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Abstract The vast Eurasian Arctic epicontinental shelf

and adjoining mainland has a very complex structure and

tectonic history as a result of a series of continent–conti-

nent collisions, accretion of terranes and crustal extension

phases during Neoproterozoic and Phanerozoic times.

Significant parts of major Eurasian fold belts extend far

north into the Arctic below thick infill of post-orogenic

sedimentary basins, where their architecture remains highly

disputed. Large Eurasian Arctic sedimentary basins formed

as a result of orogenic collapse, back-arc extension, or

intracontinental extension associated with the breakup of

the Laurussia, Laurasia, Pangea and Eurasia superconti-

nents. There are over 40 sedimentary basins of variable age

and genesis which are thought to bear significant undis-

covered hydrocarbon resources in the region. This article

reviews the current state-of-knowledge of Eurasian Arctic

tectonics and highlights questions that remain to be

addressed. The overall focus is on the Russian sector of the

Arctic being less known to a broad geoscience community.

Keywords Fold belt � Orogen � Terrane � Sedimentary

basin � Rift

Introduction

Arctic is a unique region of our planet in many respects

including its geology. In a relatively confined area north of the

Arctic Circle there is a great variety of tectonic crustal domains

and overlying sedimentary accumulations ranging from the

pre-Neoproterozoic North America, Baltica and Siberia cra-

tons, to Cretaceous and Cenozoic Amerasia and Eurasia

oceanic basins. In between, there is a series of Neoproterozoic

and Phanerozoic fold belts extending into the Arctic shelves

and forming the tectonic basement of large offshore sedi-

mentary basins. The latter are considered the last hydrocarbon

frontier and estimated to hold as much as 90 billion barrels of

undiscovered recoverable oil and 1670 trillion cubic feet of

recoverable natural gas [39] of hydrocarbon resources.

The present-day Arctic has formed due to the northerly

directed drift of continents, which resulted in creation of the

Pangea Supercontinent in Permian time, and following dis-

integration of this supercontinent during Mesozoic and

Cenozoic time [85, 145]. This geological history is recorded in

the rocks of the Arctic fold belts and sedimentary basins.

Geological data from Arctic continental margins are also a

significant source of information about processes that formed

the deep water basins and ridges of the High Arctic, especially

true for the Amerasia Basin where datasets remain scarce.

The Eurasian Arctic is dominated by fold belts that

extend offshore under thick sedimentary accumulations

and consequently are poorly understood. There have been

several overviews published relatively recently attempting

to summarize the geology of parts of the Arctic [26, 49, 52,

115, 120]. This paper focusses on the Russian Arctic,

where new data allows for an improved understanding of

the tectonics of a vast offshore region.

Fold belts

The Arctic fold belts are all products of major post-

Palaeoproterozoic orogenic events, i.e., Neoproterozoic,

early Palaeozoic (Caledonian), late Palaeozoic (analogues

& Sergey S. Drachev

sdrachev@gmail.com

1 ArcGeoLink Ltd., 48 Tupwood Gardens, Caterham,

Surrey CR3 6EW, UK

123

Arktos (2016) 2:21

DOI 10.1007/s41063-015-0014-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s41063-015-0014-8&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s41063-015-0014-8&amp;domain=pdf


of Hercynian orogeny in Central Europe), and late Meso-

zoic and Cenozoic orogenies. Most of these fold belts are

located in the Eurasian sector. For the purpose of this

overview, Mesoproterozoic fold belts are not differentiated

from the older rocks of the cratons and, therefore, are not

characterized below.

Neoproterozoic Timanian fold belt (TFB)

The TFB surrounds the Baltica Craton to the NE and E

(present-day coordinates). It is locally exposed in the Timan

Range, on Kanin, Rybachii and Varanger peninsulas (Figs. 1,

2), while a major part of it is buried under thick sediments of

the Timan-Pechora Platform (basin) where Precambrian

rocks are documented by petroleum exploration wells at

0.5–4.5 km depth. The eastern flank of the TFB is reworked

by Late Palaeozoic Uralian deformation (see Uralian Fold

Belt below). Detailed information about geology and history

of Timanides is summarized by Gee and Pease [42], Kuz-

netsov et al. [80–83], Pease et al. [119], Andreichev [3].

The TFB consists of two first-order tectonic elements

(from west to east): the Timan and Bol’shezemel’sk

domains separated by the Pripecho-Ilych-Chikshinsk

Suture. The latter is inferred to mark the NE limit of the

Baltican crustal domain [65].

The Timan domain represents a proximal to Baltica

Cryogenian passive continental margin dominated by

weakly to moderately metamorphosed and deformed shel-

fal siliciclastic rocks. It is separated from the Baltica

Craton by the West Timanian Thrust. The eastern flank of

the domain (Izym Block in the Russian literature) is

dominated by distal deep-water slate rocks [3].

The Bol’shezemel’sk domain is mostly composed of

metamorphosed and intensely deformed Neoproterozoic

volcanic and volcaniclastic rocks of basalt–andesite–

dacite–rhyolite series, mafic intrusives and bodies of

ultramafic rocks—fragments of an ophiolite complex [6,

22]. It is interpreted to represent a fragment of a magmatic

island arc possibly developed on an oceanic lithosphere [3]

between c. 700–560 Ma [81]. The central part of the

Bol’shezemel’sk domain is occupied by a smaller block

known as the Khoreiversk Massif, with sialic crustal char-

acteristics indicated from geophysical data [3]. The massif

is dominated by volcanic and volcaniclastic calc-alkaline

rocks with interbeds of siliciclastic rocks and is capped by

an uppermost Neoproterozoic to Cambrian continental

molasse. Another similar crustal block, the Kolguev Massif,

is inferred beneath the SW Pechora Sea. Both of these

massifs are interpreted to represent microcontinents—

fragments of an older Pretimanian crust accreted to the

Baltican margin in Neoptroterozoic time [3, 6].

Based on the isotopic age of collisional granitoids and

detrital zircon ages from syn- and post-collisional

formations, the TFB formed between c. 560–510 Ma [81–

83]. The cause of the Timanian orogenesis is disputed.

Some authors believe that it was a result of island-arc

(Cadomian island-arc [139] accretion to the Baltica margin

accommodated by closure of an oceanic basin called the

Pechora [132], Palaeo-Asian [66] or Proto-Uralian [81]

ocean, which may have existed between 850–650 Ma [3].

Other authors argue that the TFB formed as a result of a

collision between Baltica and a hypothetical continent

Barentsia, or Arctida [81–83].

The TFB can be projected as far northwest as the

Varanger and Rybachi peninsulas, where the Neopro-

terozoic passive margin rocks are exposed. To the north,

it can be traced in the magnetic field under the Pechora

Sea up to the southern slope of the East Barents Mega-

trough (see below). The Timanian basement is inferred

to underlie Southern Island of the Novaya Zemlya

Archipelago [17, 116], and the North Kara Province,

which is also referred to as a North Kara Terrane or

microcontinent [29, 88–90, 95].

Early Palaeozoic Caledonian fold belt (CFB)

The CFB fold belt is a large tectonic feature dominating

northernmost Europe. It extends for almost 3000 km from

Northern Ireland to the central Barents Sea where its off-

shore continuation is obscured by mid-Palaeozoic crustal

extension and is hidden below a thick Devonian to Ceno-

zoic sedimentary cover. The Norwegian sector of the CFB

is known as the Scandinavian Caledonides [19, 41]. It

extends as far north as Spitzbergen and can be projected

further north to the Canadian Arctic (Gudlaugsson et al.

[50, 11, 61, 115]). The CFB formed due to the closure of

the early Palaeozoic Iapetus Ocean and Laurentia/Baltica

collision beginning in the Silurian and continuing into the

Devonian. It represents a classical example of an intra-

continental bi-vergent collisional system. The NW part

(present-day coordinates) of the fold belt has been rifted

away from Baltica during the opening of the Norwegian-

Greenland oceanic basin in Cenozoic time and is known as

East Greenland Caledonides.

The Scandinavian Caledonides are composed of a set of

allochthonous units, or nappe complexes: telescoped frag-

ments of the pre-collisional Baltoscandian margin, frag-

ments of magmatic arc complexes and crustal blocks

(terranes) of non-Baltic affinity, ophiolites and rocks of

possible Laurentia affinity [19, 40]. These used to be

interpreted as organized into a simple bottom-up succes-

sion of four allochthons: (1) Lower Allochthon, (2) Middle

Allochthon, (3) Upper Allochthon, and (4) Uppermost

Allochthon [40]. Recently, with the accumulation of

modern geochronological data, a revised approach has been

developed [19 and references therein]. Along-strike
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variability in crustal architecture of the orogeny has also

been recognized and thus three segments are now distin-

guished: Southern, Central and Northern [20].

The Central, and Northern segments reach the Arctic.

The basal part of the Central Segment comprises a set of

parautochthonous and allochthonous sheets dominated by
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Fig. 1 Physiographic domains and seas of the Arctic region (after
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Late Neoproterozoic metasedimentary rocks of Baltica’s

continental margin intruded by mafic dyke swarms and

overlain by the metasedimentary, amphibolitic, meta-

granitic and ultramafic rocks of the Seve Nappe Complex.

These are tectonically overlain by nappes of Palaeozoic

rocks of oceanic affinity capped with a complex stack of

nappes comprising allochthons of Precambrian continental

crust, Neoproterozoic and Early Palaeozoic platformal

sedimentary and turbidite successions, and Ordovician

magmatic arc complexes [20]. The Northern Segment is

dominated by three tectono-stratigraphic units: para-

utochthonous and allochthonous Late Neoproterozoic

metasedimentary rocks resting on Archean to Palaeopro-

terozoic basement of the Fennoscandian Shield, possibly

allochthonous units of Mesoproterozoic to Early Palaeo-

zoic metasedimentary and igneous rocks of the Kalak

Nappe Complex, and allochthonous Ordovician–Silurian

metasedimentary and meta-plutonic rocks [20].

The main collisional event, known as the Scandian

phase, followed closure of the Iapetus Ocean (encom-

passing the time between 430 and 380 Ma) was accom-

panied by a high- and ultra-high pressure metamorphism

[19]. Precambrian Baltic basement exposed in tectonic

windows becomes gradually more reworked to the west.

Early Devonian high-pressure rocks such as eclogites,

locally with coesite and microdiamonds are documented

[21] suggesting a W-directed partial subduction of Baltican

lithosphere during Scandian collision up to the depths of c.

125 km.

Offshore extent of the CFB into the Barents Sea is a

controversial and highly debated issue (see [115, 120]

for a summary). The main suture between Laurentia and

Baltica was speculated to bifurcate, with one branch

located between north Greenland and Svalbard, and

another one projecting into the Barents Sea (Gud-

laugsson et al. [50, 11, 61]). Gee et al. [43], proposed the

suture to be located further east, between the Svalbard

and Franz Josef Land archipelagoes, and deformation

front approaching Novaya Zemlya and Severnaya Zem-

lya islands. The recent crustal models provide evidence

for the main suture beneath western Spitzbergen [94,

134], with the eastern Caledonian front located west of

Franz Josef Land, which is supported by an earlier

observation by Pease et al. [117].

Late Palaeozoic Uralian and Taimyr fold belts

A large region between the Ural Mountains and the Yenisei

River (Fig. 1) formed as a result of a Late Palaeozoic

collision of the Siberian continent and Kazakhstan–Tyan-

Shan Caledonian Composite Superterrane (microcontinent)

with the Baltican margin of Laurussia, which is commonly

referred to as Uralian orogeny [12, 130, 180, 181]. This

tectonism was the culmination associated with the closure

of the Neoproterozoic–Palaeozoic Paleoasian Ocean and

assemblage of the Pangaea Supercontinent. Presently,

rocks affected by the Uralian compression are exposed in

the Ural Mountains and in the Taimyr Peninsula, while a

major part of this tectonic assemblage is deeply buried

under the Mesozoic West Siberian Basin and can only be

characterized by deep exploratory wells [54, 55].

