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Detrital zircon U–Pb ages from Triassic strata exposed in the circum-Arctic, analyzed by LA-ICP-MS and
SHRIMP-RG, are compared at the regional scale to better understand the paleogeography of northern Pangea
and help restore rift opening of the Arctic. Data sets are compared based on their zircon age distributions,
cumulative age probability plots, and the K–S test. Three major source regions are characterized. These fed
clastic material to transcontinental river systems that transported material from the highlands of northwest-
ern Pangea to its once continuous paleo-Pacific continental margin. The paleo-Lena River System was fed
from sources in the Baikalian and Altay-Sayan mountainous regions of Siberia. Zircon populations are charac-
terized by a limited number of Precambrian zircons (~1.8–2.0 Ga with fewer ~2.5–3.0 Ga), lack of 0.9–1.8 Ga
zircons, and a dominant 480–500 Ma and 290–300 Ma age population. The paleo-Taimyr River System was
sourced from the Uralian orogenic belt region and deposited along a rifted portion of the Siberia–Baltica mar-
gin beginning in the Permo–Triassic. Precambrian zircon populations are similar to those of the paleo-Lena
system, and samples closest to Siberia have similar populations in the 480–500 Ma and 290–300 Ma age
ranges. Chukotka, Wrangel Island and Lisburne Hills, Alaska, have sparse ages between 900 and 1800 Ma,
Ordovician ages are younger (~440–450 Ma), and, along with abundant ~300 Ma ages, they contain
~250–260 Ma and lesser ~215–235 Ma zircons, interpreted as derived from silicic volcanic centers associated
with Permo–Triassic to Triassic continental flood basalt provinces in Siberia, Taimyr and Kara Sea region. The
trans-Laurentian River System was likely fed by rift-related uplift along the proto North Atlantic/Arctic mar-
gin and delivered sediment to the Cordilleran margin of Pangea. These samples have no significant upper
Paleozoic zircons and have a much broader age range of Precambrian zircons.

© 2012 International Association for Gondwana Research. Published by Elsevier B.V. All rights reserved.
1. Introduction

Northern Pangea was fully assembled in the Early Permian after
Siberia joined Baltica and Laurentia along the Uralian suture (Fig. 1)
(e.g. Ziegler, 1988; Nikishin et al., 1996; Lawver et al., 2002). Its sta-
bility, however, was short-lived. The eruption of the Siberian traps
and rifting along the western flank of the earlier Uralian suture
created a broad aborted rift zone (the West Siberian Basin) that
extended oceanward into inferred paleo-Pacific back-arc basins
(Fig. 1; e.g. Nikishin et al., 2002; Reichow et al., 2009). In the North
Atlantic/Artic region, the site of the older Caledonian orogenic belt
also experienced rift-related uplift and formation of fault-bound
basins beginning as early as the Permian and continuing into the
Triassic. Rifting eventually led to continental break-up and formation
ssociation for Gondwana Research.
of the North Atlantic later in the Cretaceous (Fig. 1; e.g. Ziegler, 1988;
Nikishin et al., 2002).

This overall paleogeography (Fig. 1) dictated source regions for
Triassic depositional systems and controlled the location and con-
figuration of major river systems that carried clastic material to
Pangea's northern paleo-Pacific continental margin (Fig. 1). Today,
these siliciclastic deposits crop out in younger fold belts or remain
deeply buried in basins (Fig. 2). Rifting and plate motions associated
with the formation of the Cretaceous and Tertiary Arctic Ocean basins
have severed many of these deposits from their original sources,
making it more difficult to decipher their ancient Triassic paleogeog-
raphy (Fig. 2).

U–Pb detrital zircon geochronology is a rapidly evolving and pow-
erful tool for determining the provenance and maximum depositional
age of clastic strata. The increased availability and speed of data col-
lection by the laser ablation-ICP-mass spectrometers have generated
increasingly larger data sets of this sort (e.g. Davis et al., 2003;
Kostler and Sylvester, 2003; Gehrels, 2012). This method is effective
Published by Elsevier B.V. All rights reserved.
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Fig. 1. Simplified paleogeography of northern Pangea in the Permo–Triassic to Early Triassic based on Lawver et al.'s (2002) Middle (240 Ma) to Late (210 Ma) reconstruction. Areas
of shelf and continents, rift-related faults and mountains after Nikishin et al. (1996) and Ziegler (1988). Arctic Alaska (AA) restored following Lawver et al. (2002). The general
region of Chukotka (AC) is restored after Miller et al. (2006, 2010, this paper). Proposed river systems of northern Pangea and offshore depositional “sinks” are portrayed in highly
schematic form. Offshore island arcs and subduction zones are inferred. For discussion see text.
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at testing and establishing the first-order coherency and source re-
gions of large clastic depositional systems, enabling us to reconstruct
ancient paleogeographies and tectonic events now obscured by youn-
ger deformational events and plate motions (e.g. Rino et al., 2008;
Condie et al., 2009; Dickinson and Gehrels, 2010; Nebel-Jacobsen et
al., 2011; Babinski et al., 2012).

