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ABSTRACT

Dating radiolarites in the ophiolitic sequences of Alpine mountain belts is important for the geodynamic reconstruction of Neo-Tethys in the Lesser Cau-
casus. However, radiolarian data from Karabagh are very rare. A moderately well-preserved radiolarian assemblage was obtained from radiolarites that overlie
pillow lavas cropping out west of the village of Vank in the mountainous region of Karabagh. The presence of the easily recognisable subspecies Aurisatur-
nalis carinatus perforatus is of particular significance because it is the end member of a well studied lineage that went extinct in the early Aptian. Indeed, the
middle late Barremian - early early Aptian age range of this subspecies allows to suggest that submarine volcanic activity took place during this interval in the
Tethyan oceanic realm preserved in Karabagh. Given that this submarine volcanic event is more or less contemporaneous to the Aptian alkaline OIB-type
lavas from the Vedi ophiolite, it is likely that the Karabagh lavas are also the expression of a volcanic activity associated to the emplacement of the same

oceanic volcanic plateau.

INTRODUCTION

The sedimentary cover of ophiolites, preserved along the
Alpine mountain belts such as the Lesser Caucasus, pro-
vides important time constraints to decipher the geodynamic
evolution of the Tethys Ocean (De Wever and Dercourt,
1985; Chiari et al., 1997; 2000; Al-Riyami et al., 2000;
2002; Bill et al., 2001; Bortolotti et al., 2004; Bortolotti and
Principi, 2005; Danelian et al., 2008a). The use of the uni-
tary association method (Guex, 1977; 1991) for the elabora-
tion of radiolarian biostratigraphic schemes (Baumgartner et
al., 1980; 1995b; Baumgartner, 1984) provided the scientific
community with a well-adapted tool to date siliceous sedi-
mentary sequences, with as a consequence the improved un-
derstanding of the palacoenvironmental evolution of
Tethyan oceanic basins and continental margins (i.e., Baum-
gartner, 1984; Karakitsios et al., 1988; Danelian and
Baudin, 1990; Caridroit et al., 1992; Gorigan, 1994; Bragin
and Tekin 1996; 2000; Danelian et al., 2000; 2006; Tekin et
al., 2002; Chiari et al., 2003; 2004; Vrielynck et al., 2003;
O’Dogherty et al., 2006; Cordey and Bailly, 2007; Tekin
and Gonctioglu, 2007; Bortolotti et al., 2008).

The ophiolitic units preserved in the Lesser Caucasus
bear a special significance for the reconstruction of the geo-
dynamic history of the greater area between Eurasia and the
South-Armenian Block (SAB). Recent French-Armenian
joint studies on the ophiolitic units of the Lesser Caucasus
generated new radiolarian data for the sedimentary cover of
the Vedi and Stepanavan-Sevan ophiolites in Armenia
(Danelian et al., 2007; 2008b; 2010; Asatryan, 2009;
Asatryan et al., 2010). However, very little is known about
the age of the sedimentary cover of the Sevan-Hagari (Ak-
era) ophiolite zone in the mountainous region of Karabagh.
A number of previous works (Zhamoida et al., 1976; Kaz-
intsova and Abbasov, 1981; Gazanov, 1985) mention the

presence of Jurassic and Cretaceous Radiolaria in the region
(i.e., along the Tartar and Tuthun river valleys); however,
most of these studies were conducted at a very early stage
development of modern Mesozoic radiolarian taxonomy and
biostratigraphy. In addition, they are relatively difficult to
be integrated into the geological/geodynamic analyses be-
cause little information is provided about the outcrops and
stratigraphic position of studied samples. One remarkable
exception is the study of Vishnevskaya (1995) who, in addi-
tion to a number of clearly indicated radiolarian assem-
blages from the Mt. Karawul section, found also Bajocian-
early Bathonian radiolarian in cherts overlying stratigraphi-
cally basaltic lavas (sample 146).

In this paper, we describe a new Early Cretaceous radio-
larian assemblage from a volcano-sedimentary sequence sit-
uated in the south-eastern part of Sevan-Hagari (Akera) su-
ture zone, in Karabagh (Figs. 1 and 2). Since the dated radi-
olarites overly stratigraphically pillow lavas, our dating pro-
vides important time constraint to one of the youngest sub-
marine volcanic events that occurred in the Tethyan realm
of the Lesser Caucasus.

REGIONAL GEOLOGICAL FRAMEWORK

The ophiolites that occur in the Lesser Caucasus are part
of a Tethyan suture zone (Knipper, 1975; Adamia et al.,
1981; Zakariadze et al., 1983; Knipper et al., 1986; Dercourt
et al., 1986; Galoyan, 2008; Sosson et al., 2010; Danelian et
al., 2011). They represent the relics of an oceanic realm that
was situated between Eurasia and the South Armenian
Block (SAB), a micro-continent that was detached from
Gondwana during the Late Palaeozoic - Early Mesozoic
time interval and it is mainly known by its characteristic
Middle to Late Palacozoic sedimentary sequences. The
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Fig. 1 - Geological map of the Lesser Caucasus (after Sosson et al., 2010, modified), including the extent of ophiolitic outcrops and location of the studied area

(detailed in Fig. 2).

