
ABSTRACT

Paleogeographic maps represent the ultimate synthesis of complex and extensive geologic data and express 
pictorially the hypothetical landscape of some region during a given time-slice of deep geologic time. Such maps, 
presented as paired paleogeographic and paleotectonic reconstructions, have been developed to portray the 
geologic history of the greater Arctic region over the past 400 million years. Collectively they depict four major 
episodes in the development of the Arctic region. The first episode witnessed early and middle Paleozoic terrane 
assembly and accretion during the Caledonian and Ellesmerian orogenies, which brought together many pieces 
of the Arctic collage along the northern margin of Laurussia. During the second phase, the assembly of Pangea 
in the late Paleozoic joined Siberia to Laurussia, an entity that became Laurasia during the subsequent break-up 
of Pangea. Then, Mesozoic subduction and terrane accretion constructed the Cordilleran margin and opened the 
Canada Basin. Finally, Cenozoic North Atlantic sea-floor spreading fully opened the Arctic Ocean.

RÉSUMÉ

Les cartes paléogéographiques représentent la synthèse ultime de données géologiques complexes et variées; 
elles dépeignent en images le paysage hypothétique d’une certaine région durant un créneau temporel donné d’un 
temps géologique profond. Les cartes en question, présentées sous forme de reconstructions paléogéographiques 
et paléotectoniques jumelées, ont été créées pour représenter le passé géologique de la grande région de l’Arctique 
au cours des 400  derniers millions d’années. Elles illustrent collectivement quatre épisodes marquants du 
développement de la région de l’Arctique. Le premier épisode a été témoin de l’assemblage et de l’accrétion du 
terrane du Paléozoïque précoce et moyen durant les orogenèses calédonienne et ellesmérienne, qui ont réuni de 
nombreux éléments de la mosaïque de l’Arctique le long de la marge septentrionale de l’Euramérique. Durant 
la seconde phase, l’assemblage de la Pangée a réuni vers la fin du Paléozoïque la Sibérie à l’Euramérique, une 
entité qui devint la Laurasie au cours du démembrement subséquent de la Pangée. La subduction et l’accrétion du 
terrane au cours du Mésozoïque a ensuite créé la marge de la Cordillère et a ouvert le bassin Canada. L’expansion 
océanique de l’Atlantique Nord du Cénozoïque a finalement complètement ouvert l’océan Arctique.
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ture and remains a challenge to reconstructing the geologic 
history of the Arctic region as a whole. One key question re-
volves around the tectonic nature of the deeper parts of the 
Arctic Ocean: how much, if any, Precambrian and Paleozoic 
continental crust lies in the central basin (Miller et al. 2017; 
Petrov and Pubellier 2018; Smelror and Petrov 2018)?

Much previous work has focused on sub-regional stud-
ies or analyses of geology representing restricted time slices; 
disagreements between these focused studies have hindered 
comprehensive analysis of the geologic history of the region. 
However, several international pan-Arctic projects have 
overcome these challenges, resulting in series of Arctic geo-
logical and geophysical correlations and map compilations; 
they include maps of ocean bathymetry, bedrock geology, 
gravity anomaly, magnetic anomaly and tectonics (Petrov et 

INTRODUCTION

The greater Arctic region encompasses the Arctic Ocean 
and surrounding continental shelves and landmasses that 
together represent a diverse and tectonically complex ar-
rangement of crustal elements that span and surround the 
North Pole (Fig. 1). These elements have been formed and 
assembled over hundreds of millions of years, mostly in re-
gions far removed from the present North Pole, by processes 
of continental collision, terrane accretion, rifting, transform 
faulting, subduction, and volcanism (see Shephard et al. 
2013, table 2; and Petrov et al. 2016, table 1, for comprehen-
sive lists of these elements). The description, including basic 
geologic data, origin, and geologic history and significance 
of many of these elements, is debated in the geologic litera-
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al. 2008; Petrov et al. 2016; Petrov and Pubellier 2018). Em-
bry et al. (2019) documented numerous sequence boundar-
ies at about 10 myr intervals that permeate the stratigraphic 
record from 550 Ma to the present. These authors interpret 
the sequence boundaries as tectonically induced features 
that mark uplift followed by subsidence and sedimentation. 
The ultimate significance of these surfaces is yet to be deter-
mined. Finally, late Neogene uplift and erosion and Quater-
nary glaciations have overprinted older geological settings. 
The remoteness and challenging climate of the Arctic have 
hindered detailed geologic investigations and, until the last 
20 or so years, the circum-Arctic region was one of the least-
known regions on Earth in terms of its geology and geologic 
history.

In spite of these issues, there is general agreement that 
the geologic evolution of the Arctic region is punctuated 
by several large orogenic events, which include those in 
the Neoproterozoic Timanian orogen, the Silurian Cale-
donian orogen, the Devonian–Mississippian Ellesmerian 
orogen, the Permian–Triassic Ural–Taimyr orogen, and the  
Mesozoic–Cenozoic Cordilleran, Verkhoyansk and Eurekan 
orogens. These seminal events as well as those in several 

sub-regional orogens have shaped the greater Arctic region. 
Further modification by transform faulting, rifting, and  
sea-floor-spreading events have modified the region; and 
Quaternary glaciations have left a final mark on the present- 
day Arctic landscapes.

NATURE, SCOPE, AND METHODOLOGY

The purpose of this paper is to present a series of paleo-
tectonic and paleogeographic maps that illustrate the geo-
logic history of the greater Arctic region and facilitate dis-
cussion. Fifteen time slices from the Silurian to the present 
illustrate a continuous history of the region using data and 
models from the literature. Each time slice portrays conti-
nuity with adjacent time slices by respecting principles of 
plate tectonics and other geologic principles. For example, 
the successive maps obey the theoretical limits of plate mo-
tions and other long-term processes; however shorter-term 
processes such as transgression and regression cannot be 
shown because of the length of time between time slices. 
Each time slice presents a view averaged over several million 

Figure 1. Topography of circum-Arctic region showing major oceanographic and continental features. FJL = Franz Josef 
Land; KAZ = Kazakhstan; MD = Mackenzie Delta; Mtns = mountains; NP = North Pole; NSI = New Siberian Islands; NZ = 
Novaya Zemlya; SVD = Svalbard; SZ = Severnaya Zemlya; WI = Wrangell Island. DEM generated in GeoMapApp (see text).
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years, and the shorelines represent maximum transgression 
over the interval of the given time slice. The range or “error 
bar” for each time slice is ± 3–5 million years from the age 
given for the time slice. The 2020 timescale (Gradstein et al. 
in press) is used in this paper.

The interpretations presented here have been pieced to-
gether from the literature on the Arctic region, with most 
articles covering smaller areas or shorter spans of time than 
the maps. The plate-tectonic setting of the Arctic region 
has been presented in several recent papers for the Paleo-
zoic (Domeier and Torsvik 2014; Vernikovsky et al. 2013), 
Mesozoic and Cenozoic (Seton et al. 2012; Shephard et al. 
2013) and broader Phanerozoic (Paleozoic–Mesozoic; Col-
pron et al. 2007; Metelkin et al. 2015; Miller et al. 2017); 
the general plate geometry of these studies is followed here. 
Other recent, focused studies, provided additional data 
used in the construction of the present maps (see references  
in text and figure captions). Numerous aspects of Arctic  
geology remain unresolved or controversial, especially the 
Mesozoic history of the opening of the Amerasia Basin. In 
contrast, the opening of the Eurasia Basin and the evolution 
of features related to it are more clearly understood (Smelror 
and Petrov 2018). The succession of events shown on the 
present maps resulted from a compromise of interpretations 
presented in previous studies. This raises an important con-
cept ― the individual paleogeographic maps show how the 
region might have appeared, rather than how it did appear.

Map construction followed a regimented process to 
achieve continuity and accuracy for the 420 million-year 
span represented by the 14 time slices. The plates were 
mapped in rectangular projection following the Paleozoic 
patterns of Domeier and Torsvik (2014) and the Mesozoic- 
Cenozoic patterns of Seton et al. (2012). Orthographic views 
were constructed from the rectangular projections in which 
Laurentia–North America was held fixed at the base of the 
map view. (Note that the term Laurentia is used to refer to 
the late Proterozoic craton that forms the bulk of the present 
North American continent; I use the term Laurentia until 
Cretaceous time). The centre point for each orthographic 
projection, which is not the same as the centre of the map, 
is listed in the respective figure caption; note that Silurian 
and Devonian projections are centred on the equator and 
subsequent time slices migrate northward, so that from  
110 Ma to present, the centre of projection is the North Pole. 
Map edges, size (area covered), and scale remain the same 
for each map. Modern shorelines and large lakes are shown 
for orientation. The total map area was chosen so that all 
major regions associated with the evolution of the Arctic  
region are included. Orthographic projections have very 
little distortion, either with area or distance and direction, 
within approximately 30° of the centre of projection, but 
distortion progresses logarithmically outwards of this line. 
Therefore, the corners of each map display the greatest dis-
tortion.

