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Microbial carbonates (originated by bacteria preess including cyanobacteria,
with algae and biota) from Martakert region (NE g&kth) are described in the article
for the first time, representing an important casedy of microbially-cemented
boundstone/grainstone in the Maastrichtian.

Petrographic analyses revealed that pillows, doomstructions are formed in
shallow environment and composed of sparry matriguartz and carbonate cement,
microbial mat (clotted, peloidal), consisting of Bitu branching algae (Thallus,
Dasycladaceans?), growing bryozoans. Ostracodamfoifers and detritus of few
quantities are observed as well. The microbiabitescharacterized by a dark, micritic
peloidal fabric with no internal lamination and #inerefore classified as thrombolites.

I ntroduction

Microbial carbonates (microbialites) are sedimentdeposits, of longest
geological range formation and they are still farghtoday. They form in the
different sedimentary environments, oxygenatedsteh’s atmosphere, as well
as they can produce and store hydrocarbons. Howthey are intractable to
study, being formed by the action or influence efnwbes, and do not always
preserve direct evidence for their mode of formmati®he isotope studies of
microbial carbonates of the Triassic sediment emvirent (in the aftermath of
the end-Permian mass extinction) from v. ZangakdRepublic of Armenia)
area have been studied in recent years (articleevision). More recently,
similar deposits of Upper Cretaceous (Maastrichtége near to city Martakert
(Artsakh) have been discovered by Narek (citizeMaftakert).

The microbial (thrombolite) mounds of Maastrichtiage represent a few
examples for sea setting, described in the liteeate.g. Kiessling et al., 2006).
This is the first short report to focus on the sses involved in this
microbialites formation and the type of microbiatmonate buildups, structures
and fabrics in marine settings.

The term microbialite was introduced by Burne & Mean 1987 to
characterize organosedimentary deposits that hegestad as a result of a
benthic microbial community trapping, inorganic @pétation and binding
detrital sediment. The microbes in microbialitese atfominantly bacteria,
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including cyanobacteria (which thrive in shallowtaa and oxygenated
environments) (Riding, 2000), together with smdljag and were able to
develop large domes, pinnacles, columns, crustewsi According to their
internal structure stromatolite (laminated), thrafite (clotted), dendrolite
(dendritric), and leiolite (aphanitic) types arestaiguished (Riding, 2000).
Broad range of the 3.4 Ga history of microbial cadites, from Precambrian to
modern examples, of rifts, foreland basins origndl af different scales are
known (e.g. Hofmann et al., 1999). Occurrences afrohial carbonates
examples mostly from lacustrine settings of la@&ttaceous age are noted (e.g.
Rouchy et al. 1993; Camoin et al. 1995; Bahniukakf 2013). Modern
microbialites are not as abundant and widespreauthg past, but can develop
in settings of varying bathymetry, water energylinggt and oxygen/nutrient
concentrations, but organo-mineralization and chahgarbonate precipitation
induced by microbial activities are the major methims for the formation of
mesoclotgDongjie et al., 2013). Microbialites of about 4@ngh occur in the
alkaline Lake Van (Armenian Highland) of Pleistoeege (Kempe et al., 1991,
Lopez et al., 2005). The occurrence of microbiataria a high-latitude but
hypersaline Andean lake in Argentina with extremeimnmental conditions
also is described (Gomez, et al., 2014). Furthatties should be focused also
on understanding of the origin of microbialitesyeleped in western shoreline
basin of Sevan Lake in Armenia (freshwater, hightale).

Methods

We applied field studies and petrographical inggdions of thin sections
from pillow shape, contoured crust, onlap parts &min the surrounding
limestones, using standard polarized light micrpsco

Geological setting and studied section

The Republic of Artsakh (southeastern range of lteeser Caucasus
mountains) is a part of Eurasian marginal platpregented of Middle Jurassic
— Upper Cretaceous volcanogenic, volcano-sedimegntard sedimentary
sequences (called Somkheto—Karabakh Island Arcppér 1975; Adamia et
al.,, 1987; Ricou et al., 1986; Sosson et al., 20@8Joyan et al., 2013),
originated due to the Neotethys subduction ben#shEurasian margin. The
subduction of Neotethys is evidenced by a thick amainly calc-alkaline
volcanogenic and volcanoclastic series dated frajodan to Santonian (e.g.,
Adamia et al., 1981; Galoyan et al., 2013).