Eurasian margin was an active margin during most of the
Mesozoic and it is known mainly from its Middle Jurassic -
Late Cretaceous volcano-sedimentary sequences.

The outcrops of ophiolitic rocks that occur in the area

can be grouped in mainly two zones (Fig. 1):

— The Sevan-Hagari (Akera) zone, known mainly after the
work of Knipper (1975), Knipper and Khain (1980),
Aslanyan and Satian (1977), Galoyan (2008) and Galoyan
et al. (2009), regroups outcrops situated E and SE of Lake
Sevan. Smaller but distinct ophiolitic outcrops, situated in
northern Armenia (i.e. the Amassia and Stepanavan ophio-
lites) can be considered as the north-westward extension of
the Sevan-Akera ophiolite zone (Rolland et al., 2009;
2010; Sosson et al., 2010), forming thus a ca. 400 km-long
and NW-SE oriented ophiolite zone running from Amassia
(NW Armenia) to Karabagh. There is a general agreement
that it represents the main suture zone of Tethys Ocean in
the Lesser Caucasus, as a result of collision between Eura-
sia and the South-Armenian Block (SAB) during the latest
Cretaceous- Early Eocene (Sosson et al., 2010).

— The Vedi ophiolite, situated further to the west, is mainly
known from outcrops situated around the Khosrov natur-
al reserve of Vedi, in the south-east of the capital Yere-
van. It is also known to exist from a number of boreholes
situated in the Araks Valley. According to Sokolov
(1977) and Sosson et al. (2010) it corresponds to a folded
klippe sequence that was thrust during the Coniacian-
Santonian obduction of oceanic crust onto the South Ar-
menian Block.

LOCAL GEOLOGICAL SETTING

The Karabagh region allows better investigate the relation-
ship between the Sevan-Akera suture zone and the Eurasian
margin (Fig. 1). Following recent fieldwork in 2010 we ob-
tained new insights on the structural framework of the region.
Its large scale structure corresponds to a long and wide NW-
SE trending nappe anticline (Fig. 2). The core of this structure
is characterized by huge lenses of ophiolitic series covered by
Late Cretaceous pelagic deposits. The main thrust contact be-
tween the Eurasian margin and the ophiolites was reactivated
as a normal fault (probably before the Oligocene, although
the age of the molassic formation is not well constrained) and
more recently as right lateral strike slip fault.

The studied outcrop is located in the valley of River
Khachenaget, 12 km to the East of the River Tuthun, West of
the village of Vank (Fig. 2, altitude 1,625 m, N 40° 3,655’;
E46° 23,010’), where rocks of an ophiolitic sequence can be
observed (Fig. 3). From West to East and from bottom to
top, a wide top to the west sheared serpentinite unit is intrud-
ed by dolerites and plagiogranites. There is no well-devel-
oped dike complex and thick pillowed lavas flow. These ul-
tramafic and mafic rocks are covered, with a clear strati-
graphic contact, by a volcanogenic sequence. Near this con-
tact, some listvenite dikes occur (Fig. 3). The series overly-
ing the serpentinites is characterized by interbedded breccias
reworking ophiolites, by pillow lavas of basalts overlain by
red coloured radiolarites, conglomerates, lenses of pelagic
limestones, basaltic lava flows and graywackes.
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Fig. 2 - Simplified geological map of Karabagh, including the localization of the studied section (after Sosson et al., in prep.).

This ophiolitic section is stratigraphically covered by Cre-
taceous conglomerates reworking the ophiolites, sandstones,
turbidites and pelagic limestones (Fig. 2). Middle Jurassic to
Lower Cretaceous formations, composed essentially of calc-
alkaline magmatic rocks and shallow marine sediments, crop
out to the East of the studied section. This is a typical middle
to Upper Cretaceous sequence of the Eurasian active margin
(Somkheto-Karabagh island arc; Adamia et al., 1981; Sosson
et al., 2010) and it seems overthrusting the ophiolitic unit and
its cover; however, as mentioned above, this contact was sub-
sequently reactivated as normal and strike-slip fault (Fig. 2).

RESULTS

Sample Ar-10-16, collected from the eastern part of the
Vank section (Fig. 3), was processed with diluted hydroflu-
oric acid (HF 5%). Radiolarians were extracted by repetitive
leaching of the sample for ca. 24 hours. They were then dry
picked from the residue and mounted on SEM stubs. Taxo-
nomic concepts applied during this study follow those of
Baumgartner et al. (1995a), Dumitrica et al. (1997), Du-
mitrica and Dumitrica-Jud (1995; 2005), Danelian (2008),
O’Dogherty (1994) and O’Dogherty et al. (2009).

