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INTRODUCTION

Climatic zoning and some paleoceanographic pecu-
liarities, which existed during the Late Jurassic and
Early Cretaceous in the Northern Hemisphere, were
responsible for a significant difference in taxonomic
composition of marine and terrestrial biota on the north
and south, i.e., in the northern Panboreal and southern
Tethys–Panthalassa superrealms. Especially sharp dis-
tinctions between biotas of these superrealms were
characteristic of the terminal Jurassic and initial Creta-
ceous. This is the main reason that complicates a
detailed biostratigraphic correlation between the Juras-
sic–Cretaceous boundary beds of the Boreal and
Tethyan types. Many versions of zone-by-zone correla-
tion between the Tithonian and Berriasian stages in the
south and the Volgian and Ryazanian stages in the
north, respectively, have been suggested by researchers
during last 50 years, but none of them is unanimously
substantiated. Hitherto, it was impossible to use inde-
pendent paleomagnetic method in addition to micro-
and macropaleontological approach for correlation of
the Jurassic–Cretaceous boundary beds in two super-
realms, because there were no valid paleomagnetic data

for the Volgian and Ryazanian stages. In order to over-
come this difficulty, we undertook in 2003–2006 a joint
bio-and-magnetostratigraphic study of the Jurassic–
Cretaceous boundary beds in the Nordvik peninsula,
North Siberia (Fig. 1). This stratigraphically continu-
ous section of Upper Volgian and Ryazanian sediments
is exposed along west coast of the Anabar Bay (Laptev
Sea). Zones of ammonites and buchiids established
here earlier (Zakharov et al., 1983) has been substanti-
ated once again during fieldworks of 2003 with the only
one significant change in biostratigraphy: the recent
correlation between the middle–upper Volgian bound-
ary beds of the Russian Platform and North Siberia
showed that 

 

Exoticus

 

 Zone should belong to the middle
not the upper Volgian Substage (Zakharov and Rogov,
2006). The studied section (Fig.2) consists of marine
silty-clayey deposits with abundant concretions and
few carbonate interlayers cemented during the early
diagenesis. The key interval 27 m thick has been deter-
mined for paleomagnetic sampling based on biostrati-
graphic data characterizing the topmost middle Volgian
(

 

Epivirgatites variabilis

 

 Zone) and lowermost Ryaza-
nian (

 

Hectoroceras kochi

 

 Zone). As a result, we man-
aged to suggest for the first time a well-substantiated
version of magnetostratigraphic correlation between
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—As a result of detail sampling and paleomagnetic study of the 27-m-thick section of Jurassic–Cre-
taceous boundary beds in the Nordvik Peninsula (Anabar Bay, Laptev Sea), a succession of M-zones correlative
with chrons M20n–M17r is established for the first time in the Boreal deposits. Inside the normal polarity zone
corresponding to Chron M20n, a thin interval of reversed polarity, presumably an equivalent of the Kysuca Sub-
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polarity zone (M19n) is correlated with the Brodno Subzone (M19n.1r). The same succession of normal and
reversed polarity zones has been discovered recently in the Jurassic–Cretaceous boundary beds of the Tethyan
sections: in the Bosso Valley (Italy), at the Brodno (Slovak Republic) and Puerto Esca o (Spain) sites. Corre-
lation of successions established lead us to conclusion, that the Jurassic–Cretaceous boundary corresponds in
the Panboreal Superrealm to a level within the 

 

Craspedites taimyrensis

 

 Zone of the upper Volgian Substage.
Hence, the greatest part of Volgian Stage should be included into the Jurassic System. Biostratigraphic data do
not contradict this conclusion.
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the Jurassic–Cretaceous boundary beds of South
Europe and that distant region of North Siberia. The
new results obtained are consistent with biostrati-
graphic evidences.

