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PALENTOLOGY
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In this paper small Coralline algae reef from the Shaghap piggyback basin
is described. The microfacies analyses, small size planktonic foraminifers are
studied for the first time. Orthophragminids and Nummulites up to 10 cm in
diameter are abundant in the reef framework. Reef type is defined as cluster,
the main part of which was formed near the Eocene-Oligocene boundary
occurring below the depth of wave action in mesophotic conditions.

The lower part of the studied section presented of Lower Oligocene (based
on small planktonic foraminifers) high sedimentation rate deposition (limes-
tone with conglomerates, breccias and blocks of reef construction). This unit
is overlain by thrusted wackestone of late Middle Eocene, which covered by
matrix supported (up to 15m) large Discocyclina, nummulitic limestones
(rudstone). The latter is covered by bedded organogenic (Coralline red algae,
rare Nummulites) sandy limestones (packstones, rudestone). Dome-shaped
microbialites (thrombolites) developed in the upper most part of the section
accumulated as a result of the abrupt climatic changes of that time.

The geological cross section passing through the reef construction, two
north-dipping reverse faults of post Oligocene activation is identified. Due to
tectonic activity folded block (reef talus) is observed in the reef body.

Key words: Coralline algae reef, Nummulite, Echinoderms, Discocyclina,
microbialites, reverse fault

Introduction

The Shaghap synclinal is known to be composed of Eocene-Oligocene
shallow marine deposits with significant tectonic disturbance and stratigraphic
break (fig.1). The information about Paleogene reefs are well presented from
the West-central Tethys area (e.g. Pomar et al., 2017 and references therein).
Little is known about Eocene-Oligocene reefs development in the Lesser
Caucasus (Armenia), which is known also as the “greenhouse-icehouse”
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transition. Previous studies of Upper Eocene —Oligocene organogenic reefs of
Arax river basin were focused on sedimentology, palacontology (corals and
mollusks) Sadoyan and Aslanyan (1981). Recently Shaghap reef was studied in
terms of Large Bentic Foraminifers and Eocene/Oligocene transition is deter-
mined (Zakrevskaya et al., 2014). In the sections passing through the Shaghap
village the nummulitids and discocyclinids were studied by Krasheninnikov et
al., 1985; Grigoryan (1979, 1986), but it's not clear whether these studies
include also the reef sections or not?

This study gives insight into the composition of Coralline algae reef from
Shaghap area based on microfacies analyses. The framework, growth fabrics for
reef structural classification, small-sized planktonic and large bentic for a-
minifera for age definition and palacoenvironmental implications are studied
and discussed. Tectonic impact on reefal body is studied as well.

The aim of this work is the study of sedimentological, palacontological
characteristics and structural setting of the Shaghap reef for reconstruction of
the paleoenvironmental history.

Geological setting

The collision between Eurasia and the South Armenian Block (SAB) in the
Late Coniacian-Santonian interval (c. 85 Ma; e.g. Rolland et al., 2009; Sosson
et al.,, 2010) conduced to the formation of Amasia-Stepanavan-Sevan-Hakari
suture zone, situated in central part of Alpine-Himalayan orogenic belt.
Collision is followed by the formation of Vedi-Vayots Dzor foreland basin in
the southeastern part of Armenia. The Paleocene-Eocene boundary corresponds
to tectonic inversion of the basin, at the onset of “hard” collision (collision of
upper part of lithosphere) of Arabian — (namely SAB) and Eurasian continents
(Sosson et al., 2010). Eocene magmatic rocks were formed in an extensional
tectonic condition with basin formation and marine transgression (Sahakyan et
al., 2017a).

The ENE-WSW elongated Shaghap syncline is limited by Lanjanist and
Urts anticlines (fig.1), which are controlled by the thrusts (Avagyan et al.,
2018). The Eocene-Oligocene transition corresponds to the Paratethys Sea, but
the domains and the time of formation remains a matter of contention.
According (Sahakyan et al., 2017b) during Middle Eocene-Oligocene the
Shaghap basin was partly isolated, forming a piggyback basin on backlimb of a
moving Urts-Aghbyur thrust (Avagyan et al., 2018).