The preservation of the fauna extracted is moderate. The
following taxa were identified, most of them being illustrat-
ed in Plates 1-3:

Aurisaturnalis carinatus perforatus Dumitrica and Du-
mitrica-Jud; Acaeniotyle diaphorogona Foreman sensu

Baumgartner et al. (1995a); Acaeniotyle umbilicata (Riist);
Acaeniotyle sp. cf. A. umbilicata (Riist); Angulobracchia (?7)
portmanni portmanni Baumgartner; Archaeodictyomitra
lacrimula (Foreman); Archaeodictyomitra vulgaris Pessag-
no; Archaeodictyomitra sp. cf. A. ioniana Danelian; Ar-
chaeodictyomitra sp. cf. A. tumandae Dumitrica; Crucella
sp. cf. C. bossoensis Jud; Dicerosaturnalis trizonalis (Riist)
sensu Dumitrica and Ziigel (2008); Hiscocapsa sp. cf. H.
uterculus (Parona); Holocryptocanium sp. cf. H. barbui Du-
mitrica; Loopus blabla (Schaaf) sensu Dumitrica et al.
(1997); Mictyoditra sp. cf. M. pseudodecora (Tan); Pan-
tanellium masirahense Dumitrica; Pantanellium squinaboli
(Tan); Pantanellium sp. cf. P. masirahense Dumitrica; Pan-
tanellium sp.; Podobursa sp. cf. P. typica (Riist) sensu
O’Dogherty (1994); Podobursa (?) sp.; Pseudodictyomitra
sp. cf. P. lanceloti Schaaf; Pseudodictyomitra sp. cf. P.
lilyae (Tan); Pseudoeucyrtis corpulentus Dumitrica; Pseu-
doeucyrtis zhamoidai (Foreman) gr. sensu Dumitrica et al.
(1997); Pseudoeucyrtis sp.; Sethocapsa sp. A; Sethocapsa
sp. B; Suna hybum (Foreman); Svinitzium sp. cf. S. pseudop-
uga Dumitrica; Tethysetta sp. cf. T. pygmaea Dumitrica;
Thanarla broweri (Tan) sensu O’Dogherty (1994); Tha-
narla pacifica Nakaseko and Nishimura; Thanarla sp. cf. T.
broweri (Tan) sensu O’Dogherty (1994); Thanarla sp. cf. T.
pacifica Nakaseko and Nishimura; Xifus sp.

Following the biozonation of Baumgartner et al. (1995b)
the co-occurrence of species Aurisaturnalis carinatus, Acae-
niotyle diaphorogona gr., Acaeniotyle umbilicata, Angulo-
bracchia (?7) portmanni, Archaedictyomitra lacrimula,
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Dicerosaturnalis trizonalis, Pantanellium squinaboli and
Suna hybum allows to assign sample Ar-10-16 to the Unitary
Association Zones 18-22 and to be thus correlated with the
late Valanginian/early Hauterivian to late Barremian/early
Aptian time interval. However, since no strata younger than
the lower Aptian U.A.Z. 22 are considered in this biozona-
tion, the possibility for the age of this sample to be younger
than the early Aptian cannot be excluded based only on the
biozonation of Baumgartner et al (1995b). Nevertheless,
species Aurisaturnalis carinatus and Angulobracchia (?)
portmanni last occur in the lower Aptian Verbeeki subzone
of O’Dogherty’s (1994) biozonation. In addition, the age
range of species Dicerosaturnalis trizonalis, is known to be
limited in the late Kimmeridgian - Aptian interval (Dumitrica
and Ziigel, 2008) and the last occurrence of genera Loopus
and Tethysetta is known to occur in the early Aptian
(O’Dogherty et al., 2009). Finally, the single presence of
species Aurisaturnalis carinatus perforatus (Plate 1, Fig. 1-4)
can date our sample more accurately, since this easily recog-
nisable subspecies represents the last morphospecies of the
Aurisaturnalis carinatus lineage, which went extinct in the
early Aptian, as this is established in the microevolutionary
study of Dumitrica and Dumitrica-Jud (1995). More particu-
larly, based on material from well-dated sections of Central
Italy (Jud, 1994), these authors found that the age range of
Aurisaturnalis carinatus perforatus coincides with the mag-
netozone M1 and the middle late Barremian - early early
Aptian (anterior of the OAE 1a event) part of the sedimentary
sequence. In conclusion, sample Ar-10-16 can be correlated
with the middle late Barremian to early early Aptian interval.

DISCUSSION

The observed relationship between the volcano-sedimen-
tary cover and the serpentinites is suggestive of a paleo-sea
floor (Fig. 3), alike the ones observed along modern slow
rate spreading ridges (Lagabrielle and Cannat, 1990). The
few listvenite dykes that were observed near the contact
with the volcano-sedimentary sequence may correspond to
the hydrothermalized level situated near the paleo-sea floor.
This relationship is typical of the Ligurian type ophiolites in
the Alps s./. and comparable to other ophiolitic complexes
of the Sevan-Hagari (Akera) suture zone (Galoyan et al.,
2009; Rolland et al., 2010). The late Barremian to early
Aptian radiolarites of the Vank section, by their genetic re-
lationship with pillow lavas, allow dating a submarine vol-
canic activity that took place most likely during this inter-

val. Are they related to ocean floor spreading in the Tethyan
realm of the Lesser Caucasus?

The early phases of oceanic spreading of Neotethys in
the Lesser Caucasus took place sometime during the Middle
to Late Triassic transition. This can be argued essentially on
the basis of the Late Triassic radiometric ages (224+8 Ma
and 226+13 Ma) obtained with the Sm-Nd method by Bog-
danovski et al. (1992) from norites and gabbro-norites that
crop out in Karabagh, but also by the Carnian-Toarcian se-
quence of siliceous pelites and ophiolitic breccia described
by Knipper et al. (1997).