This study of Triassic strata and their detrital zircon populations
was initiated to determine how effective this approach might be in
elucidating the rift opening geometry and history of the Arctic
Ocean basins (e.g. Miller et al., 2006). Additional published data
(Miller et al., 2010) and new results (this paper), when added to a
growing number of regional studies (e.g. Beranek et al., 2010;
Omma et al., 2011), provide a clearer and broader view of what was
once the paleogeography of northern Pangea in the Triassic. Increased
interest in the geology and natural resources of the Arctic has led to a
series of new models for the plate tectonic evolution of the Arctic
Ocean's Amerasia Basin (Fig. 2) (e.g. Kuzmichev, 2009; Miller et al.,
2010; Colpron and Nelson, 2011; Golonka, 2011; Grantz et al., 2011;
Lawver et al., 2011). The combined data set discussed here and the
conclusions drawn from this data, although evolving, provide a solid
basis for building and testing paleogeographic models and plate tec-
tonic reconstructions of the Arctic.

2. Analytical methods and data analysis

The locations of the samples analyzed and discussed are shown in
Fig. 2 and their exact locations and ages are listed in Appendix 1A.
Most samples were collected from paleontologically dated Triassic
stratigraphic successions (e.g. Sosunov et al., 1982; Harrison et al.,
2008; Appendix 1A). Triassic strata in the New Siberian Islands



Fig. 2. Present-day outcrop distribution of Triassic sediments (gray) and Permo–Triassic to Triassic flood basalts (black) in the circum-Arctic and location of samples discussed in
text. Base map after Harrison et al. (2008). Accumulations of Triassic strata in the subsurface after Grantz et al. (2011) (dot pattern). Many Triassic outcrops too thin to display.
Sample data: 1 — published in Miller et al. (2006); 2 — published in Miller et al. (2010); 3 — this paper. Abbreviations: BL, Bolshoi Lyakov Island; LS, Laptev Sea; N.S., New Siberia
Islands; NZ, Novaya Zemlya; OK, Okhotsk terrane; OM, Omolon terrane; SVZ, Severnaya Zemlya.
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(Novosibirskije ostrova) and Chukotka (the Arctic coast of NE Russia
west of the Bering Strait) are the most deformed and metamorphosed
and their paleontological age and position in the stratigraphic section
are not as well known (Fig. 2; Appendix 1, part A). Published analyses
versus new analyses are designated in Fig. 2. Analytical methods,
U–Pb data tables and concordia diagrams for new analyses are included
in Appendix 1 (parts B, C and D for ICPMS analyses) and Appendix 2
(parts A, B and C for SHRIMP-RG analyses). Most of the U–Pb detrital
zircon ages compared here were collected at the University of Arizona
LA-ICP-MS LaserChron facility except for sampleKUZ146.1 (NewSiberian
Islands, analyzed by SHRIMP-RG) (Appendix 2). Sample preparation,
data collection, processing and analysis methods follow those reported
in Miller et al. (2006, 2010). Approximately 100 detrital zircons are ran-
domly dated from a dump mount of an aliquot of the zircon separate as
detailed in Fig. 3. The U–Pb ages of zircons from four samples were fur-
ther investigated using the Stanford-USGS SHRIMP-RG (Appendix 2).
These additional analyses were carried out on hand-picked euhedral
portions of the detrital zircon populations with the goal of more directly
determining the range of ages represented by first-cycle detrital zircons
as illustrated in Fig. 3. Dating of the most euhedral portions of the zircon
populations can help to better determine the youngest age range of
zircons in the sample and can also be used to establish the age range
of the suite of igneous rocks in the source area that are (together)
undergoing erosion and transport for the first time. Other data included
in our analysis and discussions are data reported by Beranek et al.
(2010) from the northernmost Canadian Cordillera (Fig. 2). We discuss
but do not include in our analysis Omma et al.'s (2011) data from the
Sverdrup Basin. Other regions where detrital zircon U–Pb ages have
been reported from Triassic strata in abstract form include Franz Josef
Land (Pease et al., 2007, 2012), Taimyr (Larionov, pers. com., 2007) and
Svalbard (Bue et al., 2012).

