmbpphgbt tundwspubp, hpwphwpklnpught-
tunydwbspwyhtt wwwpubp; 45. ] Quppnubp, wbphgnuhwnibp, pmithwnubkp, (Epgnippubp, ubpybunhthwnibp; pwnhnjuphwnubp,
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Ypwpwntkp; 46. Ts Skpphgbt tundwspubp, wspowht phippwpwptp; 47. Tt Yuppntwwntbp; 48. Pr Yuppnwnubp; 49. C1 Guppnuwwnukp;
50. D3 Sipphght tunndwspubp, juppnuwnubp

Figure 3. The territory of the proposed first Armenian Geopark on the relief and geological map. The geological map is after (Kharazyan 2005).
Red balls indicate geosites; PSSF-Pambak-Sevan-Sunik-Fault; GF-Garni Fault. 1. Q4 Centers of volcano; 2. Q4 Lacustrine-alluvial, flood, eluvial,
alluvial sediments; 3. Qs Volcanic lava flows; 4. Qs+ Volcanic lava flows; 5. Qs-4+ Lacustrine-alluvial sediments; 6. Q3 Volcanic lava flows; 7. Q2
Pebbles of upper terrace; 8. Q2 Volcanic lava flows; 9. Q-2 Lacustrine, lacustrine-alluvial sediments; 10. Qi Volcanic lava flows; 11. Qi Pebbles of
lower terrace; 12. QiVolcanic lava flows; 13. Q1 Travertines; 14. N2 Volcaniclastics; 15. N2 Olivine-basalts intercalated with lacustrine sediments;
16. N2 Volcanic lava flows; 17. N2 Rhyolites, obsidians, pearlite, their piroclastics; 18. N2 Rhyolites, rhyodacites, perlites, trachyriolites, andesites,
dacites, basalts; 19. N1 Volcaniclastic breccias; 20. N1 Rhyolites, rhyodacites, pumice, volcanic ash; 21. N1 Granodiorites, quartzdiorites, quartz
monzonites, quartz syenites. Volcanic lava flows; 22. N1 Limestones, clays, argillites, oolitic limestones; 23. P13 Molassic sediments; 24. Pg3
Andesites, andesite dacites, their breccias, ignimbrites; 25. Pls Sanydine trachytes, trachyandesites; 26. Pl3 Granites and granodiorites.
Trachyandesites, trachyrolites; 27. Pls Terrigenous sediments, reef limestones; 28. Pl> Leucogranites, leucogranite-syenites. Granodiorites, quartz
diorites. Granosyenites, nepheliniteand alkali-syenites, gabbros, gabbrodiorites. Rhyolites, rhyodacites, andesite dacites; 29. Pl. Terrigenous
sediments,, Nummulitic limestones; 30. E2 Volcanic and volcaniclastic-sedimentary formations; 31. E: Olivine-gabbros, gabrodiorites,
granodiorites, quartz diorites, monzonites, plagiogranites, leucogranites, quartz syenites. Trachyrhyolites, dacites; 32. E2 Andesites, andesite
basalts, their pyroclastic rocks; 33. E: Terrigenous, volcaniclastic sedimentary rocks, siliceous deposites, andesites; 34. E2 Volcaniclastic
sedimentary rocks, basaltic andesites, andesites, andesite dacites; 35. Es Gabbros, gabbrodiorites, granodiorites, quartz diorites, basalts; 36. E2
Nummulitic limestones, terrigenous sediments; 37. E1 Carbonates, terrigenous sediments; 38. K2 Carbonates, siliceous deposits, terrigenous
sediments, pre-Cembrian olistoliths; 39. K2 Carbonates, 40. K2 Terrigenous sediments, 41. K1 Carbonates, volcaniclastic sedimentary deposits; 42.
Ki Terrigenous, volcaniclastic deposits, basal conglomerates; 43. K: Volcaniclastic deposits, basaltic andesites, basalts, diabases, radiolarites,
terrigenous sediments, carbonates; 44. Ki Basalts, basaltic andesites, limestones with silex, radiolarites, terrigenous sediments, volcaniclastic
deposits; 45. ]2 Gabbros, peridotites, dunites, lherzolites, serpentinites, radiolarites, limestones; 46. T3 Terrigenous sediments, coal schists; 47. T1

Carbonates; 48. P1 Carbonates; 49. C1 Carbonates; 50. D3 Terrigenous sediments and carbonates
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1.6pjpuntnuip - TULULUY

Ljup 1. A- Twpubwy Epypuntnutph ghppp (updhpny) Stnwuplh
wnwpwspnid: B- Gplpunbknuuph nhppp hwpbwt ptwuwyuypbph hwdbdwn,
nbknugpuljut pupwntqh hhuph ypu: C-Gphpunknuupn 1:31 000 dwupwnwph
puophtimlyny, Google Earth uljuph {Jpw: thnht qonyd updws E pugdninhi:
‘Lwplgwgnyt punwlniuhtibpny, 1. Ukpwktwnhuhwnubp; 2. Ypwpwptp; 3.
Zpupjwtunydwspuyht wyupukp, nwunhnjuphwnikp, unnup; 4. vqusp

Figure 1. A — Location of the Daranak geosite (marked red) in the Geopark area; B
- location of the geosite with respect to neighboring settlements shown on the
basis of a topography map; C- the geosite at the original scale of 1:31,000 on the
Google Earth image. The yellow line shows the highway. Carrot-red rectangles
indicate: 1. Serpentinites; 2. Limestones; 3. Volcano-sedimentary rocks,

radiolarites, landslide; 4.Fault

2. Twpwtwl] Epjpuuntnuipp qnudnid £ Ubwth odhnihpuyhtt hwdwihph
JEunpntwlwt Jwunid b dkpuinud £ hwdwunit gyninhg 1.5-2.0 §u niyh
hintuhu-wplb)p, ghwnwlh hndunid: £nit hbnwppppnipnit ikpluyugunn
hwwndwép minuyuugdws £ wowthiyulnud (uly. 1, 2): Sknuupp hwuwubh L
wdkuwquugubpny: Ujghimipyut hwdwp Enwbwlp pupbiyguwun £ pnnp
nuiwlubkphl, pugh dupwl: Ukplugnidbpp ju wpinwhwinjws (pug)
Ll Sknuliph suwthubpb ' Eplupmpymbp hjniuhu-wplidnunphg hwpund-
wnlikp nuynnipjudp Unn 1.5-2 YU, juyinipgniup 1

Eppuwntnuuph pYuyhtt guwhwwnwlwbbtpp pun wbdtwgpuynpdwt 3-6
JEwnkph npdws bt wnpniuwy 1-nud:
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Unniuwyy 1. Ywpwbwl tpipuntnuiph pyuyhtt gowhwwnwlwuubpp:

Eplypaenbputiph | "I-IJll'iI.'lﬂ.lull'.l Ehl]- T | 7. Ulluﬂlh 03?1111]_‘[11&111]1111 hmdulﬂlpn, nnn
N nbqujtuglus t Ubwiw (&h wpliyp-
kplypapuitialul prlgpraan vy, wijurfe] wibunbifiu hwpwjwplbjuwi wihhy, hwighuwinmd k
el f ®npp UnJjuuh Udwuhw-Ulwb-Zujw
Spup pn Pp R
LF‘IT&“F"';‘“:H“"' By praped, i lybiplona gl joo o d obhnjhpuyhtt gniuygh Yud Yupuyghll gninnt
IJHJI.I.I] |
o 1 i | dapgufh g Bl wagusaaiug i | uyeh pun’[llulgm_ghz l.lhhmpnhml.lulh 1Iu1uE (Op.,
qﬁqi"“r."‘:lu:; | (e rmsinp) L L 140 pwrlsip) ol k) D Mananmxsau, 1971, Kuuunep, 1975, AGossH,
(LD IR IRTEYINIRTRIRT] | . m _ > > bl
ahinihusanidp 5 busqusqunen  (bpljpaspasslpul nauntgn el rfmana e b gt b 1981, Galoyan et al., 2009, Sosson et al., 2010),
pupahl il Tpuplmpm pjuih qr""““’ﬁ':"“l::"“’"‘?"-«ﬂ‘ qlausghnualjmh wpdtpp npp dgynud E dnwn 400 Yd (Zuyuwunwth
TR LT TS i il
— r : 5 ' 0 | 5, Utwshw qmup  hmouhubg  dpbsh
Lubugunph]s “Fmﬂ::“'lhh wulilph wolpusogpel] el Lhuwgnph |Entwtigp Upguuntu)
s | I | N e s o tplupm pyudp b wpun]kjugnytp dhish 25
' ‘l"ﬂ"l'-ll"-"l"'l"-'l:'l"'3~ '-l?:““-thwq}"- “M‘-‘L‘ﬂﬁlﬂ' W quytmpjudp:  Ulwbh  obhnjhpwhi
(LTI RTE I A o & hiten bl
’“‘mrﬂf‘w""’ wphban 1 (ibwbdupzwd 2 spuljuhb-1 hwidwihpp  puniugus £ &ipdws b
- | """‘1‘;‘“"" s : 5 ubpybinhtugud  dwiphufui U
Wisusriluisid siil i gy |"|IIIJ'I.I|'!|II.Ir|I.II1Ii|‘.IH: i u | ™ l" sl b ]-lhrlhm]hil ulhphqnmhhhphg, IlIlIlilp
v nuwil by T TR LIT Ty 1] 1 s by
brugupdwtblpp | whwn | SR o | [ i : qupjus tlu quppn-hnphinuyhl
w:j:i“j::ﬁ";‘l:‘l ;f1 hitnpniqhy dwpdhbibpn] b swslyws b
~ lpapip * thhinnt (pupdwidwt) b dwuhy juuwjht
I“mm::::::;:;‘.&mm hnuptpny, npnugnid hwinhynd Eu

nwinhnjuwphwiwht nuyyuljutip L
kupwokpuitp hppl ghubtinwgiing bundudpught gnjugnipjniitp (op., Galoyan et al., 2009, Rolland et al., 2009):
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Llwpn 2. Ywpwbwl pjpunbtnuiph Epjpupubtujut pupntqp (Google
Earth épwqpuyhtt htupny) b Ukl Yuupgwsp A-B wnwtgpny: 1. Gudwwb- /
dwwunphjonh Ypwpwpbp; 2. Odphnjhpuyhtt  hpwppuwbungdwspuyhtu i
puquu-nunhnjuphniughtt - hwundwsép; 3. Ubkpwhkunhthwnubtp / =

ubpywbktwnhttwgws dwbphwlwt wiphnnunhwnttp; 4. Ynnuowpd; 5. T
Jdhpukn

Figure 2. Geological map of the Daranak geosite (with the Google Earth =]
software base) and a cross-section along Line A-B. 1. Limestone of the
Campanian-Maastrichtian age; 2. Ophiolitic volcano-sedimentary basalt-
radiolarite stratum; 3. Serpentinites and serpentinized mantle peridotites; 4.

Strike-slip fault; 5.Reverse fault

Unyt  «qwhwénjugyud»  odhnhpuyht  hwdwhph  hhdtwlub
quiqusubpp dbpjutnid &t wdbjh pwt mmwuthhtiq dAnpwljubkpnid, npnughg £ twb dbkq hbwwppppnn Fwpwuwlh hndhwnp jud

Eppuntnupp (ny. 2):

8. Ttwpwtiwh obhnihpwyhtt minudwup dkpjuwunid £ hwdwinit gyninhg 1.5-2.0 YU nuyh hjniuhu-wplik)p, jEunpnuujut ghnwlh
hnyunud: fnitt hbnwppppnipnit thpluyuging mknudwup nknuytugyws k ghnh wowhyulnud (. 1, 2): @kpwljonnn odhnjhpuwyhte
pununphsp ukpybunhttugqus dwbuphwlwut ywEkphnpnunhwnukpt i (puonnid Unjupugnyt, thnijup), nplp h ujqputk swsyyuws Eu tnky
nupdju] obhnihpuyhtt wjuwjuhtt puqupunubph swslyngny ojhwunuuyht thnynud (uly. 3): Udkjh nip, dhwuhtt swslyl) kb Ynyulh
hwuwlh prwyunupntn §nugqnubpuntbpny: Fuqujntbpp qupnibwlnud B nunhnjuphwnwyht gkdkuwm, b dhwuht, inju] quptbnpny,
thnpp-his uwhb) Bt ubpybunhuhnubph dwibplnypeny: Ynjhqhnt bnwwynid wju wdpnne odphnihpuwyhtt ubphwt hunwly YEpwny
Jhpubngt) £ (Jpuoupddws) E judyui-dwwunphlinh Ypupwpbph ypw, npnup nidght gidnpldwugdus tu (uyy. 2, 3): Ypwpwpbpnid
wnlu k obpnnuynpuwiipn qniquhtn pippwynpnid b pnighttwd («<Epohjuynpnid»): Fhnwpkpnily Juniutpnid (20.5-1.0 d) hwdwu ki
hwinhymd hwdbdwwnwpwp pwupd Yinbwht stpnnwynpyws whphngnunhwnibp, npugnid hunwl tjundmd Eot wunhdwbwljub
wignidkpp nnithnhg, hwpgpnipghwn, wyw (kpgnthn $ughwyny, npp wuydwiwdnpjws E wyupnid ojhdhih thundwdp oppn- b
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Yhunwyhpnpukututph hwpunwgdwdp: Uju wwyupubpnd ohdhuubpp gplipt jud hhdtwljuwind ubkpytinhtiugwsé b, dhgnbn
whpnpubkuubpp ginhu quuwqutbkih kb, hul] whgbunpubpp tbpuyugdws tu hidwnhwn-duqubnhwn qnygny:
Eppwpwbuju-tpjpuntljnnuujut wnnudny unyt tphpunbknuupp b hpkt hwpwlhg nne odhnihpuyhtt hwdwhpt nituth uplnp
Sutwgnnuijwt tpwbwlnipmit Zujuunwth ubpuwjhu mwpwsph Ephpwlbtnth Abwynpdwt hwdwwnbpunnid: Ujn pungpnud L
(yuydwiwluinptt Phnhu) ofjhwinuught pugdwl thnyp odyhwinuwihts whuh Ynth dtwdnpdudp (. 4A), nphtt hwenpynid k
Jtnlh Ypdundwb-Yubdwh thogp umpynijghnt wpnghutbpn] wupdwiwdnpdus (4. 4B): OYyhwinup jud smlp thwldwi thoyl
nintlgynid £ oyjhwinuwghtt Yinth dbwgnpnutph opnnijghwyny (Ypuwowpd) gudwpuyht YEnth dpw, hull Ynjhqhntt blnwwnid twb
htwnwqu JEpubwnp-ypuwomnpdtpny, npntip hwugkgpky kbt wjuopgw wyuwnljpht (uly. 4C):

The ophiolite geosite of Daranak is (exposed) located 1.5-2.0 km northeast of the Daranak village, in the valley. The site representing the greatest
interest is located on the right bank of the main river (Figs. 2-3). The prevailing ophiolite components are serpentinized mantle peridotites
(fragile and gray in the field), which were originally covered still by the ophiolitic alkaline basalts during the oceanic phase (Fig. 4). Later on,
both layers were covered with diversely-colored conglomerates of the Coniacian age. The basalts contain radiolaritic cement, and as a single unit
they slid slightly on the surface of the serpentinites along a local normal fault. At the collision stage, the entire ophiolite series was clearly thrust
over the limestones of the Campanian-Maastrichtian, which were strongly deformed (Fig. 2). There is schistosity and boudinage (formation of
sausage-shaped boudins) in the limestones that are oriented in parallel to the stratification. In the river boulders (20.5-1.0 m in size) relatively
fresh schistose crustal peridotites are often found, in which it is possible to observe clear gradual transitions from dunite to harzburgite and then
to the lherzolite facies. This effect is conditioned by enrichment of the rock with ortho- and clinopyroxenes as compared to olivine. In these
rocks, olivines are almost completely or mostly serpentinized, while pyroxenes are still distinguishable and the accessories are represented by a
hematite-magnetite pair.

From the standpoint of geology and geotectonics, this geosite and the adjacent entire ophiolite complex provide valuable illustration of the
formation of the current crust in the area of Armenia. It shows up the ocean (conventionally, Tethys) opening phase with the formation of
ocean-type crust (Fig. 4A), followed by the crust reduction-absorption phase due to subduction processes (Fig. 4B).

The ocean or sea closing phase was accompanied by the obduction of the remnants of the oceanic crust on the continental crust, and at the final

collision stage, they were subsequently reverse-faulted and thrust-faulted. This evolution is reflected in the view observed today (Fig. 4C).
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Ljwp 3. twpwbwl gbnnwhnyunh obhnihpuyhtt nmbknudwuh puownwght
intuwtlupubtp, bhwdwiunit  gninhg Udnnn 2 Yd  hmuhuw (A) -
hwdwjtwwwwnltp, npnud  ubpybktwnhuhnubpp  (B) Jpwowpddl; Eu
Ypwpwptph Jpu (D): (B) - ubkpywhkbwnhthnubpp Swsydws Gu
hpwplwbunduspught'  puqupin-nunhnjuphuughtt (C)  hwuwnwspnd,
npnlp uwhb] kb plp dwljplnypeny: (D) - judywb-dwuwnphhinh wyhjughly
b dbpgbjughtt Ypwpwpbpp ypuwowpddws b wdpnne hwdwihpny (A-C):
Ypwpwpbpp ppiphtimgdws bu

Figure 3. Field photos from the ophiolitic site of the Daranak river valley, located
about 2 km north of the same-name village ; (A) — panoramic view illustrating
the thrusting of the serpentinites (B) over the limestone (D); (B) —serpentinites
were covered by volcano-sedimentary stratum of basalt-radiolarites (C) which
slid along an inclined surface; (D) — pelagic and marl limestone of the
Campanian-Maastrichtian thrust over with the entire complex (A-C) (the

limestones were boudinaged)
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Ljup 4. Zwjwunwbh wmwpwdph Eplhpunhtwdhly
Enynighwyh JEpujubigudwtt ujubkdwwnhl  dnnby
Ulwth b, wrhwuwpul, huyjwulub odbhnihputph
ophtwlyny, wujdwiwlwinpt' dhehtt nipuyhg Uhisk
n1y Juyhd b Engktl dwdwiwjuwhwndwsh hudwp: A -
oyjhwinuughtt = Yinth  Abwynpnid  uwpbknhugh
qnuuynud, B - tunjuspulnunulynid,
bpwppwjuwinippit b ojhwbnuuyht  Yhnth
ypdwwnnid  unipyniljghuyh  ounphhy, C - énduwyht
wjuquih  Jhpohwlut  thulmd  ophnjhpuyhi
dwupuhuubph ypwowpdny b JEipubndwdp gudwpuwhte
Ylnluh Ypu

Figure 4. A schematic model with reconstruction of the
geodynamic evolution of the area of Armenia by the
example of Sevan and other Armenian ophiolites in general
for a conventional era from the Middle Jurassic to the Late
Cretaceous and the Eocene: A — formation of the oceanic
crust within the zone of spreading, B — accumulation of
sediments, volcanism and reduction of the oceanic crust as

a result of subduction; C — final closure of the sea basin

accompanied by the thrusting and revere-faulting of the ophiolitic units over the continental crust

9. Ttwpwuwlh Gppwwnbnuupt nituh Juplnp Yppuljut pununphs, npt pungpynmud £ dwquwwnhl, tundwspughtt b mblnntwljub
wpngbutikph Uh wdpnne hwdwunidp wbjh pul 100 dji. mwph pingphnidng b wuppp $ughwikph qquijh wuhwwijwsnpjundp,

npl nipwqpuy Epjpuwpwbwljut nhnnwupyth dbpjugnid E:

10. Bphpuunbnuupnp qnuyniud £ twpubwl gyninh hwdwjipwhtt hnnuwwnwpwspubpnid:
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1.6pjpuntnuip - ULSULHTC

npjus ki wnynruwly 1-nud:

Ljuwnp 1. A- Upunnwithy tppunbtnuiuph nhppp (updhpny) SEnyuwplyh nupuspnud:
B- Bpypwunbnwuph nhppp hwplwt ptwlwduwipbph hwdbdwwn, wnbknugpuljut
pupunkqh hhdph Jpuw: C-Bplhpwwnbnuupp ptophtiwl 1:50 000 dwupwnwph Google
Earth ulwph 4{pu: 2hnhtu gébkpnd tpwd Gu  pudninhubpp:  Lwplpwgniju
pwnwljniuhtbpny, 1.Ubwbw (&h Ephnwuwpny tunquspubpp; 2. Ubwbhwnubkp; 3.
Qunudl jwjutbp: Hnht Epwtlynitng, 1. Ywdpwpwiibp; 2. Udpng

Figure 1. A —location of the Artanish geosite (marked red) in the Geopark area; B- location
of the geosite with respect to neighboring settlements shown on the basis of a topography
map; C- the geosite at the original scale of 1:50 000 on the Google Earth image. Yellow
lines indicate the road and path, carrot-red rectangles correspond to 1. Recent sediments of
Lake Sevan; 2. Sevanites; 3. Pillow lavas. Yellow triangles indicate 1. Burial grounds; 2. A

fortress

1. Stnudwup quiuynid £ Ubwbw 1dh  Upunmwthoh phpulngnt wpbbjut b
hwpuwuihtt whkqpuyhtt vwubpmd’ Snquljup (Cnpdw) gninhg hwpud-hwpun]
wnlbp (uly.1, 2): Ukpdwlw Ywnp 0.9 §u hkpwynpnipjut Jpu k, hulj wdkuwhbnwynp
Ykwnp 7.6 u:

Epjpuwnbtnuupp hwuwith Eudbiwquwugubpny, tnumtwlp pupbuyguun | qupbwl,
wunwl, wotwt wdhutphtt: QUnwitip swhwynp gnipn £ b dnibwpwwn: Cunhwinip
Uwljkptup dnwn 6,78 Yu2jud 678 hw (Y. 1, 2):

Epjpuwntnuuph pduyhtt guwhwnwlwbubpp pun whdtwgpuynpdwb 3-6 Yhnkph
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Unniuwyy 1. Upnnwty tppuntnuiph pyujhtt gpwhwnwujutubpp:
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M-Hllqlllﬂlldu_‘ulul.l
dhwsn)
kqptpht:  Zgnpnipniup 150 U@ Ukplujugus  Lu gnpowynit
Ypwpwptpny, dbpgbjubpnd U thnpp  hgqnpnipnit nitkgng

pinuwunipuynit wjuqupuptpny, npnup tkpuyugwusd tu dhoht
Engkuh $npudhuhbbputipny (Asipaneran 2010), htppwihnjudws Ykpht
w1 hngt-u Ejuinngtuh (dwyhtt tunuwspubpny:

‘Llwn 2. Yupdhpny tpgws E Epypuntnutph vwhdwip Upunwthoh
phpulngnt Ypw

Figure 2. Red color is used to contour the boundary of the geosite on the
Artanish peninsula

Ftpuljgnt  Eqpuyhtt  dwubpny dudwbwlulhg Gphjpuwpwbwluu
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7. SEnudwup wbnunpus b Upunwbhoh phpulngnt
hwpwdujht b wpbbpwt  whwdbpd  dwubpnud:
[FLpulynght gunuynid E ‘Unpuinniu-Gnpdugh
pupdpugdwt  hjpruhu-wpbbpgwt pbh dpw, npp pp
htpphtt  pwdwinid L Uks b Onpp Ulbwbbbpp:
Eplpwpwbwljui wdktwhhl wnwewgnidubpp
ubpuyugqus Eu JEpht uktndwbh Juppnbwntbpnyg
(Penraprern 1959; Capxucau 1966; Iladpdenronsy 1959;
Axonsan 1978; Maprupocsu 1986), hqnpnipjniup 800-1000
U:  Upwnwthy qminhg wpbdninp Jbphtt ubkundwbh
Ypwpwnbpp swsyynid Lu yEpht Engtth juppntiwwnughe
wnwowgnidubpny (Yybapar 1977; 1966;
I'puropsaur 1986): Uju wwwpubph bpbpp dEputnd Gu
Upwnwuthph  phpulngn ququiph
hintuhuwghtt jwekpht, htywbu twb pEpulngnt wplikjut

Capkucsu

wdktwpwpdp




wnwewgmuikpt ki thpjuyuglus judu]uqupuptpn] b wjuqupuptpny: Uuqlunngkl wpwewgnidbpp, duppwidwi bypkph
wnbupny, dbpjuunid tu phpulngnt hwpwyd-wpbdnjut b hwpuw] wpbbput Eqpuyhtt dwubpnud: VEpjuyugdws tu dhowhwwnhly
Jutwswugnpruynit quppnubpny: Uju wyuptbpp jupnud Bu jpupupughtt wnwewgnidubphti b niikt yipht Engkth hwuwly (Yy6apsas
1977; A6oBsu 1986):

Epjpuntnuipmid wnljuw i Gplnt jupbnp htwghnwljuwt pudpupuwtwunuwowntp (Upnwihy 23 b Upunwihy 29), npnup jurnigyl) Gu
Ulwtiu 1&h tunndwspubiph dte: Uju hwiqudwtpp Jjuynid £ Ulwbw 1&h dwjupnuljh Ephnwuwpny munwiunidubph dwuht: SEiqutph
hwpwuwjhtt Jwunid phunwupyynid G dhypnphwihptbp (Ubhwthwnubp) b Engkth hwuwlh wpwpjhpuqupuuhtt pupdwtdwt jud
qunudl juydwttp (uly. 3), (Sahakyan et al., 2017a):

Ulwtw 1£h wpbbjjut whp, hwynih £ htwghnwlwb hnipwpdwitbph pupdp pnnpyudp (Ujhowt 1893; Lujuytwt 1910; Uhpwybjjut
1968): Uhwyu uh thnpp wnwpwsépnid, Snpduyh b Upwnwthoh dholi, hwjntwpbpyt) Bt wydbjh pwt 50 htwghnwljuwt hnipwpdwuubp
(Zdujuljjuts b nip., 2008), npnip dudwbwlugqpynid b qurn ppnuqh nuphg dhtiske nip Epuph nup (d.p.w. I hwqupudjulhg dhtsh I
hwqupwdyuljh Yhukp): Bpypuwnbtnuiuph nhuwplybihp opjkjnukpt Gu. Upwniwuhy 23 b Upunwbhy 29 nudpwpwbwnguonbpp:
Cunhwunip mwpwépp, nph Jpu gunuynd b nudpwpwbwnuowntpp, phwltgdws b Enk) dupgnt Ynnuhg nknbiu Jun ppntigh nunphg
(Bobokhyan et al., 2017): Uju tplnt npudpupwbwunwonbtph nupwspnid wnju kb 4 npudpupwbwpnudp b 66 Ypndjkjuny nudpupwi:
Uninunp pyugpoup qun b uhoht bpuph nup:

Swpwéph swyp wpbbjpnd £ qunbuynid Ondujhtt wdpngp: Snunpws b pupdwidwb judwttp mmwing gpnitnwghtt fwwwywphhg
yJtpl:




Llwpn 3. Qujuhg. npupuhpuquiunuhtt pupdwbdwt (hhinnt) jwjwibpp jupng nughunwht juquh qguyuubp: Ughg' pupdwtdwi
(thhinnt) juuitpp
Figure 3. Dacite composition dikes cutting through the trachy-basaltic pillow lavas (left), pillow lavas (right)

Bptp Ynnuhg opowwwunygws k dnwn 255 U Epljupnipjudp wwupuwny (uly. 4), hull wplhuniinphg widwwnskih duynkp Eu: Uhetiwhgpny
pwpwpt wwphuyibpt niukl Unin 2 U pupdpmpmiul 2-2,2 U juyinipymb wdpugws 8 Yhuwlnp wonmwpulikpny: Qniygq
wonupulytkpny dninpl wplkyub Ynnuhg £ 4,5 U pugduspny: Udpngh tbpumd bpdwpkih ki Junnygubph hnnquéswsly htwnphp:
Udpngp whnyws sk ntunh wnwydd hunnwly pyugpus sk (hwjubwpwp d.p.w. 1-hti 1. Uhtiy n1p dhoimnwip):

L 4. Udpngh ywphuwh wuinp
Figure 4. Wall of the fortress fencing

8. Upwnutthy Epjpuwnbtnuupp JEpwpbpnid E Gpipwhuwghunipjuipn b obpuniwgpnipjutp, hull Epjpuwpwtulut Juwtqubph
wkuwllymihg (&ught npwbugpbuhw-nkgpbuhuwght: dhpohtt hwqupudjulikph phpugpnid 1&p dwljwpnulp, hdwjwlw,
Epypuwpwtwlwt, hull wybh np bwb dwpnusht gnpéntutpny wuwjdwbwynpyuws, withwgsh wnweptipwug (npwbugpbupuw) b
htunplpug (nhgphuhw)  t mbkgh] wqnbny whudbpd  Hynhudwlupgh, tunjuspulmunwliut  wpngbutbph b dwpnm
JEtuwgnpéniutnipjut Ypu: L&h dwjuppuih hhdtwlwt muwnwinidubph ujpbdwnhl gqunybpubpp, yEpehtt 7000 mupjw hwdwnp,
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hhdudbkng Upwnwthoh phpulngnid 2018-2020pp. hpwljwitwgus ghnwljub
dpwgph (WAXUU18T-1E171) wpyniuputph Jpw (Zndhwtthuyywb b nip., 2021),
pEpdws E uly. 5-nud:

A- Lw. Unnwynpuybiu 5000p. (Uhohtt hnjngkt): Owtswn (dujht wuydwitbp
Uks Ulwbw (8nud: Cunhwinip mwpwgnmd: Uwngunuownbph huwnbkuuhy
hwngp: Spwtugptuhw: B-  Lw. dnnnwynpuwybu 3000 p.: Ubwbw (1&h
wnun]bjugnyt dwlupnuily’ 1917-1920 U: L&wjht wnwgwgnidbph hinbkluh
unyjuwspulnuinulnid: C - Lw. Unnnwynpuwtu 1000 p.: L&h nigpbhuhw dhtish
1910 d: fph hbhwpwodwtt  ounphhy gwdwpws wwpwséputph Ypw
Epuptnuput nudpwpwbwpdpiph jupnignd: D - Lw. 800 p.: L&h
dwljuppuljp 19165 d - npwbugpivhu:  twdpwpwbwnuownbkph
Swhdwljwnd, unp nudpwpwbwnuonh fupmgmd wydbih  pwpdp
wnwpwsdputpnid b Jhpwpwunnud: E - Uhwtw 1£h ukpjuihu dujuppuyp 1900,4
Uk

Ujup 5. A-E - Ulwbw (£h dwluppulp wnwppip dwudwbwlubpnid: F-
nuupwpuwbunuon Uhwbtw (£h tunduspubipnid
Figure 5. A-E — Lake Sevan water level at different periods according to; F - burial

ground in Lake Sevan sediments

The Artanish geosite presents evidence related to geo-archaeology and stratigraphy,
and geological hazards at this site are represented by effects of lake transgression and

regression. Over the last thousands of years, climatic, geological, and anthropogenic

factors that appeared later, had been determining fluctuations of the lake level that resulted in the progression (transgression) or setback

(regression) of the shore line; those effects were affecting the coastal ecosystem, sedimentation processes and human activity. Figure 5 shows the

schematic layouts of the main fluctuations of lake level during the last 7000 years reconstructed by the results of Research Project MESC18T-

1E171 realized on the Artanish Peninsula in 2018-2020.
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A. Approximately by the period of 5000 BC (the Middle Holocene), shallow lake conditions existed in the Greater Lake Sevan. The followed
general warming of climate and intensive melting of glaciers started of Lake Sevan transgression. B. Approximately in 3000 BC, the maximum
level of Lake Sevan corresponded to the elevation of 1917-1920 m. Lake sediments had been accumulating intensely. Approximately in 1000 BC,
regression lowered the lake level to 1910 m. The Iron Age tombs were built in areas of land that emerged due to water retreat; D. In 800 BC, lake
level elevation corresponded to 1916,5 m, and as the transgression led to bogging of the old burial grounds, new burial ground was built in higher

elevation areas and the remains were re-buried; E. The current level of Lake Sevan corresponds to the elevation of 1900,4 m.

9. Gpypunbnuyuypp nith ywbwluwih Yppujut pununphs pt' Epjpuputulut, b pk' yundwlubt wenidny: Uju pugunhl L
htwghnwlwt optinh b 1&h dwlwpnulh thnthnnipjut  hnjjuyulgjusnipjut wmbuwblnithg: Onduwjhtt wdpngp b
nuUpwpwbunuontpp nipe nunignpnujutt Juypbkp G, np hEkwnwppppbtt mbnuljut b wprnwuwhdwyut ghnwljppuljut
yEunpnuutphte

10. Npubtu nudpwpwbwnwown Upwnwbhy 23-p pungpydus bt 22 dowlnipuyhtt  hnipwpdwbbph guilnud  (Zuyuunwbh
Zuwupuybwnnipjutt jupwwpnipjnit npnonid 9 hnmtjuph 2003 pduwljuth N 80-U Zwjuuwnwth Zwtpuybnnipjut FEnuppniuhph
dupqgh wuwwudnipjut b dowlnyph wipwpd hnpwpdwbubph whnwlwt gnigulp hwunwnbnt dwuhb, 5.74/3): Uwujuyb wju
nuupwpuwbiunurnh mwpwspp, wthwujuwiwh yundwnutpny, huynuygt) £ Jupdujudut nul:

Upwnwtth? 29-p b Onduyhtt wdpngp nplik gwulnud pingpluws sku:

Epjpuuntnuupp wdpnnonipjudp qunynid k «Upwnwihy» wpghjngh mupwspnud:
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1.6ppunbnuip - LACUSNRU 1

pupunbkqh Ypw Jupdhpny, B- mbknunhppp hwpwlhg ptwlwuwypbph hwdbdwwn: C-
1:30000 puophuwl] dwupmnwpnid Google wmhkqipujut twuph Jpuw: Thnht gétpny
toJws Eu hhdtwljwb judninht, fwbwyuwphtbpp: Lupugwgniyt punwlniuptibpny. 1.
Ctpunwgpnipiniup Yupnn Jupbbnpughtt juquspubtp; 2. vquéph dbipjugdwi
obpuniwgpnipinip; 3. Cnpgnih hwdwihph Epipwowpdh wqpbgnipniuubpp: thnht
Enwlniuhubpny, 1. Cnpgnih Juip; 2,3,4. Zbwghwnwlwb opjkljnkubkp Unpwinniu b
YQunpwy hpwpnipjuubph ypu

Figure 1. Map of the Noratus-1 geosite: A —location of the geosite on the map is marked with

S Ljwp 1. Unpuwnniu 1 Epljpuunbnuiph pwpunbqp: A-nbknunhppp @hnwyuplh
)
ot

red color, B — geosite location with respect to neighboring settlements, C- at the original

scale of 1:30,000 on the Google satellite image. Yellow color is used to indicate the main

highways; carrot-red rectangles indicate: 1. Normal faults cutting through the stratification;

2. Exposed faulted strata; 3. Earthquake impacts on the Shorgol Monastery complex; the
yellow triangles indicate. 1. The Shorgol monastery, 2, 3, and 4. Archaeological objects on
Noratus and Karap volcanoes

2. Bpjpwnbnuipp qunuynd £ Ghnuppnithph dwpgh UksS Ubwbh wplhdwunjub
wjuquind Unpunniu gninhg wplikp, Ulwiw (&h whwdbpd hundusncd (0l 1):

Qpuinkgunid £ 5.87 Yu? mmwpwdp, hnruhu-hwpwy Gpupnipniup 5.22 Y, wplhbp-

|| wnbuninp jujunipniup 1.35 §u: Unpuwnniu gyninhg Uhwbtw (£h whwdbpd hwndusp
whgwubh Ewdbbiwqbwugubpny: Gputwlp ddnwtip gpunnwonius E, wdnwip qny:

Epjpuntnuiuph pyuwjht qowhwnwlwiubpp pun wtduwgpuynpdw 3-6 Yhnkph tnipuws kb wnniuwly 1-nud:

‘Unpuinniuh dhpttwnupjub gipkquuiingp qnuygniud £ 'Unpuinniu gninh hwpuwyupbbjut dwunid: vwgpupbpp pyugpynud Eu 9-17(18)-

nn nn.: ¥ninh jhunpnunud qniuydnud £ Unipp Uundwswsht Ghtnkght, npp unnigh] £ GEnuppniuhph Uwhwly hojuwitp, 9-pn

nunph yipoht: ninh hwpwuyhtt Ynnunid qunudnd £ Up. Gphgnp Lotuwynphy Eytntght juwd Inithnig Jutpp: Uyt Juenigyl)

hwjwbwpwp 9-10-py ny., Enk) £ dhwiwy punuéwsl shunipinit, npp hEbnwquynid Jeputhnjuyly) b gdpbpwynp upwhp (10-11-py gy,

dwpunuwpuy b Jvwswwnnip):
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Unniuwyy 1. Unpuwnniu 1 Epjpuunbnuiph pyuyhtt quuwhwnwljwuubpp:
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Juiph wpbdnjut wwwnht wwhwywildl] b hojowt
Zbpwlyn (ZEkpwy) Zwdunitint wpdwbwgpnipniup: Cun
Uhdtnt Bplwbgh Ywpnnhlynuh® Unsyk; E Inthng
(funthnilg, nuwhhpw) Juwup b bk E Yniuwbing
(https://hy.wikipedia.org/wiki/%D5%86%D5%B8%D6%80%
D5%A1%D5%BF%D5%B8%D6%82%D5%BD ):

7. Gppunbtnuupp hwdpuljunid £ Lnpuwnniu-Lutimgly
huqusph gnuamit (uly. 2) tbkpwnmd b snppnppuljut
1Sught, wpynujju, (dwgbnuwght, hpwppwbunuspught

wwuwpubp, ubknghu-snppoppuljmtt tunduspubp b
hpwphiwghte gnjugnipjniutibp (muntkqhwnuyht
puquntbp, pwquuubp b bpwbg whpnljuunhy

unipn) fvupuqub 2005):

Uplidniinphg Jupubwnpujht
pununphyng & nlwh wpbununp wilnn - juqywsph
hwppnipjudp b wplbjphg Unpuwnniu-Lutiwgbnh
Jupbnpught bt nhwh  wpbbp wilny  juqusph

Guunwghbnh

hwppnipjudp Jurnygubpp vwhdwbwhwlnid tu dnwn 20-25 Y hjniuhu-hwpwy dqusnipyudp b 4-7 YU jujunipjudp qujunh pinip,

npp hwinhuwtnud £ wkjuntwut hnpun (Murasosckuit 1968; Avagyan 2001): ‘Unpwunniu — Lwbwgln juquspp nith juhun
wpunwhuwynws Jupubnpwihtt jhtbdwnhlw, ukgdbtnwynpyws £ wnwohtt jupgh 5-10 Y bpupnipjudp hwmnduwsubph:
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Karapetyan, and G. Navasardyan

‘Llup 2. 1:25000 dwuptnwpny tnupwsdph nkjhtdh knwswth dnnbkih Jpu Jepunpdus
Epjpupwtujutt bt Gwjuwpwgbnh b Unpuunniu-Lubwgbnh  fuquspubtiph
Jurnigduspuyhtt muppbpp GIS hwdwlwupgnud: 1. Zningkl, nhnidhwy; 2. 4bpht
wbjunnngtt-hningkt, jwjuyhtt hnupkp; 3. Uhghtt wkjuwningk;; 4. Uwnpht
wkjuinngkt; 5. dkphtt wihngku-hningku, dnpkutbp; 6. dkpht wjhngku-uninpht
wkjunnngtl, nhnjhw; 7. 9bhphtt wyihngbu-wjunngt; 8. Lkphtt wihngkt, nnitphw;
9. Uwinphtt wjhngtl; 10. dEpht dhngkt-unninphtt whngkt; 11. Qbwnbp; 12.
uqubpuyhtt  ppwpunnudubp; 13, Ewhlkuwnpnuubp; 14, Zpwpnijubp;  15.
Stnutnitiibp: GEnudw  bhpwppuwghtt pwpdpwduinuijh  Eppupubwlub
puipinkqp, pun Y. Ywpuybnyuth, U. Yupuybnjuih, G Vujuuwupnguih

Figure 2. The three-dimensional model of the area at the scale of 1:25,000 is overlain
with the map of geology and structural elements of the Gavaraghet and Noratus-
Qanagegh faults in GIS system. 1. The Holocene, deluvial sediments; 2. Late Pleistocene-
Holocene, lava flows; 3. Middle Pleistocene 4. Early Pleistocene 5. Late Pliocene-
Holocene, glacial sediments; 6. Late Pliocene-Early Pleistocene, rhyolite; 7. Late
Pliocene-Pleistocene; 8. Late Pliocene, dolerite; 9. Early Pliocene; 10. Late Miocene-Early
Pliocene; 11. Rivers; 12. Faulting discontinuities; 13. Epicenters; 14. Volcanoes; 15.

Toponyms: the geological map of the Volcanic Gheghama Plateau by K. Karapetyan, S.

‘Unpuwnniu-Lwbimgln juqusph wjnpynipjudp £ yuydwiwynpuws Unpunniuh (Uwphluwjugh) hwundwsph dkpjugnidp dnwn 80 U
hgnpnipjudp (. 2 b 3): Uy hpkhg ubpjuyuginid £ hpwppwtunwspwyht, tunydwspwyht,, hpwpught wmnwewgnidubph pupn
hwdwihp (Mmrasosckmit 1953): Uhjwunjuljhtt hwigl] £ wjt Gqpulwgnipjul, np Ubwih wjwquih wpbdwnjwb wihh (dughl
wnwowgnidubph vhwubwjub hwmungwsdp gnnipnit snith b np wyjuybu Ynsdus Lnpuwwnniuh hwunywspp pwdwuynid £ dh pwpp

tupwhwunduspubnh’ duyht, wynihw) - ypninuhw) b hwpphuiwght (Murasosckuit 1952):
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Lower part Upperpart  Ljwp 3. Unpunniuh hwundwsph pkpniugpuijuts ynibyul: 1. fuwhnn gidiunny b jpdwpuptpny;
Morsbus | o Ll s Momius g o 20 Ul powpwd; 3. Uduq whdqugh  Yunpubpnd; 4. Unwuwpbklnp  Ynbgnubpunibp; 5.

B 5 ¥ 1
Pusipapinl § & | Bregrunrs| ) B 0

dhpwiuntgyws hpwphughtt Wynipe, wjuqujuy; 6. Uwbpwjuhs; 7. Guy; 8. Ujuquljuy, oojhpubp;
9. Thwuindwlphp Yuwy; 10. Udwq/Upjp; 11. Unbgndbpwwn juhs 120 Ughunwl wyhdqu;
13. Nuuyuyubp; 14. Ukjudhwnubp; 15. LUnpdw] dwquhuwluwt phbpwjubnipmnil; 16. Zujunupd
dwquhuwljut phbnwljuwunipjnii:

Figure 3. Stratigraphy section of the Noratus stratum: 1. Topsoil with cementing material and crushed
stones; 2. Black scoria; 3. Sand with pieces of pumice; 4. Coarse-fragmentary conglomerates; 5. Re-
sedimented volcanic material, sandy loam; 6. Fine detritus; 7. Clay; 8. Sandy loam, oolites ; 9. Diatomite-
bearing clay; 10. Sand/silt; 11. Detrital conglomerate; 12. White pumice; 13. Lenses; 14. Seismites; 15.

Normal magnetic polarity; 16. Inversed magnetic polarity.