After the maps were consistently oriented with North 
America fixed (note consistent location on each map of 
the distinctive modern outline of Hudson Bay) and major 

tectonic and topographic features were located using the 
current geologic literature. The maps were checked for con-
sistency, accuracy, and continuity throughout the 420 mil-
lion years. The maps were “painted” in Photoshop® ― water
depth increases with darker blue so that the area of great-
est contrast clearly shows the edges of the continents, arcs,  
ridges, and other shallower features. Land features were 
cloned using GeoMapApp 3.6.6 (http://www.geomapapp.
org) with GRMT Image Version 3.5 and Blue Marble Next 
Generation overlay (Ryan et al. 2009). Modern topographic 
elements were used to portray ancient elements presumed 
to be analogous with the modern feature. Considerable ed-
iting such as resizing, recolouring, and reshaping was per-
formed to blend elements into the maps (Fig. 2). Maps were 
further shaded to imply vegetation and climate. All features 
shown on the map should be considered qualitative rather 
than quantitative.

GEOLOGIC HISTORY

Pre-Silurian

Prior to the Silurian, the elements that now constitute the 
Arctic region were widely scattered across the globe (Fig. 3), 
and numerous hypotheses exist concerning their origin and 
distribution (Nokleberg et al. 2000; Miller et al. 2010; Nel-
son et al. 2013; Smelror and Petrov 2018). The major conti-
nents, Laurentia, Baltica and Siberia, were separated by large 
early Paleozoic oceans, Iapetus, Ural, and Ran (Domeier 
2015; Torsvik and Cocks 2017). Numerous smaller terranes, 
now within the Arctic region and referred to as circum-Arc-
tic terranes, were part of an accretionary orogenic belt that 
had a complex Paleozoic to Triassic history coeval with the 
assembly of Pangea; these terranes have been treated either 
as loosely assembled to independent blocks that accreted 
during various middle Paleozoic to Triassic orogenies (Col-
pron and Nelson 2009, 2011; Miller et al. 2011), or as a co-
herent microcontinent (“Arctida”) that accreted to Lauren-
tia in the Silurian to Devonian and has been subsequently 
dismembered and reshaped by late Paleozoic, Mesozoic and 
Cenozoic tectonics (Kuznetsov et al. 2010; Vernikovsky and 
Dobretsov 2015). Table 1 lists these terranes and provides 
a brief summary of their geologic history; many of these 
terranes and related elements are described in more detail 
in Colpron and Nelson (2009, 2011) and Shephard et al. 
(2013).

Silurian

The Late Ordovician–Silurian Caledonian orogen was the 
locus of collisions between Baltica, Laurentia, and Avalonia 
that terminated the Iapetus Ocean and created Laurussia, 
also known as Euramerica and “the Old Red Continent” 
(Friend and Williams 2000; McKerrow et al. 2000; Gasser 
2013). Baltica and Laurentia collided directly with minor 
transform component to generate a substantial mountain 

http://www.geomapapp.org/
http://www.geomapapp.org/
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(a)

(b)

Figure 2. (a) Simplified tectonic map of circum-Arctic region. Deep blue = ocean basin (abyssal); pale blue = continental 
shelf, extended continental crust, and island arcs; grey heavy lines = mid-ocean ridges; grey area under “Alpha–Mendleev 
Ridge” = Early Cretaceous large igneous province; thin orange line = extinct mid-ocean ridges; light green wavy lines = 
Silurian–Mississippian fold belts; yellow wavy lines = Permian–Triassic fold belts; white wavy lines = Mesozoic–Cenozoic 
fold belts; olive green = land; dark green = mountains. See Figure 1 and Table 1 for list of abbreviations. (b) Present tectonic 
components that comprise the Arctic region. Precambrian cratons outlined in red; Arctic Alaska–Chukotka Microconti-
nent (AACM) outlined in orange. Other terranes and blocks outlined in black. KAZ = Kazakhstan; KOY = Koyukuk and 
related arc and oceanic terranes; AA(NS) = Arctic Alaska (North Slope); SVD = Svalbard. Base map generated in 
GeoMap-App with Blue Marble overlay. Avalonia is a composite terrane accreted to Baltica and Laurentia in the 
Silurian and Devonian.
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range that sutured the two continents into a joined landmass 
that lay astride the equator (Torsvik and Cocks 2017). The 
north and east margins of the new continent constituted an 
active plate boundary with the Panthalassa Ocean, and a se-
ries of arcs and microcontinents lay adjacent to or outboard 
of this margin (Fig. 4). Although several models depict the 
tectonic setting and geometry of this margin (Beranek et al. 
2015), the configuration of Colpron and Nelson (2011) and 
Nelson et al. (2013) are followed on Figure 4; in that version, 
several terranes are loosely arranged behind one or more arc 
systems that migrated obliquely along the Canadian Arctic. 
Pearya was the first terrane to accrete, probably during the 
early or middle Silurian (Anfinson et al. 2012; Beranek et al. 
2013) as an extension of the Caledonian orogen (Trettin 1987; 
Colpron and Nelson 2011; Miller et al. 2017). Following the 
accretion of Pearya, outboard terranes collided obliquely 
farther west (present coordinates), probably as an irregular 
ribbon-shaped or boudin-like chain of microcontinents that 
trailed behind one or more arc systems (Fig. 4). Ordovician 
arc rocks in eastern Alaska (see below) may have been de-
rived from these arc systems (Strauss et al. 2018a). Colpron 
and Nelson (2011) speculated that part of this arc system 
(SKT on Fig. 4) circumvented the northwestern promontory 
of Laurentia and then migrated southward along the Cor-
dilleran margin and are now preserved as exotic terranes 
in the Klamath and northern Sierra Nevada Mountains of 
California. At the same time, another element, Alexander, 
rifted and drifted westward into Panthalassa. Other terranes 
believed to have been part of the collage include Kara, Franz 
Josef Land, and the Arctic Alaska-Chukotka Microcontinent 
(AACM) as well as several smaller terranes and arc-oceanic 
material. The pattern of tectonic elements shown on Figure 

4 is based on hypotheses presented by Colpron and Nelson 
(2011), who provided a thorough description of the nature 
and history of these elements. Variations of this model pos-
tulate that Kara and Franz Josef Land were attached to form 
an extended promontory to northern Baltica (Torsvik and 
Cocks 2017); or that all of these elements were blocks within 
the “Arctida” continent (Kutnetsov et al. 2010). Regardless 
of the details concerning the geometry of these terranes, 
consensus suggests that many or most of the elements of the 
present circum-Arctic region (except for Siberia which was 
off the northeastern corner of the map) were in the vicinity 
of the Canadian Arctic Islands and northern Baltica by 
the middle Silurian.

Silurian sedimentary rocks are widespread across the cir-
cum-Arctic region and support the tectonic relations pre-
sented above. In the early to middle Silurian, northern and 
eastern Baltica was occupied by a broad carbonate platform 
that stretched from Novaya Zemlya to the Black Sea region 
(Nikishin et al. 1996; Cocks and Torsvik 2005) on a passive 
margin. An irregular epicontinental and pericontinental 
carbonate sea covered parts of north-central and western 
Laurentia, and Silurian carbonates are preserved on AACM, 
Kara, Franz Josef Land, Farewell and Alexander (Cook and 
Bally 1975; Torsvik and Cocks 2017). These carbonates are 
characterized by Uralian–Baltican sponges (Soja and White 
2016) and reefs and warm-water faunas that indicate a trop-
ical setting (Torsvik and Cocks 2017). Late Silurian deposits 
in the Canadian Arctic mark the approach and docking of 
Pearya. Prior to the arrival of Pearya, the Canadian Arctic 
Islands were part of a Neoproterozoic to Ordovician passive 
margin that ranged from shallow shelf to the southeast to 
deep shelf to continental slope and rise to the northwest; 

Figure 3. Late Ordovician (ca. 450 Ma) global paleogeography and paleotectonics, Mollweide projection. Components of 
circum-Arctic region labeled in white; colour scheme on this and subsequent tectonic maps same as used in Fig. 2a. 
Major plate locations after Torsvik and Cocks (2017); shorelines from many sources.
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Table 1. Terrane origin and history.