All of the published and new data were compiled and compared
using age histograms and relative age probability plots which are in-
cluded in Appendix 3. Main age groups, age peaks and youngest age
groups were determined with the “Age Pick” algorithm available at
www.geo.arizona.edu/alc and are also included in Appendix 3. The
data are presented in cumulative age probability plots in Fig. 4 and
further compared in terms of their K–S test P values in Fig. 5. The
K–S test (Kolmogorov–Smirnov test) uses the error from the calculat-
ed cumulative distribution functions (Fig. 4) (Press et al., 1992;
Guynn and Gehrels, 2010). Output values “P” from the K–S test use
the vertical separation D between two cumulative probability plots
(Fig. 4). The K–S statistic measures the probability that two age distri-
bution curves are not drawn from the same original population. The P
value is the probability that two samples are not statistically different.
A P value >0.05 yields 95% confidence that the two samples are not

http://www.geo.arizona.edu/alc


A B

C

D E

Fig. 3. Methodology for analyses of detrital zircons. A. Splitting the zircon grains. B. Typical detrital zircon sample mount at the University of Arizona LaserChron Center, where an
aliquot of the sample is “dump” mounted (with a row of standards in the center). C. Detrital zircon dump mount for analysis with the SHRIMP-RG (top slot) and hand-picked
euhedral (as well as most rounded) part of the zircon population (bottom slot). D. Random walk approach to dating dump-mounted detrital zircons. E. SEM image of zircon pop-
ulation with the most euhedral grains circled. Selection criteria for euhedral zircons included sharp crystal edges, flat reflective crystal facets and large length to width ratios, a
proxy for first cycle zircons.
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statistically different. Because P is calculated using “D”, the calcula-
tion is sensitive to the proportion of ages present (e.g. all of the
same ages might be represented, but in differing proportions, leading
to a large “D”). Thus the K–S test P values should be used in conjunc-
tion with the comparison of the shapes of cumulative age probability
plots (Fig. 4).

The samples analyzed are from widespread geographic locations,
geologic settings and from separate depositional basins. They are
only broadly coeval, thus their geological context and setting is criti-
cal to this preliminary comparison. Despite this, our analysis indicates
that meaningful differences exist between major source regions and
the depositional systems that provided their detritus to the northern
margin of Pangea in the Triassic. These differences can be used to test
and develop more detailed, holistic plate reconstructions for the
Triassic.
3. Results and discussion of data

The sets of cumulative age probability plots for all detrital zircon
suites (Fig. 4A) are separated in groups based on their geographic loca-
tion, similarities in their detrital zircon populations (Fig. 4B, C, D, E and
Appendix 3) and K–S test P values (Fig. 5). The data displayed in Fig. 4
highlight the key differences between three main groups of samples,
collected respectively from 1) the Verkhoyansk margin of NE Russia,
2) Arctic Russia and Alaska including Big Lyakhov Island of the New
Siberian Islands, Chukotka, Wrangel Island and the Lisburne Hills and
3) the northernmost Canadian Cordillera (Beranek et al., 2010). These
three groups of samples all contrast with two individual (and fairly
unique) samples collected from eastern Alaska and the Sverdrup Basin
(Figs. 4 and 5). Below, we discuss the main groups of samples and
their detrital zircon populations, how they compare and differ, and
evaluate whether they once formed part of larger depositional systems
that were subsequently disrupted by younger deformation and the rift
opening of the Arctic Ocean basins (Fig. 2).
3.1. Verkhoyansk margin and the paleo-Lena River

The Verkhoyansk fold and thrust belt of NE Russia (Figs. 1, 2
and 6) contains one of the largest clastic sedimentary successions in
the world, deposited along the eastern, paleo-North Pacific facing
margin of the Siberian craton. This clastic succession was deposited
following a major re-configuration of the margin by Late Devonian
rifting, leaving an aulacogen, the Vilyui graben system, which became
the paleo-Lena River valley (Fig. 6) (Gaiduk, 1988; Parfenov et al.,
1995). Subsidence from Early Carboniferous (Mississippian) to Juras-
sic time led to the accumulation of a sedimentary prism up to 15 km
thick along the Verkhoyansk margin (Fig. 6). A prior study of detrital
zircons suggests this clastic wedge was sourced from the Baikalian
and Altay-Sayan mountainous regions of southern Siberia, carried
by the paleo-Lena River, delivering sediments to the paleo-Pacific
margin of Siberia (Prokopiev et al., 2008) (Fig. 6). U–Pb ages of detri-
tal zircons from three Triassic sandstone samples (Miller et al., 2006;
Prokopiev et al., 2008) together with samples collected from southern
exposures of continental shelf sandstones (sample 04-AP-226) and
from the inferred deep-water equivalents of this shelf sequence
(the Kular-Nera Slate belt, samples R03-AP-25 and RA-3/5-01) are
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shown in Figs 2 and 6. Continental and deltaic, shelf-facies sandstones
inferred to have been fed by the paleo-Lena River system (Prokopiev
et al., 2008) are characterized by Precambrian zircons that lie in the
1.8–2.0 Ga and 2.3–3.0 Ga age ranges with no zircons between ~1.8
and ~1.0 Ga (Fig. 4). The predominant ages of zircons in these sam-
ples are Paleozoic, and most are either Cambro–Ordovician–Silurian
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AE2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.92 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