To the South the Amasia-Sevan—Hakari suture zon®8H@Y); and a
Gondwana-derived terrane - the South Armenian Mmntinent (SAM) are
distinguished (Sosson et al., 2010; fig. 1). Thbdswetion of Tethys oceanic
lithosphere under Eurasia followed by collisiorttid SAM with Eurasia started
during the Upper Cretaceous (Rolland et al., 2G®) continued during the
Palaeocene—Early Eocene (Sosson et al.,, 2010).hén valley of River
Khachenaget, West of Vank village on radiolariamat toverlie pillow lavas
middle late Barremian - early early Aptian age oisd (Asatryan et al., 2011),
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suggesting submarine volcanic activity during thigerval in the Tethyan
oceanic realm preserved in Artsakh.
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Fig. 1. Structural map of the Lesser Caucasus (®aasal. 2010). Vedi thrust according to
Karakhanyan et al. (2013).

The outcrop of pillow shape carbonates is locateaia 40 km to the N
from capital city Stepanakert (Artsakh) (fig. 1,&2titude 480m, N 40° 3,655’;
E 46° 23,010). Here Bathonian deposits presenteg@yboclastic facies with
thin interlayers of terrigenous sedimentation ahdmall thickness lava layers.
Upper Jurassic (Kimmeridgian) formation presensadhlflows and piroclastic
differentiations of about 500m thicknesses (Abdwula&963), recording the
ongoing magmatic activity on the Eurasian margire da subduction. In
Aghdam anticlinoria carbonate deposites of Tithorige conformably overlain
Kimmeridgian volcanogenic formation and uncomforigativerlies by Albian

deposites (Abdulaev, 1963).
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Fig.2. Simplified geological map of Martakert regiémodified after geological map of
Azerbaijan, Moscow 1976, faults according Baghdasast al., 2007). 1. Modern sediments; 2.
Middle and Upper Quaternary sediments; 3. Middl@®wary sediments; 4. Lower Quaternary
sediments; 5. Maastrichtian sandy —limestones,aniatites; 6. Campanian limestones, sandy -
limestones; 7. Coniacian clay, sandstone, tuffgesyelites and marls; 8. Turonian organogenic-

detrital limestone; 9. Cenomanian volcano-sedimgrdaposites; 10. Albian terrigenous and
sedimentary deposits; 11. Tithonian carbonate seulien(?); 12. Kimmeridgian volcanic rocks;
13. Callovian terrigenous sediments; 14. Upper 3icakower Cretaceous granitoid; 15. Middle
Jurassic volcanogenic, volcano-sedimentary rooksBathonian piroclastic facies with terrigen
sedimentary and lavas interlayers; 17. Faults;wej+ expressed, (b)-supposed;18. Location of
Microbialites.

Mekhmana granitoid of about 60 krutcrops (Fig. 2, (14)) within the
limits of Aghdam anticlinoria and according to U-Rlating, the zircon
crystallization age is 154-14va (Galoyan et al., 2013). The granitoid massive
unconformably by Cenomanian volcano-sedimentarpsi€pis covered.
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The thin-bedded limestones and sandy limestonasradated during the
Late Campanian — Maastrichtian accordingly are ikegbany intercalated lava
flows and they therefore attest of the end of thegmmatic activity on the
Eurasian margin of the Lesser Caucasus. AccordiegGeological map of
Artsakh (M 1:500 000) microbialites are of Maaditian age (Fig.2).

Microbialites have 1-3,5m diameter, pillow shapet pa about 0,5-1,5m
and the thicknesses are 0,3-1m (Fig.3, A-C). Ttarabialites visibly in an area
of more than 0,4 kfrare exposed.

Fig.3.Field photographs from the investigated outcroilattakert. (A, B) Microbialitic
limestones of pillow shape, covered by «crust»;@@)ap between a microbialite and the
surrounding limestone.

Results and discussion
Petrography

Thin sections from pillow, covered part, as well fiem onlap and
surrounding limestones have been studied to irgesti the patterns of
microbialite growth and relation with other skeletad encrusting components.