PALEOMAGNETIC STUDY

This study is continuation of a joint geophysical and
paleontological project aimed at detailed magneto-
stratigraphic and paleontological investigation of the
Jurassic–Cretaceous boundary strata. The project
objective is to establish correlation between biozones in
this stratigraphic interval in the Tethys–Panthalassa and
Panboreal Superrealms using global paleomagnetic
events (

 

Housaˇ

 

 et al., 1999, 2000).
Oriented samples have been collected from 370

stratigraphic levels of three individual sections (Fig. 2).
Sections H and D are respectively above and below
the supposed Jurassic–Cretaceous boundary in the
boreal scale. This boundary is marked by a 4- to 6-cm-
thick horizon of phosphate limestone enriched in irid-
ium and other noble metals (Zakharov et al., 1993).
Because of a fault zone, continuation of section D
(designated as section M) was sampled a few hun-

dreds meters apart from section D. Simultaneously we
sampled rocks from approximately 2-m-thick overlap-
ping interval between sections D and M to ensure cor-
rectness of their correlation (Fig. 2). Letters in sample
numbers indicate relevant sections and numeral parts
correspond to the sampling level distance in cm from
the supposed Jurassic–Cretaceous boundary. In the
middle part of the section, sampling intervals range
from 2 to 4 cm (D section), being up to 10 cm wide
near the base and top of the sampled sequence (sec-
tions H and M).

The Natural Remanent Magnetization (NRM) has
been studied to determine the magnetic polarity and to
solve problems of magnetostratigraphy. Progressive
stepwise demagnetization in alternating field (AF) up
to maximum of 100 mT was performed using 2 G
Enterprises degausser system. After each demagnetiza-
tion step, the NRM was measured on 2 G Enterprises
cryogenic magnetometer at the Geological Research
Center, Potsdam, Germany. The measured data were
subjected to the multi-component analysis of rema-
nence (Kirschvink, 1980). After AF treatment all the
samples were successfully demagnetized usually to less
than 1% of the original NRM value. The mean direc-

 

Fig. 1.

 

 Location map of the section studied, the Urdyuk-Khaya Cape, Nordvik Peninsula, western coast of Anabar Bay of Laptev
Sea.
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tions of Characteristic Remanent Magnetization
(ChRM) were analyzed using the statistics on sphere
(Fisher, 1953). Approximately 85% of all the samples
from the studied section belong to the group of rocks,
which recorded two magnetic components of high coer-
civity ChRM (high field resistant).

Chadima et al. (2006) already published interpreta-
tion of magnetomineralogic analyses of rocks selected
for paleomagnetic investigation. In this work, we
analysed magnetic susceptibility (k) and natural rema-
nent magnetization (NRM) as dependent on tempera-
ture and obtained hysteretic parameters of rocks. An
integrated magnetic fabric approach (AMS, high-field
anisotropy, anisotropy of anhysteretic remanent mag-
netization) has been combined with standard magnetic
and non-magnetic mineral identification techniques.

The understanding of mineralogical control on mag-
netic fabric has been used to discriminate samples
unsuitable for a reliable magnetostratigraphic inter-
pretation.

The magnetic susceptibility (k) ranges from 

 

1 

 

×

 

 10

 

–5

 

to 

 

30 

 

×

 

 10

 

–5

 

 SI and is predominantly controlled by
paramagnetic minerals, i.e., by ironbearing chlorites,
micas, and siderite. The siderite-bearing samples pos-
sess the highest magnetic susceptibility up to 

 

70 

 

×

 

 10

 

–5

 

that likely points to presence of dispersed microscopic
magnetite grains commonly associated with siderite.

The NRM intensity varies between 

 

5 

 

×

 

 10

 

–5

 

 and

 

2 

 

×

 

 10

 

–3

 

 A/m. Several samples with extremely high
NRM values (> 5 

 

×

 

 10

 

–3

 

 A/m) apparently contain authi-
genic magnetite that is evident from a sharp susceptibil-
ity decrease at approximately 550

 

°

 

C.

 

Fig. 2.

 

 Lithostratigraphy of the studied sections and sampling intervals for paleomagnetic analysis (magneto- and biostratigraphic
units are shown to the right and left, respectively, of lithologic columns: (1) clay-silty rocks; (2) beds with siderite cement;
(3) siderite nodules; (4) pyrite segregations or interlayers; (5) intervals of normal and (6) reverse polarity; (M. V.) middle Volgian
Substage; (

 

Exot.

 

) 

 

Exoticus

 

 Zone

 

J/K

1

2

3

4

5

6

R
y

a
z

a
n

i
a

n

 

K
oc

hi
Si

bi
ri

cu
s

 

Se
ct

io
n 

H

M
17

r
M

17
n

0

–100

–200

–300

–400

–500

–600

–700

Se
ct

io
n 

D

U
p

p
e

r
 

V
o

l
g

i
a

n

 

C
he

ta
e

Ta
im

yr
en

si
s

O
ke

ns
is

E
xo

t.