Alazeya Arc (ALArc)
Permian-Mesozoic arc between Kolyma-
Omolon (KO) and Siberia

Permian arc led to subduction and closing of ocean between Siberia and KO 
to generate Verkhoyansk Mountains

Aleutian Arc (ALArc)
Neogene arc formed by subduction of Pacific 
Ocean

Modern arc generated by subduction of North Pacific Ocean under Asia-
North America

Alexander (major 
component of Insular 
superterrane)

Terrane likely rifted from Baltica; 
Neoproterozoic basement; merged with 
Wrangellia in Carboniferous

Terrane drifted from Baltica to NW North America; likely drifted with 
AACM, then into Panthalassa; accreted in Late Jurassic-Cretaceous to W 
North America

Angayucham 
Ocean/terrane (AMO)

Late Paleozoic ocean ? arm or embayment off 
Panthalassic Ocean

Accreted to AACM along with Koyukuk Arc

Arctic Alaska (North 
Slope)(AANS)

Composite terrane; joined to AACM by 
Carboniferous

North Slope is peri-Laurentian; other components Baltican in origin

Arctic Alaska-
Chukota micro-
continent (AACM)

Assembled in Carboniferous from several 
blocks with Baltican and Laurentian affinities

Baltican terranes drifted as either loose assemblage of microcontinents or as 
semi-coherent block along N Laurentia; accreted to NW Laurentia in 
Devonian-Carboniferous and rotated to current configuration in Early 
Cretaceous

Chukchi Cap (CHB) Extended portion of AACM continental crust Extended during Cretaceous as Amerasian Basin opened

Chukotka (CH) Baltic-derived fragment within AACM

Franz Josef Land (FJL)
Northernmost extent of Baltica; forms major 
portion of Barents Shelf

Accreted to Baltica in Timanide orogeny

Farewell (FW)
Terrane with Baltican affinities, closely tied to 
Alexander from late Paleozoic to Jurassic

Complex movement along  transform fault systems in late Mesozoic and 
Cenozoic to position in Alaska Range

Gravina Arc (GArc)
Mesozoic arc along western margin of Insular 
superterrane

NE-dipping subduction followed subduction reversal in Early Jurassic

Intermontane 
superterrane

Originally formed W margin of Laurentian 
Plate; includes Stikine, Quesnell, Yukon-
Tanana, Slide Mountain, and Cache Creek 
terranes

Rifted from Laurentia in Late Devonian as Slide Mountain Ocean opened; 
accreted in Jurassic back to Laurentia

Jan Mayen (JM) Rifted block of Greenland Rifted in Neogene during contorted opening of North Atlantic Ocean

Kara
Part of Baltica although original 
configuration uncertain

Accreted to Siberia during Ural-Taimyr orogeny in Permian-Triassic

Kolyma-Omolon 
Composite terrane with two or more cores of 
Precambrian continental crust embedded 
within arc and oceanic terranes

Peri-Siberian continental fragments surrounded by complex Paleozoic-
Mesozoic arcs; accreted to Siberia in Cretaceous

Koyukuk Arc 
(KOArc)

Arc of uncertain origin that formed on W 
margin of Angayucham Ocean in Triassic-
Jurassic

As Angayucham Ocean subducted under the Koyukuk Arc, both accreted 
to Arctic Alaska in Jurassic-Cretaceous during opening of Canada Basin.  
Shown on some maps combined with other oceanic and arc terranes.

Lomonosov Ridge Rifted continental ribbon of Eurasia
Paleogene-Neogene rifting generated opening of eastern Arctic Ocean and 
formed Eurasian Basin

New Siberian Islands 
(NSI)

Typically mapped as part of AACM
Complex suite of continental rocks whose pre-Cretaceous history is 
strongly contested

Nutesyn Arc (NUArc)
Mesozoic arc on Chukotka along South 
Anuyi Ocean 

Jurassic subduction along arc led to closure of South Anuyi Ocean in 
Cretaceous

Pearya Accreted exotic terrane along N Laurentia
Early Neoproterozoic basement and lower Paleozoic rocks and structures 
strongly suggest Caledonian affinities; accreted in latest Ordovician or 
Silurian

Terrane 
(abbreviations)

Origin History
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Ellesmerian orogeny (Embry 1991). Outboard of the 
Canadian Arctic Islands were the Ellesmere highlands that 
shed sediments southeastward towards the northern 
margin of Canada (Embry 1993; Anfinson et al. 2012; 
Gottlieb et al. 2014). This area was a significant sediment 
source in the Late Devonian, in the Mississippian, 
(Anfinson et al. 2012) and again during the Permian 
(Alonso-Torres et al. 2018).

The history of assembly and docking of the terranes that 
now comprise AACM has recently been described in two 
different models. Miller et al. (2017) interpreted the Roman-
zof orogeny as the westernmost extension of the Caledonian 
orogeny and assigned the event an Early to Middle Devo-
nian age; by Middle Devonian the AACM was assembled 
and in place along the western Canadian Arctic where its 
western margin was penetrated by late syn- and post-oro-
genic plutons ranging in age from 390 to 340 Ma. Miller et 
al. (2017) considered these events to be related to Devonian 
plate reorganization. In contrast, others (Strauss et al. 2018a, 
b; Colpron et al. 2018; Nelson et al. 2018) propose a more 
protracted orogenic history in which the Romanzof orogeny 
is interpreted as an Early to Middle Devonian event, proba-
bly representing the assembly of the peri-Laurentian North 
Slope subterrane with other elements of AACM. The final 
assembly of AACM was not complete until Early Mississip-
pian, when the final docking of AACM occurred in the Ca-
nadian Arctic. This last event may have been responsible for 
the enigmatic Ellesmerian orogeny (Strauss et al. 2018a, b).

The model followed in Figures 4–6 follows the Northwest 
Passage hypothesis (Colpron and Nelson 2009, 2011; Nel-
son et al. 2013; Colpron et al. 2018; Nelson et al. 2018). The 
following concepts have evolved over the dozen or so years 
since the hypothesis was first conceived.

1. The terranes implicated have varying paleogeographic
origins; the North Slope subterrane has Laurentian

silicic sediment was derived from the Laurentian shield 
during the Neoproterozoic and Cambrian and is overlain 
by broad carbonate-shelf deposits (Anfinson et al. 2012). 
As Pearya approached, a foredeep developed between it and 
the passive margin into which the turbidites of the Danish 
River and Fire Bay formations were deposited (Dewing et 
al. 2019). The turbidites were thrust over the passive margin 
and deformed as Pearya docked during the middle Silurian  
(about 425 Ma; Trettin et al. 1991). By Early Devonian, 
deep-water deposits were succeeded by fluvial and shallow 
marine molasse deposits (Beranek et al. 2013). The same 
history happened along the Norwegian–Greenland margins 
within the Caledonian fold belt, stretching from Britain to 
Svalbard and North Greenland; there, older Paleozoic ma-
rine platform sediments and subsequent thrust sheets were 
overlain by upper Silurian–Devonian continental deposits 
typical of the Old Red Continent (Smelror et al. 2009).

Devonian

By the Late Devonian, Laurussia was a massive conti-
nent with most circum-Arctic terranes firmly attached to 
its northern margin (Fig. 5). The northern Laurussian mar-
gin was composed of AACM, Kara, Franz Josef Land, Sval-
bard, Pearya, and associated arc terranes. The partly eroded 
Caledonian Mountains snaked from Scotland along the 
suture between Greenland and Baltica, and curved west-
ward through Svalbard. As a general trend, orogenic activity 
youngs from southeast to northwest, beginning as early as 
430 Ma for the Scandian phase in the Caledonian orogen 
(Larsen and Bangaard 1991) to 390 Ma for the Romanzof 
orogen (Lane 2007); thus circum-Arctic terranes closed 
zipper- or jaw-like on northern Laurentia. However, late 
folding of Franklinian basin strata of Ellesmere Island at 
350 Ma (Tournasian) greatly extends the age range of the 

Table 1. Continued.

South Anuyi 
Ocean/suture (SAO; 
SAS)

Paleozoic-Mesozoic embayment of 
Panthalassic Ocean - likely continuous with 
Angayucham Ocean to S; suture separates 
Kolyma-Omolon from Chukotka

Triassic-Jurassic subduction along Alazeya Arc and Nutesyn Arc led to 
closure with suturing in Cretaceous; suture zone likely transform fault

Svalbard (SVD)
Islands with Precambrian continental crust in 
Barents Sea; attached to Laurentia by Silurian, 
now part of Baltica

Rocks of Svalbard document numerous phases and tectonic cycles in the 
geologic history of North Atlantic-Barents Shelf region

Talkeetna-Bonanza 
Arc (TBArc)

Triassic-Jurassic west-dipping subduction 
under Wrangellia-Peninsular terranes 

Subduction waned in Jurassic and was replaced by east-dipping Gravina 
Arc 

Uda-Murgal Arc 
(UMArc)

Long-lived Paleozoic-Mesozoic arc along 
Panthalassic margin of Kolyma-Omolon and 
Siberia

Overprinted by younger arcs and events including accretion of Kamchatka  

Wrangellia (major 
component of Insular 
superterrane)

Wrangell arc was originally built on  
Alexander Terrane in middle Paleozoic along 
eastern Panthalassa

Triassic-Jurassic history represented by Talkeetna-Bonanza and Gravina 
arcs (see above )

Terrane 
(abbreviations)

Origin History
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(a)

(b)

Figure 4. Late Silurian (ca. 420 Ma) paleotectonics and paleogeography showing initial docking of circum-Arctic terranes. 
See text for data sources for the maps. Centre of orthographic projection 0° N/S, 120° W (graticule of Torsvik and Cocks 
2017). (a) Paleotectonic map; see Table 1 for abbreviations and Figure 2a for key to colours and patterns on this and 
all subsequent maps. Additional patterns: white arrow: relative movement of circum-Arctic terranes to Laurentia; black 
dashed line = Late Ordovician and early Silurian sutures; black arrows = sediment transport directions. (b) Hypothetical 
paleogeography; see text for description of features and discussion.
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Figure 5. Late Devonian (ca. 380 Ma) paleotectonics and paleogeography showing early assembly of circum-Arctic ter-
ranes. See text for data sources for the maps. Centre of orthographic projection 0° N/S, 90° W (graticule of Torsvik and 
Cocks 2017). (a) Paleotectonic map; black arrows = sediment transport directions. (b) Hypothetical paleogeography; see 
text for description of features and discussion. Pale orange/tan shows areas of predominantly fluvial Old Red Sandstone 
and equivalents.
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al. 1996; Lane 2007). Areas buffered from terrigenous input 
were dominated by carbonates, whereas sand and mud pre-
dominated in areas affected by silicic input.