The studied Shaghap small reef structure is positioned in 3km to the SSW
from Shaghap Village, at an altitude of 1487m a.s.l. (39°52'8.11"N;
44°51'26.93"E; fig.1). It outcrops with a length of approximately 500m. Here
the Lower Eocene conglomerates, organogenic limestones unconformably
overlain the Permian limestones.



Fig.1. (a)- Simplified geological map of studied area (Avagyan et al., 2018); «Q- Quaternary
travertines, colluvial, proluvial deposites;ng'N:-Upper Oligocene- Lower Miocene multicolored
clays, siltstones, sandstones; Pg_ Lower Oligocene clays, sandstones, siltstones; P Upper
Eocene (clayey sandstones, siltstones, marls with limestone lenses); Pg,. Lower Eocene
limestones, sandy limestones, siltstones, conglomerates; P- Permian limestones; C- Carboniferous
limestones, sandy shales; Ds;-Upper Devonian clay shales, limestones, quartz-sandstones,
quartzites; black line corresponds to the cross section (fig.5). (b)-Google map with a red line of
AB cross section (fig.5).

Middle Eocene is presented by marls, volcaniclastics, fine-grained
sandstones, siltstones and nummulitic limestones. Shaghap formation of Oligo-
cene age contains sandstones, clays, coral limestones which grade up into
Quaternary volcanic rocks, travertines and recent alluvial, deluvial and colluvial
deposits (fig.1).

Lithological log in the western part (fig.2, a; fig.3) and geological cross
section (fig.5) in the eastern part of the reef body were carried out in order to
describe its composition and tectonic impact.

Materials and methods

The Eocene-Oligocene sediments of Shaghap reef section were analysed
using petrographic description based on thin section of 30 samples. The facies
nomenclature follows the textural classification scheme of Dunham (1962).
Carbonate facies are defined according to the dominant fossil assemblage and
depositional fabric (Fligel, 2004). For architectural fabric we follow Riding’s
(2002) nomenclature.

Biostratigraphic analyses (planktonic foraminifers) were performed on 7
samples. To extract planktonic foraminifera shells from claystones, mudstones
and wackstones the optimised procedure proposed by Grigoryan and Sahakyan
(2019) is used. The systematic taxonomy of planktonic foraminifera is based on
the atlas of Pearson et al. (2006) and Wade et al. (2018). The biostratigraphy is
based on the biozonal definitions given by Berggren and Pearson (2005), Wade
et al. (2011). Geological cross-section is based on published data and own field
observation including litho-paleontological results.



Description of facies types

Reef terminology used in this paper, as the studied section is carbonate
structure, formed in-situ, bounded by organic components and developed in
topographic relief upon the sea floor (e.g. Kiessling et al., 2002).

-. photos of the Eocne-Oocene Cralline ala reef;(a)— panoramic view of the reef;
(b)- section in the western part of the reef body; (c)- fallen block; (d, h)- Echinoderm, (sample
LSh4/19); (e)- thick branching colonies of Corals; (f)- large (10cm) Discocyclina (sample

LSh4/19), dot line shows the shape of Discocyclina; (g)- cylindrical body of Scleractinian corral.

On the basis of biogenic composition and depositional fabric eight Facies
Type (hereafter FT) were identified: The basal part of the succession is
represented by limestones whit the conglomerates and breccias (fig.2, b),
marlstone, siltstone and coralline limestone blocks (fig.2, e).
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Fig.3. Litho-stratigraphic log of western part of Shaghap reef (fig.2, a). PFZ- Planktonic
Foraminifera Zone. Arrow shows the thrust position.



On the litho-stratigraphic log the basal part is overlain by 1.60 cm thick
wackestones (FT1) (fig.2, b; fig.3, sample LSh 2/19) which contain A-forms
Nummulites, planktonic foraminifers, fragments of Bryozoans, quartz crystals
and Fe oxide grains in carbonate mud matrix.

Fig.4. Microphotographs in thin sections of representative samples. Limestone block (a) LSh1/19
- unsorted biosparite (boundstone) from lower part of the section; (b, c) - rudstone with a
packstone/grainstone matrix (sample LSh4/19); (d)- packed biomicritic limestone (LSh5/19); (e,
f) Discocyclina-Nummulites rudstone (LSh6/19); (j)- coralline algal grainstone (LSh7/19); (j, h)-
packstone (LSh8/19); (I)- microbialite (LSh9/19).