Uralian fold belt (UFB)

The UFB stretches N–S for c. 2500 km from the Aral Sea

to the Kara Sea coast. Its western flank is exposed in the

Ural Mountains while the remaining part occurs beneath

West Siberian Basin. It is subdivided into five along-strike

segments, of which the only northernmost segment, known

as the Polar Urals, is located in the Arctic. Comprehensive

overviews of Uralian geology were published by Brown

et al. [12, 13], Puchkov [130, 133].

The exposed UFB is subdivided into the western and

eastern tectonic-stratigraphic zones, separated by the narrow

intensely deformed Main Uralian Fault, which includes

fragments of ophiolites [130]. The western zone, known also

as the Western Uralides, is composed of up to 6 km of

Ordovician-Carboniferous shelf carbonate and siliciclastic

rocks of Baltican passive margin thrusted onto the Baltica

craton. This proximal complex is overthrusted by a distal

succession of calcareous shale and chert of deepwater con-

tinental margin. Thrusts also involve Neoproterozoic Tima-

nian basement, known as the Proto-Uralides [139], which is

exposed in a series of tectonic windows named as Central

Uralian Zone [65, 131, 133]

The Eastern Uralides is mostly composed of late

Devonian to mid/late Carboniferous metamorphic and

igneous rocks of volcanic arc affinity—fragments of the

Mid-Palaeozoic Tagil-Magnitogorsk island-arc system

developed along the Baltican margin in Devonian time as a

result of westerly directed subduction of the Palaeo-Uralian

Ocean [4, 140]. Post-tectonic Permian (290–250 Ma)

granites indicate significant crustal thickening during the

final collision stage [4, 130, 140].

According to Puchkov [130–132], the UFB tectonic

history can be summarized as follows:

bFig. 2 Tectonic domains of the Eurasian Arctic consolidated crust

(refer to text for more details). Outlined italic capital letters denote

PIC Pripecho-Ilych-Chikshinsk Suture, WTT West Timanian Thrust,

KhM Khoreiversk Massif, KM Kolguev Massif, OFZ Olenek Fold

Zone, MTZ Main Taimyr Thrust, PFT Pyasina–Faddeevskii Thrust.

Location of the map is shown in Fig. 1
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1. Initial rifting in Cambrian–Middle Ordovician fol-

lowed by spreading opening of the Palaeo-Uralian

Ocean and formation of the Baltican passive conti-

nental margin.

2. Formation of the magmatic Tagil Island Arc at the end

of Ordovician.

3. Formation of the Magnitogorsk and Valerianovsk

magmatic island arcs in Emsian (Middle Devonian)

and Serpukhovian (Early Carboniferous) times as a

results of reconfiguration of the Tagil subduction zone.

4. Collision of the Magnitogorsk island arc with the

Baltican margin in the latest Devonian–early

Carboniferous.

5. Collision of the Laurussian Continent with the Kazakh

Microcontinent in Bashkirian (Middle Carboniferous)

time and formation of the bi-vergent orogen.

6. Voluminous granitoid plutonism during Permian time

resulted in the formation of the so-called Granite axis

of the Urals.

Uralian orogenesis was completed by end-Permian time,

and the territory of the newly formed continental crust was

involved in Permo-Triassic uplift associated with the

Siberian Superplume event.

Taimyr fold belt (TmFB)

The TmFB occupies the entire Taimyr Peninsula and

extends onto the adjacent Kara and Laptev shelves and the

eastern part of the Severnaya Zemlya Archipelago where it

crops out on Bolshevik Island and in eastern part of

October Revolution Island (Figs. 1, 2). The fold belt con-

sists of three major tectono-stratigraphic domains: North-

ern Taimyr–Severnaya Zemlya, Central Taimyr, and

Southern Taimyr separated by the Main Taimyr and Pya-

sina–Faddeevskii thrusts, respectively [53, 164, 166]. The

Southern Taimyr domain represents a younger Mesozoic

fold belt and thus is considered separately.

The Northern domain is dominated by Neoproterozoic–

Cambrian siliciclastic turbidites, which are interpreted as

an indicator of a passive continental margin of the so-called

North Kara Microcontinent. Basement underlying these

turbidites is not exposed but can be inferred based on

detrital zircon ages from the turbidites. The latter bear a

profound Timanian signature and thus suggest proximity of

this crustal block to the Baltica Continent [29, 90, 91, 116].

The rocks are intensively deformed and regionally meta-

morphosed in lower greenschist (Bol’shevik Island) to

moderate amphibolite (Northern Taimyr) facies and intru-

ded by Late Palaeozoic syncollisional granite plutons

varying in age between c. 343 and c. 290 Ma [89, 91, 163–

165]; 260–245 Ma post-collisional granites [91, 167] are

apparently associated with the Siberian (Tunguska) Plume.

The deformation and metamorphism history of the

Northern domain is not well understood. Although, the

main deformation and metamorphism are associated with

Late Palaeozoic orogeny [115, 116, 166], Proskurnin [129]

suggest an earlier, late Timanian (Mid–Late Cambrian)

compressional event to have affected the Bolshevik Island

turbidites, which were then involved into the Late

Palaeozoic deformation.

The Central Taimyr Domain reveals a more complex

structure. It is composed of Mesoproterozoic metamorphic

rocks (Mamont–Shrenk and Faddey granite–gneiss terranes

intruded by 900–850 Ma granites), Neoproterozoic vol-

canic rocks with island arc affinity, ophiolites and associ-

ated 740–720 Ma plagiogranite. These rocks underwent

compressional deformation in the late Neoproterozoic (c.

600 Ma) as a result of island arc accretion to the Siberian

margin, and are unconformably overlain by latest Neo-

proterozoic and Palaeozoic sedimentary rocks associated

with a passive margin of Siberia continent [7, 118, 161,

164–166]. The entire section of the domain is compres-

sionally deformed and intruded by Carboniferous to Per-

mian granites, during the main phase of the Late

Palaeozoic orogenesis.

Early Mesozoic Pai-Khoi–Novaya Zemlya–South

Taimyr fold belt (PNZST)

The PNZST formed at a very complex junction of the

Baltican and Siberian cratons with the northern part of the

Late Palaeozoic Uralides. It stretches for c. 3000 km

through the Yugorsk Peninsula, Vaigach Island, the

Novaya Zemlya Archipelago, the central part of the Kara

Sea and southern Taimyr Peninsula to the Laptev Sea coast

(Fig. 2). The outstanding feature of the fold belt is its

curvature. There are four large along-strike segments dif-

ferent in structure and stratigraphy: Pai-Khoi–Vaigach,

Novaya Zemlya, Central Kara and South Taimyr (Fig. 3).

The Pai-Khoi–Vaigach Segment stretches for c. 400 km

in an SE–NW direction, orthogonal to the strike of the

Uralian Fold Belt, from the Kara Gate Strait to the Kara

River midstream area where it is overthrusted by rocks of

the Western Uralides. The structural style of the segment is

characterized by a thin-skinned NE to SW-directed thrust

structure combined with a significant sinistral component

[158].

Southwestern boundary of the segment with the Koro-

taikha Foreland Basin coincides with the South Pai-Khoi

Thrust. The NE flank of the basin is involved into thrusting

and is known as the Pripaikhoi Zone, often considered a

part of the fold belt (Fig. 3). The orogen is composed of

two major thrust sheets: the South Pai-Khoi Parautochthon

and the Pai-Khoi (Kara by Timonin et al. [158] Allochthon

separated by the Main Pai-Khoi Thrust [158]. The former
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apparently extends NW to include Vaigach Island, and

therefore can be called Pai-Khoi–Vaigach Parautochthon.

It is composed of Ordovician to Carboniferous shelfal

facies considered proximal to Baltica, mostly carbonate

rocks, with total apparent thickness of 6–7 km. The Kara

Allochthon is dominated by a succession of Upper Cam-

brian to Lower Permian shale and chert deposited in a

distal passive margin setting. The total exposed thickness

varies between 2.7 and 6.1 km. The Ordovician section

includes some basalt flows and beds of volcaniclastic

rocks. The entire section is intruded by numerous Late

Devonian mafic sills and dykes corresponding to a major

extensional episode.

The northeastern flank of the Kara Allochthon is tec-

tonically overlapped by the Kara Synform (depression)

composed of complexly deformed Early Permian silici-

clastic rocks. The lower 1.0–1.6 km of the section is

composed of deep-water shaly and pelitic turbidites

derived from the east [87], and an upper 2.0–2.2 km

interval consisting of more coarse-grained clastic rocks

with coal beds deposited in an interchanging shallow water

and continental environment.

Sedimentary rocks of the Pai-Khoi Parautochthon and

Kara Allochthon facially resemble the Yeletskaya and

Lemvinskaya zones of the Western Uralides and were

apparently deposited along the same Baltica continental

margin. However, the timing of deformation is different:

Late Carboniferous in the Urals, and Late Triassic in Pai-

Khoi. Other outstanding differences between these fold

belts do not allow them to be united into a single orogen.

These include: (1) orthogonal strike of the Pai-Khoi thrusts

relative to thrusts of the Western Urals; (2) the abundance

of syncollisional Permian granites in the Urals and their

absence in Pai-Khoi; (3) the absence of ophiolites and

magmatic arc complexes in Pai-Khoi, which are abundant

in the Eastern Uralides.

The Novaya Zemlya Segment forms the 950-km-long

central part of the fold belt with a pronounced curvature

Fig. 3 Tectonic map of the Greater Kara region showing structural

subdivisions of the Pai-Khoi–Novaya Zemlya–South Taimyr Fold

Belt and its inferred extent under sedimentary cover. Bold encircled

letters denote principal transcurrent faults: B Baidaratskii, S Sporon-

avolokskii. Encircled Roman numerals show location of the strati-

graphic columns given in Fig. 4. Squared Latin numerals denote

principal thrusts mentioned in text: 1 South Pai-Khoi, 2 Main Pai-

Khoi, 3 North Pai-Khoi, 4 Rogachevskii, 5 Kolodkinskii, 6 Main

Novosemel’skyii, 7 Tsentral’no-Novozemel’skii, 8 Pakhtusovskii, 9

Main Taimyrskii, 10 Pyasina–Faddeevskii. KB Karataikha Basin.

Location of the map is shown in Fig. 1. Based on Lopatin [87],

Timonin et al. [158]
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towards the Barents Sea (Fig. 3). As shown by Bondarev

[9], Lopatin et al. [86], Pogrebitskiy [123] and Korago

et al. [70, 71], it is mostly composed of Palaeozoic to Early

Triassic successions deposited across a Baltican passive

continental margin with shelf facies developed along the

western coast of Northern Novaya Zemlya Island and

hemipelagic to pelagic facies—along the eastern coast. The

total thickness of the exposed section exceeds 13 km. The

entire sedimentary section was severely deformed at the

end of the Triassic–earliest Jurassic [86, 123, 142].

Locally exposed basement is represented by Meso- and

Neoproterozoic metasiliciclastic turbidite succession and a

unit of metacarbonate–metasiliciclastic rocks intruded by

Neoproterozoic metagabbro-dolerite dikes and granitoid

plutons and deformed under N–S trending compression and

metamorphosed in greenschist to epidote–amphibolite–

migmatite facies, and [70]. Corfu et al. [17] documented

presence of 716–704 Ma old mafic dikes exposed along the

western coast of Northern Island, which were previously

interpreted as associated with the Late Devonian rifting.

Geochemistry of the dikes suggests their emplacement in a

supra-subduction setting. According to Bogolepova and

Gee [8] and Pease and Scott [116], the age of the com-

pressional deformation here is inferred to be Timanian and

is younger than in the Timan-Pechora Timanides, possibly

as young as mid to late Cambrian.

Based on the distribution of facies and thicknesses of

sedimentary successions, the segment is subdivided into

three along-strike blocks: Southern, Central and Northern,

divided by two large transcurrent faults oriented oblique to

the westerly tectonic transport direction: the Baidaratskii in

the south, and Sporonavolokskii in the north (Fig. 3).