The bulk of ophiolites in the Lesser Caucausus are proba-
bly the relics of a marginal back-arc basin, which opened
with a slow spreading rate during the Middle Jurassic and
which was situated behind an intra-oceanic subduction zone
(Galoyan et al., 2009).

Most of the absolute ages obtained so far on the ophi-
olitic sequences of the Lesser Caucasus point to Middle and
Late Jurassic intervals. More specifically, the radiometric
ages obtained by the application of both the U-Pb method
on zircons from tonalites (160+4 Ma; Zakariadze et al.,
1990) and of the “°Ar/*Ar method on amphiboles from gab-
bros (165.3+1.7 Ma; Galoyan et al., 2009) of the Sevan
ophiolite suggest that oceanic crust was being formed dur-
ing the Bathonian-Callovian, as well as probably during the
Oxfordian. Palaecontological (Radiolarian) ages on the sedi-
mentary cover of ophiolitic lavas from three different locali-
ties, situated quite far apart, suggest that submarine volcan-
ism was active since at least the Bajocian (i.e., Vedi,
Danelian et al., 2008b; Asatryan, 2009; Sarinar, Asatryan et
al., 2010 and Karawul, Vishnevskaya 1995). Other radio-
metric ages on the intrusive part of the Sevan ophiolite are
in good agreement with middle/upper Oxfordian to upper
Kimmeridgian/lower Tithonian radiolarites that accumulat-
ed above ophiolitic lavas of the Vedi and Stepanavan ophio-
lites (Danelian et al., 2007; 2010; 2011).

The Aptian age obtained radiometrically (117.3+0.9 Ma;
Rolland et al., 2009) for alkaline lavas from Vedi is of par-
ticular importance for our study because it is considered as
the expression of an extensive oceanic island/plateau, gener-
ated by a mantle plume event, that was emplaced during the
late Early Cretaceous above the Middle-Upper Jurassic
oceanic crust, formed previously behind an intra-oceanic
subduction setting. It is therefore likely that the late Bar-
remian-early Aptian submarine volcanism dated at the Vank
section is part of the same geodynamic event. However, this
still need to be confirmed by geochemical analyses applied
on the lavas of our studied section.



CONCLUSION

The radiolarian assemblage (and more particularly sub-
species Aurisaturnalis carinatus perforatus) yielded from ra-
diolarian cherts overlying pillow lavas west of the village
Vank of Karabagh suggests that submarine volcanic activity
took place during the middle late Barremian to early early
Aptian interval. The stratigraphic relationships at the outcrop
allow suggest that pillow lavas and radiolarian ooze covered
hydrothermalized peridotites that were exposed at the paleo-
sea floor possibly adjacent to a slow spreading ridge. The age
of this submarine volcanic event preserved in Karabagh is
more or less contemporaneous to the Aptian alkaline OIB-
type lavas dated by Rolland et al. (2009) in the Vedi ophiolite.
It is therefore likely that both of them are associated to the
same oceanic volcanic plateau that was being emplaced dur-
ing the Aptian in the oceanic realm of the Lesser Caucasus.

ACKNOWLEDGMENTS

Funding from the DARIUS program and the IRG “South
Caucasus” of INSU/CNRS is gratefully acknowledged. Field-
work was facilitated by the support of the Institute of Geolog-
ical Sciences of Armenian Academy of Science. Thanks to
Ara Avagyan, Raphael Melkonyan, Marc Hassig, Yann Rol-
land and Carla Miiller for fieldwork assistance. Philippe Re-
court is warmly thanked for his help with the SEM. Construc-
tive remarks by M. Chiari and an anonymous reviewer im-
proved the initial manuscript.

REFERENCES

Adamia S.A., Chkhotia T., Kekelia M. and Lordkipanidze M., 1981.
Tectonics of Caucasus and adjoining regions: implications for the
evolution of the Tethys ocean. J. Struct. Geol., 4: 437-447.

Al-Riyami K., Danelian T. and Robertson A.H.F., 2002. Radiolari-
an biochronology of Mesozoic deep-water successions in NW
Syria and Cyprus: implications for south-Tethyan evolution.
Terra Nova, 14: 271-280.

Al-Riyami K., Robertson A.H.F., Xenophontos C., Danelian T.
and Dixon J.E., 2000. Tectonic evolution of the Mesozoic Ara-
bian passive continental margin and related ophiolite in Baer-
Bassit region (NW Syria). In: 1. Panayides, C. Xenophontos and
J. Malpas (Eds.), Third Intern. Conf. Geology of the Eastern
Mediterranean, Proceed., p. 61-81.

Asatryan G., 2009. New data about the age of ophiolites in the Ve-
di zone on the basis of Radiolarian assemblages. Proc. Nat.
Acad. Sci. Armenia, Earth Sci.

Asatryan G., Danelian T., Sosson M., Sahakyan L., Person A., Av-
agyan and Galoyan G., 2010. Radiolarian ages for the sedimen-
tary cover of Sevan Ophiolite (Armenia, Lesser Caucasus). Ofi-
oliti, 35: 91-101.