Zumunjwédph ubkpplh 5 dbwpwing dbpjugnudp (pun Ynbgndbpuwnibph  dwwnphpuh) nith
hwjunupd dwquhuwlwinipinit, dbugws 38 dbkwnpp niuh tnpdw] dwquhuwlwunipnit: Zwoyh
wnubny, np wwjtndwquhuwlwt twdnipwplnidhg dnn 3 dbwnp Jipb nbnunpdws hpwppowghtu
Wnipp nituh 2.30+£0.15 Ma (dhjhntt tnwph) (hush dwuht Ylunugh unnpl) hwuwly, wyw Jupwsph
unnphlt hwindwsh hwjunupd dwuguhuwjuinipjudp tunywsputpp Yykpwpbpybt Ywkiw (Kaena
3,12-3,05) Lupwhwpyhi, hulj dbwgws unpuw) dwqihuwuinipjudp dwup Quniuhb (Gauss):
Zknbwpwp, ntuntdtwuhpyws hwmnduspp dbwdnpyty L 3.1-2.3 Ma  dhpwljuypnid (Avagyan et al,,
2020):
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Lljwn 4. Unpuwnniu-Lwbwghn juquspp b tunjuwspuwghty, hpwpluwtunguwspuwghtt b hpwphwihtt wnwewgnidubnh hwuwnduspn (A):
Zuunyuwspp Yupnn Juptbnpught uqusputp (B)

Figure 4. The Noratus-Qanagegh Fault and the stratum composed of sedimentary, volcano-sedimentary and volcanic formations (A); normal

faults cutting through the stratum (B)

ugJuéph ‘Unpunniup ubkqubtnh Epljuytipny yuwhwywtdb) B nbnuowpddws dkl pinl) Unwn 650 U tpjupnipjudp b 250 d juyunipiudp,
npp unpdw] pwpundudp mbnuowpddws k dnwn 20 J ukppl (B, uly. 4): Ujp nknuowpdp owwn juy Gplinwd E Yupdwsdph Jipht dwuntd
qniyg ull fmwpwdwyht pkpnkph mnuowpddwudp (Munanosckuit 1968; Avagyan et al., 2020): Uju otpwnbtph Jtplhthg yipgyws udnipp
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hwuwlwqpyt; k£ K/Ar dbpnnpnd b uwnwgdl) 2.30£0.15 Ma hwuwl, npp hwdwyuwunwupwind £ GEjwuhwt  (Gelasian)
dudwtwljwhwndwsht: Ujuntnhg hEknbnd E np Unpwunniu-Pwbwgbn juquépp nith htn Qhjuuhwt  (snppnpnuljuiy)
wljnhynipnii:

Pows pinljh skpnbph wulnidubpp wljuhwynnpbt wybih Ubs Gu. Gpk uinnphtu pinynid tpwip Unwn ki hnphgnuwljwiht, wyw Jbipht
pinynid npuip fuqunid Eu 11-18° W: Uju hwmiqudwiipp gniyg £ wnwjhu, np juquspn nith jhuwnphly ptnype:

‘Unpuwinniu-Lwbimgln uqusph wdpnnowljut Yninuniduwghtt ninnudhg pununphsp guwhwwnyb) £ pun hnpuwnwtgph wndjwjukph,
hpwgnpéyws ujupuyhg 500 U wiplikjp: 100 U ninnudhq nknuowund wpdwbwqpyt] k pun dhbiinyg $npdwughwjh pupdpnipniuutph:

7. Unpunnniu gyninhg 0,8 YU wplkyp, tnyupwl Unpunniu hpwpnijuhg (. 2) hwpu]-wpldninp widhgwybu uqusph ujupuh
Juunwpuwyhtt hmndwénid £ gunuynud X n. Tnpgnijh Jutpp (uly. 5): dwtph Jipujuiqdus dwnninh hwpuwjuwihtt b wpbbjut yqunkpp
wdpnnonipjudp Jipuljurnigws ki, ukpunting wybkjh n1p opowith pwgpuntp (A, uly. 4): Uplbkjwt wquwnh nkuwbbk)h, wnweght pupph
pupnbkpp pidnpdugus b, pugh wilnittwpwuptphg, dbwgusp nmknuowupddus b b h thnpp b wilnud Eu niyh wplbp: Uwwnninh
wynpuuh hujujyulut vhwpklnp yniubphg dbyp Eupwuplyt] b dudujuph nigpnipjudp pninughwjh 5 wunhdwuny (B, uy. 5): ‘Unyu
nipnnipjul pninughw 3 wunhdwiny nhunwuplytkg dwnninh hwphwinipjudp qunbuynn Ukl wy wtpdws dwwnninh ywwuwwnh puptphg
Ukljh nhypnid (D, ulf. 5): Uwwuninh dwlwwnuwihtt dwunid nphunwplynud £ hhtt junpnp uenygh hhdpp, nph tkpuh hwndusp
hwuwbwpwp JEpwohtiyws £ b hwpdwpbgws E jowgpupbph hhupbp mbnunpbint hwdwp: Uy junonpupklnp hhdpbpp tnyuwbu
nhdnpuug]us ku: Ul 5-h C-nud wyunnljpyws t kplym hwplwb jpuspupbph hhdpbph 5-6 wunh&wing phpnidubpp hwljwpwl wplibp
b wpluninp ninnnipjniutpny: Ywuph nmwpwspnid puquuphy tu nhdnpdugus, Yninpgus, Swpbpny fuwspwiptip: vwspwpkp, npntp
skt hwdwwywnwuppwinud hhupkphte:
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Lwup 5. A- Tnpgnih X 1. dwbph Jhpujubquus dwwnninh
wpbbputt  wwwup: B, C, D-  Zwdwhpnd gphuwwplyng
nhdnpdughwutph ophttwljutp

Figure 5. A- The eastern wall of the restored chapel of the 10* century
Shorgol Monastery; B, C, and D — examples of deformations observed in

the complex

‘Unpuwnniu-Pwbimgln juqusph hyniuhwihtt JEppwynpnipiniund,
huqJusph ujuipuihg 0.5-1.5 Yu nyh wpltkyp b gnuynid Lnpunniu
L Ywpwy hpwpnijutpp (A, B ulf. 6): Zwoyh wntbing juqusdph
Jupubwnpughtt  Jhubdwwnhlwt, pquéph hwppnipjut pbhyh
wplbp wulnudp, ujuwpwh nkgptuhy tenghwi, huswbu twb
ujupuyh bywbwlwihg pupdpnipjniup, Jupnny Eup Juunnwhwpwn
wunk], np Gplnt hpwpnijuubpt B gniuygnid B juqusdph gnunnid b
qhiubwnhlnpktu juwywlgdws kb yEpghtthu htw:

UhjwunJuljhtt (Munasosckuit 1968) Jwpénmid Ep, np Shnudw
(knutph Jwpnygubpp, npnup Swgmudtwpwinptt juuwuws Eu

hpwpliwjuwinipjut htiwn, dwunwtqyl] Eu kngkt-ojhgngtkt dwdwtwlutphg: Fuquuuypndh) ntunidbwuhpnipnitubph hhdwt Jpw
Uduqut b nip. (Avagyan et al, 2010) hwlqlk] tu btqpulwugnipju, np Ghnudw (kpubph snppoppuljutt hpwphwjwbnipniup
Jtpwhuljnn Junnygubkph dp dwup dunwiqyt) Bu wuwbknglt-ukingkt dudwbwlubphg b wyn dwunwigus Junnygubpp wyunthbnb
wqnk] kb hbnnwqu jupywswyhtt pupnh b mupwsph junmigwspw-tpjpuputulut dbwydnpdwt Jpu: ‘Unpunniuh juquspp wykih

Ephwnwuwpn juenyg b, hwdwhnty yEpnhhojuy nup snppnpnuijut (Kowapsas, upuaanr 1978) hwuwlh hpwpnijuttiph htiwn:
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Lijwup 6. A-Unpuwwuiniu hpwpnijup  tupdus
wnpluninphg: B-Unpuwnniu hpwpnijuh
wpbwpwip b hhnbodwund Qupug
hpwpntjup, C- ‘Unpunniu hpwpnijuh
luwpbwpwith wwpwgény wwphuwukp;  D-
Qupuwy hpwpnijuh qubetph htwghunwlwut
Junnygukp

Figure 6. A - Noratus Volcano photographed from
the west; B — Crater of Noratus Volcano and Karap
Volcano seen in the background; C — fortification
walls following the perimeter of the Noratus
Volcano crater; D —archeological structures on the

slopes of Karap Volcano

‘LUnpunniu hpwpnijuh Jwbgkphtt i1
huwnbwpwbwhtt hwnduénid  hwjnbwpbpyus
10-15 ud wpwdwgdny qupupbpp, pujuljui
ghnwuljut Jtdkph wnbnhp tu wndbp: Ubgpuynid
wnljw tp updhp, np wjb Yuwydws b hpuphught
wyuwpwwnh gnugdwt hbtw, tpp hpwphiwght
wnpp  Yuptp £ Uwphuywh - hwunduspp
(ITadpdenrompr;,  1946;  MwunmanosBckuit  1953):
Qupuuybunywip (Kapanerasm 1965) htpphny
twpinpnubphtt wykjh htinnt qiwg, Gupwnpbny,

s np Lplnt hpwpnijutpt k) dbwynpytjnig hkwnn

dwolyl) Eu Ulwbh opkpny: Uju Jupludp



yuonyuwibkghtt Lnsupjutit nu Chphywtp (Kowapas, upuran 1978): Ywpwhwtywip qnimd E, np Uhwbw (dnwd, hwnljuwybu ULS
Ulwtinid htwpwynp tu juquspuhtt b unnuipuyhtt wjnpynipjudp yuyjdwwynpyus pupdp wihpubp - ubjobp (high seiche), npnup,
wthwdbpd gnunnid Jupnn b Ynunuljt) gniiwdhh tunduwspubpp (Karakhanyan et al., 2017a):

Qqupupbpp puguuynid bt Yupww hpwpjuh pwpdpunhp juuibph Jpw, dhtyntie wyt gqnignid £ Unpuwnniu pwpudwghte §nth b
Ulwbw 1&dh wthwgsh dhol b mith hhwundbwphl dnn 30 dbwnpny wybjh guwép phpp: Mwntwpwth jwbokph jowpudwght
Ubpugnudubpmid  shwjnbuwpbpytg npbk quupwp, hush dwuhtt Juynud £ twb Qwpuybunjwip (Kapanersrn 1965): ‘Unpwwnniuh
huwptwpwith wdpnne mpudwgdny Junnigyws E wuphuw, nph jujunipjniip hwutnwd £ 3 dknph (C, Y. 5): untwpwih jwbebpht
Junnygubph dwuht tonud E twl Yuwpuwybnjuwip (Kapaneras 1965): Uljuhwywn E, np jpunttwpuwith hwnwlnid gnynipinit b niubkgh) wy
Junnygutp: Zknmwppphp E np nphyh puptwput nwbinng Swtwywnphh bpluyupny tjunynud £ qqupupbph wykih ks punnipnia: Uju
wudkuhg htwnlnid L, np wdbbut hwjwiwluwiunipjudp quupupbpp hwjnudl] b jpwnbwpwind  dwpnpnt  gnpénitubnipyjub
wnpryniupnid:

8. Cunn Epjpuwpwtiwjutt njnpnh Epjpuntnuipp ukpwenid k ubjudwnbkjnnuwjul, skpnugpujut b hpwphwjuwunipyjut, hull pun
phpuputuljwb Juwigh kphpuowpdbph, dwhbpimpuyhtt pwpndwb b hpupwlwinippu whybkpp: Gpypunbnubpp niih
wnijuql nupwswopowbiwghtt tpwtwnipinii:

‘Unpuwnniu-Pwbmgln Jupbbtnpuhtt pquspuynpdwdp b thnignidubpny wnwowgws dnwnn 80 U pwpdpnipjudp pupwithh ypw juy
wnbuwtbih £ tunduspulninujduts puquuptnyp thnthnpnipiniup (whwdbpd d$ndujhtt tundwsputp puntwsd hpuphiughtt iynipny)
Jwhujws snh dwuppulh nwnwidwi nkdhihg: Cun wwbndwqihuwlwi wfjuyibph jupduwsph hwuwlp gnidnd t 3.1-2.3 Ma
dhowjuypnid: vwpwuh qnyq hnphgnuubpp Jyuynud Eb hpwppowghtt wjnpynipjuts dwuht, pun 4iph hnphgntth wyt mbnh k niukgly
2.3 + 0.15 dju. mwuph wpwe: Luputhh hwpwjujhtt hwnduésnid wnljw ti wytt jupnng puquuphy Jupubnpwjht jpqusputp, hul) tpu
hymupu-wplbpul hwnduwsmd quignd kb kplyne hpupniubkp’ Unpunmu b Ywpuwy: Bphyniuh Jpue b welw kb hwghnwlub
puquupf] opjtljntit, phppuyuippuwbp, Ypodikattp, juenygutph b piwufuyph htnptp: Lquopughl ufupuh winnphl pnh
ququpuihtt dwund E quniuymd Cnpgnih X 1. quibpp, nph Jpu welw kb Gpipuowupdh wqnbgnipjut hbwnpkp JEpuljunnignid,
wytpnud, puptph nknuwownpdtp b pninwughwbp: Gpipuntnuiph hwpbwinipyudp b qnuynid dhotmnwpyut gipkquutiunniun 9-
17(18)-pn nr. puquuphy huwspwnpbtpny, 9-py 1. Unipp Uundubswsht Eytntght b 9-10-pn nn. up. Sphgnp Lntuwynphy Bhtnkght jud
“nihnig Jubpn:
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According to the geological classification, the geosite presents evidence relevant to seismotectonics, stratigraphy and volcanism, and to the
geological hazards - earthquakes, surface ruptures and volcanic impacts. The geosite has regional importance at least. The cliff about 80 m high
that was generated by the Noratus-Qanagegh normal fault and associated collapses displays distinct manifestations of changes in sediment
accumulation that depended on the sea level fluctuation regime (coastal marine sediments mixed with volcanic material). According to the
paleomagnetic data, the age of the sediments in the section is in the range of 3.1-2.3 Ma. The pair of scoria horizons indicates volcanic activity,
which according to the estimates derived for the upper horizon occurred 2.30-0.15 million years ago.

Many normal faults are cutting through the bedding in the southern part of the cliff, and there are two volcanoes - Noratus and Karap - in its
northeastern part. Both volcanoes accommodate many archeological objects, among them fortress walls, cromlechs, remains of structures and
ancient settlement.

The Shorgol Monastery of the 10® century is located on the top of the lower block in the fault scarp. Signs of earthquake impact could be read on
the monastery walls as episodes of reconstruction, destruction, stone displacements and rotations.

The medieval cemetery with numerous khachkars dated to the 9 -17% (18 ) centuries, the 9™-century Sourb Astvatsatsin Church, the 9®-10®

century Church of St. Gregor the Illuminator or the Dopouts Monastery are located in an area adjacent to the geosite.

9. Gppunbknuupnp nith niumgnnuljub, nmniphunulub ywbwlnipmni: Zknwijupujhtt £ hnipunttph, fwowputubph Jud wy
opjjnutnh qupqugdwt mkuwulyniuhg:

10. ‘Unpwwnniu 1 tphpunbnuipp qniynid E Unpunniu gyninh hwdwjupwhtt hnquwnwpwsputph Eqpudwunid, Ubhwt wqquht
wuwnyh nupwspnid:
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1. Gphjpunbnuip - UNkCELP 00

A

Ljup 1. A- Unpph 2np tphpuntnuiph nhppp (Yupdhpnt) Gtnwuiplh
wnwpwépnid: B- Gpjpwwnbtnuuph nhppp hwpbwb ptwljwduiptiph hwdbdwn,

wnbknugqpuljut pupwntqh hhuph Yypu: C-Gplhpunbknuupn 1:2 000 dwupwnwph
Google Earth uljuph Jpuw: hnhtt hné gény tpdws L wudwjnmuuyuun b
gpniiinughtt - Swhwwwphibpp,  Yhnwgdny  wpwhbnp:  Lupbewgnyl
pwnwlniuhutpny, 1. uquéph gnuumid Jupubwnpubph dbEpljugnud; 2.
Lujujhtt hnuph {Jpw Ywnnygh ubjudwshtt wybkpdwb hbwnpkp: Yhnhu
Enwlyjnithny, 1. YpndjEhutkp; 2. vnonpupklnp wuwnkp

Figure 1. A — Location of the Mrtbie Dzor geosite (marked red) in the area of the

Geopark. B - Position of the geosite with respect to the neighboring settlements,
shown on the basis of topography map; C — The geosite shown on the 1:2,000
Google Earth image. The solid yellow line shows the asphalted and ground roads,
the dashed line indicates the path. Carrot-red rectangles indicate: 1. Exposure of the
normal fault in the faulting area; 2. Signs of earthquake-generated destruction of a
structure standing on the juujwjht flow. Yellow triangles indicate: 1. Cromlechs; 2.
Walls built of large blocks

2. Gpjpuntnuupp qnynid £ Fhnuppniihph dupgh ULS Uhwtth wpbdwnjut
4 wjuquind Yupdhpgninh b Sunjwn punquiph thel: Fninid E hpjuinuih
F " : Eqpuyhtt dwuntd b nith §inpuygnit 230 U jujunipjudp 170 U Epupnipyjudp
; nwpwsdp (3 hw), ubpuwnnid £ htwduyp: Qubnp fpunwpnits k, wdwnp qny:

Zuwuwbh Ewudwjnuwyun Smiwwywphny:

_____’ o Eppwntnuiph pYuhtt quuwhwwnwlwbbtpp pun widbwgpuynpdwin 3-6
; 1 YEwntph npdws b wpniuwyy 1I-nud:
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Unjniuw}) 1. Unpph Qnp bpjpuntnuiph pquyht gowhwnwljuubpn:
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7. Unpph (Unpwh) 2np bpjpunbtnuipp quuynud L
Qujunughn huqudph gnunt hjniuhuwjht

hwwndwénid, QGwudurn pwnuph b Ywpdhpgninh
dvhowljuypnid  (wuwnnuuhy, ulf. 1) bLnwblnibwdl
hpjuunuth Jpu: Lpw dbwynpnidp nipnuljh juyydws
E Qujunugbnh huquéph wjnhynipjut htwn, wjunkn
Quwnwgbnh juquépp thnjunid E hp nipnnipiniup N-
S -hg NI110°, dhwdwdwtwl thnthnjubny swpddwl
Jhubkdwnhlyut hhdtwljut Jupubtnphg ptp
ynnuowndh (Avagyan 2001): Juquépp wdpwpunull) b
otink] E Gbknudw (knubkph wpbbpjwb jmugkphg hetinn
opwjht hnupkpp' dwdwbwlwynpuwybu dtwynpking
nkljunntwlut swguwb (Lwl] (Avagyan 2001; Avagyan et
al., 2010):



7 _ - .,1 J,#iﬁ] I'_':'rl:_j I": Lin I"
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Pefingul:
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Ljuwp 2. Uhwbw (&h hwpwy-wpbdnyut hwmndwsh Juplbnpugnyt Epjpuputuljut
Junnygubpp.  wbjunbtwlwit  fjuqusputpp b Unpph  2np  Eppunbnuiph
wnbknunhppbpp (npdwé L wunnuithony) nhtkqbpuljut Google tjuph Ypu:

Figure 2. Most important geological structures located in the southwestern part of Lake
Sevan: tectonic faults and locations of the Mrtbie Dzor geosite (indicated with asterisk) on the

Google satellite image.

zpjuunuih  hwpwyd-wpbbjut  hwnduwénid  dkpfuiunid  Eu hpwuphowght,
hpwphiwmtundwspuyht gnjuugnipjniuutp, npnup fupduws tu vh putth Jupubknpubpny
(uly. 2, 3): Gpphd uquspubpp thnpu-puwsynn ki, dbwynpnid G V-wdlb jurnygubp:
vqfuséph  thnpp  phipmpudp  (pnyp wewlnnujub  pununphyny)  Jupubnpugh
Jhubdwnhjut Jur wpuwhwyundws L juquubt hwppnipjniuutphg dEyh  Jpugh
nbkjunntwlut pEpsdwspwynpdudp (C, ulf. 3): Ivguéph htwn utbkngkt (puwn
unwqyutth 2005) wljnhynipniup wmywugnigynid £ hpwinuuh duytpbnypht tnyh
wnwnphph jwyujhtt hnuptph puquépny wmbnuowpddwdp, nip niubkip thwuwnnpk
dwljbplnipuyhtt  jppwponnd (D, ul. 3): Udkh  Ephunwuwpn wljnhynipmniiop
wyuwgnigymd £ juquoéph  wuwybknhnnh  fupdwdp, nph  bdnpwplnidhg b
hwuwlwqgpnidhg hkwnn Junwgybt wdbkih £2gphwn nyjutp:
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Ljwpn 3. Unpph 2np Gpipuunbnuuph wbknunhppp whkqbpuut Google 3D uljupmid (A): Ulwnhy fuquséph npubnpnudubpp
yuwnjbpjws ku B,C,D-nud
Figure 3. Location of the Mrtbie Dzor geosite on the 3D Google satellite image (A); active fault manifestations displayed in B, C and D
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‘Llwn 4. Unpph 2np bpjpuntnuiph wybpjws hnipupdwh yuphuwybkupp B, C b Ypndjkjuh ophtiwl) D intuwtjupubpnid
Figure 4. Walls of the ruined monument (B, C) at the Mrtbie Dzor geosite and an example of cromlech (D) on photos

zpyunuuh duybpunypht £ quuugnid Uppwh (Unpph) np deow. -1 hwqupudjulh hntpwpdwiughtt hwdwihpp: Ujunty, pugh
1wy wquwhywiugwsé junonpupklnp wwuphuwbbphg, weljw tu puquuphy Ypndjtottp: Yupdhpgnignud b oppwjuypnid yuhwywugb) ku
khtnkgh (unttwphywé Jutp), dwinnin (Fniju Uwtndly), pwspwpkp, ghipiquuingubp, nudpwpwutbp: Unwehtt mqud hhpwwnwlynid
k1654 pyulutthtt (Uhpuykjjuu 1968):
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Zuljuyupklnp wuphuyibpp jphunn wdkpqus tu (B, G, . 4): HEdnpldugus Lu unyuhull wuphuwbuph hhdptpp, husp Jyuynd k
ubjudhl nidkn wqpbgnipjut dwuht: Ftwlwbwpwp htown b Gupwunpk), np wtdhowwbu hnipwpdwth mwl quuynn Ephnwuwpy
huwpunnnidutpp Jupnn kb htk] gpu yuwndwop, wpwyk) b, np pinyutpp puthyws b yuwpuyh Eplnt jnndtpnid dhwudwdwbwly: Gph
wyu kupunpmipmniip §hown E (Guphp ju hbnwgqu nunidbwuhpnipnibibph), wuw juquspp nith htn II-1 hwqupudjulh (pun’ 22
UQUU twpwpupnipjull «Nwwndnipjut b dowlnyph hnvpwpdwbiubph wwhywiniputy  gnpbwljunipjut UYnwnwyph U
Qtnuppniuhph nwpwspwihtt puduh qjuwynp dwubtwgbn Unphly Zuqbjuih) wijnhjugnid (Udugut b nip., 2021):

8. Unpph 2npp Epjpuunbnuupp tbkpunnd b Epjpuhtiwghunipini, wjnhy nkljunnthjuw nnpuubpp, hull pun Epjpuputuljut
Juuwbgh JEpwpbpnud L Eppuwowpdtphtt b dwlbkpbnipughtt pwpuondwip: SEputpp qunuynid £ Gwjuwnwgqbnh juqusdph gnune
hjntuhuwghtt wuntd, nip gbnkghl dkpuunid Eu dh pwuh Jupubtwnpubtp, npnup Jupnud ko tundwspuwght, hpupluwtiungdwspuyht,
htywybu twb hpwphiwghtt gnjugnipniutbpp: Ujunbn dwlibpbuwghtt pwponnudp Jiuynud £ pwpdp htnktuhynipjut Epljpuwowndh
dwuht, npp dhgnigh yuwnmdwn E hwinhuwgl] hpwinuuh ypuw nknunpjus d.p.w. II-I hwqupudjulh hnipwpdwbwghtt hwdwihp
hujuyuptynp wuphuytbph wbkpwbdnipjuipn: Tednpdugdus tu tnyuhul ywwphuyubph hhdptpp, hsp Juynid E ubjudhl nidbn
wqptignipjut dwuht:

The Mrtbie Dzor geosite includes evidence related to volcanology and active tectonics and among geological hazards the site displays effects of
earthquakes and surface ruptures. The geosite is located in the northern part of the Gavaraghet Fault zone, where it is possible to observe
exposures of several normal faults cutting through sedimentary, volcano-sedimentary and even the overlying volcanic rocks. The surface
discontinuity at this site bears evidence of a strong earthquake, which could have been responsible for the destruction of huge walls of the
monumental complex related to the 37-1% millennia BC located on the cape. Even the foundations of the fortification walls are deformed, which

indicates that the seismic impact was extremely strong.

9. Bpypwunbnuupp niuh Epjpwpwbulub-htwghnwuljut ntunignqujut pwbwlnipmt juuyuws dwlipbuwghtt jpwpndwt
npubinpuwi hbkwn:

10. Gphpuntnuupnp gqnuynid E E Fujun punuph hwdwjupuyghtt nupuspnid:
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1.5nYjpunbnuip - UNRCE @EINNS:

Ljup 1. A-Umpp Qunpg tpypwintnuiph nhppp (Yupdhpm) Ftnwuplh
wnwpwépnid: B- Gpljpunbknuuph nhppp hwpbhwt ptwlwduptph hwdbdwn,

wnbknuqpuljutt pupwntqh hhdph Jpu: C-Gplhpwwnbknuupp 1:5 000 puophuwy
dwupwnnwuph  Google Earth uljuph Jpw: hnhtt gény tpdwé L pudninhi:
‘Lwipligpwgnijt punwlniuhtibpny, 1.2.3.4. iqquéph ujupubp b dkpugnidbp;
5. Muknubjudwpuwtiwjut ppuwdninh: Hnht Epwulnithukpny, 1. U.Qunpg
dwwnnip; 2. Zvwuyp phwljuntnh

Figure 1. A — Location of the Sourb-Gevorg geosite (marked in red) in the area of
the Geopark; B — position of the geosite with respect to other settlements on the
topography map basis; C - the geosite shown on the original 1:5,000 Google Earth
image. The yellow line indicates the highway, carrot-red rectangles indicate: 1. 2. 3.
and 4. Fault scarps and outcrops; 5. Paleoseismological trench; yellow triangles

indicate: 1. The S. Gevorg Chapel; 2. Ancient settlement site

2. Gpypunbknuupp qnuynud £ Ginquppniuhph dupgh Uks Ubwuh wplbdwnyjut
wjuquind  Qbqudw  (kpubph  YEunpniwlwb  hwngwsh  wplbpub,
Ubnuuwptp 5-10° jwbugkphl, Lnpuwnniu qninhg 5,4 Yu nhuyh hwpwy (y. 1):
Epypuntnuiipp puggpynid E 0.21 Y2 iwpwsp 696 U kpljupnipudp b 425 U
(wyunipjudp: Zwuwtbih £ wudwjnuyun fmtwywphny, dhtigh mnbnujuypp
Unwn 350 U hwwnywép wuguwubjh £ wdkiwquwugubpny jud hinnhnnt: 2utnp
huutnwgntiiys k, wdwinp qny:

Epjpuntnuiph pduyhtt guwhwwnwljubibpp pun wbdtwgpuynpdw 3-6
JEwntph npdws b wnniuwyy 1-nud:
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Unjniuwyy 1. Unipp Q@unpg Epjpuntnuiph pdujhtt gquuwhwnwlwutpp:

14
b puapdsefelabiph il : : ihinal R
watil g by
i : >
P e )
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7. Gpjpuntnuupp tkpwenid £ hht ptwlwuwwntnh b Up
Qunpg dwwnninp (Y. 1, 2, 3, 4): Unipp Gunpg dwwnninh b
hwpwljhg frwspupbph bt junnygtph nEdnpiughwitkpp
puquuphy Gtuw:  Udth  hbwwppppuiwt E Yhg
ptwlujuyph  wknunhppp, npp hwjnth £ Anuhuhe
wuniing (B, C, ul. 2): Puwljuwduypp wnbnunpjus L
nkljunntwlut gqpupkunid, uwhdwbwthwuljyus
Jupubwnpubtpny:



Lwpn 2. Unipp Qunpg dwwnninh wmbnudwup Google wnhkqbpuljut
tupnid (A) b wbkjunbwjub JEjuwpwunipniup (B): Sknuyjht
nruwtiup (U, Udwquuuh), mip todwd i wlunhy juqusputpp b
pinjubtph  owpdnudubpp: D-  wwibnubjudwpwbwut  jupwdninne
puwpwubkqp, npp hpwlwbwgdl] b wdkbwbphunwuwpny, wpbdnywb
ujupuwh Ypw (thnthnjujus pun Avagyan et al., 2020): 1. A, Al
dudwbwlwlhg punpgnpupklnp Unig b pug swjubwljugnyu okpwn,
Jtipht hwwnywép dhtgh 40 ud hgnpmipjudp wbgunid E A 33 ud
hgnpnipjudp, npp wupnibwlnud E wjuwquyptt judwhnn: Fuwhnnp
wupnitbwlnud £ pEjnpuyhtt mwuppbp b dh pwth pnbubp 15-30 ud
npuwdwghs; 2. B, Lmuwyht dwjpuuwb wwwp; 3. C, §nndhu) uby, pug
owjuwiwjugnyt, Juwn skpunuwynpus tnipp hwwnhluwjhtt wjwqh
dwwnphpuny (20-30%); 4. D, D! juppntwnny hupniuwn (80-85%) dhohtt
hwwnhluhtt wjwq, npp wupnibwlnud E dhust 40 ud wmpudwgény
jwughtt  pnyukp; 5. (funghnwspwsth hwuwlugpdwi  hwdwp
Jtpgjws udniph wnknp; 6. Tuquspubin:

Figure 2. The geosite of the Sourb Gevorg Chapel on the Google satellite
image (A) and the tectonic interpretation (B); photo of the terrain (A.
Avagyan) with indication of active faults and block dislocations; D — map of
the paleoseismological trench excavated on the most recent western scarp
(modified according to Avagyan et al., 2020):

1. A, Al, the recent layer of large blocks colored dark-brown and light-
brown; its upper section that is up to 40 cm thick changes to the 33 cm-thick

Al, containing sandy loam. The soil contains clastic elements and a few blocks with diameters in the range of 15-30 cm; 2. B, lava bedrock; 3. C,

colluvial wedge, of light-brown color, poorly stratified with the matrix of finely-grained sand (20-30%); 4. D, D! — medium grain-size sand rich

in carbonate (80-85%) containing lava fragments with diameters up to 40 cm; 5. Location of the sample collected for radiocarbon age analysis; 6.
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Llwn 3. Uuljipinipuyhtt pwpundwt ujupuh quownwght (A) b onuyniuwjupp (B)
Figure 3. Field photo (A) and air photo (B) of the surface discontinuity scarp

Udkbwjurn ptwuduph junmigdwup twhunppl) b ubjudhl nidbn hpunupdnipnit, jud dh pwth hpunupdnipinitiutp, npntp
niutgh) Eu dhohthg pupdp hutnbuhymipnitubp: Gpipwowpdtpp ninklgyt) u nkjhkdh dhwpwpndwdp wunhfwbtwdl ujupybph b
qpupkth gnjugdwdp: Ujupwbphg wdktwbkphnnwuwpnp qunudnud £ wplhdninpnid, nph Jpu ppujubugdus wwjbnubjudwupwbwljut
htwnwgnuunipnitubpp (D, ly. 2; uly. 3) gnyg wnykght, np Ytpehtt nidtn Gplpwowpdp >1,5d Jupubwnpujhtt mknuwowpdny (pupunbkqnid
nhwnwplynn JEpubwnpp pyugyuy k, npp hbnbwbp E juqusph twhiwugnjugus puquinubtph dknpbipny mwpwddwdp) mbnh k niubkgh
1951 +75 cal BC (£phuwnnnuhg wnwyg) b 376 +53 cal AD udhowluypnid (hwuwljupgpnudp b juihppughwt hpuwjuwbwgyb] £ Mnquwih
nunhnwshuwstughtt jupnpunnphwynid) (Avagyan et al., 2020):

8. Eplpuntnuiipp Ykpupkpnid £ wljnp] wkljnnuhuyht b kphpuhiwghnnpyubp, hul) bppupuiuluh Junuigikph nkuwblyniihg
Epypwowpdtpht b dwlkpunipwhtt pwhinnidubph:
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‘Lljwn 4. Epypuntnuiph htwduyp ptwljuntnhtt U.Qunpg duwnninny (A), pphwspwiptipny (B), b hhttwynipg unnygutph wuwwnbkpny (C)
Figure 4. The geosite of an ancient settlement located in the geosite with the St. Gevorg Chapel (A), khachqars (B) and walls of ancient structures
(©)

Zuowjuyp puwudupp quiudnd L wnbkjuntwlut qpupbinud, vwhdwtwhwluws Jupubnpubpny: Fuwlwduyph junnigdwip
twpnpnt) £ dhohthg pwpdp hunbuuhynipjut ubjudhl nidtn hpwnuwpdnipini, nph tyhlkunpnup Entkp B wbnnud, jud ny hbknn:
Opypwowndtpht hwenpnh] tu nhhkdh Abwpwhinnudp, wunhfwbwdl ujupybph b gpupkuh  gnjugnidp:  Ujwpubphg
wdkuwbphinwuwpnp qnymd £ wpbdnunpnid, nph Jpu hpujuwtugqus yujbnubjudwpwiwjut hbnwgnunnipyniutbiphg wupq &
nupdk), np ykpohtt nidtn tppwowndn >1,5 4 quptbwnpuwjhtt nbnuownpdny wmtnh E niukgl U. p. w. 1951+75 b U.pp. 376453 dhowljuyypnid
(UJuqyuit b n1p., 2021):

The geosite includes areas of studies of active tectonics and geo-archaeology. In the part of geo-hazards, it represents evidence of earthquakes and
surface ruptures. The ancient settlement is located within the tectonic graben limited by normal faults. Before the settlement was built, the site
has been affected by strong seismic events with estimated intensity above the medium rate and their epicenters were most likely located at the
site. The earthquakes were followed by relief deformation, gradual formation of scraps and the graben. The most recent scarp is situated in the
west, where palaeoseismological studies suggest occurrence of the last strong earthquake between 1951+75 BC and 376+53 AD.

9. bBpypwunbnuiupp niuth ghunwliwt nwuntdbwuhpmipnitutph, nunignnuijut, qupqugdwt  hbpwblwpubp  JEpwpkpnn
dwljiplinipuyhtt pwpunnidubpht b hbwubjudwpwiunipjuip:

10. Bpypuwpwbwlui hnipwpdwbp quiynd E Ubwi-Bpubinu dugpninnt we hwngwsmd’ Uks Uhwbw 1£h wihhy, Ulwb wqquyht
wuplh b GEquppniuhp gyninh hwdwyupwyhtt nupwspnid:
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1.6pypunbtnuip - LALUSNRU 2

Llwpn 1. A- Unpuwnniu 2 Epjpunbnuuph ghppp (Qupdhpny) @Enwuplh
wnwpwépnid:  B-  Bpypwwnbtnuiph nhppp  hwpbwb  phwluwduyptph
hudbdwn, mnugpuljut pupwntqh hhdph Ypu: C-Gpypunbnuupp 1:5000
puophtiml] dwupnwph Google Earth ujuph pu: Hinht hné qény upgws k
wubwjnwyun  Swhwwyuphp,  Yhnwgdny  wpwhbnp:  Lupbgwgnij
pwnwlniuhutpny, 1, 2. Iuquéph gnuinud dbplhugnid, ubjudhwntbng,
otpntph ghupnjwughwutpny, hnntph ophljugdwt bLplunyputpny; 3.
Lwjuyht hnup: thnht Epwtlnithny, 1. Zhttwnipg ppujunknh

Figure 1. A- Location of the Noratus-2 geosite (marked red) in the area of the
Geopark; B- position of the geosite with respect to neighboring settlements based
on the topography map; C — the geosite shown on the original 1:5000 Google
Earth image. The solid yellow line indicates the asphalted road, and the dashed
line shows the path. Carrot-red rectangles indicate: 1, 2. An exposure in the fault
zone with seismites, dislocation of strata and soil liquefaction effects; 3. Lava flow.

The yellow triangle is for 1. An ancient settlement

2. Gpjpunbtnuyuypp  quudnd £ SEnuppnithph dwpgh ULs Ulwuh
wpldnyul wjuquind’ Shqudw (kpikph  YEonpniulwi  hundush
wnplbpul, dbndwpbp 5-10° jwbgkpht:

Epypuntnuyuypp punggpynid £ 0.19 §u? wnwpwsp 920 U kplupnipyudp,
Unwn 250 U juyunipjudp: Zwuwtbih Ewudpwpnumyun fwbwwyuphny: 2ubtnp
fuutnwgniis k, wdwnp qny:

Epjpuntnuiuph pduyhtt guwhwwnwljuutbpp pun wtdtwgpuynpdwu 3-6
JEntph npdws b wnpniuwy 1-nud:
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Unniuwyy 1. Unpuwnniu 2 Epjpunbnuiph pyuyhtt quuwhwnwljwuubpp:
Lalgunt. it

_ % ‘Lnpainmu ey Sood 7. Gplpuinbnujuypp tkpuend £ otkngkuh (dught,
m*?"lﬂ" o pomnbbls, b . wnujjuy, ([dwgbhnnught, btundwspubp, npntp Swslhwsd
n Etu hpwppiuyghe wyuwptbkpny (mnkqhwwyht
i
ww Eplypazusnd. hantpp ephijmgnisd puqupuntbp, puquinttp b bpubtg  whpnljjuunhl
m I:;:'mm}r*h ﬂmu{hm-*’uﬂ' Lﬂur:muiu# gpﬂm“ h]an'E.) (fUmpquuﬂl 2005)
Mn'”'“" - '!':'I"P ?:H L '1:"4“1"':' : 1'“"-|.‘|'J 3
L *-'.-W qfinitigubralin rpashs
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B et
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‘Lljwn 2. Unpunntu 2 tpjpuntnuyduyph nhppp Google Earth inhkqbhpuljut
tupnid b Ubwbw (gdh wpbdnuwt whwdbpd nbhEdh dnphnud, 1.
Puwljujuyptp; 2. ‘LUnpunniu- 2 Epjpunbtnuyuypp (1)

Figure 2. Location of the Noratus-2 geosite on the Google Earth satellite image

and on the model of the western shoreline terrain of Lake Sevan, 1. Settlements;
2. Noratus-2 geosite (1)
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m I,_ ..... e ‘{ g "f-'_,!? ——— Ljmp 3. A- Unpwuniu 2 wbknubph

B- . d \ iy 1hpnnghwljwu uniyuy, B, C, D - ukjudhwntbp:

E. e ' 1. Spujuhwiinkqhwnttp; 2. nonpuhwwnhl wjwg;

- ¥ : 3. Uhowhuwnhl wiwg; 4. Uwbpwhuwnhy wiug

(a), yuy (b); 5. @lp okpuuyjunipiniy; 6. Mn-ujht
otipw; 7. Gqupuntp; 8. Ukjudhwntubp

Figure 3. A — Lithological section for the Noratus 2

.I'.""l
n‘l‘l_

geosite; B, C, and D — seismites; 1. Trachy-andesites;
B 2, Coarsely-grained sand; 3. Medium grain-size sand;
i, Fine-grained sand (a), clay (b); 5. Oblique
stratification; 6. Mn-containing layer; 7. Pebbles; 8.

Seismites

Unwohtt wbqud Unpuiinniu phpulngnig hwpuy

Swuwwuwphh hwpbwinipjudp (wunnuihy 1,
tqup 1) tunquwsdpuyht  phdnpdwughwubpp
ujupugpty E Uhjwunduljht, npuytiu
Upypnnhunfjughwikp, <<nhwwhpuyh>>
Sdwpkp, npnup niuklh dhush 1-1.5d Epljupnipnii
b qupquiunid Eu jujujuquihtt vhowduypnid
(Mmmanosckuii, 1953): Uhjwunguljht Lupwunpk L,
np  pputp wnpwowgk] ko Ephunwuwpy
tunywspubipnud, Epp wyt punun vwhb) £ 1&h
hwwnwljny: Ujwuqjut b nip., (Avagyan et al., 2020)
Ynnuhg Junwpywéd hbnnugnunipniuutpp gnyg
k. wdlk), np dhuyt 1dh hwwnwlny nwbnun
hnupny httwpwynp sk puguunpl] dkpugdub

unnphtt twuh dhtgh 6U inbuwtibih hqnpnipjudp wwquyht obpunh, tnupptp hnphgnuubkpnid nhnnwplynn nEbnpdughwubpp (byuptbp
61



3, 4) mwppbp swthubph hwubng uyuitp, tkpypmuditp, Ynidngnighwibp, npnup, hwdw  mbkt myqudhq qupqugnid twh
wplbp-upbuninp dgudnipnii: Ljwpwugpwués wjuquyhtt okpinhg wydkih Jtp, wpwbudbtwiunid Eu bu Eplint wdwquyhtt sbpnkp:
Uwnnphip wyk{h unpnpwhunnhly b nth ghntundn gyt (D, tjup 3): Bphne skpubpmd B ajundnd b whihwpn ubjudhunbbp
wybh thnpp dwupwnwpubph, tpphdt hunwly vujwdlb dbwswthnipjudp (B, C, D, ujup 3): Stnuuph YbEpnisnipniup Jjuynud k Gplnt-
tptip funpnp Mw>5 dwquhwnnigny ubjudhl] hpwnpupdmpmnitbtph dwuhl, npnighg wnwehtip wnwybk] hgnp tp, jud swwn dnun
Eyhytkuwnpnuht (Avagyan et al., 2020):

Swpwépnid hwjnuh tu 1322p. Mw6.6 b 1226p. Mw 6,2 wuundwlwb b 1992p. Mw5.4  gnpshpwjht dwdwtwluwhwwnjwush
Epypwowpdtpp NorAtom 2011 ukjudhll junnwyng (2011):

Epjpuwntnuiph hwpwynid, dAnpwljh dAwpu wihht £ qgunidnid hhttwgnipg peowghtt junnigquépny phwljunbnht:

8. ‘Unpuwnniu-2 kpjpuntnuitipp Jkpupbpmud b wlinhy inklpnnuhljuyh npnpuhb, hul pun ipjpuputwlul Juutgh” bpjpupupdphi
b Jtipohtthu htivn juwyywsé hnntph ophjugdwp: Uju hpkuhg ubkpuyugunid E nidbn tppuowpdtph wpdwbwgpdwt phwljubt wuwhng:
Ujuntn opwhwgbgws wyuydwbubpnd §ninwuljdus tunduspubpnid nidbn Epljpwowpdtphg gugdwt dudwbwly nknh L niibgly
hnntph ophjugdwt tplinypep, husp hwiglgpty EnEdnplughwubph, npnup wtquund Eu ubjudhwnubp: Znnbkph ophljugnidp punhwinip
wndwdp mbnh E nitubinud dwljipkuhg 1.5-15 4 junpnipynibtbpnid nhin sghdbinwugus, spuwhwughgus tunydwspuyhtt wyupubpnid:

Noratus-2 geosite includes field evidence related to volcanology and active tectonics, and also to the geological hazards represented by volcanic
events, earthquakes and related effects of liquefaction. It is a natural archive that contains records about strong earthquakes. Within the
sediments formed in water-saturated settings, earthquakes were producing deformation structures known as “seismites” when seismic shaking

determined the phenomenon of liquefaction. Liquefaction can develop in unconsolidated water-logged sediments from 1.5 to 15 m deep.
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Lljwip 4. ‘Unpuinniu-2
tplpuntnufuypp (A),
ubjulhwnttp (B,C,D):

Figure 4. The geosite of Noratus 2
(A), seismites (B, C, and D)

9. @hnnwlut ntuntdbwuhpmipnitiiph hipwulwp b ntunignnujuis ipwtwlnipni:

10. Gpypunbknuupp qnuynid £ Fudunh hwdwjipujht b Uhwb wqquyhtt uplh hnnpuunwpwsputpnid:
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1.6pjpuntnuip - ALUNLSNRL

Lluip 1. A- Qpunpymp kpjpuintnuiph ghppp (Qupdhpm]) FEnywplh nwwpuspnud:
B- Bpypuwwnbtnuiuph nhppp hwplwt ptwuwyuwpbph hwdbdwwn, wbnugqpulijub
puipinkigh hhuph Jpw: C-Gpjpuwnbnuupn 1:2500 ptiophttw] wupmnnwph Google Earth
ujuph Jpu: Enht gény todws E judninht: ‘Lwpltgwgnytt pupwlniuhipny, 1,2,3.
Swipplp hunbkuuhynipjudp ququeopwjhtt wpnwhnup Ubwbw (£h hwnwlhg

Figure 1. A- Location of the Jraghbyur geosite (marked red) in the Geopark area; B —
position of the geosite with respect to neighboring settlements on the topography map basis;
C — the geosite shown on the original 1:2,500 Google Earth image; yellow line indicates the
highway; carrot-red rectangles indicate: 1, 2 and 3. Water and gas flows of varying intensity

emitted from the bottom of Lake Sevan

2.6pjpuntnuiupp qnuymd £ Qtnuppniuhph dwpqh, UkS Ulwtw 1&h wplhdwnjub
whwdbpd gpuyhtt hwnjusnid Gpwiinu gyuinhg 7 YU hyniuhu: Swpuspp 5,30 hw
Zhdbwlwt  fwbwwwphhg 1 Yd hEpwdnpnipjutt  Jpw, npp wbgwubh E
wdkuwquugubpny: QUnwtip gpuwpniby £, qupwtp b wotwbp dbnd gnipwn, wdwnp
qny:

Epjpuntnuuph pYuyhtt guwhwnwlwbutpp pun wudtwgpuynpdwt 3-6 YEwntph

npjuws ki wnniuwly 1-nud:

7. Bpwunu gninh (qunuynud k Epljpunbtnuitphg 7 §u hwpwy) hintuhuwhtt dwunid ju
kpynt unipng «Ukn paquq (U.p.w 3-pn hwquipudjul)» b «Cku mnp (U.p.w 2-pry -1-hi
hwqupudjuly)» niqnid ju Unipp Zndhwbtbu winitunyg Bybnkgh-uppuduyp (1215
p-), Oniju Uwunitly, ntwphdqws Unipp, Unipp Undjw dwwunintbp, nuwdpwpwbubp b 15-17-py . vwspupkp
(http://yeranos.am/Pages/CustomPage/?CustomPagelD=722b890c-cc0b-4c5d-bdf2-30fbebab4291):

" maa AT I 1A
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Unniuwly 1. Qpunpnip bppuntnuiph pyuyhtt gowhwwnwlwuubpp:
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Eptp nmwubyulhg wykh YEnbp, npnbnhg pjunid
Ehtt winpynipubp b quqbp (0. 2,3,4) wybih pwb 8 Yu
hjuntuhu-hwpwy qdwjht dqubnipjudp (hpdws Eu
ughwnwl] opowbwlubpny, ul. 3):
mpipupwbgnip bkpuyugws  Ynnpphtwwnnid
Jupnn thl (hub) wwubjul) wnppipttph b quqbph
wpunwhnudwt  Yhnbkp, wpwbdhtt phypbpnud
nhinwplytght quqbph
wpunuquumu 3,52 J swthtp mukgnny dwlkpbuhg
(D, Y. 2): Gpphdu gpu-ququihlt phpp wjupwb
nidght L jhunwd, np hwwnwlh wjwugh dbe gnyutinid
b fpuntwpwuubp (B, uly. 2): dEpghtutiphu swhbpp
Jwpny Eu hwutly 0,5-0,9 U (Avagyan et al., 2020):
“hnlu 2011 pdwluiht Wjwwndl)] Ep unnpopyu
hunonp Epynt wnpynipttp, 2,3-2,6 U junpnipjut Ypu:
Bupwnpytg, np Gwdwrh hnpunh unnpgbhnibyw
optpp hnubjny opwdtpd otpnh Ypuyny hwutinid ku

Cury npnid

hwdwwnwpws

Unpuwnniu-Pwbimgln juqusph hwppnipinit, npp jhwinhuwbw dwubtwlh wdpupunwl nputg oppwtiwnnipjutt hwdwp, ntunp sh

pugunynid, np gnipp quqtpny, wntjuqt dwuwdp pquspny nnipu qu ghnbth dwlbpbu:

Cun FPujuuh b Pnptwnuup (Bamas, Bommaraa 1964) Unpwwnniu gninh hwwnjwoénid thnpjwsé hnpuwnwtgph 84 U-md pugw-
nugnutpuwnubph hnphqnup hp dbe wwpnibwlty L onip (1&h ophtt Unn juqunmipijudp): vdw-Yntgnutpunutph hnphgnup 4tplthg b
utpplhg vwhdwbwhwljynid £ wuppupwthwig juduyht, hpwppwbunywspuyht hqnp okpntpny:
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Ujup 2. Uwnpopum
ntuwttljupitip: A-
uniqnpr-tpljpupwbip
hunnyy wnbwnpnid
wpdwbwgpnid k
nhunwplynudp, B, G, D -
wnwppkp  dwdwukph
quqtph
wnpunuqunniup

Figure 2. Photos taken
underwater: A — diver
geologist makes records
of the observations in a
special log book; B, C,
and D - emission of gases

in different volumes



Ljwnp 3. A- N hEdh Eowgwth Unplih b Uhwtw 18h hnphgnuwljuuttph pupuntqp (thnthnfujws pun Avagyan et al., 2020), 1. Quqtph b
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wnpnipubph unnpepyu Yhwnkpp; 2. Fuwjuduyptp

Figure 3. A- the three-dimensional elevation (relief) model and map of horizontals for Lake
Sevan (modified according to Avagyan et al., 2020), 1. Underground locations of gas sources and

springs; 2. Settlements

L&h hwnwljhg wpnuttnygnn quqtph hbnwgnunudp jupbnp E, pwtth np poy) £ wnuhu
wuunlbpugnid juqubnt pugbpph Gpipuphdhwujut junnigqusph htisybu twb (&nwd
pupwgnn Eyninghwlwt thnpuuqpbgmipmitubph dwuhtt: Ljup 4-md gnyg £ wnpjus
quqtnh b oph dwltpbu nnipu qunt dkjuwthqup:

Ljwp 4. Unpuunniu-Lwbwgbknh
hwwnquwsh wnpniputph b quqtph
wpwnwhnuph ujukdwnhl]
Yupfusp  (hndnpufws  pun
Avagyan et al.,, 2020), 1. Unpnigh; 2. |
Uduqutp

4, A schematic section |

demonstrating the springs and gas

Figure

emmission places along the Noratus-
Qanagegh segment (modified according to Avagyan et al., 2020), 1. Colluvium; 2. Sands

Quqh wdnipkiph Juquh npnodwt hwdwp wnwghtt thnynd swthnudp juwnwpyk k Biogas

5000 uwipph Uhongny, npp hwpunpnipinitt k nwjhu ningquijhnpki swihty dbpubh, pplwsth, wsuwppnt qugh, b winnnuihnpbi’
wqnunh wupnibwlnipmniip quqh jpwntunipgnud: Biogas 5000 uwppp gniyg wnykg, np yipgdws tdniond 99 % wdpuwppnt quq L:
Utwugws 1% Juphih £ Jepugpl] swhdwt b/jud tdnpwndwt hbnbwipn] wnwowgus upuwhi: Zwupl b uok), np udnipp hpkuhg
ukpluwywgpt) £ wuhnwn b wignyt qugp jpwntunipn: Udbih tnipp, ppndwnwqphsny, Jbpnisnipjniup shwynbwpkpkg hbnnwgnundus

67



tunionid dbpwtth jud wy] quqh wwpnitwlnipinii: Ugnunh puguljuynipniip tdnipnid gniyyg £ wwjhu, np wpinwquunynn quqp
hptuhg oy sh ukpjuyugunid (UJugut b nip., 2017):

Ujuntn putwpfuwt wnpwplw Juwpnn b jpul] wyt hwbwqudwipp, np quqt wpunwquuynmd L unnpgbntyu opbph  htwn:
Obpuwunh&ubip nmunwi]nud kp 13.6 °C, fEjnpuhunnpyuljuinipniip 480 Ul Uhdkiu/ud-h, hul] pH' 8.6: Chnnudp skp gpuquiignid
0.1%: Uw tpwtiwlnid £, np qugh htwn dhwuht 1hd wpinuwquunynn onipp qquiihnpkt sh mwupptpyt) 1£h ophg: Ubhwbw 1£h uinnpgbntyw
wjuwquithg yipgyws tudnipubph ntunidbwuhpnipjudp gnyyg tipdtg wshuwppent qugqh swgnidbwpwbwljut juwyp duquuwnply ogwiuh,
hunpp hhnpnoppwiwnnipyjut hkwn (Avagyan et al., 2020):

8. Bpjpuntnuupp tkpwpnid E hhnppntpypwpwiunipjut, hhppnphdhwh b mkjunuhluyh npnpuukpp, hull pun Bpjpupwitwjut
Juwbgh ykpwpbkpnud E Eppuowpdtpht, dwljkpbnipughtt pwponnidubphtt b Gpljpuowunpdh nphypnid jduyhtt pupdp wikynénipjuip:
Ulwtw 1&dh hwnwlnid (dughtt dwdwiwjuljhg tundwsputph nnul] puguhwyngt) t nbkjunntwjut pwpnnd b bpu mwpwsnidp
npyl] £ punn unnpopju wnpmnipubph b tpwtg htnn wpunwquuynn quqtph 8 Yd Eplupnipjudp géuyhtt nnwpwswlub
puohujusnipjuit: Gpipunbtnuipp tupunpnid ' whwdbpd hwndwénid vnnpopyu unignudubpnyg b dhpopu phwnwplnidubpny
ququonpuht wnpmniptubnh nkuupdwt phnwpdwt b ntunidbwuhpnipnittbph hwdwn:

The geosite displays field evidence related to hydrogeology, hydrochemistry and tectonics, and to geological hazards such as earthquakes, surface
ruptures, and high lake waves in case of an earthquake. Under the modern sediments on Lake Sevan bottom, a fault segment was revealed by the
mapping of the points of underwater gas and water-emmitting springs aligned over a profile 8 km long. The geosite is intended for studies and
near-shore observations of the spectacular underwater emission of gas and water performed in the water area (also through diving).