N-Nummulites, D-Discocyclina; A- Coralin red algae; F- planktonic foraminifers; L. —
Lenticulina; P- microbial peloids.

Upward, the next facies (FT2) is rudstone (coarser, grain-supported
biogenic limestones) with packstone/grainstone matrix up to 15m thick,
(LSh4/19) (fig.2, f), composed mostly of large Discocyclinas and Nummulites
(up to 10 cm in diameter), Lenticulina, red algae fragments. Associated biotas
are mostly small bioclasts, coralline algae, echinoid plats, smaller planktonic
and benthic foraminifers (fig.4, b, ¢). This unit is overlain by grainstones (FT3,
50cm thick, fig.4, d) with small planktonic foraminifers, discocyclinids as well
as numerous red algal, coralline algal fragments. Additionally, some echinoids,
bryozoans, bivalve fragments and gastropods are present.

Calci-mudstone (FT 4) of 20cm (sample TSh3/19) overlay by
Discocyclina-Nummulites rudstone (LSh 6/19, fig.4 e, f) with packstone matrix
(FT 5). This microfacies is characterized by the occurrence of Discocyclina and



some species of Nummulites and coralline red algae. Other bioclastic com-
ponents are fragments of echinoids and bryozoans.

Bedded rudstone (FT5) with dominant red algae fragments (thalli, laminar
plant of Mesophyllum mengaudii), B form Nummulites (fig.4, f), Discocyclinas
(sample LSh6/19) is characterised. Bryozoans, Chapmanina (fig.4, a) of
subordinate components are presented as well.

Sample LSh7/19 is bedded limestone (coralline algal grainstone (FT 6)
characterized by the occurrence of coralline red algae, bryozoans’ fragments,
individual B-form Nummulites (fig.4, j). Upper part of the section presented by
packstones (LSh8/19), with dominated coralline red algae fragments (fig.4, h-
rhodoid). Individual A form Nummulite fragment, biserial foraminifer is
observed as well. The matrix of the rock is composed by peloides (FT 7) and
other small skeletal fragments (mainly echinoderms). Packstones are covered by
microbialites (sample LSh9/19, fig.3). The size of hemispherical domes
microbial build-ups ranges from 0.5 to 1 m (FT 8). The trapped materials
include carbonate fecal pellets, cavities and microbial peloids without skeletal
fragments. Few fragments of Bryozoans are observed in microbialites.
Microbial peloids and encrusting filaments form incipient branching structures
(fig.4, 1).

Planktonic foraminifera

Examined micropalacontological samples have been positioned on the
litho-stratigraphic log and geological cross section (figs. 2,3 and 5).

In the sample TS-0-19 (39°51'59.9"N, 44°51'19.5"E, fig.5) the following
planktonic foraminifera associations are described: Dentoglobigerina prasaepis,
D. taci, D. larmeui, D. globularis, D. tapuriensis, D. baroemoenensis, D. gala-
visi, D. pseudovenezuelana, D. eotripartita, Subbotina corpulenta, Catapsydrax
unicavus, Globigerina officinalis, Globigerinella obesa., which indicate O1-02
zones (Lower Oligocene).

Planktonic foraminifers association in sample Ts-3-19 (39°52'7.20"N,
44°5125.91"E, fig.2) presented by Subbotina angiporoides, S. crociapertura, S.
patagonica, S. roesnaesensis, Acarinina bullbrooki, A. praetopilensis, A.
boudreauxi, Globigerinatheka subconglobata, G. index, Dentoglobigerina
galavisi, Globigerina officinalis, corresponding to E10-E11 zones.

In the sample Ts-4-19 (39°52'8.4"N, 44°5124.2"E, fig.2) the following
planktonic foraminifers are recorded: Hantkenina nanggulanensis, H. ala-
bamensis, H. primitive, H. compressa, Dentoglobigerina pseudovenezuelana, D.
eotripartita, D. galavisi, Globigerina officinalis, Globigerinella obesa, Subbo-
tina projecta, S. corpulenta, S. tecta, S. yeguaensis, Turborotalita carco-
selleensis. Such assemblages indicate the Upper Eocene age (E16 zone).