Aslanyan A.T. and Satian M.A., 1977. On the geological features
of Transcaucasian ophiolitic zones. Izvestia Acad. Sci. Armen-
ian SSR, Nauki Zemle, 4-5: 13-26 (in Russian).

Baumgartner P.O., 1984. Middle Jurassic-Early Cretaceous low-
latitude radiolarian zonation based on Unitary Associations and
age of Tethyan radiolarites. Ecl. Geol. Helv., 77: 729-837.

Baumgartner P.O., De Wever P. and Kocher R., 1980. Correlation
of Tethyan Late Jurassic-Early Cretaceous radiolarian events.
Cah. Micropal., 2: 24-74.

Baumgartner P.O., O’Dogherty L., Gorican S., Dumitrica-Jud R.,
Dumitrica P., Pillevuit A., Urquhart E., Matsuoka A., Danelian
T., Bartolini A., Carter E.S., De Wever P., Kito N., Marcucci
M. and Steiger T., 1995a. Radiolarian catalogue and systemat-
ics of Middle Jurassic to Early Cretaceous Tethyan genera and

121

species. In: P.O. Baumgartner et al. (Eds.), Middle Jurassic to
Lower Cretaceous Radiolaria of Tethys: Occurrences, systemat-
ics, biochronology. Mém. Géol. Lausanne, 23: 37-685.

Baumgartner P.O., Bartolini A., Carter E.S., Conti M., Cortese G.,
Danelian T., De Wever P., Dumitrica P., Dumitrica-Jud R., Gor-
ican S., Guex J., Hull D.M., Kito N., Marcucci M., Matsuoka
A., Murchey B., O’Dogherty L., Savary J., Vishnevskaya V.,
Widz D. and Yao A., 1995b. Middle Jurassic to Early Creta-
ceous Radiolarian Biochronology of Tethys based on Unitary
Associations. In: P.O. Baumgartner et al. (Eds.), Middle Jurassic
to Lower Cretaceous Radiolaria of Tethys: Occurrences, system-
atics, biochronology. Mém. Géol. Lausanne, 23: 1013-1048.

Bill M., O’Dogherty L., Guex J., Baumgartner P.O. and Masson
H., 2001. Radiolarite ages in Alpine-Mediterranean ophiolites:
Constraints on the oceanic spreading and the Tethys-Atlantic
connection. Geol. Soc. Am. Bull., 113 (1): 129-143.

Bogdanovski O.G., Zakariadze G.S., Karpenko S.F., Zlobin S K.,
Puskhovskaya V.M. and Amelin Yu.V., 1992. Sm-Nd age of
the gabbroids of a tholeiitic series of the ophiolites of the Se-
van-Akera zone of the Lesser Caucasus. Rep. Sci. Russia, 327,
N4-6: 566-569 (in Russian).

Bortolotti V. and Principi G. 2005. Tethyan ophiolites and Pangea
break-up. Isl. Arc, 14: 442-470.

Bortolotti V., Chiari M., Marcucci M., Marroni M., Pandolfi L.,
Principi G. and Saccani E., 2004. Comparison among the Al-
banian and Greek ophiolites, in search of constraints for the
evolution of the Mesozoic Tethys Ocean. Ofioliti, 29:19-35.

Bortolotti V., Chiari M., Marcucci M., Photiades A., Principi G.
and Saccani E., 2008. New geochemical and age data on the
ophiolites from the Othrys area (Greece): implication for the
Triassic evolution of the Vardar Ocean. Ofioliti, 33: 135-151.

Bragin N.Y. and Tekin U.K., 1996. Age of radiolarian-chert blocks
from the Senonian Ophiolitic Mélange (Ankara, Turkey). Isl.
Arc, 5: 114-122.

Caridroit M., Ferriere J., Degardin J.M., Vachard D. and Clément
B.,2000. First age dating of the Lydian stones in the Inner Hel-
lenides (Mount Parnis, Greece) - geological significances. C.R.
Acad. Sci. Paris, 331: 413-418.

Caridroit M., Vachard D. and Fontaine H., 1992. Radiolarian age
datings (Carboniferous, Permian and Triassic) in NW Thailand -
evidence of nappes and olistostromes. C.R. Acad. Sci., Paris,
315: 515-520.

Chiari M., Bortolotti V., Marcucci M., Photiades A. and Principi
G., 2003. The Middle Jurassic siliceous sedimentary cover at
the top of the Vourinos ophiolite (Greece). Ofioliti, 28: 95-103.

Chiari M., Cortese G., Marcucci M. and Nozzoli N., 1997. Radiolari-
an biostratigraphy in the sedimentary cover of ophiolites in south-
western Tuscany, Central Italy. Ecl. Geol. Helv., 90 (1): 55-77.

Chiari M., Marcucci M. and Principi G., 2000. The age of radiolar-
ian cherts associated with the ophiolites in the Apennines
(Italy) and Corsica (France): a revision. Ofioliti, 25: 141-146.

Chiari M., Marcucci M. and Principi G., 2004. Radiolarian assem-
blages from Jurassic cherts of Albania: new data. Ofioliti, 29:
95-105.

Cordey F. and Bailly A., 2007. Alpine ocean seafloor spreading
and onset of pelagic sedimentation: new radiolarian data from
the Chenaillet-Montgenevre ophiolite (French-Italian Alps).
Geodyn. Acta, 20 (3): 131-138.