9. Zknwujuwpuwjht £ unignppujutt hdnnipiniuttp dtnp piptjnt, uninpopju unignidutiph uhpwhwpubph hwdwnp:

10. Gphpuntnuupp gnuynid L Ubhwt wqqujhtt wuplh nwupuspnid:
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1.6ppunbtnuip - FUIULUIES

) c Llwp 1. Sujuwpwgbn tpjpunbtnuuph pupunbkqp. A-nbknunhppp G@Enwywplh
pwpunkqh Ypw jupdhpny, B- wknunhppp hwpuyhg ptwjwduyptph hwdbdwn,
C- puophtim} 1:50000 dwupmnwpnid Google mhtighpwljwu ujwnph ypw: thnhuny
loJwd ki fwbwuyuphiikpp, hns qony] udninhikpp, Yhnwgdny wpwhbnbbpp:
‘Luplgwgnijt punwlniuhtitpny, 1. Zbwhnitp jupnny Fwjunwugbnh Jupbtnp
luqdudpp; 2. Bpypnpuyghtt Jupbbwnpibp; 3. @kwnh hnuwbph Yupny skgnudp
yuyduwbwynpws  huquéph wnwewgpws pwputhny  (uupuyny); 4.
Stjunntwlwt swquwt 1£bp: Thanht towulmnithubpny, 1. Inpulubp htwduyp-
puwjuwntnh, Yupdhp Juip; 2. Zhtuynipg Judnipg; 3. Zhuwynipg wuwnbp; 4.
Zbwjuyp-putwuintnh

Figure 1. The map of the Gavaraghet geosite: A — location on the map of the Geopark

area, marked red; B- position with respect to the adjacent settlements; C- at the
original scale of 1:50000 on a Google satellite image. The yellow lines indicate the
roads: solid lines are for highways, and dashed lines are for paths.

Carrot-red rectangles indicate: 1. The normal Gavaraghet Fault cutting the old

channel; 2. Secondary normal faults; 3. Abrupt shift of the river flow produced by the

fault scarp; 4. Lakes of tectonic origin. Yellow triangles indicate: 1. An ancient
settlement of Dolakner, the Karmir Monastery; 2. An old bridge; 3. Old walls; 4.

Ancient locality and settlement

2.8unuynmd £ Qtnuppniuhph dwpqh, @bnuppnithp gninh hwplhwbnipidwp:
Opumkginmd t 16.9 Yu? mwpwsp, hniuhu-hwpun] bpupnipymbp dnn 5 Y,

wplbp-wpluninp  (ujimpip’ 467 YU vmqujhtt - fwiwwwphbpp
wlhgwubh ko dhuyt wdbkbwqbwgubpny, Ubwbi-Gudun dwjpninnig dhtsh
Quyjunwgbnh uquép (pwnwljniuhny 1, uy. 1) 4.8 Yu k: QUnwtip fuhuwnn gnipn k, wdnwup qny, gknh jupguws hmndwsdp gnuynud | H-
2325 U s.d.p.:

Epjpuwntnuiph pyuwhtt qowhwnwljwutubpp pun wtduwgpuynpdwi 3-6 Yenbph tnipuws kb wnpniuwly 1-nud:
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Unniuul 1. Swjwrwgbn pjpuntnuiph pyuyhtt qpuwhwnwljwuubpp:

i Sunjummghn (. | Yl
Ehayp puan
tﬂmﬂhm:wllh e o 5 e e 6. @tnuppniuhp qunnud £ qunynud up. Glinpg
#h .
“wﬁm i LK i i, s B (17 1.) Eynkght: @nminh wplhdnywb Ynnund L
Ywrwhgh e e e e e e i guniynid  up. Zwlnp dwwninp, Yhinuyut
::’:L':E‘::‘:L: (20 Wwng) 0 @unn) | (40 dhvudnp) (80 uhsgnp) wudpngp (U.p.w. 1-htt hqu.), «2np wybkpulubp»
- - | . . 50 30
: p-w. 2-p hqu.): @
oy e — e LT T T T e ——— puwjuwnbtnht (.p.w. 2-py hqu.): FEpkquuingnid
P mpoty | fpmplapm e ‘ﬂ'“‘”'"“:,_t'j“h*“t“ whnsoghunssljwls wpdbpn wwhwwin]k) kb 16-pn quph uh pwbh owspupbp:
h n
e 3 9 S el | = w | %
oy ‘Tb prptiauyapnis i ahueltn waljeoppl -Wrﬂa 7. Qwjunwugbnh  juquéph  wlwnhynipjundp
qliushunnsy g/ a4, wguhi 3. hisdeliapqnd wujlwbunnpws, Ftnudw (knukphg nhuh (hd
ppapogunn &) wbbogbus-, Bwubdmspan )
- O e e T wguibing-2, hounn  gtwnbph  hotubpp  dbwjowpndl - o
R uifunhl -] 3| ;
wpdtpp st 1 sl I wpnily phpybny ntuh hjniuhu,
2 2 3 5 12 wuydwbwynpyuod huqwoéph wnwowgnpuwd
"'“'h::;t:mh:rﬁﬁl """T'"":I“L‘f:':':"”""""; upuiitrifuljuals | bt sl uupuyny (uy. 1), nph pwpdpnipyniip hwutnd |
el niprigalip - 250 lﬂlUlIlh
II"""" I:Illl,ﬂllhl'l.l Hnlh
sl 4 4 8
Twmlunguian e faits |
-
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Vjup 2. Ubwih wjwquih Gphjpwpubwlwb pupunkq
(Avagyan et al., 2020, thnthnjujwé puwn Kharazyan 2005)

Figure 2. Geological map of the Sevan basin (Avagyan et al.,
2020, modified after Kharazyan 2005)

Uh pwih jpywé hnghwnubp mbnunpus b Guwunh
hnpunuwjhtt pinh Jpw, npp wplkjphg b wplhuninphg
uwhdwbwthwlynid k hudwyunwuumbupup
Quywunwgbwnh b ULnpuwniu-Lutughn juquspubpny
(uly. 2) (e.g. Avagyan 2001; Karakhanyan et al., 2017a,b;
Avagyan et al., 2020):

Qujunwghtnh 1pJwd htiwhniuh wnbkuwtibih
Epupnipiniip Swjweh hnpunh ypw dnn 4.7 Yd L
Quywnwgbnh (pJws huwhmuh (AB,C, ul. 3)
pupdpnipiniip mkjunntwjut ujupuyh unnpnunhg, nip
hnumd Et dwdwbwlulhg gqbknp uUnn 120 d L
(Karakhanyan et al., 2017a): Ywjuwoé httwhnith uljqph
Jwytunipinitp hwutnwd £ 300 dkwnph, dhtisnbn ujupuh

unnpninmid - ghyh  QEnqudw  (Enubkph  Jubebkpp
pupdpwgnny  0.84d  Gphupmpyudp  ghwnwhnith
Jwytmipniip  sh wbginmd 200 dbwnphg:  Ybpohtiu

puguwnpynid E hows pinh wyn 0,8 Yu ukqubuwnh,

gquudkiny btpynt huqusputph dho (A, D, ul. 3)
(Avagyan et al., 2010) i fnhuwn pidnpdughwtpny:
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Uwp 3. Qujwnwgbnh bphpunbnuip (puin’ Avagyan et al., submitted): A- Gpljpuinbquipp Google mhkqbpwjwt kpwswth Wwpnud,
B,C- gbwiph juquépny Jupdwt hmngdwsh tnwswth dnphjubpp: D- Qujunwgbnh dhtsh 250 U pupdpnipjut hwubtng mkjuntwuljut
Jupubunp uquéph ulwpuyh wmbupp nbwh hwpwy nbuwpwinyg: E- SEjuntwlwb hpunupdmpmnibtubph hEppwlwbnipmniup
ufutdwinhl pinlj-nhugpuidng

Figure 3. The Gavaraghet geosite (according to Avagyan et al., submitted): A - the geosite shown on the Google satellite image, B and C- three-
dimensional models of the faulted river section; D — a southernword view of the tectonic normal fault scarp of Gavaraghet that is up to 250 m

high; E — the sequence of tectonic events on a schematic block chart
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Ljup 4. Yudpoh mbknupp httwhnith ypu (A, B, C), A-
punhwunip mkuwpwp npiyh wpbbp (hipynud Uhwbw
1h&u E); B - Judpohg hjniuhu dbpjuunid b juduyht
pwputhp, npnkn tpnud Eb wnljws pinljubkph pupd
Uwltpbuttpp; G- Juudpgh  (guilynipny  kphowp
pupbpny hwwndwsép, npp hwpwynid wuwpunymd k
Epynt hunonp  pinfubpny; D-htwduyph dwltpkuhg
gniujwsd wdktwhhtt whwnhly pubkgbntup; E-htwduypp
tplpup wuunkpp; F-ywwnbkphg ptljws jungnp pinyh
wnwlhg Ytpgywsd hnnh tdniph wbnp b vnwugdus
wnwphpp: Fuwpwnwght nuwbupubpp U, Uduqyuih,
Jutgtinkuh Wyupp U. Punupjuih

Figure 4. Relief of the bridge on the old channel (A, B, and
C); A- a general view to the east (Lake Sevan can be seen in
the background); B — a lava cliff is exposed north of the
bridge, where it is possible to observe fresh surfaces of the
detached blocks; C — a section composed of two rows of

stones with the bridge filling material that is closed-up

with two large blocks in the south; D — the oldest antique

, (o ceramics found on the old settlement surface; E —two-row
' _ DR 1L:'.r sioi00cal AL walls of the ancient settlement; F — location of the soil
e sample taken under a large block detached from the walls
and the age estimated for it; field photos by A. Avagyan, photo of the pottery by M. Badalyan

Zuwhniuh Epuyupny Gpwinu gninhg Unwn 3.54d hjniuhu ghnwplytg htwghinwljut hwdwihp (kpwtlnithttkpng 1, uly. 1; A, uly. 4):
Uy mbnudwup hwjnth L Injuljubp ptwjuntnh wtdudp (Epwulyniuhubpng 2, uly. 1): Zwdwihpp tbpuyugdus b hujuyupklnp
wwwnkpm] (E, F, ul]. 4), wpwudht Jurnygutpny b wdkiwhbwnwppphpp Judpeny (A, C, U, 4) (Uduqul b nip., 2021): Yudnipep
Junnigqus k Lplowp pupkpny nt (guiynipny, npp hwpwynid wdupunynd £ Gplnt jungnp pinfubpny (G, uy. 4): Udkh hwpuy,
wljptuhuwywn tplinwd L htwhnith hwpwujhtt whh wphtunwlwi tpwilnibwdl pipwhwppwlp (A, uly. 4): Zbwuph duykptuhg
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gunijuws wdkwhht jukghntup wbhnhl dudwbwljuoppwth thu, hisp hhwplk sh pugupnid wybih htbph wejuwynipniup janppnud (D,
uly. 3):

8. Gplpuntnuuypp ghnh hnith nkljunntwlwh pwpndwdp thothnjunipjut ophtiwly £ Uh pyp dnuh tjundudp  hobgdwl
wpyniupmd (E, ul. 3): Gpipwdbwhnphiusph pugwunhy nhunwpdwinipjudp, wnbkjunntwlubt juquséph hunwlnipjudp b bpw
htwnbwtupny wlubkplh qhinwhtt guugh skndudp, 1pyws b juhuidws hnihnh dbudnpdwdp wnjjuy Epjpunbtnutpp niith dhowqquyjht
towbwlnipnit: Uh swpp tpypuwowpdtph wpmyniupnid wyny nwuppbpnipiniup hwutind E 250 J: Ukpluynidu pupdp dbwugus Fugdwnh
pinyh Jpuw, juwpdws duwgk) b ghnh pqws 4.7 §ud Epupnipjudp htwhnitp: Gujunwgbnh pyus htwhniuh (A,B,C, ul. 3)
pupdpnipniip nkjuntwlwubt ujupyh vnnpnnhg, nip hnumd £ dudwbwlwlhg ghwnp® dnn 120 U E: Ywpdws htwhnith uljqph
Jujunipinitp hwutnwd £ 300 dkwnph:

Lpywd huwhnitth wihbphtt qnuynud Bt htwghnwlwt hnipwpdwbibp: Lpwbghg junonpugnyup Fnjuljutp §nsynn htwghnwlwu
hwdwhpt £ ubpjuyugdws E hujuywupbklnp quwnbkpny (E, F, tly. 4), wpwudht junnygutpny b udpeny (A, C, uly. 4):

The geosite presents an example of river channel distorted due to fault activation, when one block was downthrown relative to the other (by
normal faulting) (E in Fig. 3). The extraordinary and spectacular landscape of the clearly manifested fault, distinct offset of the river channel, and
the pattern of abandoned river segment on the footwall of the fault scarp considered all together might rank this geosite among those of
international value. The cumulative effect of several earthquakes has determined the fault scarp height of up to 250 m. Now it is possible to
observe an about 4.7 km-long abandoned section of the hanging old river channel that remained on the Gavar horst block. The abandoned river
valley (A, B, C in Fig. 3) appears now about 120 high from the foot of the tectonic scarp (where the Gavaraghet River is flowing). The initial
width of the faulted and hanging riverbed reaches 300 m.

Archaeological sites were discovered on the banks of the abandoned river channel. The largest of them is the archeological complex named
Dolakner represented by megalithic walls (E, F in Fig. 4), a few structures and an old bridge (A, C in Fig. 4).

9. Bpjpuwnbknuipp nith Epjpuwpwbulut b htwghnwlwi ghnwfui b ntuntdbwlwt e shpuwgnpsyws hujuyuljut ynnkughwy:

10. Qujwrugbnh Epjpuntnuipp quinnud E bplp gguiquijut hwdwjupibph nwwpuspnd Lwbgwnpynip, Shquppnihl;, Gpubnu:
‘Lpw suyp wplbpjut, Uhwbw £h wthwdbpd hwndwsp gniynud £ Ulwt wqquihtt wyupynud:
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1.6ppunbtnuip - NRCSULGM Y

Ljunp 1. A- Mipgupkpy bppunbnuiph nhppp (Gupdhpny) SEnywplh wwpwspnid:
B- Bpypwwnbnuuph nhppp hwpbwb puhwuwduyptph hwdbdwwn, wnbnugqpuljui
pupinkqh hhuph Jpu: C-Bplhpwwnbnuupp 1:78 000 phophtiwl] dwupwnmph Google
Earth ujuiph Jpu: Yhnht gény tpdws k judninhti: Luptgwgny punwlniuhutpny, 1.
uqusph dbpyugnidp; 2. 9w bkpht Enghuh hpwppwbundwspuhtt wywpukp; 3.
Jwn ybkphtt wwkngtuh dbpghkiutp; 4. Unnuup

Figure 1. A — Location of the Urtsaberd geosite (marked red) in the area of the Geopark; B —
position of the geosite with respect to the neighboring settlements demonstrated on the
basis of the topography map; C — the geosite shown on the original 1:78,000 scale Google
Earth image. The yellow line indicates the highway, carrot-red rectangles indicate: 1. Fault
outcrop; 2. Volcano-sedimentary rocks of the early stage of the Late Eocene; 3. Marls

related to the early stage of the Late Paleocene; 4. A landslide

2.6ppuntnuyuypp gunuynid £ Upwpuwnh dwpgh Nipgwénp gninhg dnn 3 Yd
ntyh hmiuhu wplbp, dbnh g wy wthht: Uju qpunpbgund L 0.15 Yu?,
bplupnipniip 680 U, puyimipmitp 370 U:  Yihdwb snp, juhun gudwpught
Qibtnubpp ufuynd Eu phjnbdptph Yhubkpht, hnitbuput Jhohtt oipdwuwnhdwp
nunui]nid £ -3-hg -5 °C: Udwpp inbwljwb b dwjhuhg dhiish hnjnbdpkp, onh dhohtt
wluwlub gkpunipniup hwutimd t 24-hg 26 °C, hul] wnun]bjugniyip 42 °C:
Eppuwnbtnuuph pyuwjhtt quwhwnwlwiuubpp pun whdbwgpuynpdwi 3-6 Yhwnbkph
npjuwsd ki wnyniuwly 1-nud:

6. [lipgupkpn Epjpunbnuiphg dnwn 34d nhyh hppruhu vnupny ghnh we withht, Nips punupwwntnhh hniuhuwpldwnyw Eqphl,
pwpdniuph Ypw, Swthh phpy jud @unpg Uwpqubwnniuh wdpngt E, npp Juenigyt) k 10-png quph wnwehtt pupnpyniud: Ywbntwynp
hwwnwljugény pwnwlnitt Ununidktinnw) ohunipnit k, oppuyuundws L nipnuulmnit hwmwnwljugény wwpuwny, nph snpu
wllnibtbpp nidinugdws Eu oppwtiwdl hwnwljugstp niikgnn pnipgbpny: Mwpuwh tbpund £ qgunignud twb XIIT 1. BhkEnkght, npp
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punuswsdl nwhihd b Junnigus uyhunwl $jghnh pupkpnd: Bytinkignt hnuuhuughtt wunhlt 1256 pYwljwiht thnpugpus
wpdwbuwgpnipjut Uk hhpwwnwlynid k «Swth» nknuuntop:

bulj Swthh Juip-dwwnninp npuyjtiu gpsogwiju hhpwwnwljynid k 1496 pywljuthg, npintn Fuputn qphsh dknpny qpyty E «Uwnunuwputip»:

Unniuwly 1. Mipgupkpn Epjpuntnuiph pyuwyhtt gpwhwnwljubibpn:

Gpdguuinl plaph |

Pl i w it o L

dvaninn)
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Swuwwywphp niyh wdpng hwuwtkih £ wdktwgqtwugny:
Stnuwiphg Unwnn 3 Yud hjpniuhu quidnid £ Tunupnih
Ejtntghtikph
wybkpwljutip: Sktnujuwyphg Uninwlju Ynnig uwph jubghtt
wnpiph - dnnn Ju  hhtt  ghpbkquwib, npt pun
wqwunnipjut vnupny £ pwquynph  qlpkquutt k
(Cuwipnymt =~ 2007): Swthh  phpgp b Eyknkght
JEpwljuiquyty Eu 2008-2009 pp.:

wlwnwn wpglingp, npnbkn  juwu 3

7. Gpypuunbtnuipp tbpwpnid k£ nip Jbkphtt Engkuh
bpwppwtunwspuyhtt & Jtpht wuybkngkth ulqph
tunjwbspuwyhtt  (Ukpgql) wwwpubpp (ul.  1,2,3,4):
uquspp hhdiwluinid mnnqudhg wknuowpddwdp b
own thnpp Ynnuowpdwjhtt pununphsny (Avagyan et al.,
2018):



= E i 3
s <

Lup 2. Mipgwptipn kpljpuintnuiiph qupnugh thupp
Figure 2. Field photo of Urtsaberd geosite

Lup 3. Mipguptpy Ephpuntnuijuyph ipjpuputulut upbdwnhy pupuntqp, jupjusph
gony: 1. Onppnppuljub  bundwspubp; 2. Ny JEphtt Engkuh  hpwppwbunywspuwght
wyuwnubp; 3. 9hphtt wuwkngtuh uhqp, dkpgkjutp; 4. lvquép; 5. Unnutiph ujupup

Figure 3. Schematic map of the Urtsaberd geosite with the cross-section line: 1. Quaternary
sediments; 2. Volcano-sedimentary rocks related to the late stage of the Late Eocene; 3. Beginning of

the Late Paleocene, marls; 4. Fault; 5. Landslide scarp
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SSE

Llwn 4. Nipgupbkpy tppunbnuyuyph upduspp (Avagyan et al., tkipjujugué hpuunwpwldw): 2nppnppujut tundwspubp; 2.
N1y Ytpht Engtth hpwppuwtunydwspwjhtt wwwpukp; 3. CEphtt wwkngkuh ulfhqp, dbpgkjutp, nph uvnnphtt hwnduwsp wunhdwtwpwp
hEpputhnpuynid £ wshowghtt phippwpupuyhtt dhpttwpbpinkpny Ypwpwptpny; 4. vquspubp

Figure 4. Section of the Urtsaberd geosite (Avagyan et al., submitted): 1. Quaternary sediments; 2. Volcano-sedimentary rocks related to the late
stage of the Late Eocene; 3. Late Paleocene, marls where the lower section change gradually to the limestone alternating with inter-layers of coal

shales; 4. Faults

uquspp wnwbdtwgyt] tp Ywpwhwiyuth Ynnudhg, npytu Gunint pwpindwt &nin (Karakhanian 1993), npp wydtjh dwipudwut
tjupugpyl) t UJuiubywth Ynnuhg: Ujunnbtn wnwbduwugynid b tjupugpynid G ojhuninunpnuwjhtt hnphqnuttp wwbkngkuh
hwuwlh tunjwsépubpnid (Asamecan 2007): uquéph hwpwljhg wnwpwséph bpyjpupumtwlwt jupduspp b Yhubkdwwnhl] swpddwb
wnwduwhwwnlmpniutbpp pipdws E ujup 1-nid (Avagyan et al., 2021 hwtdudwé £ hpuwnwpuljdwi): Uyt pun Enipjubt Lwbpwtthunh
huqusph owipnitiwynipniut £ (Asarnecsan 2007; Avagyan et al., 2018), nptt nith htwn n1p ojhgngkuth wljnhynipjnit (Avagyan et al., 2018):

8. Mpguwpkpnh btpypuunbnuupp JEpwpbpnid b tundusépwughunipjuin b wkljunuhupht, hull Epjpwpwbufut Juwbqubph
nbuwllymihg bphpuowpdbphtt b dwhbpinipuhl pwinndubphl: Ujn hpkihg thpyuyuginid  juqduspbph nhtwdhljwgh
wpyniupmid bunduwspuyhtt wyywpubph swpwynpdwt qlinkghly ophtwl:
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Eppwltnth Ypdwndwt wpnyniupmd Jpupwpdught b Eptbnpuwhtt juquoph hhwnbwbpny wnwewgl) bt pwpodwmt dwyphp:
Zpuppwtunywspuyhtt wwywpubpp hpkughg ubpjujugunid Bu dnwn 33-34 Jji. nwph wpwye Yninwlqus ynip (ul. 4B), npnlp
hnndtwhwpdwb wpyniupnid gniguybpnid ki gunudl unnigdusp (uly. 5 C):

A = ‘Lljwp 5. Mpgupkny
| bpypuuntnuduiph - gunwgh

tqupubpp:  A- pughwtnip
wuwwnltpp, B- N1y Jkpht Englkuh
hpwpwbiunwspughe

wyunubp, C- gunudl
unpniljnnipukp; D-
huwpunndwt qnuwt, dkpghjukph
Swpunpdudp Jtnht
wuwkngtuh ulhqp; E-fpujuindwt
huybjujht  pEpdéywsépwynpnid;
F- wspuuyht  phppwpwptp
htppunpujws  Ypupwpbpnd;
G-hnphgnuwljut huwtfuinnid
Utpgbjubpnud; H-fwpundwi
huytjwyht pipdywspuynpnid

Figure 5. Field photos of the
Urtsaberd geosite: A - general
view; B - volcano-sedimentary

rocks related to the late stage of the

Late Eocene; C - spherical
structures; D — discontinuity zone, beginning of the Late Paleocene with the folding of marls; E — striation (slickenside) of the discontinuity; F —

coal shales alternating with limestones; G — horizontal discontinuity in the marls; H — striation (slickenside) of the discontinuity
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Unun 59 dju. mwuph wnwy Ynunwldws dtpghjubpp (Wy. 5 D,F,G), jwhun dwjpwynpdws Eu (uly. 5, D), nph uninphtt hmnduwsép
wunhfwuwpwp hippwthnpynid £ wshiwght pippupupuihtt thptiwptpintpny Ypwpwpkpny (uy. 5, F):

uquspuyhtt qnuwynid wwupubpp Jhpwsyt] B thnoktdwl, hhnppnptpdw) thnthnjojus quugush (ul. 5 D): SEjunuwlui
wpngbutibiph wpyniipmd wljnhjugh) i twl unquiipuihts kplynt dwpdhubp wpwewghikny unquiipuyhtt uljwpuy (. 2):

The geosite displays evidence related to sedimentology and tectonics, and to the geological hazards of earthquakes and surface ruptures. This is an
excellent example of folding of sedimentary formations determined by fault dynamics. As a result of the Earth's crust shortening, reverse-faulting
and thrusting developed drag folds. The volcano-sedimentary rocks represent the material accumulated about 33-34 Ma ago (Fig. 5B) and display
spherical forms generated through weathering (Fig. 5C). The lower section of strongly-folded (Fig. 5D) marls (Fig. 5D, F, and G) that
accumulated about 59 million years ago gradually changes to the limestone intercalated with layers of coal shales (Fig. 5F). In the fault zone,
sediments transformed into a powdery, hydrothermally altered mass (Fig. 5D). As a result of tectonic processes, two landslide bodies were

activated forming a landslide scarp (Fig. 2).

9. bBpypwunbnuiupp niuth ghunwlwt nwuntdbwuhpmipnitutph, nungnnujut, qupqugdwt  hbpwblwpubp  JEpwpkpnn
dwlEpunipuyhtt fpwponnidubpht, tphpughtwdhl gquydwbtitipnud wywpuwobpnbtph gidnpdughwtiph nbuwlynihg:

10. Gphpuntnuupnp gnuynid E lipgwdnp gninh hwdwjupwjhtt hnpuunwpwspubpnid:
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1. Gppunbnuup - UUGLUNRY

npjus ki wnynruwly 1-nud:

Ljup 1. A- Uwblnly Epjpuuntnuuph ghppp (Yupdhpny) @Enyuplh nupuspnud:
B- ©pypwwnbtnuuph nhppp hwpbwt pwuwduypiph hwdbdwwn, wnbknugpulut
puipinkqh hhuph Ypu: C-Gpypuntnuipp puophtiwy 1: 8000 dwupinwph Google Earth
uuph ypu: hnhtt hné qony upgws L judninht: Luptowgny punwljniuhubpny, 1.
Obhnihputp; 2. Othunmnuwnpnd; 3. Ukundwb-ninipnth  Ypwpwpbp:  “hnht
Enwtlyjniuny tpdwsd E dhotmnwpyut fpwspupbph mknunhppp

Figure 1. A —location of the Mankouk geosite (marked red) in the area of the Geopark; B -
position of the geosite with respect to the neighboring settlements shown on the
topography map basis; C - the geosite shown on the original 1: 8,000 scale Google Earth
image. Solid yellow line contours the highway; carrot-red rectangles indicate: 1. Ophiolites;
2. Olistostrome; 3. The Senomanian-Turonian limestones. Yellow triangle indicates the
location of medieval khachqars

2.Uwlntl Epjpuntnuipp gnuynid £ Upwpwnh dupgnid, Nipguwdnp qninhg 12 §u
wplityp unupnih wpghingnud, 16 YU kpljupnipudp Uwilynly ginh we hunnywénud,
I 8pgnunhg 2 Yd hwpwy (ulf. 1, 2): Upjnwphwgpulwbt Ynnpphtiwnubpt kb
39.961515°N, 44.942469°E, H-1385 d, dl.p: Bphpwwnbtnuupp hwuwtbih b
wdkuwgquugubpny: Gnutwlp mwp E qupuwbp, wdnwip b wptwbp: dtnp dbnd E:
Utpljugnidp wnbkuwubjh £ dwbwwywuphh tqphg, jwy wwhwywudws bt Oppniljghnt
Ubpjugnudubpp hwqugnunn Bt ywwhywiynd b niukh  ghnwlppuljul,
dhowqquyhti ipwtwlynipjnii:

Eppuwnbtnuiph pyujhtt gowhwnwljuwiubpp pun whdtwgpuynpdwt 3-6 Yhwnkph

6. Uutniy ginh wjuquiunid £ gunuynid «Uwtlnip» hntpwpdwtwpunidpn (5-17-py nn.): Uwbniyp, npybu purwjuduyp, gnjunbl) &
Uhlst 1950-wljwb pwljwbitpp (ubkwn. gnighs 3.98.13./):
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Unniuwly 1. Uwblyniy Epjpuntnuiph pyuyhtt qowhwwnwlwuubpp:
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7. Uwulnly Gtpypunbnujuiph hwnjwsénid
ukindwti-innipnuh hunipuyhtt (nhduyhtr)
Ypwpwnpbpt whubkppuwotwly swsynid tu whpdh b
nphwuh wnwewgnidubpp (Axomsan 1978), huly
Jtpht ukundwh $rhop tkppuotiwl swslynid
Jtnht ntyul-umtitnntih olhuwnnnuwnpnuny
(Coxomos 1977; Sosson et al., 2010):
Uhght jmipuyh hwuwlh <ot ofhnjhpuht
hwdwhpp ubkpluyug]us k
ubpywktnhuhnubpny, quppnubpny, dwuhy nt
qunudl jujwbtpny b pwnhnjuphwnukpny: Uju
wnjuinnntt Jhwynp L npp  Ynywlj-uwbinnih
dudwtwjuopowtimd  opyniljgyty b Zwpuy
Zugujut pinyh (22R) (uly. 2) Jpw (Kaunnep,
Coxoios 1976; Cokonos 1977; Galoyan 2008; Sosson
2010,  Rolland 2010):
wukndwgquhuwlju
niuntdbwuphpnipjniuibpnh ntyjul-uwmtiinntih
dudwiwwhwnjuwsnd 228 b Gipuuhwuljub

et al., et al.,

Cuwn

uwh dvhol htpwynpmipinitp phobu bEnkp B 7 1050 Yud: dbngnit odhnjhpubph tundwspuyhtt swslingh Jhuuwokpunwgpuljuh
niunidbwuhpnipjniiibpp juunwpyt] b qunnig (Catuas u gp., 1989, benos u zp., 1991), npnup htnnwquynid Jtpuljuyt) G 2004p.
Twukjjwt b nip. Ynnuhg (Danelian et al., 2010):
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Ljwp 2. dYbknh  odhnjppughtt  hwdwihpp
opnnijghwty, Uwtlnil ghnh we wjuquunid
Google mhkqbpwlwi 3D tjupnid

Figure 2. Obduction of the Vedi Complex of
ophioltites in the right-bank basin of the Mankouk

River shown on the 3D Google satellite image

Ujuntin jujuwtbkpp swolnn nwnhnjuphwnibpnid wnwehtt miqud hwyntwpbpytl) Eu puynuh nwunhnjuphwukp (Danelian et al., 2008;
Uuwwnpyut 2009), hull hknmwquynid twlb yEpht jnipugh nunhnjpuphwunttph Gjp (Danelian et al., 2010): Uwulnil ginh uinnpht hnuwtph
wjwuquinid hwyntwpkpyt] Enhwpwqutpnyg hippwithnpoynn dhohtt wph hwuwlh nwughnjuphwnutp (Danelian et al., 2012):

dtnnt odhnihpubpnh Yupduwspt wjwupwnynid E junipuwjhtt tunnjwspubpny, hisybu twb OIB wnhyh jwjwitpny nt wnknuyhtt inhuh
hpwphiuyhtt wmywptbtpny (wiunkqhwnukp) (Zakariadze at al., 1983; Galoyan 2008): Gunwdl tnkpunnnipuyny OIB wnhuh YEpuntnhwnughe
nnitphwnuwyht puquntpt niikt EM2 (hwpniun dwtiphw 2) b HIMU (pupdp p) wgnbgnipinit b wdbkbugt hwwbwlwiunipjudp niukh
“hot spot” (nwp Ywnwyht) Swgnid dwiphwjub wypnudh hwpyht (Galoyan 2008), hull YEpuntinhwnubph dpu ©Ar/*Ar dbkpnnny npnodwd
117.3 + 0.9 Ma hwiuwljp (Rolland et al., 2009) hwdwwywwnwupiwunid £ dhohtt juy&ht:
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Middle Jurassic to Lower Cretaceous

CGenomanian- Turonian
' Coniacian-Santonian
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Ljwp 3. Yinnt odhnihpuyhtt hwdwihph oppyniljghwit ubtntwl wnnipnth nbi]ml]h Ypwpwpbph Jpu’ Swljuwnught hunndwsnid
Allwnpkny ojhunnnuwnpnd, nph hwuwlju E Yntyjulj-umtinnnti (Sosson et al., 2010)
Figure 3. Obduction of the Vedi Complex of ophioltites onto the reef limestone related to the Senomanian-Turonian age, forming an olistostrome

in the frontal part dated to the Coniacian-Santonian (Sosson et al., 2010)

8. Uwlynijh kpypuntquibipp Yepupkpmd t (hpnnghuyghtt b kphpunhudhljught, hul lphpuputuljwi Juwbqibph nkuwblyniihg
tpypuowpdphi b nhiwdhly swpdnidikp: Eppuntnuipp hpkihg thpyuyuginid E @hnhu oyhwiinuught §hnh dkpugnid pinpny
wwwpubph hippuwhnhnipjudp: Gpp ojhwinuuyhtt Yinbp huynugnud £ dwjpgudwpuyhtt Yinth Jpu wiquind Bu obhnihp, huly
wpngkup opnniljghw: Oyjhwbnuwght Jnlth hwdwihpp whtkppuotwly swsynid E ojhuninunnpnudp, npp dbhwynpynid £ ojhwinuwghte
Ytnlh owpdiwh wpyniipnid, hwdwihph Ynupujws wwywpibph jpwetnipnhg epughtt dhpwjuypnid - ghdbinwgybngd (bl 4):
Orhunpnuuninpuh hwuwlp npnpuws E ghidktnnid wnjuw twinyjuwulunnuubpny (puljntphwukp, ophuninttp): Ojhutinuwnpndp hp
htpphtt wtubppwotwl Swéynd L sdwswn opuyhtt wuydwbtbpnid dbwynpwsd pjunipughtt Ypwpwpbpp (bqup 3, 4): @hnhu
oyjhwinuwghtt Ynhh wywputph hwuwlyp dheht jnipw uinnpht yuyghd £ (170-145 dju. tnwuph): Ojhunnnunpnudh hwuwlyp yEpht jughd
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t Uniywl uwbwnnb (88-83 Uy wiwph), hulj nhpwyhtt jpwpwpbphip dnn 95 dji. mwph: Bhnhu odyhwinuwght Yinlp juqujwus b
ubpyhkinhihwnibphg, qupppnubphg, puqupnbkphg, U Gpwig Swshnn bunduwdpuyht  wwwpbbphg  pwnhnjuphnibphg:
Nwnhnjuphwnubtpp updhp gnyuh uhjhghnuwghtt wyuptbp o b wupmbwlnd Ebt pwnhnjuphwubp (Uhwpohe uhjhghwnugh
wuulunnt opquthquutp, npnup wypnid Eu gpuyhtt howduwyypnid):

SW

1 __E_E KN

Llwnp 4. Uwtlyniy Epypunbnuip: 1. @Enhu oyjhwiunuwght YEnl; 2. Ojhuninunpnd (Abwdnpdws odjhwtnuuwght Ynth wywpubphg
l ghuktnhg); 3. Uuypgudwpuyhtt Yhnl (unipuyhtt jpupwpkn); 4. Oppnijghw: Ujwupny gnyg E iipguws ojhwtinuwght Yinth pupddwt
ninnnipjniup: Ma- dhjhnt tnuph

Figure 4. The Mankouk geosite : 1. Tethys Ocean crust; 2. Olistostrome (formed of the oceanic crust rocks and cementing material); 3.

Continental crust (reef limestones); 4. Obduction: the arrow shows the direction of the oceanic crust motion; Ma- million years

The geosite includes evidence related to lithology and geodynamics, and in terms of geo-hazards it refers to earthquakes and dynamic
movements. At the geosite, it is possible to observe an outcrop of the Tethys oceanic crust with characteristic alternation of rocks. When ancient
oceanic crust is emplaced on top of the continental lithosphere it is called ophiolite and the process is named obduction. The complex of oceanic
crust is overlying discordantly the olistostrome, which was formed in water environment due to the movement of oceanic crust from the mixed

and cemented chaotic fragments of the complex (Fig. 4). The age of olistostrome is estimated as the Upper Coniacian—Santonian by nannofossils
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(bacteria and algae). The olistostrome overlies the reef limestones (95 Ma) that formed in shallow water settings (Figs. 3, 4). The Tethys oceanic
crust is composed of serpentinites, gabbros, basalts and the overlying sedimentary rocks represented by radiolarites (red siliceous sediments
composed predominantly of the microscopic remains of radiolarians, unicellular plankton organisms living in water environment). The age of the

Tethys oceanic crust is related to the Middle Jurassic - Lower Cretaceous (170-145 Ma).

9. Bphpwnbknuipp nuumdbwuppdl) b kpljup nwwphikp, mbh ghnwlppuljut dbs Gkpnid, thpunmd ' nwpunbuwl) wyupbbp
htywywtu ojhwunuuyht wyjuybu b dwjpgudwpuyhtt Yhnuh, tbkpwunbing tunduspuwjht, dwgqduwnhl b dbnwudnpbughtt fudph
nwpunbuwlubpp: Gpypuntnuipp gnyg k wnwhu Gphhp dninpulh phttwdhl tkpniudp b dhjhnttwdnp tnwphubph Gphpupwbuljut
wypnghutiibpp: Swpwspnid ju Eplynt EynlEtnpnt hjnipunubp mnunhpphg hintuhu wplibpp 2.5 §d b 6 Y niygh wpbdniwnp b Junupny
wnpgbkingh hjnipunnitip mknuuyphg 10 Yu hjnrtuhu wpbdninp (uly. 2):

10. Bphpuntnuupnp qnuynud £ lipgudnp qninh hwdwjupwyhtt b vnupnyh wpgljngh mwpwspnid:
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1.6phpunbtnuip - UNRCE GULUMNES

Ny G A

Lup 1. A- Unipp Gwpuwybn kphpuntnuiph ghppp (qupdhpny) Stnwupyh
wnwpwépnid: B- Gpipwwnbnuuph nhppp hwpbwt phwlwduypbiph hwdbdwwn,

nbnugqpuljwtt pupwnbkqh hhuph Jpu: C-Bphpwwnbnuupp 1:12 500 puophuwly
dwupwnwph Google Earth ujuiph Yypw: Luphgwgnyu gény updws E wmujujinuuyyun
Swuwwwphp: Luptgwgny punwlniuhtibpny, 1. Unnpht Engkuh Ypwpwpkp; 2.
Onppnppuwljut hpwppwbunuwspuht wwwpttp; 3. Unnubp JbEpbbnpught
huqJusph gnuinnid: Fhnht Enwulniung tpdws £ U.Yupuybn hwdwihpp

Figure 1. A — Location of the Sourb Karapet geosite (marked red) in the area of Geopark;
B —position of the geosite with respect to the neighboring settlements on the basis of the
topography map; C — the geosite shown on the original 1:12 500 scal Google Earth
image. The orange-colored line indicates the asphalted road, and carrot-red rectangles
indicate: 1. The early Eocene limestone; 2. Quaternary volcano-sedimentary rocks; 3.

Landslide in the reverse-fault zone. Yellow triangle indicates the complex of St. Karapet.

2.znJhwtitbu Ywpwybnh quipp (Juiupuyhtt hwdwihp), hnipwpdw gunidnd k
22 Upwpwwh dwpgh Lntuwgnn gninhg 6 Yud hwpwy- wpbuninp, Qugnni
gninunbinhnud, Nipsh (Entbkph hyntuhuwyh thtioht, 9 tnh-Lntuwyny
Swiwwywphh we Ynpunmd: Qpunbgunid E 0,92 Yu? wwpwdp, 1,43 LJd
tpupnipjudp, 1 YU juyunipjudp: Guntynd 1845 U &.lp. Jpu: S&wbwwwphp
wubwjinwyyun b Bpuwlught yujdwiibpp adkep gnipn b, wdwep qnd:

pjpuunbtnuipnid £ quuynud Znghwbtnt Unipp Ywpuwbn Jubpp, wjh
punugws b Ghkntgnig, quuquljuwnthg, nudpwuwwnthg, wuwpuyuuyun L,
wuwpuyhg bkpu wwhywidk] o Jubph dhwpwinipjut phwlbh okupkph

dtwgnpnubpp b thnpphly gipiquuiingp: Ghtnkght jhuwytp L:

Eppuntnuiuph pyuwjhtt qowhwnwlwbubpp pun wtduwgpuynpdw 3-6 Yhnkph tnipuws kb wnpniuwly 1-nud:
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Unniuwly 1. Unipp Ywpuybn Epjpunbtnuiph pduyhtt quuhwnwlwuttbpp:

| gl praesbpuliggs

aliuloen Uneppe ruspusughion S ot 7. Mipsh wunhYyhinphnudp uqudws E dh pwuh wdbkih
L,.lx::ﬁlil.l.l:lmu Chpunsugpenpyeals, Eplpunhiasdla thnpp Yupgh wtinpljjhiwukphg: Zwpuynid
5%-1- wnwbdtwtnd L Shgpuwbwpbkuh  Ynmibunnwbt, huly
"4“""”':::.::"“‘“ bptypigeind, anmibp hymupunid Qwbph winhlyhlwp, wupdwbu]npdus
ot | ;L“ﬁﬁf;! w?;m.:;j:zwu m,:::%T::“nu . Wmupwq;;: | | hudwtnit yEptknph htn (Wl 2): Yubiph winhlihtugp
| - - a0 . 4 unyuybu  wuhdbwnphll E phyh bhwpwyd obnus
FIL1 RANTRRET | . RN s ial fﬂ'lmmﬂwlt'.'ﬂhlm [T I et — |
b ;"m“hh'” h"":'jm:'h ;l:ll;d.n;nnmﬂu b b :{ﬂmhm"’::mh'l#‘” wpwigpny U tnyjbybu wuydwbwynpjws t wnwg-
ol 5 =% "‘;’“"" t = 21 qupqugnn Jtpuknpuyhtt pwpundwt htwn: Uhoniynid
T e [ T T — 7 wpuh Ypupuptipt b, hupuuyht qushpud (wbenud
“ﬂi‘f:ﬁ? s _ e R ‘"ELT;:;;:F" So N 55° 45° SE shpuiwjunipjudp, npunbn Jpub
....,1.;}::]:?- ‘ﬂ::;ﬁ . hwﬁﬁ:ﬂ”" wubbkppuotwl tuwnws Lu Soe N 65° 50° SSE
WN'TNINI prashilos B !hﬂdhﬂlup:ml.l L i lprnla-1
ugetlpp | Rhanfusin.} ; okpunuyunipjudp unnpht Engttih hwuwlh
b | 3 4 3 11| dvhipnlnugnubpunutpp, opqubtwshtt  phwnphwuuwght
PUE T ettt emeled 1 ypupuipbpp: Use bplym $npuwghwiibph hel nkn-ukn
. D:L'_:'L‘:;“‘j;:'r"_:ll'“m nbnujuyws tu Jupdhp ghdktnnyg Ypwpwpught
:hm“w_l_'_':‘“ﬁu“w_u ! ' Ynugnubpunibpp (Udugui b nip., 2015; Avagyan et
dhw=npl 3 a].., 2018)

Utuwnhlhttwgh wplitjjut plh nruwttupp b jueniguspuwyhtt dkjtwpwtnipiniup phpdws tu tjup 2-nud: dEptubnpubpp phunwplynid
kb whnhlhtwpuyhlt Swph hwpwdughtt hwndwstbpnud, pin npoud, wjunkn welw o twb okpunkph mnquahghtt Unn whlnudkp
Epypnppuyhtt pwponnudubpny: Uwlbpbuwght pwponnudubpp hbnbwbp Gu junppnid quaipqugnn Jpupwpdught wljnhynipjui, npp b
wnwowgnk] k wnwe-qupqugnn wuhdtwnnphly dwjp (fault propagation fold): Ujuuyjhuh wuhubtwnphl wunhljhttwnid dwjph wpwigpuyht
hwppnipyul Yphtt hwnwsp nknuowpdws t nhyh hupu] wykjh quohpwth juuekpp:
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. .' 3 = o
1EWMMMWWW n Digwicstiian 10

2] Vot Oicrocanns Lot Migcane molasse o T T e et acaral baaic) 1000 Otduction contat
amw%wﬂ 7 I Moo Jurissc 1 Loveer Grelooeous oohonles 11 =" Fauls
4] Bocane sedmendary, vilcanidasiic and volcanie rocks. 8 I Lower Triassic sedimants

Ljwp 2. Mipsh b Lwpwthunh wunhljhuinphndutpng wugunn Eppupwtufui jupjusp (Avagyan et al, 2018): thnht ojuyny
upqwsd £ Epypuntnuiph nhppp: VF-Hwtph uqjuspp

Figure 2. Geological section crossing the anticlinoria of Urts and Lanjanist (Avagyan et al., 2018); the yellow oval indicates the geosite location;
VF-the Vanq Fault
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ANT landslides E
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R =l .
e . 1 i T T F ,
L i il 'E

R - -li;_"!:ﬁ_ - BAGK- LA e L el NS
| Inferred Thrust and == Inferred o2 ;
== | faults e reverse faults —="|paleo-lake I—] Landsiides.

Ljwp 3. Lwbpwihunh pwjpwnnud- LF, Jwiph wpjpnnd - VF (mbuwpwbup Mipsh wbwnhlhtwhg: (a) guownwht ulup; (b)
dbjuwpwtnipinil; (c) Up. Gupuybn thbkntkgnt tjupp (Avagyan et al., 2018): Ljwph tbppunid hippuluinipjudp yqunlbipjws i
tpupunpynn puwpinnudubph, ypuwowpdtph b Jbpubwnpubph, Eupwunpynn wwitnidh vwhdwbubph b unqubputph yuwydwbwlwub
tpwutkpp

Figure 3. The Lanjanist discontinuity (fault) - LF, the Vanq discontinuity (fault) - VF (a view from the Urts anticlinorium: (a) field photo; (b)
interpretation; (c) photo of the Sourb Karapet Church (Avagyan et al., 2018):
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Juwiph hwpundwi gnunud £ quiuymd Up. Ywpwwbwn hwdwihpp, npp unnqubtpuhtt winhynipjutt quwndweny Jhudl) b
wnbknuowpdyt] b Cunhwunip hwdwihpp Jhudl) b mnuowpddt] L hophgnuwljut §nquowpdny dnwn 82 ud, unnuupwjhtt Ynnuyjht
huguwtt Unwnn ninnqudhg Unwn 32 ud, punupdwlnidp dnwn 29 ud:

quuwt wljnhynipjut htn juydwsd gnugh] L wuibnidwl], npnbkn ynunwljdl] £ uyghunwl b dnjupwgnyt hipputhnpudwdp
hpwpiught dnjuhp hwjwiwpwp snppopyuljul hwuwlh: Up swsljdws b juppniunwghtt iynipnd b wupknpliwhnnm]: 2Zpuppawghl
Unjuph otpunbtpp Eupwpldt] b mEjunuujut ppdwt (tilting), hwjwbwpwp npu wpynitupnmd wjwuquth hwpujujhtt hwnguwdnid
Awynpyty Eu ntwh hjniuhu wujdwt qupubnputp dnn N025° nupusdwdp b 55° NW wujdwdp: Zpwppuwghtt Unjuhpp (qutiot h Jup
hwwnywénid nith dhohtipn 122 NNW wulnud) tuwnwsé E dhoht Enghuh wjwqujhtt puwpwpbph ypw (N 130° 20° NE): Lpwug dhol 8°
wilnibughtt whtbppuotwlnipiniip gnyg k tnwhu wmnpljhttwh qupqugnidp hkwn dhohti Enghu-snppnppuljub opowund:

I 3 . 1840 pywljwh hnijhuh 2-h Upwpwwnh tpjpuowpdp M= 7.4
! . et h g : . * nudqunipjudp  (ull. 4) Unpdwibg swwn qninkp, wyn pynd
1 e =i Tnhmpwjuqbnp, Uwlnit, Oppnipwnp, Pgphpp, Unyuuwp b
|

| ;r,rf i3 / ‘%-;"-—E Puqupquin: Ukd wybkpwédnipniuttp qpuugdtightt  Upwpwuwnp
|t ‘__“ﬂ gnquynpuipjull wpdvyutt bt hwpwduwihtt plbpnd, wwfuygh
ﬁ hintuhuughtt b wpbbpwt  hwndwsubpmd  unybybu  Gnub

- '
fﬂ. ’H? d\\ \,‘ . T wybpwénipjnitubpn: Bpjpwowupdp wnwowgntg ghquinn unnuiip
—== | Upwpuunh ququphg (Stepanian 1964; Ambraseys and Melville,
‘h. ol
: 1 1982):

..-"r *
e
|
- "
"l\_‘_\‘ L5 ki
1 - e,
J-'. > %
—_ -
=

! . Rk "v-*? ‘-‘x _ Ljuwp 4. Upwpuwwnh Epjpuowunpdh nidqunipiniup kyhYykunpnihg,
[ B e Up. Ywpuybwn bthknkght quuynud L 8 pwy huwnbupynipjub

Sl B | huwn]wsnid:

LT s S, Figure 4. The Ararat earthquake intensity distribution from the

epicenter; the St. Karapet Church is located within the Intensity 8 zone.