JL2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.03 0.27 0.00 0.00 0.77 0.01

OG2 0.01 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.25 0.52 0.04 0.00 0.86 0.15

OG3 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.25 0.07 0.02 0.00 0.11 0.00

OG4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.27 0.52 0.07 0.39 0.00 0.10 0.00

SL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.02 0.39 0.00 0.02 0.00

HL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TF 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.77 0.86 0.11 0.10 0.02 0.00 0.09

AE-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.15 0.00 0.00 0.00 0.00 0.09

PALEO LENA RIVER PALEO TAIMYR RIVERS PALEO LAURENTIA RIVERS

Fig. 5. P value results from the Kolmogorov–Smirnov statistical test for all samples discussed. White, P values less than 0.05 but greater than 0; yellow, P values greater than 0.05,
darker yellow, P values >0.6. For discussion, see text.

1636 E.L. Miller et al. / Gondwana Research 23 (2013) 1631–1645
or Carboniferous–Permian (Fig. 4B). Sample 04-AP-226 of Late
Triassic (Norian) age was collected a considerable distance away from
the above described sandstones (Figs. 2, 6). Its detrital zircon population
is very similar to the above samples with Paleozoic peaks that are
Cambro–Ordovician–Silurian and Carboniferous–Permian in age. There
are very few zircons that are Silurian, Devonian and early Carboniferous
(Fig. 4B). In addition, sample 04-AP-226 contains a few younger zir-
cons that are 253, 259 and 268 Ma, all older than the host rocks,
but too few to suggest this to be a big difference from paleo-Lena
River derived samples without further work. Its main difference
from previously collected samples is a higher proportion of Precam-
brian zircons compared to Paleozoic zircons (Fig. 4B) leading to low
K–S P values when compared with the rest of the Verkhoyansk sam-
ples (Fig. 5).

Two samples from the inferred deeper water equivalents of the
above continental and deltaic sandstones (the Kular-Nera Slate Belt)
(samples R03-AP-25 and RA-3/5-01) (Figs. 2, 6), are similar to each
other in terms of their range of Precambrian-age zircons (Fig. 4B), but
their younger zircon age populations are different. The Precambrian
populations contain relatively more 1.8–2.0 Ga zircons with most in a
narrower 1.8–1.9 Ga range and no ages between these and 1.0 Ga.
The Paleozoic age distribution of zircons has ages in the 500–550 Ma
range, few in the 480–500 Ma age, and more ages in the Silurian and
Devonian–early Carboniferous interval. Carboniferous–Permian zircons
are similar in age to samples from continental to shelf settings, but con-
stitute proportionally less of the total population of Paleozoic zircon
(Fig. 4B). The most distinct aspect of the Kular–Nera detrital zircon
population is the presence of a significant number of Triassic zircons
in the age range from 235 to 240 Ma. As discussed by Prokopiev et al.
(2008), sources in the Transbaikalian mountainous region, specifically
the Carboniferous–Permian Angara–Vitim granitoid batholith and the
Cambro–Ordovician magmatic arcs of the Altay–Sayan region are the
most likely sources for zircons transported by the paleo Lena River
and deposited along the Verkhoyansk margin in the Triassic. The
Precambrian zircon age distribution in these samples is characteristic
of rocks in the Siberian craton and Aldan shield, or could have been
recycled from sediments derived from the erosion of those shield
rocks. The Precambrian peaks are also those that characterize the
present-day rivers that traverse Siberia (Safonova et al., 2010). Given
the consistency of these ages in the paleo-Lena River derived
Verkhoyansk sandstones through time (Prokopiev et al., 2008), the
differences between the zircon populations of these sandstones and
the zircon populations from sandstones of the offshore Slate Belt are
likely significant (Fig. 5). In particular, there are no intermediate to
silicic source rocks of Devonian–Early Carboniferous age on the Siberian
platform. In fact, Devonian mafic volcanism associated with the
formation of the Vilyui graben may have been accompanied by silicic
(bimodal) eruptions, but would likely have been deeply buried by the
Triassic and not a major source for zircons. The source of 235–240 Ma
zircons in the Triassic rocks of the Slate Belt is also enigmatic as
magmatic rocks of this age are limited to the younger accreted parts
of the Verkhoyansk belt, the outboard Taigonos Peninsula (not shown
on map) and Omolon terrane (Fig. 2) (Akinin and Kotlyar, 1997;
Zhulanova et al., 2007). Middle Devonian to Early Carboniferous
magmatic arc rocks are widespread in the Omolon terrane: volcanic
rocks of the Kedon Formation as well as comagmatic granosyenite–
porphyries and granodiorite–porphyries are present, and it is under-
lain by Precambrian basement rocks of Siberian affinities, thus of
appropriate age to supply material to the deep water basin. The Koni–
Murgal volcanic–plutonic belt located on the northwestern flank of
the Okhotsk terrane (Fig. 2) has Triassic volcanic successions (Sosunov
et al., 1982; Prokopiev et al., 2009). Co-author A.V. Prokopiev argues
that paleocurrent measurements in deeper water Triassic slate belt
rocks preclude an eastern source that these deeper water sediments
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Fig. 6. Paleogeographic sketch illustrating the facies and provenance of samples from the Verkhoyansk margin.
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must come from the west or from the south (Prokopiev and Tronin,
2004). Because these differences in detrital zircon populations suggest
a different source area, perhaps from the Okhotsk terrane to the south,
it is hoped that future work will better elucidate this part of North
East Russia's paleogeography.