Sample TSh1/19 (39°52'08.6"N, 44°51'12.0"E; fig.3) presented by Tur-
borotalia ampliapertura, T. increbescens, Dentoglobigerina larmeui, D. tapu-
riensis, D. galavisi, D. pseudovenezuelana, Catapsydrax unicavus, ciopoturborotaiita
pseudopraebulloides, G. paracancellata, Globigerina archaeobulloides,



Subbotina eocaena, S. projecta, S. corpulenta. Planktonic foraminifers presence
suggest their possible attribution to the O1-O2 zones.

In sample TSh-2/19 (39°52'08.9"N, 44°51'11.7"E; fig.3) Ciperoella
ciperoensis, Parasubbotina hagni, P. varianta, Subbotina projecta, Turbo-
rotalia increbescens, T. ampliapertura, Turborotalita praequinqueloba, T.
quinqueloba, Catapsydrax dissimilis, Paragloborotalia pseudocontinuosa,
Dentoglobigerina galavisi, D. eotripartita, D. venezuelana, D. sellii, D.
baroemoenensis, D. prasaepis, D. tapuriensis, Subbotina corpulenta, S.
eocaena, Streptochilus martini, Catapsydrax unicavus, Globoturborotalita
gnaucki, G. ouachitaensis, G. occlusa, Globorotaloides quadrocameratus are
presented, corresponding to O1-O2 zones.

Sample LSh 2/19 (fig.3) is presented by the following planktonic
foraminifera associations: Globigerinatheka korotkovi, G. index, G. tropicalis,
Globanomalina australiformis, Subbotina linaperta, S. jacksonensis, S. cor-
pulenta, S. linaperta, Catapsydrax africanus, C. globiformis, Parasubbotina
inaequispira, P. varianta, Paragloborotalia nana, Globorotaloides quadro-
cameratus, Hantkenina alabamensis, Globoturborotalita gnaucki, Turborotalia
possagnoensis? T. Inc rubescens, T. cer-roazulensis. The assemblage belongs to
the late Middle Eocene (E13 zone).

TSh3/19 (39°52'09.8"N, 44°51'12.5"E; fig.3) sample is presented by Glo-
bigerinatheka index, G. tropicalis, Dentoglobigerina eotripartita, D. galavisi,
Pseudohastigerina micra, Subbotina eocaena. The age can be determined as
Upper Eocene (E15 zone).

Larger benthic foraminifers

The detail study of the larger benthic foraminifers from reef limestones was
not carried out yet. The specific identification of Nummulites and other LBF
was done for nummulitic llimestones from eastern part of the reef (Zakrevskaya
et al., 2014). In nummulitic limestones, abundant Nummulites fabiani iretiatus,
usual N. striatus, rare N. incrassatus and N. vascus, rare Chapmanina and
Sphaerogypsina were observed. The orthophragminids are absent in these
limestones. Their absence and the presence of transitional forms of Nummulites
allow us to refer the limestones with N fabiani iretiatus to Late Eocene —
Oligocene ages.

Tectonic impact on the reef

North-south oriented geological cross-section (fig.1, a-black line b- red
line) passing through the reef has been compiled (fig.5). It shows the presence
of two north-dipping reverse faults as a result of north-south shortening. The
observed faults are the western segments of “Vank fault” with similar
kinematics and dipping (Avagyan et al., 2018). The post-reef faults activation
evidenced by cross cut Upper Eocene and Lower Oligocene (Rupelian) for-
mations. Our observation at about 350m to the west from cross section line
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shows that the Upper Eocene (Priabonian) reef deposits have trusted over the
Oligocene claystones proving thus the post-Oligocene fault activation.

Fig.5. N-S oriented cross section through the eastern part of the reef (cross section line is shown
on fig.1). P - Permian limestones; E; — Lower Eocene conglomerates, organogenic limestones. For
lithology patterns and fossils see fig.3; sample Ts-0-19- claystone.

The landslide or rockfall development is triggered by tectonic uplifting of
the area. According the study of benthic foraminifers the age of rockfall beds
(reef talus) correspond to E10-E11 zone (Middle Eocene, sample Ts-3-19).

Discussion and Conclusions

Based on sedimentary matrix and coral skeletons relationship the Shaghap
reef may be classified as Cluster Reef, i.e. matrix-supported, where skeletons
are adjacent, mostly disarticulated (Riding, 2002).