Up. Znghwlibu Ywpwwybtnh quiph hhdtwnpnidhg hbnn Upwpunyut wpnuphnid wnkinh miubgus wdktwdbs b wnwyb] wnbwnwpkp
1679p hnithuh 4-h wytphs tpypwowpdu tp, nph htnbwupny hhdtwhwwnwl Ynpswidl) £ Gplhwtp, Lwbwptnp, Unpuquyhpp,
‘Unpwqbnp, 2npugbknp, ‘Unppp, Fudphqp b puquuphy wyp pbuwjuduypbp: Uju wphwhpphtt gnh B puntinud nuutyull hwqupuynp
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dwupnhl: Zknmwgquyniud vh puth Epjpuowpdtp Eu Enl) Upwpunyut wpowphnid (1783p., 1827p.), npnup bu Uks wybkpwsnipniuukp tu
tntp: Uju Ephpuowpdtph htwn juuwdws Up. Yuwpuybn Juiph wykpwénipniutbph dwuhtt mEnbynipniuutp shut:

18407, hnijhuh 2-h tpypwowpdhg pwundtghtt Ukd pyny ptwjuduyptp, Juupkp nt Eytnkghttp: duwuttp Yptg twb Up. Yupuybtnh
Juwipp, nph dwuhtt dwubwynpuwbu wuduws k «... h Quopniwy up Ywpwjuknh Jutkgh jupninhlyku dhis qiku yurhuwb hpwting h
pug punnnuwgbw) Ynpswtbuyg k e h hhdwtg dhby qikut dbwgbwg bru ppwpunbwg Br yuwnwnbw) B Qpugpiniwy spownkp 3phgnp phiggh
hwput Juudwbw gujud Ynpswtidwik b h jhobwy ghintt Quopniwy pnjnpnybdp mwwwtwy, puyg ny nidkp Juwu sk {kwy, pugh unju
Qnhgnp phiyh hwpukt»: Unyh qinigugph dh wy) hwndwénid gpus k «.... Quopniwy up Ywpwybtnh quithg jupninhltu dhiy ghkut
wuwpuwht &nbuy kB dbwgbhut uunwennbwy....» (22 MMYU, gnps 780, phipp 6; 28):

1898p hnijhuh 22-hti uhtinphtt ninnws pp bwdwlnud Gknpg Jupnuuybnp tond E twl, np dks gwtpkpny jupnigws btplyne
uklyulutpp dEnpdby b ouppudty B 1896 p hniuhuh 1-ht, pwpwpe opp wnknh niukgus Epypuwowpdh htwnbwupny (22 TMYU...):

Gplwth twhwiquubnh YJupquppmpudp 1898 p. hnyhuh 11-hg wbknh puwlhsubpht  wpgbpdnud L wyghilp  Juibp,
yuwndwnwpwiybny ohunipiniiubph ypuwpuwyht jhubknt hwbhqudwbpp:

8. Unipp Ywpwwbwnh Epjpunbtnuipp Jepwpkpnud b okpunnwgpnipjutip b Epjpunhttwdhlught, hul Epjpupwbujut Juuutqubph
nbuwblnihg bphpuwowpdbphtt b unquiptbpht: Zwdwini Juipp jupmgws b dwiph pwpndwb gninnid, uinnphte kngbth
unudnyhnwhtt jpupwpbph dypw, punlugus k Ehbknkgnig (Uyghnwljuwynp Up. Qwpuwbun), quiuquljunihg, nudpupwbwnihg,
Upwpwimpjub puwlibih okuptphg duwgnpnubphg, thnpphly qlipkquuiinghg bt wwpuwywpwphg: Twpp junmgh) b Quijuy Opphjjuth
Jhtt @nugwit’ 1301p. -ht: Zhdtwnhplb k Yhpwlnu Juppuybn Sknljkghl, Swpnwpuwbnp Anonp:

1840 p hnijhuh 2-h Gphpwowpdh dwdwbwl, nph  nidqunipniip M= 7.4 (hwdwjhpp quidnid £ 8 pwy hunbuhynipjut gnunnid)
hwpmighk] £ unnqutpuwjhtt wlwnphynipjni, nph wwwndwnny punhwinip hwdwihpp Jhudl b nbknuwowpddt; E hnphgnuwljui
Ynnuowndny b punupdwldwdp:

The geosite of St. Karapet provides evidence related to stratigraphy and geodynamics, and to geo-hazards represented by earthquakes and
landslides. The St. Karapet monastery was constructed in the Vanq Fault zone, on the Lower Eocene nummulitic limestones. The monastery
complex includes the church (Spitakavor Sourb Karapet), belfry, and crypt, remains of residential buildings of the convent, a small cemetery, and
fencing.

The monastery was built by Jalal Orbelyan's wife Gontza in 1301 and founded by Archimandrite Kirakos Getketsi, and Bout was the architect.
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The earthquake of July 2, 1840, having the magnitude of M = 7.4 (the complex appeared in the intensity-8 zone) caused landslide activity, due to

which the whole complex was divided in two parts and was displaced horizontally by strike-slip fault with extension.

9. ©Bpypwunbnuiupp niuth ghunwliwit  nunudbwuhpmpnitbtph, numgnnujut, qupqugdwt  hbnwblwpubp  JEpwpbkpnn
dwljiplinipuyhtt pwponnudubpht, Epjpuwowpd-unnquip thnjuwqnbgnipniutbpht, htwubjudwpwinipyjutn:

10.Epypuntnuipp qnuynid £ Nipguwdnp gyninh hwdwjipujhtt hnnuwnwpwspubpnud:
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1.5pypunbquitip - YULMELSUS LELFLULSL

Ljup 1. A- HQwpnbljug bpypwntnuiph nhppp (updppny)  Stnygwupyh
wnwpwépnid: B- Gplipwwnbknuuph nhppp hwpbwt ptwlwdupbph hwdbdwn,
wnbknugqpuljutt pupwntgh hhuph Jpu: C-Gphjpuwwnbnuupp 1:125 000 puophuwy
dwupwnwph Google Earth uljwph 4Ypw: ULwpbowgnyu gény updws L
wujuwjnuyuwn Swhwwywphp: Lwpbgwgnyi pwnwlniuhubpny, 1. Unnuiph
qlluwynp ulupu; 2. Unnubpht dwpdhi: HEnht Gowbyniung tpdws E
hobwbwwnwt hwdwhpp:

Figure 1. A — Location of the Vardenyats geosite (marked red) in the area of the
Geopark. B - position of the geosite with respect to the neighboring settlements on the
topography map basis; C — the geosite shown on the original 1:125 000 scale Google
Earth image. Orange-colored line indicates the asphalted road. Carrot-red squares
indicate: 1. The main landslide scarp; 2. Landslide body; the yellow triangle indicates

the complex of the caravanserai

2. Epjpwnbtnuiupp quuynmd  Edwyng Qnp  dwpqgh, Bnhquwadnp-
Uwpunniith wjunndwbwwwphht,, Bpkquwdnp dwpqibunpnithg onipe 33 4d
htnwynpnipjutt ypu: dwpnbtyug (Enttmigphg 150 U hwpwy: Opphjjwutbph
hottwbwwnnip (Ukhuh hohwtwwnnit XIV nup) gunuynd t éndh dwltplnyphg
2410 U pupdpmipjut ypw, Ywupnkiuhup (iptwonpuyh wphdnjwt b Sunuwuwnph
(knubph wplbjuwt Gqpudwubph dhwugdwt dwund b OhhEdu wuhwpp L
Yupundus, dwlbpunyph punghwinip ptpnipjudp hjntuhuhg hwpwy: Zwuwbih b

gutjugws nmpwtuynpuwhtt dhgngny, §ihdwbt vwet £ bl wdnwtp, ddnwbp
Swuwwwphubpp bpphdt wbwbgwib)h G, Auwpph yuwndwnny:

iﬂ-\.il (h 24 31
A T

Epjpuntnuiuph pyuwjht qowhwnwlwiubpp pun wtduwgpuynpdw 3-6 Yhnkph tnipuws kb wnniuwly 1-nud:
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Unniuwyy 1. Ywppbijug bppuntnuiph pduwjhtt gpwhwnwljutttpp:

| Chiny. | <o 7

heaphmbibph
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Busatd sl na] o ) |
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Gwmupephp  PPwbusapnnl shultph umumpms | gesmspsahib
harsnlsbgfim ek w b mn{mw; > . wpdbpp 3 papunfh
B apnats-4, wniguatnal -3, b
- dpt Smotrupinguned albbughvgd, Evandftd us s pusp whwpgy
| fedmnfs- 1 b/ a2
“";‘Fﬁ"’m‘”t’b wpahbn -1 b barbifusp -2, effiutguagpls -1
hhwnfnanti-1
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Mosndumd sl pun b Ay b CTETE T [ AT Ity ljuails sy pruslpust

Swpwswopowith ¢} wnwpwdph
Eppuputwlut jupnigwspp ubpljuyugdus
E uwnpht wwbkngtth  Ypwpwpbkpndy,
gpuftihntbpny, wjwuqupwupbpm] b kpht
Engtth  Unbugndbpwwnubpng,  wuquyhb
Ypwpwpbtpny b qgpuybjhwntbkpny, swsdlyws
whngtuh hwuwlh puqunitpny U
soppnppuljutt o dwdwbwlwlhg Enidhwy,
ntnujhwy-ynnidhwy, - wpopnidhay - judwghb-
hudwjuquyhty, Ynyduwght, wjuqujuyuyhtt b
Jujuwyjuqujhtt gnjugnidubtpny:
Muunidbwuhpynny  mwpwspmd  gpnibnught
opbkipp wknunpyus ki 2-10 U b funpp:
Junwquynp dhqhyubpypuputwljuie
wpngkutbpt nt Eplnypubpp tkpuyugdus Eu
unnuupny.

Unnuupwyhtt mknudwup, dqynmud £ hjntuhuhg-
nunnipjudp, pungpybiny
hotwbwnwt wdpnne nwpwsdpp (uly. 1, 2, 3, 4):

hwpuy

Unnuupwihtt dwpduh dwljbptup juqunud E 46 hw b nith 1300 J Gplupnipinit b dhohtt 500 U juyunipinit: Unnuibipwjhtt dwpdhlip
quiynud k dudwtwljuynp Junit Jhduynid: 2280 11-6.02-2006 hwdwduyu Unugwdnp qmninp quiudnid b 2-py ubjudhl gnunid
(Amax=0.3g), wjuhup nidtn Eppwowndp Jupnn £ wljnhjugul) unnuitpn:
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Figure 2. The Vardenyats caravanserai in the landslide area

gnpdpupwgutph  hbkwnbwupny  Oppkjjuuttph
pupuwywiuwwnniup Ypty E nipe Juwudwspubtp: Ywnnygp Gupwuplyt)

Unnutpuyhti

E nipe JEpuubiqudwt, hwnjuwbu tpw hwpwduhtt ywuwnp b
Epyuhunn wwthpp: Ujunitwdbktwgthy puquuphy pidnpdughwibtp
dtwugh) tu sybpujutiquus: Sknuuph dkp ghunwpynidubpp, hywybu
twl Zupnipniiywh (1960) Ynnuhg wpyws hpwowh qdwugpnidubph
(B, D, uy. 4) Jtpnisnmipniup hnipnid k, np Junpniygh hhdtwljub
wykpnudubpp wnknh tu niubgh) uky
dudwtwjuhwwnjwsénid: Uju hwbqudwbpp, b wyb, np Junnygp

Jupdunlt

gunuynid E unnubpwjhtt pupujwinh ypw dkq hnionmd E, np wyt
unnuiph Jupdwwnl
wljnhjugdutt  htwnbwbpny: (2003)
pupwywiuwwnniup skp wytpyh, tpk juenygh wjwpunhg dnwn hhug
nup wig wybt skupwplybtp 1840p. kpypwowndh wqnkgnipyuinp:

Cunn  LPwypkpniint

Ujuntn Lt quuynmd Opphjjwuubph holwbwwnnmitp (XIV  nup)
bPoiwimwnniup pwunt] £ unnuuph wliwnhjugdwt wpyniupnud,
Jhpuljunnigyty k 1956-59pp: Polwtiwwnniup twpujhunid hwyjnuh kp
npytu  Unybdw pwpjuwbuwpw  Jud Ubhd  pupjubuwpue
Qunnigyl] Lt 1332 p. dwppbiyug (Epbwgpmid, hojuwt Qkuwp
Opptjjwth  Ynnuhg hnquws Jgwbwwywphnppubphtt b tpwbg
Jtunwuhtubphtt wbnuynpbint hwdwp, bEpp tpwbp wbgunid Ehu
[Einttwigpny Ywyng 2nph dwpqhg: Oppkpwtutph holwbwwnniup
wdbktwudu t ywwhywidl] wnmwpwswopowunid: ®dnpp dwwnninh
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wykpwljutipp nin jupkjh £ wnbuil)] quph hwpbwinipyjudp:

bPoliwiwminniip nith dhwtwy hnphudwép, nph Jhuwoppwbwdl punp tbhppniun wwhnid u 7 qnuyq npduwuniuubph ypuw hkudws
punuihp Judwputpp: Uhwl dntnpp pugqws E npiygh hwpwy-wupbdninp: Lupwdubuwnwt Epupnipiniup 35,5 4 b Lwpuwubiyulh
Uninpl nitth hwpniun hwpnupuwip: TCpwdniwnph Gplnt §nndhg mEknunpdus tu jEunuwuhtbph wuwnlbkptbp, wpbbjjut duaund® gy,
wpdnyut dwund® dwpnpnt gidpnd wpmis™ pwgp quhl, nph Jpw od E hwpdwljynid: Fwhihdp jnruwdnpynid k Gplp tpphljubph
vhongny: bPolwtwmwnuhg 140 U hwpwy-wpbbp &d. 1755 d hwpwy wpbdnwhwjug pjpuynphtt nupuwsyus dhetwnupuu
giptiquuingmid wnlw tu onipg Ukl wnwulyul ghinupwtnul, wbtwpdwbwlihp jpwspuptp, npnug ndwjubt b ghinupdbunuljut
wnwiuduwhwwnlmpniutbpp punpny Eu dE-&% (12-14) 0. (QYupuybnjut 20197p):

8. dwpptiyug (kntwbgp Epjpuwnbtnuupp tkpwenid b ghuwdhl Gphpwpwinipjub, stpunwgpnipjut b wlnhy wnkjunuhlugh
niunidbwuphpdwt npnpnbtpp, hull Epjpupuwtulwut Juwbqutph nbuwtlyniihg yepupbpnud £ Gppuowpdtpht b unquuputpht:
Onpphpwtt pupwjwiuwwnnitp (hobwbwwnni) jurenigyl) £ dwppbiyug jknttwugph hwpuduwjhtt hwndwoenid 2410 U 6.d.p., 1332 p.-hu
hohuwt Qkuwp Oppljjuth dhongutpny (uly. 3, 4): Opphjjuttbph hobwtwwnniup Juwuyby k 1840 pywlwuht tpjpuwowndh hknmbwtpny
wnwowguéd unnuupubph wwwndwnny (RPweopkpnitnt (Skp-Znyhwuthuywb) 2003): Polwbwwnwb hwpwduihtt wwwnp b ukppht
Yupuwspp dhts Jipujupnignidp Juynid | puquuphy pidnplughwubp (Zupnipmniyut, 1960): Ywunnigh hwpwduyhtt yunb no
wnwthpp Jhpuwuiqudl; Gu: Ujuniwdbbuguhy, owwnn phdnpdwghwibp duwgl) Eu  sybpulwbquus: Ywnniygh hhduwlub
wytpwénipjniup wnknh b nmbbgh) jupd dudwtwljwhwnduénid: Poiwbwwnwt mmwthph wpbdnjut b wpbbjjut hwndwsubpp
JEtwnpntwlwt dwuh hwdbdwwn hpwé Ehu, wpbdnyutp dnwn 0,6 d: Upldwnjw b wplbjjut hwmnjwsubpp plpywsd G 2.8°W b 2.9° E,
hudwywunwupwiwpwp: Zhdtwjut nEbnpldughwih wulniup 5,7° E: Unnuuph hnphgqnuwlwb mbnuowpdp thwuwnyniud £ Junnygh
hwpwujhtt ynith b hwpwduyht ywwwnh wpbbjutt hwndwsh wbknuowpdny, npp hunwl] wnbuwtbh b yuiund: 9kpohtiu
wnbknuowpdyb] k unwn 25 ud iy h hwpuy (ul. 4, D):
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The geosite of the Vardenyats Pass provides evidence related to geo-dynamics,
stratigraphy and active tectonics, and to geo-hazards represented by earthquakes
and landslides. The Orbelyan Caravanserai was built in 1332 by Prince Chesar
Orbelian on the southern side of the Vardenyats Mountain Pass at the elevation of
2410 m a.s.l. (Figs. 3, 4). The Orbelyans' caravanserai was damaged by the landslides
triggered by the earthquake in 1840 (Ter-Hovhannisyan, 2002). The appearance of
the southern face of the caravanserai and cross-section of its interior before
reconstruction were indicating numerous deformations (Harutyunyan 1960). The
southern wall and the roof of the structure were restored, but many deformations
remained unrepaired. It is suggested that the main destruction of the structure took

place in a short period of time.

Ljup 3. duppbityug holwbwwnwb yuhywidws nidnpdughwubkpp, npntp
Jjuynid ki unnwupwyhti b Epjpuwowunpdh wqptgnipniutbph dwuht
Figure 3. Preserved deformations of the Vardenyats Caravanserai, indicating the

impact of a landslide and an earthquake

The western and the eastern parts of the Caravanserai roof are subsided as compared
to the central part; the western part is about 0.6 m lower. The western and eastern
parts of the roofing are tilted at 2.8°W and 2.9E, respectively. The main
deformation angle is 5.7°. Horizontal landslide movement is documented by
dislocation of the southern column, and the eastern part of the southern wall,
which is clearly visible in the plan. The latter is shifted about 25 cm to the south
(Fig. 4D).
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Lhwn 4. duppliyug hpbmbwnwt hpllpulmhrluu{ul]p]} A- tppuntnujuyph 3D ululmllhp]}, B-hwnwljughép putinqus Jhdwlnid,
Uhls JEpuljupnigmidp (Zwpnipntiyul 1960); C- unnuiiph nuownwhtt ijwpikpp; D- pupujuiwnwb hwnwlughdsp’ wpindws b
nbknuwhwigws ywunbkpny b yntbwpwptpny hnthnpjws pun (Zupnipniigui 1960)

Figure 4. The Vardenyats Caravanserai Geosite. A - 3D model of the geosite produced with the help of drone survey, B- master plan in the
destroyed condition, before reconstruction (Harutunyan 1960); C - field photography of the landslide; D — master plan of the caravanserai with

faulted and displaced walls and colonnade (after Harutunyan 1960)
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Ljuwnp 5. Unquipuyhtt dwpduh dke
tplypnpnuyht ujwpy

| Figure 5. Secondary scarp in the
landslide body

9. Bppwwnbknuipp ntuh ghnnwlwt niuntdbwuhpmipnititph, ntunignnujw, qupqugdwt hhnulhllulphhp‘ YbEpwptpnn tplhpwowpd-
unnuip thnpuiuqpbgnipjnitiubpht, htwubjudwpwiunipjup:

10. Gphpuntnuupnp gnuynid L Gnlighu gyninh hwdwjipwjhtt hnnuwnwpwspubpnid:
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1. pypunnbnuip - QULIVYUSARL

Liwup 1. Qubquljuunnit (Qubwjush) bpijpuunbtnuuph pwpubqp. A-nbknunhppp

w +E ! . Qtnyuplh pupwnkqh Ypuw jupdhpny, B- wknunhppp hwpwyhg ptwuduyptph
| ' hwdbtdwwn, C- ptuophtimll 1:5000 dwupwnwpnid: thnhuny tpdws b dwuwuyuwphubpp,

“ | hnd gény ju&ninhukpp, Yhinwgsny wpuhbnbbpp:

Lwiplipwgnyt pwpwlniuhbpny; 1. Uhohtt b Jbkph wbkpdh wwwpubp; 2. Uwnnphl

nphwuh wwwnpbtp; 3. vquédph ophtiwly; 4. NMEpd-nphwu dwuuwjuju nyswugdwt

uwhdwp

Figure 1. Original map of the Zangakatoun (Chanakhchi) geosite: A — location within the
Geopark area, marked red; B — position with respect to the neighboring settlements; C-at the
original scale of 1:5000: Yellow color is used to indicate the roads; the solid lines are for
highways, and the dashed lines are for paths.

Carrot-red rectangles indicate: 1. Middle and Late Permian rocks; 2. Early Triassic rocks; 3.

An example of fault; 4. The boundary of the Permian-Triassic mass extinction

2. Quiiquljuunitt (QRQwbwjush) Epyjpunbnuipp quiynid £ Upwpwwnh dwpgnud,
Quiiquljuwnnii gyninhg 1.5 Yu hjnruhu-hjniuhu wpbibp (uly. 1, 2): Uju qpuntgunid k
6007400 Utwnnh ypw oujudls nupwsdp:

Epjpuntnuupp hwuwubjh B wdkbwqtwgutpny, dhtpny, htswuhyubtpny: hdwb
pupbkjownt (Entwghtt E Qdbinp wbwljuwb k, gnipn, hwunwnnit dtwswsdlniypny:
| Udwpp wwp Lk hwdbdwwnwpwup fnbuy: Zmbqupjut dhehtt  ghpdwunh&wip
o nunwb]nud k -8-hg -12 °C, hniphujul dhohtip +20-hg +30 °C t:

Epjpwntnuiph pyuwhtt qowhwnwljwutubpp pun wtduwgpuynpdwi 3-6 Yenkph tnipuws b wnpniuwly 1-nud:

Quiiqujuwnniti gyninh b hwpwlhg mwpwspnid wnju tu puquuphy dhotwnwpyub fuwspwptp, npnughg wdkwhhtup 876 p-h k, npp
Uhts opu huyntwpbpdws wdkiwhh pwspwupt b (Zuyuunwith junwjwupnipjut npnonid 2002):
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Unyniuwy 1. Quiqujuwnni tpjpunbnuuph pquyht
quuwhwwnwljutubpp:

o
Lwp 2. Zwpwduyhtt Zujwunwih Epjpuputuljut pupnkqp whpd-
nphwu  uwhdwih d9hnh, Quwbquluunit  (Quuwfush), Ogqphl

ut W i bt Ubplyugnidutipny (Sosson et al., 2010; Friesenbichler et al., 2018)
o g T ‘\:\‘1- AAD Baaraar tn Catiiars Figure 2. Geological map of Southern Armenia with the indicated locations
ey e vasien e

of the Vedi, Zangakatoun (Chanakhchi) and Ogbin outcrop sections, where

Prrrmm g

u the Permian-Triassic boundary is exposed (Sosson et al., 2010;

Friesenbichler et al., 2018)
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Ljwp 3. Qwuquluwunnmb Yupjwspp nhdwgh jwbohg: Mnnuhwjug wnbnunpquws Jtpht whpd uwnnphtt wiphwup 2kpnkpp
nbknuowpddws bt jpwhunnidny (Yupdhp gdtpp): @npp Unpjupwgnyy pungdyws hwndwsubpnid dhijpnphwhpubph dipjugnidubkpt b
(SMB- sponge-microbial build-ups), jtwnnwgény wkpd-inphwu vwhdwip (PTB- Permian-Triassic Boundary)

Figure 3. View on the hill with the Zangakatoun section from the opposite slope. The vertical bedding of the Late Permian -Early Triassic
limestone is distorted by faulting (red lines). Small gray surfaces correspond to SMB (sponge-microbial build-ups); the dashed black line shows
the PTB (Permian-Triassic Boundary)

7. Mbpd-nphwu vwhdwbp Zujwunwth Jupdusputpnid ntumdtwuhpdt] o tunduspughty, hubwpwtwlw, Epypuphdhwulut
wmbkuwlniuhg (e.g. Sahakyan et al., 2017c; Friesenbichler et al., 2018; Joachimski et al., 2019): Zujuwuwnwth wyhpd-inphwuh vwhdwbwght
106



tundwopubpnid  Ynunpnnh  wywunhnnd  ppdwsth hgqnuunwh  wydjujubpny Jiphtt whpdh C. iranica (C. meishanensis)
qnuuynid wpdwbwgpyl; b éndh  dwlbkplunyph oph  obpdwunhdwuh  pwpdpwugnid  8-10°C-ny, qnpwy  wnwpugdwi
uljqphg Epunpuynjugus dwdwbwlujhtt dhpwuyph dnwn 39 hwqup wnwpdu pupwugpnid: Cunn juppntwwnbtbtph wspwsth
hgqnuinyubph oipdwuwnhdwh pupdpugdwt ujhqpp hwdpuljunud £ Hg/TOC (punhwunip opquimljut wshiwmsth) hmpwpbkpulgnipjut
qquih hwpunwgdwt hbwn, npp juwyws £ Uhphput mipuwtbph tpwbtwlwh hpwppuuwghtt hpugupdmpyut htwn: Swpugnudp b
dwuuwyujut nstsmgnidubpp pungpynid B 60+48 hwqup wnwph dwdwbwwhwwnywsép, npp qnignpnynmiud £ hhwnpuhwyny b
ubinuyymptph dwwnsbhihnipjutt twjuquwdp, npntp Bpyph wuwwdnipjut wdbbwdbks Jhuuwpwbwlubt dquwdwudh hhdtwlub
gnpdénuuitinhg Eu (Joachimski et al., 2019):

Quiiquljmwnnit updwspmd dhypnphwihputpp dbwiynpyl] t pwg oyhwtnuwihtt dhowduypnid, whjughl] Juwppnbwwnugh
nwdymd  kphne thnyny, pipmuwb (unnpht wphwu) dudwbwlwhwndusmd: Uhlpnphwhplbpp (. 4) Whpuyugduws b
wnpnupnihpubpny b nunpnihputpny b niuku 5 ud dhtish 12 J hgnpnipnit:

Nuunidbwuppyl)] Bt dwuuwyuu nstswugnidhg hbnn wnwewgws dhypnphwihptbph (813Cupypnphuppttpp) b Gpuwilg opowuyunny
Jughnid juppniwnughti 150 tunipttinh (813 Cuunguspitpp) hgnunnuyuiphtt myjukipp: bgnuinnwukiph wpdtpubph hwdkdwwnnipjniup gnyg
E wnyb), np wnwehtt thnynud dbwdnpjus dhypnphwhpubph b oppwwywwnng tundusputph hgnunnwuwyhtt wpdtputpp niubu  2.3%o
wnwppbpnipinit, Lupwnpbing $nnnwdununpnd (opquuhquutp npnup hpwlwbwugund i $nwnnuhtphlq) UksS wqpbgnipmil
dhipnphwiutph  dhgngny Juppnbwwnwghtt  §nunwlnudubph wpwowgdwt  pupwgpnid:  Bplipnpn thnynud Abwdnpdus
Uvhipnphwihputph b hwdwywwnwuwb sppwyunnng wywpubph hgnuunuuwjhtt wpdbpubph nmwppkpnipiniup phs E (Friesenbichler et
al., 2018):

8. Mhpu-nnphwuph dwuuwjulwb nstswgnidp Gpyhp Unnpulh wwwndnipjut wdkbwhingnp wnbwnubphg bl L, nph wppynibipnid
dnujhtt mkuwlutph 96% b gudwpwyht nntwowpuynp YEunwuhubph 2/3 -p nsuswgh] Eu: Gunwlyhqut wyupw nidtn kp, np JEpugty
tu  dwnbph, Uhowwntbph, pnyubph, dnntuubph b tnyuhull dwiptubph ks dwup: Uwuuwjuub nstswgnudp nbnh L niubkgly
251.941 + 0.037 1 251.880 + 0.031 Uhhntt tnwuph wnwg 60+48 hwuqup tnwpyw phpwugpnid (Joachimski et al., 2019): Uju hpwnwpdnipiniuny
E nmupymd wbpd b wmphwu Epjpupuwtuljut dudwbtwjuopowtubph vwhdwbip (gt pwdwtinid £ twb wutngny b dkqngny
Epunbtdwukpp):
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Ty
L X = o T | k

‘Llwn 4. @npp swthubph dhipnphwhpubp: a- Jinpuynil, utjwdl; b- hngyhwiungwdl; ¢ b d- gqqubwdl, qupbpwdls, 20 ud mpudwgdny; e-
10 ud ninmighly (thpyws)
Figure 4. Selection of small-size SMB. a- globular mushroom-shaped; b- umbrella-shaped; ¢ and d- cylindrical dome-shaped, 20 cm in diameter;

e- 10 cm-high domal bulge

Uhphpwluit ujjundnpdh hpuphiughtt duyppnidubpp phpk) ki wswppnt qugh wpnwibudwi, npp wnwewgnty b okpdughtt Epkljn’
ginpw]  obpdwunhdwih  pwpdpugdwdp:  Ushiwppnt quqh JUks pwbwlnipimitp odjhwinumid wnwewgpk] E  dhpwduyph
wunhfwiwlwb thnthnjumpnibikp. winpuhw (ppYwsth wipwdupupnipenty), poibwynpiny enipp b qplytnd Yhunuihukpht
pRYwsuny hwupniuwn ophg: Fnpu) mwpwgdwup hwenpnby k oyjhwtnuh oph obipdwunmhdwth dnwn 8°-10° C pwpdpwgnid:
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Uwuuwjwlui nstswgnidhg htnn dbwynpyly kb wwpophtiw] wuywpbp’ 5 ud- 12 d hgnpmipjudp dhypnphwihplbp (04.5): Uju
wnwowgmutbpp Ukhiwpwin]t] ki npubu dhypnphwy phdughtt junnyghbkp Abunpdus ghwbnpuljnbphwibkph gnpéniiknipyul
wpmyniupnid (Sahakyan et al., 2017c; Friesenbichler et al., 2018):

The Late Permian-Triassic mass extinction was the most severe biotic crisis in the Earth's history. Up to 96% of all marine species perished, while
more than two-thirds of the terrestrial species disappeared. The cataclysm was so severe that it wiped out most of the planet’s trees, insects,
plants, lizards and even microbes. The extinction occurred between 251.941 + 0.037 and 251.880 + 0.031 million years ago, and lasted over the
period of 60 + 48 thousand years (e.g. Joachimski et al., 2019). The boundary between the Permian and the Triassic (Paleozoic-Mesozoic
erathems) is established by this global extinction event. Immense volcanic eruptions on the Siberian Platform could be among possible causes.
The eruptions produced carbon dioxide, a greenhouse gas that determined thermal effect manifested in the increase of global temperatures. The
increased levels of carbon dioxide dissolved in oceanic water was gradually causing changes of the environment (anoxia, deficit of oxygen) and
poisoning marine life, depriving it of oxygen-rich water. The global warming that followed may have increased average ocean water
temperatures by as much as 8°-10° C.

The Late-Permian mass extinction was followed by the formation of enigmatic rocks - the stratum of microbialites from 5 cm to 12 m thick (Fig.

5). This deposit has been interpreted as microbial reef rock built by cyanobacteria (Friesenbichler et al., 2018).

9. Ukpljugnudp wmbkuwubkjh £ dwbwwywphh tqphg, hwinhywljuwg hwdbdwwnwpwp pupdp hwnduwshg (0. 3), jwy yuwhywidws t:
NEpd-inphwu vwhdwbuwghtt dudwbwluopowinid vwuuwjuljwt nstiywgdwt thuunp wpdwtwgpnn dkpjugnidutpp hwqjugnun t:
Eplpunbnuipp nuuntdtwuhpdby b kpljup wwphibp, nith ghnwlppuljui Uks thpnid, thpunnd b iundwspught wyuplbp wyy

pYnud ghwtnpuwljnbphwtbph gnpéniubnipjut wpynitpny dbwynpdus dhipnphwihpubp: Gpijpunbtnuipp gnyg £ wwwjhu Bplyhp
Uninpuljh phttwdhl ttpnidh wpynipnid dwuuwyuljub nytiswgdws htwpuwynp ugkiwpn:

10. Epypuntnuupp gnuynid £ Quiquljuinnitt hwdwjiph hnquunwpwspnid:
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1.6ppunbtnuip - LENYIULL

Ljup 1. A-9pmjwlp  Ephpunbtnuifuyph  nhppp  (Qupdhpny)  GEnwywphh
wnwpwdpnid: B- Gpypuwnbtnuiuph nhppp hwpbwt phwjuwduyptph hwdbdwn,
nbnugpuljmtt pupwntqh hhuph Jpu: C-Gplhpwwnbnuupp 1:10 000 puophuuwly
dupmnwph  Google Earth uljuph {Jpw: Hnht gétpny tpqwd Lu gpnitnnwght
wlwuyuphibpp, Jhnwgsny] wpuhbnp: Gupbewgnyi pupwljniuhikpny, 1. Ty
okpunuyunipinit Yiphtt ninth wjwqupupbpnid; 2,3. 9Epht nunt- dhohti Enghl
whubkppuwotwlnipiniup; 4. vquspubp; 5. Lqupghnnughtt hmtipwduyp:  hnht
Enwljmiuhubpny; 1. Epphe wdpngp; 2. Epphe gninuunbnht; 3. Qpnduupp
Jupuwnuhtt pupwdwy: Ywuynywn opowuny; 1. Lpnyjwbp wnpynip, thnpp opyhd

Figure 1. A —location of the Jrovanq geosite (marked red) in the area of the Geopark; B

— position of the geosite with respect to the neighboring settlements on the topography
map basis; C — the geosite shown on the original 1:10 000 scale Google Earth image.
Yellow lines indicate the ground (earth) roads, and dashed lines indicate the path.
Carrot-red rectangles indicate: 1. Oblique stratification in the Late Devonian

sandstones; 2 and 3. Discordance of the Late Devonian-Middle Eocene; 4. Faults; 5.

Quartz mine. Yellow triangles indicate: 1. The Ertidge Fortress; 2. The rural settlement
of Ertidge; 3. The Jrovangq in the karst cave. Blue circle contours the area of the Jrovanq
spring and a small waterfall

2.SEnudwup qunuymd £ Upthw ghwnh dhghtt hnuwtph wjwquinud, twpljht
Epphe qninh wkpwlutiph Unwn: Upthh gyninhg dnwn 2 Yd hwpwy wpbbp:
Epjpuwntnuupp hwuwubh L wdbtwguwugubpny, tnubtwlp pwupbbyguuwn E
qupbwl, wdnwb, wptwb wdhuttpht: Utnd L ddpwlp, htwpwynp £ 4nit:
Utplugnudp jud wuwhwywidws k, Epjpunbnuiph tpupnipiniup 1,4 §u k, juytinipiniup 750 J, punhwtnip dwljbkptup 0,92 Yu*

Bpjpuntnuuph widuwgpuynpdwi 3-6 Yhwnbph pyuhtt gqowhwnwlwiuubpp npjus B wnniuwly 1-nud:
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Unniuwly 1. Qpnjutip Epjpuntnuph pduwyhtt quwhwnwluutbpn:

, 7. Stnudwup gunuynid k
Lplypunbnywhph |
A Spmjmhip (. | Sl
n , | Bntquwdnph  upuljjpunphnudh hwpuy-
.'c||:||||| jreim |
'|-.p|||uu|'lu'|lwhw1t ?meuu.ipm |a|n|.1|. Lr.||| |=|.1.|r||1.'|.||.u Ll]ll.|1u | mphdm]ulh I&lll’lLlI, U-Illbbb (EPF’IIQ)
{1 Bing. ' wbwnhlyhtwh dhoniynud, npinkn dkpluind
Shayp pun | )
'I:r:||]:[::::lth?||.|u'll L]'ilu'tulzmp:f. ||:mlih|1'|.|nlput]]1'|.l]uu.ztummd'.:fmuu1u!|.1|.|.|m'|.|hl'l.|:u_m-|:_|hld ‘ ]ﬂl L]_hphh I}hnhh n]_z q)puﬂl, 1_111111 q)uldhhh
[ur L.h_qh- h_H.IIi_h .._E'-'FI'«T-I'-'UIIII-F Il.'i.||.I_|I.EJT|'..IJ5l.I.I|.|1.I.Ih ||||||.|||||i‘.’||||._||l‘|-;l.-|;|'u||||11|- ke :nl;m-'};-'ﬁﬂlﬂ_ _I mhpbqhh humqmbphhp]} (APaKeJIHH 1964;
dkinnokaty A {30 duden) {0 pufor) 'Wﬂﬁq"l'f =] Ginter et al, 2011; Serobyan et al, 2021):
qhisabrnialp S hluql.lu.rqml.m hql'.zmurw'i-lwlqm'lt :Llll.|Il'||!'j::.‘]lr;|llll1ljl'|lfri;|l;ll r|||.u.|.'u11.u|1|.'u.|'|.|n|.-|u.|.'i.| b fbpuﬂlb— ilmn[hhh uﬂlgnu[ul]hh
Wl mppu | Gplagiuppuls * b sl gl wpdipn dudwbwlwhwindusdp hwynth b 9kjuuwph
el ¥ \ ¥ i
o 5 5 | 5 5 W g (Kellwasser) dwuuwyuljui nstywguwit
— .{m:u;::phh u-|-ua'||;t::';ﬁ:...mllnhiI'I'I1ull1-[‘||i wsrguny e s | ":"F;:.:T:ﬂﬁ:r:rm hpunupdnipiniing  (e.g. George & McGhee
||I'||u|h|u|n11||r5:-' “"]'-"“I“'“""'I- kugisiatial- 3, bundwlympyad 1996) Uplhhh uﬂll.l’lh].l]_llilLU]_E hmdmpt{nl_d k
ﬂu}mEmu\qmm-l m\]'l..hu.'bthug-_!. I'.|.1ul'|.||'|uu|.|u|-m|| i i ‘1
R e o _i-'-'uull:b' 1-| )/ wniguahng- 2. fungnp ppwjuhwiinhlyhiw) juenyg® hynupu-
aipdkpp ey h""r:‘l::g:ﬁ:“:' L A wplbp - hwpwy-wpbuninp nwpusdwdp:
2 | 3 l 3 1 5 13 | Owiph hwpwj-wpbbjui  phnd  nunuh
m--;;f:;;::}.ﬁ;;:ﬁ--r-‘-w W-“L:::{:;j‘"t“ sl uigfnuls usqyusq sty wyyuptibpp 30-60° wynid &b nhwh hwpuy-
wekusyoupbn wnplbp (SE 160-120°: bulj hjntuhu-wplhdwnjui
(igun i;‘:‘f:'ﬁ:’"*‘"""' " 4 % pup 10-30° wujdwt wqghdninny wulnd £ 30-
brimlmpuwanmia b 400. ‘{hphh I}hnhh hnqdhmhuqnlulb
I“"I].III'I'_'I:I

dwljipbuhtt wubbkppuotiwly (wblynibuyht b

wghuntinwyht) tunws ki opqubiwsht, opqutwshu-philnpuyhtt Ypwpwpbpp, npntp pun bwbnopquthquubkpny unwgyus
wnjuubtph niukt dhohti kngkuh tpe hwuwly - NP17:
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Vjwp 2. Upthhh wbwhljhtwh bhwpwd-wpbbjjub plh,
Qpnuwiph dnph tnwswth Uunpljp (dwpnwiywib, 2015): 1.
dtphtt (?) Engkuh bhwuwlh Jupdhp wjwqupuptp; 2.
Uhoht Engkuh Jtpoh opqutiwshl, opquwsh-pklnpuyhe
Ypwpwpbp; 3. <dkpht punth  Ypughtt wjuqupwupkp,
ptppwpuntp; 4. Iugnudubp' w) wbuwbbh, p)
EupwnpuyFigure 2. The three-dimensional model of the
southeastern flank of the Arpi anticline, the Jrovanq gorge
(Vardanyan 2015): 1. The red Late (?) Eocene sandstone; 2.
Organogenic, organogenic-clastic limestones of the late period
of the Middle Eocene; 3. Calcareous limestone, schists of the
Late Devonian; 4. Faults - a) observable, b) inferred Suupwéph
Epjpwpwtnipniup puppigyus E puquuphy jugqnidubpnyg
b wnkjuntwlwt pwpnnditpny: Owslnn opqutiwdhii-
phynpuyhtt Ypwpwpbpmd wiewnyly b $ikpumpuikp’
wuyuwbwynpqus NNW  Unpdunpnodwt ubnuddwt
wnwgpny, ypuwowpdtpny, pupntgyusd htwnypwownpdtpny
b Yupnn Jupubwnpubpnyg (ul. 2): Uplbkp hjniuhu-wplbp
(ENE) wwpwédwt  Jpwpowpdtiphtt  dbkpd-qniquhtn
wnwpwdynid Lu sdwpkp, npnup Eupwunpnmud kb, np pyp
Eupwnlyt] E NNW jpdundwi (. 2):



)

Figure 3. The Jrovanq (karst) cave (B) in the terminal part of a small gorge, near the small water fall (A)

Unwgoht ypwownpdh (uly. 2a) jupugwé plp (hanging wall) Gupwplyb] E jud wpinwhwjngws pupodwtt swpwynpdwit (drug folding), h
wnwppbpnipnit ywunws plh  (footwall), npp qpbpt sh Gupwplll] twiwt pEdnpdwughwtbtph: Ynpuépmd ppwpondws
wdkuwbphinwuwpny wwwpbtpp 4ipht (?) tnghuth hwuwlh jupdpugmt wuwqupupbpb Gu (W 2a): Feyh hwpuwy, hwpwyd-wplkp,
fupdwséph swpnitwlnipjutt ypw wpdwbwqpyl] £ Ephpopg Jpuwowpdp (uly. 2b), nph juquwt hwppnipniup qpbpt qniquhtn k
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twpnpnht, hull npuig dhol welw k bu dkl upwunpyu) Ynyp Jpuowpd: Gplhpnpn ypuwownpdh nhypnid oy swpwynpjus L twb
wunlws pinln (0. 2b):

dpuwowndbp dkpjuiunid kbt twb hwinhywlug jwugkpnid: Fugh hhdtwlwt wpwetwjhtt Jpwpowpdtphg tngkuh Ypwpwpbpnid
wpdwiwgnyky ki twl kpypnpyught pufennudubp” hbndpupwpdbp (backthrust) b Jupubnpltp (normal fault):

Ljwwnh nmbbkbwny wyu thwuwnp, np Jpupwpddus pnlp pwpdpwgk] £ dhohtt Enghuh Ypwpwpbpp swslynn Jtpht(?) Engkuh
jupdpwynit wjwqupupbtph Jpw, Juwpnny bup vwhdwbl] Jpuowpdh wijnhjugdwt uwnnphtt vwhdwbp htwn-Jtpht Enghu:
Updwtwgpyus jugnidttughtt fpwpunnnidubptt ikt wplibp hintuhu-wpbbp (ENE) nupwénid, npnup jupnn Ehtt wpwowtiwy hyjniuhu,
hintuhu-wpbdninp (NNW-SSE) ninnnipjniutbpny ubnddwb jupuéwghtt nuonh wnjumnipyut guydwutbpnd (Qdwupnuiywi, 2015):
Zujjujut (Entwpjuwphnid, pun U. Udugub b nip. wju mgnnipnibibpny ubknddwt jupduswyhtt nuownp qiphojunn b tnkp dhtsh
Jtpht dhngkt dudwtwljuhwwndwsén, nphg hknn ubkndwt wnwugpp thnpuydt £ (NNE-SSW) (Avagyan et al., 2010): Uju hmuquuwpp Ukq
pniy) E inwhu vwhdwil] Ypupwpdh twpiwwnwphpp Yephtt Uhngki: 2npuljh Jipgtwdwuntd @pnywiph k' ghquntupy dhowwjpnid, ghnh
we wthht (. 3): NMwhwwyk) G Epphe wdpngh wuwnbkpp uly. 4 (A), ggniqnuunbnhi b gkpiquuup pywuqpus 12-14-pn ny. (uly. 4 B,C):

Llwn 4. Epphe wdpngh quwntpp (A) b hwdwinit ggninuuntnhh 12-14-pn 0. gipiquuttwpwnptpp (B,C)
Figure 4. Walls of the Ertidge Fortress (A) and tomb stones (B, C) in an ancient rural settlement dated to the 12%h-14% centuries
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Regression Transgrassion Regression

D (360 Ma) ? Ma Crz (70 Ma E1 (40 Ma)

U 5. Lunduspulniinwljdwi kynpnighwt’ Jpht qlinthg (360 Uyt wwph) yipht jud&nud (70 €yl wiwph), unnphi kngbtth ykpenid
(40 Uju. mwuph wnwyg) b wyuop

Figure 5. Evolution of the sedimentation during the Late Devonian (360 Ma), in the late Cretaceous (70 Ma), in the latest period of the Early
Eocene (40 Ma), and nowadays
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8. pnjuitiph Epjpwuntnuupp pun Epjpuwpwinipjut npnpnh ykpwpbkpynid kE obpnwugpnipjuip b Epjpunghtwdhlught, hull pun
phpuputuljwh Junuigh dwlbpimpuiht pupundwip, nputugpkuhw-nkgpbuhught: Uyt ikpunnid  dnn 360 dji tnuph hwuwy
niukgnn tunuspuyhtt wyuwpubkpp, tkpuyugwé pyupghwnitpny, jpwpwpbpny, judujhtt phppupwuptpny b wjwqupupkpny:
dhpohtutbpu swsyyws Eu unwn 40 Uju. muph hwuwly niikgnn niniuynit itnidnyhnwhtt jpupwpbpny: Lundwspugnyugdwt Unwin 320
Ui, wmmwph pugdhodwdp okpunbph wtljdwt Yupni wwppbpnipjudp Qpnduwtph Epjpunbtnuipp guotimd L dhowqquyht
owbwlnipyut (uy. 5):

Zunjuybu wykh tphnwuwpn tunduspubpnid mbuwbbh Bu puquuphy nquspukp, ypupwpdtp, npnup wnwgwgt) L punhwnip
hintuhu-hwpwy Ypdwndwt, ubnnuubt wppynitipnd (Entwgnjugdwt ptpwgpnid, npp ninklgyl] £ ojpwtnuph hEknbtwhwbgny
(nhgptuhw):

QLnuuntuh) dAnpuh JEpotwdwunid ki qnuynid opunwn wnpjnipukp, npnuighg dkjh hwphwinipjudp puputidwduyhtt uppuntnht k
(2pnyuitip) (. 3, B): Lupuyplt nith jupunwhtt dSwgnid, Juwb wnwjuljnhwnukp, vnwjugqlhntbp: nph ujqptudwund £ guntignid
Epphe htwuypp gniquuntnhny, ghipkquuitbpny b wdpngny (Ykwn 2, uly. 4):

The geosite of Jrovanq provides field geology evidence related to stratigraphy and geodynamics and the geological hazards such as faulting
(surface ruptures), and transgression and regression events. Sedimentary rocks existing at the site have the age of 360 Ma (million years) and are
represented by quartzites, limestones, clay shales and sandstones. They are overlain by the yellowish nummulitic limestone about 40 Ma old.
Visible interruption in the sedimentation of more than 320 Ma and big difference of the bedding dip angles might rank the importance of this
geosite to the international scale (Fig. 5).

Many faults could be observed, mostly in the younger (Eocene) sediments; thrust faulting became active due to the general N-S shortening and
orogenesis that was accompanied by the regression of the ocean. High-flow water springs and a cave sanctuary (Jrovanq) are situated (Fig. 3, B) at
the closure of the picturesque gorge. The cave has karst origin; there are stalagmites and stalactites. The ancient Ertidge village with tombs and a

fortress is located at the mouth of the gorge (2 in Fig. 4).

