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Abstract—Apatite fission track dating of Triassic (Anisium—Norium) sandstones of the Severnaya borehole
on Graham Bell Island of Franz Josef Land was performed. The Late Cretaceous age (~90 Ma) of the tran-
sition from the stage of relative temperature and tectonic stability to the stage of “rapid” rock exhumation has
been established. The Late Cretaceous (Cenomanian—Cognacian) stage of rock exhumation is widely man-
ifested in the Arctic Basin and its frame and correlates with the stage of magmatism. It is suggested that these
events record one of the stages of rifting development in the northern part of the North Atlantic and Arctic
Basin, which is associated with reorganization of the direction of plate movement in the North Pacific Ocean.
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INTRODUCTION

The Arctic Ocean contains the Amerasian and
Eurasian deep-water basins separated by the
Lomonosov Ridge. According to most geologists and
geophysicists, the Eurasian basin was formed in the
Cenozoic as a result of the sliding of the North Amer-
ican, including the Lomonosov Ridge, and Eurasian
lithospheric plates [6, 15, 48, 88] (Fig. 1).

The boundary of the North American and Eur-
asian plates is the mid-ocean Gakkel Ridge, which in

the east can be traced to the Laptev Sea, which is a rift-
related continuation of the Eurasian Basin [12].

In the Paleocene—Early Oligocene, the Greenland
Plate existed independently between the North Amer-
ican and Eurasian plates, which moved in a westerly
direction during the Paleocene, which led to compres-
sion of the northeastern part of Greenland and Wester
coast of Svalbard [138, 144, 151].

At the Paleocene—Eocene boundary, there was a
sharp change in the direction of movement of the
Greenland Plate to the northwest, which was the rea-
son for folding (Yurikan orogeny) manifested on the
Queen Elizabeth Islands of the Canadian Arctic
Archipelago, on the northern and northeastern mar-
gins of Greenland and on Svalbard [138, 151, 159].

In the last decade, study of the stages of the Yurikan
orogeny has been largely based on thermogeochrono-
logical studies in northeast Greenland, the northern
Canadian Arctic Archipelago, and Svalbard (Fig. 1).
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Comprehensive studies of the northwestern part of
Svalbard established several stages of rock exhumation
in the Cenozoic. It was revealed that exhumation of the
complexes began in the Late Cretaceous ~88 Ma, long
before the separation of the northeastern part of Green-
land from the northwestern part of Svalbard [66, 67].

Similar results (~90 Ma) were previously obtained
for Bear Island, which is located south of Svalbard [167].
On the eastern and northeastern coast of Greenland, a
Late Cretaceous (~95—90 Ma) stage of rock exhuma-
tion was recorded, similar to the results for the south-
west coast of Ellesmere Island (~90 Ma) [101, 109, 110].

Thermogeochronological studies of rock samples
taken from the slope of the Lomonosov Ridge oppo-
site the western part of Franz Josef Land, a cooling
phase was established that began in the Late Creta-
ceous (~95 Ma) and is associated exhumation of sedi-
ments [119]; similar research was conducted on the
western coast of the New Siberian Islands, in struc-
tures of the northern Verkhoyansk fold—thrust belt,
the Pri-Verkhoyansk marginal trough; the data
obtained recorded a stage of similarly aged rock cool-
ing (~90 Ma) [4, 148].

Such similarity of the obtained data about age of
cooling rocks allow us to identify the stage (95—90 Ma)
of development of rifting from the North Atlantic to
the Arctic Basin.

The aim of this article is to clarify this assumption,
for which we have carried out thermogeochronological
studies, using the apatite fission track dating (AFT), of
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Fig. 1. Established Late Cretaceous (Cenomanian—Coniacian) manifestations of rock exhumation with age of 95—88 Ma in western
sector of Arctic (data from [4, 66, 67, 101, 109, 110, 118, 147, 167], modified). Digital relief base IBCAO v.4 (according to [111]).
Notation: AH, Axel Heiberg Island; FJL, Franz Josef Land; NI, New Siberian Islands; SZ, Severnaya Zemlya; SV, Svalbard;
EL, Ellesmere Island. 7, North Pole; 2, position of Severnaya borehole Graham Bell Island; 3, rock exhumation points 95—88 Ma.

rock samples from the Severnaya borehole, located on
the northeastern coast of Franz Josef Land.

GEOLOGICAL STRUCTURE
OF FRANZ JOSEF LAND

Franz Josef Land is located on a rise of the marginal
shelf that formed in the Mesozoic—Cenozoic in the
north of the Barents—Kara Plate and is one of the key
objects for studying the geological history of the Arctic
Ocean. Franz Josef Land hosts Mesozoic (Triassic—
Cretaceous) terrigenous deposits of marine, shallow-
marine, and continental genesis [11, 13, 14, 59, 60].

Most of the area (~85%) of Franz Josef Land is
under an ice sheet, which complicates research for
Graham Bell Island and prevents accurate lithostrati-
graphic correlation of Jurassic—Cretaceous deposits
within the archipelago [13, 14, 18, 30] (Fig. 2).

No.1 2025
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The Triassic deposits have been studied much bet-
ter (all three sections of the Triassic with division of
the sections into stages and substages) with a total
thickness of ~5 km, uncovered by the parametric
Nagurskaya, Hayes, and Severnaya boreholes [3, 8,
27, 60]. The Triassic strata comprise lagoonal—marine
and marine deposits in the lower part and predomi-
nantly lagoonal and continental deposits in the upper
part [26, 60].

In the Mesozoic, Franz Josef Land was character-
ized by widespread mafic magmatism associated with
the High Arctic Igneous Province (HALIP) [1, 9, 13,
14, 16, 17, 35, 37, 58—60, 95, 145].

Igneous formations of the trap (dolerite—basalt)
formation are represented by flood basalts, flows, sills,
dikes, and vent facies of volcanic apparatuses [17, 35]
(Fig. 1). The dikes extend for tens of kilometers to the
northwest and have a thickness from 1—2 to 20—25 m.
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Fig. 2. Geological sketch map of Franz Josef Land (according to [35], modified). Digital relief base IBCAO v.4 (according to [111]):
1—6, sediments: I, volcanic K; 2, marine terrigenous J,_3; 3, continental and shallow-marine J|; 4, shallow-water marine Tj;
5, marine terrigenous T,; 6, shallow-water marine T;; 7, intrusive formations K;; &, zone of distribution of complex is mod-
erate alkaline basalts—andesite—basalts; 9, major faults; /0, basic parallel dike complexes (not to scale); 71, central-type vol-

canic apparatuses.

The dike contacts are almost vertical. Layered intru-
sions (sills) with thicknesses from 20—30 to 100 m are
regionally distributed and make up ~10% of the thick-
ness of the terrigenous section.

Two main models of the evolution of basaltoid
magmatism in Franz Josef Land have been developed:

— a short-term, one-stage formation of a large
igneous province at the beginning of the Cretaceous
[1,9, 58, 145];

— the action of a long-lived (from the beginning of
the Jurassic to the Early Cretaceous, inclusive) hot spot
with several short pulses of igneous activation [36, 37].

Igneous bodies are exposed in sections of the Nagu-
rskaya, Hayes, and Severnaya boreholes on Franz
Josef Land [60]. Results of studies of catagenetic
transformations of organic matter based on vitrinite
reflectivity measurements, the pyrolytic characteris-
tics of kerogen, and chromatograph mass spectromet-
ric study of the composition and distribution of hydro-
carbon molecular markers showed a high degree of
organic matter conversion in sedimentary rocks near
exposed igneous bodies [7, 25, 71]. Thus, there are
limitations on the selection of samples from borehole
cores for thermogeochronological studies.

Alexandra Land and Hayes Island, on which the
Nagurskaya and Hayes boreholes were drilled, are
characterized by the largest number of flood basalts,
sills, and dikes [13, 14, 33, 57]:

— 20 or more intrusions of basic composition with
a thickness of 2 to 140 m were identified in the
Nagurskaya borehole section [13, 57];

— nine intrusions with a thickness from a few to
~60 m were identified in the Hayes borehole section
[13, 14, 35].

There are a minimum of 6 intrusions for the Sever-
naya borehole on Graham Bell Island; therefore the
Severnaya borehole is the most informative for ther-
mogeochronological studies.

SAMPLING FROM THE SEVERNAYA
BOREHOLE AND CORE PREPARATION

The Severnaya borehole was drilled between
December 1977 and January 1979 by the Arctic oil
exploration expedition of the Yaroslavneftegazrazvedka
trust (currently, JSC NPC Nedra, Yaroslavl, Russia).

From a total depth of 3523 m with core sampling,
~537 m (~15% of the depth) was passed with linear
core removal of ~312 m. In the section of the paramet-
ric borehole, only Upper and Middle Triassic deposits
are observed, although the lower, paleontologically
uncharacterized horizons may belong to the Lower
Triassic (Fig. 3).

The lithostratigraphic subdivision of the borehole
section was carried out in a number of studies, which,
however, had no significant differences [3, 8, 13, 27, 72].
In the Upper Triassic strata, clayey—silty deposits of
the Norian Stage and predominantly sandy—silty
deposits of the Carnian Stage with interlayers of car-
bonaceous rocks and coal lenses are distinguished. In
the Middle Triassic strata, silty—clayey varieties of the
Ladinian and Anisian stages predominate.