The Southern block occupies the Southern Island of the

Novaya Zemlya Archipelago. Its structure is dominated by

a large antiform of the Vaigach-South Novaya Zemlya

Parautochthon (Southern Novozemel’sky Anticlinorium) in

the southwest, and by the Karmakul’ Synform (synclino-

rium) in the north bounded by the Rogachevskii and

Kolodkinskii thrusts, respectively (Fig. 3). A distinct base

Frasnian angular unconformity splits the section into two

parts (Fig. 4, column I). The lower part mostly occurs

within the antiform, and is dominated by Cambro-Or-

dovician to Middle Devonian shallow-water carbonate

rocks. The upper part crops out in the Karmakul’ Synform

and is mostly composed of Upper Devonian to Lower

Permian carbonate and siliciclastic rocks. There is a clear

north-directed facial transition to a basinal setting. The

Lower Frasnian interval is characterized by a significant

volume of the basalts and related volcaniclastic rocks,

which are considered to be related to a prominent crustal

extension event [86, 123]. There is a significant amount of

the Early Frasnian sills and dikes occurring mostly within

Lower and Middle Devonian section. A c. 2- to 3-km-thick

Upper Permian siliciclastic succession caps the section. It

is composed of deep-water prodelta facies that transition

upwards into more shallow-water deltaic facies sourced

from the Uralian orogen [116].

The Central block (northern part of Southern Island and

central part of Northern Island) is occupied, in its axial

zone, by the Northern Novozemel’skii Parautochthon

(Anticlinorium). It is flanked by the West Novoze-

mel’skaya Zone and the Kara Allochthon (Synclinorium)

in the west and east, respectively (Fig. 3). These tectonic

units are bounded by prominent thrusts: the Main Novo-

semel’skyii and Tsentral’no-Novozemel’skii, respectively.

Another large fault, the Pakhtusovskii Thrust, is mapped

along the eastern flank of the Kara Synclinorium, which

divides it from the easternmost Pakhtusov Antiform. The

allochthons bounded by these thrusts differ significantly in

facial character.

The West Novozemel’skaya Zone of frontal deforma-

tions (the Barents Facial Zone) is composed of an Upper

Devonian to Carboniferous shallow-water carbonate plat-

form overlain by a basinal Lower Permian black shale unit

and a succession of Upper Permian prodelta turbidites

capped by Upper Permian to lowermost Triassic shallow

marine and fluvial siliciclastic rocks (Fig. 4, column III).

The Lower Frasnian interval is abundant with the basalt

flows and associated volcaniclastic rocks, marking the

same extension event as the analogue unit in the Southern

Block. However, according to Corfu et al. [17], some mafic

dikes are 716–704 Ma old. The Northern Novozemel’skii

Anticlinorium (the Mityushikhin Facial Zone) reveals a c.

4- to 6-km-thick Cambrian to Lower Devonian section of

deep-water and prodelta turbidites that transition upwards

into shallow-water siliciclastic and carbonate rocks (Fig. 4,

column III).

The thrust sheets exposed in Pakhtusovskii Anticlino-

rium and Kara Synclinorium are composed of the Devo-

nian to Early Permian hemipelagic and pelagic rocks

(Fig. 4, column IV): fragments of pelagic shale and chert

units with radiolaria and conodont fauna, distal mudstone

dominated turbidites, lenses of carbonate breccia. Associ-

ated with this section are fragments of Upper Devonian

pillow basalts and thin bodies of serpentinized peridotites,

which were interpreted as products of Devonian rift event

(see above), but could be fragments of a dismembered

ophiolite complex. Middle Carboniferous to Middle–Upper

Permian rocks are represented by deep-water shale and

distal turbidites and Upper Permian prodelta turbidites

transitioning upward into a succession of shallow-marine

siliciclastic rocks.

The Northern block (northern part of Northern Novaya

Zemlya Island) consists of two contrasting tectono-strati-

graphic zones (Fig. 3). The westerly Russkaya Gavan’

Zone comprises a c. 5.5- to 7-km-thick Silurian to Upper
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Permian section that is similar to the Barents Synclinorium

and North-Novosemel’skii Anticlinorium sections (Fig. 4,

column V). The northernmost Ledyanogavanskaya Zone is

dominated by a thick succession of siliciclastic Neopro-

terozoic to Upper Ordovician turbidites that transition into

a thick unit of Silurian prodelta turbidites (Fig. 4, column

VI), which are unknown in the other parts of the fold belt.

No any significant unconformities have been documented

in this section so far. The upper part of the section closely

resembles the westerly Devonian to Permian sections and

is represented by Devonian to Carboniferous shallow

marine carbonate and clastic rocks overlain by shallow-

water Permian clastic rocks. The total thickness of the

exposed section in the Northern Block exceeds 14 km.

The deformed sedimentary successions of the Novaya

Zemlya Segment are intruded by a few small bodies of

granitic rocks with Late Triassic to Early Jurassic isotopic

ages [123].

The age of compressional deformation was, for a long

time, one of the most disputed issues of Arctic geology (see

[115]). The youngest strata involved in the deformation are

of Early Triassic age, which presumes deformation must be

younger. Modern unpublished MCS data acquired by TGS

Seismic Company in the vicinity of the western coast of

Novaya Zemlya show a sharp angular unconformity at

about the Triassic/Jurassic boundary, which probably cor-

responds to the main deformation phase.

The Central Kara Segment occurs completely under

sedimentary cover of the Kara Sea. It coincides with a

prominent gravity high called in Russian literature the

North Siberian Arch (or Step). This structure has, for a long

time, been seen as a link between the Novaya Zemlya and

Taimyr orogens [146]. A well drilled in the late 1980s on

Sverdrup Island situated over the crest of this feature

(Fig. 3) penetrated crystalline schists beneath 1.6 km of

Cretaceous–Upper Jurassic undeformed siliciclastic sedi-

ments [146]. The schists are inferred to be of Proterozoic

age and therefore can be interpreted as Timanian basement

involved in the Early Mesozoic deformation. So far, no

isotopic age has been yielded from these rocks.

The South Taimyr Segment (STS) stretches for over

1000 km between coasts of the Kara and Laptev seas. In

the north, it is bounded by the Pyasina–Faddeevskii Thrust,

and in the south is covered by post-orogenic Jurassic and

Cretaceous sedimentary fill of the Yenisei-Khatanga Basin

(Fig. 3).

Fig. 4 Generalized stratigraphy of the Novaya Zemlya Archipelago (based on [123]. Location is shown in Fig. 3
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The STS is interpreted to represent a Siberian passive

margin overlain by a foreland basin developed in conju-

gation with the Late Palaeozoic Taimyr Fold Belt, both

folded and thrusted to the south in the early Mesozoic. It is

dominated by c. 7- to 8-km-thick succession of unmeta-

morphosed Ordovician to Carboniferous carbonate and

siliciclastic rocks overlain by a thick shallow-water and

nearshore siliciclastic Permian to Early Triassic rocks with

significant amounts of Tunguska-like basalts and accom-

panying sills and dikes associated with the c. 250 Ma

Siberian Superplume event. According to Zhang et al.

[179], U–Pb detrital zircon ages and heavy mineral anal-

yses indicate a dominant Uralian provenance with some

additional Timanian and Caledonian material presumably

derived from interleaved thrust sheets of Baltica affinity.

However, the same age rocks are known in Northern Tai-

myr domain and so more local provenance cannot be

excluded. All strata, including the basalt flows and sills, are

deformed into south-verging folds and thrusts decreasing in

intensity towards the Siberian Craton.

The age of STS deformation is bracketed by Early

Triassic mafic and granitic rocks that intrude Permian and

Early Triassic sedimentary rocks, and by the Early Jurassic

basal strata of the Yenisei-Khatanga Basin that onlap the

STS folds [53, 176].

Offshore extent of the PNZST fold belt beneath southern

Kara Sea represents a challenging problem. The proposed

model (Fig. 6) allows for its greater extent below the entire

South Kara Basin, based on the idea by Ustritsky [162]

about trapped lithosphere relict of Paleozoic Uralian

Ocean. The latter was further developed by Sullivan et al.

[156], Scott et al. [142], and Drachev et al. [26], who

implied subduction rollback was a driving mechanism of

the PNZST formation. The southernmost occurrence of

deformed Triassic rocks was documented by the East

Bovanenkovskaya-11 well on Yamal Peninsula ([149]; see

Fig. 3 for location), and in the lower Yenisei River.

Therefore, the PNZST extent could potentially be traced

for over 800–900 km in SE direction below the South Kara

and northern part of the West Siberian Basin.

Late Mesozoic fold belts and composite

superterranes

The huge region between the Siberian and North American

cratons is occupied by a series of fold belts and large

composite terranes. These terranes were accreted during

Jurassic and early Cretaceous time as the result of closing

two ocean basins, the South Anyui–Angaucham, and the

Oimyakon oceans. This oceanic closure and the following

orogenesis created a continental bridge between the Eur-

asian and North American continents around 130–125 Ma.

The North Verkhoyansk, Cherskii, Chukotka, and Brooks

Range fold belts, as well as Arctic Alaska–Chukotka

Microcontinent (AACM) and Kolyma-Omolon composite

superterrane (KOCS) are the first-order elements of this

extremely heterogeneous tectonic ensemble (Fig. 2). The

former two together with the KOCS are often named as

Verkhoyansk-Kolyma Fold Belt, or orogen [108]. Detailed

characteristic of the geology of this region is provided by

Zonenshain et al. [181], Parfenov [109], Nokleberg et al.

[106, 107], Parfenov and Kuz’min [111], and Oxman

[108], and more recently by Sokolov [151] and Toro et al.

[160].

Verkhoyansk-Kolyma orogen

The North Verkhoyansk Fold Belt (Figs. 2, 5) and its

western branch, the Olenek Fold Zone, represent the

deformed Palaeozoic to Mesozoic passive margin of the

eastern Siberian Palaeocontinent [109, 181]. The fold belt

is dominated by c. 15 km of Upper Paleozoic to Lower

Cretaceous (Hauterivian) siliciclastic rocks resting on

lower Palaeozoic shallow-marine carbonate and clastic-

carbonate formations, which in turn are underlain by

Neoproterozoic clastic successions. In Late Devonian time,

the passive margin underwent significant extension and

fragmentation culminating with the formation of Oymya-

kon Ocean; in Late Jurassic and Early Cretaceous (Neo-

comian) time it was affected by the west-directed thrusting

and folding during collision with the KOCS and the AACM

[106, 108, 113, 138].

Since the first MCS data were collected in mid-1980s,

the offshore extent of the Verkhoyansk Fold Belt and

nature of the Olenek Fold Zone remained among the most

disputed questions of Laptev Sea geology. The former, as a

narrow strip of deformed Upper Palaeozoic and Mesozoic

rocks, extends along the Laptev Sea Coast and was con-

sidered either as a narrow inverted Precambrian rift within

the Siberian Craton, or as a frontal zone of the Verkhoy-

ansk Fold Belt extending onto the adjacent shelf (see [23]

for more details). The recent MCS data published by

Zavarzina et al. [178] seem to confirm the latter.

The Cherskii Fold Belt (Fig. 2) formed in the latest

Jurassic/earliest Cretaceous during KOCS collision with

the Verkhoyansk margin of Siberia [106, 109]. It consists

of a series of terranes dominated by deep-water siliciclastic

turbidites accumulated in the Oimyakon palaeo-oceanic

basin (Kular-Nera and Nagondza terranes), fragments of

the Omulevka Microcontinent, and stacked allochthons of

ophiolite and metamorphosed rocks [108, 112, 160]

(Fig. 5).

The Kular-Nera Slate Terrane and stretches NW–SE

from Laptev Sea coast, along western fringes of the

Cherskii Range towards the Sea of Okhotsk for the distance

of over 1300 km. It comprises Upper Permian, Triassic and
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Lower Jurassic pelagic and hemipelagic shale and distal

turbidites and conturites. The Adycha-Taryn Fault sepa-

rating it from the North Verkhoyansk FB marks the east-

ernmost limit of the Siberian palaeocontinent [109].

The Nagondza Turbidite Terrane (Tuostakh Block) is

composed of polydeformed Upper Palaeozoic, Triassic and

Lower Jurassic distal clastic turbidites. Tectonically frag-

mented Permo-Carboniferous rocks with layers of pillow

basalts occur along its eastern flank and are interpreted to

indicate rifting.