9. Bphjpuwnbtnuyuypp nitth Yppuub pununphs, tdwbwnhy tundwspwlninwldwt pugdhenidp (Unn 320 it wmwwuph) b
wwhywidwbdnipjniup hwqunby Epjpupwbujut nhnwpyth deipjugnid k:

116



10. Npuyku dwwnmn pnjuiiptt gpuigqus k punipjut ywhnwlwt hnpwpdwbubph guiulnud: Fuimpyut yinwlwh hnpwpdwbubph
guilnid ukpwunyt) £ 2008 pdwljuth ognuinnup 14-hu punnibidws «Zwjuwunnwth Zutpuybnnipjut punipjut hnipupdwbph guulp
hwunwunbnt ywuhr 22 Yunwjupnipjut npnpdwt hwdwdwyg:

NW SE
S late Middle Eocene NP17

Jrovanq (photo by M. Sosson)
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1.6pjpuntnuip - UNQS

Ljup 1. A- Unq Epjpunbnuuph ghppp (Yupdhpny) @hnyuplhh mwpwspnid: B-
Epjpwwntnuuph nhppp  hwpbwbt  puwlwdupbph  hwdbdwwn, wnbnugpuljub
puipinkqh hhuph Jpu: C-Bplipwnbnuupp puophttwl 1:70 000 dwupwnnwph Google
Earth uluph Ypu: hnhtt Yhwnwgstpny tpqwsd E wpwhbnp: Luptowgnyh
pwnwljnmiuhubpny, 1, 2. Junguwp hpwppuh jwduwjhtt hnuph Lqpuyhtt hwwndwon,
punpny  YJunnygudtpny: FEnht  Gowllniuhnd, 1. Ppnugh b Epluph 1.
nuupwpuittp; 2. Tuphuyubp; 3. Bhkntkgnt dtwgnppubp

N c A N
w«*»e - r';k 2

Figure 1. A — Location of the Moz geosite (marked red) in the Geopark area; B — position of
the geosite with respect to the neighboring settlements on the topography map basis; C-
the geosite shown on the original 1:70 000 scale Google Earth image. Yellow dashed lines
indicate the path. Carrot-red rectangles indicate: 1, 2. Marginal part of the lava flow from
Vayotssar with typical features. Yellow triangles indicate: 1. Burials related to the Bronze

and Iron Ages; 2. Fortification walls; 3. Remains of a church

2.Unq mknuyuypp (Unq punuph wdtpwljutpp (7-15-py n1.) qnudnud £ 9uyng Qnph
dwungh Uwhow qninhg 2.5 ud wplbbp, Gphwb-duyp wjwunnduypninnt, Upthw glinh
we withht: Cungplymud E 0.96 §u? inwpwsp, kpljupnipniip 1.80 Y, juyinipniup 0.64
Yud: Onh dhohtt obpdwuwnmh&wiup hniudupht -30°C, Ongh dhohtt otpUdwuwnmh&winp
hnihupti +42°C:

Epjpuwntnuuph pujhtt gbwhwnwljubtbpp pun wbdtwgpuynpdwt 2-6 Yhwnbkph

npyuwsd ki wnyniuwly 1-nud:

6. Uwhoju gyninmud £ qundnud Up. Qlinpq Eytinkght (1850 p.), VII nuph wdpngp, 9-14-pn 5. jpwspwpbpp: Yninh opowljuypnid b
quinid  «Rkpugnipy b «Uhklwpbpny  dhobwnupjut wipngubpp, hul 1,5 Y wplbp XVII quph judnpep: Uwpholugnid
ubpyunidu gnpoénid k unipp Ubbw Eljknkght:
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Unniuwy 1. Unqg Epjpuntnuiph pyuyhtt gowhwinwlububpp:

.

| C
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7. Yunguup hpwpnijuh jwjuyhtt hnuph
tqph Ypw ghunwplynid Bu Ephunwuwpn
jwywubphtt  punpny  hnuph  Aukpp,
gnjugus gknpkpp b wyl (Wy. 2, 3): Znuph
Jpu nbnunppjwsé £ Unq punupp: Unqp
(wy] wbnibkpp Unquiti, Unql) punup k
Uks Zuyph Uniuhp wohiwphh dwjng
2np  quyuond  Gpphduh  Swnynit
puwnuwp, npp bnk  E Ukwwpup
Swuwwyuwphh  Juplnp  Juwbquputphg
dbyp (WY, 4): Lwnuph gnmnipjubl
hhdtwuu oppwupn Jun dhotwnwupt k.
duwuttwynpuytu  Unqp  towbuwynp
wnbnpw-wphtunwynpuljut  Jhuwnpnt
Ep 7-8-pn . & miukp dh pwuth hwqup
plhwlsnipnii:



Vayots Sar
vaelcana

— LI
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Ljwp 2. Unq ptwluwnbtnhh nhppp Google Erath-nid: dwynguwph
jwJuyhtt hnuph nipnipjnibiubpp todws Eu ujupny: Ftwlwuwnknht
Junnigqws E juuyhtt hnuph ypu

Figure 2. Position of the Moz geosite in Google Earth. The arrow
indicates direction of lava flow from Vayots-Sar; the old settlement was

built on the lava flow

Qupkih b Gupwnpk), np Unqp btk E bwb Juplnp Yppuw-
Uowlnipuyhtt JEtwnpnt. VIIn. wjunbn £ wypk] b unbindwugnpsty
wwuwynp Lhknkgujut nt dpwlnipuwghtt gnpshy Uwnbkthwbnu
Ujniukghti: Unqp Ynpswigbky k£ 735 p. hnyhuh 21-h Gplhpwowpdhg:
XIIn.  NMuwwudhsttp  Uwbthwinu  Opphpgwipn b Yhpwlnu
Qubdwltght hmbiquiwunpbtu tjupwugnpl] tu duyng 2npnid nbknh
niubkgws wytphs Epypuwowpdh htwnbwbpubpp: Uw L wuwndwnp, np
pwnuphg owwn pwb sh wwhwwidl;: SYuybp jubt np
tpypwowpdhg dwhwgk) E dnwn 10 000 pwljhys: Lunuph tmwpwuspnid
huwjntwptpdt] Gtu punpudkip dh  pwbh fuwgpwpbkp, npnup
pYugnynud Eu 12-13-pn nn.:

Bplpwowndh dwuhtt dwbpudwut qpl] Bu Yhpwlnu Suudwljight
b Untthwunu Oppljjutipn: Uhw Jtpohthu junupkpp. «2wtjupswulyjh
wuwwnwhtg tpluphg wnmhpne wwwnnithwup b wupnne qujunp 40 op
owpnitwl] wwwndtg jpwjwpny, nph hbkn Equwyd twb nnpnng b
tpypwowpd, npnghbnb  Gpyhpp  Genwd  Ep whbn  Yhpwnd,
unnpbipipuw gnpynit wnwewgunid, wunniinhg pupdpwtnd kp
dhtsl yEp b inphg, npytu éndh wihp, thinignid Ep, nuwyujynid Eh
(inutpp, pwpkptt hpkug bhhdphg pwunynud, wnubkpt nt qlinkghl



wywpwuptbpb wdkunipbp Epkpynud Ehtt b dwppljuyhtt dwyuh tdwb Gpyph junpphg b 4tplhg jubh Eh jhumd  «Juwy dnp, Juy dnp»
hunuptipp b 10 hwqup YEuguuh dupnhl puynddtght, npnug ghnbkht b pyupltght, hull wuswunputpht ns np skp upnn hwodby: Uju
yuwwndwnny qujurh wiuntbp «duyng dnp» Ynsytg (Unbkthwutinu 1885):

Unqp npubu phwlwduyp gnyuunbl; L twb 8-pn 1. tGpypwowpdhg hbwnn: Ujn B Jumd wwhwywidws jpwspuptph nu
nwywbwpwpkph pyuljhp wpdwbwgpnipniubbpp:

Zuwmghnwljut htlnwgnunmipnuubpp gnyg ku tiwjhu, np Ungh opowtp ptwltgws k tnk) wntiwqt ppnugh nupuopowithg ujuws:
NEnnudubp wjuntn hpwlwbwgpty Eu 2. bupuygbjjuin (1978-1979 ppe.) b O. Wulhljjuun (1986-1987 pp.): Uykih nip, htwduypp yhnyk) b
httwgtwn Zwudhl Pupwybpjuth Ynnuhg: Uwubwynpuybu wbngb) tu XX-XVIII 1. (Uheht ppnugh nuph) b 9-8-pn nn. (Yun Gpluph
nup) npulpwpuwbtbp (uy. 4, D-F), npnup Jjuynid Eu Ungh wnwpwépnid wypws puwlsnipjut stubkph b pupdp wpdbunh dwupbe
Zwpintupbpdt) kb ppnbqhnupput b dheunupput dowlnyph Jyuynipmiubp’ judt U jubgh winpubp, Juiwljunt b ppniqb
wnwpuibp pyugpjws Low. 2pny hwqupudjulh ujhqp: Ywdpupwbwunuonnid ghnwpltl) o gnyqbpny punnidukp, dwpgljught
wohuwugwd Yuwjupubp, outiph Yuwpuptbp: Fwdpupuwbtbpp jurnigqus tu puqujnhg, npp Ywynguwph jujuyht hnuphg k: Lpwtg Uh
vwup wdkiugh hwjwiwlwbnppudp hnvwunudpupuibp ko §Einnwdibp, npnip jgdws b gk dhugt pupbpni:

Ljwup 3. Ydwjnguwup hpwpjuh
(wyuyhtt hnuph Eqpuyhtt dwuh
Enwswth Unnbip Upthw ghinh wy
wthht: Ppuwlwbwgyt] E ppnuh
oqunipjudp

Figure 3. The three-dimensional
model of the marginal area of the
jwjuwyhtt flow from Vayotssar
volcano on the right bank of the
Arpa river; the survey was realized

from drone

8. Unq Epjpuuntnupp
ubpwnnud £ Eppwhtughunnipjut, hpwphpwjuwinipyut b wljnhy wnbkjunuhluh nnpunubpp, hull pun Epjpupubtujut Juuutgh
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Jbpwpbpnud £ Epjpwowpdtphtt b hpwppwghtt duyppnidubpht: Suynguwph jwduyht hnuph bqpuyhtt hmngwsép puwljigqus k oty
wnujuqt ppnigh nuwpwopowithg ujuws: Uyt wpwbwynp wnbnpuw-wphtunuwynpujut jEunpnt Ep 7-8-pny . b miukp  Jh pwtih

hwqup ptwlsnipni: Zwinhuwtnid kp Ukwnnwpuh dwbtwwyquphh Jupbnp hwigpduie: Ungp Enkp E bwb juplnp Yppu-dowlnipughc
yEuwnpni:
Puwjuintinhtt Ynpéwidl) £ 735 p. Gpipwowpdhg: Unjubu Gunuulwwndughtt gpmud k. «Utnbkuwbbjh jpwdupp yuntkg Unquith
opowtp, b 40 op wyn Yuypp owpdytg: vnpwunyq hukny Gphph nuly pulynddtghtt 10 hmqup Yhuguth dupnhly, nph ywuwndwnny wyu

Juyng dnp Ynsytg»:

* Ujwp 4. Unq puwluduynh

uhohlu ppntqbnupyul
puwuwntnh (A, B, Q)
nudpwpwbtkp (D, E, F),
dwjpujut wyuph YJpuw
thnpywsd  whgp, Shuwlwt
Jud JEugunuyht
tyuunwlny (G),
nuywbwpwpkp (H, L))
Figure 4. The Moz settlement
of the Middle Bronze Age (A, B
and C), tombs (D, E and F), and
a hole excavated in the bedrock
and presumably used for ritual
or household purposes (G),
tomb stones (H, I and ])

The geosite of Moz provides
field evidence related to geo-

archaeology, volcanology and



active tectonics, and to the geological hazards represented by earthquakes and volcanism. Settlements on the margin of lava flow from Mount
Vayotssar had appeared since the Bronze Age. In the 7% -8% centuries, the area was a famous center of commerce, crafts and culture and had
population of several thousands. Moz was an important stay on the Silk Road, and also an important center of education and culture. The
settlement was destroyed in 735 by a strong earthquake. Movses Kaghankatvatsi writes, «Invisible darkness covered the Mozan region and the

place was shaking during 40 days; thousands of people were buried alive under the ground. This is why the place was called Vayots Dzor».

9. bpipwnbtnuupp niuth ghunwlwt nwuntdbwuhpnipnitiubph, ntunignnujut, dowlnypuwjhl, wniphunnwlut qupqugdut
hbinwtljupubp: Gpjpwnbnuipp wpwidtwhwwnnly £ hwnjuwybu ptwjuduinh nbnunppjuénipjut wpnidng b Eppupubwljub
Junuwbiqubpp nphunnwpldwt nbuwlyniuhg:

10. Bppuntnuupp qniuynid E Uwjhojuw gyninh hwdwjupuyhtt hnnuunwpwspubpnid:
Qpuigus L Zujuunnwith Zubpuybnnipjut Cpowljuw dhowduyph twppiwpupnipjut puntpjut yhnwljut hnpwpdwbbkph guuynid:
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1. Gpjpunbnuip - ZNCRUSEN,

Ljup 1. A- Znppwintn Epypuntnuiiph nhppp (Yupdhpnt) SEnwywpyh
wnwpwdpnid:  B-  Bpypwwnbtnuiuph nphppp  hwpbwb  ptwlwduwypbph
hwdbdwn, mnugpuljut pupwntqh hhuph ypu: C-tpypunbnuupn 1:1 500
dwupwnwph Google Earth tjuph Ypw: Hinht hné qény tpqws k jugdninhu:
Luplpwgnyt  pwnwlyniuhbpny; 1. Zwbupwjht ¢ph  wniuwmghnt
ouwnpyutinng hnpunwugp

Figure 1. A — location of the Horbategh geosite (marked red) in the Geopark
area; B —position of the geosite with respect to the neighboring settlements
placed on the topography map basis; C —the geosite shown on the 1:1 500 scale
Google Earth image; the solid yellow line shows the highway; carrot-red

rectangles indicate: 1. A pulsating fountain of mineral water well

2.5pjpuntnuupp quudnud £ Znppuntn gqninhg Unwnn 500 U hjniuhu,
hinmtuhu-wpbdninp, huppe (Ekptwpwieh Ypw: Sknuwuph wotwphwgpulju
Ynnpphtwnubpt G 39°54'6.25" N; 45°19'55.93" E (ul. 1): Gpypuwnbnuupp
nbnuljuygwsé £ 1927 d pupdpnipjut Jpu, npuuynpnh hwdwp jhnght
hwuwubjh Juypnid b Jupbih b bput dnnbkbiw) guijugus tnutwlught
wuydwbibpnud:

Epjpuwntnuuph pyuyhtt quuhwwnwjuuttpp pun widuwgpuynpdw 3-6
yEnkph npdws kb wpniuwy 1-nud:
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Unniuwly 1. Znppuntn tpjpuntnuuph pyuyhtt gowhwwnwlwuubpp:
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Sl 7 wyuunwbh  Zwbpugbnmppul nupuspnd
hwjnuh Eu hwbpuwjhtt opkiph wybjh pwt 700
whdtwgpuynpus wnpnipubp b hnpuwwnwbgptp,
npnig gnudwpuyhtt ghphnp juqunud £ dnn 140
w/op (60 dju y/op) (TFeomorma, 1969): Ypuughg uvh
puithuh Jpw gonpénid  Gu  wnnpowpubbp:
Lhuhwlut juqubpnyg wyny opkpp owwn wwppkp b,
huly ququjhtt  Juquny hhdtwlwtnid

67 woShwppyuyht tu b hwdbdwwnwpwp jswwn phs
pwulyny wqnuu-wspwppyuyhl i1
SdsUpwopwstiwghti: Qtpdwunhdwtiughtu
punipugpbpp  nnuwunwiynid  Eu 4°C  (Ynhdnph
wnpmnipttp)  dhush  64°C  (Qhpunil)) b 83°C
(Ulwptpnh wnpnip) (Feonorus, 1969): Znppwwntnh
hwlpuyht hp obpUwunhdwtiuyhtu
pumpwgpny uwnl wnppmpubph swppmd t 18,5 C:
Uju omipt (uly. 2, 3) hp fJuquny nuwuymd L
Zujuunnwinid ny hwdwp hwunhwynn pnpwpkp,

oninl

hwqugmnun hhutughtt dknwunbp wupmbwlnn opkph owppmud: Ywpnn b oquugnpdyly U obpumlupnidwlmb, U wwppbp
hwquqgnin nmwppbph nt dhugnipiniuibph §npquut tyyunulny: Ldwt nkjptnnghwttph dowlnudp b hpupnidp dnn wyyuquynid

ypuntw wijuntuwthbih b woweotiwhbppe withpudtynnipini:

Zwlipuyht opbipp quuwlyupgyoud i pun hpbtg wwppbp panipugphsibph, wiy pynd pun Juquh, high thengny npngynud & gph
npulp b Yphpwnbihnipjut nnpup: Zoppuwnbnh  onipp ywuwjuind b Zwjwunwinid  hwqunby  hwbnhwnn  pinppy-
hhnpnuppnttwwnuyhty, btwwnphnud-juighnidwyhtt mhyht (eosorua 1969; Cwhhuywt b nip., 2019):
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Llwp 2. Znipwpdwih nknuljuwydwt Juypp punn Google nhtiqkpwjwt knwswth tjuph

Figure 2. Localization of the monument according to the Google satellite image

Nith pupdp hwipuyiugmd’ 11 dg/), opustwgh gnighsp 6,68 E, hulj pighwinip Ynonnipnip Yuqdnid k25,8, hisp Unn 3,5 whqud
wykph k, putt jpdbne pungpuhwd oph hwdwp 2ZZ-nud pugniadws unpdt k:

Uju onph Juqunid hwjnbwpbpyl) G twb dbS hknmwppppnipinit tkpujugunn dh swpp hwqugnin wmwppbp. pop (77316 dlg/h),
ddnudp (213896 Ulyg/1), mpukt (14121 dlyq/y), ppnd (15773 Uljg/p) b wyple:

Qquh niphuniny wju hwpwjht gniptt wnwydd ghjqtiph mbupny pwnpjutnid k (pugdhonidp dbkp swthnudubph dwdwbwl juqul) Eunn
2,5 pny k), hnunid iy h Upwnnwpnit ghnp b Ynpsnud:

znppuntnh tppuntnuiuph hwphwunipjudp Upunnwpnit ghnh dwpe whht welu k ghinkghl] wbhtkppuotwlnipnil, nip dkpjutnd
tu Uhohti Engkuh hpwpjwtundwspuyhtt wmywpubpp (2), npnup jupdws tu Jpuowpdtpny: Zudwihpp swsdws L Linghuh uynitwdl
hpwphiught junjwiikpng (1) (uh. 4):
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Uwp 3.  Znppuintn hwlpught oph ynijuughnt puinpywing hnpunwigp (A, B); C-hwpuyhtt npuykpunhiught iyniph dtwdnpnidp
onh ntwh gk hnuph fmtwwwuphh
Figure 3. The Horbategh well that produces a pulsating fountain of mineral water (A, B); C — accumulation of mineral travertine material on the

way of water hnuptip toward the river

Epypuntnuuph huptwinipjudp, Upnwpnit ghnh dwjue wihhtt wnlw Eu 9-15-py ny. fuwspwpkp (. 5): Zoppunbnnid yuhwywgly
tu Up. Zpbpunwljuybwnwg Eitnkght (1692 p.) b XIII-XIV 1. iwgpupbp (Zuyuuwnwih hwbpuybnmput ptwujuypbiph punwpul,
2008 (kg 124)): S8wulp, npp 2002 p. hwunwwndl] b Zujwunwth  jupwupnipjut Ynndhg,  tkpupnd 28
hnipwpdwl (https://hy.wikipedia.org/wiki/Znppuintinh_wyuwndnipjut_t_dowlniyph_wiowpd_hnipwpdwbttph_gul_(duyng dnph_dw
nq): Swnug pup Jubp, kpjpunknuiphg mnnhn qény dnwn 1,64u wplbkpnd, Upunwpnijiup gyninhg 6-7 §u hkpudnpnipyub Jpu (kowlb
Jwtohtt qnuynn Ypnbwljuwb Juwrnyg, nph hhdtwnpnidp pdwgpynid £ 10-11-pn n.: Bybknkgnt jupnigdwt dwuhtt wnbkntlnipniutbp
wwhwywiyk) B Uunnhl yuwndhsh wojpownnipjut dky (Uwjuwmubwig 1885): Udpwwnwpbkpn jud Qunug puph phpn, bpjpuntnuiphg
Unwn 2,54d mnnhy génd nhwh hwpu, hwpu]-wpbkp: Cun wdkiwhwjwiwlwi wwppbpwyh phpgp Juenigdl) E Udpun Upniuh
hohuwtih Ynnuhg, npny wuwydwbwynpyws k) unwgh) E hp wtdutnudp (Uwjjuwubwig 1885):
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https://hy.wikipedia.org/wiki/%D4%B1%D6%80%D5%BF%D5%A1%D5%A2%D5%B8%D6%82%D5%B5%D5%B6%D6%84
https://hy.wikipedia.org/wiki/%D5%8D%D5%BF%D5%A5%D6%83%D5%A1%D5%B6%D5%B8%D5%BD_%D5%8F%D5%A1%D6%80%D5%B8%D5%B6%D5%A5%D6%81%D5%AB_%D4%B1%D5%BD%D5%B8%D5%B2%D5%AB%D5%AF
https://hy.wikipedia.org/wiki/%D5%8D%D5%B4%D5%A2%D5%A1%D5%BF_%D4%B1_%D5%8D%D5%B5%D5%B8%D6%82%D5%B6%D5%AB
https://hy.wikipedia.org/wiki/%D5%8D%D5%B4%D5%A2%D5%A1%D5%BF_%D4%B1_%D5%8D%D5%B5%D5%B8%D6%82%D5%B6%D5%AB

S ‘Ljup 4. Znppunbknh
Epjpuntnuiph hwplwinipjudp
Upunnwpnit  ghinh  dwju  wthht
qlinkghly whubkpnuwotwljnipntl,
nip dbpjuind Eu dhohtt tngkup
hpwphiwbiunwspuyhtt wmywpubpp
(2), npnlp Jupgud ku
Jpwpwpdtpny: Zudwhpp
. Swdlyws E  Ulinghuh  unitwdl
hpwphiwghte Jwjwikpny (1):
dpwpwpdp  gnyg b wupjwd
uyhwnwl upwpttpny

Figure 4. A spectacular discordance

that is observed not far from the Horbategh geosite, in the left-bank area of the
Artaboun River: it displays exposures of the Middle Eocene volcano-sedimentary rocks
(2) cut by thrust faults. The complex is covered with the columnar volcanic lavas of the §

Neogene (1). The thrust fault is indicated with white arrows

Llwn 5. 9-15-pn n1. jpwspwpbp ghnwlh dwps wthh
Figure 5. Khachqars (cross-stones) of the 9 -15% centuries on the right bank of a small

river
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8. Gplypunbknuupp yhpwpkpnud £ hhppnbpypupuinipyuip: Uyt jhubny junppwyhtt swgquwl, Juplhnp mbnknipniutubp jupnn E wnwg
optkinh junppuyht oppwtiwpnipjutt dwuht: Zwbpwjhtt oph wnijuwghnt swwnpjuing hnpuwwnwugp, nph phtpwut Juqup pinphy-
hhnpnuppntwnuyhty, twnphnid-Jughnidwghtt £ b tdwbwlu £ hwtpwhwjwn Upquh hwipwduwyph npnp hnpuwnwbgpkph optph b
tnyigbu hwpnth Zwipujwih «Swp oph»:

Eppwpwiujui Junuutigh mbuwljinhg, nuwnbking oph juqunid ywpnibwlynny hwqugmnin mwppbiph wejwynipiniihg, wyju wnpniph
onipp Jupnn L hwdwpyb] unnpbplpyu oipdwyhtt ypngbuubph ywnwnbkughw) gnighs, npp, yip pupdputtunt Swbtwwyuphht jpwntgbng
Jtpht hnphgnuutph wykh uvwep opbph htw, Gpyph dwljbpbu k gnipu qujhu 18,5 'C obpdwunhdwinyg b punn gkpdwunhdwbwght
punipwgnh nuuynid £ vunt wypniptbph owppnud:

Untph pupdp puwbwlny b tpwig hunbkuuhy tunduspugnjugdudp wuydwiwdnpyws, Gplph duljipbuhtt wpwowgh) E jnipuwhwwnnily
wnpwytpunhtiughtt gnjugnid, npp oppwtwdl nupwsynid £ hnpuwnwtgph onipop dnwn 2,5 U inpudwgédny, b nhiyy ghwn: Qnipp hwghgus k
wdhwppent guqny (htyybu Zujuunwith mwpwsph hwtpuyhtt opkph wytjh put 90 %): Znpwnnwugph pugupdwl pupdpnipeniup ényh
dwljiplinyphg 1927 J k: Cwwnpjuwiunudp ujuynid E qpubnun, wyw oph 2hpp hwutnid £ Unwn 2 U pupdpnipjul, htnn dhwtqudhg
wihbunwunid:

The geosite concerns hydrogeology, as there is a well originating from big depth, which could provide important information about deep water
circulation. The site is noteworthy as the well produces a pulsating fountain of mineral water. By chemical composition, the water is assigned to
the chloride-hydrocarbonate and sodium-calcium category and is similar to the water found in some wells at Arzni and to the famous "Hot
water" of Hankavan. In terms of geological hazard, the presence of rare elements in the water composition is taken into account as it might
indicate the potential of deep-seated underground thermal processes. Mixing with colder waters of the upper horizon on its way up, this water
comes out to the surface of the Earth with a temperature of 18.5 ‘Cand, according to the temperature characteristics, is classified as a cold spring.
Due to the high content of salts, unique travertine sedimentation has formed on the ground surface around the well within the circle about 2.5 m
in diameter and also on the way of water toward the river. The water is saturated with carbon dioxide (like more than 90% of mineral waters in
Armenia). The geosite is located at the elevation of 1927 m a.s.l. The fountain develops slowly; then a water jet bursts up about 2 m high and
disappears immediately.

9. Znipwupdwtt ntth ghnwdwbwsnnuljut wpdtp: Npytu hhypnbpypwputwljui opjkln, wju wnpmnipp Zujwunwinid hwqyugnun k:
Uyt upnn k swnuygk) npuybu hhnpnbppupuiului bplinygpubphg dkih uonudwhly, puinpuibing oph wnpyniph whwyhly ophtiwly, nph
wnwiuduwhwwnniy E oph ownpduibjnt thnyjwjunipjudp:

10.5ppuntnuyuypp gundnid k Znppuntn giniquijut hwdwjuph nupuspnud:
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1.6ppunbnuip - ¥BNULUSC 1

Vjunp 1. A- Ghnqupwp-1 Epjpunbnuph nhppp (Qupdhpny) SEnyuplh nwpwspnid:
B- ©plipwwnbnuuph nhppp hwplbwb ptwiwduypiph hwdbdwwn, nbknuqpujui
puipinkigh hhuph ypu: C-Gplypunbnuupn puophtiuly 1:20 000 dwupwwph Google Earth
Uuph Ypw: Hnht gstpny UoJws i gpminught fwhwwywphibpp, Yhnwgsny
wpwhbwnp: Vuplgwgniyt pwpwlniuhibpny, 1. vquspny Yuipgws b nknuowpdydws
wuwuwnbp, hnngkuh jwjuwjhtt hnuph Ypu; 2. Ulnhy juquéphg wpbbp wnwupwsdynn
hnjngkuh jmjuwyhtt hnup; 3. vqquépny Yupdws b mbnuowpddws wyuwwn, hnngkuh
jwquyhtt hnuph Jpws; 4, 5. Zningkuh jwuyhtt hnupbkp (g yuhwywigws nkjhtdny; 6.
L] wpnwhwpngws Juqiwsph ujwpep witih qun (Jkpht Uhngkbh) gnyugwd
Jwjuyhtt hnupbph Ypuw: Fhnht Gowblyniuhtbpny; 1. Uhohtt ppnuqh bplokpun
puwjuuntnh; 2. Uhotwpkpn; 3. Snudnynutbp; 4. Uhotwnwput puwljuunbnh; 5.
Zuwjuyp phwjuntinh

Figure 1. A — Location of the Gheghaqar -1 geosite (marked in red) in the area of the
Geopark; B - position of the geosite with respect to the neighboring settlements on the
topography map basis; C - the geosite shown on the original 1:20 000 scale Google Earth
image. Yellow lines indicate the ground roads, dashed lines are for the path; carrot-red
rectangles indicate: 1. Faulted and dislocated wall on the Holocene lava flow; 2. Holocene
lava flow spreading to the south from the active fault; 3. A wall cut and dislocated by the
fault on the Holocene lava flow; 4 , 5. Holocene lava flows with a well-preserved flow relief;
6. Well-manifested fault scarp on the earlier (Late Miocene) lava flows. Yellow triangles
indicate: 1. A settlement dated to the Middle Bronze age and consisting of two levels; 2.

Citadel; 3. Tumuli; 4. Medieval settlement; 5. Ancient settlement

2.GQknupwp-1 phpunbknuupp gunuynid £ FEquppniihph dwpgniud, Unppwdnp qyninhg dqynud k hyjntuhu, hintuhu-wpbbp dnn 3 jd b
niuh dhtsh 1,3 Yd juyunipinit (uly. 1): Gpipunbnujuypp punggpynud k 3.38 u? mwupwsdp: Adnwip gnipwn L, pphdt Swtwyuphubpp
whwbgutbih, winwtp qny: Ldwdwt-Uwljkuhu-Unppwdnp swbwywuphp wupwjnuyun k:

130



Bpjpuntnuiph whdtwgpuynpdwi 3-6 §hwnbph pyujhtt qowhwnwlwutubpp nipdus B wnniuwly 1-nud:

Unniuwly 1. @Enupup-1 tpipunbtnuiph pyujhtt gpwhwnwljubbbpn:

Lplpaebagmbiph
| sinlbin iy Snwpp 1 iy
Shayp puan
Ll prubisaljub L) wnklpanbplpm, hingponmpgach, Bpoapkinghianpgm b
THE [
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7. Gbnuwpwp 1 Lpypwnbnuipp pwgunhly k
wljnhy nkunnthfugh, hpuphwljwinipyut b
dwpnnt hhttwiynipg gnpoéniubnipjut
thnpiwqplgnipjut nbuwlynithg: Sknuyduypp
guiynid £ duwdpwlj-Ulwt-Ujniuhp fuquéph
Iintwphwuwp ubqdubnh gnuuinid: Ujuunbn
huwdwwnbnymd L onowlju
Uhgujuyph, Junwlg
ubpyujuging  Gpynt

dwpngmt b
Epjpuwpwbuljut
Jwuplnp nnpunukph
thnjujuuyuljgdusnipiniin: Bphunwuwnpn
bpwppughtt hnupbpp  qpunbgimd
Epjpunbnutph dks dwup, wyt fupynud E
Iunttwphwuwph wljnhy jpqusph ukgdkuwnny:
Iintwphwuwp Yupdws hpwpnijuh b wljnpy
huquoph hwdbdwn judwyhtt hnuph wjwubnd
b yuuipJuspnid nbknunhppp pipdwsd k ujup 2-
nid (Avagyan 2001; Udwuqyut 2019):

Ljuwpubp 3, 4-md phipduws Lt wdpwip b
AUnwip hpwlwbwgwsd onuwiniuwtlwupbp,

nip kpunud | Epjpuntnutpp b utpu mwuppbp hwndwsubtpp, jupdhpny pungsyws jwjuyghtt phtinwuwpn, hningbkuth hwuw(h hnupbtpp
(B, Y. 3) b hwpwpbkpnipiniup wljnhy juqusph htwn:
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':_'_' '_:1!' okd fow ‘_jlf'—-h____ Holocene flow
| e
b "o 0
L ——

S00m

[Tz T T

i

Llwn 2. Yuplwnpmniph Znjngkh jwjujhtt hnupp (wpywsd Yupdhpny) ntwphwuwp huws hpwpntpuh (wpgws ghinhuny) hwdbdwn
wjwiund b Yupdwsdpnid: 1. diphtt Uhngkuh jmdwukp (6.73 + 0.03 Ma), 2. vntwphwuwnph hpwpnijup; 3. Ynpnuhnwd; 4. Upnudh; 5.
Zningkh qwjwibp (Avagyan 2001; Uduqyuit 2019): Unhy juquspp wyuunid gnyg b npdud vughnwl ujuplbkpny, hul junpguspnid
Yupdhp gdny

Figure 2. Holocene Karchaghbyur lava flow (marked red) on the correlative layout and on the section of the halved Khonarhassar Volcano

(marked yellow): 1. Late Miocene lavas (with the age of 6.73+0.03 Ma); 2. Khonarhassar volcano; 3. Colluvium; 4. Alluvium; 5. Lavas of the

Holocene age (Avagyan 2001; Avagyan 2019). White arrows point to the active fault shown in the plan, and red line indicates it on the section

Unwohti wlkiwluiplinp Jyuynipimibp hpuphughlt duyppmuditph dwuhtt npjunpyub ubuywghp wpdwbwugpnipniut b (aly. 4): Ujh
guniymd £ Jwt punupnud, hwdwpynd £ Upwpunjut puquynpnipjut (Lw. IX-VI 1) wdbbwswunit ubywghpp b gpdty
Unghowh I wppuyjh hpwdwunyg LU 742 1 739 pyuwlwuttph dholi: Cunphhy ghpdwtiugh tppinwuwpn hbitnwgnunnn Tniygh (Schulz 1840),
npp 1827 pduljuuhtt wwwndkukg ubwywghpp, wjt hbnwquynid Jepswudtg Ukjuh Ynndhg (Sayce 1877): Ukwwgph uh hwwnyjuwénid
wuwwudynd Lt Upghonh I wppuyh tpyph hjnuhunid, Ubwtuh wjwquinid (Memunkamsuau 1960) hpwljwbwgpws nwquuljub
gnpénnnipinitubph dwuptt LU 782 - 773 pdwlwuttph dhol (Znyhwuthujwl, Uppwhwdjmt 1981): Ljwpwgpynid E wpwpuwnjwh
qhuynpubph Ynnuhg Fthnipw punuph opowthwldwt dwuht, npp quniynid Ep Fud (Epwt uinnpnunnud. <<bpp Fhjunipw punupp
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=E Jbpwwwowpkgh, Phjumipw pwnuph Fwd (Epp thydkg. Ontjutt nt dnmipp wydd
. Yypuyhg dhtush wpbt b Gunwd: Bpp Pwd (Eop kg, bu Fhjunipu punupp

gpuytgh>>:

(2 s e

Paria . Ljwp 3. Qhnupup-1 bpjpunbnuiph wwppip hwndwsubp b Shnupup
Fenarhasar voio: S b= htwquypp nwwppbp ghnwltntphg, A- Zujugp ntwphwuwp Jhujws hpwpntjuhg
' : nkpwh @npwly hpwpniju, juqusph ghsp b hwpupkpuljut pupjunudutpp gnyg ko
npwsd Jupdhp wpwpubpny; B-Lpunnwuwpn hnjnghuh juduyhtt hnupp ubkpygus
Jupuhpny b tpw hwpbwinipyudp SEnupunp-1 dhohtt ppnuqh Gpljokpun htwduwypp;
C- Qbknwpup-1 htwduyph ddkpuyhtt onwuntuwtfupp, nip tpimwd £ hhi, JEpht
Bec ke uhngktih purwitph dpuw Gunmglws pruunbnhb b bphuwuonn uuht houph
satthement 1]_1’1111 ﬂbghmphm}]}

| |-'|:|!._'|_'!||_' lava Mows
Figure 3. Diverse sections of the Gheghaqar-1 geosite and the ancient settlement of

Gheghagar shown from different points of view, A — a view from the halved
Khonarhassar Volcano to Porak Volcano; the fault line and relative dislocations are
indicated with the red arrows; B — the young Holocene-age lava flow that is colored red
and the Middle Bronze Age ancient settlement Gheghaqar-1 of two levels located in its
vicinity; C — an air photo of the old Gheghaqar-1 settlement taken in winter, where it is
possible to observe the ancient settlement built on the Late Miocene lava and also the

citadel built on the young lava flow
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Ljuwp 4. vnnpunpjutt wpdwbwgpmipjut Uh hwndwsh wuwndkl, npp wqwhynd £ dpuunwth
wuwwnunipjul puiqupuinid
Figure 4. A copy of the part of the Khorkhor inscription kept in the history museum of Georgia

Ljwpuqgpnipjniup dbjuwputynmd E, npybu hpwppoughtt duyppnid (Zupnipiniiyu 2001, 2005;
Karakhanyan et al., 2002; Karakhanian et al., 2004): Gupwunpynid k, np Fhijunipw punupp quuyk) k
Ulwbw 1&h hwpwy-wplbbjut dwunid (Yupugbngyuit 1998; Unbthwtnu Opphpjuit 1985), huy
. 1 SE Pud jud Fwuduh (Epp tnybwgynd £ dupnkuhup (kntwpnpuyh hbwn, ntunh (kop mbnunpus
'-n K ;.J -I..-T;u. s?i?—"f.ﬁ" A f. Ep (Entwonpuyh wpbbpjwt dwunid, nip dhwly bphinwuwnpn wpnwyhdnudubipp mbkinh b niukgly
F.P.H i .E;_ff FATE . fl Onpwl hpwpuhg (Zwpnipniywb 2001; Mupusse u gp., 1978 ; Karakhanyan et al., 2002;

% Karakhanian et al., 2004): fFuad hpwpnijup tnybwgynid £ @npwly hpwppuh hbwn:
Cuwn Zupmipniyywh (2001) fwd (knwt hpwppiwghtt dwyppnidp supnitwldby | jud Jepufjudty
E LU 739-742 pwlwbbbtpht. &ukny Uwpnmph I wppwh pnpués  Qubdwnnub
wnwpbgpnipiniithg, nip wuynd L, np . <<pwth dwpn hd qiuph wnolhg &nnnupnid Ep b poukg

Nipphw b FPwd (Enubkpp, Ykpuwuwownpkgh, uywukgh: Ndptp dnnnupnud Ehi, OLppEpwt wypkg>>:
Uyunnkn  hhwnwppppului b gunind, wpyn’p htwpwynp wyn  hpwpniuibph  duyppoudibpp  Jhwdpiliki puguwhuwynduwsd
tpypwownpdtph htwn:

Zpuphiuyghtt duyppdwt wy) Yyuynipintt jupnn L hwighuwbw) dujppuyuunlbpp, npp @npuly hpwppuhg dnn 114d vnttwphwuwnph
ubkquktnh Gpluyupnd hwpwy-wpbbp hwynbwpbpdtg b npybu httwpwynp hpwppughtt duyppdwtt Wuwnltp dijtwpwiykg U.
Uduquth Ynnuhg 1998 pyuljuthtt (Avagyan 2001; 2003; Avagyan et al., 2005): Ldwt hhttwnipg wpunnuwyhddwutt yuwnltp pugunhl k
wdpnne mwpwswopowith hwdwnp, tkpunkinyg Zuyjulwi (Eptwppuwphp, Spwtulynyuup b Ppuwbwlwb vwpuyubnp:

Iunttwphwuwph ubquktnh Gpliujtpny wluhwjn b fuqusdp-hpupnijp mwpwdwlutt juyp b hwjwbtwjuwt E gupimd twb
Epjpuwowpd-hpuppwljuwinipnit swgnidtwpwbiwljut, nphgbpuhtt juwp:

Epjpuntnuupnid £ quiuynud juy wwhywbdws ppnuqbnuput b dhpttwnuput ptwlwduypbp, npuwughg wdbkuwhbwnwpphpp
Qtnupwp-1 httwgnyt ptwluntnht £ nbknunpdws énpwly hpwpph hnngtuh jwdwjhtt hnuph Gqpht (B, C, uly. 3): Uyt punlugws k
tpynt dwuhg hhi 6.73 + 0.03 Ma wiwphpny jwdught hnuph Ypw unnphtt punquph £ 2230 U s.dp U Ykpht punupp nknunpus
tphwnwuwpn, hnjngkuh jujuyhtt hnuph ypw dnwn 2290 d 6.U.p.: Unnphti punupp hhdtwlwbnud punugus L puwflh b jrigunuyht
Jwnnygubphg, hulj yiphtt punupp tbkpjujugus bt dwjpuwunhdwt puquulnniuih b pwpny wdpnipniutbph hwdwlupghg, nph
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JEtwnpntunid quudnud E dhptiwpbpnp: Uninphtt pwunuph hjniuhuwght b wpbdnyut hwmndwsubpp wykpydt) b hnnbph dbhnpughwgh
gnpoéniutnipjut wpnyniupnid: Unnphtt whywigws punupp 7 hw t, tph pungpltup twb wdbpgws hwndwsdp, wmyw 13 -15 hu:
Uhwuht ykphtt punuph htwn ptujuntnht qpuntguntd £ 35.38 hw dwljipkuny tnupwsdp:

Stnuipp wuswth hbwnwppphp £ htwubjudwpuiinipyut mbuwtlyniuihg: Fhunwplyl] o wnudwqu bplp Yhnkp, nip wjnhy juquspp

Llwn 5. 2012 p. uvntwphwuwph ukquktnh
tpugupny, Eppuwuwpn qujuyht hnuph
Jpw, GEnwpuph htwduyph wnwpwuspnid
huwjntwpipwé wwwnbkph wowlnnujui
wnbknuowpdtp (Udugui 2019)

Figure 5. Dislocations of walls identified on
the young lava flow within the ancient
Gheghaqar settlement in 2012; the offsets

took place along the Khonarhassar segment of

the right-lateral strike-slip fault (Avagyan

1999-2000pp. niuntdbwuhpnipjniutpny dhotwpbpnh hwptwinipjudp wuwnbphg dkhh dpuw swhwgpytkg hnphgnuwfju 1,8 d b
ninnudhg 0,8 U wmbknuownd, nphg Liukny hwpduplybkg Mw7.2 dwguhunninny plpwownpd (Avagyan 2001; Philip et al.,, 2001): Cuwn
Qupwpwiyuth, onwiniuwtljuph hhuph dpu 2012 pywuuht Jhpwhwodwpldtg, np hnphgnuwljuwb wnbnuowpdp 5.2 U L, huly
ninqudhgp 1.9 U, nph hhdwb Jpu unwgg Mw7,3-7,4 dwgthinninm] kpjpupwpd (Karakhanyan et al., 2017 b): @knupwip-1 hnwduyph
wuwwbkpht Jhg (ophtwy, Y. 6) hpuwjubwugdws htwghnwljwt hbnnwgnunipniiubph hhdwu Jpu Eupwunpynud £, np htwpwynp tu
ubjudhly plp hpunwpdnipiniuubp, npnug btwppwhwuwlubpt Eu 1923-1697 BC, 1745-1497 BC, 27-597 AD (Karakhanyan et al., 2017a):
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FPuwjujuypp hhdtwnpdty E dhohtt ppnugh nupnud, wdktugt hwjuwiwuwinipjudp d.p.w. 19-18-pn pr.: Gwupd dudwbwl wig wyu
1Pyt E uvmjuy uinphg ptwkgyty L d.p.w 16— 15-pn .

Uwnpht punuph JEunpnuwjut hwmndwénid, 3 U jujunipjudp ywuwnh Epyne §nndbpnid pugws hopp wdktwhtwnwppphpt Ep: Munh
wpunwphlt hwindwsutpp junnigwsé b wunkqhwnwghtt pinjutiphg 0.9 x 1 U, hnjngkuh juydwyhtt hnuphg (g 6). Mwwnh ukpphtt hwndusdp
19{ws E thnpp wnkqhwnh pinjutpny, wjuquijuduyght b honh
dwuuwyny: Nwubtph wpunwphtt b tkpphtt dwlbpbutbpp
hwpp Eu, b pupkpp Ukl hwppnipjut by i Ukplhuynidu
wuwwup dhuyt 30-40 ud E pwpdp hnnh  Jwlbpbuhg:
YQunnigwoéph ukpphtt dwunid wwuwwnh Jkpht Eqphg 1,75 d
hunpnipjut Ypw, whnnudubph dwdwbwl puguhwjndt) k
sowqutwjugnijt yuwknpttwhnnh obpwn, npp wupnibwlnid k
puquuphy Ulwb-Upguwpt 1 whwh pjkghinkt phiynpubkp
(Udtnhywt b Fnpnpojwt, 2008), pyuqpjus d.p.w. 19-18-py
nn.: Uju otpinhg Jipgdws S1 udnipp hwuwlwgpytl) £ CH
Ubkpnnny U.p.w. 1923-1697:

{ Ljwup 6. QbEnuwpup-1 phwuunbtnhnmd  wbndus (L

- Punuputh  gquudnpmipjudp)  wwwnbkpp b jupdwspp
| (Davtyan 2007)

; 7 g i s G ;' Figure 6. Walls and the section excavated in the ancient

(Davtyan 2007)

Epjpwwntnuipp hwpniun £ httwghnwlwb hnipwpdwitbpny, tup 1-nd phpduwsd o Jhwyt gpuiyg wdbuwbpwbwluhubpnp:

Miunidttwuhpmipinitiibpp hwuwnb) &y, np @hqupwp, Unppwdnp, Uwljkuhu gynintph b oppwljuw nwpwspubpp tnky Gu dpnnwljub juhwin

puwjigyws’ junp httwnuphg dhtsh dbp opbkpp: Ywplnp hwdwhputphg kot @knqupwp-1 b Unppwdnp gyninh Unin gunnuynn dhoht
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ppnugbnupyutt htwuypbpp, SEnqupwp-1 htwduwyph dhgtwptpnp b hwpwlhg Juenygubpp pudpwbwpdpbipny, dhotwunwpuu
puwjuduypp b wyj: Udkuhg hbnwppppujutin SEnupwip-1 hwdwihpt E, npp hpkthg ubpjuyuginud £ puquwptnype b hwduwiwljut
wnwpplp dJudwbwluopowtubph Jupnygubp: Ypwtg pynd dhotwpkpnp 2298,1 d pwpdpnipjutt Jpw, oppwyunjus snp
wintqhnwpwqupunuyht pnlutph supusph Uh pwth owpp ywwwnbkpny, punudw nudpwbwpdpipny (hwpp pupwyhtt b pjpudb pupw-
gpniunwght): Foouyhtt unpnijnnipuyny ptwlwwntnht qnuydnud £ 2220  pugupdwl pupdpnipjut ypu Ephnwuwpn jmjuwyghtt hnuph
unnpninnid: Fawljuduypp vhohtt ppnugh Gplotpnn hnpwpdwb k: Unnpht dwup duypujut wywptbph Jpu dbwdnpdus nith 160 ud
b ubpyuyugdus bt thjupnit wnipny, npp yupnibwlnid £ opqubwjutt tynip thnpp wshuh Yunputp b YEpuwdhluyh b nulnpubph
dpugqubinttpn: LPwpk Jupnygubpp yEpht okpnpt Bt yqunjuinud: Munbpp Eppidt hwutnid Bu dhish gpoitin b niubt 2.4-3.2 d
hwuwnnipini: Funwdnubpp Yhpwdhuygh pElnpubkp kb, swn phs Ein situ ynipp: Syuynpnipinit E, np ptwjuntnht jpyb k:

Cun Jubkgbntuh whywpwbwlub YEpnisnipyuit b punhnwspwstughtt hwuwlubph, wnnphtt sbpup wwnlwind b ©@nknp-
Julbwanpyuit 2 judpht, Jeplhtp Utwi-Upguiawi 1 udph dowlynygphi (pinhwinig wedwdp 19 - 18-pn . U.p.u):

Unppwdénp gmninh dwwnnygubpnid weljuw £ httwgnyt ptwljuwwnbnh-hnipwpdwy, npp Jepupbpmud ' £phuninuhg wnwy Epljpnpn
hwqupudjuljh wpweht Yhuht, jud® dhoht ppnuqinuput dudwbtwlwopowht: MEndws hhu phwjuintnhhg unnugdws wynipkpp’
pupk Junnygubpp, dwppubg wypknt htupkpp, dwpnnwpuybnujut dnwhnugnidubpp b jubgintup thwunk) By, np wyy
puwjuwntnht, nph opowljuypnid Uks phy Eu juqunid twb httwgnyt pudpwpuwitbpp, gnynipynit b niukgk) dhoht ppntiqh nupnud:

8. Oplypwwnbtnuupp ubkpwenid E hpwpjwghunipyut, wlwnhy wbkijuntuhiugh, Epipwhuwghnwlwt nnpunubpp, hull pun
phpuputuljwb Juuigh hpuphwlwbnipmnitp, bphpuowpdtpp, dwljbplnipught pwpnndibkpp: Skqupup 1 Epljpunbnuipp
pugwnhl k bub wljnhy nkunthugh, hpwppwlwiunipjut b hhtwynipg dupnne gnpéniubnipiut thhnpuwqpbgnipjut nkuwulynihg:
Stnuyuwypp gunbuynud £ Qudpwl-Ulwb-Uniuhp juquéph untwphwuwp ukquubnh gnunnid: Ywpdwnpniph hnjngkuh hpwphiugh
hnuptpp qpuntginud G Eppuntnuiph ks dwup, wyt tunnws t wkh Jun, diphtt dhngkuh (6.73 + 0.03 Ma) hwuwljh jwjwtbkph
Jypu: Bplhpwpwiwluwi wju hwdwihpp jupdnd £ wlunpy] puquspny: Lwduwibpp juwydws bt Onpwly hpwppup hbwn, npp
unyuwlwbwgynid £ unpjunpjut ubywghp wpdwtwgpnipjut (Upghonh I wippuwjh hpwdwing LU 742 b 739 pwuljutubph dhol) ke
hhowwnwljynny Fudth (Epwt htw, npp dwypepl) L upuw uinnpninnid quniynn punuph gpuydut dudwbiul:

Cpjpuntnuupp pwgurehl hwpniun £ htwghnwlwt hnpwpdwbtbpny: Mundbwuhpnipnibtbpp hwuwntby B, np opowlju
wnwpwsépubipp bnkp b donwlub juhwn puwlbkgqus’ funp httwnwphg dhtish dbp optipp: Wwplnp hwdwhputphg ko @qupwp-1 b
Unppwdnp gninh dnwin qnbynn dhohtt ppnuqinupyut htwduyptp ppwljunbnhubpp, @Equpwp-1 htwduwyph dhotwpbpnp b hwpwlhg
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Junnygubpp nudpwbwpdptpny, dhotwnuput ptwlwuduypp b wyjic Ppujutugdus htwubjudwpubwljut htlnwgnunnipiniibpny
thwuwnyby kE junnygutph ypw >Mw7,2 dwquhwnnigny tpjpuowndh ukjudhll mqptgnipiniup:

The geosite of Gheghaqar-1 provides evidence related to volcanology, active tectonics and archaeology, and to the geological hazards represented
by volcanism, earthquakes and surface ruptures. The geosite is located on the Khonarhassar segment of the active Pambak-Sevan-Sunik Fault and
is unique in terms of observed sings of interaction of the active tectonics and volcanism, and ancient human activity. Holocene lava flows of
Karchaghbyur cover the greater part of the geosite and overlie the Late Miocene (6.73 + 0.03 Ma) lavas. This geological complex is cut by active
fault segments. Lavas are related to Porak Volcano, which may be identical with Mount Bamni mentioned in the Khorkhorian cuneiform
inscription (carved by the order of King Arghishti I between 742 i 739 BC). The volcano could have erupted during the capture of the city
situated at its foot. The geosite is exceptionally rich in archeological monuments. The studies attest that the surrounding areas have been
permanently and densely populated from the ancient times to the present days. Important monuments are situated within Geghakar-1 and also in
the Middle Bronze Age settlements near the Aghbradzor village, including the old settlement citadel, adjacent structures with tumuli, a medieval
settlement, and other. Archaeo-seismological studies have suggested that the structures in the area underwent seismic impact with a magnitude

greater than Mw?7.2.