 

M
.V

.

1000

900

800

700

600

500

400

300

200

100

0

M
20

n
K

ys
uc

a
M

19
r

B
ro

dn
o

M
19

n
M

18
n

M
i

d
d

l
e

 
V

o
l

g
i

a
n

 

E
xo

tic
us

V
ar

ia
bi

lis

 

1100

1200

1300

Se
ct

io
n 

D
Se

ct
io

n 
M

1400

1500

1600

1700

1800

1900

2000

M
20

n



 

300

 

STRATIGRAPHY AND GEOLOGICAL CORRELATION

 

      

 

Vol. 15

 

      

 

No. 3

 

      

 

2007

 

HOU A et al.Š

 

Susceptibility resolution into paramagnetic and fer-
romagnetic components showed that k variations are
almost entirely controlled by paramagnetic compo-
nents.

According to magnetomineralogic analyses, three
different groups of samples can be distinguished
(Chadima et al., 2006). The first group includes sam-
ples with the highest magnetic susceptibility and rela-
tively low NRM values. In the studied sections, these
high-k samples usually characterize concretions and
cemented layers, in which siderite can be macroscopi-
cally observed sometimes. After AF demagnetization
of samples bearing siderite in majority, two NRM com-
ponents can be isolated (Fig. 3): the components unsta-
ble in demagnetizing field of approximately 5–15 mT
and the other ones stable in the field of 15–80 mT. The
latter can be interpreted as the Characteristic Remanent
Magnetization (ChRM). The mean ChRM directions in
geographic and stratigraphic coordinates (before and
after tilt correction) are given in Table 1. Only the nor-
mal magnetic polarity is established for all the siderite-
bearing samples (Fig. 3). Although the siderite-bearing
samples could be magnetized during diagenesis of sed-
iments, absence of the reversed polarity is suggestive of
remagnetization.

Triaxial-fabric samples of the second group reveal
the highest NRM and relatively low k values. After AF
demagnetization, only one NRM component unstable
in demagnetizing field of 5-80 mT can be isolated
(Fig. 4). Paleomagnetic directions of normal and
reversed polarities are highly scattered in this case
(Table 2), and the ChRM isolated from the high-NRM
samples cannot be used for magnetostratigraphic inter-
pretation.

According to results magnetic fabric and paleomag-
netic component analyses, we exclude the siderite-
bearing and high-NRM samples (about 15% of all the
samples) from further magnetostratigraphic consider-
ations (Chadima et al. 2006).

The third group is represented by the black shale
samples representing approximately 85% of the ana-
lyzed collection. Magnetic anisotropy of these rocks is
controlled predominantly by the preferred orientation
of iron-bearing chlorites or micas, and, to a minor
extent, by ferromagnetic fraction (Chadima et al.,
2006). Typical examples of AF demagnetization dia-
grams obtained for black shales sampled from different
polarity zones and having different NRM values are
shown in Figs. 5, 6 and 7. The samples display a well-

 

Fig. 3.

 

 Results of AF demagnetization of siderite-bearing samples: (a) Stereographic projection of NRM vector variations during
AF demagnetization, solid and open circles denote projections of NRM vectors on the lower and upper hemispheres respectively;
(b) Zijderveld diagram, solid circles denote projection on horizontal plane (XY), open circles on the N–S vertical plane (XZ);
(c) stereographic projection of NRM vectors after demagnetization; (d) NRM module (M) as dependent on AF intensity; (1) mean
vector direction and confidence circle (95% probability level).
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Table 1.

 

  Siderite: mean directions of remanence C-components after and before structural tilt correction (

 

α

 

95

 

 is confidence
circle radius at the 95% probability level; 

 

k

 

 paleomagnetic concentration; 

 

n

 

 number of samples)

Rock

Compo-
nent of 
rema-
nence

Polarity

After structural tilt correction Before structural tilt correction
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]
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]
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Siderite C N 46.5 86.5 6.3 21.6 92.1 65.0 8.7 11.2 23

 

defined two- to three-component remanence: the
A-component of undoubtedly viscous origin can be iso-
lated in the AF range of 0–5 mT; the B-component in
the range of 5–15 mT; and the high field C-component
in the range of 15–80 mT. The ChRM directions mea-
sured with a high precision even for weakly magnetic
samples demagnetized to 

 

5 

 

×

 

 10

 

–6

 

 A/m, have been used
to detect the normal and reversed polarity zones in the
section. The C-component directions corresponding to
normal and reverse paleomagnetic polarity in the upper
Volgian and Ryazanian black shales are shown in
Fig. 8. The mean directions of the remanence C-com-
ponents estimated in geographic and stratigraphic coor-
dinates (before and after structural tilt correction) are
presented in Table 3.