Early Carboniferous (Mississippian)

Tectonism waned in the early Carboniferous (Mississip-
pian), although thrusting in the Ellesmere Mountains con-
tinued into the Tournasian (350 Ma), and other parts of the 
Caledonian–Ellesmerian–Romanzof orogen underwent ex-
tension, including into the Caledonian Mountains (Larsen 
and Bangaard 1991) and Arctic Alaska (Gottlieb et al. 2014). 
The circum-Arctic terranes of Laurentia were nestled along 
the northern Laurussia margin while the Ural Ocean lay to 
the north (Fig. 6). As the Ural Ocean narrowed during the 
Early and Middle Mississippian, the Siberian continent and 
peri-Siberian terranes approached Laurussia along a trans-
form and subduction margin that was strongly oblique (Do-
meier and Torsvik 2014).

Following the southward migration of terranes now in 
northern California along the western Laurentian margin, 
slab rollback and subsequent back-arc spreading in the Late 
Devonian and Mississippian opened the Slide Mountain and 
Angayucham oceans and rifted peri-Laurentian terranes 
westward into Panthalassa (Colpron and Nelson 2011). The 
northwestern Laurentian margin would remain passive un-
til the Triassic and both Arctic Alaska and Chukotka con-
tain upper Paleozoic shelf and passive margin successions 
that overlie deformed Devonian and older rocks (Gottlieb et 
al. 2014; Amato et al. 2015).

Carboniferous rocks overlie those deformed in the Cale-
donian–Ellesmerian–Romanzof orogeny across much of the 
Laurentian portion of the circum-Arctic region and docu-
ment the contrast in tectonic setting of the Carboniferous 
and Permian with the older Paleozoic. In the embryonic 
Sverdrup Basin, Mississippian mudstones and conglomer-
ates of the Emma Fiord and Borup Fiord formations overlie 
deformed Devonian and older rocks in evolving rift settings 
(Embry and Beauchamp 2008); and on the North Slope of 
Alaska, similar relations were documented by Gottlieb et al. 
(2014). Sources for both areas included Arctic Alaska and 
related terranes and sedimentary rocks of the inverted Elles-
mere foreland basin. Across the Baltic margin of Laurussia, 
clastic sediment was shed into the Barents Shelf and onto 
Moscow Platform from highland sources to the west; these 
deposits graded eastward and northward into marine clas-
tics and carbonates and included local evaporite deposits 
(Ziegler 1988). The Arctic Siberian margin has a lower and 
middle Paleozoic platform and passive margin sequence of 
marine rocks through the Mississippian (Torsvik and Cocks 
2017).

Late Carboniferous (Pennsylvanian)

Middle and Late Mississippian tectonic trends continued 
into the Pennsylvanian (Fig. 7). As the Ural Ocean closed 
and Siberia transformed with left-lateral motion along the 

affinities, probably originating off Greenland or the 
Canadian Arctic (Fig. 4), whereas most other terranes 
have Baltic affinities (Nelson et al. 2013; Colpron et al. 
2018; Nelson et al. 2018; Strauss et al. 2018a, b).

2. The final assembly of AACM was promoted by defor-
mation in the Devonian–Carboniferous Romanzof and
Ellesmerian orogenies (Figs. 5, 6), the understanding of
which remains unclear (Straus et al. 2013).

3. The Alexander and Farewell terranes have close af-
finities with AACM and the three were likely in close
paleogeographic position during Silurian and Devoni-
an. During Devonian–Mississippian back-arc develop-
ment associated with the opening of the Slide Mountain
ocean (Monger and Nokleberg 1996), the Alexander
and Farewell terranes ― along with the Stikine, Yukon-
Tanana, and Quesnell terranes ― formed a ribbon ter-
rane (Fig. 6) that migrated westward into Panthalassa
(Malkowski and Hampton 2014; Dumoulin et al. 2018a,
b). The Paleozoic arcs of Wrangellia were initially built
on Alexander, and the later Pennsylvanian “stitching”
plutons were actually intruded into terranes that were
already joined together (Israel et al. 2014).

4. Throughout the Devonian and Early Mississippian,
parts of the arc system remained outboard of northwest-
ern Laurentia and expanded southward and parallel to
the western margin as a fast-moving Caribbean-like
plate (Fig. 5, as SKT) that recorded tectonism along its
path from Alaska to its current location in the Klamaths
and Northern Sierra Nevada of California (Colpron and 
Nelson 2009, 2011; Nelson et al. 2013).

Devonian sedimentary rocks occur throughout the  
circum-Arctic region and in many places show a sharp in-
crease in silicic sediment in contrast to the underlying Si-
lurian rocks, which are mostly carbonates (Nikishin et al. 
1996; Anfinson et al. 2012). Fluvial systems that drained the 
numerous Devonian mountains and uplands deposited red-
dish sandstone, conglomerate, and mudstone, historically 
collected under the term “Old Red Sandstone”, and equiv-
alent rocks (hence the alternative name Old Red Continent 
for Laurussia). The Old Red facies was deposited in a series 
of basins of various origins over much of Laurussia, includ-
ing the Canadian Arctic and Arctic Alaska (Friend and Wil-
liams 2000; Nilsen 1981; Nilsen and Moore 1984). Detailed 
studies in Arctic Alaska and the Canadian Arctic record the 
sedimentary response to widespread tectonism: Anfinson 
et al. (2012) documented changing source areas for Devo-
nian molasse deposits, and Gottlieb et al. (2014) demon-
strated sediment response to continentward propagation 
of the Ellesmerian orogeny and sedimentary trends during 
and following the Romanzof orogeny, including uplift and 
cannibalization of older sedimentary rocks. Away from 
orogenic activity, Devonian marine sediments were widely 
deposited on continental shelves (Ziegler 1988; Nikishin et 
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(a)

(b)

Figure 6. Early Mississippian (ca. 350 Ma) paleotectonics and paleogeography showing approach of Siberian continent 
towards Laurussian circum-Arctic terranes. See text for data sources for the maps. Centre of orthographic projection  
10° N, 70° W (graticule of Torsvik and Cocks 2017). (a) Paleotectonic map. (b) Hypothetical paleogeography; see text for 
description of features and discussion.
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(b)

Figure 7. Early Pennsylvanian (ca. 320 Ma) paleotectonics and paleogeography showing initial interaction between Lau-
russia and Siberia. See text for data sources for the maps. Centre of orthographic projection 15° N, 30° W (graticule of 
Torsvik and Cocks 2017). (a) Paleotectonic map. (b) Hypothetical paleogeography; see text for description of features and 
discussion. The arcs and terranes west of the Slide Mountain Ocean may have been farther west off of the field of view on 
the map.
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northern margin of Laurussia, and Kazakhstan wedged be-
tween Siberia and Baltica, the supercontinent Pangea was as-
sembled and motion between Laurussia and Siberia ceased 
(Domeier and Torsvik 2014). Those authors attributed slug-
gish motion between Laurussia and Siberia, including strong 
deformation in the Taimyr and Novaya Zemlya regions, to 
intra-plate deformation (see Permian and Triassic sections 
below). The Siberian elements of the circum-Arctic region 
included the Siberian craton and the Kolyma–Omolon  
superterrane (Torsvik and Cocks 2017). The ocean between 
these elements and Chukotka to the south is the South An-
yui (or Anui) ocean, which apparently continued southward 
into the Angayucham and Slide Mountain Oceans (Fig. 7).

A broad inland sea separated Siberian elements from 
Laurussian elements, and Pennsylvanian marine sediments 
were deposited from the Moscow Platform, across the Bar-
ents Shelf, and into the Sverdrup Basin (Fig. 7). Carbonate 
and silicic sediment was deposited in this seaway and local 
thick evaporites accumulated in the Sverdrup Basin (Emb-
ry and Beauchamp 2008). A landmass that was an inverted 
foreland basin separated the Sverdrup Basin from the Arctic 
Alaska Basin and supplied sediment to each (Gottlieb et al. 
2014). The Hanna Trough (Sherwood et al. 2002), another 
marine basin, looped to the north of the landmass and also 
received sediment from it; parts of the Chukchi platform 
and adjacent Arctic Alaska were emergent and also were 
sediment sources (Gottlieb et al. 2014). Large areas of Siber-
ia, Baltica, and Laurentia were emergent through much of 
the Pennsylvanian (Torsvik and Cocks 2017).