GEOTECTONICS  Vol. 59
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Table 1. Sandstone samples for apatite fission track dating from Severnaya borehole core

31

Sample | Depth, m Age® Age® Ma R, 7™, °C | Track analysis method"
SEV1 633.5 Tsn, (Upper Norian) 218—-208.5 0.42 13.0 EDM
SEVIA 650.6 Tsn, (Upper Norian) 218—208.5 0.43 13.5 FT-U/Pb LA-ICP-MS
SEV2 782.0 T;n, (Lower Norian) 227218 0.53 15.5 EDM
SEV3 1040.4 T,c, (Upper Carnian) 230-227 0.92 20.5 FT-U/Pb LA-ICP-MS
SEV4 1040.9 T,c, (Upper Carnian) 230—-227 0.92 20.5 EDM
SEV5 1428.3 T,c, (Lower Carnian) 237-230 0.57 28.0 EDM
SEV6 2073 T,l, (Upper Ladinian) 239-237 1.05 48.0 EDM
SEV7 2689 T,a, (Upper Anisian) 245-242 1.20 70.0 EDM

(f? Age of rocks (according to [72]);

(i) ae interval [57] used for thermal modeling;

(iif) Ry, reflectivity of vitrinite (according to [7]);

@) T°C, current temperature according to logging data;

2 EDM, external detector method; FT-U/Pb LA-ICP-MS, combined track and U/Pb LA-ICP-MS dating.

U/Pb LA-ICP-MS dating of detrital zircon from
four core samples showed that the main source of
detrital material for the North Barents Sea sedimen-
tary basin in the Middle—Late Triassic were rocks of
the Ural fold belt [33] (Fig. 3). The main degradation
took place from south and southeast.

The parametric borehole intersected six intrusive
bodies from 3 to 87 m (Fig. 3).

Igneous rocks are represented by dolerites, micro-
dolerites, micropegmatite gabbro, and olivine gab-
bro—dolerites [8]. A wide age range of intrusion for-
mation from ~133 to 60 Ma was obtained using the
K—Ar method [9, 36, 60].

U/Pb determinations from zircons and baddeleyite
obtained for an 85-m-thick sill showed an age of
122.7 = 0.3 Ma, which agrees with the concept of a
short-term, single-stage eruption at the beginning of
the Cretaceous [1, 58, 145].

Results of studies of catagenetic conversion of
organic matter based on vitrinite reflectivity measure-
ment data and the pyrolytic characteristics of kerogen
showed a high degree of transformation of organic
matter into sedimentary rocks located in the depth
range of 940—1030 m (Fig. 3) [7, 71].

Drilling data in this the depth interval show that
not igneous objects were exposed, but it is possible
that an igneous body (dike (?)) is located near the
wellbore. This assumption is confirmed by chroma-
tography—mass spectrometric study of the distribu-
tion of hydrocarbon molecular markers, which showed
a high degree of conversion of organic matter in sedi-
mentary rocks [23].

Therefore, in the discussed depth interval of
940—1030 m, for our research, two sandstone sam-
ples were recovered (SEV3, SEV4) from depths
below 1030 m (Fig. 3).

GEOTECTONICS Vol.59 No.1 2025

APATITE FISSION TRACK DATING
OF SAMPLES FROM THE SEVERNAYA
BOREHOLE CORE

Eight sandstone core samples from the Severnaya
borehole (Graham Bell Island, Franz Josef Land)
were recovered from different depth and stratigraphic
levels to isolate monomineralic apatite fractions
(Table 1, Fig. 3).

The use of AFT to reconstruct the thermal history
of sediments associated with subsidence and exhuma-
tion is based on the fact that 23U fission tracks are
formed at an almost constant rate and initial track
length [91, 149].

In apatite, all fission tracks are completely
annealed at temperatures above ~110°C and, partially,
in the partial annealing zone in the range temperatures
from ~60 to ~110°C [74, 93, 99]. Below temperatures
of ~60°C, fission tracks in apatite are stable and
anneal very slowly [84].

Apatite from six samples was dated using the exter-
nal detector method at Stanford University (Stanford,
California, USA) (analyst A.V. Soloviev); apatite
from two samples was dated using a combined
method of track and U/Pb LA-ICP-MS dating at
GeoSep Services ((GSS), Moscow, Idaho, USA)
(analyst Paul O’Sullivan). The HeFTy program was
used to model the thermal history of deposition using
track data v.1.8.0.64 [117].

Laboratory Methods of Trace Analysis

Monofractions of accessory apatites from core
sandstones were analyzed at the laboratory of miner-
alogical and track analysis of the Geological Institute,
Russian Academy of Sciences (Moscow, Russia) (ana-
lyst T.B. Afonina) using standard density and mag-
netic separation methods.
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External detector method. We dated apatite grains
from six core samples, SEV1, SEV2, SEV4, SEVS,
SEV6, SEV7 (Tables 2, 3). The apatite samples were
etched for 20 s in nitric acid (HNOs;), corresponding to
the highest degree of nitrogen oxidation (5) at 7=20°C.
Dating of apatite grains was carried out using muscovite
as a detector. Samples were irradiated in the Mark I1
TRIGA reactor at Oregon State University (OSU),
Corvallis, Oregon, USA.

CNS5 dosimetric glasses with muscovite external
detectors were used as neutron flux monitors. External
detectors were etched in a 48% solution of hydroflu-
oric acid (HF). Track counting was performed on a
Zeiss Axioskop microscope (Carl Zeiss AG, Oberko-
chen, Germany) with a 100X objective, 1.25% tube
factor, 10X eyepieces, in transmitted reflected light on
a Kinetek automated table (Kinetek, Stanford, Cali-
fornia, USA) [73].

Dating of apatite grains was carried out only with the
¢ axes, subparallel planes of the glass slide. Age was cal-
culated using a Zeta calibration factor of 327.6. The track
lengths were measured only in apatite grains with the
axes subparallel to the plane of the slide, and only hori-
zontal tracks were measured (within £~5°—10°) accord-
ing to the protocols [62, 124]. The length of the tracks
was measured using a computer tablet and a tube cali-
brated with a micrometer [73]. The angles of inclination
of the tracks to the ¢ axis and track section dimensions
D, were also measured according to the protocols [117].

Combined track and U/Pb LA-ICP-MS dating [103].
We dated apatite grains from two core samples,
SEVI1A, SEV3, by sample processing and analysis [63]
(Table 4).

Preparing blocks with apatite, spontaneous fission
track counting and horizontal track length measure-
ment were performed with unpolarized light at 2000x
magnification.

Isotopic ratio measurements in apatite for age
determination were performed using an Element-2
mass spectrometer (ThermoFinnigan, San José, Cal-
ifornia, USA).

Analysis of Track Dating Data

To reconstruct the thermal history of sedimentary
rocks using apatite track dating, eight sandstone sam-
ples were collected from deposits ranging in age from
the Middle (Anisian) to the Late (Norian) Triassic
(depths from 633.5 to 2689 m) (Fig. 3, Table 1).

Track ages of apatite (230 Ma and older) from sam-
ples SEV1 and SEVIA collected from depths above
~700 m, older than the age of the sampled deposits
(Late Triassic, Late Norian), thus, the apatite did not
experience track annealing. This means that this part
of the section was not exposed to paleotemperatures
(~80—120°C) after sedimentation.

Track age of apatite from samples collected below
~700 m (Middle and Late Triassic), younger than
~190 Ma, tracks in apatite have undergone annealing.

The track age of apatite decreases consistently with
increasing core sampling depth (Fig. 4).

The graph of the distribution of apatite track ages of
has a classical form, characteristic of an exhumed par-
tial annealing zone.

The sharp change in slope of line on graph distri-
butions ages shows a transition (~90 Ma) from a stage
of relative temperature and tectonic stability to a stage
of exhumation at a higher rate (steep slope) [85, 86]
(Fig. 4).

Interpretation of track ages of apatite from bore-
hole Northern showed that Middle and Upper Triassic
deposits were located within the partial annealing
zone (~80—120°C) in the Jurassic—Early Cretaceous,
and exhumation accelerated in the Late Cretaceous
(~90 Ma) (Fig. 4).

Track data allow a preliminary estimate of the
exhumation rate in the Late Cretaceous of ~75 m/Ma
(between 90 and 70 Ma).

Based on simulation using HeFTy 1.8.0.64 [117]
data from track dating of apatite from the Severnaya
borehole suggests that the Middle-Upper Triassic sec-
tion was buried prior to the maximum (possibly close

Fig. 3. Fragment of section of Severnaya borehole (Franz Josef Land). Legend (Roman numerals): (I) lithostratigraphic section
(along [27, 33, 71, 72]); (I1I) position of rock sampling (Sand. Ap, sandstone samples selected for apatite track dating, Sand.
U—Pb, age (Ma) of detrital zircon grains from sandstone samples (according to [33]); Dol. (K—Ar), age (Ma) of samples from
dolerite sills (according to [60, 96]); Dol. U—Pb, age (Ma) of zircons and baddeleyite from sill images dolerites (according to [58]));
(I1T) results of vitrinite reflectivity measurements (Rgt) (according to [7, 71]) and trend line of degree of transformation of organic
matter; (IV) measurement results 7;,,, C° by Rock-Eval (according to [7, 71]); (V) current temperature curve (logging). /—4, rocks:
1, argillites, 2, sandstones, 3, siltstones, 4, erupted; 5—6, cement type: 5, calcite, 6, dolomite; 7— 12, rock textures: 7, layered;
&, cross-oblique; 9, tuberosity-cross oblique; 10, traces of bioturbation; /17, load texture, /12, ripple signs; /3, fauna; /4, plant
detritus; 15, plant residues; 16— 17, nodules: 16, pyrite; 17, siderite; 18, mica; 19, coal; 20, position and numbers of samples
selected for apatite fission track dating; 21/, position of sandstone samples for which age of detrital zircon grains was determined;
22—23, position of sill samples for which age was determined by: 22, K—Ar; 23, U—Pb (zircons and baddeleyite); 24, position of

samples of vitrinite reflectivity measurements (R ) used to calculate trend of degree of transformation of organic matter;

25, position of vitrinite reflectivity measurements of samples (RSt) not used to calculate trend of degree of transformation of
organic matter; 26, position of measurement of samples 7,,,, Co by Rock-Eval (according to [7, 71]); 27—32, stages of transfor-
mation of organic matter: PC, protocatagenesis; MC, mesocatagenesis (according to [7]): 27, PCy; 28, MCy; 29, MC,; 30, MC5;

31, MCy; 32, MCs,

GEOTECTONICS Vol. 59 No.1 2025
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Fig. 4. Distribution of apatite track ages from Severnaya borehole on Graham Bell Island, Franz Josef Land. Graph shows classic
shape of exhumed partial annealing zone (PAZ) (based on data from [85, 86, 91]); track age (£10) is given as a function of from sam-
pling depth; shown: representative track length distributions with sample numbers (mean length (um) and standard deviation (um));

lower boundary (star in red) of exhumed partial annealing zone indicates onset of rapid exhumation.

to maximum) paleotemperature in the Jurassic—Early
Lower Cretaceous (Fig. 5).

