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Cogepharue. B cratee npuseiCHH HOBhIE IaHuble MO CTPaTHrpaditn BOTHC
=mvea [pHBepxosHckore nporkGa. Hawvedemn TPE Tana paspesa, COOTBETCTBYIOHHE 1
CduaIbpHbM 063acTAM, B KOTOPHX MO FOJOBOHOTHM MOJIIOCKAM M fBYCTBOPYATHIM B!
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SuciIHell 30He BPOrHG6a B COBOKYMHOCTH C DPAacCMOTDPeNHBIMA 3jeCh RO3BOJHAH cfe
([EKOTOPble MATeOreorpadMIecKHe H TEKTOMHTECKHC BHBOLb 1MA KOHLA IOPCKOrO uept
4a cepepe lipuBepxosiHckore nporufa.
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The studies of past climatic changes form the basis for predicting our future anthropogenic world and are
among the most prominent topics in current Earth sciences. Although the Cretaceous is generally
considered as a greenhouse period in Earth's history, a number of significant cooling events based on an
array of climatic proxies have been identified. Here we present the first data on Berriasian (Ryazanian)
glendonite findings from the paleontologically well dated Lower Cretaceous succession of northeastern
Siberia. Based on well calibrated Buchia and ammonite biostratigraphy, the stratigraphic interval across
which the glendonites occur is restricted to the late Berriasian. Stable carbon isotope (37C) values of the

Abstract—The Jurassic—Cretaceous (Volgian—Lower Valanginian) boundary deposits in the lower reaches of
the Lena River (near the village of Chekurovka and on the Cape Chucha, North Yakutia) are described bed-
by-bed. The taxonomic composition of ammonites and bivalves (mainly Buchia) is determined. The species

I assemblages are biostratigraphically analyzed and biostratigraphic units of the bed and zone ranks are recog- T studied glendonites clearly suggest the precipitation of ikaite from marine water without any significant

. nized based on by Buchia and ammonites. Analogues of the Buchia Zones (buchiazones) Unschensis, Okensis, rriasian contamination from biogenic methane. Our results, when integrated with other available paleoclimatic

B nacrosmee BpeMsi B pC3yAbTATE TIeOJOrH4YeCKOW CbheMKH ToayHd Tolmatschewi, Inflata and ammonite zones Exoficus, Okensis, Sibiricus, Analogus, Mesezhnikowi and ? Kli- azanian proxies from elsewhere in the high latitudes, suggest a revision of the initiation of Early Cretaceous

ERTIT: movskiensis are established in this region for the first time. A correlation of the distinguished buchiazones with oling coaling in the high latitudes from the Valanginian to the late Berriasian. All known occurrences of Lower
:{toTo HOBOI'O .\La'repua.na no CTp 3THF})3¢HH BOJIKCKOTO ﬂpyca‘ COﬁpaH] & 2 sthane Cretaceous glendonites in both the northern and southern hemispheres are reviewed.

. . B the buchiazones of the Nordvik Peninsula, New Siberian Islands (Stolbovoy Island), the basin of the Anyuy n r
~8HEBIE CYHICCTBEHHO AONOAHSIOT PAHCE HIBECTHBIS [2' 3] H NO-HOB River, and Northern California is proposed. The ammonite assemblages constantly contain phylloceratids; ible isotopes © 2016 Elsevier Ltd. All rights reserved.
PACKpPRIBAIOT HEwOTOpbie 0COOEHHOCTH TEQIOTHUYECKOro PAa3BHTHA CEB some stratigraphic intervals also contain lytoceratids; this is probably connected with a Paleo-Pacific influ-
Mruse Hekoro nporiba ¥ Bepxosips B KOHIC IODCKOrO IepHOAA. ence. Unlike the ammonite assemblages of the same age of the Khatanga depression, the subzones cannot be
! ”E;' pxost p ]3' - I P g A distinguished in the Sibiricus and Kochi Zones of the Lower Lena due to differences in the stratigraphic ranges
QKCKHE OT.JOXKEHHS1 BO -BH}'T]JGHHEH 30HC ceBepa nporuda pacrpe of some ammonite species. Hectoroceras in the Kochi zone is very rare and Praetollia predominates here.
paHeHEb! MOBCEMECTHO OT Oaccefna P lOH;uO‘.I IOHT HA I0re 10 YCThbsi p. JIe Introduction Bornemann et al., 2008), and organic lipid biomarkers such as the