3.2. Northern Siberia paleo-Taimyr River System(s)

The closure of the Uralian seaway between Baltica and Siberia in
the Early Permian (e.g. Nikishin et al., 1996) led to the collision of
Siberia and Baltica–Laurentia, forming northern Pangea (Fig. 1).
Widespread basaltic magmatism, beginning with the eruption of the
Siberian traps and continuing into the Middle to Late Triassic
(Nikishin et al., 2002; Torsvik and Andersen, 2002; Walderhaug et
al., 2005; Reichow et al., 2009) took place across northern Siberia,
the eastern flanks of the Uralian orogen, and in the Taimyr region
(Fig. 2). As described by Nikishin et al. (2002), the west Siberia rift re-
gion, now entirely buried by sediments of the West Siberia Basin, was
initially topographically elevated during the earlier stages of rifting.
This is supported by arguments of Reichow et al. (2009) who showed
that basalts were erupted across and likely covered a much greater
region prior to rifting, faulting and subsidence of the West Siberian
Basin. Thus it is likely that the west Siberia rift, as it developed, mod-
ified both sources of sediment and the location of river systems
transporting clastic material seaward.

This second group of Triassic samples is distinguished in terms of
its cumulative age probability plots (Fig. 4C) and higher P values in
the K–S test (Fig. 5). The sources of the paleo-Lena River derived
sandstones (discussed in the previous section) lay along the southern,
active continental margin of Siberia (present-day coordinates)
(Fig. 1). This orogenic collage wrapped around the western side of
Siberia (present-day coordinates) and thus its component parts were
ultimately involved in the joining together of Siberia, Kazakhstan and
Baltica along the broader Uralian orogenic belt (Figs. 1, 2), now mostly
covered by the deposits of the West Siberia Basin (Nikishin et al.,
2002; Reichow et al., 2009) (Fig. 2). The detrital zircon signatures of
the Triassic of the Verkhoyansk margin of Siberia therefore share simi-
larities in terms of their igneous source terranes to those of units
discussed in this section, especially in terms of their Paleozoic zircons
(Figs. 4B,C and 5).

Sandstone interbedded with conglomerate at the base of the
Upper Triassic (Rhaetian) Bulunkan Formation, deposited in a shal-
low marine or deltaic setting along the northeastern Siberian plat-
form on the southeastern side of the Lena–Anabar basin adjacent to
the Olenek basement uplift (sample PROK 212) (Figs. 2, 6) has a sim-
ilar distribution of detrital zircon ages as do the shelf sandstones of
the Verkhoyansk, with a significant number of Cambro–Ordovician
zircons and late Carboniferous–Permian zircons and far fewer
Silurian–Devonian–early Carboniferous zircons. It has two age peaks
(~280 and ~301 Ma) that are also similar to Verkhoyansk samples,
but sample PROK 212 has a greater proportion of Carboniferous ver-
sus Cambro–Ordovician zircons. Most importantly it includes the
youngest peak at ~246 Ma (3 zircons, Appendix 3). Sources for sam-
ple PROK 212 are inferred to be rocks of the greater Uralian deforma-
tional belt characterized by magmatic arc systems that are ~300 Ma
(Bea et al., 2002; Scarrow et al., 2002). The older Cambro–Ordovician
zircons have the same probable source in the northern Urals as there
are widespread rhyolites dated at 480–500 Ma (Kuzenkov et al.,
2004; Soboleva et al., 2008a,b). There are also intermediate to silicic
tuffs, sills and volcanic strata in the Severnaya Zemlya archipelago
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(Fig. 2) dated by Lorenz et al. (2007) as ~490–475 Ma (U–Pb, zircon).
Triassic zircons are common in all subsequently discussed samples
and their sources are considered in a following section.