Danelian T., 2008. Diversity and biotic changes of Archaeodicty-
omitrid Radiolaria from the Aptian/Albian transition (OAE 1b)
of southern Albania. Micropaleontology, 54: 3-13.

Danelian T. and Baudin F., 1990. Découverte d’un horizon carbon-
até, riche en matiere organique au sommet des radiolarites
d’Epire (zone ionienne, Grece): le Membre de Paliambela. C.R.
Acad. Sci. Paris, 311: 421-428.

Danelian T., Asatryan G., Sahakyan L., Galoyan G., Sosson M.
and Avagyan A., 2010. New and revised radiolarian
biochronology for the sedimentary cover of ophiolites in the
Lesser Caucasus (Armenia). In: M. Sosson, N. Kaymakci, R.
Stephenson, F. Bergerat and V. Starostenko (Eds.), Sedimenta-
ry basin tectonics from the Black Sea and Caucasus to the Ara-
bian Platform. Geol. Soc. London Spec. Publ., 340: 383-391.



122

Danelian T., Asatryan G., Sosson M., Person A., Sahakyan L. and
Galoyan G., 2008b. Discovery of Middle Jurassic (Bajocian)
Radiolaria from the sedimentary cover of the Vedi ophiolite
(Lesser Caucasus, Armenia), C.R. Pal. Evol., 7 (6): 327-334.

Danelian T., De Wever P. and Durand-Delga M., 2008a. Revised
radiolarian ages for the sedimentary cover of the Balagne ophi-
olite (Corsica, France). Implications for the palacoenvironmen-
tal evolution of the Balano-Ligurian margin. Bull. Soc. Géol.
France, 179 (3): 169-177.

Danelian T., Galoyan G., Rolland Y. and Sosson M., 2007.
Palacontological (Radiolarian) Late Jurassic age constraint for
the Stepanavan ophiolite (Lesser Caucasus, Armenia). Bull.
Geol. Soc. Greece, 40: 31-38.

Danelian T., Lekkas S. and Alexopoulos A., 2000. Découverte de
radiolarites triasiques dans un complexe ophiolitique a I’ex-
tréme sud du Péloponnese (Agelona, Lakonie, Gréce). C.R.
Acad. Sci. Paris, 330: 639-644.

Danelian T., Robertson A.H.F., Collins A. and Poisson A., 2006.
Biochronology of Jurassic and Early Cretaceous radiolarites
from the Lycian Mélange (SW Turkey) and implications for the
evolution of the Northern Neotethyan ocean: In: A.H.F. Robert-
son and D. Mountrakis (Eds.), Tectonic development of the
Eastern Mediterranean Region. Geol. Soc. London Spec. Publ.,
260: 229-236.

Danelian T., Sosson M., Avagyan A., Galoyan G., Asatryan G.,
Rolland Y., Sahakyan L., Miiller C., Grigoryan A., Person A.,
Corsini M., Jrbashyan R. and Melkonyan R., 2011. A brief geo-
logical outline of the Lesser Caucasus: new insights on its
Tethyan-Alpine evolution based on recent results of a French-
Armenian collaboration. Ann. Soc. Géol. Nord, 18: 65-75.

Dercourt J., Zonenshain L.P., Ricou L.E., Kazmin V.G., Le Pichon
X., Knipper A.L., Grandjacquet C., Perchersky D.H., Boulin J.,
Sibuet J.C., Savostin L.A., Sorokhtin O., Westphal M., Bashrov
M.L., Lauer J.P. and Biju-Duval B., 1986. Geological evolution
of the Tethys belt from the Atlantic to the Pamirs since the
Lias. Tectonophysics, 123: 241-315.

De Wever P. and Dercourt J., 1985. Les radiolaires triasico-juras-
siques marqueurs stratigraphiques et paléogéographiques dans
les chaines alpines périméditerranéennes: une revue. Bull. Soc.
Géol. France, 8,1, 5: 653-662.

Dumitrica P. and Dumitrica-Jud R., 1995. Aurisaturnalis carinatus
(Foreman), an example of phyletic gradualism among Satur-
nalid-type Radiolarians. Rev. Micropal., 38: 195-216.

Dumitrica P. and Dumitrica-Jud R., 2005. Hexasaturnalis
nakasekoi nov.sp., a Jurassic saturnalid radiolarian species fre-
quently confounded with Hexasaturnalis suboblongus (Yao).
Rev. Micropal., 48: 159-168.

Dumitrica P., Immenhauser A. and Dumitrica-Jud R., 1997. Meso-
zoic Radiolarian biostratigraphy from Masirah Ophiolite, Sul-
tanate of Oman. Part I: Middle Triassic, Uppermost Jurassic
and Lower Cretaceous Spumellarians and multisegmented Nas-
sellarians. Bull. National Museum Nat. Sci., 9: 1-105.

Dumitrica P. and Ziigel P., 2008. Early Tithonian Saturnalidae
(Radiolaria) from the Solnhofen (Southern Franconian Alb,
southern Germany). Paldont. Zeitschr., 82: 55-84.

