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The In ter na tional Berriasian Work ing Group (ISCS) sug gested pri mary and sec ond ary marker “da tums” to fix the basal
Berriasian bound ary and thus to de fine the Ju ras sic-Cre ta ceous bound ary (Wimble don et al., 2011, 2013). Two pri mary
mark ers Calpionella, as well as cal car e ous nannoplankton, are prac ti cally un known in the Bo real Realm. Test ing and cal i -
bra tion of these mark ers, as well as of fos sils of radio lar ians and other sig nals, in the most com plete sec tions, were de clared
as an im por tant task for the near fu ture. In the Tethys, the Ju ras sic-Cre ta ceous bound ary based on radio lar ians falls in side
zone UAZ 13 of Baumgartner et al. (1995), whereas in the palaeo-Pa cific it cor re sponds to the bound ary be tween zones 4
and 5 of Pessagno et al. (2009), and in bo real Si be ria it prob a bly falls be tween the biohorizons of Parvicingula haeckeli and
P. khabakovi. The radiolarian events at the Ju ras sic-Cre ta ceous bound ary in the bo real suc ces sions of Rus sia can be pro -
posed to be used as an ad di tional biomarker to help de velop new in te grated bound ary cri te ria. Thus, as the first ap pear ance
of the zonal spe cies Calpionella alpina, which de fines the Ju ras sic and Cre ta ceous bound ary, co in cides with the first oc cur -
rence of the cal car e ous dinocyst zonal spe cies Stomiosphaerina proxima (Reháková, 2000), it is log i cal to pro pose a cal car -
e ous dinoflagellate, widely rep re sented in the Up per Ju ras sic-Lower Cre ta ceous Bazhenovo For ma tion of Si be ria, as a
sec ond ary marker.
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INTRODUCTION

The Ju ras sic-Cre ta ceous bound ary in ter val has been prob -
lem atic since the start of strati graphic study, as re flected in dif -
fer ent stage names be ing em ployed in the Tethyan realm and
be low and above the pu ta tive bound ary (Wimble don, 2008).
Due to magnetostratigraphy there has been some prog ress in
the cor re la tion of the Ju ras sic-Cre ta ceous bound ary in ter val
from Tethys to Si be ria (Nordvik) (Wimble don et al., 2011).
More over, Up per Ju ras sic to Lower Cre ta ceous highly bi tu mi -
nous shale and si li ceous se quences of West ern Si be ria draw
in creas ing at ten tion, es pe cially the Bazhenovo suite. Now it is
con sid ered as a stra te gi cally im por tant as set in terms of pros -
pects for the Rus sian oil in dus try (Afanasev et al., 2010). There
are ques tion marks over the lower and up per lim its of de pos its
of the Bazhenovo suite and also over the lo ca tion of the Ju ras -
sic and Cre ta ceous bound ary within it.

In the 29th is sue of ISC De ci sions (1997) a res o lu tion was
pub lished to spec ify the po si tion of the Ju ras sic-Cre ta ceous
bound ary in the Bo real Realm and the sta tus of the Volgian
Stage, ac cepted at the Ex tended Meet ing of the ISC Bu reau on
Feb ru ary 2, 1996. The ac cepted po si tion of the Ju ras sic-Cre ta -
ceous bound ary in the Bo real Realm of the Rus sian sec tor was

be tween the Mid dle and Up per Volgian substages. It was ac -
cepted to re-clas sify the Volgian Stage in the same vol ume from 
the cat e gory of a gen eral unit into the cat e gory of a re gional
strati graphic unit as a ho ri zon (re gional stage), leav ing in the
Gen eral Strati graphic Scale of Rus sia only the Tithonian and
Berriasian stages in the bound ary in ter val (Vasileva, 2015).

The in ter na tional Berriasian WG (ISCS) pro posed pri mary
mark ers and sec ond ary con strain ing da tums (Fig. 1) in or der to
fix a base for the Berriasian and the Ju ras sic-Cre ta ceous
bound ary (Wimble don et al., 2011, 2013; Schnabl et al., 2015).
The test ing and cal i bra tion of these mark ers, as well as fora -
miniferal, radiolarian and other sig nals in the most com plete
and fossiliferous sec tions, was pro moted as an im por tant task
for the near fu ture. 

The Rus sian Com mis sion on the Ju ras sic sys tem is work ing 
on the res to ra tion of the in clu sion of the Volgian Stage into the
Ju ras sic Sys tem, based on new magnetostratigraphic and
biostratigraphic data. The com mis sion (on 3 April 2012) de -
cided to rec om mend to ISC to re place the Tithonian Stage by
the Volgian in the Gen eral Strati graphic Scale of Rus sia, pre -
serv ing the lat ter in the vol ume, ac cepted be fore 1996 (from the
base of the Ilowaiskya klimovi Zone to the top of the
Craspedites nodiger Zone) and to dis cuss this is sue at a joint
meet ing of the com mis sions on the Ju ras sic and Cre ta ceous
sys tems of the ISC (Baraboshkin et al., 2015). 