The section below ~700 m was subjected to the
influence of elevated paleotemperatures, sufficient for
complete annealing of tracks in apatite, while samples
located hypsometrically higher (~700 m) were not
tested for annealing of tracks in apatite. The entire sec-
tion then underwent slow cooling (exhumation) in the
Early Cretaceous, accelerating in the Late Cretaceous
~90 Ma (Fig. 5).

Obvious evidence of Late Cretaceous (~95—88 Ma)
rock exhumation over a large area of the Western Arc-
tic, correlated in time (~96—89 Ma) with widespread

magmatism in the Sverdrup Basin of the Canadian
Arctic Archipelago, on the Alpha Ridge and northern
part of the Verkhoyansk fold-thrust belt near the coast
of the Laptev Sea, coincides well with the time of the
spread of rifting from the North Atlantic to the Arctic
Basin [25, 61, 79, 80, 114, 148, 165] (Figs. 6, 7a, 7b).

RIFTING IN THE CENOMANIAN—
CONIACIAN INTERVAL (~96—88 Ma)

North Atlantic Rifting Stage

In the northern segment of the North Atlantic
between Greenland and Eurasia, the conjugate

Table 3. Data on track age of apatite in Severnaya borehole core obtained by combined method track and U/Pb LA-ICP-MS

dating
" D D N Square Average | 28 Combined
Sample | QUANUY | Dpars | Dper- | Noo 5 2106is. | grain area, | Zeta ° U || Combimed] 45| 16
of grains | um | um |tracks ) ) pZeta | g/t age, Ma
cm cm

SEVIA 39 2.03 | 0.41 | 1967 | 8.90E-05 | 4.71E-07 |12.3570| 0.2251 | 23.62| O 267.5 15.0 | 15.9
SEV3 40 1.95 | 0.38 | 1465 | 1.08E-04 | 1.05E-06 |12.3570| 0.2251 | 12.26 | 0 165.3 10.5 | 11.2
Table 4. Data on length of tracks in apatite from Severnaya borehole core

Average length Error Std ey Skew
D, D,

Sample | Tracks of tracks, um 1o, ud um Asymmetry coefficient par> HITI per> HITI
SEVIA 151 12.77 0.11 1.30 —0.28 -0.77 1.86 0.33
SEV3 152 13.31 0.09 1.13 —-0.22 0.16 1.86 0.38
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Fig. 5. Results of track analysis of apatite from samples taken from core of Severnaya borehole on Graham Bell Island, Franz Josef
Land Archipelago. (a)—(f) Samples: (a), SEV1, (b), SEV2, (c), SEV4, (d), SEVS3, (e), SEV6, (), SEV7. Models were constructed
using HeFTy program [117]. Notation: GOF (goodness of fit). /—2, correspondence models: /, good; 2, acceptable; 3, average
weighted trajectory of sample; 4, combined track age; 5, onset of exhumation.

continental margins of the North Atlantic reflect a
long and complex history of multiple post-Caledonian
stages of continental extension accompanied by the
formation of rift basins. The earliest stages of exten-
sion in the eastern segment of the North Atlantic
occurred in the Middle Carboniferous, Carbonifer-
ous—Permian, and Permian—Triassic [64].

The formed rift structures of the early stages of
extension were superimposed by later stages of exten-
sion that occurred in the Late Triassic—Early Jurassic,
Late Jurassic—Early Cretaceous and in the Late Cre-
taceous—Early Paleogene [47, 82, 83].

According to plate tectonic reconstructions, the
active phase of continental extension between Greenland
and Eurasia began in the Late Jurassic ~200 Ma [43]. In
the northern part of the Norwegian-Greenland basin,
the last two stages of extension, which occurred in the
Late Jurassic—Early Cretaceous and Late Cretaceous—
Early Paleogene, are clearly recorded [45, 82, 83]
(Figs. 6, 7a).

The beginning of the Late Cretaceous extension
stage is correlated with the Cenomanian—Turonian

(~95—90 Ma) stage of rock exhumation from the
northeastern coast of Greenland and Bear Island,
which is located in the central part of the western mar-
gin of the Barents Sea [109, 110, 167] (Figs. 6, 7a).

In the Late Cretaceous, the Greenland and Eur-
asian plates between Svalbard and northeast Green-
land were connected by a land bridge [156, 158].
Deformation of the continental bridge began in the
Late Cretaceous ~88—80 Ma as a result of the onset of
active rifting in the Labrador Sea—Baffin Bay system
west of Greenland and simultaneous rifting in the
Norwegian—Greenland Basin east of Greenland [69,
104, 120]. This event is clearly recorded by the begin-
ning of rock exhumation in northwestern Svalbard
(~88 Ma) and the northeastern coast of Greenland
(115 (95 (?)—90 Ma) [66, 67, 109, 110] (Figs. 6, 7a).

The initial stage of lithospheric stretching between
the future independent North American and Green-
land plates began in the Late Jurassic (possibly in the
Early Cretaceous (~140—130 Ma) [51, 123].

The Labrador Sea and Baffin Bay, formed as a
result of rifting and subsequent spreading, can be clas-

GEOTECTONICS Vol. 59 No.1 2025
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sified as part of the western branch of the North Atlan-
tic. According to plate tectonic reconstructions, the
active phase of extension in the segment under consider-
ation began in the Early Cretaceous ~120 Ma [45, 104].

Early Cretaceous rifting resulted in the deposition
of detrital sedimentary rocks in half-grabens and gra-
bens along the southwestern margin of Greenland and
located opposite the Canadian margin (Figs. 6, 7a).

The northeastern Greenland part of Baffin Bay
underwent intense extension and rifting during the
Cretaceous—Early Paleocene, which led to the forma-
tion of a complex sediment-filled system of northwest-
trending coupled grabens in Melville Bay, parallel to
the coastline [100].

As a result of episodic rifting, sedimentary basins
were formed, separated by ridges [100] (Figs. 6, 7a).

In the largest basin, the Melville Bay graben, the
sedimentary sequence reaches >13 km [166]. In the
Kiviok Basin, located west of Melville Bay, the sedi-
mentary sequence reaches >10 km [100]. Deep seis-
mic studies show strongly reduced thicknesses of the
continental crust up to 14 km in the Melville Bay gra-
ben, which is close in value to the continent—ocean
transition zone and ~18 km in the Kiviok Basin [40].

The lower sedimentary strata identified in the Kiv-
iok Basin and Melville Bay graben have not been pen-
etrated by drilling, so their stratigraphic reference is
based on general tectonic concepts of regional develop-
ment. The very bottom of the sedimentary strata could
have formed in the prerift stage, starting from the Paleo-
zoic. The sediments lying slightly higher and making up
the bulk of the formation belong to the synrift stage of
the Early Cretaceous—Early Cenomanian [100].

An assumption was made about the metamorpho-
sis of sedimentary rocks of this formation and the pres-
ence of intrusions [100]. This is confirmed by deep seis-
mic sounding results, which recorded velocities from
4.5 to 4.9 km/s at the maximum thickness of this
sequence in Melville Bay graben ~7 km [40]. Roof
thickness is considered a regional unconformity, proba-
bly of Mesozoic age, and is conventionally accepted as
the boundary between the Upper and Lower Creta-
ceous or is located in the Lower Cenomanian (~98 Ma)
[39, 100].

On seismic profiles, the overlying Upper Creta-
ceous strata, up to 6 km thick, traced in the Melville
Bay graben and in the Kiviok basin, sharply thins
(almost to disappearance) on the Melville and Kiviok
Ridges. Dredging of rocks on the slopes of the ridges in
Melville Bay reveals the significant presence of Upper
Cretaceous (Cenomanian-Turonian) sediments [146].
The age of the roof of this layer is taken as Upper Cre-
taceous [146].

The sediments formed during the synrift stage, but
during which there were periods of tectonic quietus, as
a result of which seismic units with subparallel reflec-
tions formed within the strata [100].

GEOTECTONICS Vol. 59
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Seismic data clearly record a tectonic event that
caused a contrasting horizon separating the lower sed-
imentary strata (Lower Cretaceous—Lower Ceno-
manian) from the overlying one (Cenomanian—Cre-
taceous, Upper Cretaceous deposits) [100]. In the
lower sedimentary layer, a classic extension-related
fault system is distinguished.

The fault system can be clearly traced within the
entire section of the lower sedimentary strata, associ-
ated with compression and not traceable in the overly-
ing sedimentary strata. Narrow, elongated basins
embedded in the Cretaceous and showing signs of
inversion/inversions (?) are located to the northwest of
the Melville Bay graben and extend to the Carey Basin
[100, 102].

The relatively deep, ~5 km, south—north-oriented
Carey Basin also shows evidence of intense inversion
and superposition of flower-type structures [107].
North of the Carey Basin between the northwest coast
of Greenland and southwest coast of Ellesmere Island
is a shallow ~3 km Northern Waters Basin, oriented
from northwest to southeast [140]. In this area on the
coast of Ellesmere Island, exhumed rocks beginning in
the Turonian ~90 Ma have been found [101].

Formation of the Sverdrup Sedimentary Basin

North of Greenland and Baffin Bay lie the Queen
Elizabeth Islands of the Canadian Arctic Archipel-
ago, within which the Sverdrup Basin is located,
which is an intracratonic basin of the post-Ellesmere
orogeny [155]. It extends for ~1300 km in length with
a maximum width of up to 400 km and is filled with an
assemblage of carbonate and detrital sedimentary
rocks, starting from the Carboniferous and ending
with the Paleogene, with a total thickness of up to
15 km [76]. The last stage of accumulation of coarse-
grained sediments in the Sverdrup Basin occurred in
the Late Cretaceous—Early Oligocene [80].