Pillow carbonate is boundstone, composed of pdl@dticles (mesoclots
- 30%) of irregular shapes (fig.4; a-f). The petofdrming in microbialites are
regarded to be in situ in origin and they congtitubhe microfabric of
microbialites (e.g. Riding, 2000). The peloids aerrounded by -calcite
microsparite. Branching Lithotamnium, dasycladaseé?®) algae (A) are the
most important constituent (about 60%) of the tovak volume (fig.4; f, h, k).
Matrix presented by 5% quartz (Q in fig.4), a vhlgafauna, such as bryozoans
(fig.4; e, L), benthic rotaliids foraminifers (Figf4; c,e), double layered
serpulids (S, fig.4; d), articulated ostracodsenf fjuantities were observed.

Covered part of pillow is fecal pellet grainstonghwclotted micrite (fig.4;
g,h). Pellets are elliptical, rod-shaped (50-60%a)ifferent size. In some places
matrix presented by crushed quartz, due to conmpa¢fis%). The algal flora
consists of about 20% and is intercalated by mesncEkeletal fossils are not
much and they are presented by good preserveddagezolony, serpulids (by
double layer microstructure, field by quartz, caréie and particles of algae,
fig.4; d), dasycladaceans alga (?), rotaliid foraifars (total about 5%).

Onlap limestone is organo-detrital packstone wiibritic intraclasts and
diverse bioclasts (fig.4; g, h). The rock composgtioclasts of Lithtotamnium
algae (55-6%) and micritic carbonate intraclasts ¢46in carbonate microspar
matrix, which has a uniform crystal size and equagstal shapes (¥9. The
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fossils are presented by bryozoans colony %@;5small benthic rotaliid

foraminifers (1-20), ostracods (1%). Fauna field by recrystallized calcite
crystals, small grains of iron oxides appear spadtehroughout the whole
limestone from onlap part.

Below of microbialites the thin-bedded limestongiainstone) are exposed
(fig.4; k-L) with a microspare calcite matrix (5%@ioclasts of Lithtotamnium
algae of different sizes (65-%), pellets (10%), Bryozoans (15%), foraminifers
(+), Ostracods (+) has been observed in thin sextio

Fig.4. Thin section microphotographs of the micatibés (scale bar for all photos is 10®, g-50
um) (a-f- from pillow; g,h- from crust; i,j- onlag-L- thin-bedded limestone). F- Foraminifera,
Q- Quartz, A-Algae, B- Bryozoa, M- Mesnclnts. S-Reids. Microphotographs a,b under cross

polarised lightXPL).

Microbialite growth history

The processes involved in construction of studieidrabialites is the
detrital sediments input, biologically influencemt piochemical) and inorganic
(physical-chemical) precipitations. They are inkedby a diverse skeletal and
soft-bodied fauna, growing on top of sediments lovasedimentation rate, but
do not develop well-defined branching forms. Quartmatrix indicates
weathering from granitic massive but terrigenoygpducould be also related to
tectonic activity of that period with foreland basiomplex development, which
is result of collision processes and the evolutidrnthe advancing orogenic
wedge. Red algal thalli occur within the thin-bedidémestones and
microbialites, suggesting their development in gleotic zone. The water
circulation and light levels increasing due-to wdével decreasing is possible
result of the transition from thin-bedded type kwombolitic microbialites,
leading to reqular microbialite growtifhe intercalation of microbialite crusts
with red alaal thalli Lithothamnion sp.) indicates that the red algae and the
microbialites developed coevally in the same emritent Bryozoans and

30



serpulids are cryptic (bored) habitats. Bryozoares kamown as sessile, filter-
feeding organisms adapted to a wide salinity rg&pholle, 2003). During the
deposition of the mounds the salinity might haverbeormal, indicated by the
co-occurrence other organisms. The microbialitestrhave grown before the
foraminiferes settled down.

Conclusion

Few case studies of Cretaceous microbialites optanalogues are
presented. This new data will contribute to the videdge about the
distribution, environment and composition of Maisiian thrombolite
mounds of the northern Tethyan domain. The studiemtobial mounds from
the Martakert (Upper Cretaceous) of Artsakh devedioip a shallow water open
marine environment. The microbialites are clasdifias thrombolites of
bacterial origin. They can develop in settings afying bathymetry, water
energy, salinity and oxygen/nutrient concentratidmst for interpret marine
condition stable isotope analyses (C, O) need tiope. Microbialites can be
as indicators of environmental and ecological clkeangplated to variations in
nutrients and relative sea level. Besides micrdb&l can be important
hydrocarbon reservoir rocks. Future work should uocon the three-
dimensional modeling, isotopic composition, popsind permeability of the
studied mounds also needs to be studied.
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UULSUYEOSE TrRULP 46U YUYKH (UTUUSCRIUS)
UburNRPUL YUCANLUSUSPL UNULULESE (UMSUh
ZULruMesSNhEe3NkhL)

Uwhwljjwi L.2., MEwnpnuywu 2.L., Yphgoput S.6., Gpuiywi L.U.