The main points of this pa per are: 

– to ex am ine the po ten tial of radio lar ians as ad di tional bi o -
log i cal mark ers to help de fine a bound ary; 

– to pro pose cal car e ous dinocysts as a sec ond ary marker.
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MATERIALS AND METHODS

Radiolarian col lec tions were taken from 6 sec tions of the
Rus sian Arc tic (Vishnevskaya and Kozlova, 2012), 7 sec tions
in the Si be rian Bashenovo For ma tion (Panchenko et al., 2016),
as well as the Lena Delta sec tion (Vishnevskaya et al., 2014)
and 24 pro files in NE Asia (Vishnevskaya and Filatova, 2012,
2016). The num ber of spec i mens ex am ined ex ceeds one thou -
sand: 44 sam ples come from 6 sec tions of the Rus sian Arc tic,
700 sam ples from 7 sec tions in the Si be rian Bashenovo Suite
and the Lena Delta sec tion, and 300 sam ples from 24 pro files in 
NE Asia. The col lec tions are housed at the Geo log i cal In sti tute
of the Rus sian Acad emy of Sci ences.

The sam ples (all chert, shale, or jas per) were crushed and
pro cessed with hy dro flu oric acid (5–10%), while clay, shale and 
car bon ate con cre tions were pro cessed with ace tic acid in the
palae on tol ogy lab o ra tory of the Geo log i cal In sti tute, Mos cow.
Radio lar ians were picked, mounted on card board slides fixed
with spe cial glue on metal stubs, and iden ti fied us ing a bin oc u -
lar mi cro scope and a scan ning elec tron mi cro scope (SEM). All
pho to graphs were taken with SEM, as well as with an op ti cal
mi cro scope.

With bi tu mi nous radiolaria-bear ing se quences, we used the 
method of to mog ra phy, which al lows one to in ves ti gate the in -
ner and ex ter nal struc ture of radiolarian skel e tons in rocks (Fig.
2) and in thin-sec tions. To mog ra phy was firstly ap plied in
radiolarian anal y sis. The ad van tage of the tomographic method 
is that it al lows to ex am ine the ob ject while ro tat ing around  both 
ver ti cal axis and hor i zon tal axes.

The cal car e ous dinocysts were in ves ti gated un der an op ti -
cal mi cro scope.

CORRELATION OF NORTH AMERICAN
RADIOLARIAN ZONES WITH TETHYAN UNITARY

ASSOCIATION ZONES

Start ing in the Late Ju ras sic there are three dis tinct cli ma -
tic radiolarian as so ci a tions. These are: Tethyan, Pa cific, and
Bo real. The Tethyan or Med i ter ra nean Tethyan radiolarian
fauna rep re sents the first as so ci a tion with an abun dance of
Andromeda Baumgartner, Emiluvia Fore man, Pantanellium
Pessagno (Baum gartner, 1984; Baumgartner et al., 1995;
Hardenbol et al., 1998) and Ristola Pessagno and Whalen
(Alps, Carpathians and Cau ca sus). This as so ci a tion is very di -
verse and rep re sents low -lat i tude radiolarian fau nas. Tethyan
Uni tary As so ci a tion Zones (Tethyan Zones) were de vel oped
by the In ter na tional Ju ras sic-Lower Cre ta ceous Group: all
data pub lished in Baumgartner et al. (1995). The sec ond
radiolarian fauna (North Pa cific bio province) is dom i nantly
non-Tethyan with some in put of Tethyan spe cies: the base of
site 305 of DSDP in the Pa cific Ocean (Vishnevskaya, 2001),
Cal i for nia (Pessagno et al., 2000), and Mex ico (Yang, 1993).
North Amer i can Radiolarian Zones (Pa cific Zones) were es -
tab lished by Pessagno (1977) Pessagno et al. (1993, 2000,
2009; cf. Yang, 1993) based on the gen era Parvi cingula,
Mirifusus, Ristola, Caneta of the fam ily Parvi cingulidae (Fig.
3). The last oc cur rence of Parvicingula colemani and Ristola
altissima was fixed in Zone 4 (Pessagno et al., 1993), the first
ap pear ance of Williriedellum ruesti and Obesacapsula rotun -
data was re corded in Zone 5 (Kiessling et al., 1999; Pessagno
et al., 2009). The third cli ma tic radiolarian as so ci a tion, a Bo -
real one, is char ac ter ized by the prev a lence of Parvicingula
and is more typ i cal of high lat i tudes (Pa cific Rim, Ar gen tina,
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Fig. 1. Mark ers un der ex am i na tion as po ten tially use ful in de fin ing the Ju ras sic/Cre ta ceous in ter val
 in the Tethyan and Bo real realms (Wimble don et al., 2011, 2013; Schnabl et al., 2015)
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Fig. 2. Radiolarian skel e tons as X-ray microtomographic im ages