The formation of the Sverdrup Basin was com-
pleted with the nonmarine Eureka Sound Formation,
locally controlled by the Late Cretaceous and Paleo-
gene fault systems of the Eureka orogeny [141, 150].
These fault systems often represent reactivated Elles-
mere and older structures [144].

The uppermost Neogene to recent sequence, the
Arctic Coastal Plain, is a wedge of seaward-dipping
fluvial and marine strata deposited along the modern
northern passive continental margin.

Most of the Mesozoic section is intruded by Creta-
ceous sills and dikes of mafic, subalkaline, and alkaline
composition, belonging to the High Arctic Igneous
Province (HALIP) [61, 77, 79]. According to general-
ized geochronological results, three stages of magmatic
activation have been recorded with ages of [61]:

— 122 = 4 Ma (first stage);
— 95 + 4 Ma (second stage);
— 81 &+ 4 Ma (third stage).
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The first stage affected a significant area of the
Arctic, manifesting itself in Svalbard, Franz Josef
Land, and the De Long Islands [58, 79, 80, 145].

The second stage of Late Cretaceous Ceno-
manian—Turonian magmatism with an age of 95 £ 4 Ma
[61] is widely manifested in the Sverdrup Basin
(Figs. 6, 7a, 7b).

On Axel Heiberg Island in clay shales and fine-
grained sandstones, subaerial tholeiitic and subalka-
line basalt flows are distinguished, related to the for-
mation Strand Fjord, stratigraphically dated to the
Late Albian—Early Cenomanian [76, 77]. This stage of
magmatism is associated with the formation of the
largest volume of igneous rocks within the Sverdrup
Basin [77].

In the eastern part of Axel Heiberg Island, the
thickness of the formation reaches 250 m, while its
thickness in the west and north reaches 800 m. The
absolute age of tholeiitic basalts of the Strand Fjord for-
mation, obtained by the “Ar/*Ar method (95 £ 0.2 Ma)
is confirmed by U—Pb dating of baddeleyite (95.18 =
0.35 and 95.41 = 0.12 Ma) isolated from samples col-
lected from a diabase dike and gabbro sill on the west
coast of Axel Heiberg Island [118, 157].

According to [79], the lower age interval of the
Strand Fjord formation obtained by the “°Ar/*Ar
method is 100.7 Ma, but it is characterized by a signif-
icant determination error of £5.8 Ma, which allows us
to consider this dating close to the age of 95 Ma.

The upper age interval obtained by the “°Ar/3°Ar
method for a sample of tholeiitic lavas collected on the
west coast of Axel Heiberg Island is 80.70 = 1.1 Ma
[163]. However, the location of the sampling sites is
quite close to the sampling point of ~95 Ma samples
obtained by the U—Pb method [118]. On the north-
west coast of the Axel Heiberg Island, by “°Ar/3°Ar
dates of samples from nearby tholeiitic lavas are
known, with ages of 80.7 = 1.1, 92.3 £ 1.1, and 96.1 £
1.9 Ma [163].

On Ellesmere Island, an analogue of the Strand
Fjord Formation of Axel Heiberg Island is the Hassel
Formation, which formed in the Late Albian to Early
Cenomanian and consisting of nonmarine fine-grained,
poorly cemented white quartz sandstones, basalts, mud-
rocks, and coal deposited in a deltaic setting [ 142].

The Hassel Formation is unconformably overlain
by Upper Paleocene and Oligocene detrital deposits,
up to 900 m thick, of the Eureka Sound Group [126].
For the west coast of Ellesmere Island, the age of
tholeiitic intrusions obtained by the U—Pb method is
91.7 £ 1.1 and 91.7 £ 1 Ma and coincides with the
determination obtained by the *°Ar/*Ar method:
91.7 £ 0.1 [59]. The age of basaltic dikes and sills col-
lected in the fault zone of Lake Khazen and deter-
mined by the “°Ar/*Ar method fluctuates from 98.2 +
4t097.9 £ 4 Ma [79].

On the northern coast of Ellesmere, the Wootton
intrusive complex is known, which is a bimodal

Fig. 6. Established Late Cretaceous (Cenomanian—Coniacian) manifestations of rock exhumation with age of 95—90 (88) Ma
and magmatism with age of 98—88 Ma in Arctic, on coast of North Atlantic, and on northern Pacific margin of Asia and North
America. Digital relief base IBCAO v.4 (according to [111]). Rock exhumation with age of 95—90 (88) Ma (according to [4, 66,
67,97, 101, 102, 109, 110, 119, 126, 148, 167]). Manifestation of magmatism with age of 98—92 for: Ellesmere Island and Axel
Heiberg Island (according to [61, 79, 80, 118, 157, 163]) for Amerasian Basin (according to [114, 132, 164]); eastern sector of Arc-
tic, as well as territories adjacent to Laptev Sea, and Pacific margin of Russia, Alaska, and North American Cordillera (according
to [38, 127—129, 147]). Established manifestations of magmatism in Amerasian Basin are of a different age or undated (according
to [22, 31,49, 94, 108, 132, 162]). Position of igneous objects identified by seismic data (according to [22, 122, 137]); rift structures
of Baffin Bay (according to [40, 98, 138]); Late Jurassic—Early Paleogene basins of northern part of Norwegian—Greenland basin
(according to [82, 83, 92]); main transform faults within Arctic Basin (according to [21]); contour of Laptev Sea rift system
(according to [2, 28, 29, 69, 70]); key elements of Pacific margins of Russia, Alaska, and North American Cordillera (according
to [38]). Position is shown in Fig. 7 (white frame). Barents Sea: SV, Svalbard; FJL, Franz Josef Land archipelago; Laptev Sea:
NI, Novosibirsk Islands; KhLTR, Khatango—Lomonosov Transform Fault; Baffin Bay: B, Bylot Island; MBG, Melville Bay gra-
ben; KB, Kiviok Basin; KrB, Kerry Basin; NWB, Northern Waters Basin; Sverdrup Basin: AH, Axel Heiberg Island; EL, Elles-
mere Island, LHFZ, Lake Hazen fault zone; WIC, Wootton intrusive complex; WGMHI, western gravimetric maximum of Axel
Heiberg Island; PMA, Princess Margaret Arc; HPGM, Hazen Plateau Gravimetric Maximum; Arctic Basin: HALIP, High Arctic
Large Igneous Province according to magnetic data (according to [139]), (translucent fill in pale yellow); GS, Geofizikov spur;
HS, Healy spur; NS, Northwind Ridge spur; OChVB, Okhotsk—Chukotka volcanic belt (according to [38]) (translucent red
background). /—3, Baffin Bay and adjacent land: /, Cretaceous—Cenozoic sedimentary basins; 2, basins that began to form in
Early Cretaceous; 3, main area of distribution of Paleogene magmatism in Baffin Bay; (5— 11) shelf and slope areas and structures
of northeastern Greenland, Scandinavia, and western Barents Sea; 4—5, rift basins: 4, Late Cretaceous—Paleocene; 5, Late Juras-
sic—Early Cretaceous; 6—7, areas of distribution of magmatic manifestations: 6, igneous flows of indeterminate age (Lower
Paleogene (?)); 7, seismic complexes of SDRs type; (8§—9) shelf and slope structures: 8, highs; 9, lows; 10, area of distribution of
volcanic rocks with age of 105—60 Ma (Bering Strait and Alaska); 17— 16, faults: 71, normal (Baffin Bay, shelf and slope structures
of northeastern Greenland, Scandinavia, and western Barents Sea); /2, compression (Melville Bay graben, Greenland part of
Baffin Bay); 13, crustal (Ellesmere Island, Brooks Ridge); /4, transform; 75, inferred continuation of transform fault; 76, inferred
position of convergent boundary in period 105—60 Ma; 17—19, direction of compression and extension: /7, general direction of
compression; /8, general direction of extension; 79, stretching in local structures; 20, compression in local structures; 27, contour
of Laptev Sea rift system; 22, position of axes of negative free air gravity anomalies in Amerasian Basin; 23, inferred segments of
extension axis in period 92—88 Ma; 24, North Pole; 25, location of ACEX borehole on Lomonosov Ridge; 26, gneiss granite with
intrusion stage ~95—90 Ma; 27, manifestation of mafic magmatism in Amerasian Basin (undated or with age different from
~98—89 Ma); 28, rock exhumation with age of 95—90 Ma (88 Ma for northwestern Svalbard); 29—30, dated igneous rocks by age:
29, ~98—93 Ma, 30, ~92—89 Ma; 31, manifestation of igneous objects according to seismic data.

GEOTECTONICS Vol. 59 No.1 2025
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alkaline plutonic association including hornblende
gabbros, microgranites, and quartz syenites. The com-
plex consists of structures with a northeastern strike and
is tectonically controlled by earlier formed fault zones.
According to U/Pb dating of zircons, the complex was
emplaced in a short time interval: 93—92 Ma [80].

In the central part of the northern coast of Elles-
mere Island basalt flows and volcanic breccias are dis-
tinguished in the Hansen Point alkaline volcanic com-
plex [79]. The lower parts of the section are represented
by basaltic breccias and tuffs, while the overlying part is
represented mainly by subaerial basalt flows.

In accordance with “°Ar/**According to Ar data,
the age of the volcanics of this formation is distributed
in the range 83.0 &+ 1.8—73.5 = 2.4 Ma, although the
dating of the basalt dyke is known with an age of
93.9 + 1.3 Ma, which is close to the age intervals of
96.6 = 1.6 and 94.3 & 2.8 Ma obtained for the nearby
basalt dykes in Pyrian metasediments [79, 80].