Permian

The Permian and Triassic are difficult to model in the 
circum-Arctic region as the several recent versions show 
moderate to considerable variation. The problem is espe-
cially acute along the Panthalassa margin with Siberia and 
Laurentia, and with respect to the location, orientation, and 
presence of the numerous arcs that have been postulated 
(Parfenov et al. 1995; Nokleberg et al. 2000; Cocks and Tors-
vik 2011; Nelson et al. 2013; Shephard et al. 2013; Domeier 
and Torsvik 2014; Malkowski and Hampton 2014; Amato et 
al. 2015; Miller et al. 2017; Alonso-Torres et al. 2018).

The Permian represents an interval of plate reorganiza-
tion in the eastern Panthalassic Ocean marked by subduc-
tion flip under the Yukon–Tanana and Quesnell terranes 
and back-arc closure of the Slide Mountain Ocean (Nelson et 
al. 2013). The geometry of subduction is complicated along 
western Laurentia by the final closure of the Slide Mountain 
Ocean in the Late Permian and the complex assembly of the 
Intermontane superterrane (Yukon–Tanana, Stikine, Cache 
Creek, Slide Mountain, and Quesnel terranes) during the 
Triassic and Early Jurassic. The tectonic sequences of these 
events are shown on Figures 8–10 and follow the models of 
Milhalynuk et al. (1994), Monger (2008), and Nelson et al. 
(2013). Further discussion of this model and the complexi-
ties of the Cache Creek Terrane are beyond the scope of this 
paper, so the interested reader is referred to the above works 

for additional explanation and detail.
The Permian–Triassic Uda–Murgal Arc, extended from 

and wrapped around the Kolyma-Omolon superterrane to 
Siberia and beyond (Seton et al. 2012; Shephard et al. 2013; 
Domeier and Torsvik 2014). Kolyma–Omolon lay off the 
Verkhoyansk margin of Siberia and was separated from 
AACM by the South Anyui Ocean (Fig. 8). The northern 
margin of Kolyma–Omolon was bordered by another arc 
that would eventually surround the terrane with subduc-
tion margins (Amato et al. 2015). A simpler model was 
proposed by Miller et al. (2017) in which subduction zones 
and associated arcs lay well offshore in Panthalassa, and the 
Amgayucham and Anyui oceans lay adjacent to the passive 
margin of Siberia and Laurentia.

The Ural orogeny marks the culmination of the assembly 
of Pangea, when Baltica, Kazakhstan, and Siberia collided 
and dramatically affected the margin of AACM; significant 
rifting developed across northern Siberia, in the west Siberi-
an Basin, and between Norway and Greenland (Miller et al. 
2017). Permian–Triassic deformation in Taimyr and Novaya 
Zemlya represents late intra-plate adjustment (Torsvik and 
Cocks 2017). Parts of AACM were positive and formed an 
important source of clastics for the Sverdrup Basin (Alonso- 
Torres et al. 2018).

Permian marine deposits dominated the shelves and ba-
sins adjacent to Baltica and Laurentia from the Moscow 
Platform to Arctic Alaska; northeastern Baltica, which was 
adjacent to the Ural Mountains, was blanketed in sand and 
gravel shed from the highlands (Ziegler 1988; Miller et al. 
2017). In the late Paleozoic, rifting developed where the 
Caledonian Mountains once stood between Baltica and 
Laurentia, and the basin was filled with mixed clastic, car-
bonate, and evaporite deposits (Ziegler 1988). Rifting ex-
tended westward into the Sverdrup Basin where periods 
of rapid subsidence alternated with local uplift to produce 
a series of segmented basins and regional unconformities, 
with a general clastic increase upsection (Embry and Beau-
champ 2008). The Sverdrup Basin apparently formed part 
of a continuous depocentre that extended westward across 
the Hanna Trough and into the Arctic Alaska Basin (Embry 
1991; Gottlieb et al. 2014). The Permian deposits across the 
Arctic Alaska portion of AACM consist of shallow marine 
carbonates with interbedded mudstones (Miller et al. 2017).

Triassic

Significant intra-plate tectonics affected much of the 
circum-Arctic region as convergence took place along 
the Lomonosov Ridge and northwest to the New Siberian  
Islands, the Taimyr–Novaya Zemlya region, and along 
western Svalbard (Torsvik and Cocks 2017; Sauermilch et 
al. 2018). Diabase sills, coeval with convergence in the New 
Siberian Islands, suggest rifting (Miller et al. 2017). The Ural 
Mountains extended into Novaya Zemlya and Taimyr, and 
all three areas were important sediment sources during the 
Triassic (Petrov et al. 2008; Amato et al. 2015; Fleming et 
al. 2016). The Siberian traps, the largest continental large  
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(a)

(b)

Figure 8. Middle Permian (ca. 260 Ma) paleotectonics and paleogeography showing the final assembly of Pangea across 
the circum-Arctic region. See text for data sources for the maps. Centre of orthographic projection 40° N, 10° W (graticule 
of Torsvik and Cocks 2017). (a) Paleotectonic map. (b) Hypothetical paleogeography; see text for description of features 
and discussion. Deepwater areas above Chukchi Platform and in Taimyr region may represent areas of thin or extended 
continental crust or small remnant ocean basins (Torsvik and Cocks 2017). Alexander and Farewell terranes were off the 
west edge of the map.
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Figure 9. Middle Triassic (ca. 240 Ma) paleotectonics and paleogeography showing final closure of Ural and Taimyr Moun-
tains; for the next 100 million years the circum-Arctic region will be enclosed within northwestern Pangea. See text for 
data sources for the maps. Centre of orthographic projection 50° N, 10° W (graticule of Seton et al. 2012). (a) Paleotectonic 
map; red outline marks extent of Siberian traps. (b) Hypothetical paleogeography; see text for description of features and 
discussion. Pale orange/tan areas show distribution of fluvial–eolian–lacustrine deposits; note the north–south rift pattern 
east of Greenland.
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arcs began to encroach and then collide with northwestern 
Pangea (Figs. 10–11). At the Triassic/Jurassic transition 
most of the region was little changed from the Early Triassic, 
but by the Middle Jurassic, significant changes were evident 
following a major Early Jurassic marine transgression across 
most shelves in the region (Ziegler 1988). As the Panthalassa 
Ocean was subducted under western Laurentia, Wrangel-
lia approached the western side of the continent in oblique, 
clockwise fashion. The debate as to where the southern 
margin of the superterrane made initial contact and how 
it translated along the coast after docking is beyond the 
scope of this paper; see Umhoefer and Blakey (2006) and 
Wyld et al. (2006) for extended discussion. North of a trans-
form that likely marked the northern margin of the Insular 
superterrane, the Koyukuk arc approached Arctic Alaska in 
the Late Jurassic (Nokleberg et al. 2000; Nelson et al. 2013; 
Shephard et al. 2013; Amato et al. 2015). The history of this 
arc is unclear, but if the Uda–Murgal arc extended along the 
western margin of the Angayucham Ocean (Shephard et 
al. 2013) as shown of Figure 10, then the arc likely formed 
in one of three ways: 1) subduction reversal on the Uda–
Murgal arc followed by closure of the Angayucham Ocean 
and accretion to Arctic Alaska, 2) west-directed intraplate 
subduction within the Angayucham Ocean, or 3) slab roll-
back of Panthalassa along the Uda–Murgal arc, generating 
a back-arc extension of the arc with the rifted arc becom-
ing the east-facing Koyukuk arc. Regardless of origin, the 
Koyukuk arc migrated eastward across and subducted the 
Angayucham Ocean (Fig. 11) and then accreted to Arctic 
Alaska in the Late Jurassic (Nokelberg et al. 2000). During 
accretion, subduction direction reversed and Arctic Alaska 
was bounded on the west by a west-facing arc (Nokleberg 
et al. 2000; Shephard et al. 2013). The significance of this 
is discussed in the Early Cretaceous section.

In eastern Russia, the Uda–Murgal and Alazeya–Oloy 
arcs formed a U-shaped subduction zone along the margins 
of Kolyma–Omolon (Fig. 11A). The South Anyui Ocean was 
subducted beneath both the Alazeya–Oly and Nutesyn arcs 
and began to close (Nokleberg et al. 2000; Shephard et al. 
2013; Amato et al. 2015). By the end of the Jurassic, three 
important ocean plates, the South Anyui, the Angayucham, 
and Panthalassa were either greatly reduced in size or to-
tally subducted and the Farallon Plate was in contact with 
western Laurentia (Fig. 12). This event is marked by a dis-
tinct change from continent-derived sediment to sediment 
derived from arc terranes and orogenic belts (Miller et al. 
2017).