Triassic stratamapped as Ladinian in age (Oleshko, 1981) and depos-
ited in a marine deltaic setting were sampled from a position consider-
ably more internal to the Verkhoyansk orogen (Samples 08DH1A and
33) (Figs. 2, 6). Similar to the sample discussed above, these two samples
exhibit zircon age peaks at 496 and 503 Ma in the 480–505 Ma age range
and at ~300 Ma in the 295 to 308 Ma age range (Appendix 3). In addi-
tion, they contain up to 15% Triassic zircons with age peaks at ~238 Ma
(08DH01A) and ~236 Ma (08DH33) (Appendix 3) and up to 10% Perm-
ian zircons with an age peak at ~264 and 268 Ma. As such, these two
samples are most similar to the detrital zircon populations of samples
from B. Lyakhov Island, New Siberian Islands, and Chukotka (discussed
next) but were deposited in a shelfal, not basinal, environment. The
sources for the younger parts of the zircon population are discussed in
context with the New Siberian Islands and Chukotka samples.

Sandstones from the New Siberian Islands, Chukotka and Wrangel
Island are classed within the paleo-Taimyr River System group of sam-
ples. Most of these strata were deposited in a deep-water environment
by gravity flow processes (e.g. Miller et al., 2006; Kuzmichev and
Goldyrev, 2007; Tuchkova et al., 2007; Miller et al., 2010) and are
much more complexly deformed and metamorphosed than Triassic
strata of the Verkhoyansk fold belt (Fig. 2). The overall similarity of
the detrital zircon populations of this set of samples provide a strong ar-
gument for similar sources, possibly delivered by one or more main
river systems draining that source region (Figs. 4C, 5). In particular, pre-
viously published data from Chukotka (samples CH3.1B, CH2.6 and
CH26.5) are very similar to sample KUZ146-1 from Bolshoi Lyakhov
Island, New Siberian Islands, dated by SHRIMP-RG (analytical methods
and data table in Appendix 2). Sandstones from these two regions,
now ~1300 km apart, have similar amounts of 250–265 Ma, ~300 Ma
and Cambro–Ordovician zircons. The presence of greater amounts
of Devonian zircons and greater amounts of latest Permian to Permo–
Triassic zircons distinguishes this group of samples from the Triassic
of the Verkhoyansk (Figs. 4, 5). In addition, the B. Lyakhov and Chukotka
samples have Precambrian zircon populations with more ages in the
500–1000 Ma range and also in the 1000–1800 Ma range compared
to the virtual lack of these ages in the Verkhoyansk samples (Fig. 4B
and C). Sample KUZ146-1 from Bolshoi Lyakhov Island was collected
from the deformed Burus-Tas Formation described in detail by
Kuzmichev et al. (2006). Geologic mapping and sampling prior to
Kuzmichev et al. (2006) study assigned the Burus-Tas to the Permo–
Triassic (Vol'nov et al., 1999). Kuzmichev et al.'s (2006) study con-
cluded that the Burus-Tas was part of a Jurassic to Cretaceous clastic
wedge shed from the south during the accretion of an arc to the Siberian
margin. However, a detailed study of better exposed and dated
Jura-Cretaceous siliciclastic strata on Stolbovoi Island (New Siberian
Islands) discussed in Miller et al. (2008), together with the analyses of
detrital zircons from these strata, clearly showed that therewere signif-
icant differences between the zircon populations of Triassic versus
Jura-Cretaceous deposits. These comparisons allow us to conclude that
sample KUZ146-1 is Triassic and not Jurassic in age as previously de-
scribed by Kuzmichev et al. (2006).

To provide greater insight to the sources represented by this sec-
ond group of sandstones with very similar detrital zircon populations
(Figs. 4C, 5), we hand-picked euhedral zircon populations (e.g. Fig. 3)
from representative splits of sample KUZ146‐1 and KUZ145‐8 from
Bolshoi Lyakhov Island (New Siberian Islands), from samples ELM03
CH2.6 (Chukotka) and C145735 (Wrangel Island). Fig. 7 illustrates
the euhedral zircon populations we dated and their range of ages.
Analytical methods and data tables for the SHRIMP-RG analyses of
these zircons are found in Appendix 2. In both B. Lyakhov Island
(New Siberian Islands) and Chukotka–Wrangel samples, the ages
of euhedral zircons represent both the very youngest part of
the populations analyzed with the LA-ICP-MS method and are also
representative of the Paleozoic peaks obtained during the random
walk dating of dump-mounted zircon (Figs. 3, 7). On B. Lyakov Island
(New Siberian Islands), the youngest U–Pb SHRIMP ages on zircon
from two Triassic samples were 244.5±2.6, 247.2±5, 250.5±2.5
and 258.1±2.0 Ma (1 sigma errors). Euhedral zircons in the
260–400 Ma age range are also represented as well as those ranging
in age from ~424 to 515 Ma (Fig. 7). Only one Precambrian zircon is
represented in the hand-picked, euhedral zircon suite. This data
suggests that the source region(s) for the Triassic sandstone turbi-
dites of B. Lyakhov Island (New Siberian Islands) included Paleozoic
igneous rocks with a range of ages spanning the Cambrian to the
Permo–Triassic, all likely eroding for the first time. The Precambrian
zircon population as a whole in these samples is more likely to have
been recycled from sedimentary/metasedimentary sources. Dating
of euhedral hand‐picked zircons from Chukotka (Fig. 7) and Wrangel
Island samples yielded similar results. The youngest zircons from the
Chukotka sample yielded ages of 233±2.1, 235.8±2.6 and 239.7±
2.1 Ma and the sample fromWrangel Island, 266±2.9. Permo–Triassic
to Carboniferous zircons in these two samples are likely first cycle as are
the Devonian, Ordovician and Silurian zircons. Only three Precambrian
euhedral zircons were dated and no euhedral zircons were dated in
the 500–600 and 700–900 age range, despite the fact that zircons of
this age are well represented in the LA-ICP-MS analyses of these sam-
ples (Fig. 7), suggesting that zircons in these age ranges may also have
a recycled origin. The difference in the youngest age component of
zircons is likely a reflection of different depositional ages, which are
only poorly known in these deformed Triassic sequences (Miller et al.,
2006, 2010).