The Omulevka Microcontinent (terrane) is composed of

Palaeozoic (Lower Ordovician to Lower Carboniferous)

carbonate and siliciclastic-carbonate rocks and is inferred

to represent a large fragment of the Siberian continental

margin rifted away during Late Devonian–Early Car-

boniferous time [181]. However, Parfenov [109] considers

it to be a part of the KOCS.

The Kolyma-Omolon Composite Superterrane (KOCS)

was assembled in early Mid-Jurassic time due to a collision

of a Late Palaeozoic–Early Mesozoic island arc system

(Alazeya, Oloi and Khetachan terranes) with the Omolon

Microcontinent (Omolon, Prikolyma and Beryozovka ter-

ranes). The newly formed KOCS collided then with the

Omulevka Microcontinent in Bajocian time [109, 111].

The Omolon Terrane (massif) forms the KOCS’s core.

Its basement is composed of Archean and Palaeoprotero-

zoic crystalline rocks, which are overlain by non-meta-

morphosed to very low grade metamorphosed

Mesoproterozoic to Cambro-Ordovician rock units with

rift-related basalts and rhyolites. These rocks are overlain,

with a sharp angular unconformity, by Middle–Upper

Devonian andesites, dacites and rhyolites and associated

volcaniclastic and siliciclastic rocks forming a supra-sub-

duction Kedon magmatic belt, which is capped by a thin

unit of Upper Devonian shallow-water siliciclastic and

carbonate rocks. A thick succession of Upper Carbonifer-

ous, Upper Permian, Upper Triassic, Lower and Middle

Jurassic shallow-marine siliciclastic rocks unconformably

overlie the Precambrian and Devonian rocks.

The Prikolyma and Beryozovka terranes are inferred to

represent passive margin fragments once adjacent to the

Omolon Terrane [109]. Their sections are composed of c.

10-km-thick passive margin sedimentary wedges resting on

Precambrian basement. Neoproterozoic volcanic rocks

documented in the Prikolyma Terrane are considered to be

associated with the crustal extension. Another crust

extension episode is marked by the Middle–Late Devonian

basalt volcanism [14]. Supra-subduction volcanic and

Fig. 5 Principal tectonic elements of Northeast Asia (based on Parfenov [109], Nokleberg et al. [106], Parfenov and Kuz’min [111], Oxman

[108]. Location of the map is shown in Fig. 1
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associated volcaniclastic rocks are known in the overlying

Permian–Triassic shallow-marine siliciclastic succession,

which may suggest proximity of this terrane to an active

Late Palaeozoic island arc.

The Alazeya Island Arc terrane is poorly exposed and

thus is much less understood. It probably consists of two

subterranes: Alazeya and Kenkel’da. The former is domi-

nated by a up to 6-km-thick succession of gently deformed

Devonian–Carboniferous, Permian, Late Triassic and Early

Jurassic shallow-water arc-related volcanogenic-sedimen-

tary rocks with layers of basalt, andesite and dacite. The

latter includes metamorphic rocks including metabasalts,

glaucophane and glaucophane–lawsonite schists, silici-

clastic and volcaniclastic rocks, and oceanic tholeiitic

basalts. It is inferred to represent a fragment of the Alazeya

island arc accretionary wedge. The weakly deformed

Middle and Upper Jurassic shallow-water rocks uncon-

formably overlie the older rocks of the terrane.

The Khetachan Terrane is composed of deformed Upper

Triassic and Early Jurassic volcanic and volcaniclastic

rocks and is inferred to represent a fragment of the Alazeya

Island Arc. It is overlain, with angular unconformity, by

post-amalgamation Late Jurassic volcanic and volcani-

clastic successions of the Oloi magmatic arc [111].

The Oloi Island Arc Terrane is composed of Middle–

Upper Devonian rhyolite lava flows and tuff, basalts and

intercalating limestone and siliciclastic beds, Lower to

Middle Carboniferous siliciclastic rocks, Lower Permian

siltstone and sandstone, and Upper Permian unit of

interbedded volcaniclastic and siliciclastic rocks.

Post-amalgamation rocks overlie, with sharp basal

angular unconformity, the KOCS terranes. They include

Middle Jurassic (Bathonian-Callovian) olistostrome, vol-

canic and volcaniclastic rocks of the Upper Jurassic

(Oxfordian-Tithonian) Uyandina-Yasachnaya and the

Upper Jurassic to Neocomian Oloi-Svyatoi-Nos magmatic

arcs, Middle–Upper Jurassic and Neocomian siliciclastic

and volcanogenic rocks of the Ilin’-Tas Anticlinorium,

and Middle–Upper Jurassic shallow marine siliciclastic

sediments of the Central Alazeya Basin. The magmatic

arc rock complexes manifest subduction of the Oimyakon

and South Anyui oceanic lithosphere under W–SW

(Uyandina-Yasachnaya Arc) and NW (Oloi-Svyatoi-Nos

Arc) KOCS’s margins. All post-amalgamation formations

were affected by moderate to weak compression at the end

of the Neocomian, except for the rocks of the Ilin’-Tas

Anticlinorium that were deformed into tight isoclinal

folds.

The Syn-collisional Polousnyi, In’yali-Debin synclino-

ria, and Ilin’-Tas Anticlinorium are mostly composed of

Middle to Upper Jurassic siliciclstic and volcaniclastic

turbidites accumulated between the colliding KOCS and

the Siberian margin. Numerous signs of syn-sedimentary

deformation, presence of sedimentary mélange and tectonic

olistostrome, layers of andesite and basalt rocks and vol-

caniclastic material indicate deposition of the turbidites in

a tectonically active environment close to volcanic centers.

Based on these facts, the Polousnyi, In’yali-Debin syncli-

noria are inferred to represent large fragments of accre-

tionary prisms [111].

South Anyui Suture zone (SASZ)

The SASZ is a narrow intensely deformed tectonic zone

separating the compressionally deformed New Siberian–

Chukchi margin of the AACM from the Verkhoyansk–

Kolyma orogen (Fig. 5). Many data on SASZ geology were

published by Parfenov and Natal’in [110], Sokolov et al.

[152–154], Amato et al. [1]. The suture is exposed onshore

in Western Chukotka where it is composed of a complexly

deformed package of tectonic nappes thrusted southward

onto the adjacent margin of the KOCST as revealed by

seismic refraction data [1, 44]. The individual nappes

consist of Carboniferous volcanic–cherty–carbonate rocks,

Upper Triassic–Valanginian volcanic and volcaniclastic–

siliciclastic rocks, Upper Jurassic volcanic and siliciclastic

rocks of an island-arc affinity, Upper Triassic and Upper

Jurassic–Lower Cretaceous turbidites, Upper Jurassic–

Lower Cretaceous olistostrome complex; and fragments of

Middle–Upper Jurassic and Late Palaeozoic (fragment of

inferred Late Paleozoic ensimatic island arc—see [38, 154]

ophiolites. The rocks are intruded by syn- and post-colli-

sional granodiorites and granites with isotopic ages of

116–105 Ma [1, 97, 152, 153]. Magnetic data allow to

extend the SASZ offshore from the Kolyma River mouth to

Bol’shoi Lyakhov Island, where dismembered ophiolites

and island-arc volcanic complexes are again exposed [24,

78]. The further offshore continuation of the suture into

Laptev Sea is obscured by younger extensional faults of the

Laptev Sea Rift System and thus is uncertain (see discus-

sion in [78]). Zonenshain et al. [181] proposed that SASZ

can be projected into Southern Taimyr across the Laptev

Shelf, but this idea is not supported by neither magnetic nor

geological data.

The SASZ formed in Late Jurassic–Early Cretaceous

(prior to Aptian) time as the result of the closure of the

South Anyui–Angaucham Ocean and collision between the

AACM and an active continental margin of the North

Asian continent represented by the Oloi-Svyatoi Nos

magmatic arc [110, 138, 181]; Sokolov et al. [152, 153].

The deformation timing is bracketed by the youngest

compressionally deformed Hauterivian-Barremian sedi-

mentary rocks, and the oldest 116.9 ± 2.5 Ma [97] granite

pluton cross-cutting the deformed rocks. The final collision

was accommodated by movements along large WNW to

ESE dextral strike–slip faults [153].
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Arctic Alaska–Chukotka Microcontinent (AACM)

The AACM is a large tectonic domain (or superterrane)

occupying most of the East Siberian Sea and the entire

Chukchi Sea, Chukotka Peninsula, Arctic Alaska and Brooks

Range (Fig. 2). The Chukchi Borderland is inferred to be a

part of the AACM that was partially detached from it during

opening of the Amerasia Basin [49]. The AACM is inferred

to have been attached to the Canadian margin of present-day

North America in Late Palaeozoic and early Mesozoic, and

to have rifted away in Late Jurassic and continued drifting in

Early Cretaceous until it collided with the accreted Siberian/

KOCS margin in latest Neocomian (c. 130–120 Ma) time.

This collision caused the closure of the South Anyui–An-

gaucham Ocean and formation of the South Anyui Suture

and the Chukotka and Brooks Range fold belts [138, 181].

The full extent of the AACM is currently debated (see dis-

cussion in [115]).

The AACM can be subdivided into southern and

northern domains, which are separated by the Early

Brookian frontal thrusts of the Brooks Range Fold Belt,

Lisburne Peninsula–Wrangel–Herald compressional front,

and a zone of north-verging compressional deformation

mapped in sparse seismic data north of Wrangel Island and

in the East Siberian Sea [23, 47, 48, 170]. Therefore,

southern part of the AACM underwent compressional

deformation in Neocomian time, while its northern part

comprising fragments of the Neoproterozoic and Caledo-

nian/Ellesmerian fold belts remained intact [120].

The AACM metamorphic basement is locally exposed

on Wrangel Island (Wrangel Complex), Chukchi and

Seward peninsulas [76, 98, 99, 102, 114]. On Wrangel

Island, the metasedimentary and metaigneous rocks of

Wrangel Complex are intruded by Neoproterozoic granites

(609–677 Ma; [76]). In East Chukotka, basement rocks are

metamorphosed to amphibolite facies with documented U–

Pb age of orthogneiss of 650–550 Ma [102]. Younger

Palaeozoic U–Pb ages of inherited zircon cores were

yielded from Cretaceous high-grade granitic–metamorphic

domes (370–375 Ma; [102]). The overlying Paleozoic and

Mesozoic metasedimentary and sedimentary successions

are composed of various carbonate (mainly lower Paleo-

zoic sections and the Mississippian Lisburne Group and its

analogues) and siliciclastic rocks. Lower Paleozoic rocks in

the NE Brooks Range and especially the North Slope

subsurface include significant packages of deformed Early

Devonian orogenic clastic rocks interpreted to be Caledo-

nian-sourced. Two prominent structural unconformities, (1)

Sub-Mississippian and (2) lower Cretaceous (sub-Aptian)

document the occurrence of two major orogenic phases

across the entire AACM [98–101].

The sub-Mississippian unconformity post-dates Early

Devonian deformation (the Romanzof Orogeny of the

eastern Brooks Range, see [84]) and is present in all

autochthonous and parautochthonous sequences of north-

ern Brooks Range [99, 160]. There is no analogous

unconformity known on Wrangel Island, perhaps due to

poor exposure. However, as reported by Verzhbitsky et al.

[174], the deformation style of Silurian–Lower Devonian

rocks is different from the deformation of younger for-

mations that may be an evidence of a separate tectonic

phase, perhaps coeval with the Early Devonian deforma-

tion in the Northern Alaska.

The sub-Aptian unconformity is well documented in

many locations across the Verkhoyansk–Kolyma and

Chukotka fold belts, as well as on Kotel’nyi and Bennett

islands. It marks cessation of Late Mesozoic orogeny [23,

111, 153]; and references therein). All sedimentary suc-

cessions of the southern AACM domain were severely

affected by this Chukotka–Early Brookian deformation. On

the Chukchi Peninsula and probably on Wrangel Island,

this orogenic event was followed by uplift and profound

erosion between c. 117 and 95 Ma [96]. On the Lisburne

Peninsula, the early Brookian largely thin-skinned defor-

mation ended at c. 120 Ma and was followed by exten-

sional exhumation at c. 115–90 Ma [100].