Ha cesepe (puc. 1). OTpHBOURLIe ¢cBelelHA MO OTIAEIBHBIM, AANEKO OTCT
LUK ApYTV OT Apyra paspesaM HC 1aBajH PaHLLIC HOJHOrO €IHHOrQ IIf
CTaBJSEeHH O coCTaBe, CTPOCHHY, ..']HTOJIO!'O-d)aHI{a.’lbIIHK H3MEHEeHHuAX BO.
ckuX oTaoKenH#. Toabko 6aaroxaps TeoJOrHYECKOH CbeMKE HOCHeN
A€T B 113BeCTHON Mepe yIanoch BOCIOJHHTb 3TOT npobed.

[Touciony BOMKCKHE OTJIOKEHHS 3a.]1€raloT Ha IIyGoKO 3pOaHpoBaH
I0BRPXHOCTH paa:mlmux TOPH30HTOB 631‘3, KeJJIOBE€sd H HHXKHEro OKCQ)O}
CTPOQHHG it MOWHOCTH BOJIXKCKOTQ ApyCa OT MECTa K MeCTy Cylecrse
MeHs I0TCS,, OJHAKO BCE JXKe MOXHO HAMETHTb TPH OCHOBHBIX THIIA paspe:
OlIpeJeTAIOILHX TPH danHaabubie odaacta (puc. 1, 2), Kotopeie u Oy
PaccMOTpPeRLl 31ech NOCJIEI0BATEIbHO !,

Huxunit m cpeasnit noabspycel

B ioxuoil pamuanbuoh obmactu (or pex Baksx u Kyuy
1ore mpuMepHo 10 pek CoiHya H JIbIOCHHL® Ha ceBepe) HHKHe-cpel
BOJIKCKHE OT/GMKEHHS, COOTBETCTBYIOMHE CHLITOTHHCKOR cBHTe [3, 13,

1 Onpeneaenne amMoruron nporapoauan H. I Muxaiinos, H. C. Bopouer, M. C
cexnuxon, M. H. T)qxon 6eaemnutos — B. H. Cakc; asyctBopuatmx — H, U,
H. C. Bop0Heu. J1. C, Beaukxkanuna, P. A. Brjikees.

Bidzhiev, 1973

Keywords: Jurassic—Cretaceous boundary, Volgian Stage, Boreal Berriasian, ammonites, Buchia, biostratig-

raphy, buchiazones.
DOI: 10.1134/50869593811060050

INTRODUCTION

Though the outcrops of Volgian—Valanginian
marine deposits have been known in the lower reaches
of the Lena River (Yakutia) for more than fifty years,
there are almost no detailed descriptions in the litera-
ture. Moreover, figures and descriptions of the key
ammonite and bivalve taxa, which may specify the
structure of the section, are also absent, with a few
exceptions. The data on generic and species assem-
blages are usually summarily given for formations and
members with thickness from several tens to several
hundreds of meters. Meanwhile the Jurassic—Creta-
ceous boundary deposits in the lower reaches of the
Lena River contain numerous well-preserved remains
of ammonites and Buchia, which are suitable for dis-
tinguishing most of the zones established westward, in
the northern Middle Siberia (Rogov et al., 2010). The
sections on the Lena River are the most easterly of the
sections containing rich ammonite assemblages in
Northeast Asia. Further to the east, finds of ammo-
nites become very rare and not only ammonite zones
but even stages can often not be distinguished. The
only fossils suitable for zonal stratigraphy in North-

641

eastern Russia are Buchia (Paraketsov and Parakets-
ova, 1989).