East of AACM, the circum-Arctic region was less affect-
ed by tectonic events although rifting in the Norwegian–
Greenland seaway opened a marine connection between 
the Barents Shelf and the embryonic central Atlantic Ocean 
(Sibuet et al. 2012). Continental rifting at 170 Ma in the 
Sverdrup Basin (Embry and Beauchamp 2008) may be re-
lated to early opening of the Canada Basin (see below). A 
steady rise in sea level coupled with several new areas of 
subsidence flooded broad areas in Siberia and Baltica and 
connected the Barents Shelf southward into the Caspian 

igneous province, erupted at about 252 Ma and extended 
into the Taimyrs; this igneous province was also an im-
portant sediment source area (Amato et al. 2015). Parts of 
AACM formed a large positive area that sourced the Sver-
drup Basin and Hanna Trough (Alonso-Torres et al. 2018). 
Uplands in Baltica, Greenland, and Laurentia were local 
sediment sources (Ziegler 1988). Little or no sediment was 
derived from the offshore arc terranes in Panthalassa (Miller 
et al. 2017).

Following the closure of the Slide Mountain Ocean in 
the Late Permian, the western edge of Laurentia became an 
active, rapidly evolving margin that would dominate cir-
cum-Arctic tectonics during the Mesozoic. One or more 
offshore subduction zones stretched nearly the length of 
Laurentia while subduction continued northward along the 
Verkhoyansk region of Siberia (Fig. 9) towards the eastern 
margin of Asia (the subduction zone crossed the North Pole, 
so west and east directions are reversed) (Seton et al. 2012). 
Although tectonic events for this time in Panthalassa are 
poorly documented, the ocean crust was divided into three 
huge oceanic plates, the Izanagi Plate to the northwest, the 
Farallon Plate to the southeast, and the Phoenix Plate (not 
shown on Fig. 9) to the south and southwest (Seton et al. 
2012; Shephard et al. 2013; Domeier and Torsvik 2014). 
However, during the Triassic and Early Jurassic, the Far-
allon Plate had not yet reached western Laurentia, at least 
not within the area under consideration, but lay to the west 
of the various offshore arcs. The South Anyui and Angayu-
cham Oceans formed a broad back-arc region that separated 
the Kolyma–Omolon superterrane and the arc-subduction 
zone from the remainder of the circum-Arctic region (Fig. 
9). The Alazeya–Oloy arc began prograding towards the 
Verkhoyansk passive margin (Amato et al. 2015).

In general, siliciclastics are the dominant Triassic sedi-
ment type across much of the circum-Arctic region (Ziegler 
1988). Thick, deep-water turbidites were deposited along 
Chukotka and across Wrangel Island (Miller et al. 2010; 
2017) and in the Sverdrup Basin (Embry and Beauchamp 
2008). Triassic continental deposits with basal interbedded 
volcanic rocks (Miller et al. 2017) mark the earliest depos-
its in the West Siberian Basin, and marine sandstone and 
mudstone with interbedded evaporites were deposited in 
the elongate basin between Greenland and Baltica (Ziegler 
1988). The Barents Sea region was the site of extensive fluvial– 
deltaic sedimentation (Figs. 9B and 10B), which Klausen et 
al. (2019) speculated constituted the largest delta plain in 
Earth’s history. Huge river systems sourced interior Siberia 
and the Ural Mountains and deposited thick clastic wedges 
in Arctic Siberia (Miller et al. 2017). Most of these deposits 
formed in basins with origins generally attributed to wide-
spread Permian–Triassic rifting across the region (Ziegler 
1988; Embry and Beauchamp 2008; Miller et al. 2010; 2017).

Jurassic

The Jurassic was a time of significant change in the tectonic 
regime across the circum-Arctic region as Triassic offshore 
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Figure 10. Late Triassic–Early Jurassic (ca. 200 Ma) paleotectonics and paleogeography showing developing arc systems 
along Panthalassa margin. See text for data sources for the maps. Centre of orthographic projection 50° N, 10° W (grati-
cule of Seton et al. 2012). (a) Paleotectonic map. (b) Hypothetical paleogeography; see text for description of features and 
discussion. Note large deltaic area across the Barents Shelf.
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(b)

Figure 11. Middle Jurassic (ca. 170 Ma) paleotectonics and paleogeography showing arc and subduction zone complexes 
along the Panthalassa margin. See text for data sources for the maps. Centre of orthographic projection 60° N, 10° W (grati-
cule of Seton et al. 2012). (a) Paleotectonic map. (b) Hypothetical paleogeography; see text for description of features and 
discussion.
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Basin (Ziegler 1988). Sedimentary facies in the Arctic and 
Barents shelves reflect land–sea paleogeography, with coast-
al plain and shoreline–shallow marine sands bordering land 
regions and grading seaward into muds and thin carbonates 
(Ziegler 1988; Embry and Beauchamp 2008; Smelror et al. 
2009). The West Siberian Basin evolved during the Jurassic 
from a small, shallow basin to a broad, epicontinental sea 
with deep marine deposits in the centre; its sedimentary fill 
reflects the erosional history of the Urals from high-relief 
mountains to low-relief uplands (Kontorovich et al. 2013).

Early Cretaceous

By the close of the Jurassic, the tectonic framework was 
set for the culmination of events that would shape the mod-
ern circum-Arctic region (Fig. 12). Subduction ruled the 
Pacific margin and the myriad of arcs, subduction zones, 
small ocean plates, and microcontinents that dominated 
the Jurassic (Nokleberg et al. 2000) merged with, or were 
subducted beneath, the North American and Siberian conti-
nents (Figs 12–14). The AACM was bordered on the Pacific 
margin by a subduction zone that extended from Antarctica,  
along the Americas, around Arctic Siberia, around Japan, 
China, southeastern Asia, and along the northern margin 
of the Tethys Ocean to southern Europe (Seton et al. 2012). 
During the evolution of the part of this subduction system 
along the circum-Arctic region, AACM rotated and trans-
formed towards the Pacific margin, and the Amerasia Basin 
opened (Fig. 14). A number of models have been proposed 
to explain this evolution from a western Pacific-style margin 
to an Andean-style margin during the Late Jurassic and the 
Early Cretaceous (see review of older models in Lawver and 
Scotese 1990 and reviews of more recent models in Shep-
hard et al. 2013 and Amato et al. 2015).

As the Koyukuk arc migrated eastward to close the An-
gayucham Ocean (Till 2016), the northern margin of Arc-
tic Alaska remained passive (Fig. 11). By 142.6 Ma the arc 
accreted to Arctic Alaska and subduction reversed to east 
dipping under southern AACM (Nokleberg et al. 2000;  
Shephard et al. 2013), while farther north along the northern 
margin of AACM, east-dipping subduction generated the 
Nutesyn arc on Chukotka (Parfenov 1997). As subduction 
progressed along the length of AACM, back-arc extension  
and slab roll-back may have initiated the opening of the Am-
erasia Basin, although rifting along the Lomonosov margin 
may date back to Early Jurassic (195 Ma; Shephard et al. 
2013). Also, during the Late Jurassic, the Kolyma–Omolon 
terrane collided with the Verkhoyansk passive margin to ini-
tiate the Verkhoyansk orogen, which continued through the 
Early Cretaceous (Shephard et al. 2013; Amato et al. 2015). 
Subduction under both flanks of the South Anyui Ocean 
caused it to close and resulted in the collision of Chukotka 
with Kolyma–Omolon and the Chukotka fold belt (Shep-
hard et al. 2013).

The tectonic model for the opening of the Amerasia Basin 
that is preferred here is shown on Figs. 12–13 and follows the 
events outlined by Shephard et al. (2013). This model is 

chosen for its relative simplicity and because it allows the 
integrity of the AACM to be maintained throughout the late 
Paleozoic to present as shown on the paleogeographic and 
paleotectonic maps herein. Furthermore, the model is com-
patible with the global plate-tectonic models of Domeier 
and Torsvik (2014) for the Paleozoic and Seton et al. (2012) 
for the Mesozoic and Cenozoic that are followed here. The 
Shephard et al. model is a hybrid between the simple rota-
tional or windshield wiper model (Carey 1955; 1958; Grantz 
et al. 1993) and transform/strike-slip model (Lane 1997) 
and involves components of both at various times during 
the protracted events that opened the Amerasia Basin. The 
model initiated with transform movement as early as 195 
Ma and evolved to a spreading event by 142 Ma, at which 
time a transform developed across AACM (Fig. 12) and the 
two blocks moved independently. The northern block, the 
East Siberia microplate (Shephard et al. 2013), rotated 
and transformed towards Kolyma–Omolon to close the 
South Anyui Ocean while the southern block, the 
North Slope  microplate, underwent rotation to open the 
Canada Basin and later collide with terranes along the 
Pacific subduction zone to generate the Brookian orogeny 
at 125 Ma (Moore et al. 2002; Till 2016).