A–C – Parvicingula haeckeli (Pantanelli); D, E – Parvicingula sp.; F, G – Williriedellum salymicum (Kozlova);
H–M – Tricolocapsa campana Kiessling; A–E, sam ple 2–35, West ern Si be ria, Up per Volgian;

F–M, sam ple 11–22, West ern Si be ria, Berriasian; scale bar 100 µm

Fig. 3. Up per Ju ras sic and Lower Cre ta ceous radiolarian zonation 
of Pessagno et al. (1993, 2009)



north ern Eu ro pean and Si be rian plat forms). This as so ci a tion
is wide spread in the Volga River Ba sin of the Rus sian Plat form 
(Vishne vskaya and Bara boshkin, 2001; Vishnevskaya and
Kozlo va, 2012) and many ar eas of West ern Si be ria (Vishne -
vskaya, 1998, 2013; Bragin, 2009; Vishnevskaya et al., 2014). 
The ge nus Parvicin gula is also wide spread in the Arcto-Bo real 
prov ince (Spitsbergen, Timan-Pechora Ba sin, Nor way Sea
and north ern Si be ria; Vish ne vskaya and Kozlova, 2012) and
Aus tral prov ince of Antarcti ca and the In dian Ocean (site 765,
766 and DSDP site 261, Argo Abys sal Plain and Lower
Exmouth Pla teau; Kiessling, 1999).

Based on cor re la tion with the first ap pear ance of nanno -
conids the Ju ras sic-Cre ta ceous bound ary in the Tethys (for in -
stance, in Tur key) cor re sponds to first oc cur rences of the radio -
lar ians Becus nodulosus (Dumitrica), Diceratosaturnalis dicra -
na canthos (Squinabol), Deviatus diamphidius (Fore man),
Pyra mispo ngia bormsteinensis (Steiger), Acaeniotyle diapho -
rogona Fore man, Emiluvia pessagnoi Fore man, Archaeo -
dictyomitra apiarium (Rüst) sensu Kocher, as well as Thanarla
sensu lato (Mekik et al., 1999; Mekik, 2000). 

Due to radiolarian pro vin cial ism the cor re la tion of radio larian
biozones be tween the Bo real (north of Eur asia and Amer ica) and 
Sub-Bo real Pa cific and Tethyan realms (Med i ter ra nean area,
south ern Eu rope) is ham pered dur ing the Late Ju ras sic-Early
Cre ta ceous in ter val. The Ju ras sic-Cre ta ceous boun d ary of the
Tethyan zonal scheme sits within UAZ 13 of Baum gartner et al.
(1995), whereas the J/K bound ary in the Pa cific North Amer i can
zonal scheme (Pessagno et al., 1993, 2009) is be tween zones 4
and 5 (Fig. 4). These dif fer ences are likely due to the pre dom i -
nance of bo real fau nas in North Amer ica and may be ex plained
by dif fer ent meth od ol o gies and chronostratigraphic cal i bra tion of
radiolarian data in the suc ces sions. 

PARVICINGULIDAE AS A UNIQUE FAMILY, 
USED IN ALL ZONATIONS

The fam ily Parvicingulidae Pessagno, 1977 in cludes 17
gen era, 11 of which orig i nated in the Pa cific palaeogeographic
prov ince. Prob a bly Proparvicingula Carter, 1993 was the pre -

cur sor of three lines within the fam ily Parvicingulidae Pessagno
(Fig. 5): 

– con i cal-subsphaerical rep re sen ta tives with out an api cal
horn and spine, 

– high-con i cal rep re sen ta tives with an api cal horn, 

– high-con i cal rep re sen ta tives with a long api cal spine.
Thus, an anal y sis of the geo graph ical dis tri bu tion of the

Parvicingulidae showed that its high-con i cal rep re sen ta tives
(Parvicingula, Proparvicingula, Praeparvicingula, Atalantria,
Cane lonus, Elodium, Darvelus, Nitrader, Pseudoristola and
Triversus) come from the Pa cific palaeogeographic prov ince
and have a mass de vel op ment in bo real and na tal (=Aus tral or
south ern most Ant arc tic-re lated Zone) ar eas, and their ar eas of
dis tri bu tion of ten co in cide with ar eas with cold-wa ter Buchia,
whereas the con i cal-subsphaerical group (Mirifusus, Ristola,
Tethysetta, Caneta, Svinitzium, Pseudocrolanium, Wran ge -
lium) has a pri mary dis tri bu tion in Tethys.

It is pos si ble that the ap pear ance of the ge nus Propar -
vicingula Carter (and fam ily Parvicingulidae Pessagno) was
con nected with cool ing which be gan 210 Ma (Fig. 6A). The ear -
li est rep re sen ta tives of this fam ily, ex cept ing Proparvicingula
Carter, with their first oc cur rence in the Rhaetian (Late Tri as -
sic), are the gen era Nitrader Cordey and Carter (Hettangian -
-Sinemurian) and Atalantria Cordey and Carter (Hettangian -
-Pliensbachian) prob a bly de rived from Proparvicingula dur ing a
tem per a ture min i mum at the Tri as sic-Ju ras sic bound ary (Za -
kha rov, 2010).