Galoyan G., 2008. Etudes pétrologiques, géochimiques et
géochronologiques des ophiolites du Petit Caucase (Arménie).
PhD Thesis, Univ. Nice Sophia Antipolis, 287 pp.

Galoyan, G., Rolland Y., Sosson M., Corsini M., Billo S., Verati
C. and Melkonyan R., 2009. Geology, geochemistry and
“Ar/°Ar dating of Sevan ophiolites (Lesser Caucasus, Arme-
nia): Evidence for Jurassic back-arc opening and hot spot event
between the South Armenian Block and Eurasia. J. Asian Earth
Sci., 34: 135-153.

Gazanov T., 1985. Ophiolites of the Lesser Caucasus, Moscow,
Nedra, 240 p. (in Russian).

Gorican S., 1994. Jurassic and Cretaceous radiolarian biostratigra-
phy and sedimentary evolution of the Budva Zone (Dinarides,
Montenegro). Mém. Géol. Lausanne, 118, 120 pp.

Guex J., 1977. Une nouvelle méthode d’analyse biochronologique.
Bull. Lab. Géol. Univ. Lausanne, 224: 309-322.

Guex, J., 1991. Biochronological correlations. Springer-Verlag,
252 pp.

Jud R., 1994. Biochronology and systematics of Early Cretaceous
Radiolaria of the Western Tethys. Mém. Géol. Lausanne, 19,
147 pp.

Karakitsios V., Danelian T. and De Wever P., 1988. Datations par
les radiolaires des Calcaires a Filaments, Schistes a Posidonies
supérieurs et Calcaires de Vigla (zone ionienne, Epire, Grece)
du Callovien au Tithonique terminal. C.R. Acad. Sci. Paris, 306
II: 367-372.

Kazintsova L.I. and Abbasov A.B., 1981. New representatives of
Uppe Cretaceous radiolarians from Minor Caucasus. Proc.
Acad. Sci. Azerbaijan, 5: 52-58.

Knipper A.L., 1975. The oceanic crust in the Alpine belt. Tr. GIN
NAS USSR, Edition 267,207 pp (in Russian).

Knipper A.L. and Khain E.V., 1980. The structural position of
ophiolites of the Caucasus. Ofioliti, Spec. Issue, 2: 297-314.
Knipper A. L., Ricou L.E. and Dercourt J., 1986. Ophiolites as in-
dicators of the geodynamic evolution of the Tethyan ocean.

Tectonophysics, 123: 213-240.

Knipper A.L., Satian M.A. and Bragin N.Yu., 1997. Upper Trias-
sic-Lower Jurassic volcanogenic and sedimentary deposits of
the Old Zod Pass (Transcaucasia). Stratigr. Geol. Correlation,
3: 58-65. (in Russian).

Lagabrielle Y. and Cannat M., 1990. Alpine Jurassic ophiolites re-
semble the modern central Atlantic basement. Geology, 18:
319-322.

O’Dogherty L., 1994. Biochronology and paleontology of mid-
Cretaceous radiolarians from Northern Apennines (Italy) and
Betic Cordillera (Spain). Mém. Géol. Lausanne, 21: 411p.

O’Dogherty L., Bill M., Gori¢an S., Dumitrica P. and Masson H.,
2006. Bathonian radiolarian from an ophiolitic mélange of the
Alpine Tethys (Gets Nappe, Swiss-French Alps), Micropaleon-
tology, 51 (6): 425-485.

O’Dogherty L., Carter E.S., Dumitrica P., Gorican S., De Wever
P., Bandini A.N. and Baumgartner P.O., 2009. Catalogue of
Mesozoic radiolarian genera. Part 2: Jurassic-Cretaceous. Geo-
diversitas, 31 (2): 271-356.

Rolland Y., Galoyan Gh., Bosch D., Sosson M., Corsini M.,
Fornari M. and Verati C., 2009. Jurassic back-arc and Creta-
ceous hot-spot series in the Armenian ophiolites - Implications
for the obduction process. Lithos, 112: 163-187.

Rolland Y., Galoyan Gh., Sosson M., Melkonyan R. and Avagyan
A., 2010. The Armenian Ophiolite: insights for Jurassic back-
arc formation, Lower Cretaceous hot spot magmatism, and Up-
per Cretaceous obduction over the South Armenian Block. In:
M. Sosson, N. Kaymakci, R.A. Stephenson, F. Bergerat and V.
Starostenko (Eds.), Sedimentary basin tectonics from the Black
Sea and Caucasus to the Arabian Platform. Geol. Soc. London
Spec. Publ., 340: 353-382.

Sokolov S.D., 1977. The olistostromes and ophiolitic nappes of the
Lesser Caucasus. Izdatelstvo ‘Nauka’, Moscow (in Russian).
Sosson M., Rolland Y., Muller C., Danelian T., Melkonyan R.,
Kekelia S., Adamia S., Babazadeh V., Kangarli T., Avagyan
A., Galoyan G. and Mosar J., 2010. Subductions, obduction
and collision in the Lesser Caucasus (Armenia, Azerbaijan,
Georgia), new insights. In: M. Sosson, N. Kaymakci, R.
Stephenson, F. Bergerat and V. Starostenko (Eds.), Sedimen-
tary basin tectonics from the Black Sea and Caucasus to the
Arabian Platform. Geol. Soc. London Spec. Publ., 340: 329-

352.