The reef lower horizon (L-6-19) in the eastern part of the outcrop (fig.2, a)
presented by Rhodolith limestones. These rhodoliths are encrusted and show
warty growth forms. In places encrusting bryozoans are visible in rhodolith
construction. Here, in the upper part of the section according to planktonic
foraminifers the latest Late Eocene (E16 zone) is identified (sample Ts-4-19)
from the soft part of the deposits (fig.2). The structural pattern of the outcrop is
complicated by fallen folded limestone block (fig.2, ¢) most probably triggered
by the tectonic uplifting of the area. The age of this block is corresponds to
E10-E11 zone (Middle Eocene, sample Ts-3-19, fig.2).

In the lower part of the studied section from western part of the outcrop
(fig.2, a) the limestones with conglomerates and breccias, reefal blocks of
branching coralline limestones, siltstones, claystones and calci-mudstones of
Lower Oligocene is determined. Here Dentonglobigerina taxa are identified,
providing evidence of warm- temperate environment (Sotak, 2010). On this
formation wackestone of 1.60cm (fig. 2, 3, sample LSh 2/19) is thrusted, which
contain Nummulites, small planktonic foraminifers, fragments of Bryozoans,
quartz minerals, Fe oxides in carbonate mud matrix. According planktonic
foraminifera, the wackestone corresponds to E13 zone (late Middle Eocene). In
this sample the Globigerinathekids and Subbotina were found and as
subtropical and cooler water forms can be interpreted (Sotak, 2010 and
references therein). The wackestone is covered by reefal deposits with large
Nummulitic-Discocyclina contents. According benthic foraminifer complexes
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the age of lower part of the reef formation is post late Middle Eocene. The calci-
mudstone of 20 cm (TSh3/19) in the middle part of the section corresponds to
E15 zone (Upper Eocene).

The sedimentary succession of Shaghap outcrop (its western part) is
composed of eight main facies.

Nummulites of N. fabianii indicate the Priabonian age, but the absence of
N. orthophragminids and the occurrence of the Priabonian Chapmanina the age
of reef defined as transition of Eocene-Oligocene. The latest Late Eocene epoch
by planktonic foraminifers assemblages is determined in the upper part of the
Shaghap succession.

Rudstone with packstone/grainstone matrix (FT2) interpreted to be formed
in a low-energy environment, below the wave-base level. The presence of giant
Nummulites and abundant discocyclinids is interpreted as an indication of
stable, normal marine environment (Cosovic et al., 2004). The abundance of red
algae and the presence of flat larger benthic foraminifers within the matrix,
suggest the mesophotic conditions (Pomer et al., 2017). FT3 facies is deposited
in the environment characterized by higher energy, possibly controlled by sea
level fluctuations.

According to small planktonic foraminifera the middle part (FT4 facies) of
the reef corresponds to Upper Eocene (sample TSh3/19, fig.3). The matrix-
supported textures (mudstone (FT4) and packstones (FT5) of the reef sediments
indicate that the Shaghap reef grew in a relatively low-energy environment. The
studied reef deposits are matrix-supported that developed below the depth of
wave action environment.

The upper part of the reef is built by fragments of coralline red algae
(Lithothamnion), with little content of Nummulites (FT6). Bryozoans fragments
(Stigmatella personata (?)), echinoids are also present in this part of the section.
Based on the bedding patterns, skeletal composition and textures, we interpret
FT6, FT7 to have also been deposited in a high-energy zone.

Development of microbialites can characterise the abrupt climatic changes
of that time.

Two north-dipping reverse faults are proposed in the site based on the local
structural, geological, morphological particularities. Thrusting of reefal deposits
on Lower Oligocene claystons (according planktonic foraminifera from the
sample Ts-0-19 corresponds to O1-O2 zones, fig.5) observed in the valley
indicating the post-Oligocene fault activation.

Detailed study of large benthic foraminifera and corals require separate
studies.

Acknowledgements
Field and laboratory works were funded by the joint Committee of Science
of Ministry of Education, Science, Culture and Sport of Armenian 18RF-090

and Russian Foundation for Basic research (RFBR) 18-55-4 05017 projects.
The work of E. Zakrevskaya was carried out under the State Task of Vernadsky

12



State geological museum of RAS (0140-2019-0005). We thank the reviewer for
the valuable feedback.