At the end of pro longed Early Ju ras sic cool ing in bo real re -
gions, the new gen era Praeparvicingula Pessagno, Blome and
Hull (Mid dle Toarcian-Barremian) Parvicingula Pessagno and
Elodium Carter (Mid dle Toarcian–Aalenian) made their first ap -
pear ance.

The ge nus Proparvicingula Carter is a pos si ble an ces tor of
Praeparvicingula Pessagno, Blome and Hull (Mid dle Toarcian -
-Barremian) and Parvicingula Pessagno. 

The high-con i cal rep re sen ta tives of the fam ily Parvicin -
gulidae Pessagno also have prin ci pal strati graphic sig nif i cance
(Parvicingula and Praeparvicingula alone con tain to gether 77
spe cies) and can be used for sub di vi sion and cor re la tion of se -
quences around the Ju ras sic-Cre ta ceous bound ary.

Many spe cies of the Parvicingulidae, such as Parvicingula
blowi, P. colemani, P. jonesi, P. vera, Ristola turpicula, R.
cretacea, R. altissima, Tethysetta depressa, Caneta hsui,
Mirifusus baileui, M. guadalupensis and M. mediodilatatus are
zonal mark ers (see Fig. 3) for the Ju ras sic and Lower Cre ta -
ceous (Pessagno, 1993; De Wever et al., 2001). The phylo gen -
etic lines of the Parvicingulidae have al lowed the com pi la tion of
strati graphi cal zonal schemes for the Ju ras sic to Lower Cre ta -
ceous se quences of Cal i for nia (Pessagno, 1977; Hull, 1997),
Ar gen tina and Antarctica (Kiessling, 1999), as well as north ern
Rus sia (Vishnevskaya, 2001; Vishnevskaya and Murchey,
2002; Vishnevskaya and Kozlova, 2012) and the Rus sian Far
East (Popova et al., 1999). 

The ubiq ui tous pres ence of the Ju ras sic-Early Cre ta ceous
gen era Parvicingula and Praeparvicingula [Parvicingula blowi
Pessagno, P. jonesi Pessagno, P. excelsa Pessagno and
Blome, P. blomei Yang, Praeparvicingula holdsworthi (Yang),
Praeparvicingula aff. sencilla Hull] in radiolarian as so ci a tions of
the Anyui Ocean (Vishnevskaya and Filatova, 2012, 2016),
Bazhenovo (Panchenko et al., 2015), Pechora and Rus sian
seas (Vishnevskaya and Kozlova, 2012) sup ports the pres ence 
of the north ern sea way bring ing a large num ber of spe cies of
these gen era from the Pa cific palaeoclimatic prov ince to the
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Fig. 4. Cor re la tion of North Amer i can, Tethyan and Rus sian
Arc tic Si be rian radiolarian zones af ter Kiessling et al. (1999)



Bo real, Arc tic (Bragin, 2011; Vishnevskaya et al., 2014) and
Arcto-Bo real of the north At lan tic (Vishnevskaya and Kozlova,
2012). Only in the later Berriasian (at the end of the Volgian)
time, new spe cial ized gen era – Arctocapsula, Echinocampe,
Nordvikella and Spinicingula – ap peared in radiolarian as so ci a -
tions (Bragin, 2011; Vishnevskaya and Kozlova, 2012).

The group of high-con i cal rep re sen ta tives of the Parvicin -
gulidae evolved rap idly in the course of the Late Ju ras sic and
Early Cre ta ceous, spread ing through the high palaeolatitudes
of the en tire Pa cific palaeogeographic prov ince, and even pen -
e trat ing into the Arc tic and Ant arc tic re gions: whereas the con i -
cal-subsphaerical group, re lated to warmer ep i sodes, co in cides 
with Tethys, and some times with the ecotone zones of “green -
house” pe ri ods (Fig. 6B).

RADIOLARIAN ASSOCIATIONS AT THE J/K
BOUNDARY IN BOREAL REGIONS

So far data on the Late Ju ras sic-Early Cre ta ceous radio -
larian as so ci a tions of the Rus sian sec tor of north ern Asia
(Vishnevskaya and Pralnikova, 1999; Vishnevskaya and Fila -
tova, 2012, 2016), as well as east ern Eu rope and West ern Si -
be ria (Vishnevskaya, 1993, 1997, 1998; Vishnevskaya and
Pral nikova, 1999; Vishnevskaya and Baraboshkin, 2001;
Vishne vskaya and Kozlova, 2012), and the Nor way Sea

(Nakrem and Kiessling, 2012) with abun dant Parvicingulidae
(Fig. 7) have been pub lished. 

The high-con i cal rep re sen ta tives with api cal horns (Fig. 8L,
O, P), high-con i cal rep re sen ta tives with long api cal spines (Fig.
8Q) to gether with con i cal-subsphaerical rep re sen ta tives with -
out an api cal horn and spine of the gen era Mirifusus and Ristola
(Fig. 8N, R–T) of the Parvicingulidae are well-known from sites
on the Pa cific Rim of Rus sia. 