E. Miller with co-authors [96, 97, 160] provided some

evidences of the post-Neocomian (post 120 Ma) Creta-

ceous extension of the Cukotkan part of the AACM.

However, neither scale of this extension, nor its potential

causes are not well constrained. In general this extension

can be of a back-arc nature with regard to the Late Cre-

taceous Okhotsk-Chukotka magmatic arc postdated main

Neocomian orogenesis.

Tectonic quiescence occurred until the onset of late

Brookian deformation at c. 70–60 Ma, which resulted in

further uplift of the Brooks Range, and was probably

caused by the interaction of the Eurasian, North American

and Pacific lithospheric plates [48, 51, 99].

The northern AACM domain is represented by the De

Long Massif and by the Arctic Platform. The De Long

Massif is inferred to consist of two different zones, or

terranes [23]. The Bennett terrane (Bennett Island) reveals

a c. 1.5-km-thick succession of weakly deformed and

unmetamorphosed Lower Cambrian to Middle Ordovician

fossiliferous shales and distal siliciclastic and clastic car-

bonate turbidites [72, 77]. The Henrietta Terrane (Henrietta

and Jeannette islands) is composed of deformed silici-

clastic and volcaniclastic rocks and calc-alkaline basalts of

island-arc affinity dated as latest Cambrian to earliest

Ordovician in age (U–Pb concordia age of detrital zircons

by [30]). The section is intruded by diabase and diorite sills

and dykes with Ar–Ar age of 440–444 Ma [64] that may

suggest a Caledonian magmatic event. This is confirmed by

a recent Ar–Ar dating of basaltic trachyandesite that pro-

vided 419 ± 3.7 Ma [30]. According to Ershova et al. [30],
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the Henrietta Terrane represents a fragment of an Early

Palaeozoic magmatic arc developed on a Neoproterozoic

basement in vicinity to Baltica.

The Kotel’nyi Terrane (Kotel’nyi and Bel’kovskii islands

in the New Siberian Archipelago) represents a fragment of a

Palaeozoic-early Mesozoic passive continental margin that

experienced early Cretaceous (Neocomian) compressional

deformation. The archipelago was mapped in the 1970s and

1980s, and its geology has been summarized by Kos’ko et al.

[75, 77] and Kos’ko [73].

The northern part of the terrane is dominated by 3- to

5-km-thick succession of Middle Ordovician to Middle

Devonian lagoonal and shallow-marine fossiliferous lime-

stones, which include basinal carbonate facies in the Lower

Silurian and Lower Devonian. The southwestern part is

mostly composed of a thick succession of Upper Devonian

to lowermost Carboniferous deep-water fine-laminated

turbidites, which likely represent a distal margin of this

microcontinent.

Carboniferous and Permian sedimentary rocks are

absent over most of the terrane except for sporadically

occurring tens of meters thick sections of Serpukhovian

and Bashkirian shallow water fossiliferous limestones and

Lower Permian black shales. A younger section is repre-

sented by 0.2–1.3 km of Triassic to Jurassic marine clay,

clayey siltstone, siltstone and sandstone. Both the Car-

boniferous and Permian strata overlie, with a prominent

angular unconformity at their base, Ordovician to Devo-

nian strata. These facts may indicate compressional

deformation in earliest Carboniferous time, possibly related

to the Ellesmerian orogeny in the Canadian Arctic, which

is supported by recent structural observations and sediment

provenance study [128].

The Palaeozoic rocks are intruded by numerous sills and

dykes of gabbro-diabases that closely resemble in age and

composition the Permian/Triassic Tunguska flood basalts

[79]. The terrane was intensively compressed in the Early

Cretaceous, prior to Aptian, with a clear dextral component.

Detrital zircon study of the upper Palaeozoic rocks

revealed dominant Mesoproterozoic to middle Paleozoic

detrital zircon populations with almost complete absence of

Paleoproterozoic and Archean grains [31, 120]. Therefore,

this terrane is very unlikely to have been connected with

the Siberian Craton in Palaeozoic.

Sedimentary basins

As shown above, the consolidated continental crust

underlying the Eurasian continental margin formed in

Neoproterozoic and much of the Phanerozoic as a result of

a series of collisions between the Laurentia, Baltica and

Siberia continents and with a number of smaller

microcontinents and/or island arc fragments. Sedimentary

basins post-dating the major collision mainly formed in

response to initial rifting often related to post-orogenic

collapse or to spreading episodes and formation of the

Eurasia and Amerasia oceanic basins.

The oldest Early Palaeozoic basins formed in the Barents

and Timan-Pechora region, and basin formation progressed

through the Palaeozoic in the Barents and north Kara shelves,

and throughout the Early–Mid Mesozoic in the South Kara

Sea and the Yenisei–Khatanga region. The latest phase of

basin formation occurs today in the Laptev Sea region, where

a series of rift-related basins have been evolving in associ-

ation with opening of the Eurasia oceanic basin and the

development of the present-day boundary between the Eur-

asian (EUR) and North American (NA) lithospheric plates.

Therefore, the basins of the Timan-Pechora and Barents-

Kara regions rest on continental Neoproterozoic crust and

Palaeozoic accreted crust, and are mostly composed of latest

Neoproterozoic, Palaeozoic and Mesozoic–Cenozoic car-

bonate and siliciclastic sequences. Most of the Siberian

Arctic basins (the Laptev, East Siberian and Chukchi

shelves) are underlain by younger crust of the Late Mesozoic

fold belts, and are filled with the Cretaceous (Aptian–Albian

and younger) and Cenozoic siliciclastic sediments.

There are over 130 tectonic elements north of the Polar

Circle with significant sedimentary accumulations that

have not experienced strong compression and therefore can

be considered to be sedimentary basins [49]. There are

several approaches to classify sedimentary basins [16] and

references therein). In this overview, the basins are sub-

divided into several groups based on the timing of con-

solidation of their basement. The focus of the below

consideration is on offshore Russian Arctic basins espe-

cially on those in the Siberian Arctic, where new data allow

for updated interpretations.

Barents–Kara region

Sediment accumulation in the vast Barents and Kara

shelves is significant and occurs in a series of large off-

shore and onshore basins underlain by Neoproterozoic and

Palaeozoic crustal tectonic domains (Fig. 6). These basins

are much better studied due to an easier access and longer

exploration history. Significant geological and geophysical

data are presented by Johansen et al. [60], Shipilov and

Tarasov [146], Fossum et al. [32], Belonin et al. [5],

Henriksen et al. [52], Prishchepa [126], Prishchepa et al.

[127], Schenk [141], and Stoupakova et al. [155].

Basins formed on Timanian basement

The post-Timanian basins dominate the Barens-Kara

region and can be grouped into three distinctive tectonic
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Pre-Neoproterozoic basins on old cratons (a, Late Mesozoic foreland basins): 1, Mezen’; 2, Yenisei-Khatanga;
3, Olenek-Anabar Anticlise; 4, Kureya-Tunguska Basin; 5, Anabar-Lena Basin; 6, Priverkhoyansk Basin

Basins formed on Neoproterozoic Timanian basement (a, underlain by exhumed mantle; b & c, foreland basins):
7, Timan-Pechora Province (7.1, Izhma-Pechora Basin; 7.2, Malozemel'sk-Kolguev Monocline; 7.3, Pechora-Kolva Rift;
7.4, Khoreiversk-Pechoromorsk Basin; 7.5, Varandei-Adz'vinsk Zone (Aulacogen); 7.6, Northern Pechoromorsk Monocline;
7.7, South Nov. Zemlya Trough; 7.8, Pre-Uralian Basin; 7.9, Korotaikha Basin); 8, Kola Monocline; 9, East Barents Megatrough
(9.1, Admiralty-Ludlov High; 9.2, South Barents Basin; 9.3, North Barents Basin; 9.4, Murmansk Slope; 9.5, Kurentsov Slope;
9.6, Northwestern Slope; 9.7, Al’banov Saddle; 9.8, St. Anna Trough); 10, North Kara Province (10.1, Uedineniya Basin;
10.2, Urvantsev Basin; 10.3, Sev. Zemlya Basin; 10.4, North Kara Platform (Krasnoarmeisk Basin); 10.5, Northern Taimyr Foreland Basin)

Basins formed on Early Palaeozoic Caledonian basement: 11, Bjornoya Platform; 12, Kong Karl Platform; 13, Edgeøya Platform;
14, Finnmark Platform; 15, West Barents Rift System

Basins formed on Late Palaeozoic Uralian basement: 16, Northern West Siberian Basin

Basins formed on Early Mesozoic basement: 17, South Kara-Yamal Basin

a

Basins formed on Late Mesozoic basement (a, zone of hyperextension and mantle exhumation): 18, Laptev Sea Rift System
(18.1, Ust’ Lena Rift; 18.2, Anisin Rift; 18.3, New Siberian Rift; 18.4, East Laptev Horst and Graben Province; 18.5, Kotel’nyi High);
19, East Siberian Sea Basin; 20, South Chukchi-Hope Basin

Basins formed on undefined Neoproterozoic to Early Palaeozoic basement of the Arctic Alaska-Chukotka Composite Syperterrane
(a, Late Mesozoic  foreland basin): 21, Peri-Delong Basin; 22, New SIberian-Wrangel Foreland Basin; 23, Colville Basina

a

Basins underlain by hyperextended continental crust, exhumed mantle,
and/or oceanic spreading crust along the rim of the Amerasia oceanic basin

Basins underlain by hyperextended continental crust, exhumed mantle,
and/or oceanic spreading crust along the rim of the Eurasia oceanic basin

a b c

Early Cretaceous Alpha-Mendeleev Large Igneous
Province

Late Cretaceous Okhotsk-Chukotka supra-subduction
magmatic belt

Sedimentary basins

Fig. 6 Sedimentary basins of the Eurasian Arctic. Location of the map is shown in Fig. 1
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provinces. Two of them, Timan-Pechora and East Barents,

bear significant discovered petroleum potential and thus are

among the best studied Russian Arctic basins. Geology of

the northernmost North Kara province is much less

understood due to sparse MCS lines and absence of drilled

wells.

The Timan-Pechora Province is composed of a series of

NW-trending rift basins, inverted swells and basement

highs, such as the Izhma-Pechora Basin (Syneclise), Mal-

ozemel’sk-Kolguev Monocline, East-Kolguev Structure

Zone, Pechora-Kolva Rift (Aulacogene), Khoreiversk-Pe-

choromorsk Basin (Syneclise), Northern Pechoromorsk

Monocline and Varandei-Adz’vinsk Structural Zone (Au-

lacogen), and South Novaya Zemlya Trough (Fig. 6). In

the northern Pechora Sea, the Timan-Pechora elements are

bounded by the North Pechora Sea Monocline transitioning

into Kurentsov Slope of the East Barents Megatrough. The

sedimentary infill is composed of carbonate, siliciclastic

and volcanic rocks of Late Cambrian–Early Ordovician to

Quaternary in age. The total thickness of sedimentary

section varies from 1–3 km in the northern Izhma-Pechora

Basin to 7–9 km in Pechora-Kolva Rift, and to over 12 km

in the South Novaya Zemlya Trough. Several major

regional unconformities subdivide the sedimentary infill

into the following main successions reflecting major stages

of tectonic activity:

1. Upper Cambrian to Early Devonian dominated by

shallow-water carbonate and siliciclastic rocks.

2. Middle to Upper Devonian (Lower Frasnian) compos-

ing of predominantly shallow-water siliciclastic rocks.

3. Upper Devonian (Middle Frasnian) to Lower Car-

boniferous (Tournaisian) shallow-water carbonate and

siliciclastic rocks, basinal carbonate and shale (Do-

manic Formation), reefal buildups.

4. Lower Carboniferous (Visean) to Lower Permian

(Artinskian) succession of continental and deltaic

coal-bearing rocks (basal part), shallow-water carbon-

ate and evaporite rocks (Middle–Upper Carboniferous

interval), and shallow-water limestone-dolomite and

basinal shale-marl formations (Lower Permian

interval).

5. Lower Permian to Triassic succession of shallow-water

and near-shore siliciclastic rocks (Permian interval)

and predominately continental molasse formation

(Triassic interval).