The Late Permian sequence and the base of the Triassic strati-
graphic section are characterized by abundant gabbro/diabase dikes
and sills (e.g. Gelman, 1963; Miller et al., 2006; Kuzmichev and
Goldyrev, 2007; Kuzmichev and Pease, 2007). They have been dated
by the U–Pb method in only two places, a great distance from each
other, on B. Lyakhov Island (New Siberian Islands) as 252±2 by
Kuzmichev and Pease (2007) and in eastern Chukotka as 252±
2 Ma by Ledneva et al. (2011) (Fig. 2). Kuzmichev and Pease (2007)
present geochemical data that link the mafic magmatism on B.
Lyakhov Island (New Siberian Islands) to the initiation of Siberian
trap magmatism, thereby physically linking the New Siberian Islands
to Siberia and Taimyr prior to rifting that led to the formation of the
Laptev Sea and Eurasia Basin (Fig. 2). Ledneva et al. (2011) suggest
the same for the mafic magmatism studied in easternmost Chukotka
(Fig. 2). These relations and ages provide a strong rational for corre-
lating and linking Triassic depositional systems across Arctic Russia
east of the Taimyr (Fig. 2), an argument which is greatly strengthened
here by the observed similarities in the detrital zircons suites of Triassic
strata.

An important aspect of the detrital zircon populations from both B.
Lyakhov Island of the New Siberian Islands and Chukotka is the fact that
they include Triassic age zircons. At least in the northernmost Urals,
where closure of the Uralian seaway was over by the early Permian,
there are no mapped plutonic belts with ages younger than about
300 Ma. Further south in the Urals, post-collisional magmatic–granite
complexes yield ages as young as about 250 Ma (Bea et al., 2002) and
may represent source regions for these zircons. Mafic and more limited
felsic magmatism continued into the Triassic in the Taimyr region
(Vernikovsky et al., 1995, 1998, 2003; Walderhaug et al., 2005). Basalts
in the southern Taimyr have been studied and dated as 227–229 Ma
(40Ar/39Ar) by Walderhaug et al. (2005) and A-type granites and sye-
nites as 241–249 Ma (U–Pb, zircon) (Vernikovsky et al., 2003). The
Novaya Zemlya loop (Fig. 2) formed into the Late Triassic (Scott et al.,
2010) and the Kara Sea is known to include Permo–Triassic to Triassic
rifts likely associated with rift-related magmatism (Nikishin et al.,
2011). Large mafic igneous provinces, particularly those initiated be-
neath continental crust, usually produce a minor component of silicic
magma that erupts in explosive fashion (e.g. Pankhurst et al., 2010).
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Fig. 7. A, B. Cathodoluminescent images and SHRIMP-RG spot ages of hand‐picked euhedral zircons from detrital populations of sandstone samples 146‐1 and 145‐8 from Lyakhov
Island (New Siberian Islands). C, D. Data from these euhedral zircons (gray histogram) are compared with SHRIMP-RG ages collected from dump mounted, random walk dating of
sample 146‐1 (Fig. 3) (as shown by the relative age probability plot and white histogram). Hand-picked population is shown by dark gray histogram. E. Less that 1.0 Ga ages from
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Wehypothesize that this igneous province, despitemost of it nowbeing
covered by younger sediments, may have been the closest and most
reasonable source(s) for Triassic age zircons in basinal Triassic rift de-
posits. Their ~260 to 235 observed age range could reflect the broader
age of both mafic and lesser associated felsic magmatism through this
interval of time.