Udthnthnid
znppudnid, wpwohtt wuquud tjwpwugpynid . Twpuwltpunh
opowtth (Upgwjuph Zwbpwybwnnipjut hniuhu wpbbput hwndws),
Uhypnpwlntphwy juppniwntbpp puljnbphwibph gnpéniibmpjui
wpyniupnid wnwewgws, ukpunju) ghwunpuljunbphwikp, ophuninubkp
b wjj: Lhpjujugdwsé Et dwwunphpunh dudwbtwluwoppwnid dhw-
Ynpjws vhhpnphwy-ghdbunwugyusé puntununni/qpljiunnt (boundsto-
ne/grainstone) nnkuwljutipny: MEwnpngpubhwljut ntuntdtwuhpnipni-
utpp gnyg wykght, np dwudwn 9puyhtt vhowuypnid wnwewmgusd
qunudl, qupbpwdl wnwowgnidubpp Juquyws tu pjupgujhtt pni-
pnuyhtt dwinphpuhg, juppntwnuypt gkdknhg, dhljpnphw) wniphg
(npugquws, whnhnuy), mnnd wénn gniquynpjus ophuninttphg
(Thallus, Dasycladaceans?), dmuUnwljtputphg (bryozoans): ‘Ljupwuqpynid
E twl hwqupby ouwnpwlngubp, phy pwbwlnipjudp dnpudhhdp-
utp b ghwnphwnuwghtt ynipe: Uhipnphwihputpp niukt ul, dhjphwunwght
whknhnu) Jupnigyusdp, wnwtg ubkppht skpunuunipjut b hknmbwpwp

nuuwlupgyk) Eu npubu ppodpnihpubp:

BEPXHEMEJIOBBIE (MAACTPUXT) MUKPOGHUAJIbHBIE
KAPBOHATHBIE IIOPObI U3 MAPTAKEPTCKOI'O PAUOHA
(PECITYBJIMKA APIIAX)

Caaxsn JL.I'., llerpocsin I' JL., I'puropsin T. E., Epansn H.A.

Pesrome

B crarbe BnepBble OMHCHIBAIOTCS MUKPOOHAbHBIE KapOOHATHBIE TTOPOIBI
(Bo3HUKIIME B pe3ynbTare OaKTepHAIbHBIX MPOLIECCOB, B TOM YHCIE IHAHO-
Oaktepuii, Bomopocieil u T.1.) paiioHa Maprakept (ceBepo-BOCTOUYHAs 4acThb
pecrybnuku Apiax), IpeaCcTaBiIsIONINE HHTEPEC IPU N3YUYEHUH MHKPOOHO-1Ie-
MEHTHUPOBAHHBIX (0ayHICTOH/TPEUHCTOH) B MAaCTPUXTE.

Ilerporpadmueckrne wuccieqOBaHUS TOKa3alld, YTO MOMYyIIEYHbIE, KyMO-
JI000pa3HbIe MPOSIBICHHSI UCCIICIYEMBIX 00pa3oBaHuii, ChOPMHPOBAHEIC B MEI-
KOBOJHOHM cpelle COCTOSIT M3 KPUCTAJUIMYECKOTo KBapla M KapOOHAaTHOTO Lie-
MEHTa, CJIOEB MUKPOOPraHU3MOB (KOMKOBATbIC, MEIOUIAIbHBIC), PA3BETBIISIO-
muxcst Bomopocineit (in situ Thallus, DasycladaceansPicrymmx MimaHoK.
Habnronatorcst Taxke octpakonsl, gopamMuHH(Epbl B M HEOONBIIMX KOJHU-
YecTBax IPYrod AETpUT. MUKPOOMOIUTHI XapaKTePU3YIOTCSI TEMHOW MUKpH-
TOBOW TENIOMAHON TKaHbIO 0e3 BHYTPEHHErO JIAMUHUPOBAHUS, KIacCHU(UIIN-
pyIoLmecs: KaKk TpOMOOJIUTHI.
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