The resulting magnetostratigraphic profile is
shown in Fig. 9, being supplemented by variation
curves of the NRM modulus (M), magnetic suscepti-
bility of samples in natural state (k), declination (D)

and inclination (I) of the ChRM, and discriminant
function of polarity zones (Man, 2006). Both ChRM
directions and calculated pole coordinates (Table 4)
are in agreement with relevant parameters characteriz-
ing the upper Jurassic and lower Cretaceous sediments
in Khatanga River basin (Pospelova, 1971): confi-
dence circle estimated for pole position overlap each
other (Table 5).

Six magnetic polarity zones, three of normal (N)
and three of reverse (R) polarity, are established in the
main interval of the Nordvik section (Fig. 9). In the
magnetochronological scale (Ogg and Smith, 2004),
magnetostratigraphy of the Jurassic–Cretaceous transi-
tion is very complicated, and it is difficult to identify
the distinguished polarity zones with standard chrons.
Two narrow subzones of reverse polarity, which have
been detected in the lower and middle N-zones of the
Nordvik section, are important evidences in favor of the
section range from Chron M20n to Chron M17r. The

 

Table 2.

 

  High NRM rocks (>5 mA/m): mean directions of B-components of remanence after and before structural tilt cor-
rection (symbols as in Table 1)

Rock
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High NRM B N 152.0 78.2 24.1 1.8 111.9 47.1 22.5 2.0 19

High NRM B R 320.4 –61.8 25.0 2.9 300.4 –20.8 26.4 2.5 11

 

Table 3.

 

  Black shales: mean directions of C-components of remanence after and before structural tilt correction (symbols as
in Table 1)

Samples

Compo-
nent

of rema-
nence

Polarity

After structural tilt correction Before structural tilt correction
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Black
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C N 44.9 80.8 2.1 31.7 77.4 59.4 3.1 12.6 174

C R 281.1 –75.6 10.1 6.7 277.2 –47.0 12.6 4.7 35
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Fig. 4. Results of AF demagnetization of two black shale samples with high NRM values (see Fig. 3 caption for explanation to pro-
jections A–D).
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analogous narrow R-subzones “Kysuca” and “Brodno”
have been distinguished previously within chrons
M20n and M19n in the Brodno (West Carpathians, Slo-
vakia; Housaˇ et al., 1999), Puerto Escaño (Province of
Córdoba, South Spain; Housaˇ et al., 2000), Bosso sec-
tion (Bosso Valley, Umbria, Central Italy; Housaˇ et al.,
2004), being well correlated with succession of marine
magnetic anomalies (Ogg and Smith, 2004). Exactly
these subzones of reverse polarity substantiate our con-
clusion that two zones of normal polarity established in

the Nordvik section are correlative with chrons M20
and M19.

Presumable analog of the Kysuca Subzone in Chron
M20n is only 17 cm thick (Figs. 2 and 9). In the Brodno
section (Housaˇ et al., 1999), it is situated above the
middle of normal polarity zone M20n. Another interval
of reverse polarity correlative with the Brodno Subzone
of Chron M19n is 77cm thick.

New magnetostratigraphic data on the Boreal (Arc-
tic) section are compared with magnetostratigraphy of

Fig. 5. Results of AF demagnetization of two samples from normal polarity zones, the analogs of Chrons M18n and M19n (see Fig. 3
caption for explanation to projections a–c).
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the Jurassic–Cretaceous boundary beds in the Tethyan
regions (Fig. 10)

STATE-OF-ART 
OF BIOSTRATIGRAPHICAL CORRELATION

New version of correlation of the Upper Volgian,
Upper Tithonian and lowermost Berriasian, supposed
on the base of magnetostratigraphic data corresponds
very close to traditional zone-by-zone correlation
scheme of the Jurassic–Cretaceous boundary (Mesezh-
nikov, 1989). Inasmuch as Craspedites taimyrensis