References

Avagyan A., Sosson M., Sahakyan L., Sheremet Y., Vardanyan S., Martirosyan M., Muller
C. 2018. Tectonic evolution of the South-Eastern margin of the Ararat basin, (Lesser
Caucasus, Armenia). Journal of Petroleum Geology, v. 41, n.4, p.495-511.

Berggren W.A., Pearson P.N. 2005. A revised tropical to subtropical Paleogene planktonic
foraminiferal zonation. Journal of Foraminiferal Research, 35, p.279-298.

Cosovic V., Drobne K. & Moro A. 2004. Paleoenvironmental model for Eocene foraminiferal
limestones of the Adriatic carbonate platform (Istrian Peninsula). Facies, 50, p.61-75.

Dunham R.J. 1962. Classification of carbonate rocks according to depositional texture, in Ham,
W.E., ed., Classification of Carbonate Rocks: American Association of Petroleum Geologists
Memoir, p.108-121.

Fliigel E. 2004. Microfacies of Carbonate Rocks, Analysis, Interpretation and Application.
Springer, Berlin, 976p.

Grigoryan S.M. 1979. Nummulitids of the upper Eocene and Oligocene deposits of south-
western part of Armenian SSR. Akademiya Nauk Armyanskoi SSR, Yerevan 100p. (In
Russian).

Grigoryan S.M. 1986. Nummulites and Orbitoides of Armenian SSR. Pub. House of the Aca-
demy of Sciences of the Armenian SSR, 216p. (In Russian).

Grigoryan T., Sahakyan K. 2019. Cleaning method for planktonic foraminifera shells: An
optimised procedure. National Academy of Sciences of RA, Earth Sciences, 72 (2), p.84-85.

Krasheninnikov V. A., Muzylév N. G., Ptukhian A. E. 1985. Stratigraphic subdivision of
Paleogene deposits of Armenia by planktonic foraminifers, nannoplankton and Nummulites.
(Pt I. Reference Paleogene sections of Armenia). Voprosy micropaleontologii 27, p.130-169.
(In Russian).

Kiessling W., Fliigel E., Golonka J. (Eds). 2002. Phanerozoic reef patterns. SEPM Special
Publication v.72, Tulsa: Society for Sedimentary Geology.

Pearson P.N., Olsson R.K., Huber B.T., Hemleben C. and Berggren W.A., (Eds.) 2006. Atlas
of Eocene Planktonic Foraminifera, Cushman Foundation Special Publication 41, 513p.

Pearson P.N., Wade B.S. 2015. Systematic taxonomy of exceptionally well-preserved planktonic
foraminifera from the Eocene/Oligocene boundary of Tanzania. Cushman Foundation Special
Publication 45, p.1-85.

Pomer L., Baceta J.I.,, Hallock P., Mateu-Vicens G., Basso D. 2017. Reef building and
carbonate production modes in the west-central Tethys during the Cenozoic. Marine and
Petroleum Geology v.83, p.261-304.

Rolland Y., Billo S., Corsini M., Sosson M. & Galoyan G. 2009. Blueschists of the Amassia-
Stepanavan Suture Zone (Armenia): linking Tethys subduction history from E-Turkey to W-
Iran. International Journal of Earth Sciences, 98, p.533-550.

Riding R. 2002. Structure and composition of organic reefs and carbonate mud mounds: concepts
and categories. Earth-Science Reviews 58, p.163-231.

Sotak J. 2010. Paleoenvironmental changes across the Eocene-Oligocene boundary: insights
from the Central-Carpathian Paleogene basin, Ceological Carpatica, 61, 5, p.393-418.

Sadoyan A.A., Aslanyan P.M. 1981. Paleogene fossil organogenous structures of the Arax river
basin. Proceedings of the NAS RA: Earth Sciences: XXXIV, n.4, p.15-27.

Sahakyan L., Bosch D., Sosson M., Avagyan A., Galoyan Gh., Rolland Y., Bruguier O.,
Stepanyan Zh., Galland B., Vardanyan S. 2017a. Geochemistry of the Eocene magmatic
rocks from the Lesser Caucasus area (Armenia): evidence of a subduction geodynamic
environment. Tectonic Evolution of the Eastern Black Sea and Caucasus. Geol. Soc. of
London, Special Volume 428, p.73-98.