6. Upper Mesozoic to Cenozoic continental siliciclastic

sediments.

The following main tectonic events have contributed

into formation of the Timan-Pechora basins:

1. Early Ordovician rifting that shaped the Palaeozoic

continental margin of the Baltica continent.

2. Devonian rifting and associated mafic magmatism.

3. Late Palaeozoic inversion associated with the Uralian

orogenesis.

4. Mafic magmatism at Permo-Triassic transition and

associated uplift, both related to the Siberian

Superplume.

5. Late Triassic inversion associated with the Pai-Khoi–

Novaya Zemlya orogenesis.

The East Barents Megatrough (EBM) dominates the

Russian Barents Sea. It extends in the N-S direction for over

1000 km, and in W–E direction for 400–450 km. Tectoni-

cally it is limited by steep slopes of the Kola Monocline and

the Timan-Pechora tectonic province in the south, by the

relatively high-standing basement of the Franz Josef Land

Archipelago in the north, by the Bjarmeland and Kong Karls

Land platforms in the west, and by the Admiralty basement

high and the Novaya Zemlya Fold Belt in the east (Fig. 6).

EBM is the most studied among the Russian Arctic offshore

basins with 30 offshore exploration wells mostly drilled in

1980s, and about 500,000 km of multichannel seismic

reflection (MCS) and long-offset MCS data [63].

The EBM consists of two large depocenters: the South

Barents and the North Barents basins, separated by a sub-

dued basement high known as the Ludlov Saddle (Russian

tectonic nomenclature). The latter may represent the SW

extent of a 650-km-long Admiralty High, the largest pos-

itive feature in the Russian Barents shelf. Sedimentary

thickness of both, the South Barents and the North Barents

basins exceeds 20 km. They supposedly formed in middle–

late Devonian, probably as a result of back-arc lithospheric

extension, and have remained the principal depocenters

ever since. As shown by the seismic refraction data [57, 58,

135] and results of crustal modeling [94], these basins, in

their deepest parts, may be floored by exhumed mantle and/

or old oceanic lithosphere.

The EBM’s flanks are formed by steep monoclines: the

Northwestern, Murmansk and Kurentsov slopes (Fig. 6).

The eastern flank between Kurentsov Slope and the

Admiralty High is formed by a deformed foreland zone in

the front thrusts of the Early Mesozoic Novaya Zemlya

Fold Belt and has a complex structure.

MCS data supported by well ties provide a reliable basis

for understanding the tectonostratigraphy of the basin.

There are five main seismic-stratigraphic units: (1) Creta-

ceous, (2) Jurassic, and (3) Triassic–upper Permian mostly

siliciclastic sequences; (4) Upper Devonian to Early Per-

mian, and (5) Lower Paleozoic syn- and pre-rift clastic and

carbonate rocks. The first three are well documented by

numerous offshore well penetrations. Beneath unit (4), on

the flanks of the megabasin, older pre-rift seismic strati-

graphic units visible in seismic data correlate to the Lower

Palaeozoic strata of the Timan-Pechora Basin.
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In the extreme NE corner of the Russian Barents

between the Franz Josef Land and Novaya Zemlya archi-

pelagos, there is another large sedimentary basin known as

the St. Anna Trough (Fig. 6). This feature is slightly sep-

arated by the Al’banov-Saddle from the North Barents

Basin [67]. The seismic-stratigraphic units of both basins

bear the same characteristics, thus, the St. Anna Basin is

interpreted to share the same geological history as the EBM

and is considered as a part of the latter.

Due to uncertain stratigraphic correlation of the

lower seismic horizons, the timing of EBM formation is

highly controversial. Proposed models differ signifi-

cantly with regard to the age of the main rift phase,

which varies from Mezo-Neoproterozoic to Permo-Tri-

assic (see [26] for an overview). Zonenshain et al. [181]

inferred that the formation of the EMB was related to a

Late Devonian episode of back-arc extension along the

eastern margin of Baltica related to closure of the Paleo-

Uralian Ocean.

The EBM tectonic history can be described as a suc-

cession of the following tectonic regimes [26]:

1. Passive continental margin setting adjacent to the

Paleo-Uralian Ocean in Cambrian to Devonian time.

2. Main rift phase accompanied by syn-rift mafic mag-

matism in a back-arc (?) setting during Mid-Devonian

to Early Carboniferous time. This event could have led

to hyperextension and mantle exhumation and/or

formation of initial oceanic lithosphere in the Northern

and Southern depocenters resulting in the separation of

a large fragment of the Baltica continental margin that

became the Admiralty High.

3. Thermal subsidence in Late Carboniferous and Early

Permian time accompanied by formation of carbonate

platforms and reefs along the basin’s flanks and

accumulation of basinal carbonates and shales in its

central parts.

4. Rapid subsidence of the entire EBM in late Permian

and early Triassic time and accumulation of large

volumes of siliciclastic sediments sourced from the

Uralian Orogen, and from North Kara/Taimyr. By the

end of the Early Triassic, the basin was probably

completely filled with clastic sediments.

5. Novaya Zemlya–Pai-Khoi orogenic phase at the latest

Triassic and earliest Jurassic times;

6. High Arctic mantle plume-related magmatic event at c.

125 Ma that caused vast eruption of flood basalts [2,

18].

Post-Cretaceous sediments are generally absent over

most of the EBM. This may be related to tectonic uplift

during the Eocene–Oligocene triggered by plate interac-

tions in the North Atlantic and High Arctic, and/or to the

recent glacial erosion.

The North Kara Province (NKP) is much less explored

part of the Barents–Kara region. Early ideas about its

geology were summarised by Shipilov and Tarasov [146],

and later by Drachev et al. [26]. Recently, more regional

MCS lines were released for publication [58, 92, 93, 103,

172], which provide a better basis for geological interpo-

lations across this still sparsely studied part of the Eurasian

Arctic.

Tectonic boundaries of the NKP are defined by the

North Siberian Arch in the south, the frontal thrusts of the

Taimyr Fold Belt in southeast and east, and by the conti-

nent-ocean transition in the north (Fig. 6). Its southern and

south-eastern margins are occupied by Northern Taimyr

and Novaya Zemlya foreland basins adjacent to the frontal

thrusts of the Taimyr and PNZST fold belts. The central

part of the NKP is dominated by several depocentres: the

Uedineniya Basin, Urvantsev Basin, Severnaya Zemlya

Basin, North Kara Platform (Krasnoarmeisk Basin) sepa-

rated by a series of linear inverted swells (Fig. 6). A large

high-standing block of basement, the North Kara High,

occurs in the northern part of the province.

Up to 12 km sedimentary infill of the NKP is inferred to

be mostly composed of Palaeozoic carbonate and silici-

clastic rocks capped with a much thinner veneer of

Mesozoic siliciclastic rocks. The Severnaya Zemlya

Archipelago provides excellent exposures of Palaeozoic

rocks [46, 90]. Drachev et al. [26], Verzhbitsky et al. [171]

and Malyshev et al. [92] used MCS data to extend the

stratigraphy of Zevernaya Zemlya to the westerly offshore

territory. There are some discrepancies in these interpre-

tations related to the age of the main seismic units and

bounding unconformities. However, the following

tectonostratigraphic units dominating the NKP offshore

basins can be inferred:

1. Early Ordovician syn-rift shallow-marine clastic and

volcanic rocks.

2. Ordovician–Silurian post-rift siliciclastic rocks and

shales (Ordovician), carbonate and evaporite rocks.

3. Devonian syn-orogenic continental siliciclastic

molasses.

4. Carboniferous to Permian siliciclastic sediments coe-

val with the Taimyr orogeny.

5. Mesozoic to Cenozoic continental and shallow-marine

sediments overlying older units with a sharp basal

unconformity.

Whether the Neoproterozoic to Cambrian strata are

present within the NKP sedimentary basins remains

unclear. The detrital zircon age data from the Severnaya

Zemlya Archipelago suggests that these sedimentary rocks

may rest on Neoproterozoic basement. This is also con-

sistent with unpublished 40Ar–39Ar and U–Pb zircon data

from Franz Josef Land, the deepest part of the deep drill

Arktos (2016) 2:21 Page 17 of 30 21

123



core on Alexander Island, which give Neoproterozoic ages

of the basement (Pease, pers. comm.).

Geological and MCS data suggests multiple structural

inversions of the NKP basins related to Mid Palaeozoic

Ellesmarian, Late Palaozoic Uralian, and Early Mesozoic

Novaya Zemlya orogenies. The latest inversion took place

in an Early Cretaceous time and was probably related to

far-field stresses associated with Verkhoyansk-Chukotka-

Brookian orogenesis.

Basins formed on Caledonian basement

These basins formed as the result of post-Caledonian

crustal extension, and are almost entirely confined to

Norwegian Barents Sea (Fig. 6). A large amount of geo-

logical and geophysical data was collected in past two

decades and is summarized by Smelror et al. [150] and

Henriksen et al. [52], and we refer the readers to these

works for more detailed information.

The earliest documented extensional event took place in

latest Devonian to Early–Middle Carboniferous time and

was probably related to collapse of the orogen. It formed a

c. 800-km-long trident-shaped rift system crossing western

Barents Shelf in NE direction. It divides the Caledonian

terrain into two large domains dominated by wide-spread

platformal blocks: the northern domain (Kong Karl and

Edgeøya platforms and a number of smaller elements such

as Olga Basin, Hopen High, Storbanken Anticlines, Sør-

kapp Basin, and Central Spitsbergen Basin), and a southern

domain (Bjornoya and Finnmark platforms and smaller

Sentralbanken, Stappen, Gardbarbanken, and Mercurius

highs). The West Barents rift system is poorly imaged due

to a significant thickness of overburden of Permian to

Cretaceous sediments, and some of its elements are only

inferred from scarce seismic refraction lines [10, 50]. It is

composed of the Nordkapp, Ottar, Fingerdjupet, Maud rift

basins, and the Sørkap Graben divided by high-standing

basement: the Loppa and Nordsel highs, Polheim Sub-

platform and a series of smaller highs. The rift system may

extend westwards beneath the very thick Jurassic and

Cretaceous infill of the Hammerfest, Tromsø and Bjornoya

rift basins, which could have also originated in Early

Carboniferous [50]. Development of the rift system was

accompanied by accumulation of predominantly silici-

clastic successions of the Billefjorden Group [177] whose

seismic stratigraphy, due to a poor seismic data quality at

the lowermost parts of the records, is rather fragmented and

poorly understood.

The Permo-Triassic history of the Norwegian Barents

shelf was mainly controlled by thermal subsidence and

wide-spread accumulation of shallow-water carbonate

platforms and evaporates (Late Carboniferous–Early Per-

mian time) and prograding silisiclastic systems sourced

from the Uralian Orogen. Renewed extension in Jurassic

and Early Cretaceous time was mainly focused in Ham-

merfest, Tromsø and Bjornoya rifts and generally along the

western margin of the present-day Barents Shelf. This

history is considered in detail by Henriksen et al. [52].

Basins formed on Early Mesozoic basement

This category of basins is represented by a large

(800 9 500 km) NE–SW elongated South Kara Basin

(SKB). Generally the basin is fairly well studied seismically

and there are five offshore wells that resulted in the discovery

of the large Leningranskoe and Rusanovskoe gas condensate

fields in the late 1980s, and the Victory oil field in 2014.

Summaries of the South Kara geology can be found in

Shipilov and Tarasov [146], Stoupakova et al. [155], Ivanova

et al. [58], Nikishin et al. [104], and Nikishin [105].

The SKB is located at the hinterland of the Early

Mesozoic Novaya Zemlya Fold Belt and is considered to

be underlain by structurally complex basement formed at

the junction of the Baltican and East Siberian cratons, and

the intervening northern termination of the Late Paleozoic

Uralides and western flank of Taimyr Fold Belt (Figs. 2, 6).

The northern limit of the SKB coincides with the North

Siberian Basement Arch, which is the eastern extent of the

PNZST fold belt beneath the shelf. The southern limit is

not well defined, but may be represented by the large

Messoyakha Megaswell in the northern part of the West

Siberian Basin. In this case, the N to S extent of the SKB is

more than 1000 km.