Typ i cal Mid dle-Late Volgian (Mid dle Tithonian–Berriasian)
radio lar ians have been de scribed from Nordvik of the Arc tic
coast of east ern Si be ria (Zakharov and Rogov, 2006; Bragin,
2011) and Lena River Delta area (Vishnevskaya et al., 2014),
where spe cies of the en demic fam ily Echinocampidae Bragin
pre vail in the Lower Cre ta ceous (Fig. 8). 

The Mid dle Volgian (Mid dle–Up per Tithonian) radiolarian as -
so ci a tion of the ammonite Variabilis Zone in cludes Arcto capsula
magna Bragin, A. congelata Bragin, A. constantia Bragin,
Archaeo spongoprunum sp. cf. A. klingi Pessagno, Higuma stra
turgida Bragin, Orbiculiforma sp. aff. O. teres Hull, Parvicingula
sp., Praeconocaryomma sp. cf. P. spinosa Yang, Praeparvicin -
gula sp. cf. P. sencilla Hull, P. cappa (Cortese), whereas the Up -
per Volgian (Up per most Tithonian-Lower Berria sian) Chetae and 
Sibiricus ammonite zones con tain Arcto capsula incompta
Bragin, A. perforata Bragin, Echino campe aliferum Bragin, E.
cristatum Bragin, E. aculeatum Bra gin, Nordvikella elegans
Bragin, N. improcera Bragin, Glomero pyle polygonium Bragin,
Napora pyramidalis reticulatus Bragin, Orbiculiforma sp. aff. O.
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Fig. 5. The strati graphic ranges and pos si ble phyletic re la tion ships of gen era of the fam ily Parvicingulidae
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Fig. 6. The evo lu tion of the fam ily Parvicingulidae and the pos si ble re la tion ship with cli mate

A – strati graphic ranges and pos si ble phyletic re la tion ships of the high-con i cal gen era of the Parvicingulidae, and cli ma tic fluc tu a tions; 
B – strati graphic ranges, pos si ble phyletic re la tion ships of the con i cal-subsphaerical group of the Parvicingulidae, and cli ma tic fluc tu a tions



railensis Pessagno, Parvicingula khabakovi (Zhamoida), Pra -
epar vicingula ro tunda Hull, and Pyra motertonium plano cepha -
lum (Kozlova) (Bragin, 2011). The last spe cies was of bo real or i -
gin, and it has also been de scribed from the Up per Volgian de -
pos its of the Barents Sea Re gion and Timan-Pecho ra Plate
(Vishnevskaya and Kozlova, 2012).

The radiolarian as sem blage from the Berriasian Buchia
okensis Zone in the Lena River delta (Ystannakh Khocho lo cal -
ity) in cludes Arctocapsula devorata arctica (Vishnevskaya and
Murchey), A. cf. constantia Bragin, A. incompta Bragin, Echino -
campe aff. aculeatum Bragin, Parviciungula alata Kozlova and
Vishnevskaya, P. papulata Kozlova and Vishnevskaya, Pra -
epar vicingula ro tunda Hull, and Spinicingula cf. ceratina Kozlo -
va and Vishnevskaya (Vishnevskaya et al., 2014).

The sub spe cies Arctocapsula devorata arctica (Vishne -
vskaya and Murchey) was re corded in Up per Volgian clays
(ammonite Subditus Zone/Buchia piochii Zone) of the Goro -
dishche sec tion on the River Volga and in the up per most
Volgian shale of the Bazhenovo For ma tion in West ern Si be ria
(Vishnevskaya and Murchey, 2002; Vishnevskaya and Kozlo -
va, 2012).

Ac cord ing to Baraboshkin et al. (2015) the base of the Up -
per Volgian (up per most Tithonian-Lower Berriasian) in the Rus -
sian Plat form should be de fined by the ap pear ance of the ge -
nus Kachpurites. Thus, the first ap pear ance of spe cies of the
en demic fam ily Echinocampidae Bragin is fixed at the Cras -
pedites subditus Zone of the Gorodishche sec tion (Vishnevska -
ya and Baraboshkin, 2001). The Tithonian/Berriasian bound ary 
falls some where in M19n, per haps in the lo cal Taimyrensis
ammo nite Zone (Schnabl et al., 2015), where radio lar ians were
de scribed be low and above in the Nordvik sec tion (Bragin,
2011) and thus, in terms of in ter na tional stages, part of the “Up -
per Volgian” is Tithonian and part is Berriasian (Wimble don et
al., 2011, 2013).