Sahakyan L., Avagyan A., Sosson M., Zakrevskaya E., Grigoryan T. 2017b. Tectonic
conditions and evolution of Paleogene sedimentation of Shaghap syncline. Proceedings of the
NAS RA: Earth Sciences: 70 (1), p.24-35.

Sosson M., Rolland Y., Muller C., Danelian T., Melkonyan R., Adamia S., Kangarli T.,
Avagyan A., Galoyan G., Mosar J. 2010. Subductions, obduction and collision in the Lesser

13



Caucasus (Armenia, Azerbaijan, Georgia), new insights. In: Sosson, M., Kaymakci, N.,
Stephenson, R., Bergerat, F. & Starostenko, V. (eds) Sedimentary Basin Tectonics from the
Black Sea and Caucasus to the Arabian Platform. Geological Society of London, 340, p.329—
352.

Wade B.S., Pearson P.N., Berggren W.A., Pilike H. 2011. Review and revision of Cenozoic
tropical planktonic foraminiferal biostratigraphy and calibration to the geomagnetic polarity
and astronomical time scale. Earth Science Reviews, 104, p.111-142.

Wade B.S., Olsson R.K., Pearson P.N., Huber B.T., Berggren W.A. 2018. Atlas of Oligocene
Planktonic Foraminifera. 46, 524p.

Zakrevskaya E., Shcherbinina K., Hayrapetyan F. 2014. The Bartonian and Priabonian
boundaries in southern Armenia: problems and solutions. Field trip guide book. VNII
Geosystem, Moscow, p.49.

9G6LPU EN8TL-USNCPL OLPENSTUP TUNUSE (*hIL (ZUBUUSUL):
TUQUTC G4 NULENUPLRUIUSC

Uwhwljui L., 9phgnput S., Ujugpui U., Quijphuljuu G,
Unbhwbjub d., Zuypuw bnyub T.

Udthnthnid

znyJudnid ujuwpugpynid E Swunuth whohpwp (piggyback) wjwuqui-
unud dbwynpywé thnpp Ynpwi-ophunipuyhtt nhdp: Unwghtt wbqud
npyby £ phdh dhhpndughw) wwihqp, tjwpugplty o thopp wiwuby-
nnb $npudhuhdbptipp: thduyhtt juenygnmd wpwwn L dhigh 10 ud
wnpwdwgdny Orthophragminids i nummulites: Npnoyk) k nhdh nnbuwlp
(Quuwnwyht), nph hhdttwlwt hwwnqwsdp dbwynpyk; E kngku-ojhgngk
wignuuhll dudwiwljwhwnduénid’ wihpltph gnpéniibnipjub dw-
Jupnulhg ubppl, dkqndnunhl] wuydwbubpnud:

Mundtwuhpywsé jupgwsph unnphtt hwndwsp tkpuyugus L
unnphtt ojhgngkuh hwuwlh (pun wjwbyunt dnpuwdhthdbpubph),
wpwg Gunjuspulnunuljdwdp punpnoynn Ypuwpwpkpny  Ynbgnub-
puwntbph, pphyshwbtph b phduyhtt juonygh pnljubph wwpmbw-
Ynipjudp: Uju dhuynpp dwslywsd k nip dhohtt knghth Jpuwpowpddusé
Juwluwnnuny, npp hbEpputhnjuynid t dwwinphpuh weumipyudp Jbs
nhuljughljhtiw-tnidnyhinughtt Ypupupkpm] pmnunnuubpng Uhish
15U hqnpnipjudp): dtpohtiu swshdws b skpnnuynp opqutwshu (Yn-
pwi-ophuninuyhty, hwqunby tnudnyhwniubph wejunmpudp) wjw-
qujhtt Ypwpwpbpny (wuwluwnnuubkp, pniqunnuutp): Ynpusph wdk-
twytpht hwwndwénid Abwynpdws qupbpwdl  dhipnphwhpubpp
(npnupnihputp) Yninwldl) Bu Yihdugh Yupniy thnthnjunipjubt wp-
nyniupnuu:

Nthduyh Jurenygp hwwnnn Gphjpwpwtwlwt jupjuspmid wpwbd-
twgynud Lu Lplhnt hkwn ojhgngkt wljnpynipjut, niyh hpruhu wuy-
dudp Jtpubnpubp: Ywpnygnid ghunwplyl) B nkjuntuljut wlnh-
Ynipjudp wuydwbwynpyuws swjpwynp, nhpuwjhtt pupupuwthyusp (reef
talus):
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BEPXHESOIEHOBBIN-HUKHEOJUT OLNEHOBBIN AT AIICKUI
PU® (APMEHMUS): COCTAB U ITAJTIEOCPEIA

Caaxksan JI., I'puropsin T., ABarsin A., 3akpeBckas E.,
Crenansn K., AlipanersiH A.