MCS data reveal a series of SW–NE trending grabens

and half-grabens beneath thick post-extension sedimentary

cover [58, 104, 105, 175]. Since the sedimentary graben

infill has not been tested by drilling, the age of rifting is

unconstrained. By analogy with the West Siberian Basin

[157], many researchers attribute the SKB rifts to Permo-

Triassic extension [58, 104, 105, 155]. However, consid-

ering the magnitude of the Triassic/Jurassic compression,

which resulted in the formation of the PNZST fold belt, it

can be inferred that South Kara crustal extension postdates

Triassic/Jurassic orogenesis, and could, therefore, have

taken place in the Early Jurassic [26]. While this does not

preclude the existence of older Permo-Triassic rifts, the

latter, however, should have been affected by the Early

Mesozoic compression and become a part of the collapsed

fold belt underlying the SKB.

The following events are considered to contribute to the

formation of the South Kara Basin [26, 175]:

1. Late Carboniferous to Permian collision between

Baltica and Siberia along the Urals and Taimyr

convergence zones, with trapping of oceanic

lithosphere.
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2. Permian/Triassic plume-related magmatic event and

crustal extension.

3. Triassic/Jurassic compression and orogeny.

4. Early Jurassic collapse of the Early Mesozoic orogen

and formation of grabens at the base of the South Kara

Basin.

5. Reactivation of some faults in latest Jurassic and

Neocomian, and in Eocene–Oligocene and formation

of inverted swells and structural highs.

Siberian Arctic (Laptev, East Siberian Sea

and Chukchi shelves)

The vast Siberian Arctic shelf is significantly less studied

than the western Eurasian selves. In the better explored

Laptev Shelf, there are c. 50,000 km of 2D reflection and

refraction seismic lines acquired between 1973 and 2014.

Some seismic data have been published by Ivanova et al.

[56], Drachev et al. [28], Franke et al. [35], Sekretov [143],

Franke and Hinz [33], and recently by Shkarubo and

Zavarzina [147], Zavarzina et al. [178], Shkarubo et al.

[148]. The East Siberian Shelf was the least studied until

2012 with only a few MCS lines available [23]. The Rus-

sian Chukchi Sea had much better seismic coverage [122,

170]. Between 2012 and 2014, there was a significant

increase in long-offset MCS data acquisition by TGS,

DMNG, and ION seismic companies, the results of remain

largely unreleased. All these data in combination with the

publically available gravity and magnetic field data provide

a reliable basis for unraveling structure and tectonic history

of this large offshore territory.

The Siberian Arctic houses two families of basins. The

basins located south of the Late Mesozoic frontal thrusts

and resting on the southern margin of the AACM are

inferred to be filled with Cretaceous and Cenozoic sedi-

ments postdating the major Verkhoyansk-Chukotka-Broo-

kian orogeny. The basins located north of the frontal thrust

zone are likely underlain by older AACM domain, which

was not involved in Late Mesozoic orogeny [23].

Basins formed on Late Mesozoic basement

Basins underlain by collapsed parts of the vast Verkhoy-

ansk-Kolyma-Chukotka orogen are mainly located offshore

between the Taimyr Peninsula and Alaska (Fig. 6). The

majority of them formed in a rift and post-rift setting, and

was later modified through a series of inversions. Com-

prehensive reviews of these basins were published recently

by Grantz et al. [49], Drachev et al. [26], Drachev [23].

Laptev Sea Rift System (LRS) The Laptev Shelf repre-

sents an extensive, 500 km wide and 700 km long, rift

system, which has been developing since at least Late

Cretaceous. Its formation is caused by the divergent

movement between Eurasian and North American litho-

spheric plates, which resulted in the breakup of continental

lithosphere and the formation of the Eurasia oceanic

spreading basin [45, 137]. Many details on structure and

seismic stratigraphy of the LRS were published by Drachev

et al. [28], Sekretov [143], Franke et al. [35], and Franke

and Hinz [33, 34].

The LRS consists of several wide rift basins and rela-

tively narrow rifts separated by high-standing blocks of

underlying Late Mesozoic basement. The following main

structural elements were identified (from west to east): the

Ust’ Lena, Anisin and Bel’kov rifts and the East Laptev,

Stolbovoi, Shiroston and Kotel’nyi high-standing blocks,

or horsts. The easternmost New Siberian Rift is located in

the northwestern part of the East Siberian Shelf between

the high-standing Kotel’nyi and De Long blocks of the pre-

rift basement.

The rift basins are controlled by a series of large-offset

listric normal faults, and are generally asymmetric. Main

extensional detachments located at the eastern shoulders of

the rifts are documented for the Anisin and the Bel’kov

rifts. The Ust’ Lena Rift, dominating the central and

western Laptev Shelf, has a more complex structure.

Franke et al. [35] suggested that this rift along its entire N–

S extent is bounded from the east by a major detachment—

the M/V Lazarev Fault. However, some MCS lines indicate

the detachment location is in the western flank of the rift,

suggesting the rift is probably segmented along its strike

[28].

The total thickness of the strata infilling the rifts is

typically c. 3–8 km, reaching 13–15 km, and perhaps up to

18 km, in the deepest part of the Ust’ Lena Rift. On the

basement highs, the thickness is reduced to 1–2 km or less.

This fact, combined with the apparent eastward decrease in

structural complexity of the rifts, allowed Drachev et al.

[28] to infer an eastward migration of rifting linked to the

migration of the Gakkel Ridge spreading axis in the same

direction along the inferred Khatanga-Lomonosov Fracture

Zone (Fig. 6). However, recent (but unpublished) higher

quality MCS data acquired by ION and TGS seismic

companies shows[16 km of sedimentary infill in the Ust’

Lena Rift but a lack of large-offset listric normal faults

within its interior (the latter supposedly required to produce

the significant crustal thinning needed to accommodate

such enormous thickness of sediments). These two obser-

vations favor another model, one in which most of the

central and eastern parts of the LRS, and its south-western

and western (near-Taimyr) flanks are considered to be an

area of initial extension associated with crustal stretching

(e.g., [121]). The deep Ust’ Lena Rift can be characterized

as a zone of hyperextension—the result of thinning, with
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much greater lithospheric extension mostly concentrated in

the ductile lower crust and upper mantle with both directly

underlying synrift sediments. The axial zone of the Ust’

Lena Rift with sediment thickness exceeding 16–18 km

can be interpreted as a mantle exhumation zone (Fig. 7).

The timing of initial extension (stretching), thinning and

exhumation are poorly constrained due to the absence of

deep offshore well penetrations (see [23] for review of dif-

ferent seismic stratigraphic concepts). Based on the

assumption that the rifting could have started as early as the

Late Cretaceous, and on stratigraphic control from onshore

grabens in the area of the Lena River Delta, northern

Verkhoyansk Mountains, and in the Yana-Indigirka Low-

land [28]; Kos’ko and Trufanov [74], the following sequence

of events can be proposed for the formation of the LRS:

1. C. 130–125 Ma—Verkhoyansk orogeny.

2. C. 90–80 Ma—onset of initial (stretching) phase of

crustal extension across the Laptev Shelf resulted in

formation of the main structural elements of the LRS.

3. C. 70–60 Ma—onset of the hyperextension (thinning)

phase mostly concentrated in the western Laptev (Ust’

Lena Rift) and in the easternmost Anisin and New

Siberian rifts.

4. C. 60–55 Ma—possible mantle exhumation in north-

ern part of the Ust’ Lena Rift and continental breakup

along the strike of the Barents–Kara continental

margin.

5. 55-c. 20 Ma—significant reduction or cessation of the

extensional regime across the LRS.

6. C. 20–15 Ma—onset of recent extension regime

related to modern divergent boundary between Eurasia

and North American plates.

A long period of tectonic quiescence across the Laptev

Shelf between 55 Ma crustal breakup and resuming of the

extension around 15 Ma inferred to have been caused by

the accommodation of the Eurasia Basin opening by the

Khatanga-Lomonosov Fracture Zone, prevented penetra-

tion of extensional strain into the Laptev Shelf [23].

Basins of central East Siberian Sea and southern Chukchi

Sea There are three large sedimentary basins mapped in

this part of the Siberian Shelf: East Siberian Sea, New

Siberian-Wrangel and South Chukchi (Hope) basins

(Fig. 6).

The East Siberian Sea Basin (ESSB), or the East

Siberian Depocenter of Franke et al. [36], is located in the

central part of the East Siberian Sea shelf and is slightly

elongated in NW–SE direction (Fig. 6). The basin reveals

an asymmetric profile with a gently north-dipping southern

flank and a steeper and narrower northern flank adjacent to

the De Long High. The basin is filled with up to 8 km of

siliciclastic sediments resting on Late Mesozoic collapsed

fold belt. The maximum total infill thickness probably

exceeds 10 km at the deepest part of the basin.

Structural style of the ESSB is dominated by a large

number of relatively small-offset normal faults varying in

their geometries from single listric faults to sub-vertical

wrench faults and to complex arrays of these faults. It

differs significantly from extensional structure of the rifted

Laptev Shelf and is interpreted as transtensional [23, 33,

36]. A possible cause for the transtensional regime could be

inferred from the basin’s tectonic setting within a broad

region of Early Cenozoic crustal re-adjustment between the

large NA and EUR lithospheric plates.

A B

Fig. 7 Schematic cross-section illustrating crustal architecture of the Laptev Rift System. Based on published [28, 35, 147] and unpublished

MSC data. For the location see inserted map and Fig. 1
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The age of the basin sediment infill is generally regarded

as Lower Cretaceous (Aptian-Albian) to Quaternary [23,

36, 74]. A sharp unconformity subdivides the infill into the

lower seismic-stratigraphic package consisting of pre- and

syn-kinematic sedimentary successions, and an upper

package that is largely unaffected by faulting. The age of

these packages is disputed. If the successions can be cor-

related with onshore strata, then a Cenomanian-Turonian to

Paleocene age can be inferred for the pre-kinematic unit, an

Eocene to Middle Miocene age for the syn-kinematic unit,

and a Late Miocene to Quaternary age for the post-kine-

matic unit.

The tectonic history of the ESSB is characterized by the

following stages [23]:

1. Tectonically ‘‘quiet’’ platformal regime during Late

Cretaceous and Paleocene with wide-spread deltaic

and fluvial depositional environments.

2. Rapid subsidence of the basin during Eocene to Early/

Middle Miocene in a transtensional setting controlled

by dextral divergence of the NA and EUR plates. At

the end-Oligocene–Early Miocene time a change in

plate interaction caused slight compression and basin

inversion.

3. Complete termination of active tectonism over the

entire East Siberian Sea in the Late Miocene to

Pleistocene as the main zone of interaction between the

EUR and NA plates moved to the Laptev Shelf.

The New Siberian-Wrangel Foreland Basin occurs north

of the frontal deformation zone [26]. It is a narrow west–

east trending basin in the East Siberian Shelf extending and

widening north of Wrangel Island and possibly merging

into the Colville Foreland Basin in the US Chukchi Sea

(Fig. 6). Most of the basin infill is represented by a wedge-

shaped seismic unit that increases in thickness towards the

deformational front. Its age is inferred as Late Jurassic to

Early Cretaceous (pre-Aptian), by analogy with the better

known onshore Late Mesozoic foreland basins [23]. A

prominent seismic unconformity at the base of this unit is

interpreted to reflect the onset of the main orogenic phase,

which occurred on the Chukchi Peninsula around Hau-

terivian-Barremian time [152, 153]. The MCS lines show

compressional folds associated with the frontal thrust zone

affecting the lower section of the basin’s infill, which is

inferred to be composed of siliciclastic coal-bearing sedi-

ments deposited during terminal stages of the Chukotkan-

Brookian orogeny in the Early to Late Cretaceous time.

The South Chukchi Basin (Hope Basin in the US sector)

extends east-southeast for over 1000 km from Wrangel

Island up to the Kotzebue Sound Bay in the Western

Alaska (Fig. 6). Its structure and stratigraphy was descri-

bed by Pol’kin [124], Verzhbitsky et al. [170, 173],

Petrovskaya et al. [122], Drachev et al. [26], Drachev [23].