Tekin U.K. and Gonciioglu M.C., 2007. Discovery of the oldest
(Upper Ladinian to Middle Carnian) Radiolarian assemblages
from the Bornova flysch zone in western Turkey: implications
for the evolution of the Neotethyan Izmir-Ankara ocean. Ofioli-
ti, 32: 131-150.

Tekin U.K., Gonctioglu M.C. and Turhan N., 2002. First evidence
of Late Carnian radiolarians from the Izmir-Ankara suture com-
plex, central Sakarya, Turkey: Implications for the opening age
of the Izmir-Ankara branch of Neo-Tethys. Geobios, 35 (1):
127-135.



Vishnevskaya V., 1995. Jurassic and Cretaceous radiolarians from
the Lesser Caucasus (Zod Pass, Mount Karawul and site 22 in
the Koshuni River Basin). In: P.O. Baumgartner, L. O’Dogher-
ty, S. Gorican, E. Urquhart, A. Pillevuit, and P. De Wever
(Eds), Middle Jurassic to Lower Cretaceous Radiolaria of
Tethys: Occurences, systematics, biochronology. Mém. Géol.
Lausanne, 23: 701-708.

Vrielynck B., Bonneau M., Danelian T., Cadet J.P. and Poisson A.,
2003. New insights on the Antalya Nappes in the apex of the Is-
parta angle: The Isparta Cay unit revisited. Geol. J., 38: 283-293.

Zakariadze G.S., Knipper A.L., Bibikova E.V., Silantiev S.A.,

123

Zlobin S K., Gracheva T.V., Makarov S.A. and Kolesov G.M.,
1990. The setting and age of the plutonic part of the NE Sevan
ophiolite complex. Acad. Sci. USSR Geol. Series, 3: 17-30 (in
Russian).

Zakariadze G.S., Knipper A.V., Sobolev O.P., Tsamerian Q.V.,
Dmitiev L.V., Vishnevskaya V.S. and Kolesov G.M., 1983.
The ophiolite volcanic series of the Lesser Caucasus. Ofioliti,
8:439-466.

Zhamoida A 1., Kazintsova L.I. and Tikhomirova L.B., 1976. Radi-
olarian complexes of the Lesser Caucasus. Izvestia AS USSR,
Geol. Series, 2: 156-160 (in Russian).

Received, August 10,2011
Accepted, December 7,2011



Plate 1 - Scanning electron micrographs of Radiolaria yielded from sample Ar-10-16. 1-4) Aurisaturnalis carinatus perforatus Dumitrica and
Dumitrica-Jud; 5) Acaeniotyle diaphorogona Foreman sensu Baumgartner et al. (1995 -6a) Angulobracchia (?) portmanni portmanni
Baumgartner; 7) Acaeniotyle sp. cf. A. umbilicata (Riist); 8) Acaeniotyle umbilicata (Riist); 9) Dicerosaturnalis trizonalis (Riist) sensu Du-
mitrica and Ziigel (2008); 10-11) Pseudoeucyrtis sp.; 12) Pseudoeucyrtis zhamoidai (Foreman) gr. sensu Dumitrica et al. (1997); 13-14) Pseu-
doeucyrtis corpulentus Dumitrica; 15) Hiscocapsa sp. cf. H. uterculus (Parona); 16) Holocryptocanium sp. cf. H. barbui Dumitrica; 17) Loo-
pus blabla (Schaaf) sensu Dumitrica et al. (1997); 18) Podobursa sp. cf. P. typica (Riist) sensu O’Dogherty (1994); 19) Podobursa (?) sp.
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Plate 2 - Scanning electron micrographs of Radiolaria yielded from sample Ar-10-16. 1) Pantanellium sp.; 2) Pantanellium squinaboli (Tan); 3) Pantanellium
masirahense Dumitrica; 4) Pantanellium sp. cf. P. masirahense Dumitrica; 5) Pseudodictyomitra sp. cf. P. lanceloti Schaaf; 6) Pseudodictyomitra sp. cf. P.
lilyae (Tan); 7-8) Sethocapsa sp. A; 9-9a) Sethocapsa sp. B; 10) Svinitzium sp. cf. S. pseudopuga Dumitrica; 11) Suna hybum (Foreman); 12) Tethysetta sp.
cf. T. pygmaea Dumitrica; 13) Xitus sp.
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Plate 3 - Scanning electron micrographs of Archaeodictyomitrid Radiolaria yielded from sample Ar-10-16. 1) Archaeodictyomitra lacrimula (Foreman); 2)
Archaeodictyomitra vulgaris Pessagno; 3) Archaeodictyomitra sp. cf. A. tumandae Dumitrica; 4-5) Archaeodictyomitra sp. cf. A. ioniana Danelian; 6) Micty-
oditra sp. cf. M. pseudodecora (Tan); 7-12) Thanarla broweri (Tan) sensu O’Dogherty (1994); 13) Thanarla sp. cf. T. broweri (Tan) sensu O’Dogherty
(1994); 14-15) Thanarla sp. cf. T. pacifica Nakaseko and Nishimura; 16) Thanarla pacifica Nakaseko and Nishimura.