Tholeiitic and alkaline—alkaline transitional basalt
flows of ~128—95 Ma, as well as younger alkaline
bimodal series, which formed around 90 and 80 Ma in
the northeastern Canadian Arctic, are interpreted as
part of a continental rift zone that extends parallel to
the axis of the Sverdrup Basin [80]. The stages of
intensive rift magmatism, which also affected the
Alpha—Mendeleev ridge system, are associated with
opening of the Amerasian Basin (Figs. 6, 7a).

Manifestations of Magmatism
on the Pacific Coast of North America

On the Pacific coast of North America, Cretaceous
magmatism in the Cordillera is limited to narrow belts
of the Coastal orogens and the Omineca/British
Columbia orogens [130, 131]. Cretaceous magmatism
in the Cordillera is synchronous with a regional stage
of crustal compression caused by subduction of the
oceanic Izanagi Plate [38].

Between 115 and 95 Ma, a right-lateral strike-slip fault
formed in the Omineca orogen and a left-lateral strike-
slip fault formed in the Coastal orogen, resulting in a
transpressional igneous environment [52, 134] (Fig. 6).

According to data [38] on magmatism in the
coastal orogen from southern Canada north to Alaska,
there was an intrusion of type I magmas with an age of
118—90 Ma. In the eastern Omineca region of the Cana-
dian Cordillera, S-type granites were intruded during
approximately the same time period (119—90 Ma).
During this time interval, the Cordillera experienced
crustal shortening (Fig. 6).

Manifestations of Magmatism in the Amerasian Basin

In the Amerasian Basin, the HALIP has been
established by the nature of the high-amplitude mag-
netic field, contrasting reflections in the seismic
record, geological sampling, and direct observations
using special underwater vehicles [22, 23, 34, 49, 54,
81, 108, 114, 122, 132, 139, 154] (Figs. 6, 7a).

The first samples of alkaline basalts were dredged on
the Alpha Ridge during the 1983 CESAR expedition
(Canada) during ice surveys under the Polar Continen-
tal Shelf program [108, 162]. In the central part of the
ridge, the “°Ar/*Ar method yielded the age of basalt as
89 + 1 Ma [114], which coincides with isotopic age
determinations (90.40 = 0.26 Ma) of lapilli tuffs [165].

On the traverse of the Wootton intrusive complex is
the central part of the Alpha Ridge, which is clearly
mapped by a well-known system of local grabens,
manifested in the bottom relief and gravimetric anom-
alies (Figs. 7a, 7b).

It can be suggested that this segmented local system
formed ~95—90 Ma and is a northern continuation of
the Baffin Bay—Axel Heiberg and Ellesmere Islands
rift system.

Direct observations of the slopes of the Mendeleev
Ridge with the help of a research submarine (Navy
Ministry of Defense, Russia) and the results of surface
drilling showed that they are penetrated by intrusions

Fig. 7. Established Late Cretaceous (Cenomanian—Coniacian) manifestations of rock exhumation with age of 95—90 (88) Ma
and magmatism with age of 98—88 Ma in Arctic. (a) Relief IBCAO v.4 (by [111]), (b) free air gravitational anomalies of WGM
project (according to [46]). Barents Sea: SV, Svalbard; FIL, Franz Josef Land; Laptev Sea: NSI, New Siberian Islands; Baffin Bay:
B, Bylot Island, MBG, Melville Bay graben, KB, Kiviok basin; KrB, Kerry Basin; NWB, Northern Waters Basin; Sverdrup Basin:
AH, Axel Heiberg Island; EL, Ellesmere Island, LHFZ, Lake Hazen fault zone; WIC, Wootton intrusive complex; WGMAHI,
western gravimetric maximum of Axel Heiberg Island; PMA, Princess Margaret Arc; HPGM, Hazen Plateau Gravimetric Max-
imum; Arctic Basin: Gs, Geophysicist spur, OH, Healy spur, ON, Northwind Ridge spur; OChVB, Okhotsk—Chukotka volcanic
belt (translucent red background), according to [38]. /—3, Baffin Bay and adjacent land: /, Cretaceous—Cenozoic sedimentary
basins; 2, basins that began to form in Early Cretaceous; 3, main area of distribution of Paleogene magmatism in Baffin Bay;
(5—11) shelf and slope areas and structures of northeastern Greenland, Scandinavia, and western Barents Sea; 4—5, rift basins:
4, Late Cretaceous—Paleocene; 5, Late Jurassic—Early Cretaceous; 6—7, areas of distribution of magmatic manifestations:
6, igneous flows of indeterminate age (Lower Paleogene (?)); 7, seismic complexes of SDRs type; §—9, shelf and slope structures:
&, highs, 9, lows; 10, Sverdrup Basin (Carboniferous—Cretaceous); //—13, faults: 1/, normal (Baffin Bay, shelf and slope struc-
tures of northeastern Greenland, Scandinavia and western Barents Sea); /2, compression (Melville Bay graben, Greenland part
of Baffin Bay); 13, crustal (Ellesmere Island); /4, contour of Laptev Sea rift system; 15, position of axes of negative free air gravity
anomalies in Amerasian Basin; /6, inferred segments of extension axis in period 92—88 Ma; 17, direction of stretching; /8, Upper
Cretaceous system of local pull-apart basins; 19, position of seismic profiles (AWI91090 and AWI91091 according to [116]), ARC
according to [23]); 20, North Pole; 21, position of ACEX borehole on Lomonosov Ridge; 22, rock exhumation with age of 95—
90 Ma (88 Ma for northwestern Svalbard); 23—24, dated igneous rocks by age: 23, ~98—93 Ma; 24, ~92—89 Ma.

GEOTECTONICS Vol. 59 No.1 2025



LATE CRETACEOUS (CENOMANIAN—-CONIACIAN) STAGE OF RIFTING

Baffin, [5oSk J

e

S8 S

—
BAFFIN ‘
BAY

Ajpha
Ridne

f
0
Lom
€ 7

AWI91090

AWI91091

Eurasian
Ridge

Basin

@.

[apy i

s
Podvodmko

Basint
A

&

wag . | ¢

ARCI407A B

H
Amundsen Basin
Gakkel
Ridge

-
x\:" 3

KARA SEA

Sifals

i

‘b../
)
3

/.
b
0/, f
)

4

OChvB
o, e

Wrangell Is.

LAPTEV

i

(A
) 7
%

V>

41

s 7[e ] s o M 10— 11— 12
Bl M=) 15[ 2] 16 == 17[@m) 18[ ] 190K 20[ % |21[ 0 [22[ @ |23[ @ | 24

GEOTECTONICS Vol.59 No.1 2025



42 ZAYONCHEK, SOLOVIEV

of the type of dikes and sills of Barremian—Albian age
[31, 154]. At the same time, the peak of Lower Creta-
ceous magmatism is concentrated in the narrow range
of 110—114 Ma [154].

In igneous rock samples, single zircon grains with
an isotopic age of 83—87 Ma were found, the forma-
tion of which is associated with crystallization of
Lower Cretaceous zircons as a result of the influence
of the stage of Upper Cretaceous magmatism, mani-
fested within the HALIP.

Between Alaska and the Lomonosov Ridge is a
stark, recognizable structure in any remote sensing
data, uniting the Chukchi Plateau and the Northwind
Ridge [132] (Figs. 6, 7a, 7b).

Isotopic dating by “°Ar/*Ar analysis of low- and
high-titanium tholeiitic basalts dredged on submarine
slopes just north of the Chukchi Plateau and North-
wind Ridge showed their Cretaceous age (118—112,
105—100, and 90—70 Ma) [49, 94, 132].

For the Healy spur, which is the northern continu-
ation of the Chukchi Plateau, there are two dates:
88.98 + 1.37 and 90.27 £ 1.15 Ma [132] (Figs. 6, 7a, 7b).

The northern region, located between the North-
wind Ridge and the Chukchi Plateau and their contin-
uations into the Amerasian Basin in the form of the
Northwind and Healy spurs, has clear traces of
stretching [54], which is clearly visible in the bottom
relief and gravity anomalies in the northern direction
towards the Alpha Ridge (Figs. 6, 7a, 7b).

In the section of the sedimentary cover on the Alas-
kan shelf, the surface of an unconformity with an age
of ~90 Ma is distinguished [95, 102]. The attribution
of this age to the boundary is partly based on the
results of thermogeochronological studies of sedimen-
tary rock samples taken from the northernmost Pop-
corn borehole (Fig. 7a).

According to the estimates obtained, rock exhuma-
tion is recorded in the interval of ~90—65 Ma [97]. On
the Pacific coast of Eurasia ~106—76 Ma, the conti-
nental margin Okhotsk—Chukotka volcanoplutonic
belt was formed [38]. The most intense volcanic activ-
ity occurred ~90—84 Ma [38].

A comprehensive geological study was carried out,
including thermogeochronological studies, for Wran-
gel Island and coastal Chukotka located to the south of
it. The formation of plutons in Chukotka occurred
108—100 Ma, followed by rapid cooling ~95 Ma (bio-
tite, “°Ar/**Ar) [127]. Uplift, erosion, and development
of a regional unconformity ~89 Ma are associated with
aweakening of magmatism in the area as it moved south
to form the Okhotsk—Chukotka volcanic belt in a neu-
tral to weak extensional tectonic setting [127].

Analysis of Seismic Data for the Central
and Eastern Parts of the Lomonosov Ridge

As numerous geological and geophysical studies
have established, the Lomonosov Ridge is a block of

continental crust that before the opening of the Eur-
asian Basin, which began in the Early Paleogene, was
located along the northern edge of the modern shelf
of the Barents and Kara seas [8, 23, 26, 41, 48, 112,
115, 116, 119].

Starting from the ACEX boreholes, located
approximately in the center of the Lomonosov Ridge,
to the lateral continental margin of the East Siberian
Sea,the Lomonosov Ridge is quite well studied in the
seismic aspect [115, 121, 137] (Figs. 6, 7a).

The ACEX deepsea drilling project, located along
seismic profile line AWI91090 on the Lomonosov
Ridge, having passed 404.8 m to the level of Cenozoic
deposits, has exposed rocks lying below the surface of
the regional unconformity identified on seismic pro-
files [115] (Figs. 7a, 8).