Another important Early Cretaceous event was the em-
placement of the High Arctic Large Igneous Province 
(HALIP) , a controversial region of thick ocean crust in the 
eastern Amerasia Basin, probably an oceanic plateau, that 
may overlie stretched continental crust or stranded conti-
nental fragments (Pease et al. 2014; Petrov et al. 2016). The 
age of the HALIP spans 130–70 Ma (Petrov et al. 2016). In 
addition to the Amerasia Basin, the HALIP covers major 
parts of the Northern Barents and Kara shelves. Further, it 
is adjacent to and partly overlaps the Chukchi Borderlands, 
where highly extended continental crust formed during 
translation of the AACM (Pease et al. 2014).

Lower Cretaceous sedimentary rocks are widely distribut-
ed across the circum-Arctic region and consist almost exclu-
sively of siliciclastics. Across the Barents Shelf and west Si-
berian Basin regions, mudstones were deposited in offshore 
shelf and basin areas, condensed limestones accumulated 
on structural highs, and sandstones formed in shoreline and 
nearshore areas (Ziegler 1988; Embry and Beauchamp 2008; 
Smelror et al. 2009). In the Arctic Alaska region, the Early 
Cretaceous marks the beginning of the Brookian tectono-
stratigraphic sequence in which sediments were shed off 
of the Brooks Range onto the passive margin of the Alaska 
North Slope (Houseknecht et al. 2009). Sedimentary source 
to sink direction was opposite to that of Mississippian to Ju-
rassic clastic deposits. Lower Cretaceous sedimentary rocks 
of eastern Siberia and northeastern Russia reflect the active 
tectonic events present across the region. The collision of 
Kolyma–Omolon with Siberia generated the Verkhoyansk 
Mountains and the Verkhoyansk foreland basin along east-
ern Siberia. Fans shed coarse sediment into the basin, into 
which at times shallow marine seas penetrated (Amato et 
al. 2015). The Chukotka region has scattered sandstone and 
mudstone with interbedded volcanics that reflect the change 
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(a)

(b)

Figure 12. Early Cretaceous (Berriasian, ca. 140 Ma) paleotectonics and paleogeography showing initial opening of  
Canada Basin. See text for data sources for the maps. Centre of orthographic projection 75° N, 10° W (graticule of Seton et 
al. 2012). (a) Paleotectonic map. Dashed black line shows area of probable transform/transpressional movement between 
Chukotka and Arctic Alaska; black arrows show sediment transport directions. The accretion of numerous arcs and asso-
ciated uplift caused the major change in sediment source areas. (b) Hypothetical paleogeography; see text for description 
of features and discussion.
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(a)

(b)

Figure 13. Early Cretaceous (Barremian, ca. 130 Ma) paleotectonics and paleogeography showing progressive opening of 
Canada Basin. See text for data sources for the maps. Centre of orthographic projection 75° N, 10° W (graticule of Seton et 
al. 2012). (a) Paleotectonic map. Queries show areas of uncertain tectonic restoration related to opening of Canada Basin; 
see text. (b) Hypothetical paleogeography; see text for description of features and discussion.
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(a)

(b)

Figure 14. Middle Cretaceous (Albian, ca. 110 Ma) paleotectonics and paleogeography showing full opening of Canada 
Basin and closing of South Anyui Ocean. See text for data sources for the maps. Centre of orthographic projection North 
Pole (graticule of Seton et al. 2012). (a) Paleotectonic map. (b) Hypothetical paleogeography; see text for description of 
features and discussion.



Blakey – Paleotectonic and paleogeographic history of the Arctic region

ATLANTIC GEOLOGY · VOLUME 57 · 2021 29

from continental areas to orogenic arc and orogenic areas 
(Miller et al. 2017). Arc sequences dominate the Pacific  
margin as documented by widespread volcanic-plutonic 
belts, blueschist facies metamorphism, flysch deposits, and 
fore-arc melange (Nokleberg et al. 2000).

Late Cretaceous

In many areas, Late Cretaceous tectonism and paleogeo-
graphic patterns continued from the Early Cretaceous (Figs. 
15, 16). By Late Cretaceous, the Amerasia Basin was fully 
opened, the Western Interior Seaway connected the Arc-
tic with the Gulf of Mexico, and global sea level was at an 
all-time high so that large portions of the North American, 
Baltic, and Siberian cratons were flooded by epicontinental 
seas (Fig. 15). As the Izanagi and Farallon plates continued 
to subduct under North America and Siberia/northeastern 
Russia, Andean-style arc activity continued along the Pacific 
margin of the circum-Arctic region, and the Insular super-
terrane was fully accreted to North America by 95 Ma (Nok-
leberg et al. 2000). The newly formed Amerasia Basin was 
bordered by mountains towards the Pacific (AACM) margin 
and a series of islands and upland continental masses along 
its southern and eastern margins. The Norwegian–Green-
land Sea, the Sverdrup Basin, and the West Siberian Basin 
all continued to be active and received clastic sediments. 
Tectonic activity occurred across Kolyma–Omolon and 
Chukotka.

The rotation of Arctic Alaska created a sharp reentrant 
along the southeastern Alaska coast to form a “backstop” 
that the Insular and Intermontane superterranes pushed 
against as transform faults caused their northward migra-
tion. In the region of sharpest bending, uplift was most in-
tense as exemplified in the Alaska Range (Manuszak et al. 
2007), where thrusting and uplift began in the Late Jurassic 
and Early Cretaceous and continued through the Late Cre-
taceous and Cenozoic. Along much of the Alaska Range, the 
outer Insular superterrane was thrust under the Intermon-
tane superterrane; weak rocks that formed in Jurassic and 
Early Cretaceous flysch basins (e.g. Kahiltna and Nutzotin) 
between the two superterranes were intensely folded and 
thrusted (Trop and Ridgway 2007; Nelson et al. 2013).

Upper Cretaceous sedimentary rocks range widely in 
composition and thickness across the circum-Arctic re-
gion. Foreland basin deposits across the Alaska North Slope 
and Verkhoyansk regions received sediment from adjacent 
mountain ranges, where coarse clastics grade distally into 
fine-grained, deepwater deposits. Clastic sediments in the 
West Siberian Basin, Barents Shelf, Norwegian–Greenland 
Seaway, Sverdrup Basin, and Western Interior Seaway range 
from shoreline sand to offshore sand and mud, to deepwater 
muds (Ziegler 1988; Embry and Beauchamp 2008). Abyssal 
muds and clays formed across much of the Amerasia Ba-
sin. Along the Pacific active margin, complex fore-arc and 
inter-arc basins received clastic deposits in submarine fan, 
slope, and abyssal environments (Sample and Reid 2003; 
Trop and Ridgway 2007). Arc volcanic rocks were spread 

over broad regions and are commonly interbedded with 
sedimentary rocks.

Paleogene

Two major tectonic processes affected the circum-Arctic 
region in the Paleogene: (1) sea-floor spreading related to the 
central Atlantic system expanded northward into the Labra-
dor Sea and Baffin Bay, along the eastern margin of Green-
land, and along the Lomonosov margin of the Arctic Ocean; 
and (2) plate reorganization in the Pacific Ocean modified 
subduction zones, opened the Bering Sea, and accreted  
Kamchatka to Kolyma–Omolon (Fig. 17). As Paleogene 
sea-floor spreading opened the Labrador Sea and Baffin Bay 
and separated Greenland from North America, the resulting 
rotation of northwest Greenland into the eastern Canadian 
Arctic Islands and Svalbard generated the Eurekan orogeny 
(Harrison et al. 1999). The rifting between Greenland and 
Baltica separated the two long-joined regions to form the 
North Atlantic Ocean. Coincident with the opening of the 
North Atlantic were the migration of the Iceland hotspot 
and the formation of a mantle plume that generated huge 
volumes of volcanic rocks that maintained a link between 
Greenland and the northern British Isles (Eberle and Green-
wood 2012). The formation of a mid-ocean ridge along the 
Lomonosov margin of northern Eurasia opened the Eur-
asian Basin and separated the Lomonosov Ridge from the 
adjacent continent (Rowley and Lottes 1988; Sauermilch et 
al. 2018).

The reorganization of Pacific Ocean plates is a controver-
sial topic, based mostly on the presence of synthetic plates 
(i.e. plates necessary to satisfy a given model that are now 
completely subducted) such as Kula and Izanagi (Seton et 
al. 2012). Each of the oceanic plates had different plate- 
vector motions with respect to North America and Asia 
that caused variation laterally along the subduction zone 
that bordered North America and Russia. After Kamchat-
ka accreted to Kolyma–Omolon in the Late Cretaceous to 
Paleocene (Geist et al. 1994; Shephard et al. 2013), subduc-
tion jumped seaward of the collision zone, and Kamchatka  
rotated and partly pulled away from the adjacent continent 
in the Eocene (Shephard et al. 2013). Along the Chukotka 
and Alaska coasts, slab roll-back formed the Bering Sea and 
the Aleutian Arc during the Eocene (Jicha et al. 2006).