9. Epypuwnbtnuipp mbp dwlbpnipughtt jpwpindwb, Eppwowndbph, hpwppwljwinipyub, hwnljuwbu dwpgnt hhttwynipg
puwjuuyph b opowjuw dhpwuyph htn thnpounwpd juyh wpnudny ntunignpujuit b Swbwsnnujut jupbnp bpwbwlnipini:

10. Oninuwph tppunbnuupp qnuynud E vwswunpnip b @Enqupwp gnintph hwdwjipujhtt hnnuwnwpwspubpnid: Fhnupup-1
Epypunbtnuipp qnuynd £ Unppwdnp gyninh hwdwjtipwjhtt hnnuwnwpwspubpnid:
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Yuipdwnpniph jujuwghtt Gphnnwuwnpn hnupp ntwphwuwp hpwpnitjuhg hjniuhu

Karchaghbyur young lava flow, to the North of Khonarhasar volcano




1.6pjpunbnuip - ¥GVULUL-2

% C - Lhwpn 1. Ghnqupwp-2 tpjpuntnuuph pupintqp. A-nknunhppp @Enwyuplh
Y=p—¢ pupntqh pw Yupihpnd, B- wbnunhppp  hwpulhg  phulunfwptph
hwdbtdwn, C- puophtwaly 1:10 000 dwupmnwpnmid Google mhtkqpuljut uljwuph
Yput: Hinhtny tyqws kb judniquhtt fwbwwywphtbpp: Lupwlniuhubpny, 1.
Epjupwdqyus  pipiph dnnn 500 wowlnndjutt wbknuowpd; 2.
Zbwubjudwpwbwlwb fjupudninhubp; 4. SEjuntwlwt Swquwb (Lwly; 5.
uqudph ghédp: Gnwtlniuhubpny, 1. funuwut gudpuwbwpdptp; 2. Ypndit
Figure 1. Map of the Gheghaqar -2 geosite A — location within the Geopark map

(marked red); B — position of the geosite with respect to the neighboring
settlements; C- at the original scale of 1:10 000 on a Google satellite image. Yellow
color is used to contour the highways. The rectangles indicate: 1. The displacement
by about 50 m of an elongating hill by the right-lateral strike-slip fault; 2. Paleo-
seismological trenches; 4. A tectonic-origin lake; 5. The fault line. The triangles

indicate; 1. Burial tumuli; 2. A cromlech

2.8tnupwp-2  Gpjpwunbtnuipp  quinid  E Linquppnithph  dwpgnud,
Qtnupwp gninhg 24d nhwh hwpuy], Epjwpwdqiws piph ququpht, npuntn 6
nuupwbwpdptp tu: Upjowphwgpuljut Ynnpphttwntbp Gu 40° 5'47.52"N,
45°40'43.86"E, H- 2400u &.u.p.:

Qpuintgunid £ 0.61 u? hw mwpwsdp: Zwuwbkih Ewdkiwquugubpny:

Epjpuwntnuiph pduyhtt quuhwwnwlubtbpp pun whdbwgpuynpdw 3-6
YEwntph npdws b wpniuwyy 1I-nud:
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Unniuwyy 1. Unpuwnniu 1 Epjpuunbnuiph pyuyhtt quuwhwnwljwuubpp:

.qﬂu‘:{mrjzw j v o | Clan. | S Epjpuuntnuuypp  quidnud £ Quupwly-Ulwi-
-]. |||. ". 1[
r.nq:wuﬂﬂmu Dt nscpneh i wblrvibiikw Umntuhp uquéph ntwphwuwp ubkqubunh gnune
— L5 : (Wy. 11 2):
ket ao iy dlgbplmpahl e, bpypuzund 2003p hpuliwiwglt]; bt wuyknubjuunnghwlui
L g T Y 1_
i I_|.|;|. e :|...,..!|.|....u|h......l‘!_...'l. .|..u|:|:_"|.....;|-||-&..-|-lulr'.- ﬁ“ﬁ"IElqunrdl nLunthmuhpn]_Ia-]n]_hhhp Pu].gl_lulé IupullInLI’[h 2003-1 nLl—[)
(Tl s e [ 20 Mhusdep) | 0 alfussaingi HHl divaninn i :ﬂl ki 2005p-hi: 2006 _bh
suahwieiulp | . ; : , T":"” p— : - bu 3 Jupuwdninhtbp whndby p-h: Io-
q\mhwm;lwnu- |h|u|.||.|!.'.|,|:l-l'-l'l H.:nup-:armhnlu::u :,II.I,;::L,.L;;LLI::: byt ﬂ::;ﬂﬁﬂ*‘:::fw | mmgnLgbz 5‘P11 IllIlullInUlhh In ngQhL pulrlllulb
ot 1'5 : | g | 5 2 | 5 Yupnygikph  Unw, uwpnnodibp pugwhwpnbin
R hpuﬁuwu@ﬁ*hlnhmwhr ﬂlﬁmﬁhh | wluuihpny (Wl. 3): 2003-1 pupwuninmd (E, ul. 3)
by | 2 | b wugsshn 3, bl wpand hhutwlwt fuqudpp 73° wiymd E hupud-wpldninp:
quuhummi[l-' mmjan L -"!-'1"“]1""'" A bmdonnwgwp 1_[ nLL[
0 ol 2 [ Sz g2, Zupltwimpjudp  thopjws  2004-1  jupwunin
1 w = i - anhl 1
T e S s 3 ) [ 5| nhwuplibght uh pwpp ubqubimnibp, npnip wyu
) e S 3 : ’ | [ nhypnid niukt pny] wpnwhwyunyuws Jupubnpught
= 7 :'||J.I'=l. aiii e in i pywmg laan | st s ahinmbn L wigpeslnl |
-":T_"":"u""h: .,-u:,q.'hq r|...||-[:.am| o e——— St - pwnunphstitp, pln npnid nikbwgny huﬂll}buluﬂll;ilg
. ’""t"".'"';f‘:" , 5 wblnudubp® tpwtp junppnid vhwbuyny fuqunid
| rllll'ﬂ' matgauyin .'IIII .
[t Wt - = dwnuyhtt  Ywonyg:  dhpohtu wydbkih  punpny L
| B R L PR TR A R L |
| manlopni

Utpdninnudhg uqjusph hwppnipyudp Ynqupwpdtphl:

u

Sy phypnmid huquéph ninnudhg pununphst Epiph dwlbpunyphtt dnnn nith wwppbp (JEpubknpught b Jupubnpuyghty)
pununphstubp dwuwdp yuydwtwynpuws twb nbjhtbh hnphgnuwljwt mnuowpddudp (Udugut 2019):
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Llwn 2. A- Qudpwlj-Ulwt-Upnithp jpquéph untwphwuwp ukqutunp gnyg E npdws jupdhp ninqnudhq uwjwpttpny, otn ujwpttpny
gnyg Lu wpdws pinYjubkph hwdbdwnwlwt supdnidubpp: B- Ghqupwp-2 Epjpunbtnuph pinipp, nph dwpjn dwund mblnnbuwljub
dwquwli 1hgt k:

Figure 2. A — The Khonarhassar segment of the Pambak-Sevan-Syunik Fault is shown with red vertical arrows, and diagonal arrows indicate
relative motions of blocks. B — the hill of the Gheghaqar-2 geosite, with a tectonic-origin lake situated in its left-hand area.

Uwlbpbuwhtt prwponnudubp hwynbwpbpyl) o pnnp 5 ppudninhubpnud, npnpubpp pwpunt] Eo wuknpuwhnnh b dpwlnypuyghe
oipnbtpp: Ukjudhl] hpunwupdmpnitbtph pwuwlp b ppuitg hwuwlwgpnudp npnokjnt hwdwp 13 tdnipubp B hwuwlwgpdkp C*
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nunhnwdhiwstwghtt Ubkpnnny: Unwehti hunwl] ubjudwshu nhuinjughwt (nknupwnpdp) wpdwwgpyty £ 2003-1 ppudninnud (E, uly.
3), U.p.w. 5655-5079 pp. LU (Uduquu 2019), 5841 - 4356 pp.LU. (Karakhanyan et al., 2017a) dhowljuypnid wpdwbwgpdus 4a b 4b
shpinbpnid 60 ud munquhwjug wknuowpdny, Mw> 6,5-6,7:

Llwn 3. A- Epypunbnuiph pipp ququpuyhtt hwndwsh nudpwbwpdptipp b jppudninhubpp, B,C,D- nudpwtwpdptphg dklp upnn
hupwdninmud (uly. 4) pwgwsd pwpuplinu
ghipkquuup  pbdnpdugqus  wuwnbpny,
qluwynp hnipqupyuynpnipintup b qnudws
hptpp;  E- 2003 pduiuuht  pugdusé
hupwdninht dwljipbuughe
huquoépwynpdwdp; F- tnyup pupwnuwght

(nruwtljupnid
Figure 3. A — tumuli (barrows) and trenches
located on the hill top within the geosite, B, C,

and D — deformed walls in the tomb, the main

burial, and the artifacts uncovered, respectively,
in a burial consisting of four compartments that

was opened in the trench transecting one of the

- tumuli (Fig. 4); E — the trench excavated in 2003

= with surface faulting; F- the same on a field

o N

e
RN

photo

“mﬂmﬁ&wm&ﬁ<

144



teeench 2006-1
SW 520 521 NE
4468-4344 BC | Darrow JIT6A-3836 BC

A trench A004-3

Damow

= it _.-“" i b r B 8= o
Lwp 4. Shnqupwp 2 jupudninh 2004-3 (A), U pupudninh 2005-1(B): Guipmd ki gudpwbwpnidpp, nph hhdpnid wbnuljuyus b
pwpuplnu pwunnidp

Figure 4. Gheghaqar-2 Trench 2004-3 (A) and Trench 2005-1 (B); both cutting the tumulus with the 4-compartment burial located in its base

Zudwpynud E, np ubjudwsht mbnupwpdp niubp wowlnndjut juplnp pununnphy: Gpypnpn ubjudhly hpunwpdnipniip mknuownpdt) ©
2b wwknptwhnnp, npp dwsyws kE 2a skpuiny, hwuwlwqpus 1878-1616 pp. LU. (Ujugqui 2019); 3370 - 1134 pp. LU, Mw>7,0
(Karakhanyan et al., 2017a): Ivpwdninhtbp 2004-4 b 2004-5 thnpyt) Bu npudpwbwpdptinhg dkyp jupkny, nph pupwugpnmid pugyl) k
pwpuplnu pwunnud (uly. 3, 4): Gu Uk, dwujwhwuwlh punnud hwynbwpbkpdtg pudpwtwpdph opowqgsh tqpuyhtt dwunid: Gpuwnp,
JEtwnpntwlwt pwpuplnnud huyntwptpyty hwumt dwppnt we Ynnph Jpw, «uwndh» dbiny wwplws, dh dbnpnid jnpudhljuljut
uwthnp Unnkgpus phputht (C, Uly. 3) (Karakhanyan et al., 2017a): Lupuplnu junnygh niuntdbwuhpmpniip gnyg udkg hunwly
ubjulh nidtn wqnpbgnipni: Pupuplnh junnygh tpynt Ynquihtt wunbkpp quunpuundws 1.5 x 2 4 uwbkphg, phdnpdwugyt) Eu b
ptpyt] dhlinyt wplbjjut mgpnipjudp, hull tdwbwnhy vwibpny juenigqus swsip tuwnby tp: Uwbjuwhwuwlh pundwut uwp
wdpnnonyhtt £qut] kp quiiqp: Fuquuphy YEpudhuljwb b ppnuqyu hpbp o qunudby (D, uy. 3), npuig dh dwup wybpgus: Fntdusd
hutkgtntuh b hmnjuwbku tplupju 2tnpny b ppnigqhk pruwlny nuonyuh htwghnwlwu quunidp pniy; kg hwuwljugnpt) punnudp nip
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ppnugh-Jun Gpluph nupnd (XII-IX BC): wnnudp twhiwhwuwlwugpnid b Eppnpny ubjudhll hpunwpdnipiniup (Karakhanyan et al,,
2016): Uju npidnpuwgply E dwljtpbnypht dnin wuwtnhnnbpp:

Epjpuntnuuph hwpwy-wuptdnjut dwunid gnuynud £ nkjunntuut swgdw jdwl, npp wdwndu phpwugpnid snpwnd k (B, uly. 2):
Bnipp, nph ypw mbnunpjus tu nudputwpdpbpp wowlnndjut nbnuowpdyws k dnwn 50U:

Qknupup 2 bphpuntnuipnid wnljw ki 5 pudputwpdpbp b dkly ypndjbe ppph hupuy wplidngui dwuncd (B, Ul 2): Zuplwbnt pjudp
wnlw b hindwt Ukl hnipwpdwi b bu Gplnt YpndjEetbp:

8. Cunn bLplpwpwiwlwl nppnh bphpunbquipp tkpuenid Eooubjudwnbljpunnihuwl,  hull pun bpipupwbuolu Juwbgh
Eppuwowpdtpp, dwljiplinipughtt pwponnidubpp: Gpjpunbnuipp ntuh mwpwswoppwtiughtt tpywhwlnipnii:

Qtnupuwp 2 minudwup puguehl mknudwu k, nip Gptp bpypuowpdtph hbnmbwupny wnknh k niubgh] dwjbpinipuyt puwpunnidubp,
htwghnwlwt puwdpwbwpdptph, pwpuplpu punduit Juenygh pidnpdughwbp: dbpehuttpu Eptwt B hwtdl), wwppbp
dudwbwlubpnd thnpuws 5 fupudninhubpnud hpuljwbtwgdws yuwibnubjudwputwlwut b htwghnwlwt wpjpwwnwupubkph otinphhy:

The geosite provides geological evidence related to seismotectonics and to the geological hazards represented by seismicity and surface ruptures.
The importance of this geosite is ranked to the regional scale. Geghaqar-2 geosite is exceptional as it shows up effects of the three earthquakes
that generated surface ruptures and caused deformations of archaeological tumuli and the 4-compartment burial structure. The evidence has been

collected in the course of paleoseismological and archaeological investigations performed in 5 trenches excavated in different periods.

9. Gpypunbtnuipn niuh ntunignquljul, iniphutnwljub tpwbwlnipnit: Zkpwtjupuyht B hwnjuybu dwuljbplinipujhtt punondut
b htwghwnwljut opjkjintiiph ubjudwsht nEdnplughwiph mkuwulniuhg, npytu ntunignpujuty, Lwbtwsnquljut opjkljn:

10. Bppuntnuupp qnuynud £ hhdtwjuwiunid Upuppwdnp hwdwjiph nwpwspnid: Uh thnpp hmnduws qunuynid £ SEqupwup hwdwyuph

wnwpwopnid:
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1. Gppuwntnuip - vALULCZUUUL

w-%—r—:

YEwntph npdws b wpniuwy 1-nud:

Ljwp 1. vnbwphwuwp tppunbnuiuph pupunbkqp: A-nbknqunhppp @Enwywpyh
pwpntkqh Ypuw jupdhpny, B- wknunhppp hwpwljhg ptwujuyptph hwdbdw,
C-1:31 000 puophtiml] dwupmnmwpnid Google mhkqipwwt twph Jpu:  Fhanht
gétpny tyyws Eu hhdbwlwt judninht, dwbwwwphubpp: ‘Lwptowgnyh
pwnwlniupubpny’ 1, 2. vqwoépny Yhuyws b nbnuowpdus untwphwuwp
bhpwpnijuh ququpubpp; 3. vqwoépny Yupdws jwdwubpp; 4. upudwht b
jwduyhtt hwtpp, nip phnnwuplynid Gu puquuphy jpquspukp; 5, 6. Gphunwuwpy
pujuyhtt hnupbpp: Hnht bpwblymihn] 1. Uwlkihuh Juipp

Figure 1. The map of the Khonarhassar geosite: A — location within the Geopark area
marked in red, B — position of the geosite with respect to the adjacent settlements; C- at
the original scale of 1:31 000 on a Google satellite image. Yellow lines indicate the
highway and the main roads. Carrot-red rectangles indicate: 1, 2 . The summits of
Khonarhassar Volcano halved by the fault and dislocated along it; 3. Lavas cut by the
fault; 4. Quarry of scoria and lava, where it is possible to observe many faults; 5, 6. Lava

flows. Yellow triangle indicates 1.The Makenis Monastery

nttwphwuwpp qunuynid £ GEnuppniihph dupgnud, L&wdwb gyninhg dnwn 2.5 {u
ntyh hwpwy (W, 1) nbwphwuwp  Gppunbtnuipp  hniuhu-hwpuy
ninnmpjudp dqynid k unwn 3 Y, huly wplbpp-wpldnunp 3,7 Y, pingplymad k 7.37
2 wmwpwsdp: Zwuwbbih b owdkbwquwgubpnyg, Yihdwbt uvwet L ddpwb
wilhutkphb, wdnwip qoi:

Epjpwntnuiph puwht quwhwnwlwiuubpp pun wtdtwgpuynpdwi  3-6
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Unniuwly 1. untwphwuwp Epjpuntnuuph pyujhtt gowhuwnwlwububpp:

pigianilipralaggs

_whaudidy | avstt e i i
Sl
Enlpupubulst hpasphavanfuan gy, Lplpanplaodls, aljnp] sblimobhie
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il L] : ¥
g ol luham.qumhl.uH e nruilsihe uhiuspganhl
Cimhmbpwlwh | og wedany | @0 W) 40 g 50 dhasnn)
13‘_.-":1 IIIIIIIIII Il""T a a i. . = = -H] |
mmhunnmaip % hplesgmain  flplypupalioljul | el | e el piok L N
ruspuipla - yuphoprpuot [ WamBEpEEIR R o il wpdtpp
honfwlpepgn] | ! N |
5 5 : 5 5 X | g
Rn'hu'rr'l'l.h'r '-"'F'“h"""'I"I"“"“‘II"" D?lﬂl].l.pl: -'I"‘ll'”ll""-'F""'h mmmmh
bk hmepek mpeh. Wrpinie. : el 5 prispeghls
igtrin huzimmem i pf nl'l'm"-l' "“thmt A, h.l.l.l.il:-]!m|h.|ll.|l
_Il'ﬂﬂ-l.'n'l“'«lli-';l! Eemgkeg- 3, Tl wi s
. e L wpmhny-2,
U et kot beateed 2| ol
el
I 3 5 12
11:4-“:;::1?““':%“. SWF";:'.;::U{LL“- windwimh | hhu.uiﬁlﬂ-uqu.lh W W lpas
iy bp
| B pbsiyin ppuls
| Y ) 1
| B iy s v '
| wwinn)

7. Ywppkuhuh (Epbwonpuwyh  wplbpjut dwuh b
Umniuhph pwpdpujuinuyng b wbgund Owdpuly-
Ulwb-Uniuhp juquéph vnuwphwuwph  ubkqubtwnp:
uqudph  tpYuyipny  phuwplynud - Bo wg
ynnuowpdwihtt wmbnuowpdtp, npp wpwybjugnyuu
wnpunwhwjnjus k nttwphwuwp hpwppuh
opowljuyypnid: untwphwuwph hpwpnijuhg dnwn 15 Yd
hwpwy-wpbbp quiynid E Onpwly hpwpnijup, nphg
uljhqp Gt wptnmd Ywpdwnpmniph (1, B, uly. 2) b Ulyniuph
Ephwnwuwpn jujuwyhtt hnupbpp:

®Onpuly (3046 U pugupdwl b Unwn 230 U hmpwpkpuljut
pupdpnipiniiny) hpwpnijuhg hniuhu ghunwplynd k
nttwphwuwph juquspwjhtt ubkqubtnh dkly hhdbwluw
wnwpwénid:  uquoeph wowlnnijutt  puquulh
wljnhjugdwudp, intwphwuwp hpwppah Ynup updg b
wowlnnuymt nknuowpdyt] £ dnwn 750 d (uly. 2,3,4,5)
(Karakhanyan et al, 1996; Philip et al, 2001):

unttwphwuwph (wjwubkpp K/Ar hwuwugpdudp nitbtu 1,4+0,03 Ma wwphp, punn nph npnoyl) L dhtuhdw) Ynnuowpduwght
nbknuowpddwt wpwqgnipynit 70,53 +0,04 Ud/n (Philip et al.,, 2001; Avagyan 2001):
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e =T ETN g
Llwn 2. untwphwuwp hpwpntpup, npp Jupdl] b miqupwupdyt) Ednn 750 4 : A- G
wnwhu fuqusdpp, B- yEpswtnudp, 1. @npwll hpwpnijuhg ujhqp wetng Ywpdwnpniph juuwyhtt hnupp; 2. vnbwphwuwph hpwpnthup,

Yupdhp gdny tpws E uqfuspp (Ugugyut 2019)
Figure 2. Khonarhassar Volcano cut and dislocated by about 750 m. A- Geo Eye satellite image where arrows indicate the fault, B —

I &

eo Eye mhtqhpuljut uljupnid, upwptbkpp gnyg tu

interpretation, 1. The lava flow of Karchaghbyur that flowed from Porak Volcano; 2. Khonarhassar Volcano - the fault is indicated with the red
line (Avagyan 2019)
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‘Llwn 3. vntwuphwuwph qguonwht oquniuwtljup: Skuwpwup nwh hjniuhu, hjntuhu-wpbbp

Figure 3. Field photos of Khonarhassar, view to the north and northeast




‘Ljup 4. vntwphwuwph guownwht oqpuniuwtljupp dAdnwp: Skbuwpwip niwyh hwpwy, hbnbnd Epbnd E @npuwly hpupnijup

Figure 4. Field photos of Khonarhassar in winter month; view to the south. Porak Volcano can be seen in the far background
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b nnupptpnipjnitt vnbwphwuwp b Ontnuwip (bwpunpnhg hwpuy, hwpwy-wpbbp) hpwpnijuutph, npnup fhuyl) b mEnuowpddty tu
huqwspny, @npwljh Ynbp sniuth juquéph ninnujh wqpbgnipjuit wjuwnnt gpubnpnidutp: Bphunwuwpn jujuwubpp swsyuws sk
nnlihgt wy) Swquw tunjusputpny b ywhwwuk] tu hpkug twjutwljut hnuph tqpugstpt nt wjhpubpp: ZEnbwpwp wyptthwyn £ np
nhunwplws jwjwttpp hwinhuwinud G @npwlh ipohtt duyppnidubkpp b tpubp skt Ypnid vunguuyundwt htwnpbn:

Cphunwuwpy qwdwtbpp own juy wwhywidws tu b hnul) b vntwphwuwp hpwpnijuh hwpuwduyhtt b wpbdnyut dwuny:
Zunljuybku nkuupdwt £ wupbdnjut hwndusnid jwuyghtt hnupp, npp L&wdwi gyninh hwupbhwinipejudp tinuunud £ dhtsh ~ 200 J:
Zuwubjudwpwwjut hblnwgninmipinitubph hhdwt pu vnttwphwuwph ukqubunp Epuyupny npnpyk) B wntiduqt pkp (5655-5079
pR-LU; 1878-1616 pp. £LU; < XII nup LU) ubjudhl] hpunupdnipnitukp (Davtyan 2007; Udwugyut 2019): Ujuntwdbuwjuhy upkup fuplnp
hwiqudwp, np nputp tnk Eb pudupwp nidbn, pugnibwl] wnwewgubint dwlkpinipuyhtt yuwnndusputp b phdnpdughwukp: Ujy
wuwwunuspubkpp  gpuugdl; o ny  Jhuwytt  opuniwgpnipjut Uk
htwubjudwpwunipyjudp, wy wnppnbubjudwpwinipjudp’
wpunwhuwynjuws dknpwljipn junnygubph ypuw wqnptgnipjudp (Avagyan
2001, 2013; Davtyan 2007; Karakhanyan et al., 2017; Udwugqyut 2019):

Ljwp 5. ntwphwuwph Jupdwt wnbnuowpddwt  ujubdwnhl

wwpqtgywd pnl phwgpundp
Figure 5. Schematic and simplified block chart illustrating the cutting and

dislocation of Khonarhassar
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o == | i

Uwlkuhu gnigp b hwdwunit

Llwp 6. vnbwphwuwp hpwpnijuh wpbuninpny wugunng jwduyhtt hnupp, npph ypw nbnunpdus k
uppujuypp

Figure 6. Lava flow running on the western margin of Khonarhassar Volcano: the Makenis Village and the same-name sanctuary are situated on
the flow
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Uwpkiyug uiph dwbtwlut hwdwihpp urenigyt) k£ jwduyhtt hnuph 4pw (W 6), b ykpohtiu oqgunugnpéyty £ npybu ohtimiynip: Uju
bt E dwdwtwlh wdkbwhwynuh Juuptphg dklp, b wpwdbjuybu hwynth £ npybu hnqgunp-Yppujut b dpwlnipught jEuwnpnt:

Ujwp 7. ntwphwuwp Zpwpjuh Yupdws,
nbknuowpdyws hwwnywusép s

ujwpubpny U hpwppughtt  juwpudp
puwphwipnid, mp bplnmd Gu puquuphy

Tuqudpltp:
Figure 7. Cutted and shifted part of

Khonarhasar volcano indicated by arrows and
volcanic slag in the quarry, where there are

many faults

IX quph dEpgnid Unityug hppawtt Iphgnp
Untthwip unpndh Jupnigmd b 727p.-hu
Uwnpyunwuljuith Pupuitt qnpuyuph
ynnuhg wtpyuwd Uwpkuyug Juipp® hhup
nubny u. Uunjwowshu bEijnkgmt /wybkwn.

: e gnighs' 4.64.9.1/: Lw Lhknkgnt wpbbjuu
wuwwh Ypw qpky £ nyk) vh dbé wpdwbwgpnipinit, nph pEinputpt G dhuytt wwhwywudbp: Mundwghp Un. Oppljjuip wpunwgpt) &

wjt b tnyugpl] hp wownnipjut Ukg. «Uuwmoént juunp, tu® Untthwb Unibjwug hofuwtiu, ohikigh Uwphuwgnu wyju Ejkntght»: U.
Uunjuwéwsh  qluwynp  wwdwph  opowluypnid  wwhwwidl] Gu  juwspwpbp, npnip  dwdwbwlugpulijutt wnnudnyg
hudwywwnwupiwind Eu 9-10-py n.: U. Uundubswsuh wpbdunyub Ynnunid £ gunnidnid 10-pn npupnid wykjugpus hwuwpwly qudhpn,
nph wuwwbkph dhuyb Yhub Bb yuhywidbp: Swudhph nupuwspnid unybtybu jub 15-16-pn . dh pwbh juwspwipkp, npnighg G 1451p.-
htu b 1546p.-ht juuqukgws mbp Mhwnpnup b Zngdhwitbu vwpudugh pwspupbpp: Mwpuyhg nnipu jubgnit Eu bplnt punquswusy
Eytnkghubpp: Fpwughg nhwh hwpwy ghipkquwungt k, nip wjdd quwhwywdl) ki dh puth fuwspuptp: U. Uundubswsuh wplhdnyub
Ynnuniud Ep quuuynid VII nupnid Junnigjus dhwuwy Eytntght, nptt wdpnnonyhtt wybpywsd k: Blykntgnt nhpph wbwnhlnipniup
yuydwbwynpdws L wupuyh wnjuwnipjudp, npp hwdwpynud £ 9-11-pn nry. Juenyg: Ujt hp oupdusph dke nith 16-pn 1. Uh putih
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huwspuipkp, npnughg Ukl wpdwbwghp t (Fupniupjut 1973; Zuynpyut 2010): Udkbwnwywynphstutphg E hipwtinu Uungdwénihnt
wuwwnkpupwunulp (Avagyan et al., punnitwsd £ hpunwpwljdwi):

8. CLunn bpypwpwiwlwt njppnh ntwphwuwph Epjpunbtnquipp ttpwenid E bhpwuphiwghwunnipinit, tpipunhtwdhlu, wlnhy
nbklunuhjw nnpuitpp, huly ppupwiulwb Juuiqp  hpwphwlwinipmniy, bppuowpdlp, dwlbpimpuyhlt puwpnnodihp:
Cpjpuntnuupp niuth dhowqqujhtt tywbwlmpmnit: dwpniuthuh b Umniihph hpwphiwghtt pupdpudutinuljubph  vwhdwbughe
hwwnjwénid mwpwsynn Oupwl-Ulwb-Uniuhp juquésph vntwphwuwph ukqutnp, npp dgynid £ Qupdwnpnip gyninhg hwpuy
wnlbp Unwn 60 Yu dhtish Onnil] unnpuwnnhpwpntjup:

Ukgukunh tpluyiupnd nhunnwuplynud Eu we Ynnuowpduyhtt mbnuowpdbp, npp wnwybjugnyiiu wpunwhwjndus £ vntwphwuwp b
Ontnuwp hpwpnijuubph nupwspnid: YUnnuowpduyhtt pwpjunnidp nknuownpdt) E vntwphwuwnp hpwpnijup dnn 750 d: Zpwpnijuhg
hwpwy b wpbdninp mwpwsynid B juduyhtt Ephwnwuwpn hnupbpp, npnup hwpwynid sSwshnud Eu juquspp: vntwphwuwpp K/Ar
hwuwljugpuwdp niuh 1,4+0,03 Ma wrwuphp, puwn nph npnoyty £ ijuqugnyyt jnquowpdwjhtt mknuswpddwut wpugnipniup ~0,53+0.04
dUd/wn (Philip et al., 2001; Avagyan 2001):

The geosite presents geological evidence related to volcanology, geodynamics, and active tectonics, and to the geological hazards represented by
volcanism, seismicity and surface rupturing. The geosite has an international significance. The Khonarhassar segment of the Pambak-Sevan-
Sunik fault shapes the boundary of the volcanic plateaus of Vardenis and Sunik and stretches over about 60 km to the southeast from the village
of Karchaghbyur up to Tsghouk stratovolcano. Right-lateral strike-slip displacements along the fault segment developed most clear
manifestations in the area of Khonarhassar and Tsursar Volcanoes. The strike-slip fault produced the offset of Khonarhassar volcano by about 750
m. Young lava flows stretch to the south and to the west of the volcano and conceal the fault in the southward direction.

The minimum slip rate of the fault was estimated at 0.53 + 0.04 mm/year over an interval of 1.4 Ma (the age of Khonarhassar Volcano according

to K/Ar age estimation) (Philip et al., 2001; Avagyan 2001).

9. Bplypwunbnuupp niuh ntunignqujutt b Swtwsnnuljut jupbnp bywbwlnipiniu:
10. Ivnuwphwuwph Epjpuntnuipp gnuyniud £ L&wjut b Uwljkuhu gnintiph hwdwjipuwjhtt hnnuwnwpwspubpnid:
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1.6pjpuntnuip - ONRQUUL

Ljunp 1. A-Ontnuwp bppunbknuuph nhppp (Yupdhpny) @Enwywplh wwpwspnid: B-
Epjpwwntnuuph nhppp  hwpbwb  phwlwdupbph  hwdbdwwn, wnbknugpuljut
pupunkgh hhuph Jpu: C-Bplipwwnbnuipp ptuophttwly 1:21 000 dwupwnnmph Google
Earth ulfwph dpu: 2Enht gétkpny tywsd btu gpnitnnwphtt Swbwwwphubpp,
Jkinwugdny wpwhbnp: Lupiewqgniy punwlniuhkpny, 1, 2. uquspny Yupdus b
nbnuowpdwé Oninuwp hpwpnijuh ququpbtpp; 3. vqwoéph uljupwh Ypw
hpujuwtwugdws htwubjudwpwtwlwt jupwdninh; 4. Ly wpnwhwynjws juqusph
uljupy; 5. Gphunwuwnpn judwyht hnup

Figure 1. A — Location of the Tsursar geosite (marked red) in the Geopark area; B — position
of the geosite with respect to the neighboring settlements on the topography map basis; C —
the geosite shown on the original 1:21 000 scale Google Earth image. Yellow lines indicate
the ground roads, dashed line shows the path. Carrot-red rectangles indicate: 1, 2. Faulted
and dislocated summits of Tsursar Volcano; 3. Paleoseismological trench opened on the

fault scarp; 4. Well-manifested fault scarp; 5.Young lava flow

1. Ontnuwp Eplpunbtnuupp guniuynid £ SEnuppniuhph dwpgnud, @hnupwp gyninhg
44d ntiygh hwpuwy (B, uy. 1): Gpypunbnuupp pungpynud k 2,73 Yu? mwupwsdp: Zniuhu-
wnpluninphg hwpwy-wpbbp tpw Adgquédnipniip Unwnn 3 Y, hull jujunipniup
hwutinid £ dnwn 14d-h: Zwuwtbjh E wdkiwghwgubpny, ihdwh ddnwt wdhuttpht
uwnl k, winwlp qny:

Epjpuunbtnuuph wbdtwgpuynpdwi 3-6 Jhwbph pduhtt quuhwnwlubtbpp
npjuwsd ki wnyniuwly 1-nud:
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Unniuwly 1. Oninuwp Epjpuntnuiph pyuyhtt qowhwwnwlwuubpp:

I .IPE;II::II::::JI:I | Douip ——
I.nl|}|:||:|:ll'!'l1luli:|:-:mu Bpuphusugan e pene, Eplpuen e, wipahy wkijenljhls 7- Opljpunnbiulipp quingnud & Quuipul-Uhub-Upn by

[ g | huqusph untwphwuwph ubkqubbnnud:  Uji niuh
g sl R, s sy, Bpnsphe oy hhutnulubmd wewhnniul - Ynqupupdughl
ml::::::lmh ,-1'1"[:_':]{::. h"ﬂ.lmlf?!.ﬁ:[:r'm ,,,,,,I:I,;T:;Er;,r:,:,ul,,, 'mﬂ:l:, ; lI.luhi;hL[u;mhllm, hn(gh gnuiinid  nbknunpjués L bwb
guwhunulpelip | - - : - I - % nbwphwuwp npwl] hpwpnijutitpp (Karakhanyan et
qh":.l,',',';::;:'" T T::,T 2 Ih,':.l,',:::::u;:f _::u |.H.::::ﬂ:|:?.r.:-u|: T::TJ- xﬁﬁuﬁﬁnﬁfﬂ al., 1997; Kapaxamsu u gp., 2004): wtwuphwuwp
s ialyai] : : wgnuls 1l bpwpnijuh tdwl, Ontpuwp hpwpnipjup (vnbwphwuwnp

r T ;......?.}..,,.,. e MLWU “ 7 hpupmjuhg unn 9yd hwpur]-wplbyp) wewlnnju
h:::::ﬂxﬁh =g} "“’lﬂ:l'!:ﬂ"' A wﬂm;m“uqm wnbknuownpdny Yupdws £ dnn 375 d (Avagyan 2001;
‘ e et e g Uyuquuin  2019) (4. 2, 3): ®npul] hpupnijuh
"'-"?:hi““:m" ] h'-?:iil:ﬂzl:u:l L opulushh-l Ephuniwuwpy qwduwyhtt hnupbkpp, npnup hwutnd Eu

' 1 ' 3 ' 1 5 1 Onwpuwp  hpwpnijuh hwpwduyhtt hwndwsp b
"'T:":'L“F'“u':_"‘::'hlh" "‘"""'.'_:;;Ir::::"""‘. weadshub | Muoghoulel | wogwemulu wyunthbinl, UEY wy) hnup opowtgnid wy wpldntnphg:
wlyunp s b Zpwpntjuh hwplwinipyudp wbkjuntwlut uwjupuyh
HI:I::.::I.‘.IE.{L{:H.: Jpuw pugwd pupudninnud (. 1,2,3,4) nhunwpydt) L
P wuwknhnnh Ybpubknpny mbnuowpddusé stpwn (uy. 4):

Uju niuth 49° wulnid nphwyh hniuhu-wplkp: Ukqukunp yjuwinid punhwinip wndwdp ninqughs k, npp Eupunpnud E dkpdninnuéahg
Juqudph hwppmpiniu: Thinwplynn Jeputnpp pugiuy E junppoid juqudph hwppnipeiniup wiwnp b dnn (huh nignudhghl, np
hwjwbwpwp Swpuyl) £ npybtu dwquujh dwlbpbnyp pnipu qunt ninh: Mwpndwt dEkpdninnudéhqg hwppnipnit nitbbkbwnt
hwiqudwpp b JEptnpughtt pununphsh pyugju thukp wlthwyn £ jppudninnig dnwn 1.2 §u nhiyh hyntuhu-wplhdninpnid quntignn
QGLnupwp-2 nmbnudwunid, Epjupwdqus piniph ququpht ppujubttugws htwbkpjpuwoupdughnuljut wppwnwtpubph dudwbwly
(Davtyan 2007; Ujwuqjut 2011):
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Ljwp 2. Oninuwp bpipunbtnuupnud, {bplp
onuniuwtjupnid tplinid B @npwll hpwpnijuh
Ephwnwuwpny jwdwyht hnupbpp, npntp hwutnid
Et Oninuwip hpwpnijuh hwpwyuwyhtt hwpgusn b
Ukl wy] hnup wyunithbnlb opowbignid  wyl
wplbuninphg: Zpwpnipup fupdws b juquspny,
npp gnyg E wpdws uwyhwunwl] ujwpubpny:
Zuwubjudwpwtwlwt upudninnt wnbnp wpdus
k. Ubkppunid  QJupws b wnbnuowupddus
Onitnuwp hpwpnijuh §nquyunlbpp (Ujugyui
2019; Avagyan et al, pugpmudus L
hpuwunwpuwljduiy)

Figure 2. The upper air photo of Tsursar Volcano
shows young lava flows ejected from Porak
Volcano, which stretch up to the southern section
of Tsursar Volcano, and another flow, by-passing it
on the west. The volcano was cut by the fault
indicated with white arrows. The location of the
paleo-seismological trench is indicated. The photo
below shows the lateral view of the faulted and
dislocated Tsursar Volcano (Avagyan 2019;
Avagyan et al., accepted for publication). Tsursar
geosite, Porak’s Holocene lava flows and Tsursar
volcano displaced by active fault. The active fault is
indicated by white arrows. Palaeoseismological

trench site is indicated



'L JIJ} r | Lwup 3. Stnuowpddwsé Oninuwp  hpwpnijup:  vntwphwuwp

l!"'fﬂlc SIS ;} -!Jr hpwpnijuhg Unnn 9 Yd hwpwyd-wpbtp t jupudnignt wknunhppp, npp
. .E;r gnyg L wpdwsd ub ujupny, Unpupwugnytt gnyuny phpdws L Onpuly

hpwpnijuh jwjuyhtt Ephwnwuwpn hnupbpp (Avagyan 2001; Philip et al,,
= 2001)

Figure 3. The dislocated Tsursar Volcano about 9 km southeast of
Khonarhassar Volcano and location of the trench, which is indicated with

black arrow; grey color is used to mark young lava flows from Porak
Volcano (Avagyan 2001; Philip et al., 2001)

pwuninnid  juquspp Jupnud £ puwhnnp (3A) b ojupuyugnyh
uhjinwhtt vhwynpp (3): Mpudninmd phunwplynny tjuqugnyu 1,1
ninnudhg mnuowpdhtt jhudwwwwnwupiwth dnn 1,5 d iuqugnij
hpwlui nkquowpd hwodh wnlkim] Ynnuswpduyht puqunphsp b wnijugh 45° phpsfwspunplwl whlyniip: Yhpunkind (Wells &
Coppersmith’s 1994) nnuowpdwjhtt fuqusdph huwhphll hwjwuwpnidp dhohtip 1.5 U mknuowpdh hwdwp, hwyupldt; £ Mw 7.19
dwquhwnnigny tplpuwowpd: Uju Epljpuwowndp upnn kp wnbnh niabuw) yuwjinpttwhnnh dbhwynpnidhg htwnn:

2npu vhwynputiphg hwynuwpbpjus htmghunwlwut qrnusnutpp htwpwynp sh tnkp hwuwljugpty. htwgbnubpp Gupunpnud Eu nputg
pYugnnudp U.e.w. 500-1000 ppe.:

3A puwhnnhg unnwgyl) k 5655-5481 ppe. £U., npp twhiwhwuwlt b pwondwt hpunwpdmpjuip: Zupgh wntubing huphwbnipiudp, 3
Ju hjniuhu- wpbuninpnid, tnyt wljnhy ukgdbinh Jpu  quniyny Fhnqupup 2 minudwuh htwubjudwputujut ndjujubpp, uny
tpypwowndh, npybku htwn hwuwly Yupkjh E pugniut) 5079-4992 pe. LU. (UJugyub 2019): Bdu dkYy tplhpwowpd Gupwunpynud k JEpht
wuknhnynud. phinwplpws Yopgonudjuy ubwh dAlwdnpdwb hbn Juygus, Jhpehtiu nhnwplpt] E 2003 p. htwubjudwpabuluh
wohuwnwtptutph pupwgpnid jupwdninnt hwplhwbnipjudp, osnipbh hpiuhu-wpbbjjut yunh Jpu (Davtyan 2007): Onin uwph
nbnuuwunid thwunwgpyus hnvpwpdwbkp sjut: Unju tu Ypndjkjutbph b pgudpuwbwpdpbph hknptp, npnip whwnp L unniqyti:
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— Ujwp 4. pwdningnt wywunh

- fﬁ I-.'.;,:J--:'.}-EI gowwyuwnltpp (Avagyan 2001;
= ,'.:--;;f"' /' Philip et al, 2001): Ukpplihg

—— = = ___r'_‘"f: —— e _ Jtpl 6 hhdtwlwt vhwynpubp

: — A W ST R bt wowbdtwgyl] (1) nghi,
T ﬂ"‘“\.,_ == I''Ellli'ﬁll-'ll.'l':‘.l'l.'llnlr'|:||:+ ; __:__‘::_, e L . _:___ - : unulumhl.l, hnﬂulm].lm ].luul,
— gy T_-._::_"‘" EEE AR A B 2 wupnibwnd £ phlnpuyght
e, i e Hkukinttp du-hg Uhlish 40ud:

= = AN @ Uohug g,

wupnitbwlnmud £ puquuphy
thnpp (Ud) b puquuphy dks (5-50 ud) philnpuyhtt Lihdbunubp: (3) Olupw uhype, wupnibwlnid £ puquuphy thnpp phlnpubp: (3A)
FPuwhny dAtwynpjws 3 dhwynph dpw, yupnibwlnid £ ud- swthbph 20-60ud pkynputp: Uju Jhunph dwwnphpup wupnibwynud k
uhiphg opquiwljutn ympny: (4) Ojupw uhjpunn 70ud juqudphg htnnt, uwluyt hqnpmpniip oppuimd E (5-6 ud) uqusphl
Unnbtbwnig: Fuquuphy dks phlnpubkp Ynughunpugus tu ujupyhtt dnn: Uju dhwynpp jupnn b dEjuwpuidl) npytu Ynnidhuyg
ubiyy, npp nunwlyby £ dwlbpbuh pupjondwt wpgniopnd, juqusph Gpliuyupny, b hwjwbwpwp nupwsymd E jupudninnt 4tpohg
hjntuhuwplbyp: vquspp, npp wungugynid £ mnuyngpudhll ufupuh htwn, fupng k hul)] hhdbwlwip, hul wyt, npp wpnwhwjngws k
hupwdninnid b snith mnuyngpudhwljut wpunwhwynusnipnit tphpnppuyht B Uju dhwynpdwit ke jut Yepudhuyh pEynpubn:
(4A) dudwtwjuljhg hnn
Figure 4. Drawing of the trench wall (Avagyan 2001; Philip et al., 2001). Six (6) main units were identified from bottom to top: (1) yellow plastic
compact clay containing clastic elements from 1 mm to 40 cm in size; (2) colluvial clay, containing many small (mm) and many large-size (5-50
cm) clastic elements; (3) ochre-colored silt, containing many small fragments; (3A) topsoil formed over the 3 listed units that contains fragments
ranging in size from 1 centimeter to 20-60 cm. The matrix of the last-indicated unit includes organic matter from the silt; (4) ochre silt that is
recorded to have the thickness of about 70 cm far from the fault, but diminishing as approached to it (5-6 cm). Many large-size fragments are
concentrated near the scarp. This unit could be interpreted as a colluvial wedge that had been accumulated as a consequence of surface break
along the fault and is likely stretching toward the northeast from the trench termination. The fault associated with the topography scarp is
considered the main one, while the one manifesting itself in the trench and having no sign in topography is the secondary fault. Fragments of

ceramics were recorded in this unit; (4A) modern soil
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8. Luwnn bpljpwpwbwluwi nnpnh Epjpunbnuipp tbhpwpnid E hpwpwghwnnipni, bpjpunghtwdhlu, wlnhy wnbkijunnthlu
nnpunbkpp, hul bpipupuiulwi  Juwigh hpupuluiniemiy, ppuowpdtp, dwlbpinpughtt pwinndibp: Onimuwph
Epypuntnuipp qnuynd £ Qudpul-Ulwt-Uniuhp wljnhy jpqusph vntwphwuwnph ukgdbunh gnunnud, npp dgynid £ Yupdwnpnip
qninhg dhtislh Onniyjh hpwppowghtt quiuqus, dnwn 60 Yu: vqqusph tpluyupny nhunwplynud G we Ynnuowpduwyhtt mnuowpdtp,
npnip Jupk] G hpupnijuubp b htwghwnwljw unnygubp: Fpwbg pynid E Ontnuwp hpwpntup (Wl 2, 3), npp updbp b wowlnnuju
wnbknuowpdyt] £ dnn 375 d (. 2, 3): Onpwl] hpwpnipjuh Ephrnwuwpy jwjuwghtt hnupbphg dkp hwutnud £ Onipuwp hpwpnijpuh
hwpwyuwjhtt hwwndwénp, hul] Ukl wy] hnup spowtignid wiyt wplhuniwnphg:

EhEDh Jpuw qud wpunwhwjndws wnhy uqusph ujupuyh Ypu ppuubugdt] b htwubjudwpwbwlut jppuwdninh, npunty
hwjntuwpkpyty £ dbl dwlbpbnipughtt jpgnidwghtt hpunpwpdnipnii: Uwljbpbnyph dnn juqusdpp Jhpubwnpught k, vwljuyt wy
pyugu L, pwth np juquéph hwppnipiniup junppnid Unwn E ninnudhght: vpudninnid phunwplyny tjuqugnyu 1,1 ¥ ninnudhg
nbknuownpdhtt jhuwdwywwnwupiwth dnn 1,54 tduqugnyt hpuljuwt mbnquownpd, npht hwdwwwunwupiwiund £ hwydupluhtt >sMw
7.19 dmquhwnninny tplpwowpd, npp wnknh k niukgky 5655-5481 L 5079-4992 pe. LU. Uhowljuyypnid:

The geosite provides geological evidence related to volcanology, geodynamics and active tectonics, and to the geological hazards such as
volcanism, earthquakes and surface ruptures. The Tsursar geosite is situated in the zone of the Khonarhassar segment of the Pambak-Sevan-Sunik
Fault and stretches over about 60 km from the Karchaghbyur village to the volcanic massif of Tsghouk. The right-lateral strike-slip motions were
recorded along the fault and cut through volcanoes and archaeological sites. Among them is Tsursar Volcano (Figs. 2, 3) displaying the right-
lateral offset by 375 m. One of the young Holocene lava flows from Porak Volcano reaches the southern part of Tsursar Volcano, while another
one bypasses it from the west.

The paleoseismological trench that was excavated on a well-exposed active fault scarp provided evidence of one event generating surface rupture.
The kinematics of motion observed near to the surface is that of a reverse-fault, but this pattern is produced by almost vertical fault plane
orientation at depth. An actual dislocation by 1.5 m the least would have corresponded to the minimum vertical displacement by 1.1 m observed
in the trench; an earthquake matching this scale is estimated at the magnitude of >Mw7.19 and had occurred in the interval from 5655-5481 to
5079-4992 BC.