MATERIAL AND HISTORY OF STUDIES

The present paper is based on material and data
obtained in the study of sections in the lower reaches
of the Lena River during the fieldwork in 2009.
M.A. Rogov and V.B. Ershova studied three sections of
the Jurassic—Cretaceous boundary beds on the north
and south limbs of the Chekurovka anticline and on
the Cape Chucha (Fig. 1). The thickness of the inter-
val considered in the section to the south of Cape
Chekurovka is up to 400 m. These are overlain by con-
tinental Valanginian—Aptian deposits. All sections
described here have been repeatedly mentioned in the
geological literature but only the section on the Cape
Chucha (Koshelkina, 1958, 1963; Bidzhiev et al.,
1971) and of the Jurassic—Cretaceous boundary inter-
val in the section located to the south of Cape Chek-
urovka has been described in detail. However most of
the fossils mentioned from these sections have not
been described and figured except for a few Lower

Rogov et al., 2011

Accurate reconstructions of past climates can form the basis for
edicting our future anthropogenic climate and have therefore
sen to the forefront in current Earth science research. Recent
udies on the climate of the Cretaceous (see Follmi, 2012 and
ferences therein), which has traditionally been considered as a
arm and equable greenhouse world with very limited if any high
titude ice, have revealed that this greenhouse climate was inter-
ipted a number of times by cooling events of differing magnitudes
rice, 1999 and references therein). These climatic events can be
constructed using several climatic proxies, including sedimen-
logical records such as ice rafted debris, tillites and glendonites
rice, 1999), changes in faunal and floral assemblages in both the
arine and terrestrial realms (e.g. Vakhrameyev, 1982; Kemper,
)187; Zakharov and Rogov, 2003), inerganic and organic
rochemical records such as the interpretation of stable oxygen
otope (EIED) data from fossil carbonate and organic matter (e.g.

* Corresponding author.,
E-mail address: russianjurassic@gmail.com {M.A. Rogov)

tp: //dx.doi.org[10.1016j.cretres 2016.11.011
95-6671/© 2016 Elsevier Ltd. All rights reserved.

TEXgs proxy (e.g. Littler et al, 2011; Jenkyns et al, 2012). Abrupt
sea-level falls are also considered as connected with cooling epi-
sodes (Price, 1999; Haq, 2014). The presence of glendonites within
depositional sequences is one of the most significant lines of evi-
dence for at least seasonal near-freezing bottom water paleo-
temperatures, whilst other proxies are less conclusive (Price, 1999).

Glendonites, considered as calcite pseudomorphs of the meta-
stable mineral ikaite (CaCO3;x6H,0), are among the most well-
known indicators of near-freezing conditions and have been
commonly used for paleoclimate reconstructions for several de-
cades (Kemper and Schmitz, 1975, 1981; Kaplan, 1978, 1980;
Markwick and Rowley, 1998; de Lurio and Frakes, 1999; Price,
1999; Lippert, 2004; Selleck et al., 2007; Price and Nunn, 2010;
Rogov and Zakharov, 2010; Herrle et al, 2015; Vickers et al.,
20186). These calcite pseudomorphs have been recorded from de-
posits varying in age from Neoproterozoic to Holocene, and
geological settings varying from relatively deep-marine to tidal and
lacustrine environments, as well as permafrost influenced rocks
(Dempster and Jess, 2015). The study of modern ikaite crystals has

Rogov et al., 2017
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PacnpocTtpancune paynst
MOKA3aHO HA CIIE/TYIONIEM PHCYHKE.

B psa3anckom  dpyce  paspesa
YekypoBKa BbIICICHBI ciion ¢ Buchia
unschensis, cmou c¢ B. okensis - B.
volgensis, ciiou ¢ B. volgensis, ciou ¢ B.
volgensis - B. tolmatschowi.

BamamxkuHckas  4yacte  paspesa
npencrasieHa ciosmu ¢ B. keyserlingi .

Crowm ¢ B. unshensis B aTom pa3pese
MTOMUMO BUJIa-UHEKCA comepkar
Taimyrodon borissiaki. B cmosx ¢ B.
volgensis wHaligenbl enuHuuHbIe B. Cf.
yazikovi; B crmosix ¢ B. volgensis - B.
tolmatschowi B BepxHeli 4acTH HalICHBI
B. inflata, a Taxoxe Oxytoma articostata,
Prorokia transitoria, Sarepta seeleyi,
Homomya sp. ind. B Bepxax pa3pesa, B
ciosix B. keyserlingi, oOHapyxeHBI
Camptonectes sp. ind., Lima sp. ind.,
Nuculoma sp. ind. wm Opaxuomombl
Terebratuloides sp. ind.