The combined effect of these tectonic events isolated the 
Arctic Ocean from the global ocean (Fig. 17) as document-
ed by Middle Eocene flora, the free-floating freshwater fern 
Azolla (Brinkhuis et al. 2006), and fauna that indicate exten-
sive fresh water in the Arctic and a close affinity in the ver-
tebrate fauna between North America and both Europe and 
Siberia (Eberle and Greenwood 2012). The Siberia–Alaska 
land bridge extended through Beringia along the extensive 
arc-related volcanic chains and the North America–Green-
land–Iceland–Europe connection followed tectonic ridges 
in the Eurekan Mountains and the volcanic landmasses gen-
erated by the Iceland hotspot in the embryonic North Atlan-
tic (Fig. 17). Furthermore, at times the long-lasting marine 
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Figure 15. Late Cretaceous (Turonian ca. 90 Ma) paleotectonics and paleogeography showing major eustatic high-stand 
with numerous connections of Arctic Ocean with global oceans. See text for data sources for the maps. of orthographic 
projection North Pole (graticule of Seton et al. 2012). (a) Paleotectonic map. (b) Hypothetical paleogeography; see text for 
description of features and discussion.

(a)

(b)
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(a)

(b)

Figure 16. Late Cretaceous (Maastrichtian ca. 70 Ma) paleotectonics and paleogeography showing opening of Labrador 
Sea and rotation of Greenland from eastern North America. See text for data sources for the maps. Centre of orthographic 
projection North Pole (graticule of Seton et al. 2012). (a) Paleotectonic map. (b) Hypothetical paleogeography; see text for 
description of features and discussion.
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Figure 17. Middle Eocene (ca. 50 Ma) paleotectonics and paleogeography showing initial opening of Eurasia Basin and 
North Atlantic Ocean; note restriction of Arctic Ocean. See text for data sources for the maps. Centre of orthographic pro-
jection North Pole (graticule of Seton et al. 2012). (a) Paleotectonic map. This time slice shows the Arctic isolated from the 
global ocean as the Turgay Strait across Siberia was closed. The yellow dashed lines indicate regions that were periodically 
opened and closed, affecting connection of the Arctic Ocean with the global ocean. The queries across Beringia suggest 
possible connections to the Pacific Ocean at various times in the Paleogene. (b) Hypothetical paleogeography. Note the 
probable large rivers that brought large amounts of fresh water to the Arctic, especially across Siberia. The greenish cast 
across the Arctic Ocean shows the Azolla free-floating fern choking Arctic surface waters; see text for description of fea-
tures and discussion.

(a)

(b)
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connection from the Barents Shelf through the West Siberi-
an Basin and into the Tethyian realm, the Turgay Strait, was 
closed, causing additional restriction of the Arctic Ocean 
(Ziegler 1988; Brinkhuis et al. 2006; Eberle and Greenwood 
2012).

Following Late Cretaceous to Early Paleocene erosion, 
upper Paleogene marine deposition continued across the 
West Siberian Basin, Barents Shelf, and Svalbard (Smelror 
et al. 2009; Smelror and Petrov 2018); especially thick Late  
Paleocene to Oligocene marine rocks blanket the western 
Barents Shelf (Smelror et al. 2009). In the Paleocene, the 
Sverdrup Basin became dismembered as the Eurekan oro-
gen progressed and thick, localized, clastic deposits mark the 
demise of the basin (Embry and Beauchamp 2008). Paleo-
gene deposition in the Brooks Range foreland basin shifted 
distally as uplift and erosion modified the basin and formed 
a major post-Cretaceous unconformity (Houseknecht et al. 
2009).

Volcanic and volcaniclastic rocks dominate the Pacific 
margin of the circum-Arctic region and include various arc 
volcanic rocks and plutons, back-arc and fore-arc volcanic 
rocks and sediments, trench, melange, and accretionary 
prism units, and oceanic deposits including scattered ophi-
olites. Active arc and subduction zone tectonics, including 
large transform faults, suggest rugged, evolving topography. 
The Bering land bridge connected Alaska and Chukotka for 
much of the Paleogene, although dynamic tectonic activity 
may have caused breaks in the bridge at times (Eberle and 
Greenwood 2012). The Cretaceous–Paleogene history of 
Kamchatka involved the accretion of several arcs and other 
oceanic material that expanded the Kolyma–Omolon and 
Chukotka–Pacific margins (Geist et al. 1994). Subsequent 
rotation and rifting formed the back-arc Sea of Okhotsk 
(Shephard et al. 2013). Large right-lateral transform faults 
facilitated the northward transport of the Intermontane and 
Insular superterranes and increased the breadth of Alaska 
and generated significant uplift of the Alaska Range (Trop 
and Ridgway 2007).

Neogene

During the Neogene, the Mesozoic and early Cenozoic  
marine basins and shelves, including the West Siberian Basin,  
Barents Shelf (Miocene–Early Pliocene), Sverdrup Basin, 
and the Brooks Range foreland basin were above sea level  
and the expanding North Atlantic Ocean and Eurasian  
Basin provided the main connection between the Arctic 
Ocean and the global ocean (Fig. 18). Sea-floor spreading 
between Greenland and Canada ended by 33 Ma (Torsvik 
and Cocks 2017) and tectonic activity waned in the Eurekan 
orogen. The Aleutian Arc was the site of immense volca-
nic activity (Jicha et al. 2006) as the Bering Plate expanded 
due to the rotation of Alaska and dextral transform faulting 
(Nokleberg et al. 2000). During the Late Pliocene and Qua-
ternary, the Beringia land bridge opened and closed in re-
sponse to glacially induced eustatic sea-level changes. Large 
transform faults continued to affect southern Alaska and  

adjacent parts of Canada and generated the tallest moun-
tains in North America (Nelson et al. 2013).

Neogene marine clastic sedimentation was restricted to 
shelves that rimmed the Arctic Ocean and the bathyal and 
abyssal areas of the ocean basin as well as fore-arc regions of 
the Pacific margin and the back-arc Bering Sea (Nokleberg 
et al. 2000). Fluvial sediments across central and northeast-
ern Canada define a large continental-scale river system, the 
Bell River system, which drained over half of North America  
and emptied into the Labrador Sea (Sears 2013). Equally 
large rivers across Russia drained northward into the Arctic 
(Ershova et al. 2016).

Although the onset of major glaciation in the Arctic re-
gion continues to be debated (Alley et al. 2010), Pleistocene 
continental and alpine ice sheets are widespread. The largest 
areas of continental glaciation were centred across Green-
land, the Hudson Bay region, and the Baltic region. Major 
episodes of Cenozoic uplift and erosion are documented 
from some regions in the Arctic, and sedimentary sequences  
reaching 2–4 km have been exhumed and removed. This is 
particularly evident in the North Atlantic region and on the 
Barents and Kara shelves, where the effects of these processes  
on petroleum reservoirs have been studied in detail (see ref-
erences in Smelror and Petrov 2018).

Glaciation of much of Alaska and Siberia was restricted 
to Alpine areas, apparently because these regions were too 
dry to support continental ice sheets (Alley et al. 2010). Al-
though many of the large channel and fiord regions of the 
greater Arctic region are or were occupied by glaciers during 
the latest Cenozoic, many were initially carved by fluvial 
processes, not glaciers (England 1987). As the last continen-
tal glaciers retreated 6–10 Ka, the modern circum-Arctic  
landscape unfolded. Today, the study of circum-Arctic gla-
ciers, their history, causes, effects on the landscape includ-
ing glacial rebound, and climate form one of the most im-
portant areas of scientific endeavor.

SUMMARY

The circum-Arctic region comprises a region of com-
plex and relatively poorly understood geologic history, at 
least in an overview sense. Severe climate and the result-
ing inaccessibility and politics are the prime factors that 
inhibit Arctic studies. Although recent geologic interest in 
the region has generated a huge mass of literature, most 
published works have focused either on specific areas or 
slices of geologic time. This study has attempted to orches-
trate this body of geologic literature into a comprehensive 
presentation of over 400 million years of geologic history 
across the entire circum-Arctic region. The saga begins with 
the Silurian and Devonian accretion of terranes along the 
northern margin of Laurussia during the Caledonian and 
Ellesmerian orogenies and the assembly of the Arctic Alas-
ka Chukotka microcontinent. Ensuing assembly of Pangea 
during the Carboniferous and Permian joined Siberia and 
peri-Siberian terranes to Laurussia. Mesozoic subduction, 
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(a)

(b)

Figure 18. Early Miocene (ca. 20 Ma) paleotectonics and paleogeography showing widening of Eurasia Basin and North 
Atlantic Ocean. See text for data sources for the maps. Centre of orthographic projection North Pole (graticule of Seton 
et al. 2012). (a) Paleotectonic map. (b) Hypothetical paleogeography; see text for description of features and discussion.
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arc tectonics, and terrane accretion led to the formation of a 
contiguous Cordilleran-style Pacific margin and the Jurassic– 
Cretaceous opening of the Canada Basin. Late Mesozoic and 
Cenozoic sea-floor spreading in the greater North Atlantic 
region separated Europe and North America and led to the 
opening of the Eurasian Basin and the final growth of the 
Arctic Ocean. Pleistocene glaciation completed the land-
scape evolution of the circum-Arctic and left the youngest 
deposits in the region.
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