9. bphpwwntnuupp nith dwlbplnipuwghtt pwpondwb, Gpipwowpdtph b hpwphpwlwinipjut wenidng nwunignquijub b
Swhwsnnuijut juplnp tywbwlnipni:

10. Oninuwph tpjpuntnupp gniynid £ vwswnpmnip b @qupup gninbph hwdwjipwyhtt hnnuunwpwspubpnid:
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1.5nYjpunbnuip - 4USN3ULL

Ljup 1. Quynguwp tpljpuntnuiph pupuntqp. A-ntnunhppp Stnyupljh pupuntqh
Ypw Jupdhpny, B- mknunhppp hwpwlhg ptuwujuypbiph hwdbdwwn, C- ptiophtiwly
1:25 000 dwupmnwpnid Google Earth tjuph Ypw: Lwuptowgny punwlniuhtpny: 1.
vwuntwpwuh hwnwlp, 2. wuntwpwih Eqpp: Hnht Epwulniing gnyg L wnpdus
Swpunupuybnulju jurnygh wykpulubpp:

“hnht qétpny gnyg E wdws bEpypuunbnuiph wnwpwspnid wnlju gpnitnugh
Swuwuyupubkpp

Figure 1. The map of the Vayotssar geosite: A — location within the Geopark area marked
red; B — position with respect to the adjacent settlements; C — at the original scale of 1:25
000 on Google Earth image. In carrot-red rectangles indicate 1. Bottom of the crater; 2. Edge
of the crater. The ruins of the architectural structure are shown in a yellow triangle. With

yellow lines is used to show the ground road existing in the area of the geosite

2. quynguuip hpwpntijup quingod  duyng 2nph dwpgniud’ Zkphtp b Twgholjw qlnbkph
Uholi, Ywpdpwokt qninhg 3 Yd hwpwy wpbdninp: Zpupnijup wpwbdtwbinud k
howpwdwght Ynup (1600 U hhuph npudwgsh b 330 U hwpwpkpuljut pupdpnipjudp)
hhwiwh wwhywijwénipjudp: Ywynguwp hpwpnijuh  Swdwuwyhtt  jwyuyh
duyppdwtt  wpmynitipnid  dbwdnpyl] B puuwlwbwht pugupdwl 70-75 Y2
dwljtpbuny jwwyhtt hnup, hgnpnipnitip nwwnwiynd E 2-hg 30 dbwph
vwhdwiubpnid: duynguwp  hpwpnijuh  wohwphwgpuju Ynnpphwntbph b
39.797329 N; 45.496504 E:

Bpjpuntnuuph widuwgpuynpdwi 3-6 Yhwnbph pyuyhtt qowhwnwlwbubpp npdus ko wnpniuwl 1-nud

a @ im §Y
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7. Yuynguwupp hhwtwh ywhwywugwsé junsnp suthubkph
Untingttt hpwpniju b (nwpwdwghtt Ynb) nilh 2586.3
pugupduwl pwpdnipnii: wpuwdwhtt §nth  hhdph
1600 U L
pupdpmipniup 330 U: Unuh ququphtt wnljw b juy
hhwntwpwtt 500 d
hhuntwpwih
wwwnbtpp niukt hnphqnuh hwtnby 35° phpywénipnii:
Zpuppuught - dwpduh  Jpu wnluw B ny junpp
YupJuspubp  (gduyhtt  Anpwljubp,
puppwulnutbp), npnup nwpwsynid Eu pwnttwpuihg

npudwghép hull hwpwpbpuljuu

wwhywijws  dwqupudl
npudwgény b 100 d  junpnipjudp,

ninnuhuwjwug

ntuyh hhdpp: Fuppwulnuubpp wnwowgk] Eu opuyjht
hnuptiph Epnghnt wlunhynipjutt hbwnbwbpny: Ynup
juqus E hhdtwlwinid juuhjubph swthwjinipjut
thjupnit piwpwdubphg: Zpwphh hjpruhuwghtt dwund
wnlju tu dh pwih ny UES huwpuwdwihtt wjwqubph
pughwtptp, npnbn wpunwhwynjws b jowpudubph

ohpinuyunipintt juwyywsd unpndpnjhwtt mhyh bpuynghy duyppniudutph hdwyniuutbph htn: Unuh jmbekpht wpnwhwynyus tu

hudwlktnpnt wunhdwtwdl hwmndwsubkpp, npnup wpunwgninud u Ynup Juqunn thhupntl, ns Ynuunjhnugdus iyniph gpudhunnughnt

tunbgnudubpp: vwpwdwght Yntp b tupugpjus juenigyuspuwhtt wnwbdtwhwnlnipnibiubpp wunbpdus kb uljup 2-nud:
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Uwp 2. dwynguwp hpwpniju b nbpunnd tjupugpius jurnigduspughtt wpwbdbwhwnlnpymibitpp. nmnquhwjug gdughl
anpwljutp, (puppwulnuttpp) b wunhdwuwdlh hwdwlkunpnt gpuyhwnughnt mkpwuwtpp
Figure 2. Vayotssar Volcano and the structural features described in the text such as vertical linear gullies (barrancoses) and step-wise concentric

terraces produced by gravity
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vwpwdwjhtt Yntth hhuph hwpw] wpdnjuit dwund nbnuljuyws tu hjniuhu wpbdninphg hwpwy wplbp dqws phlnpuyghte
guuwdl jujuyht tpunnpnighwkp, npntp jugutb] Eb jujuubph wpunwyhddwt hpwphiwghtt &Enptpp, npuntnhg ujhqp b wntnud 2

ghubpughwubph jwjuyhtt hnupkpp: Gpynt thnybph Jtpenid
&Enph (wjtnipjudp hnub] £ 700 d Gpupnipjudp & 300 U
jwjunipjudp (hqnpnipiniup hwubtind k£ 20 d) ny dks juduyhte

hnup: Lwyuwjht gqmth hjnruhu wpbdnyut dwunid wnlju tu
Uh junwdp thnpp pipuljutipny, wpunnwhwyngws opuhnugyws
jwuwibkp, pwpuwdubpng b juwypjubpny: Zudbdwnwpwup
wdkuwpwpdp pipulp niuh 15 d pupdpnipinii:

)

e

5 .':fl

Ljwup 3. Yuynguup hpwpnijuh Epjpupwtuljub pupunkq: Nip
Jtipht wbjunnngtth 1. Mhpnjjuuwnhl wpwewgnidubp; 2.
Spwpuhpwqujunuyht - wungbkqhnuwhtt  jwdwukph 1-ht
ghubpwughw; 3. Spwuhpuqunuhtt winkqhwnwiht jujuttph
2-pn ghubpughw; 4. dwnguup  powpwdwghtt Yol 5.
Lujwubph wpunnwyhddwt hpwppiwghtt &enptp; 6. Luuyjht
hnuptph ninnnipjniuubp
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Figure 3. Geological map of Vayotssar Volcano

Late stage of the Late Pleistocene: 1. Pyroclastic units; 2.
Generation 1 of the trachybasaltic andesite lava; 3. Generation 2 of
the trachybasaltic andesite lava; 4. Vayotssar cinder cone; 5.

Volcanic fissures that ejected the lava; 6. Directions of lava flows

Juwynguwp hpwpnijup dh pwh gqhubkpughuwyh dwjppdwi

' I CEE A S[7] e[ wpryniiipnud dunnpb) b pufuljwtht puguopduy 70-75 b
dwlkptuny jujuwyht hnup, hqnpnipniup munwiynid | 2-hg 30 dknph vwhdwbtbpnid: Unwudtwgdws E juuyhtt hnuptph 2 hnphqnt
(hwdwwywwnwupiwi 2 fungnp dwyppdwt thnykp), htyybu twb hpwphwghtt dnfjuph 2 okipn (unnpht b YEpht) (y. 3):
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Zpuphiught dnjuph uinnphb skipinp swsymd t kngkh hwuwlh wuywpubpp Uughou, Ywpdpuok b wy) gninkph tnwpuspibpnud:
Uwnpht okpinnh hgqnpnipniup 10-15 ud-hg hwutnud £ dhtgh 1 d-h:

Zpwphiwghtt Unfjuph unnnphtt obpuip wdpnne uwpwhwppenid Swsywsd £ wnwehtt hnphgnuh jwjuwyhtt hnupny, nph hqnpnipiniup sh
wpunwugn)ynuu:

Unwgohtt hnphgnuth jwujuyhtt hnupbph dpuw wnbnunpduws t hqnp hpwppowghtt dnfjuph 4tpht obpup, hhpdtwjuwinid gunudbng fEuwnpnuhg
ntuyh wplik)p pujwés hwndusnid:

Upldunjut b hwpuy wpdnjut hwinusnid hpwppughtt Unfuph 4tphtt okpnt niuth thnpp hqnpnipini, 4tphtt skpnh wynuhuh
nwpus|wsnipyniip pugunpdnid E duyppuwi wyy thnynid wplidingwi pudhubph ghpuljuyntpyudp:

Zpwphuwght Unfuph Ybpht gkpunp dwuwdp swsydws b Epypapy tough pwdughtt hnupbpny qpunbglbng hpwpluh hnuhuwghb,
wpldnjut b hwpwy wpbdnyut Jwukpp: Gpypnpy thoyh jwuwubpp tnyuhul hpwpph hhdpnid dnjupny jud wy) thhupnit ynipny
dwdlyuws sku:

8. duynguupp hhwbwh wwhwywiws junonp sunhubph Uniingkt hpupmp b (uwpudughtt §nt) niuh 25863 U pugupdwy
pupdnipnil: vwpwdwghtt Ynuh hhdph wpudwghédp 1600 J E, hull hwpwpkpuljwut pupdpnipiniup 330 d: YUnuh ququpht wnljw k juy
wuwhywigwsd dwqupudl pwnttuput 500 U mpudwgsény b 100 d junpnipjudp, punttwputth ywwwnbkpp niukt hnphgnuh hwtnby 35°
ptpywdnipinii:

Zpuphwyhtt dwpduh dpu weluw Bu ny junpp muppuhwjwg Yupduspubp (gduyhtt dAnpwljutp, puppwtlynukp), npnup tnwpwsynid ki
huwntwpwihg nbwh hhupp: Fuppuwulnutbpp wpwewgt] tu opujhtt hnuptiph tpnghntt wljnhynipjut htnbwupny: Unup juqus k
hhdtwljuwtnid juypjubph swhwjinipjut thupnit ppwpwdibphg: Zpuphih hntuhuughtt dwunid wnlw b dh pwtth ny Uks iupudwghte
wjuqbph pughwbptkp, npubkn wpnwhupnjws b uwpudibph skpnugimpmit juydws  wnpndpnjhwt whwh  bpuunghy
duyppnidutinph  hdwniyuubph hbw: Unuh jwuekphtt wpunwhwjndws i wunhdwbiwdlh hwdwlbunpnt nkpwuwtbp, npntp
wpunwgninid ki §ntp juqunn thjupnil, ny Ynttunjhnugus tymph qpuyhwnwughnt tunbgnidp: upwdwhtt §ntip b bjupugpdus
Junnigquspwjhtt mnwbdtwhwnlnipniiubpp wunlbpguws tu tjup 1I-nud: vwupuwdwhtt §ntuh hhudph hwpwy wpbdwnjwt dwunid
nbnuljuydws Eu hjniuhu wplbdninphg hwpwy wplbp dqus pEinpughtt qqubwdb juuyhtt Epunnpniqhwtbp, npntp jugubl tu
jwJwubph wpunwyhddwt hpwphught gnpbpp, npuntnhg ujhqp Gt wntund 2 ghkubpughwubph jwjuwyhtt hnuptpp: Gpypnpy thoih
jujwibpp hwubnid A dhish Upthw glnh Yhpdp' swsltny qhnh nkpuuwbtpp: Gplwt-Uknph wdundwypnigne Uwgholju-Dwgp
hwwnjwép wuginid E jwduyhtt hnuph dhony, wyuwntn junpkih £ wnkutk] juduyhtt hnuph fuipdwspp b pinuyght pinypn: Fpnuqinuppub
Ungq ptwjuntnht qnuynid E juduyhtt hnuph tqpuyhtt hwnguwsdnid:
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Vayotssar is a large-size monogenetic volcano (cinder cone) that has been wonderfully preserved. It has an absolute elevation of 2586.3 m. Cone
base diameter is 1600 m, and its relative height is 330 m. A funnel-shaped crater has been well preserved on the volcano summit and has a
diameter of 500 m and the depth of 100 m. Crater walls are inclined 35° to the horizon. There are shallow vertical fractures on the volcanic body
(linear erosion gullies, barrancoses) spreading from the crater to the base. The cone is mainly composed of fragile scoria of lapilli dimensions. A
few not large open mines of scoria sand are present in the northern part of the volcano, which enable observation of cinder stratification
determined by the pulses of Strombolian-type explosive eruptions. Stepwise concentric terraces developed on the cone slopes match the settling
of the unconsolidated loose material by gravity. The cinder cone and the described structural features are illustrated in Fig. 1. Cylindrical
extrusions of clastic lava, stretching in the NW-SE direction, can be observed on the southwestern side of the cinder cone base: those jwjuijhtis
had clogged the volcanic fissures that ejected lava flows of the 2 generation. From the longer of them, lava flowed up to the Arpa River gorge and
covered river terraces. The lava flow is crossed through by the Malishka-Vaik section of the Yerevan-Meghri Highway, where it is possible to

view the lava flow section and its blocky nature. The Bronze Age settlement of Moz is situated on the margin of this lava flow.

9. Muh ghunwlwb, nunignnuljub, dpwlnypuwjhl, nniphunwlut Uk wnunkughw), husywbu twb wnniphquh qupgqugdwb wy
Eupwljurnygubph vnbnddwt hkn juwyydws:

10. Yuynguup, LEpunty b Uwhojw hwdwjupubph vwhdwbwgfuht:
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ynnpphtiwnnitkpp 39.882581° N, 45.360839° E:

Ljwp 1. Udpwunwuwp bpjpunbtnuiuph pwpunbqp A-nbnunhppp @Enwuplh
pupunbkqh Ypw jupdhpny, B- mnunhppp hwpwlhg ptwuduypbph hwdbdwn, C-
puophtim 1:50 000 dwupwnwpnid Google Earth ulwph Ypw: ‘Lwptowgnyh
pwnwljniuhubpny. 1. Udpwwnwuwp hpwpjh ququpp; 2. Lwjwibkph wpnwghddub
dtnpp; 3. Lwdwyhtt qupkp; 4. &hnpuyhtt jwduyhtt wpunwdhdnwd; 5. Lwduyght
funnnijwyp b pufuyhte oy Edp:

7hnht gnyuny gnyg E wjws Lpjpunbknuiuph nnupwspnid wnlju wdkbiwguwugny
wlgutbkih gpnitnuyghtt Smtwywpubpp (hnéd qstp) b ninph wpwhbwnubpp (YEnwghs)
Figure 1. Smbatassar geosite map: A — location within the Geopark area marked red; B —
position with respect to the adjacent settlements; C- at the original scale of 1:50 000 on
Google Earth image. Carrot-red rectangles indicate. 1. Smbatassar Volcano summit; 2. Lava
ejection fissure; 3. Lava dome; 4. Fissure lava ejection; 5. Lava pipe and lava fall.

Yellow color is used to show the ground roads existing in the geosite area that are passable

for off-road vehicles (solid lines) and foot paths (dashed lines)
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N, 45.388486° E,
wdkuwquugubpny, tnutwlp pupkbyuwun Ewdnwtp b Jun wptwtin:

Udpwunwuwph jmuwjhtt thniqus junnndulp b jwduyhtt opybkdh wmbnudwup
gunuynmid E Bnkghu qmnminhg dnwm 1 Yd phwyh hmpiuhu: Uplowphwgpuljut

pupdpmpniup 3037 U:  Bpypwnbnuupp hwuwubh E

Epjpwunbtnuipp hwuwbbh sk wdkiwquwugubpny, dnnmwlw judninnig wuhpwdbton £ dnwn 1 YU pwylip wpwhbtnny: Bpwbwlp

pupkuiyuun £ quptwt, wdnwl, wrtwb wdhuubkpht: Utnd t ddnwtp, htwpwynp b nit: Ukpugnudp juy wwhywidws L,
Epypuuntnuiph Epjupnipniup 1,4 Yd k, jayunipiniup 750 U, punhwtnip dwlkptup 0,92 U2 Gpjpuntnuiph wudtwgpuynpdwt 3-6
JEntph pyuyhtt qouhwwnwlwtbtpp npdws Gu wpniuwy 1-nud:
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7.Udpuwnuuwp hpwpnijute hpkuhg
Ukpyuyuginid E Untngkt nhwh hpwpnij’
hmwpudwihtt Ynt, npp jwduyhtt  hnuphlph
duyppuwl £knpny puwdwin]t) k Epynt Ynubkph'
hymuhu-wpbdnyuwt b hwpwd-wpbbpjub (ul.

2):  Zmuwhu-wpbdnyut  Ynth  ququph
pupdpmpniup 3037 d E  hwpwupbpulwb
pupdpnipitip hhuphg ~120 @ Zpwphuh

Jwbgbphtt jwt pwquuphy juy dbwynpus
bpwphiughtt  pnwdpkp, hull Jowpudubpnd
tjunymd B Yuybwlh  hwpwsubphg
wnwowgwd pnijgniphnikp (Kapamersn 1958):
Udpwunnwuwp hpwpntjup hwinhuwinmd | 22
wnwpwdph wdktwbkphnwuwnpny hpwpnijutibphg
Uklp, nph jwjuyhtt hnupbpp Swéynud b
Bntghu gqtwnh hnngkuh  hwuwlh 1-ht
nbkpwuwb (Kapanersas 1960):



Ljuwp 2. Udpwwnnwuwp hpupnijup: A- 1-hu
qblbpughuyh  jujughtt &knpuyht
wpunwyhdnwdp, B- 2py  ghubkpwughwgh
Jwjuyht  ghnpwyhtt  wpunwyghdndp b
Juuyht quptipp

Figure 2. Smbatassar Volcano: A- Fissure
effusion of Generation-1 lava, B- Fissure

effusion of Generation-2 lava and lava dome

Udpwnnwuwnh hpwphiwghte
duyppnidlikpp nuuynid ki Lplnt nhuh’
&hnpuyhtu i1 unpnupnihwi L
wnwbdiwugynid  Lu  Lplynt  duyyppdubt
(b tpuwnghy b Ephmqhi: Unwght
thnuynud nknh E mukgl] dEnph pugnid b
wnpnipnjhwt whwh  whpnjuunhy
Libihuihl quabine Epuwynghy duyppnid, nph dwdwbwly
dnphg wpuwubnyt] o juwpudubp b
bpwphiwghtt pnudplp, npnbg nunwljdwb
wpniupnmid  Abudnpdl] £ odujwdl
howpwdwyhtt Ynbup (7630x750 U):  Zwonpy
Edpdniqhy thnynd  wnwowgl) tu bpynt
ghubpwghuwjh jmjwyhtt hnupkp: Unweoht
ghutpughwt hjntuhu-wplik)p-hwpwy-
wpbuninp nippnipjudp hpwppuh dheony
wnwpwéynn Lnpp Yhub] £ pwpudwhtt §ntip b wnwghtt ghubpughwjh jwjuwjhtt hnupbph denpuwyhtt duwyppnidubp B ujuyk), npnup
hnub] &t nbwyh hwpwy: Uju jwuyhtt hnupp hnumd E hyjnruhu-wpbbp-hwpwy-wupbdninp ninpnipjudp tmwpwésynn hpwppth dhony
wlginng &knphg, juduyhtt hnupp nih 17 Yu bpjupnipynih, 1.5-20 U hgnpnipyntl, hul] hnuph jujintpynibp nunwbynd £ 20-hg dhbish
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800 Utwph dhowljuypnid, yujdwiw]npdud nknubiph nkhtdny: Eplpnpn gkubpughugh jwdwihtt hnupp, npp hnuntd t nhwh wplbp
duyppl] t hjniuhu-wpldninp-hwpu]-wpltp monjusnipjub £enphg: Zknwquynid, pun pkh$h Epypnpn hnupp phpynid E nlyh
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Juyunipjnit b 3-15 U hqnpnipnit (uly. 3):

Udpwmwnwuwp hpwppuh hnuuhu-wpbbjut dwund wnjuw £ bwb jud wpnwhwyndws hgnubwnphl) oppwtwdl jwuyhtt qupkp, npp
unyuybtu juwyyws £ hpuphth dwyppdwt Epypnpn thnyh htn b qnugynud £ hjniuhu-wplidninp - hwpwy-wpbbp ninnduénipjut £knph
hjntuhu-wpbdnyut hwndwbdnid:

Ujuyhuh jwjughtt wpwewgnidtbpp pugunpymid i hbnlywy Yhpy ns Uks phpnippul nhjhebh wwydwbbbpnid jwduihtt hnuph
dwljipbinypp hwdbdwwnwpwp vwnk] B wnwowguting Ytnl, hull Yinbh tpunmd jwdwb pupnitwll £ wpwg hnub] wnwowgting
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Jhuwqubiwdl jujuyhtt wnweowgnidukp (y. 5):

Unwohti gbikpughuyh junjuyht hnupp Bnkighu guninh hymuhuwhl dwuhg qunhputh jubeny 1gynid k §hpép wnwewgubing juuyhb
opykd:
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nunnwb]nud E 35-40 U, huly pupapnipniip dhish tynignuip juquty £ 18-20 U, hul kpljupnipniip 300 U: Ujuyghund, hp juyintejudp
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Ljup 3. Udpwwnwuwnp
bhpwpnijuh b  Jwduwjht
hnuptph
Epypupwtjulu
pupunkqp

Figure 3. Geological map of
Smbatassar Volcano and the

lava flows

Udpuwnnwuwph hnuph
jufught  junnndulh
pugwphynipiip - wyy
Junnygh juwjunmipmniup b
pupdnnipniut ke
Qunniygh  jwjunipjniup
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hulj pwpdpnipniup dhtsh
thinigqnudp juqub £ 18-20
U, hul Epupnipgniip 300
u: Ujuug pund], hp
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Llwp 4. Unwoht qhubpughwih jwjwyhtt hnupp Bnlighu qbwnp Yhpdh dwpn plnid, quehpwth jwmugh Ypwu wn
funnnyul, wyw jwifughb opkd manjws nhuh ghnwhnghn

Fissure 4. Lava flow belonging to Generation 1 on the left bank of the Yeghegis river gorge created a lava pipe on the steep slope and then a lava

-"
et

wowgunid £ juuyht
fall toward the river valley
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Liwup 5. Oqws jwduyhtt junpnjuyh upjubdwwnhl wwulbpp pun |
Qupuytnjwuh (Kapanersa 1960)
Figure 5. Schematic layout of the collapsed lava pipe (Karapetyan 1960)

8. Udpwwnwuwp hpwpnijup quynd £ Hwpnkuhuh  hpwpppughte | x_f = \_uy:'" 3 E,; i
pupdpujuinuijh hwpwuwihtt Jwunid, Yuwyng 2nph dwpgh GBntghu o L sy e e ]
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Untbkph  hpnuuhu-wpbdnywi b hwpwd-wpbbpui: Znuuhu-wupbdngwd §nith ququph pupdpmpniip 3037 U b, hwpupbpulub
pupdpnipyniip hhuphg ~120 d:  Zpwplup qwbgkphtt Yuwb puquuph] jwy dtwnpws hpwphughtt poodpbp, hul jowpudikpnd
tjuunynid u Juybwljh hwpjusubphg wnwowgusd dnijgniphnttp (Kapanerss 1958): Udpwwnwuwp hpwpnipup hwinhuwbnd £ 22
wnwpwoph wdktwbphwnwuwpny hpwpnthup, tipunpupwup wyt duygppl] £ dnn 3 hwqup nuph wpwy, hulj jwjuwyhtt hnupp swshnid k
Enkghu ghinh hnpngkih hwuwhh 1-htt wkpuuwl: Udpunwuwph hpuphughtt duyppnidibpp puudnd ki bplint whwh enpught b
uinpnupn)hut b wnwbdiugymd kb kplne duyppiwi thngbp tpuuynghy b Eb$niqhy: Unweht thnyynid nknh E mkgh) &knph pugnid b
unpnupnihwb mhyh whpnljuwuwnhl Epuwnghy duyppnid, nph dwdwbwly £inphg wpunwibkngl) B jpwpudutp b hpwppjowghtt nnwdpkp,
npnug Yninwluwb wpyniupnmd dbwynpdl] B ooJuudl pwpwdwghtt Ynup (7630x750 u):  Zwenpn thdPniqhy thnymid Eplne
qhubpughwjh jwjuwyhtt hnupkp kb wnwewgt): Unweht ghittpughwt hjntuhu-wplt)p-hwpwy-wpbdninp ninpnipjudp hpwphuh dhony
wnwpwédynn gknpp Jhub) £ pwpudwjht ntp b wnwehti gkubpughwjh jwduwyhtt hnupkph dknpuwyhtt duyppnidutpt tu ujudby, npntp
hnub) Eu nhyh hwpwy: Uju jwduyhtt hnupp hnunid £ hjnuuhu-wipbbp-hwpwy-wpbuninp mnnnipjudp tnupwsynn hpwppth dhony
wiginng &knphg, juduyhtt hnupp nih 17 Yu bpjupnipynih, 1.5-20 U hgnpnipyntl, hul] hnuph jujintpiniip nunwbynud £ 20-hg dhiish
800 Utwnph dhgwljuypnid, yyuydwiu]npdud nknubiph nkhdm]: Ephpnpn qkubpughugh jwduyhlt hnupp, npp hnuntd  ghyh wplbp
duypph) E hjntuhu-wplidnunp-hwpuy-wplityp nignjusnipjui £knphg: ZEnwquynid, pun okjht$h kplypnpy hnupp phpymd E plgh
hwpu, hnutijny Bntghu qgknh Upwnbu quuulh dnpulny: Gplhpnpn qiubpughwih jwuwyhtt hnupp niih 11 Y Epjupnipiniy, 20-100 U
Jujunipnit b 3-15 U hqnpnipjni:
Unwohti gbikpughuyh jujuyht hnupp Bnkighu guninh hymuhuwhl vwuhg qunhputh pubeny 1gynid t §hpép wnwewgubing juuyhb
opykd: Lujuwyht opdkdh yiplth dwunwd, npunbn jmjui hnub) E ny Ubs plipnipjub dpuw, wnluw k 2 dhlhitinyt dqwénipinitt niubkgnn,
Jhuwqquttp hhotigunn jwjuhtt winwewgnidubp (quyunipiniup 40-44 d): Yhuwqubuubpt niukt dhdhwig thhnjunignuhwjwg bnpkp,
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Ujuyhuh jujujhtt wpwewgnidubpp puguinpynid Eu ny Ubké phpnipjut nhihtdh yuydwtibpnud jujuyghtt hnuph dwltplnyph Yinlh
uwnkny, hull Ynlhg ubpu judub pupniiwly ) E wpwq hnut), wnwewguting juduyhtt pnnnquily: Lwduyht unpnquijh tbpunid juju
gupniilty £ pp hnupp wowgwgubinyg opjkd b puhdt) Bntghu ghwnh Yhpdp, huly juduyht Yenbip nunwpltng nqupdt) b ks
npudwgdny jnipophtiwl jwuyhtt «pniubp jud ks junnnuly: Zknwquynid juujhtt pnnnduljp £enpusdnipjul, hp dSwupnipjub
nidhtt sphdwbwny, Pyl E b Abwdnpl] Jhuwguiwdl jwduyhtt wnwowgnid: Udpwwnwuwph hnuph judujhtt junpnjuih
mipuwhwnlnipniip wyn jupnygh jayunipjniup b pupdpnipniut Bi: Yunnygh juyunipiniup dnwn 40 Ak, hull pupdpnipjniup dhsh
thynignuup uquty £ 18-20 o, kpljupnipnitp 300 U: Ujuwghuny, hp juyinupjudp b pupdpnipjudp togws juduyhl ingniulyp jupnn &
nuuyl) wphowphnid hwynuh jwduwyht pnpnjuyjutiphg wdkwpnonpubph pwppnud:

Smbatassar Volcano is situated in the southern part of the volcanic plateau of Vardenis, about 7 km to the north-northeast of the Yeghegis Village
of the Vayots-Dzor marz. Smbatassar Volcano represents a volcano of monogenetic type, a cinder cone that was split into two cones along the
fissure of erupting lava flows — the northwestern and the southeastern ones. The summit of the northwestern cone has an elevation of 3,037 m,
and its relative height from the base of about 120 m. Many well-shaped volcanic bombs can be found on the slopes of the volcano, and fulgurites
generated by discharges of lighting into ground can be noticed in the scoria. Smbatassar Volcano is the youngest volcano in the area of the RA;
presumably, it erupted about 3 thousand years ago, and its lava flow covered the 1% terrace of the Yeghegis River dated to the Holocene. Volcanic
eruptions from Smbatassar are assigned to the two types — fissure and Strombolian; besides, two eruption phases are distinguished — explosive and
effusive. The first phase opened a fissure and an explosive pyroclastic eruption of the Strombolian type occurred, when scoria and volcanic bombs
were ejected from the fissure; accumulation of those materials formed an oval-shaped cinder cone (7630 x 750 m). The next, effusive stage
produced two generations of lava flows. The first-generation lava flow (17 km long and 1.5-20 m thick, and the width of the flow varies from 20
m to 800 m) can be traced running down along the steep slope in the northern part of the Yeghegis village and entering the gorge, where it
formed a lava fall. In the higher section of the fall, where lava was flowing along not very steep surface, it is possible to observe 2 lava formations
of the same length resembling semi-cylinders (40-44 m wide). Under the settings of gently sloping relief, surface of the lava flow was cooling
relatively faster and formed the crust, under which hotter lava continued its fast motion creating a lava pipe. Inside the lava pipe, lava was
flowing farther up to the site of the fall, wherefrom it poured down toward the Yeghegis Village gorge. The emptied lava pipe turned to unique
large-diameter lava «tunnel» or a big pipe. Later on, the lava pipe cracked and collapsed, have not withstood the force of gravity, and formed
semi-cylindrical lava units. The width of this feature varies in the range of 35-40 m (the greatest dimension being 43 m), and its height before the
collapse was 18-20 m. The length comprises 300 m. Therefore, by its width and height, this lava pipe can be ranked among the largest lava pipes

known in the world.
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hjnipuwnttph, Swpwpwttph fud wy) opjEjnutnh qupqugdwt mtuwblyniuhg:

10. Udpwunwuwp, phuyundwlub pinipjut hnvpwpdwb Zujuunwih  Zwbpuybnmpniunid: . Guninid - Edwyng  dnph
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Gtnyupyh pupunkgh pu jupdhpny, B- wknunhppp hwpwlhg puwujuyptph
hwdbdwwn, C- puophtimll 1:62 000 dwupwnnwpnid Google Earth uljuph Jpu:
Lwpbowgnytt pwnwlniuhubpng. 1 b 2. (thnjhpuyhtt jwjuyhtt hnupkp; 3.
Zpwpnifuh ququpp- 4. 5. 6.

“hnht gnyuny gnyg E wmjws tpjpuntnuiuph mwpwspmid wnlju wdkuwgquwugny
wbgwubh gpnibnuwghtt Jwbwwywptbpp (hnd qétkp) U nwnph wpwhbntbpp
(Ytnwghs)

Figure 1. Map of the Gheghassar Volcano geosite: A — location within the Geopark area
marked red; B — position with respect to the adjacent settlements; C- at the original
scale of 1:62 000 on Google Earth image. Carrot-red rectangles indicate: 1 and 2.
Rhyolite lava flows; 3. Volcano summit; 4. 5. 6.

Yellow color is used to show the ground roads existing in the geosite area that are

passable for off-road vehicles (solid lines) and foot paths (dashed lines)
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nhnihp-opuhnhwb-wytnhinwihtt  hnupkp®
2-hg 4 4u Eplupnipyudp, b 200-400
Yuupjwd  nhnjhpwhl
Yuquh jujugh pupdp dwsnighlnipjub
htwn, npp b nmuppbpnipnit puqupunught
hnuptph, duypplihu pnupdwly jufuyh
uwpwhwppbp sh wnwowguniu:
Zpwpnijup - tpuyngpy - dwyppmutbph

hgnpnipjudp,

wpyniupnid dbwynpyl) Bu nhnjhpughtt juquh whpnljuunhly hwunqusputp b winidbtp, nphtt hwonpnl; tu jwjuyhtt hnupkpn:
Qhnuuwph opuhnhwip pupdpnpuily kb phmpugpynud £ gnyiibph qugt wkuwljwihn] uyghunwl wiputhwuig b jhuwpuhwbghly pug
Unjupwgnijuhg vhish updpwynil, swquuwljugnyt b ul:
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Llwn 2. @kquuwp hpwpnthup® nhnjhp-opuhnhwtiuwghtt jujuwghtt hnupbkpny, dniq gnijuh obpnkpp ubpuyugdus ku opuhnhwing
Figure 2. Gheghasar Volcano: A flow of rhyolite-obsidian lava, dark-colored strata are represented by obsidian
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] Lwn 3. Uywhunwluwup b @Equuwp hpwppuughtt hwdwhpubkph (@Enqudw
S hpwphiughtt  (Eptwonpw) bEpjpwpwbwlwut pwpntq (Kapanersn 1972;
Meliksetian et al., 2021):
NMuydwbwlwt tpwbtbkp: Q3-Q4 dbkphtt wkjuwnngku-hningtt.1. Unuhwy,
nhinuhwy, Enujhw), wpnnulhw; tundwspubp,  quupwp,  wilwg,
wjwuqulijuy, fudwpwp; 2. Luqkih, Yhouyuuwp, Udnuhwly hpwpnipjuukph
npwpihwinbkqhnutp,  wbpgbkqhwnubkp; Q3  dbkphtt  wjhuwnngbku; 3.
== Uwngunuownughlt b $pnungughwy tunduspubp; Q1-Q2 Uwinphu-dheht
w1 kjunnngty; 4. Nsppwpupniudp, ULS U Pnpp Mhs, Uownwpulubp
hpwpntjutbph puqupunuyhtt npupihwunbkqhwnubp, npupjnhwuntqhwnutp; Q1
Uwnnphb uyljuinngbt. Ughunwuuwp bt Shquuwp hpupuh wowewgniditp
5. Znnupjkunuyht phnihp b nughwnitp; 6. Gtnuuwp hpwph ququpwiht
hwwndwsh nhnjhputp; 7. Mbpjhnnwht jwwbbp b ppklshwibp; 8.
«« MEnhnughtt inidbp b ppklyshwkp; 9. @nuwjuwyhtt nhnjhpuyhtt hnupbp
ubkppunud b Jbplniud opuhnhwtttpny; 10. Opuhnhwttbp; 11. Nbknjhwn-
whuquyhtt Epuwnghy b wgndbpuwnwihtt wpwewgnidubp; N2-2 dtpht
whngt; 12. Uwthswuph puquijtnuht npwjuhwinbkqhwnwght,
npwphwinbkqhnwhtt judwukp; N2-1 Uwnnphtt whngkt; 13. fuqujunught
npwphwinkqhwnubp,  wpwjuhwinbkqhuntbp, wpwphuntbp (GEqudw
- hwundwsép); Unnphtt Mhngku-dbphtt Uhngkl; 14. Zpwphwtiungwspught
wnwowgnidubn ((Inowpkpnh hwuwnywsdp)
Figure 3. Geological map of the Spitakassar and Gheghassar volcanic complexes
(the Gheghama Volcanic Range) (Karapetyan 1972; Meliksetian et al., 2021)
Legend: Qs3-Q4 Late Pleistocene-Holocene. 1. Alluvial, deluvial, eluvial and

1 1 RNl proluvial sediments, pebble, sand, sandy loam, and detritus; 2. Trachy-andesites

T bR Al 1 and andesites of Nazeli, Vishapassar and Azhdahak volcanoes; Q3 — Late
Pleistocene; 3. Glacial and fluvio-glacial sediments; Qi-Q2 - Early-Middle
Pleistocene; 4. Basaltic trachy-andesites and trachy-andesites of Vochkharaberd, Mets and Poqr Pich, and Ashtarakner Volcanoes; Qi —Early
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Pleistocene, formation of Spitakassar and Gheghassar volcanoes; 5. Hornblende rhyolite and dacites; 6. Rhyolites of the Gheghassar volcano
summit section; 7. Perlite lavas and breccias; 8. Perlite tuffs and breccias; 9. Zonal rhyolitic flows with obsidian in their lower and upper parts;
10. Obsidians; 11. Perlite-pumice igneous and agglomerate formations; N2 — Late Pliocene; 12. Basaltic trachy-andesite and trachy-andesite lavas
of Manichar; N21 — Early Pliocene; 13. Basaltic trachy-andesites, trachy-andesites, and trachytes (the Gheghama stratum); Early Pliocene-Late

Miocene; 14. Volcano-sedimentary formations (the Voghjaberd stratum)

[*hnihpuyhtt dwquwjh phyhwlwt juqup wyp judwiubpnid hwinhuwinid E pupdp dwénighlnipjut yuwndwn, wyn hull uwndwnny
unynpupwp nhnjhpuyhtt dwquwi dbwdnpmd £ Epiipniqhyutp (unip-hpwphowghtt dwpdhtbp’ Bphph dwybplingph dnn vwpws) Gud
Jwnd, puyg hqnp jwjuwyhtt hnupkp, pwh np nhnjhpwihtt dwquwt puuljutht dwdnighy k b skt jupnn hnub) Gpjup nupwénipnil,
htyywbu pwquuuuyhtt b puquiun-wuntkqhnuwhtt juquh jwdwubpp: Fwugh uhjhghnidh opuhnhg, opuhnhwtip wwpnitwlmd L
wnidhthnud (10-14%), btwwnphnud (3-5%), Juhnid (3-5%) b unynpuwpwpn 1%-hg ywuljuwu jughnid, dmquhnid b Epljuph opuhnubp:
Unynpwpwp opuhnhwtp hwinhynud £ whdquitph b whnjhnutph, jud phnthnh swinnikt jud pnipknughtt uvinpnijunipugh wy
nwpwnbuwlubph htn: Opuhnhwih wwwlk, ny Swinunyku (hukp Wudwbtwynpgws L quqbpny b 9opnyd hwpniuwn nhnjhpwjht
dwuquujh wpwg ququbowndwt b wpnkh Epjpulinht dnn Ltpdwt upni wudwdp:
Yupdpumb U swquiwlugnyt nmwpunbuwlubpp juuws b bpudugbin bpuph, hull ubp bpldupbin bpiuph bt
Upswpwgnyl, uyhunwl b swquiwljugnyt mupunbuwjubpp yuwydwtwynpjws tu qugh b oph ks pwtwlnipjut dwlpnuljnuyhl
ubkpthwuynidubpny:
Cunphhy Ynupwsd Jhdwlnid sowwn unip bqpkp wmwint hwwnlinipjut opuhnhwtp dwpnmt Ynndhg juyunpbit oquuwugnpéyby k
twhwyuinduljut dudwbwlibpnd ujuws 150 000 wwpnig Uhist dkp opkp: Opuhnhwip oquuugnpsdt) £ wwpphp qbupkph b
qnpshpukph wuwnpuwundwi hudwp dhish dbnwnibph hupnidbp: Ujinuudbbugihy, bngihul) dbnwugbph hupni]bneg htn,
wnudh, ppnugh b tpuph htin gqniquhtn, opuhnhwtp phn oquuugnpéynid kp Zhtt wpjuwphnid b upbnp wypwip kp webnph dbe:
Ukpljuwynidu opuhnhwtip oginuugnpdynid E npuyjtiu jhuwpwjupdtp pup' hp gintighl bpuiquynpdwi b juy hnjdw otinphhy:
8.@¢tnuuwp hpwpnijup quniynud £ Giqudw hpwppwghtt pupdpuduiinpujh junpnuujuwb-gppudwbughtt dwuh hwpwyd-wpbbjjut
hwwnjwénid, Ftnuppnithph dwpgh Onduwuwp gninhg unwnn 16 Yd wpbdninp: Uju hpkuhg ttpuyugunid b nhnjhpughtt juquh
quUpkpwiiwi Junnyg Juqujws kplnt ny ks qupkpubtphg, npnip vhwimd ki hhdpmud: Zpupnijuh ququpht b juokphl dkplunid
kl nhnjhpuyhtt hnuptp b hpkug jupnigwspny tquljh nhnjhp-opuhnhwi-wbnhwnughtt hnupbp® 2-hg 4 Yd Epjupnipjudp, b 200-400
hgnpnipjudp, Juwyws nhnjhpuyhtt juquh jwjuyh pwpdp dwdnighynipjut htw, npp h wnwppbpnipnit puqunuyht hnupbnh,
dwypphkihu punqupdwl juuyhtt vwpwhwppbp sh wnwewgunid:
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Zpwpnijuh Epuwnghy dwyppnidubpnh wpyniupnid dbwynpyty Bt nhnjhpughtt juquh ywhpnljjuunpll hwundwspubp b minidtp, npht
hwgnpnby ki jwjwhtt hnupkpp: Skquuwph opuhnhwip dbwynpyky k ykpht wykjuinngkunid 0.13+0.08 Ma, 0.08+0.02 Ma Ui 0.08+0.02 Ma
(Lebedev et al., 2013), pupapnpuly kb pimpugpdnud £ gnyjibph juylt mbuwlwihn] ughunwl whpuhubg b jhuwputhwbghly pug
Unjupwgnijuhg Uhtish updpuynil, swquiuwljugnyt b ul:

Opupnhwtip nu puwfwl hpwpprughtt wyuwyh b punpny tayny, hpkuhg tbpujuginid £ ehnjhpughtt pene hpupfiwghtt wwywph
quiuqubduwjhtt wmyullk nmwpunbtuwl, npp unynpuwpwp wwupnibwlynwd £ 70-79% upjhgnidh opuhn (SiO2): Undwunidp juynmd tu
jmnhtwlwb Obsidianus lapis fwuu Opuhnhniuh pwph htw: Zwdwdwyt Nhuhnu wqwgh, wyy (Eptughtt wyuwpp hwyntwpbpgty
Gpnyuyhuwjnid ndt (hendtwgh qnpuup) Opuhnhniuh Ynnuhg: Zujuwunwiunid opuhnhwp pugnitqus £ wtjul] «commnwth nyniug»
Jud «Jubuljuny huypinbwpbpdus Twbw 1£h opewrljuypnid:

Cunphhy Ynupwsd Jhdwlnid sowwn unip bqpkp wmwint hwwnlinipjut opuhnhwtp dwpnnt Ynndhg juyunpbit oguuwugnpéyby k
twhwyuinduljut dudwubwibpnd ujuws 150 000 wwpnig Uhist dkp opkp: Opuhnhwip oquuugnpsdt] £ wwpphp qbupkph b
qnpshpubph wwwnpuwundwt hwdwp dhish dbnwnibph hwpnbdbp: Ujinowdbbugihy, bnguhul dbnwgbph hwpnigbneg htnn,
wnudh, ppnugh b Gpuph htwn gqniquhtn, opuhnhwip nkn oquuugnpdynmid tp Zhtt woppwphnid b juptnp wwpwip kp wnbnph dke
wnbnuihnpuynid tp wnbwnpuhtt mnhubpng Gpup hbnwynpmipnitttph Jpu: Ukpljuynudu opuhphwip ogunwgnpédynid £ npuybtu
Jhuwpwtljupdtp pup® hp ginkghly Epwuquynpdwt b juy hpljdwb stinphhy:

Cuwnn opuhnhwih Epypwpwbwlut wnpmniputph b opuhnhwthg wuwwnpuwunyws htwghnwluwt wpnbdwlntph Epypuphdhwljut
niunidbwuhpnipjniibph (Badalyan et al., 2022; Meliksetyan et al., 2022), @knuuwp hpwpnijuh opuhnhwup hwynbwpkpyty E ny dhuyu
Zujuuwnwih nt Upgwhih htwghwnwlwb mknujuyptpnud, wy bwb Znuuhuwghtt Snuunod (Akjhpkun, Fwnunwb, 1), husybu twb
Ppwuwlwt hujuyuljut vwpwhwppnid:

Gheghassar Volcano is located in the SE section of the central watershed part of the Volcanic Gheghama Plateau, about 16 km west of the
Tsovassar Village of the Ghegharkunik Marz. It represents a dome-shaped edifice of rhyolitic composition with two not big domes connected one
to another at the base. Rhyolitic flows that are exposed on the volcano summit and on the slopes have unique structure of rhyolite-obsidian-
perlite flows from 2 to 4 km long and 200-400 m thick. Such shapes are related to high rate of viscosity of the rhyolitic lava, which, as different
from basaltic flows, does not develop extensive lava plateaus upon ejection. Explosive eruptions of the volcano deposited pyroclastic strata of
rhyolitic composition and tuffs, and were followed by ejection of lava flows. The last age estimations suggest that obsidian at Gheghassar formed
during the Late Pleistocene. Obsidian is a natural glittering volcanic glass: actually, it represents a massive diversity of glassy acid volcanic rock of

rhyolitic composition that commonly contains 70-79% of silicium oxide (SiO2). At Ghehassar, obsidian has high quality and is characterized by
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wide spectrum of colors ranging from opaque white and semi-opaque light-grey to reddish, brown, and black. Chips of broken obsidian have
very sharp edges and for this reason humans have been using it commonly in the pre-historic times, since as early as 150 000 BP till nowadays.
Before humans discovered metals, obsidian had been used to make diverse weapons and tools. Even after the emergence of metal working,
obsidian was still in use in the ancient world along with copper, bronze and iron. The studies of the geochemistry of geological sources of
obsidian and archeological artifacts made of it have been performed during the last decades: they have attested that obsidian of the provenance
from Ghehassar is found not only at the archeological sites of Armenia and Artsakh, but even in the Southern Caucasus (Velikent, Dagestan, RF)

and on the Iranian Plateau.

9. Epjpuwnbknuipp ntth ghnwljwi ntuntdbwuhpnipyniuubph, nunignquijut, mniphunwlwt Uks ynwnkughuy:

10. Gbnuuwp (Eknttwququpn qniynid £ 22 Upwpwnh b @Enuppniihph dwpqbph vwhdwbwguht:
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1.5ppuntnuip -UdMUZUY

Ljuwp 1. Udnwhwly hpwpniju Gpipuwnbtnuuph pwpwnbkqp. A-nbnunhppp

N 2
& ; Stnuuplh - pupnbqh  pw Jupdppm],  B- - inbtnunhppp - hwpulhg
'W%E jm plwjuuwyptph hwubdwwn: C- puophtiwy 1:25000 dwuptnwpnid Google Earth
g " } s N uuph Jpu: Luphowgny pwpwlniuhbpny; 1. Lwdwubkph wpunwyhddut
v { Lhnpp; 2. vwptwpwip b juwpbwpwbwihtt (h8; 3.00wn hpwpnijup b

hrwntwpwbwght |h4:

Thnhtt gnyund gnyg £ wjws  Ephpwwnbnuiph  wwpwspmid  wnlju
wdkuwgquwugny wuguubjh gpniinnwihtt fwbwwwpubpp (hnd gétp) b nwnph
wpwhbwnubpp (YEnwghs)

Figure 1. The map of Azhdahak Volcano geosite: A — location within the Geopark
area marked red; B — position with respect to the adjacent settlements; C- at the
original scale of 1:25 000 on the Google Earth image: Carrot-red rectangles
indicate: 1. Fissure of lava effusion; 2. Crater and crater lake; 3.Tar Volcano and
crater lake.