Pestome

B crarbe ommchkiBaeTcs HEOONBLION KOPAJUIOBO - BOJOPOCIEBEHIH pud u3
[Iaranckoro mumxubak (piggyback) 6acceitna. BriepBeie maH Mukpodannraib-
HBII aHAaJK3, OTMIMCAHbl METIKUE MIAHKTOHHBIC (hopamMuHudepsl. B kapkace puda
obmnpHbl Orthophragminids m nummulites muamerpom mo 10cm. Tun puda
oIpenensieTcss Kak IMyYKOBUIHBIH, OCHOBHAs 4acTb KOTOPOTO pa3BHBAjcCS Ha
TpaHUIIC J0IICHA W OJIUTOIICHA, HIDKE TIyOWHBI JACHCTBUS BOJMH B Me30¢o-
TUYECKUX YCIOBHSAX. Pud coCTOMT M3 KapOOHATOB, B KOTOPBIX MPEOOJIaaroT
KOPaJJIOBO-BOJIOPOCIICBBIC PYJCTOHBI, TMAKCTOHBI M TPEHHCTOHBI C HYMMY-
JUTaMU U JUCKOUMKIMHAMH. Kopaibl, KpacHble BOJOPOCTH, HYMMYJIHUTHI,
JIMCKOIMKITUHBI ¥ 9XMHOJEPMBI JOMHHHUPYIOT B Kapkace puda, a racTpomoibl,
MIIIaHKH B MOJUTIOCKH UMEIOT BTOPOCTEIIEHHOE 3HAYCHHE.

HwxHsist vacTh HccleqyeMoro paspesa MpeACTaBiIeHa OTIOKECHUSIMHU
HWJKHETO OJINTOIICHA (Ha OCHOBE TUIAHKTOHHBIX (opamuHu(eEp), 00a1aromumMu
BBICOKOW CKOPOCTHIO OCKICHUS (M3BECTHSKH C KOHTIIOMEPATaMH, OPEKUHSIMU
U ¢ Oj0KaMH pUGOBOH MOCTPOIKH). DTO YaCTh MEPEKPhITA BAKCTOHAMH TO3/-
HETO CPEeIHEero J0IIeHA C HAJBUTOM, KOTOPBIC B CBOIO OYepE/Ib MEPEKPHITHI MaT-
pHLcOoIepKaUMUA pUPOMOJOOHBIMA OTIOKEHUSIMUA (OO0 15M) ¢ KpyNHBIMH
JTUCKOLMKIMHAMY - HYMMYJIMTOBBIMH H3BECTHSKaMHM (PYJCTOH). DTO K€ 4acTb
TOJIIKU TEPCKPBITO IJIACTOBBIMU OPIraHOINCHHBIMU KOPAJJIOBBIMU, C PCAKUMH
HYMMYJIITAMHA TICCUaHBIMH HW3BECTHSAKaMH (TaKCTOH, pyAcToH). Kymomoo0-
pasHble MUKPOOHATUTHI (TPOMOOIUTHI) Pa3BUTHI B CaMOil BepXHEH 4acTu pas-
pes3a, HAKOTUICHHOTO B PE3yJbTaTe PE3KUX KIMMATHYSCKHX W3MEHEHHUH TOro
BpPEMEHHU.

B reonoruueckoMm paspese, IpoXoAasieM uepe3 pud, O4eBUIHO HAIUYHE
JIBYX CEBEPOHAIIPABICHHBIX B30POCOB MOCTONMIOIEHOBOIO Tepuoxaa. M3-3a
TEKTOHHYECKON aKTHBHOCTH B pHde HaOIomaeTcs CKIaaJaThiii OJIOK, OCHITH
(reef talus).
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