Ep i sodes of sig nif i cant de crease in tax o nomic di ver sity of
radio lar ians and ammonites in the Late Ju ras sic within bo real
re gions were syn chro nous in both groups (Mitta and Vishne -
vskaya, 2006). The Late Volgian cri sis co in cided with sig nif i -
cant changes in the morphotypes of ammonite and radiolarian
skel e tons. A typ i cal Lilliput ef fect of the lat est Mid dle Volgian
bo real ammonite fau nas was de scribed by Rogov (2015). The
spec i mens of the lat est Mid dle Volgian/Late Volgian cyrtoidal
Nassellaria (Parvicingula, Spinicingula) also have lilliput size,
small reticular pores, weak dis tinct ridges or al most no ex ter -
nal cir cumfer ential ridges. Also, the de crease in the num ber of
cham bers was fixed among the Nassellaria in Late Volgian
rep re sen ta tives of the gen era Parvicingula, Spinicingula and
Sticho capsa. Some ex tinc tion of radio lar ians be gan at the end 
of the Ju ras sic and most likely re sulted from a ma rine re gres -
sion and cli ma tic cool ing. This is sup ported by the pre dom i -
nance of cold-wa ter rep re sen ta tives of  the ge nus Parvicingula
in radiolarian as so ci a tions and of the bo real ammonite fam ily
Craspeditidae at that time in the Mid dle Rus sian, Timan- Pet -
chora and West Si be rian Seas (Mitta and Vishnevskaya,
2006; Vishnevskaya and Kozlova, 2012). The rapid evo lu tion
of Radio laria and a bloom of mor pho log i cal di ver sity of Parvi -
cingula with the de vel op ment of nu mer ous ab nor mal skel e -
tons may have been caused by stress con di tions, as was pro -
posed for the “Lilliput ef fect” in ammonites Rogov (2015).
Prob a bly, only the more ac com mo dated, of ten-prim i tive, vul -
gar forms of Parvicingula and Stichocapsa sur vived to give
rise to new trends (Spinicingula and oth ers) and pro vide evo -
lu tion ary prog ress.

The change of the Ju ras sic Parvicingula-rich as sem blage
into Echinocampe, Nordvikella and Spinicingula-rich as sem -
blages is ob served at the Ju ras sic-Cre ta ceous bound ary. Just

at the Ju ras sic-Cre ta ceous bound ary (base of the Berriasian),
the oc cur rence of Thanarla, Mita, Dictyomitra, Neorelumbra,
Quasicrolanium-Pyramotertonium groups has been re corded
among radio lar ians.

The de gree of endemism in high con i cal Parvicingulidae
Pessagno and Echinocampidae Bragin is re lated to a great
abun dance of morphotypes with ex ter nal ce phalic spines and
apophyses (Vishnevskaya and Kozlova, 2012) at the Ju ras -
sic-Cre ta ceous bound ary in bo real re gions. 

As radio lar ians are so com mon as to be rock formers in the
Bazhenovo shale, and other fauna is prac ti cally ab sent,
biostratigraphic sub di vi sion is pos si ble only us ing radio lar ians.
Be cause all radiolarian as sem blages, used be fore in the re -
gional scheme of West ern Si be ria, have been de scribed on the
ba sis of thin sec tion study only, lo cal zonal in di ces were rec og -
nized as not valid (O’Dogherty et al., 2009), and there is a need
for the ap pli ca tion of a new tech nique. Ap pli ca tion of the to mog -
ra phy method has al lowed the rec og ni tion of 5 strati graphic di vi -
sions, named as radiolarian biohorizons. All biohorizons are
founded on evo lu tion ary changes in the ge nus Parvicingula.

The lower biohorizon in the Abalak suite (of Si be ria) with
Parvicingula elegans is Kimmeridgian. The biohorizon of Par -
vicin gula blowi (Lower Tithonian) is es tab lished in a si li ceous
and car bon ate in ter val at the bot tom of the Bazhenovo shale
with rare Dorsoplanites ilovaiskii Mesezhnikov (Panchenko et
al., 2016). Top: last oc cur rence of Zhamoidellum ovum
Dumitrica in the Lower Tithonian (Fig. 9) and Parvicingula blowi
as cor po real taxa in the Lower Tithonian (Vennari and Pujana,
2017).

The biohorizon of Parvicingula jonesi (Mid dle Tithonian) is
es tab lished in clays and si li ceous radiolarites with rare
Laugeites groenlandicus Spath and Epilaugeites cf. vogulicus
(Ilovaisky). Bot tom: first ap pear ance of Parvicingula jonesi
Pessagno, P. excelsa Pessagno and Blome. Top: last oc cur -
rence of Praeparvicingula gracila Hull in the Mid dle Tithonian.

The Parvicingula haeckeli biohorizon (Up per Tithonian) lies
in the Bazhenovo shale in car bon ate and si li ceous radiolarites
with Praechetaites exoticus (Schulgina, 1967) (Panchenko et
al., 2016). Bot tom: first ap pear ance of Parvicingula haeckeli
(Pantanelli), P. rothwelli Pessagno. Top: last oc cur rence of
Parvicingula blomei Yang, P. colemani Pessagno et Blome in
the Tithonian.