The rocks are represented by compacted sands,
sandstones, and argillites hosting agglutinated foramin-
ifera, dinoflagellates, as well as spores and pollen [44].
Dinoflagellates isolated from deposits of this part of
the section were identified as pre-Mastrichtian and
Campanian [43]. A hiatus in sedimentation lasting
>15 Ma was established above the Upper Cretaceous
rocks, since the overlying black clays, based on dino-
flagellates, were identified as Late Paleocene and their
formation is associated with the onset of spreading in
the Eurasian Basin [43, 44].

The study of spore—pollen complexes from rock
samples in the lowest part of the borehole determines the
Upper Cretaceous (Maastrichtian)—Paleocene (Danish)
age, although it is noted that this interval has a wider
stratigraphic interval: Campanian—Maastrichtian, pos-
sibly Campanian—Danian [10].

When referencing the position of the ACEX bore-
hole to seismic profile AWI91090, in the lowest part,
the borehole section falls into the upper part of the
half-graben, towards the Eurasian Basin; i.e., a Cam-
panian age of the lowest deposits located in the half-
graben can be accepted [116] (Fig. 9a).

On the close profile AWI91091, the part of the ridge
directed towards the Eurasian Basin is characterized
by truncated filling in half-grabens, and on the oppo-
site side, the progradation of the underlying sediments
towards the Makarov Basin is clearly visible [115, 121]
(Fig. 9b).

A similar pattern is observed for seismic profile
ARCI1407A (Fig. 9¢).

Discovered in the northeast of Franz Josef Land,
the onset of rock exhumation ~90 Ma correlates with
the age of the onset of cooling of rocks (~95 Ma) col-
lected on the modern slope of the Lomonosov Ridge
from the Amundsen Basin and opposite the western
part of Franz Josef Land [119] (Figs. 6, 7a).

This caused the progradation of sediments from the
Barents—Kara margin (its composition included the
Lomonosov Ridge) towards the Amerasian Basin,
which led to the formation of sediments on the slope
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of the Lomonosov Ridge from the Makarov Basin. In
this case, the lowermost part of the sedimentary cover,
located above the surface of the acoustic basement,
presumably began to form in the Cenomanian—Turo-
nian (~95—90 Ma).

RESULTS

The presented data partly coincide with the fact
that the slope of the Lomonosov Ridge towards the
Eurasian Basin is characterized by Paleocene rifts that
preceded the opening of the Eurasian Basin, while the
opposite slope is characterized by Cretaceous rifts [23].
Although there is a difference in the interpretation of
the age of the sediments, in [23], the age of the Creta-
ceous rifts and, consequently, the lower part of the
sedimentary strata is taken as Aptian—Albian (older
than 100 Ma), synchronous with the age of the rifts of
the Podvodnikov Basin.

In [23], the ARC composite seismic profile was pub-
lished, a fragment of which begins in the Amundsen
Basin and crosses the Lomonosov Ridge, Lomonosov
terrace, and Geofizikov spur and ends in the Podvod-
nikov Basin (Fig. 8). According to the nature of the
bottom relief, the area between the Lomonosov Ridge
and the Geofizikov section is called the Lomonosov
terrace [23]. Based on the nature of the relief of the
surface of the acoustic basement, the area belongs to a
local rift basin [23], which we have conditionally
called the Geofizikov Basin.

In the center of the basin is a local uplift with char-
acteristic contrasting reflections, suggesting its igne-
ous nature (volcano (?)). The rift basin is clearly visi-
ble in gravity anomalies as a linear minimum, which
continues to the edge of the continental slope of the
East Siberian Sea (Fig. 7b). We suggest that the
Geofizikov rift basin began to form in the Ceno-
manian—Turonian (~95—90 Ma) and connected with
the northern end of the rift system of the Alpha Ridge
Fracture Zone.

In the south, the Geofizikov rift basin abuts the
inferred Khatanga—Lomonosov transform fault, iden-
tified in some studies [14, 21, 65, 70, 95], along which
the Lomonosov Ridge moved with respect to the con-
tinental margin during the Cenozoic due to opening of
the Eurasian Basin. There is no consensus on either
the existence or formation age of this hypothetical
transform fault.

Based on Russian seismic data, the deep Vilkitsky
trough with a sedimentary sequence of up to 5.5 km
has been identified, separating the Lomonosov Ridge
from the De Long Massif, in the northwestern East
Siberian Sea [26]. The idea of the continuity of the
supporting reflectors extending from the shelf side
through the Vilkitsky trough and continuing onto the
Lomonosov Ridge has been confirmed, although this
is applicable only to the upper part of the sedimentary
section. In the seismic record, vertical faults in the
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Cenozoic; 4, Lower Cenozoic; 5, Cretaceous (<90 Ma (?));
6, contrasting reflections in lower part of deposits, igne-
ous objects (?); 7, bottom topography; &, basement relief;
9, faults; 10, volcano (?).

middle and lower parts of the sedimentary cover sec-
tion in the basin are identified with normal faults, not
transform faults, so the existence of the Khatanga—
Lomonosov transform fault is disputed [26].

In [135], the possibility of transform movement of
the Lomonosov Ridge along the eastern part of the
continental margin of the Laptev Sea is allowed only
during the period of the initial spreading history of
the Eurasian Basin. According to the geodynamic
model [21], the existence of a transform fault is sub-
stantiated from the onset of spreading in the Eurasian
Basin (~57 Ma) until its slowdown (~44 Ma), associ-
ated with cessation of the Pacific Kula Plate.

Based on the interpretation of a larger amount of
seismic data, it is suggested that local depressions in
the sedimentary cover located above faults in the base-
ment of the Vilkitsky trough may be traces of the Kha-
tanga—Lomonosov transform fault, which existed
without significant horizontal offsets [136]. The seis-
mic profile crossing the southeastern Eurasian Basin,
the Lomonosov Ridge and the adjacent Podvodnikov
Basin records the absence of disturbances in the
Cenozoic sediments, which allows us to suggest possi-
ble transform movement along the Khatanga—
Lomonosov fault only during the prespreading history
of the Eurasian Basin [113, 114] (Figs. 7a, 7b).

In [23] it is suggestd that in the south, the continu-
ation of the Geofizikov rift basin is the East Anisinsky
Basin, located parallel to the edge of the continental
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6, characteristic reflections in sedimentary cover of Upper Cretaceous (?) age; 7, acoustic basement; 7—3&, faults: &, major;

9, in Paleogene (57.4—44.4 Ma) sedimentary cover.

shelf, but the question of the further continuation of
the opening axis within the Laptev Sea remains open.

The structure of the Laptev Sea shelf is represented
by a series of deep rifts and high-standing basement
blocks, forming a complex rift system. Two main sys-
tems are distinguished [28, 29]:

— the western system, which includes the South
Laptev rift basin and the Ust’—Lena rift;

— the eastern system, which includes the East
Laptev horst and graben province, and the Belkovsko—
Svyatonossky, Anisinsky, and Novosibirsk rifts.

The formation of the rift system is connected with
the fact that this region during the last 70—60 Ma was
one of the segments of the boundary of the North
American and Eurasian plates in the Arctic [11, 70].
Seismic data reliably record a decrease in the thickness
of sediments in rift basins from west to east, which sug-
gests a rejuvenation of rifting to the east in the Upper
Cretaceous [12].

A series of plate tectonic reconstructions allows for
the reverse direction of rift migration from east to west
[136], although seismic data convincingly indicate an
almost twofold increase in the depth of the western
basins (the South Laptev rift basin and the Ust—Lena

rift), compared to the eastern basins (the Belkovsko-
Svyatonossky, Anisinsky, and Novosibirsk rifts) [69, 70].

We hew to the hypothesis of eastward migration of
the system [12].

The western contour of the Laptev Sea rift system,
presented in [70], differs slightly from the results of
generalizations carried out during compilation of the
State Geological Map of the Russian Federation at a
scale of 1 : 1000000 [2, 28, 29]. The South Lapteyv rift
basin (western system of the Laptev Sea) continues to
the northwestern part of the Lena Delta region [28, 29].
The boundary of the rift system within the Lena River
delta stands out in controversy.

In [70], in this segment the border is drawn near
the shoreline of the Lena River.

In [2], almost the entire Lena River delta is consid-
ered to be affected by Cretaceous-Cenozoic rifting.
On the southern continuation of the South Laptev rift
basin in the northwestern part of the Verkhoyansk
fold—thrust system are the superimposed Kengdei,
Soginsky, Kunginsky, Khara—Ulakhsky, and Khoro-
gorsky grabens, as well as the western part of the Byko-
vsky graben, located on land [5]. All of them consist of
Paleogene continental deposits. The largest, Kengdei
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graben is about 90 km long and up to 8—12 km wide
and extends NNE.

Study [70] shows the correlation of the rift and gra-
ben system of the Laptev Sea with the regional anom-
alous gravitational field and, if we orient ourselves
towards this, the largest linear grabens are clearly
located inside the elongated negative anomaly, which
can be traced along the continuation of the South
Laptev rift system (Fig. 7b).

Near the Soginsky, Kengdeysky, and Kunginsky
grabens, thin, usually linear dikes are distinguished,
belonging to the Soginsky Complex, the emplacement
of which is associated with graben formation [5]. The
trachybasalt and subalkaline dolerite dikes are 2—50 m
thick, 2—7 km long, and lie vertically among Carbon-
iferous—Permian terrigenous deposits, although the
length of one of the dikes reaches 18 km. The age of
two dikes determined by U/Pb by method is 86 * 4
and 89 * 2 Ma, which is associated with the initial rift-
ing that preceded opening of the Eurasian Basin [148].