Yellow color is used to show the ground roads existing in the geosite area that are

passable for off-road vehicles (solid lines) and foot paths (dashed lines)

2.Udnuhwl] hpwpnipjup qubynud £ Ghnuppniithph dwpgnud, Ownluptu
gninhg dnwn 13 YU hwpwy-wpldninp, ququph wohiwphwugpuljui
Unnpphtuntibp k' 40.227104 N;  44.949233 E, pugupdwl] pupdpnippniip
35973 u: GBplypwunbnuupp hwuwubh L wdbkbiwquwugubpny, tnwbwlp
pupbkuyuuwn Ewdnwup b Jun wptwp:

Bpjpuntnuuph wdbwgpuynplut 3-6 ytwnkph pyuyht
qguuhwwnwljubtbpp mpjws o wnynruwly 1-nud:
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Unyniuwy 1. Udnuwhwly bppuntnuiph pquyhtt gupwhwnwljuubpn:
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pupdpu]utnuyh ‘ ququpp,  hul
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Untith ququpuyhtt hwwnydwénid fu dhush 500 U mpudwgdny b 70 U junpmipjudp pwntwpui, jEunpntwljut hwndwénid (£uljny
(150x110 u): Zpupnijup Juquyws b pwpundhg, Unfuphg, jwughiubphg, pwpudwght wjwqubphg b juduyh pinpubphg, hul jubgkpht
Yt dhtsh 80 ud swthubpny ninpydwsé, L hyunhnuudwt hpwppuwghtt pnwdpbp (. 2):

Unuh wpbbjwb jmught,, dnnn 3450 U pupdpnipjub Ypw, juw Ynnquyhtt juduwyhtt jpwnttwput, nphg dbkdwpbklnpughtt jwudwubph hgnp
hnuptpp dqynid G nbyh wpbbp b hnruhu: Uhtgh 350 U mpudwghé nitkgnn Gplipnpn §nquphtt puntwpwip qunignid £ hpwppuh
hwpwyuwjhtt jwbghtt: Uju fpunttwipwithg jwjuitkpp, npntp hnunid Gu hhdbwjuwinid nhuyh hwpuwd-wpbbp, vhwantydnud kb wplikjjub
huwptwpwith b huphw Gwn hpwpjoh jwuduyhtt hnupbph htinn: Lwduwyhtt hnupkpp hnul) Eu bwb Udnuhwl hpwppjuh hhdbwlwb Ynuh
hhuph nwljhg Unw 8 §u? piphwiinip dwlkpbuny:

Udnuhwly hpwppjuhtt hwpuwlhg t Ywdnipg b (Fwun hpwpnijutbpp, npnup Jupstu ph juqunud Gu Uk hpwphwght hwdwljupg (by. 3):
Yudnipg hpupmjup gdwyhlt mbqunhpp niikgnn hpupmu b Augupdwl pupdpnipniup 3500 Uk, hwpupkpuljubp 200 d: Zpupnijup,
npt niuh hjniuhu- wpbibphg hwpwyd-wpbdninp dquoénipini (Uhush 1000 d), quninud E Udnuhwly (hjniuhu-wpbbpjwi) b Gwn
(hwpwy-wupbdwnyut) hpwpnipjuubph dholi: Untip juquyws k jpwpwdutphg, jwwyhjubphg, wbdquyhg, ninpjwsé pnwdpbiphg b juduyhte
pEynputphg: Ynuh hjniuhuwpbbpjwt dwuhg hnub) Bu pEinpughtt jwudwukp, npnup dwslhdws tu Udnuhwl b Fwn hpwpnijutbph
jwuubkpny: Yudnipg hpwpntjuh jwdwutph dkpugus dwup juqunid £ 3 u? mwpwsp: Zpuphth hwuwlyp yEpht wikjunngtu k huy
Juqup npujuhwintqhwnwght:

fFwn hpwpnipjup quuynud £ Finudw (knttwonpuyh jhunpnuujuwt - gppudwbught hwndwsnid, Udnuwhwly hpwpnijuhg hwpuy-
wnpluninp b Udnuhwl hpwpnijuhtt dhwinud £ Qwdnipe hpwpnifuny: Uyt hpkthg ubpujuginiud £ pwpudwjuuyhtt §nb: Fugupduy
pupdpmpniip 3530 U (hhuph wpudwghsp 1100 U k, hul] hwpupbpuljwh pupdpnipmniip 250 d): Suquipughtt hwnwsnid niih 300 U
npuwdwgény b dhtish 115 d junpnipjudp puntwpwi: vunttwpwip hnruhu - wpbdnywt hwnusnid miuh pugdwsp, npp Ynth ubs
dwup dwslwé phlnpuyhtt jujwtibph pwntwpwithg hnubjnt wpyniup bk Yntp juqudws E pwpwdubphg, juuhjutphg, ywhkdquubkphg,
ninpJws hpwphiwghtt pnwdptinhg (Uhtish 50 ud), uynidnihwnutphg b jwuduyh piynputinhg:

‘Upw hwpwy wplbdwnywt hhdphg 21 Yd tplupnipjudp (wybkih put 50 ju? dwlbpbuny) hnunid E wnpujuhwintqhnughtt juquh judught
hnup, npnup tnwpplp hnuptph hkn wnwowgunid G ntumignnujut skpnugpuljut dhwynp:
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AN 150N

&0*1290°N

Lluwp 3. Udnwhul, Yudnipg b Fwn (Yupdhp Juwwp) hpwpntputbpp Shqudw pupdpujuinuih oppudwbuwghtt dwunid: Gupdhp
gotpny gnyyg Lt npJwd fuwpunnidubpp, pun Karakhanyan et al., 2003
Figure 3. Azhdahak, Kamurj and Tar (Karmir Katar) volcanoes in the watershed area of the Gheghama range; red lines indicate the

discontinuities according to Karakhanyan et al., 2003
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Uju jujwbitpp yipht ybjuinngku (Ar/Ar 49.9+9.2) hmuwlh kb, tputg tnwl] qnignid £ dhohtt yyihjuinngbn (Ar/Ar 127.7+2.6) hwuwljh,
Uquun gbknh Jhpdnid dbpjugnn, hwjnuh Gununt puqupunuyhtt mpujuhwintqghwnuyhtt juqd nitubkgnn ynitbwdb judwukpp:

Udnuwhwl] wujwinuip hwyng pwbwhpniunipjut ke huwynth £ npybu Uwpwuwnwth puquynph b Jhowyh winit: Udnuwhwlh
pupdniipp hunpwhwpbint pipugpnid weljw ki pinipjub nidbph Epljpyugnpyut hiwgny JYuympnibitp’ dupuywnybpibp b
Jhowwwpwptp, npnup dhwyt Zuyjujut (kntwppuwphht punpny hupttwnhy Ynpnnubp Eu:

8. Udnwhwl hpwpnijup gunuynd £ Sinudw hpwphuwghtt pupdpuduiunuljh jEunpniwlub-gppudutiughtt dwunid, SEnuppniihph
dwunpgh Ownljuokt qninhg unw 13 Yd hwpwy-wpluninp: Uju hwunhuwiunid £ FEqudw pupdpuduiinujh wdkbwpwpdnp ququpp, huly
Zujuunwbh Zwipuybnmpul kppnpn wdktwpupdp ququpp: Udnuhwly hpupmijub hpkthg thpyuyuginid b dniingkl nhuh
hpwpniju  pwpudw-junduihl Ynb, nph hwpupbpuljwb pupdpnipgnibp juqund 350 J, hul hhdph npudwughsp dnwn 1600 U: YUnth
ququpwjhtt hwnyuwédnid 500 U npudwgény b 70 U unpmipjudp puntwpuit | 1&wuyny (150x110 U): Zpwpnihup juquyws L pwpudhg,
Unjupphg, jwwpiubphg, pwpudughtt wjuqubphg U qwduih peynputphg, huly jugkpht jub dhtsh 80 ud swihutpny ninpjws,
Ehwunhnutdwb hpwphiwghtt pnudpbp (uly. 2):

Udnuwhwl] hpwppjuhtt hwpwlhg tu Qwdnipg b Gwn hpwpnijutbpp, npnup Jupstu pt juqunid tu kY hpwphwghtt hwdwljupg (y. 3):
Yudnipe hpuwpnijup gdwjhtt mbqunhpp nitkgnny hpupniju b Augupdwl pupdpnipnitp 3500 Uk, hwpwpkpulwip 200 d: Zpwpntjup,
npt nith hjmiuhu- wpbitphg hwpwyd-wpbdninp dquoénipini (Uhtgh 1000 d), qunignud E Udnuhwly (hjniuhu-wpbbpjui) b Gwn
(hwpwy-wupdwnyu) hpwpnijuubph dholi: Untip juquws E jpwpwdubphg, jwuhjutphg, ywidqujhg, ninpdwsé ponudpbiphg b juduyhte
pEynputphg: Ynuh hjnuuhuwpbbpjwt dwuhg hnub) Bu pEinpughtt jwudwukp, npnup dwslhdws Eu Udnuhwl b Fwn hpwpniputbph
jwjutbkpny: Yuunipg hpwpntpuh jwjwubph dbpugus dwup juqunid £ 3 u? nwpwsp: Zpuphih hwuwlyp yEpht wikjunngku £, huy
Juqup mpupthwinbkqhwnwht:

Fwn hpwpnihup quuynid £ SEnudw (Ekntwonpujh jhunpnuuwjut - oppudwbiughtt hwndwsénid, Udnuwhwly hpwpnijuhg hwpuwy-
wnluninp b Udnuhwl hpwpnijuhtt dhwinud £ Qwdnipg hpwpnifuny: Uyt hpkthg ubpuyuginid £ pwpudwjuduwyhtt §nb: Fugupdwy
pupapnipiniip 3530 U (hhuph wpuwdwghsp 1100 U t, huly hwpupbpuljul pupdpmpmniip 250 U): Suqupuyhlt hunwsnud niith 300
npudwgsny b dhtish 115 d junpnipjudp puntwpwi: vuntwpwip hjntuhu - wpbdnyut hwnqusnid nith pugdwsp, npp Ynth ks
dwup dwslwé phlnpuyhtt jujwtibph ppwntwpwithg hnubjnt wpyniup bk Yntp juqudws E pwpwdubphg, jwuhjutphg, ywkdquubkphg,
ninpyws hpwppuwghtt pnidpbiphg (Uhtish 50 ud), uynidnihwnibphg b jujuyh pEynpubphg:

Azhdahak Volcano is situated in the central watershed part of the Volcanic Gheghama Plateau, about 13 km south-west of the Tshaghkashen
Village in the Ghegharkunik marz of the RA. It is the third highest volcano in the Republic of Armenia and the highest summit over the volcanic
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plateau of Gheghama with the elevation of 3598 m. Azhdahak Volcano represents a monogenetic volcano, a cinder-lava cone with the relative
height of 350 m, and the diameter of its base makes up about 1600 m. The crater existing in the cone summit area has the diameter of 500 m and
the depth of 70 m, with a small lake (150 x 110 m) and its central part. The volcano is composed of scoria, ashes, lapilli, scoria sands and lava
fragments, and on the slopes, there are rounded, ellipsoidal volcanic bombs 80 c¢m in size (Fig. 2). Kamourge and Tar Volcanoes are adjacent to
Azhdahak Volcano; together, these volcanoes seem to form a single volcanic system (Fig. 3). Kamourge Volcano takes a linear position and has
the elevation of 3500 m, with the relative height of 200 m. The volcano is stretching in the NE-SW direction (up to 1000 m) and is situated
between the volcanoes of Azhdahak (northeast) and Tar (southwest). The cone is composed of scoria, lapilli, pumice, smooth volcanic bombs and
lava fragments. Clastic lavas that flowed from the northeastern side of the cone were covered with lavas ejected from the Azhdahak and Tar
volcanoes. The exposed surface of the Kamourge volcano lava has an area of 3 km?. The age of this volcano is related to the Late Pleistocene, and
the composition is trachyandesitic. Tar Volcano is located in the central, watershed section of the Gheghama mountain range, southwest of
Azhdahak Volcano, and joins the latter through Kamourge Volcano. It is a cinder-lava cone with the elevation of 3530 m (base diameter is 1100
m and the relative height is 250 m). In its summit section, the volcano has a crater 300 m in diameter and up to 115 m deep. In the northwestern
section, there is an opening in the crater, which bears evidence of clastic lavas that were flowing from the crater and covered its greater part. The

cone is composed of scoria, lapilli, pumices, rounded-shape volcanic bombs (up to 50 cm in size), and lava fragments.

9. Gphjpwwnbknuupp nith ghnwlwl, niumgnnuljub, wniphunwjuit wbtwlnpmpi: Zkpwuwpuhtt E nwnpny, dhtpnyd fud
wdkuwmquugubpny juquulibpyynny wppwdupdpiph hwdwp b Jpwbwghtt fwdpuputph hwdwp, hull dnnwluw ptwljudupbkpp -
hjnipuwnttph, Swpwpwttph fud wy) opjijnutnh qupqugdwt mtuwblyniuhg:

10.Udnwhwlj (Epp qningnid £ Ynwnwyph b @Enuppniuhph dupqtph vwhdwbwgjuht:
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1.6pYjpuntnuip - ULTUNUL

Ljuwnp 1. Updunub hpwpniju Epjpunbnuiiph pupunkqp. A -nbknunhppp @knywplh
pupunkqh Ypw jupdhpny, B - mknunhppp hwpwlhg ptwlwduypbph hwdtdwn, C -
1:40 000 puophtwl] dwupwmpnid Google Earth ulwph Ypuw: ULwpupwgniju
puwnwlniuhutpny; 1. wnbwpwip b powebtwpwbwhtt (b8 2. Lwdwukph
wnpunwyhddwb gknp:

7Thnht gnyuny gnyg L wjws Gpjpwwnbtnuiph wnwpwspnid wnlw gpniunwght
Swuwuyupubkpp

Figure 1. Armaghan Volcano geosite map: A — location within the Geopark area marked
red; B — position with respect to the adjacent settlements; C - at the original scale of 1:40
000 on Google Earth image. Carrot-red rectangles indicate: 1. Crater and crater lake; 2.
Lava effusion fissure.

Yellow color is used to mark the ground roads existing within the geosite area

2.Updwunuu hpwpnitjup qnudmd £ Sequppnithph  dwpgniud, Ubhwbw 1£hg hwpuy -
wpluninp, Uwughtiw gyninhg 3.6 YU nhyh hwpwy-wpbdninp: Zpwphuh pugupduly
pupdpmpniip Juqunid k 2829.1 U: Upiuphwgpuiljut Ynnpyhiunibpp 40.068549
N; 45.213938 E:

Epjpuntnuuph wbdtwgpuynpdwi 3-6  Yhwnbkph pduyhtt quwhwnwluuubpp
npjuwsd ki wnyniuwly 1-nud:

Zpwppuh opowjuypnid wnljw L htwghinwljut hnipwpdwubp:
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ok uinin _,,,;"’T“‘."I"f"q n a2 2200 d E, hwpwpbkpuwlwt  pwpdpnipniup 450
Ly iz ' ""!"" e . R Zpwphh  ququpuyhtt dwunid wolu Eoquy
_ el 2 _ : | i |32 wuwhywiquws 400 d wpwdwgény b dhush 50 d
[ amroiion, | | "rewvisiste | Newgnaiek i npnipjudp  fwpbwpwh:  wetwpwith  hwinwlhb
I"'III‘I:"L'“ wnliw Lt thnpphl, ny hnpp (1,5-2 d) (dwll: Ynuh
:.m....’_'".f.:-'.'='.'..=~,-..- | (ulgkphtt wpinwhuynyus ki ny unpp puppuitlynuitkp
By Ynth ququphg ntwh hhup dqus gdwght dnpufjubp,

npnlp wnwewgh] L opuyhtt hnuptiph knnghntt wmjnhynipjut hknbwupny: Updwunut hpwppuh hwuwlp yiphtt wkjuinngku-hnjngtu L,
hwunhuwunid £ 22 mwpwsph wdkiwbphnwuwpn hpupnijuubphg dkyp:

Untup Juqujws E thpupnit ub b jupdhp gnyth jowpwdubphg b wdbkh juhn ppwpudwihtt wgpnunhuwniubphg, juwpjukphg b
(wjwitphg: Zpuphuh quigkphtt b hhdph Unwn wnljw i ns Uks pnudpkp’ dhish 40 ud: Updwunub hpwpjh whnhdnipniip quugnd b
uinpnupn)hwlt nhugh, b jupkih b wupwbdiwgil) kpyne hhdtwljwh dugpepdwb tingbp’ Epuygngpy b Ebniqhy: tpuugngph thoyynid nnkinh
E niukgh] unpndpnjhwtt mhyh whpnljjuuwnhl bpuynghy dwyppnid, nph dwdwbwl wpnwubndl] bt pwpwdubp b hpwphuwght
pnidplip, npnug Ynrnujdwt wpyniupnid dbwgnpyt) E odujwdl fpwpwduyghtt §nup: Zbnwquynid Epniqhy thnynid Updwunut hpwppuh
(wduyhtt wpurnwyhdnidubpp juydws bt wpbidnjwt dwunid Ynh hhdpnid wnjuw dhgoptwjuit ninnnipjut gnptph htwn: Zpuphiwght
wljnhynipjut Ytpohtt thnynud Lbnph hjniuhuwghtt JEppwynpnipniunid wnwewgh] b thnpphly Epypnppujhtt juwpbwpwiy, nphg
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(=i ) § ] ] Jun) jaay

unybwbu wpunwyhdl) £ jwduyhtt hnup: Lwduygh yEpohtt pudhuubpp nnipu Eu Gk
Epuwnnpniqhy dlund b jugwul) bhpwppuh hhdpnid tnuws wpuwighddwt Sbnplpp:
Luduwubtph Juqup npujuhpuqujunuhtt wintqghwnwht k, wintqhwnwiht: dujppwus
Jwjwubph punhwinip Jwibpbup hwutnd E 100 fu*

Ljuwnp 2. Updwnub hpwpntjuh Epjpupwbwljut pupunkqp:

dbphtt wifjuwnngkt -hnngku: 1. Upnujuy, phnufjuy, Enudjuy, wenpnudjug
tunywsputip: dbkphtt wkjunningti- hningk; 2. Spwjuhpwqunukp, puquinuht
npwpihwinkqhwnubp, wpwjhwinbqhwnubkp; 3. Updwnwt hpwppjuh  juduwyht
hnuptp; 3a. Epypnpyuyhtt punttwpwt b tpw hnupp; 3b. Lwduyhtt Epunpniqhws; 3c.
dbpht jwdwkp; 3d. Fiynpuyht 21Ed, npp hwupnud E Yntth hhupht; 3e. Uwnnpht
Jwjwukp: Uhohtt  wljuningtlty;, 4. FPwqupuuyht  wpwjuhwinkqhwuntbp,
npwpihwinbkqhnubp: Unnpht wbunngk; 5. Spwjuhpwqupunukp, puqujnught
npwpihwinbkqhwnubp, wpwpjuhwiuntqhwnubp; 9tpht whngk; 6. Injkphwnught
puqupnibp; 7. Uwbniswph juduibp puqupnught wpujhwinbghunwhtn -
npujuhwtntqhinwiht juquh

Figure 2. Geological map of Armaghan Volcano

Late Pleistocene-Holocene: 1. Alluvial, deluvial, eluvial and proluvial sediments:

Late Pleistocene-Holocene: 2. Trachybasalts, basaltic trachyandesites, trachyandesites; 3.
Lava flows of Armaghan Volcano; 3a. Secondary crater and its flow; 3b. Lava extrusion;
3c. The upper lavas; 3d. Clastic trail adjoining the base of the cone; 3e. The Lower lavas,
Middle Pleistocene; 4. Basaltic trachyandesites, trachyandesites; Early Pleistocene; 5.

Trachybasalts, basaltic trachyandesites, and trachyandesites; Late Pliocene; 6. Dolerite

basalt; 7. The Manouchar lavas of basaltic trachy-andesite and trachyandesite compositions

195



Llwn 3. Updwnut hpwpntjup b pwntwpwbught (hép
Figure 3. Armaghan Volcano and crater lake
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8.Updwnuwb hpwpnijup wnbnuiuws £ FEnudw hpwppughtt pupdpujuwinuljh  hwpwd-wpbjjut dwunmd, nhyh dwppbthup
hpwphuyhtt pupspuduinul] wugniduwjhtt dwunwd, Ulwbw 1§hg hwpwy-wplbuniwnp, Uwnhttw gninhg 3.6 Yd nhyh hwpuy-
wpluninp: Zpupjuh pugupdwl] pupdpnipniup juqunod £ 2829.1 d: Updwnut hpwpnijut hpkuhg tkpuyugunid b juy wwhywidws
Untingktt inhyh hpwpniju' ungnp pwpudughtt Yok, nph hhdph inpudwghdp dnn 2000-2200 U b, hwpupbpuljul pupdpnipmoiip 450 u:
Zpuwphh ququpujht dwunid wnlju b juy wquhywidws 400 d mpudwgsny b dhsh 50 d junpmipjudp puwntwput: vuntwpwth
hwnwlhtt wpluw E thnpphly, ny junpp (1,5-2 d) (£wly: YUnuh jwiekpht wpinuwhwyn]ws ki ny junpp puppuibipnuiikp’ hnbh ququphg nhuh
hhdp &qwd gébuyhtt dnpwljutp, npnup wnwewgtk) Lt gpuyhtt hnuptph kpnghntt wjnhynipjut hbwnbwipny: Updwnwt hpwpntjup
hwunhuwtnid E 22 wwpwsdph wdbkbwbphnwuwpn hpwpnijuibphg dtyp, nph duyppnidp wmbnh b nitbgl] wbjunngku-hnjngkuh
pupwgpnid:

Uptwnui hpupuh whnhdnipmniip quuynid b unpndpnjhwi whyh, b jupkh b wuswbdbugit) kplyne hhdbwlub dugppuwi thngbp
Epuwnghy b tdniqhy: Epuynqhy thnynid mknh k niukgh] unnpndpnjhwtt mhuyh whponljuunhly duypepnid, nph dudwbwl wpunwtbngb]
k. fmwpwdubp b hpwppwyhtt pnwdplp, npntg §ninwldwt wpyniupnid dAbwdnpydl) b oojujwdl jpwpuwdughtt Ynbp: ZEnwguynid
Edniqhy thnynud Updwnwu hpwppjuh juduyhtt wpnughdnidubpp juydws Gt wpbdnjwt dwunid §nuh hhdpnid wnljwu dhgoptwlju
ninnnipjub gknpkph htwn:

Armaghan Volcano is situated in the southeastern part of the Volcanic Gheghama Plateau in the area of its transition to the volcanic Vardenis
Plateau, southwest of Lake Sevan and 3.6 km south west of the Madina Village. The absolute elevation of the volcano corresponds to 2829.1 m.
Armaghan Volcano represents a well-preserved monogenetic volcano — a large cinder cone, with its base having the diameter of about 2000-2200
m and the relative height of 450 m. The crater that has been well preserved on the volcano summit has a diameter of 400 m and the depth of up
to 50 m. There is a small and shallow (1.5-2 m deep) lake on the crater bottom. Not very deep linear gullies (barrancoses) stretching from volcano
summit down to its foot are observed on the slopes of the cone and were produced by the activity of water stream erosion. Armaghan Volcano is
one of the youngest volcanoes in the area of the RA; it erupted in the Pleistocene-Holocene. The activity of Armaghan Volcano is assigned to the
strombolian type and two distinct eruption phases could be identified — the explosive and the effusive ones. A strombolian type of pyroclastic
eruption occurred during the explosive phase and ejected scoria and volcanic bombs that accumulated forming an oval-shaped cinder cone. Later
on, during the effusive phase, Armaghan volcano lava flowed out through the meridian-oriented fissures in the base of the western part of the

cone.
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9.bpjpuuntnuupp nith ghnwlwb, ntunignpujuil, wnniphunwlut wbwlnipmni: Zkpwbuwpuyhtt £ nwpny, Ahtpnd Jud
wlkuwquugubpny juquulibpyynny wppwdupdpiph hwdwp b Jpubwghtt fwdpuputph hwdwp, hull dnnwluw phwljudupbkpp -
hjnipuwnttph, Swpwpwttph fud wy opjEinutnh qupgqugdwt mtuwblyniuhg:

10.@unynid k QLnuppniuhph dwpqnud, Gpuibgdwd E Zuwjumunwith Zutpuybkwnnipjub Puuywhywunipjut
twhiwpupnipjut puntpjut yhinwlwbh hntpwpdwtutph guulnid:
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1. Gpljpunbnuip - UTLULPK

Ljwp 1.UYuwhd bBpypunbnuiph pwpwubqp: A-nbnunhppp Ghnwyuplh
pwpwnkgh  Ypw  Jupdhpny, B- wbkqunhppp  hwpwyhg  plwluuyptph
hwdbdwwn, C- puophtuwly 1:40 000 dwupwnwpnid Google Earth ulwuph ypu:
Lwipligwgnijt pwnwlniuhubpny, 1. pwpwpwip b pupbwpwbwght 1hép; 2.
Luwjuwubkphwpunwyhddwb £Enpp: Fhnht gniyjung gnyyg £ ndus Epjpunbnuiph
nwpwépnid wpu wdkbwqbwgny wbgubih gpnititnuwghtt Swbtwwywpubpp
(hné qotp) b ninph wpwhbwntbpp (YEnwghs)

Figure 1. Map of the Aknalich Volcano geosite: A —location within the Geopark area

N | C
7 .

marked red; B — position with respect to the adjacent settlements. C- at the original
scale of 1:40 000 on Google Earth image. Carrot-red rectangles indicate: 1. Crater and
crater lake; 2. Lava effusion fissure. Yellow color is used to show the ground roads
existing in the geosite area that are passable for off-road vehicles (solid lines) and

foot paths (dashed lines)

2.Ujuwhd Epjpuntnuupp gunuynd £ @Enquppniuhph dupgnud, Owunjuki
gninhg uUnwnn 13 Yd hwpwy-wpbuniwnp, ququph wrluwphwgpuljub
ynnpphwntbpp 40.283038 N; 44.919847 E: Lhé&p opewujwinnn hpupnijuibiphg
wubiwpupdph’  Qupnup  pugupdwl]  pupdpmpmoiip 3199.6 Uk

Cpjpuntnuupp hwuwubh E wdbuiwquugubpny, tnumbtwlp puptbyuun k
wunwiip b Jun wptwip:

Bpjpuntnuiph wtdtwgpuynpdwu 3-6 YEntph pYuwjhtt gbwhwnwljuttbpp
npyus ki wnynruwly 1-nud:

199



Unniuwl 1. Ujtwh& Ep

Jpuwntnuuph pywyhtt gowhwnwlwubpn:

EplpumEepatiph rF |
-_.-!"I...l.. 1 [..ll-l.lt.il“ I'I!él r'.l:.ll { S
S pan T
'-I'll-|[l'\ll-|"-l:i---|l|lul-| :'[\.||_1r[m||qb|r.m Fu]l‘-lll
njeqf
Shian pusd
LolpwpwbwiEl 2ol
|l|f|||||.|l|:
hasfugian [+l Tmsaprnnnlansaefpely snanpusdes sl il [ P
‘:'“"'“‘-T'"l‘l";]'* (20 dhuop) | 30 s 0 Bilnn) 10 hunlngi)
ginshmusislp x W 3 w0
mbhonnedn § h||||||||||||_|r|||.1 Ll i o iudgash "'“'-"?'"Id'\'ﬂ.'“.l':"l"—'." 1"""""':""""""I":"'"‘"I'
[SITE ;"-lll e Ii.||.u|||.| |i.|||||_'_r'.| b 'llu"u'!'"'.hlnuu"‘""‘1:I" Lol ot seelbopp
I‘.I.IJU'I.'.*'\II:MHII. tapyuuls {
5 | . 5 5 5 n | &3
i e aphy U|||l.u...||||||||l.1.--!||| I'-_'-\.-||hr||1 LU T T TLUTLE 'II""'""'.?F""'"T"'
IIIIIIII.|.J|.|=II'Ir'l:llil wiragi upengh safdipn § pagwifb
iy lania e anin e M3, wpmhing-3, Pisiadma Ly ]
e o &) enlliisghiogg 2 bmmfLdunw o
- elminh- 2, o i i ki g hnll |
QT 1ihh I | i
..'1:“;:“.'\-'-:;"' it =g LSt =l 1. nhisdiunhih 1
= | Bbakmab-l | | {
2 2 1 5 | 13
|'||.I.|.ﬂ|I|ul. :II.!%LLFI:III'T‘ ﬁl.l;ll:‘:::;: 7 .|i||ll1 . -.n!puh 5'-'I-lll.ll:||1'¢""-=|llu wh g |.;II-||
ban mupdaebhkph I
el i pyimllip
{ pruriem grasfaadjind prpuils
gk
| B i e L
Wan)npl

7.  Ultwihs&p  ubpjuyugjus £ jnipwhwwnnily
bpwppughtt Juenygh dund b quuymd E Ghnudh
hpwppuwyht
Qtnuuh hpwphwght (knbwququpn tbpfujugunid k
127 dJhwséht hpwpnipjutibph Juhwnn juwuwnbp, npnup
wupnibwlnd o hhdtwlwind dhghtthg dhtsh nip
yu
Epupnipjudp b 35 YU jujunipjudp ojujwdl tnupwusp
2100 Yu punwlniup: Karakhanyan et al., 2003, Qppuigjuita
2013, Sugden et al, 2021 (ulj. 1): Vjwpwgqpdud
nbnudwup quuymd t JEphtt wbjuinngk-hningku
hwuwlh fwpudughtt Ynbbkph udpod — L&ught -1,
Lduyht -2, Lnnnsuhlny,
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Upépnith, hsywbu twb  Unniuwp, hwpwduyht
Unniuup b wpbdnyutt  Unniuwp, 3084-3458
pupdpnipnibubph Jpu (uly. 2): Cun Jkpohtt hpupphiw-
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(Eptwonpuyh wpwugpuwhtt  dwunud:
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nip, 2021), hpwphpwjht-nkjuntwlut sdwgdwt ubjudhll wijnhynipmniuubpp quppbpwpwp nbnh Gu nituktunid Lognsuhlny-Ldwght
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Llwp 2. A- Ujuwh& hpwph ppunbwpubwghtt 18h b opowljw hpwpniputibph
onuhlt whonwsnt pnsnn uwpph wuwnlbp ®wpnu, L&ught 1 b 2 b Unniuwp
hmwpuwdwjhtt Ynuubph unudp: B- Untngkt Gipiph b wlwnhy huquspubtph
nbknupwodw ujubdwnhl] pupwntq (Karakhanyan et al., 2003)

Figure 2. A- the pattern produced by the survey implemented from unmanned flying
device (drone) over the Aknalich Volcano crater lake and surrounding volcanoes -
Paros, Lchayin 1 and Lchayin 2 and Aghusar group of cinder cones; B- layout map

displaying the distribution of monogenetic vents and active faults (Karakhanyan et al.,
2003)

Uoywd Udntingktt hpwpnipjuubiphg owwnbkpt niuku qlinkghly dunyd wpunwhwjnygws
huuntwpububp (y. 2, 3): Gupwunpynud k, np Uljuwhgh mbnudwup, pugh hp
gbinughwnwlwut wpdtphg, Yéwnwjh npytu ghnwljub b Yppujuts Juyp, pwuh
np  wfu] wbknudwup Unbngbkt  hpwphiwlwinipjut,  hpwpnijuttph
hudpwynpdwt b pwpuwduyht Yntbiph hwuwluwyht thhnjuhwpwpbpnipniubph
1wy ophtiwly k:
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dwjupnuljhg pupdn: L&h dwjupguljp ntuktnud £ ubgnughtt mumnwinidubp:
Fninp ppwpwdwhtt Yntbpp juqudws Bt hpwphughtt pwpwdubkph okpnkphg,
htyybu bwb jwjwubphg b hpwppiwghtt pnudpliphg: Unbubkph tjuwpwugpdus
hudph dntingktt hpwphrwlwinipyut nipywgpuy wnwbdtwhwnlnipmniut k np
Uhoht wkjunnngkuh Ldwght -1 hpwpnijup yuunndwsd b wykh Ephnwuwpy
ybnpht uyjuinngki-hningkth L&wght -2 hpwpnijuny (uly. 2):
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Lwipuyht h4
Lwnpuwyht 1hdp dhpoptwjuth ninnnipjudp dqgdws b fupnily juupdws jwduyght Yot k, 1300  hhuph mipudwgsny b 50 U hwpwpkpuljut
pupdpnipniiny: Fugupdwl] pupdpnipiniup 3139.6 U k: Suqupwhtt dwljtptup 900x300 U E, npp nitth thnpp gnquynpnipjnii:
Ququpn b juwbekpp sSwdyyws Eu phynpuyhtt jwduwyhtt hnupbtpny, dhwytt hwpwy-wpdninpmd ququpwihtt dwuntd b wpbbjjub
jmughtt Jupkih bt hwunhwb] ny owwn opuhnugwé whpnuuwnpl Wnip: Zpwphughtt YEunpnihg, hhdbwjuinid wplhdnjub
ninnnipjudp, hnub) Gu hqnp jwwubp: Zpwppjuh hwuwlp dhohtt wikjuningk E, Jwqup pwqupuuyhtt wmpwujuhwinbkqhuwu,
npwjihwbnbkqhw:
Lannsthiynd
Lonnsuhyny hpwpnijup (wbdwbwlngqus £. L. Lngnsthyndh wwwnlht)) tkpluyugws b jud wwhywidws ppwpudwihtt jupdws
ntn 1400 d hhuph wpuniwgsny b dhish 200 U hwpupbpuljui pupdpnipyudp: Augupdwly pupdpnipgniip 3259.1 U b Zniuhuwghi,
wplbjut b hwpwy-wplbbjjut jmbekphtt wnw tu juyt ny junpp kpnghnt Yupduspubp: Zpuphth puntwputp mknuowupddws L nhuh
hwpwy-hwpwy-wpbuninp, tpuw mpudwghdp hwutinid £ dhtish 350 U, junpnipgniup” 60 U:
Zpwphuh hwpuduplbjut hhdpnid Ju jujugh Juhwbwdb Epypnppwght Yot 200 U hhdph wpwdwgsny b dhish 25 U pupdpnipyudp:
Unthg wpunwyhdt] Bu phnpuyhtt juduyhtt hnuptp: FEinpught jwuyhtt hnuptpp Jhwbwng hhdtwljwb juenygh hwpwduyhtt hhdph
wnwlhg nnipu Einn jujwtbkph hnupbphtt wminwewgnk) G thnpp dwdyng, npp gpynid £ Gwpnu hpwppuh wdpnne hyjntuhuwhtt hwnduwsdp:
Lwjuwbkph wpunnwhnupp mtinh k niukgl) twb hintuhuwghtt hhdph tnwljhg: Ponnp juduikph punhwinip dwytpbup juqunud £ dnun 2,8
yu* Upuwhuny, Lnngnsupynifh hpwppuh dugpepnudp ninkygty & juenygh hpdph nwlhg, jpwnbwpwih tqphg b kpypnpyughte Ynth
(wuuubkph wpunwyhddwdp: Zpwppuh hwuwlyp 4Eipht ykhunngtt E, juqup mpuphwinbkqhwnught:
Lonnsthyny hpwpnijuhg nhwgh hyniuhu wplibp quingnd kb kplyne thnpphly hwpnijubtkp” Mnnnu b MEnpnu:
NMEwpnu
NMtwnpnuh pwpudwghtt Ynup nivth 30 U hhdph nnipudwghs b 10 d pupdpnipnit: Fugupdwl] pwpdapnipiniup 2985 U Lk MbEwpnuh
Nwntwpuip dwqupudl b, inpudughdp 10 U, unpoippniip  dhiish 2,5 U:
Nnnnu
Nnnnup pwpudughtt §nbb dhpljupugdws b qnpp dwubwn]ws ppopny 45 U hhdph wpudwgsny b 15 U pupdpnipyudp: Pugupdwl
pwpdpnipniup 3000 U E: Ynuh JEpunud fu dh thnpp gnquynp hwppul:
Nnnnu b Mkwnpnu hwpnijubiph vnnpnup wdpnneniyhtt nynnws £ Updpniuh hpwpuh jujwbtpny, huly wdyu) hpupnipjuubpg judughe
hnuptph gnpéniutinipjut hbwnptp sjut: Zpupntjuttiph niy wikjunngk hwuwlh Eu:
Updpniuh
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U. B. Upspniunt mdudp Ynsdws ppwupudwght Ynbip thpiuyugdws b jwy yquwhuywigws junnygny 1000 4 hhuph mpudwgsény b 200
hwpwpbpujut pupdpnipjudp: Fugupdwl pupdpnipniup 3210 Uk Zniuhu-wplbppnud b hjntuhu-wpbdninpnid hpuphowghte Yntp
hwpinws b jubigh phpnipmitkpp fupmly ki b weljw kb unpp kenghnt Jupdusplbp: Ynth Jepinad ju dwuqupudb pupiwpab
300 U npudwgoény b vhtish 45 U pjunpnipjudp:

Zpupmpup punugws b pwpudubphg, jwughjukphg, wjwqubphg, unfjuhphg, jwjuh piynpltphg, pupuduyht ninpdus b gunhljunp
pnidpliphg Uhtish 45 ud: @lupnit Wynipp opupnugyus L hhdtwjwip puntwpuwinud: Zujntwpbpdty o oyyuhnh wnwtidh udniptukbin:
Zpwpluh hhuph hyntuhuughtt b hyniuhu-wplikub dwuhg hnuty B pnpught juduitkp’ npniip qpunbgind ko dnn 10 Yu? nupusdp:
Zpwpuh hwuwyp JEpht wiljunngkl b juqup’ puqupnught npuuhwbnbqhu:

Unijin

Unijinh hpupmijup tbpluyugdus b hymuhu-wpbbpul ngngompjudp dqjus pupudughtt jnim] dhish 900 d hhuph wpudwgsny b
dhtipl 210 U hwpwpbpuut pupdpnipjudp: Fugupdwl pupdpnipniup 3112 d E: Unth dh dwup swolus E Ulunguuwpbph
hpwpnijutibph jujwtbpny:

vwpwdwjhtt Ynup, pughwunip wodwdp, Juqudws b opuhnugwés whpnljuuwnubphg, npnup ubpjujugdws o juwpudng,
(uyhjutpny, wwuqny, unjupny, jwjuyh pkinpubpny, pwpwdwhtt npnpjus b qunphuwynp pnwdpbpny: Ynywn hpwpnijuh hjniuhu-
wnplbpwt hhuphg nmwpwésymd k jwjuyh hnup, npp dbpyuimid £ dhuyt yiphtt hnuwbpbbpnud, hull dbwguws dwubpp thwljus tu
UYunguuwph hpupntjubibph jujwikpny: Zpwpuh hwuwlp dhohtt wyikjunngti b, juqup” puquipnught npufehwintqhu:

Qupnu

Qupnup pwpudughl §nbp tbpuyugdus b jun] quhwywigws junnygn]  dqlus hmuhuwplbyub nignmppudp, dhiish 1100 U hhdph
wnpwdwgsény, dhtish 160 U pwpdpnipjudp: Pugupdwl] pupdpnipniup 3190 Jd E wpwdwihtt §nuh hjnuuhuwghtt b hwpuwdught
(uligkphtt wnlw t junpp kenghnt Junpgwspubp, npnup hwutmd kb Ynbh hhuphl: Lhowl ququpht wpldnjut dwund, gunignud |
hwnbwpuip (&0 (200x100 U): Muntwpwip dqynid E hniuhu-wplikyub nuggniejudp, npudughsp ququph bpljuyipny hwutnd b
uhtislh 450 U, hulj junpnipjnitp dhtish 90 U: wntwpwih hnruhu-wpbbyubt b wpbbjwb jwigkpp dindwptp b, hwpuduyhup thidws L,
npuntinhg Uhwunud E jpupuduwghtt Ynuh hwpwguyhti jwughtt gindnn knnghntt upydwspht:

Qupnup Juquws E jowpudubphg, juwpjukphg, wjwqhg, uUnpjuphg, jwjuwyh pkynpubphg, hsywtu twb nppdws, nwbudwdl,
wnwbgpwdl b wy) pupy Autpny wpunwhwjnywsd hpwppiwghtt enwdptiphg (Uhtish 2 d, uy. 2):
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Ljuwnp 3. Qwpnu hpwppuh hpuppughtt podp

Figure 3. Volacnic group of Paros Volcano

Qupnu  hpwpnijuhg jwjwbbph Gpkp b hnupkp sk
hwywntwptpyt), hull hpwpnthup sppuyunygws t Ujunguuwn
b Lonnsuhlny hpwpnipuubph judwtpny:

Zpuwpjuh  hwuwlp  JEppt wjunngtt k. Juqup
npwpithwinbkqhwnuwyht:

Upldwywmt Ujunguuwp

Upldunjut  Uljungwuwpp  wpnwhwjyndws L hwpwy-
wnluninphg hiniuhu-wplbp ninnnipjudp aqud
hrwpudwhtt nuny: Mwpudwihtt §nutt nith 1000 U hhuph
npudwughs b 130 J  hwpwpkpulwb  pwpdpnipint,
pugwpdwl] pupdpnipniup juqunud E 3265 d: Zpwpnijuh
yntwyunipiniup sh wwhwywidl), hwpwy-wpbbjut jwiep
Uplkpjut Ujunguuwnph htwn hwndwt nbknnid hwupptgyt) t:
Zpwpntjuh ququpht wejuw E dwqupudb 400 ¢ mpudwgsny b

Uhtisl 65 U junpnipjudp pwntwpui:
Zhwpnijup juquws E owpudibphg, juwhitphg, wjwghg, unfuphg, hwppiwghts pnwdpiphg (Uhish 50 ud), junjwiph unpltphg:
Zpwpntfuh hjntuhuwght b hjntuhu-wpbbjyut hhdpiphg wpunwyhdt) Eu pinpuyht juduitp, npnuighg wnwghin hpwphih kqpny hnunid
E wpbudninp wyunthbnlb hwpwy, Eypnpgp pwntybnyg Uplkjut Uunguuwph jujwiutpht dqynud k niyh hjniuhu b hyjnruhu-wplitp:
UYunguuwp hpwpntjulibph jujwikph dwltpbup Juqund Ednn 38 Yu2 Zpupluh hwuwlyp Jiphtn wikjunngbb b juqup puqupnughi
npwpihwbnbkqhu:
Uplbkjwt Ujunguuwup
Uplbkpguwt Ujunguuwph powpudwght Ynup hniuhuwpbbpnid dhwinud E Upbdunjut Ujunguuwnpht: Zpwpnthup tkpjuyugdws k Yntuh
wnbupny, hhudph wpwdwghsdp dpsk 800 U E, hwpwpbpulwbt pwpdpmipniup dhsh 140 d: Fugupdwl pupdpnipjniup 3258.5 U L:
Ququpht qnuynid £ duqupudl puntwput (npudwghédp 220 U, funpnipjniap 70 U):
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Unup juqujwsé E ppwpwdutphg, jwyhjuiphg, wjwqubtphg, dnpuphg, hunbwbduwd jpwpuwdwihtt pnudpliphg (dhsh 45 ud), jwuikph
Yunpubphg: Mwptwpwind b hwpwd-wpbbjjut hwnusnid yhpnljjuunhl Wynipp wdpnpenipjudp opuhnugyws b Zpwphh hhuph
wnwlhg hnubk] ko jwdwibkp, npnup wdpnponyghtt puwntdl; B Uplbdnjut Ujungwuwph jwwubph htw: Zpuwppjuh Juqup
npwjpihwinbqhwnwyht k, hull hwuwlp 4ipht wykjunngt:

L&uyjhti 1

L&uyhtt 1 hpwpnijup pupn Juenigyuspny fuwpudwght Ynt k, hhdph wpudwghdp 1450 d E, hwpwpbpujwt pupdpnipniup 120 d:
Pugupdwly pupdpnipniup 3150 U L vwntwpwtp nith 1000d Gpljupnipinit b 1204 junpnipinil, npp hjntuhu-wpbudninpnid nith ks
pugugp: Lwjuubkpp dwyppl] Eu jpwntwpwihg b hpwplh hhuph wiwlhg: Zpwpnipjuh hjpnruhu-wpbdnunpnid gungnud £ ULJtw
hpwppiuyhtt Swguwit 1hép” 0,45 §u? dwlkpbuny, nph junpnipyniup 15 d k, 3038 U ényh dwljupnuljhg pupdp, vwuyt (&h dujuppulp
niubunid £ ubignuughtt mwnwunidubip:

Nuowgpuiy b, np dhohtt wykjunngkts hwuwljh L&wght 1 hpwpniup hyniuhund hwngby b Ypunubp Jiphtn wikjunngbi-hningk hwuwlh
L&wyht 2 hpwpnijuh hbw:

L&uwght 2 howpwdwiht Ynuny bhpwpnijup nith 550 4 hhuph wpwdwghs b 50 U hwpwpkpuwb pupdpnipnil, pugupdul
pupdpnipniup 3095 U b Zpwpnijuh dAwqupwdl jpuptwpwip nith 200 ¥ npudwghs b 40 d junpnippni: L&wghtt 2-p juquyuws k&
fuwpwdtphg, juyhiutphg, wjwqghg, Unfuphg, hpuppiwghte enwdpbiphg:
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‘Ljuwnp 4. Ut &h mbnudwu
Figure 4. The Aknalich site

8. Ujtwdh mbinudwup ukpjuyugdws b jnipwhwwnnily hpwphuwghtt junnygh duny, b qnunud £ SEnudh hpwppowght (knttwonpuygh
wnwbgpwihtt dwumd: Gbnudh hpwppuwght (kptwququpn ubpujuginud £ 127 dhwsht hpwpnijububph juhnn fjuuntp, npnbp
wupnitbwlnud B hhdtwljwiunid vhohtthg dhtish nip wjkjuinngkuh b hningkuh 65 Yu tplupnipyudp b 35 U juyunipjudp ojujwdl
nwpusp 2100 Y2 nwpwspnyd (. 1): Ljuwpugpdus nknudwup quigmd E Jbphlt wkjuinngb-hningkt hwuwlh pwpudwghl
Untlbph pedpnid T&uyht -1, L&wjht -2, ®wpnu, Ulunguwuwp, Lognsthynl, wpbdnywb Uljunguuwp, wpbbjpjut Ghinguuwp,
Updpntth, hsytu twl Unniuwp, hwpudujhtt Unniuwp b wpbdnjwt Unniuwp: 3084-3458 U pupdpnipnitubnh Jpu (uly. 2): Untingku
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hpwpnijutibiphg owwnbkpt nmuku gbinkghy duny wpunwhwjnyjwsd pwnttwpwtbkp (uly. 2, 3): Gupwunpynud k, np Uhjuwdh nbnudwup,
pugh hp ginughunwlwt wpdtphg, Yéwrnuyh npwbku ghnwlwtu b Yppwlwb Juyp, pwuh np wndju; wmbnudwup uUnungbku
hpwphujuunipyjut, hpwpnijuttph pdpuynpdw b pwpudwhtt Ynbutbph hwuwuwghtt thnjuhwpwpbpnipniuubph jwy ophtiwl t:
L&wyht -1 hpwpnijup muh Epjupuynit Al niikgnn, dnwn 1,1 §d mpudwgény jpwnttwpuit: vwntwpwtth hpwppuwhtt swqdw (hép
(UYuuhg) qpunbgunid £ 0,45 Yu? dwljipku, nph junpnipinitp hwutind £ 15 d: Thép 3038 U énih dwlwpnwulhg pupdp k, vwluyh 1&h
dujupnpuljp nitkund E ubkgntwghtt mwnwinidubp: Fonp Ynubpp juqudws Bt hpwphughtt jpwpudubph okpinbphg, husybu twb
jwjwubphg U hpwppuwht = pnwdpbphg: Ynbubph  Wqwpugpdué judph dnungbt hpwppwlwinipyut  nipwgpuy
wnwbdtwhwwnlnipnitutphg £ dhohtt wjkjuinngkt L&wght -1 hpwppuh wwwnndws (hubp wdkh Epphrnnwuwpn Jipht wbjuinngki-
hnjngkt L&wjhtt -2 hpwpnijuny (bl. 2):

The Aknalich geosite is located in the axial area of the Volcanic Ghegham Mountain Range and is represented by cinder cones of the Late
Pleistocene-Holocene age, including Lchayin-1, Lchayin-2, Paros, Aknotsassar, Lodochnikov, the Western Aknotsassar and the Eastern
Aknotsassar, Artsrouni, as well as Aghoussar, the Southern Aghoussar and the Western Aghoussar, spanning the range of elevations of 3084-3458
m (Fig. 2). The cinder cones are all composed of volcanic scoria layers, as well as lavas and volcanic bombs. The volcanic mountain range of
Ghegham represents a cluster of 127 monogenetic volcanoes covering an oval-shaped area of about 2100 km? that is 65 km long and 35 km wide,
and having ages from the Middle-Late Pleistocene to the Holocene. According to the latest volcano-seismological studies, episodes of seismic
activity of volcano-tectonic genesis occur periodically within the Lodochnikov-Lchayin cluster of volcanoes, attesting to the active magmatic and
hydrothermal processes developing beneath the Gheghama Plateau. Many of the indicated monogenetic volcanoes have nicely shaped craters
(Figs. 2 and 3). One of the volcanoes, namely, Lchayin-1 has lengthy form and a large crater with the longer side diameter of about 1.1 km. The
Middle -Pleistocene Lchayin-1 volcano is cut through by a younger Late Pleistocene-Holocene volcano named Lchayin-2 (Fig. 2). Lake Aknalich
is a volcanic-origin lake with the area of 0.45 km?, situated inside the crater of Lchayin-1 Volcano. The lake is up to 15 m deep. Lake surface
elevation is 3038 m above sea level, but water table in it has seasonal fluctuations.

9.bpjpuuntnuupp nith ghnwlwb, ntunignpujul, wnniphunwlut wbwlnipmni: Zkpwbuwpughtt £ nwnpny, Ahtpnd Jud
wlkuwquugubpny juquuybkpyynny wpowdupdpiph hwdwp b Jputwghtt fwdpwpubph hwdwp, hull dnnwlw phwjuduypkpp -
hjnipuwnttph, Swpwpwttph fud wy opjEinutnh qupqugdwt mtuwblyniuhg:

10. Quinid E Ynwugph b QEnuppnithph dwpgbiph wwhdwbwgiuht: Gpubgdws b Zujuunwih  Fuuywhywinipjub
twhwpwpnipjut punipjub yhinwlwbh hntpwpdwtitiph guulnud:
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