The US Hope Basin was characterized by Tolson [159] and

by Klemperer et al. [68].

The northern basin’s flank is limited by the transpres-

sional Wrangel-Herald basement arch, while the southern

flank formed by onlap of sediments onto the deformed Late

Mesozoic basement along the Chukotkan coast. The MCS

data show that the South Chukchi Basin has clearly

asymmetric profile. Its southern limb is formed by a gentle

southward rise of the basement, while the northern limit is

represented by a steep fractured zone at the junction with

the Wrangel-Herald Arch. The internal structure of the

basin is dominated by a series of NW–SE trending grabens,

half-grabens and horsts, whose assemblage was character-

ized as transtensional [159, 173]. Many faults demonstrate

a later inversion. The gravity data shows an apparent link

between the basin and the Kobuk dextral strike–slip fault

that, with the latter providing required transpression regime

at its westernmost termination.

The basin infill thickness varies between 2 and 4 km and

probably not exceeding 5–6 km in the deepest part of the

basin (Klemperer et al. [68, 173]. The stratigraphic age of

the sediments is poorly constrained, but there is a general

consent that it may be of Early Cretaceous (Aptian-Albian)

to Quaternary range. Cretaceous and Paleocene sediments

were not revealed by the drilled wells in the US sector, and

are commonly absent onshore Chukotka, which may be a

result of widespread erosion during the latest Cretaceous–

Paleocene in a compressional plate tectonic setting. Yet,

Upper Cretaceous sediments can be present in the deepest

offshore parts of the basin.

The following tectonic phases are inferred for the South

Chukchi-Hope Basins:

1. The initial rifting associated with the orogenic collapse

in Cretaceous and Palaeocene.

2. The main subsidence phase in transtensional tectonic

regime resulted from dextral relative movements

between the NA and EUR plates in Eocene and

probably early Oligocene.

3. The compressional inversion driven by the NW–SE

plate convergence in Oligocene–Miocene [51]. This

was also time of the major transpressional growth of

the Wrangel-Herald Arch and reactivation of the Late

Mesozoic Brookian-Chukotkan fold belt front.

Basins formed on hyperextended crust and/or exhumed

mantle in the northern parts of the East Siberian

and Chukchi seas

The northern part of the East Siberian Sea has, until

recently, remained a virtually unexplored area. Its structure

has mainly been inferred from potential field data. A series

of closely spaced SSE-trending linear and rhomboid
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gravity lows east of the De Long High were interpreted by

Fujita and Cook [37], Kos’ko et al. [75], Drachev et al. [25,

26] as evidence of an extensional crustal assemblage

named the Vil’kitskii Trough, or Vil’kitskii Rift System. In

the northern Chukchi Sea (north of Wrangel Island), first

MCS seismic lines [47] allowed to reveal a very deep

North Chukchi sedimentary basin (NChB), which was then

confirmed by more extensive regional MCS surveys [122,

170].

In 2009, first seismic refraction line was acquired by the

Russian seismic company SevMorGeo west of Wrangel

Island [136], and in 2012 first long-offset regional MCS

surveys were conducted by ION Geophysical Company.

These data provide an unprecedented image of the NChB

and its western extent onto the northern East Siberian Sea.

On these lines, this vast sedimentary basin is clearly rec-

ognized to be underlain by apparently exhumed mantle.

The NChB in its current outline extends for c. 850 km

from the area east of the De Long Archipelago to US

Chukchi Sea (Fig. 6). Its deepest part is located north of

Wrangel Island where it coincides with a prominent gravity

low. The eastern flank of the basin in the US Chukchi

Sector is limited by the north trending Chukchi High, and

the western flank corresponds to the rifted margin of the De

Long High.

The seismic refraction data provide a complete section

of the basin (Fig. 8). It extends north up to the shelf brake.

Thickness of the sedimentary infill reaches 20 km in the

axial part of the basin. Its internal structure is asymmetric

and relatively simple, with steep southern (Hinge Line by

[48] and gentle northern limbs and a flat base. The con-

solidated crust below the sedimentary infill in the

depocentre is thin, not more than 8 km, with seismic

velocities from 6.5 to 6.8 km, consistent with serpentinized

mantle.

The sedimentary infill is apparently dominated by sili-

ciclastic sedimentary rocks. It is divided by a prominent

unconformity, which is a major seismic downlap surface,

into two megasequences dominated by well-developed

clinoforms. The lower one spans c. 2/3rd of the total basin

infill, and reveals a strong progradation towards north and

NE. The upper one is c. 5 km thick in the central basin, and

is dominated by the north-prograding clinoforms.

There are two main opinions about the age of the basin’s

infill: (1) post-Devonian, by analogy with the North Slope

of Arctic Alaska [15, 122, 136], and (2) Cretaceous to

Cenozoic [23, 26, 48, 170]. The latter is supported by

correlation of the sharp unconformity in the base of the

section along the southern flank of the basin with the basal

unconformity of the adjacent New Siberian-Wrangel

Foreland Basin, which, in turn, corresponds to the major

Lower Cretaceous Unconformity (LCU) of the Arctic

Alaska [23]. Another reliable constraint on the timing of

deposition of the lower section of the NChB is a clear onlap
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Fig. 8 Schematic cross-section illustrating crustal architecture of the

North Chukchi Basin and adjacent shelf to the west and NW of

Wrangel Island. Based on published MCS reflection and refraction

data [125, 136]. The bold italic Latin numerals represent seismic

P-wave velocities in km per second. For the location see inserted map

and Fig. 1
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of the lowermost clinoforms onto magmatic basement of

the Mendeleev Ridge along the northern flank of the basin,

documented by AWI-2008 seismic lines and seismic Ark-

tika-2005 transect [62, 125]. Assuming formation of the

Alpha-Mendeleev LIP is related to the c. 125 Ma magmatic

plume event [18, 27], the lower prograding succession of

the NChB may be of Aptian-Albian age, and could be

correlative in time with the major Brookian-Cukotka oro-

geny. The downlap surface at the base of the upper section

is roughly correlative with the Mid Brookian Unconformity

(MBU) in the US Chukchi Sea (Cretaceous/Cenozoic

transition).

Discussion

Vast epicontinental shelves of the Eurasian Arctic represent

perhaps the most complex geological system globally. Their

remoteness and harshness have always been hampering field

works, and existing geological models have been suffering

from deficit of new data, which would allow for their veri-

fication. Recent years have, however, been marked with

significant progress in new data acquisition, both onshore

and offshore, including most remote Siberian Arctic islands.

Two datasets in particular, play perhaps the most

important role in recent advances in Arctic geology.

Firstly, new offshore MCS data has been continuously

collected over the past decade, which has been seeing the

most profound reduction of the ice cover, especially in the

Siberian and Alaskan Arctic regions. This has permitted

acquisition of high-quality seismic data with long stream-

ers that record to the Moho. Secondly, the advent of U–Pb

geochronology, which became a routine method for

determining the age of minerals and rocks, has resulted in

tremendous amount of new zircon age data from both

igneous and sedimentary rocks. This data has started to

reveal previously unknown links between terranes now

scattered vast distances across the Arctic region.

In light of these two datasets, three categories of sci-

entific problems are currently being addressed:

1. The offshore extents and relationships of the Arctic

fold belts beneath sedimentary basins.

2. The nature of the sedimentary basins and their

underlying crust.

3. The palaeogeographic and tectonic links between

various terranes, especially those surrounding the

deep-water Amerasia basin.

The former two requires integration of modern high-

quality geophysical datasets, especially the deep crustal

seismic refraction data with gravity and magnetic data.

There is been a significant progress achieved in this

direction in the Barents Sea region [69, 94] and references

therein), while in the more remote Siberian Arctic these

data are still scarce.

In the Kara Sea region, the most challenging puzzle is

the offshore extent of the Uralian fold belt and its rela-

tionship with the younger Pai-Khoi and Novaya Zemlya

fold belts (PNZST fold belt in this paper) beneath northern

West Siberian and South Kara basins. The proposed model

(Figs. 2, 3) is based on areal extent of the known com-

pressional deformations of Triassic rocks, and depicts a

rather large crustal domain affected by these deformations.

While implication of the trapped oceanic slab roll-back

model (see above) may explain some important features of

the PNZST, it cannot be applied for the areas outside of the

South Kara. Therefore, another cause of the late Triassic/

early Jurassic deformation needs to be proposed. Perhaps it

may be related to a northern push of the Siberian Craton by

its collision, as a part of Laurasia, with the Cimmeria

Continent at the end-Triassic [144].

Presence of hyperextended rifted basins under the Arctic

shelves, revealed by the modern seismic data, has not been

previously discussed and thus represents a new problem.

The amount, direction and timing of hyperextension,

especially in the Laptev and northern Chukchi-northern

East Siberian shelves is yet to be addressed, primarily

through acquisition of new deep crustal refraction seismic

data.

Palaeo-tectonic relationships between the Siberian

Arctic terranes (i.e., North Kara, Kotel’nyi, Wrangel,

Bennett and Henrietta terranes) with the other Arctic tec-

tonic provinces have become a major focus of several

recent international efforts. This is a very active area of

research underpinned by recent U–Pb age dating of various

detrital zircon populations [29–31, 72, 82, 98, 101, 120,

179], and by very limited paleomagnetic results [95, 168].

Two main concepts are being discussed: (1) Neoprotero-

zoic Baltica affinity many of these terranes; (2) their origin

from a dismembered Precambrian continent (based on an

earlier Arctida concept of [181]; e.g., [169]). More data are

being analyzed as was shown at the recent AAPG 3P Arctic

conference in Stavanger (http://www.3parctic.com).

Conclusion

The vast Eurasian Arctic epicontinental shelf and adjoining

mainland reveals a very complex structure and tectonic

history resulting from a series of first-order continent–

continent collisions and accretion of large microcontinents

and island-arc fragments during Neoproterozoic and

Phanerozoic. Figure 9 illustrates temporal and spacial

interplay of main tectonic regimes across the Eurasian

Arctic in Phanerozoic. After their formation, the Eurasian

fold belts were further subjected to crustal extension, which
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gave birth to large sedimentary basins masking the north-

ern terminations of the fold belts. The later stages of the

extension are associated with breakup of Pangea and Eur-

asia and culminated in ocean formation. The resulting

highly complex geological system has been challenging

geoscientists ever since the first pioneering geological

expeditions to the Arctic islands and the ocean. At least

two (Permo-Triassic and Aptian) mantle plume events

resulted in underplating and weakening of pre-existing

lithosphere. Large areas of submarine, hyperextended

continental crust and exhumed mantle developed along the

Amerasia Basin margins especially in the northern East

Siberian and Chukchi seas.

Over past decade, there is been considerable progress in

geophysical and geological data acquisition in both

onshore and offshore Arctic territories, briefly summarized

above. Many questions have been resolved, but many still

remain unanswered. The latter include:

• The timing and plate kinematics associated with

Amerasia Basin formation (not discussed in this paper).

• The offshore extent of the Caledonides and Timanides.

• The location of the Uralian fold belt beneath the thick

sedimentary cover in the northern West Siberia region

and its relationship to the Late Paleozoic Taimyr fold

belt.

• The offshore extent of the Early Mesozoic Pai-Khoi–

Novaya Zemlya–South Taimyr fold belt, and mecha-

nism(s) of its formation.

• The relationship of the De Long Massif terranes with

Kotel’nyi Island geology.

• The scale and mechanism of post-orogenic extension

on the Chukotka Peninsula and in the adjacent areas

(not discussed above).

• The occurrence of Caledonian/Ellesmerian-age defor-

mation on Wrangel Island, the New Siberian Islands

and in the Severnaya Zemlya Archipelago.

• The offshore extent of the South Anyui Suture.

Further progress in understanding Arctic lithosphere

evolution will be especially advanced by new investiga-

tions of Arctic islands, as well as by offshore long-offset

refraction and reflection seismic surveys, sampling and

drilling campaigns.
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Fig. 9 Tectonic regimes and events dominated the Eurasian Arctic

shelf development during Phanerozoic. Major unconformities within
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