I'panunia  Mexay ps3aHCKUM U
BAJIAH)KMHCKUM SIpycaMy MPOBOJUTCS IO
YPO3UOHHOU IIOBEPXHOCTHU MEXKIY

naukamu 39 u 40 (Hymeparus mnayek Io
Poros u np., 2011).
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B ps3anckom sipyce paspesa
Yyua npociexeHsl ciou ¢ B,
volgensis - B. okensis, B. volgensis -
B. tolmatschowi, B BamaH>XWHCKOM -
ciou ¢ B. keyserlingi.

B crmosx ¢ B. volgensis - B.
okensis HalcH OeJIeMHHUT
HEYIOBJICTBOPUTEIBHON
coxpanHoctd. B cmosx ¢ B.
volgensis - B. tolmatschowi B
KOMILJIEKCE MakpodayHbl HalJCHBI
Neocrassina  (Anabarella) vai,
Grammotodon grasialis, a Taxxe
OpaxromoIbI (Taimyrothyris
bojarkensis, Uralella ex gr.
stroganovi) u racTPOIOJIbI
(Sulcoactaeon sp.). B cmosx ¢ B.
keyserlingi koMmIieKkc IOIOJHSIOT
aBycTBOopuaTeie Homomya sp. ind. u
Opaxuomoasl Taimyrothyris sp. ind.



AMMOHUTbI pa3pe3os YeKyposKa n Yyua

Figs. 1, 2: Boreophylloceras cf. praeinfundibulum (Voronetz, 1962):
1 — the Chekurovka section, the base of the member 39, Ryazanian stage, Mesezhnikowi
zone; 2 —the Chucha section, debris of members 7-8;

Fig. 3: Craspeditidae gen. et sp. ind. (Praetollia?), the Chycha section, bed 17, lower half,
Upper Volgian? Ryazanian?;

Fig. 4: Praetollia? sp. (cf. maynci Spath, 1952), the Chekurovka section, bed 10, 0 — 0,5 m up
from the base, Ryazanian stage, Kochi zone (lower part);

Fig. 5: Hectoroceras sp. juv. (cf. kochi Spath, 1947), the Chekurovka section, bed 14, 2 m up
from the base, Ryazanian stage, Kochi zone;

Fig. 6: Praetollia (P.) aff. contigua Spath, 1952, the Chekurovka section, bed 12, upper part,
Ryazanian stage, Kochi zone (lower part);

Fig. 7: Hectoroceras cf. kochi Spath, 1947, the Chekurovka section, debris of beds 1 — 10,
Ryazanian stage, Kochi zone (lower part);

Fig. 8: Borealites (Ronkinites) cf. rossicus Schulg., 1972, the Chekurovka section, bed 15,
Ryazanian stage, Kochi zone (upper part);

Fig. 9: Borealites (B.) cf. antiquus (Jeletz., 1973), the Chekurovka section, bed 14,
1-1,5 m up from the base, Ryazanian stage, Kochi zone (middle part);

Fig. 10: Borealites (Borealites) aff. radialis Klimova, 1972, the Chekurovka section, bed 10,
0-0,5 m up from the base, Ryazanian stage, Kochi zone (lower part);

Fig. 11: Surites ex gr. analogus Schulg., 1972, the Chekurovka section, middle part of the
bed 16, Ryazanian stage, Analogus zone;

Fig. 12: Bojarkia cf. mesezhnikowi Schulg., 1969, the Chucha section, debris of the member
12, Ryazanian stage, Mesezhnikowi zone.



Benemuur Cylindroteuthididae gen. et sp. ind. | | Ammonur Tollia tolli
Cnoit 17. Yyua - Mauka 41 YeKypoBKa

AMMOHUTLI U Buchia . L v pr. N Crinoids
Cnoi 14. YekypoBKa ‘ . Mauka 41. YykyposBKa
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