Supporting this viewpoint, we suggest that
~95—-90 Ma, continental rifting began in the west-
ern—South Laptev—rift system, which migrated fur-
ther from east to west [12]. In this case, the connection
of the Geofizikov rift basin with the South Laptev
basin could have occurred along a local transform fault
thatexisted only during the prespreading history of
the Eurasian Basin, as suggested earlier in [114]. We
believe that in the initial stage of rifting in the Upper
Cretaceous, there was no single transform fault, and
the connection occurred through a system of local
pull-apart basins.

During the Cenozoic spreading history of the Eur-
asian Basin in the Paleogene, changes in the direction
of basin opening occurred [88], which could have
caused short-term reactivation of individual segments
of the system of local pull-apart basins and ultimately
the formation of the East Anisinsky Basin. In this case,
the lowest layers of the sedimentary cover, distinguished
in the northern part of the South Lapteyv rift system and
in the East Anisinsky Basin, may be represented by
Cenomanian—Turonian continental deposits.

RECONSTRUCTION OF THE POSITION
OF THE RIFT STRUCTURE

The geodynamic evolution of the eastern sector of
the Arctic in the Cretaceous and Cenozoic is largely
associated with subduction of the oceanic lithosphere
of the Pacific Ocean under the northeastern margin of
Asia [19, 20, 32, 38, 128].

The geodynamic model of upper mantle convec-
tion beneath the lithosphere of the Arctic and North-
east Asia quite accurately explains the emergence of
the Eurasian Basin as a result of movement of the Bar-
ents—Kara segment of the Eurasian Plate towards the
Kula Plate, which was subducted beneath the margin
of Asia [19, 20]. The Kula Plate formed from parts of
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the Pacific, Izanagi, and Farallon plates ~83 Ma and
became part of the Pacific Plate ~40 Ma or was com-
pletely subducted ~44 Ma [21, 160].

According to geodynamic models, displacement of
the Lomonosov Ridge, which is a block of continental
crust, with respect to the Eurasian margin along the
Khatanga—Lomonosov transform zone, occurred from
the Upper Paleocene to the Middle Eocene and is
explained by the very rapid subduction (12 cm/year) of
the Kula Plate under the Arctic [21]. In this case, the
vectors of movement of the Kula Plate were directed
orthogonally to the subduction zone [21] (Fig. 6).

According to the reconstruction for the age of the
onset of the opening of the Eurasian Basin [21] in the
Lower Paleogene (~57 Ma), it is suggestd that there are
two limiting transform zones extending towards the
Pacific Ocean and limiting the Amerasian microplate,
which includes the Amerasian Basin, the Chukchi Pla-
teau, and the Northwind Ridge, a significant part of the
Chukchi Sea and the Lomonosov Ridge (Fig. 6).

The first transform zone, starting from the Kha-
tanga—Lomonosov transform fault, continues along the
edge of the continental slopes of the East Siberian and
northwestern part of the Chukchi Sea; along 170° E, it
extends towards the Pacific Ocean. The second trans-
form zone was presumably located along the modern
foothills of northern Greenland and the Canadian
Arctic Archipelago. South of the beginning of this
transform zone in the Early Paleogene between the
North American and Eurasian plates, the Greenland
Plate formed, which existed until the Early Oligocene
[51, 88, 138, 151].

In the north, the North Atlantic is divided into two
parts:

— the western part, located between North Amer-
ica and Greenland; in the south it begins in the Labra-
dor Sea, where spreading began ~62.5 Ma, and con-
tinues north into Baffin Bay, where spreading began
~59 Ma [45, 103, 138];

— the eastern part is located between Eurasia and
Greenland, where spreading, according to the identi-
fication of linear magnetic anomalies, began ~57 Ma
[87, 92].

Then, at the beginning of the Paleogene, the Arctic
sector, in accordance with the reconstruction pre-
sented in [21], can be conditionally divided into three
segments on a global scale.

— The Western segment, including part of North
America (except for Alaska) and Greenland. On the
Pacific coast of the western segment, as a result of sub-
duction of the oceanic plate, the North American
Cordillera have already formed, and between the east
coast and Greenland, the Labrador Sea—Baffin Bay
rift basins formed.

— The Central segment, which begins on the
Pacific coast of Alaska and continues into the Amera-
sian Basin, including the future Lomonosov Ridge.
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— The eastern segment, including northeastern
Eurasia, on the Pacific coast of which, as a result of sub-
duction of the oceanic plate, the Okhotsk—Chukotka
volcanic belt was formed, and within the Arctic Basin,
the rift system of the Laptev Sea had already arisen.

This assumption is based on significant differences
in the geological structure and formation time of igne-
ous belts of the Pacific margins of Russia and Alaska
and the North American Cordillera [38, 128].

DISCUSSION

In [38], significant differences in magmatism along
the Eurasian margin of Russia and the Pacific coast of
North America were noted, associated with different
tectonic settings and differences in subduction settings.

During ~119—90 Ma, shortening of the crust in the
Pacific region of North America coincided with the
first rifting stage in the western North Atlantic. The
movement of the North American Cordillera “towards
the trench” [38], which began ~125 Ma, led to “liber-
ation” of space between North American Plate and
Greenland and the onset of active rifting. Therefore,
in addition to the stretching region formed by this time
in the eastern North Atlantic between Greenland and
Eurasia, an additional stretching region appeared. The
extension axis in Baffin Bay could have been located
within the grabens of Melville Bay (Figs. 7a, 7b).

Reorganization of movement of lithospheric plates
that occurred ~95—88 Ma led to the beginning of
deformation of the continental bridge that existed
between the northeastern part of Greenland andSval-
bard and the appearance of compression faults in the
Lower Cretaceous—Lower Cenomanian sedimentary
strata in the grabens of Melville Bay [69, 100, 104, 120].

The coincidence of the stage of magmatism and
rock exhumation in the north of the North Atlantic seg-
ment ~97—90 Ma clearly indicates a sharp change in the
geodynamic regime in the Pacific sector, which is con-
firmed by the end of the stage of granitoid magmatism
in the North American Cordillera ~90 Ma [38].

Reconstruction of the history of the Pacific Ocean
and its predecessor, the hypothetical Panthalassa
Ocean, is largely associated with the subduction of
more than 95% of the Pacific- Panthalassa lithosphere,
which began in the Late Jurassic ~150 Ma [160]. The
formation of oceanic crust in the Cretaceous within
the Pacific—Panthalassa domain is classically mod-
eled as a system of four major lithospheric plates: the
Pacific and the surrounding Izanagi, Farallon, and
Phoenix, which are thought to have existed through-
out most of the Mesozoic [125, 133, 152, 153, 160].

However, the oceanic lithosphere of the Izanagi,
Farallon, and Phoenix plates has been almost com-
pletely lost as a result of subduction, so the outline of
their boundaries is largely determined by kinematic
models associated with the absolute motion of the
Pacific Plate [125, 153, 160].

The most accurate determination of the movement
kinematics of the Pacific Plate is facilitated by the
presence within its boundaries of a large number of hot
spots: volcanic seamounts and large volcanic regions
of Cretaceous age, known as large igneous provinces,
which include the Shatsky, Hess, and Magellan rises:
the Ontong—Java, Manihiki, and Hikurangi plateaus;
the Nauru Basin, and the Mid-Pacific Mountains [50,
56, 75, 78].

A significant reorientation of hotspot traces ~95 *
8 Ma in the Pacific Ocean confirms the global nature
and synchronicity of the plate reorganization event
that occurred ~95 Ma [125, 164]. The most recent
kinematic model shows that at this time, there was a
sharp change in the direction of movement of the
Pacific Plate, which began to move northwest with
respect to the mantle plumes [160]. Such a change in
the direction of movement of the Pacific Plate should
have been reflected in the nearby plates: the Izanagi,
which subducted under Eurasia, and the Farallon,
which subducted under North America.

It is likely that the abrupt restructuring of plate
movement in the northern sector of the Pacific Ocean
led to tectonic restructuring in the North Atlantic seg-
ment as well. At the initial stage, reactivation of old
fault sutures could have occurred, which may be evi-
denced by the stage of magmatism on the Ellesmere
with an age of ~96—90 Ma [61, 79, 80, 118, 157].

The age of basaltic dikes and sills collected in the
Lake Hazen fault zone, located in the northern part of
Ellesmere Island, which is part of the Queen Elizabeth
Islands of the Canadian Arctic Archipelago, deter-
mined by “Ar/*Ar fluctuates in the range of 96.4 +
1.6 Ma [79]. This fault zone, located along the central
part of Ellesmere Island, is nearly orthogonal to the
Alpha Ridge, separating the North Ellesmere domain
from the more southerly stable Hazen block [140]
(Figs. 6, 7a).

The Hazen block is characterized by horizontal
Paleogene deposits of the Eureka Sound Group over-
lying steeply dipping strata of the Paleozoic Hazen fold
belt, suggesting only a minor influence of Eureka
deformations [53, 140]. In the gravity Bouguer anom-
alies, the zone separating the domain of the northern
part of Ellesmere Island from the stable Hazen block is
expressed by the linear gravity maximum of the Hazen
Plateau [140].

Gravity modeling has shown that the depth to the
Moho surface beneath most of the domain of north-
ern Ellesmere Island and the Hazen Plateau are
~38 km apart, with the zone sharply decreasing to
32—34 km [140]. The formation history of the Elles-
mere Island orogeny is highly complex and has been
influenced by numerous tectonic events, culminating
in the Late Devonian—Early Carboniferous Ellesmere
orogeny [161].

We can assume that the initial stage of the abrupt
restructuring of the direction of plate movement in the
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Pacific—Panthalassa sector reactivated the old fault
system of the Ellesmere orogeny, as a result of which,
in the zone of detachment of the northern Ellesmere
Island domain from the stable Hazen block, continen-
tal rifting occurred, accompanied by a brief pulse of
basaltic magmatism.

On the west coast of Axel Heiberg Island, the
U—Pb age of the basalts is ~95 Ma [118]. The position
of the sampling points for basalts coincides with the
axis of the linear local maximum of gravity Bouguer
anomalies: the western maximum of Axel Heiberg
Island [140] (Figs. 6, 7a).