The Parvicingula khabakovi biohorizon (Lower Berriasian)
with Echinocampidae are iden ti fied at the lime stone and clay
chert level in the Bazhenovo shale with Craspedites taimy rensis 
(Bodyl.), Chetaites chetae Schulgina (Panchenko et al., 2015,
2016). Bot tom: first ap pear ance of Parvicingula khaba kovi
(Zha moida), Arctocapsula incompta Bragin, A. perforata Bra -
gin, Echinocampe? aculeatum Bragin, Pyramotertonium plano -
cephalum (Kozlova). 

The Williriedellum salymicum biohorizon (Up per Berriasian -
-Valanginian) with Williriedellum, Echinocampidae are iden ti fied 
at the high est level in the Bazhenovo shale with Buchia okensis
(Pav lov) and B. volgensis (Lahusen) (Panchenko et al., 2015,
2016).

The radiolarian biohorizons may be con sid ered as biozones 
(Vishnevskaya, 2013, 2016). Bot tom: first ap pear ance of Tri -
colo capsa campana Kiessling, Williriedellum  salymicum saly -
micum Kozlova. Top: last oc cur rence of Parvicingula khabakovi
(Zhamoida). The Williriedellum spe cies amount to 70% within
this biohorizon.  

The de crease in di ver sity of the Parvicingulidae at about the 
Ju ras sic-Cre ta ceous bound ary, as well as the bloom of the
Williriedellidae, with their hy per-thick skel e tal wall and sub -
merged cephalothorax, co in cides with and prob a bly re flect en -
vi ron men tal or hy dro log i cal stress.
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Fig. 8. Scan ning elec tron pho to mi cro graphs of Late Ju ras sic to Early Cre ta ceous radio lar ians from si li ceous clay rocks (A, B,
K, M – Barents Sea re gion, C–F, H–J – Lena Delta), tuffaceous jaspers (G, L, N–T – Be ring Sea re gion) in north ern Rus sia

A, B – Spinicingula ceratina Kozlova and Vishnevskaya, Narjan-Mar, bore hole 5, Up per Volgian; C – Arctocapsula incompta Bragin; D, E –
A. devorata arctica (Vishnevskaya et Murchey); F – Echinocampe aff. aculeatum Bragin; G – Parviciungula aff. proiecta Kiessling; H – P.
papulata Kozlova et Vishnevskaya; I – P. alata Kozlova et Vishnevskaya; J – Praeparvicingula ro tunda Hull; K – P. jonesi Pessagno, L – P.
gemmata Hull; M – P. rothwelli Pessagno; N – Mirifusus guadalupensis Pessagno; O–Q – P. colemani Pessagno et Blome; R – Mirifusus
mediodilatatus (Rüst); S, T – Ristola altissima (Rüst). Scale bar 100 µm. A, B – Narjan-Mar, bore hole 5, Up per Volgian; C–F, H–J – lo cal ity
Lena Delta, Berriasian; G – Koryak Moun tains, Nauchiranay, Tithonian; K, M – Mezen Ba sin, Pesha River sec tion, bore hole 234, Mid dle
Volgian; L, N–T – Koryak Moun tains, Nauchiranay, Tithonian
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Thus, an abun dance of Parvicingula within the oil shale se -
quences of the Arc tic Mar gin (Dyer and Copestake, 1989;
Vishnevskaya and Kozlova, 2012; Vishnevskaya et al., 2014;
Vishnevskaya, 2016) pro vides a ba sis for es tab lish ing a pre lim i -
nary bo real zonation at the Tithonian-Berriasian bound ary: that
is, the P. haeckeli (Tithonian), and Parvicingula khabakovi
(Lower Berriasian) Zones.

CALCAREOUS DINOFLAGELLATES AS POSSIBLE
SECONDARY MARKERS

Zonal schemes us ing cal car e ous dinoflagellate cyst have
been widely pro posed in the Tethys realm (Bal kans, Carpa -
thians, Spain, In dian Ocean) within an Up per Ju ras sic (from
Oxfordian) to Lower Cre ta ceous (up to Albian) in ter val (Rehá -
ková, 2000; Michalík and Reháková, 2011) and ap plied to other 
re gions (Lakova et al., 1999; Petrova et al., 2012). 

Cal car e ous dinoflagellate cysts (be fore named as “calci -
spha erulides”) are com mon (Figs. 9–13) in the above-de scri -
bed Parvicingula khabakovi biohorizon (Berriasian) and Willirie -
dellum salymicum biohorizon (Up per Berriasian -Valanginian) of 
the Bazhenovo For ma tion. They co-oc cur to gether with
Williriedellum, Echinocampidae, where rare finds of nanno -
plankton have also been re corded. The abun dant rep re sen ta -
tives of Pithonella oc cur in the lime stone and shale of Berria -
sian age (Figs. 10 and 11). Pithonella cf. ovalis (Kaufmann) and 
Stomiosphaerina proxima Rehánek (Fig. 12) have been ob -
served in the Parvicingula khabakovi biohorizon (Berriasian).