Zone, within the limits of which the Jurassic–Creta-
ceous boundary is located according to magnetostrati-
graphic data, entirely corresponds to C. nodiger Zone,
hence the former zone of Siberia could be also consid-
ered within the Volgian Stage (Shulgina, 1985).
Mesezhnikov (1989, p. 105) reasonably suggested just
the same version, though reserving possibility of corre-
lation of the overlying zone (correlative with Subcras-
pedites (Volgidiscus) maurynjensis Zone in the Urals),
if it will be distinguished in the Russian Platform, with
the basal Jacobi Zone of the Berriasian). Representa-
tives of subgenus Volgidiscus recently have been found

Fig. 6. Results of AF demagnetization of two samples from reverse polarity zones, the analogs of Chrons M18r and M19r (see Fig. 3
caption for explanation to projections a–c).
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at the top of the upper Volgian in the Russian Platform
(Kiselev, 2003). Thus Volgidiscus Beds fill the gap
existed here. Nevertheless, zone-by-zone biostrati-
graphic correlation of the upper Tithonian and upper
Volgian remains provisional due to absence of taxa in
common among relevant fossil assemblages. A way out
of this situation, Mesezhnikov saw in focusing atten-
tion on correlation of the Berriasian base corresponding
simultaneously to the Tithonian top (loc. cit., p. 104).
However correlation of the Berriasian and Boreal Ber-
riasian (=Ryazanian) still remains ambiguous. New
records of the Tethyan and Boreal ammonites in the

lowermost Ryazanian of the Moscow region confirm at
least the correlation between the lowermost Riasanites
Beds (the Riasanites swistowianus assemblage) and the
Occitanica Zone upper part (Mitta, 2006). In opinion
of Mitta (2006), below this level there are two addi-
tional ammonite assemblages of exceptionally Boreal
ammonoids occurring in the same succession as in Arc-
tic areas (Shulginites–Hectoroceras). Hence, biostrati-
graphic data do not define position of the Berriasian
base in the Boreal succession. However biostratigraphy
certainly proves that the base of the Boreal Kochi Zone
should be older than upper part of the Tethyan Occitan-

Fig. 7. Results of AF demagnetization of two samples from reversed polarity intervals, the analogs of the Brodno (M19n.1r) and
Kysuca (M20n.1r) subzones (see Fig. 3 caption for explanation to projections a–c).
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Fig. 8. Stereographic projection of ChRM vectors after AF demagnetization black shale samples with normal (left) and reverse
(right) polarity (see Fig. 3 caption for explanation to symbols).

Fig. 9. Magnetostratigraphic section of Jurassic–Cretaceous boundary deposits in the Nordvik section (summary of magnetic, pale-
omagnetic, lithostratigraphic and ammonite data): (M) remanent magnetization in the natural state; (K) magnetic susceptibility in
the natural state; (D) declination; (I) inclination; (1) intervals of normal and (2) reverse polarity.
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Fig. 10. The Boreal–Tethyan paleomagnetic correlation between Jurassic–Cretaceous boundary strata in the Panboreal (Nordvik
section) and Tethys–Panthalassa (Brodno section) superrealms (localities of sections are shown in paleogeographic reconstruction
after Scotese and Golonka, 1992): (Acme) acme-level; (FAD) first appearance datum; (LAD) last appearance datum.
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ica Zone. This conclusion corresponds well with pale-
omagnetic results.

CONCLUSION

The Jurassic–Cretaceous boundary in the Tethys
(= the Berriasian Stage base), located near the Calpi-
onella Zone base roughly corresponds to middle part of
Chron M19n and middle part of Craspedites taimyren-
sis Zone in Panboreal Superrealm. In Boreal areas, the
Jurassic–Cretaceous boundary (the Ryazanian base)
has been determined earlier at the base of Chetaites
sibiricus Zone in the Nordvik section, this boundary is
defined at the base of phosphate limestone 5 cm thick,
enriched in iridium and other precious metals,
(Zakharov et al., 1993) is now within Chron M18n. The
detailed bio- and magnetostratigraphic data obtained
for the Nordvik section (Anabar Bay, Laptev Sea coast)
realized magnetochronologic calibration of the Juras-
sic–Cretaceous boundary beds in the Tethyan and
Boreal areas.
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