West of the axis, in the middle of the Ellef-Ringnes
Island, passes the Cornwall arc (arch); from the east,
along the east coast of Axel Heiberg Island, the Prin-
cess Margaret arch is located [140]. Gravity modeling
shows a shallow Moho surface beneath the axis and
arcs (arches) at a depth of ~32—34 km [140].

This parallel south—north system, along which
Cretaceous magmatism with an age of 95—81 Ma is
expressed, is obviously associated with continuation of
rifting from Baffin Bay [61, 80, 118, 157]. At the same
time, in the north, the system is orthogonally bounded
by the northern gravity maximum of the Sverdrup
Basin, beneath which, according to gravity modeling,
the Moho surface lies at depths of <30 km, which is
~3—6 km less than beneath adjacent crustal blocks
(Figs. 6, 7a).

In general plan view, the direction of the northern
gravity maximum of the Sverdrup Basin, parallel to the
slope of the Amerasian Basin, coincides with the zone
of detachment of the Northern Ellesmere domain from
the stable Hazen block, which is also characterized by a
decrease in the depth of the Moho surface.

We suggest the following scenario for the develop-
ment of this segment. A study of hot spot traces, which
appear on the surface of the Pacific Ocean Plate as
volcanic seamounts, large volcanic regions, and sub-
marine ridges, shows a rapid change in the direction of
plate movement that occurred ~95 Ma [160].

The initial stage of an abrupt change in the direc-
tion of movement of oceanic Izanagi and Farallon
plates in the Early Cenomanian resulted in compres-
sion of the Lower Cretaceous rift basins of Baffin Bay,
as evidenced by compression faults in the Melville Bay
graben. On Ellesmere Island, the Lake Hazen fault
zone was reactivated, in which limited right-lateral
movement is assumed, which predetermined the
appearance of magmatism in this zone with an age of
~97—-94 Ma [80].

The reorganization of the direction of plate move-
ments in the Pacific Ocean ended quickly, so the com-
pression stage in Baffin Bay was replaced by an exten-
sion stage directed orthogonally to the west coast of
Greenland and east coast of North America. In the
Sverdrup Basin, extension apparently occurred in
local segments, recorded by arcuate segments of thin-
ning of the continental crust and uplift of the Moho
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surface. There is a tendency for the system to prograde
to the east.

The age of basalts in the area of the western linear
local maximum of gravimetric anomalies is ~95 Ma
(Axel Heiberg Island) [118]; 92 Ma (near the Princess
Margaret Range to Axel Heiberg Island [61].

This corresponds to the age of appearance of the
Wootton intrusive complex 93—92 Ma on the northern
coast of Ellesmere Island, which is structurally trend-
ing northeast and tectonically controlled by earlier
formed fault zones [80].

The reorganization of the directions of movement
of the Pacific Ocean plates, including their deep sub-
ducted components, ended ~90 Ma, as evidenced by
completion of this stage of magmatism in the Sverdrup
Basin. The extension axis in Baffin Bay ran segmen-
tally within the Kiviok Basin and Jones Sound and
continued on the east coast of the Axel Heiberg Island
within the Princess Margaret arch and further was
located with an offset in the region of the Wootton
intrusive complex.

We believe that within the Amerasian Basin
~95—-90 Ma, extension influenced the central part of
the Alpha Ridge and formed a system of clearly
mapped axial local grabens (Figs. 6, 7a, 7b).

Further, the extension axis continued into the Pod-
vodnikov Basin between the Lomonosov Ridge and
Geofizikov spur and connected with the southwestern
grabens of the Laptev Sea rift system and influenced
the adjacent northern part of the Verkhoyansk fold—
thrust belt (Figs. 6, 7a, 7b).

Within the time of ~106—60 Ma, certain patterns in
the general directions of compression and extension in
the Pacific sector are observed [38, 127] (Fig. 6). The
compression zone of the North American Cordillera
continued into Alaska and affected a significant area
of it. Extension is assumed only near the coast of the
Chukchi Sea in the Brooks Range and in the Kigluayk
granite—gneiss dome located relatively close to it in the
Cretaceous, where a stage of magmatism/metamor-
phism with an age of ~91 Ma was recorded [42, 128].

The shelf zone of the Bering Sea is considered to
have formed under conditions of general movement
towards the Pacific Ocean. The most intense volcanic
activity in the continental margin Okhotsk—Chukotka
volcanoplutonic belt occurred ~90—84 Ma [38].

The peak of maximum volcanic activity in the
period of 90—84 Ma was preceded by a decrease in
magmatic activity at the end of the Cenomanian (96—
94 Ma) and the beginning of the Turonian (94—92 Ma),
which reflects a period of reorganization of the plate
system in the Pacific Ocean as a result of a change in
direction of movement of the Izanagi Plate [38].

In the Amerasian Basin, on the traverse of the
Kigluaik dome (in the current position of the conti-
nents), a zone of extension was mapped between the
Northwind and Healy spurs, where a stage of magma-
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tism with an age of ~89—90 Ma was recorded [54, 132].
The direction of extension in this area is orthogonal to
the direction of extension in Alaska (Fig. 6).

In this case, in the anomalous gravity field, a zone
of extension between the Northwind and Healy spurs
is mapped by a linear negative anomaly, the chains of
which continue towards the southern part of the Alpha
Ridge (Fig. 7b).

It is possible that two extensional zones existed in
the Amerasian Basin during the Cenomanian—Turo-
nian. In addition to the principal axis of extension,
there was a secondary system that began from the
southern part of the Alpha Ridge and continued in
direction of extension between the Northwind and
Healy spurs. The emergence of the secondary system
could have been associated with different subduction
regimes in the Pacific sector, manifested in as com-
pression of North American Cordillera adjacent to
Alaska and stretching to the shelf of the Bering Sea.

It can be suggested with significant degree condi-
tionality that within the Bering Sea shelf at the begin-
ning of the Late Cretaceous there was a boundary
between two subducting oceanic plates: the Izanagi
(subducting under Eurasia) and the Farallon (sub-
ducting under North America and most of Alaska).

During periods of reorganization of the directions
of plate movement, one of which is the Cenomanian—
Turonian stage, the boundary between the two plates,
as well as their deep subducted parts, which continued
into the Amerasian Basin, were corrected with respect
to each other.

It is possible that the extension in the Bering Sea
part of Alaska and the inferred secondary zone of
extension in the Amerasian Basin are deep subducted
components of the plates and return upper mantle
currents. It is difficult to imagine that during the Cre-
taceous there was a single, continuous boundary
between the two subducting plates.

We suggest the existence of a region within which,
in some areas, extension occurred, while in other
areas, transform movements occurred, compensating
for differences in the subduction rates of plates and
changes in the directions of their movements.

In the Upper Cretaceous, rifting in the Laptev Sea
occurred impulsively and was subjected to restructur-
ing of the direction of plate movements in the Pacific
sector. A brief stage of activation during the period
~96—89 Ma in the Laptev Sea was replaced by a stage
of quietus and the main events took place in the Asian
sector, which is recorded by maximum magmatic acti-
vation. During the quietus, weakly consolidated sedi-
ments accumulated in the Geofizikov Basin, the
Laptev Sea rift system that began to form, and the sys-
tem of local pull-apart basins connecting them.

CONCLUSIONS

1. Using the apatite fission track method, an age of
~90 Ma was established for the onset of rapid rock
exhumation in northeast Franz Josef Land.

2. The obtained age is very close to the beginning of
the Late Cretaceous stage ~95 Ma cooling of rocks
taken from the slope of the Lomonosov Ridge from
the side of the Eurasian Basin opposite western Franz
Josef Land.

Based on the interpretation of seismic profile
ARCI1407A, which intersects the Lomonosov Ridge in
the central part, in the lower part of the section, pro-
gradation of sediments towards the Amerasian Basin
has been established.

The progradation of sediments was caused by Late
Cretaceous rock exhumation from the Paleo-Bar-
ents—Kara continental margin, which included the
future Lomonosov Ridge, which suggests a Ceno-
manian—Turonian age for the lower part of the pro-
graded sedimentary deposits.

3. The age of rock cooling in the ~95—90 Ma range
is widely expressed on the coast of the northern North
Atlantic and in the Arctic; the obtained age correlates
with the Cenomanian—Coniacian stage of magmatism
(~97—89 Ma) on Axel Heiberg Island and Ellesmere
Island, part of the Canadian Arctic Archipelago, on the
Alpha Ridge, and in the northern part of the Verkhoy-
ansk fold-thrust belt near the coast of the Laptev Sea.

The Cenomanian—Coniacian stage of tectonomag-
matic activation is associated with the rifting stage,
suggesting that the segmented extension axis passed
within:

— the grabens of Melville Bay (Greenland part of
Baffin Bay);

— the Axel Heiberg Island and Ellesmere Island;
— the central part of the Alpha Ridge;

— the western part of the Podvodnikov Basin
between the Lomonosov Ridge and the Geofizikov
spur;

— the system of southwestern grabens of the Laptev
Sea and adjacent region of the northern part of the
Verkhoyansk fold-thrust belt.

4. The cause of the Cenomanian—Coniacian stage
of tectonomagmatic activation was the restructuring of
directions of movement of the Pacific plates, which
occurred ~95 Ma. This confirms the earlier assumption
about the direct influence in the Cretaceous on geody-
namic evolution of the Arctic and Northeast Asia and
the nature of the subduction regime of the oceanic lith-
osphere in the northwestern Pacific Ocean.

There is an obvious correlation between the stage
of compression of the crust on the Pacific side of
North America, which is recorded by magmatism
(~119—90 Ma) in the North American Cordillera and
activation of rifting in the Labrador Sea—Baffin Bay
system.
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Movement of the North American Cordillera
towards the trench, which began ~125 Ma, led to the
emergence of a space between the North American
Plate and Greenland, which triggered active rifting in
the Labrador Sea—Baffin Bay system. As a result, in
addition to the previously formed stretching zone in
the eastern North Atlantic, another stretching zone
emerged in the western North Atlantic.
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