Prob a bly, it will be pos si ble to rec og nize cal car e ous dino -
cyst zones of Colomisphaera tenuis and C. fortis in the Up per
Tithonian and Stomiosphaerina proxima and Stomiosphaera
wanneri in the Berriasian, as well as Colomisphaera conferta in
the Valanginian of the Bazhenovo For ma tion (Fig. 13) with
prog ress in new in ves ti ga tions of cal car e ous dinoflagellate
cysts. The com par i son with Ju ras sic to Cre ta ceous bound ary
se quences of the Eu ro pean part of Rus sia in di cates some
biohorizons in the Gorodishche sec tion of the Volga-Pre-Ural
Ba sin (Vishnevskaya and Baraboshkin, 2001). The Ju ras sic to
Cre ta ceous bound ary se quences of cen tral Eu rope (e.g., the

Strapkova sec tion; Michalík et al., 2016) are also char ac ter ized
by a change from lime stone con tain ing radio lar ians be long ing
to the Parvicingulidae into lime stone with pithonellids and radio -
lar ians of the Williriedellidae (Vishnevskaya, 2016).

CONCLUSIONS

Due to radiolarian pro vin cial ism the cor re la tion of radio -
larian biozones be tween bo real (north ern Eur asia and Amer ica) 
and Tethyan re gions (south ern Eu rope: Baumgartner et al.,
1995; Hardenbol et al., 1998) is ham pered in the Late Ju ras -
sic-Early Cre ta ceous in ter val. Nev er the less, it is pos si ble to use 
the Pa cific zonation (where the bo real Parvicingula oc curs to -
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Fig. 10. Cal car e ous dinoflagellate cysts of the Williriedellum
salymicum biohorizon of the Bazhenovo For ma tion to gether
with Williriedellidae; sam ple 11-29, West ern Si be ria, Berria -
sian -Valanginian; scale bar 100 µm

Fig. 11. Cal car e ous dinoflagellate cysts in Williriedellum
salymicum biohorizon of the Bazhenovo For ma tion; sam ple

11-23, West ern Si be ria, Berriasian; scale bar 100 µm

Fig. 12. Cal car e ous dinoflagellate cysts Pithonella cf. ovalis
(Kaufmann) (left side) and Stomiosphaerina proxima Rehánek
(right side) in Williriedellum salymicum biohorizon of the
Bazhe novo For ma tion; sam ple 11-22, West ern Si be ria, Berria -
sian; scale bar 100 µm



gether with the Tethyan gen era Mirifusus and Ristola) as the
link to cor re late Tethyan and bo real scales.

The high-con i cal rep re sen ta tives of the fam i lies Parvicin -
gulidae and Echinocapsidae have key strati graphic sig nif i cance 
at the Ju ras sic-Cre ta ceous bound ary. The ap pear ance of a
group of high-con i cal parvicingulids at the Tri as sic-Ju ras sic
bound ary in high lat i tudes of the North ern Hemi sphere was
most likely due to global cool ing. In the course of the Ju ras sic to
the be gin ning of the Early Cre ta ceous, this group evolved,
spread ing across the high lat i tudes of the en tire Pa cific palaeo -
geographic prov ince, and even pen e trat ing into the Arc tic and
Ant arc tic re gions.

We prove the ubiq ui tous pres ence of the Ju ras sic-Early
Cre ta ceous radiolarian ge nus Parvicingula in the Bazhenovo,
Pechora and the Rus sian seas, which sup ports the ex is tence of 
the north ern path way, bring ing a large num ber of mem bers of
this ge nus from the Pa cific palaeoclimatic prov ince into the Arc -
tic and the North At lan tic and South Bo real up to Gorodishche
sec tion of the Volga-Pre-Ural Ba sin.

The abun dant pres ence of Parvicingula within the oil shale
se quences of the Rus sian Arc tic mar gin and the ap pli ca tion of
tomographic meth ods pro vides a ba sis for es tab lish ing a pre -
lim i nary bo real zonation: Parvicingula elegans (Lower Kimme -
ridgian), P. blowi (Lower Tithonian), P. jonesi (Mid dle Titho -
nian), P. haeckeli (Up per Tithonian), P. khabakovi (Berriasian)
and Williriedellum salymicum biohorizon (Up per Berriasian -
-Valanginian) zones.

The radiolarian events at the Ju ras sic-Cre ta ceous bound -
ary in the Rus sian bo real re gion can be used as an ad di tional
biomarker to help de velop new in te grated bound ary cri te ria. In
ad di tion, sec tions through the Bazhenovo For ma tion are of ten
char ac ter ized by a range of cal car e ous dinocysts pre vi ously re -
peat edly re corded as “calcisphaerulides”. Ac cord ing to the
Tethyan cal car e ous dinocyst zonal scheme (Reháková, 2000),
in which the first oc cur rence of the zonal spe cies Stomio -
sphaerina proxima co in cides with the first ap pear ance of
Calpio nella alpina, it is log i cal to pro pose cal car e ous dinocysts
as a sec ond ary marker. 
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