Zircon populations from Triassic strata on Wrangel Island and
from the Lisburne Hills, Alaska (Figs. 2 and 6) are described in detail
by Miller et al. (2006, 2010). The unfossiliferous and monotonous
nature of Triassic gravity flow deposits on Wrangel Island, coupled
with their internal deformation, compromise an accurate picture of
their stratigraphy and thicknesses. However, they are distinguished
from similar Triassic sequences in Chukotka by the lack of diabase
dikes and sills and, in general, a higher sand to shale ratio (Miller et
al., 2006; Tuchkova et al., 2007). The Triassic sequence of Wrangel
Island represents a section deposited more proximal to a continental
margin as compared to the Triassic of Chukotka which lay in a more
distal basinal setting during deposition. The Triassic of Wrangel
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Island, like the Triassic of Chukotka, was deposited in a basin or series
of basins developed across a Late Paleozoic carbonate platform that
was rifted apart and foundered beginning in the latest Permian
(Miller et al., 2006, 2010). The underlying, mostly Carboniferous,
succession was deposited on Neoproterozoic basement and contains
Baltica-affinity detrital zircon populations (Miller et al., 2010). An im-
portant difference in the detrital zircon populations of the Chukotka
samples compared to B. Lyakhov Island of the New Siberian Islands is
that they contain a greater percent of Neoproterozoic ~550 to 750 Ma
zircons. This age range of zircons, although likely recycled, is more
characteristic of Paleozoic sediments and their underlying basement,
not only on Wrangel Island, but in the northern part of the Taimyr,
Severnaya Zemlya and the Kara Sea block (Lorenz et al., 2008; Pease
and Scott, 2009) rather than Siberia, where there are no known sources
of this age (e.g. compare sample curves in Fig. 4B and C).

The Triassic of the Lisburne Hills, Alaska (Miller et al., 2006), rep-
resents an unusual, 5 m thick interval of medium-grained shelf-facies
sandstone of the Triassic Otuk Formation which forms part of the
well-known North Slope sequence of northern Alaska. Based on sub-
surface data, it has been shown that Triassic deposits of the North
Slope sequence (which includes the Lisburne Hills sequence) termi-
nate against or depositionally onlap a basement high, the Chukchi
High, which likely served as a paleogeographic high or continental re-
gion in this part of the Arctic during the Triassic (e.g. Sherwood et al.,
2002). Given that the Triassic of the Lisburne Hills is separated from
the Triassic of Chukotka and Wrangel Island by this high and is of dif-
ferent facies (shelf versus basinal), it is remarkable that their detrital
zircon populations suggest derivation from nearly identical sources
(Figs. 4C,5). The Triassic from both regions have similar Ordovician–
Silurian populations with peaks at ~440 Ma (~439 Ma Wrangel and
~442 Ma Lisburne). They both have a population of Carboniferous zir-
cons, which is relatively greater in the Lisburne samples versus the
Wrangel samples, with age peaks at about ~300 Ma (~317 MaWrangel,
296 Ma Lisburne). Permo–Triassic zircons are also present (relatively
more in the Lisburne than Wrangel samples) as are small populations
of Triassic zircons ranging from ~235–215 Ma (Appendix 3). In terms
of Precambrian zircon populations, the striking lack of ~1100–1800 zir-
cons characterizing B. Lyakhov Island of the New Siberian Islands and
all Siberian samples is clearly not the case in the Chukotka, Wrangel
and Lisburne samples. These latter samples have variableminor amounts
of zircons in this age range. Although there are many similarities be-
tween the detrital zircon populations of B. Lyakhov Island, Chukotka,
Wrangel and Lisburne Hills Triassic sediments (Figs. 4 and 5), it is also
clear that there are changes in the age distribution of zircons from west
to east that may be important in terms of furthering our understanding
of the regional setting and location of themore detailed depositional sys-
tems that delivered clastic material to this system of Triassic basins. For
example, there is a shift in the age of early Paleozoic peaks in the zircon
populations from ~490–500 Ma (Cambro–Ordovician) in Siberia and
the B. Lyakhov Island samples to ~440–450 Ma (Ordovician–Silurian)
onWrangel Island and in the Lisburne Hills. The older age peak is com-
mon in all Triassic strata tied closely with Siberia but the younger age
peak 440–450 is typical of sources originating in the Caledonian orogen-
ic belt between Baltica from Laurentia (Figs. 1 and 2; Miller et al., 2006,
2010). Otherwise all of these Triassic strata share upper Paleozoic
zircon populations of Devonian and Carboniferous-Permian age, com-
mon in batholithic belts of the northern Ural Mountains (Bea et al.,
2002). They also contain a significant amount of Late Permian to
Permo–Triassic 260–250 Ma and lesser amounts of Triassic age zircon.
This younger part of the zircon population is not characteristic of the
Triassic of the Verkhoyanskmarginwhich has very few zircons younger
than ~300 Ma, or the Polar Urals, where youngest igneous ages are
mostly ~300 Ma. A possible source for these Permo–Triassic zircons is,
as suggested above, silicic eruptions associatedwith largemafic igneous
provinces in Siberia, Taimyr and the Kara Sea/Novaya Zemlya region,
and the syenitic intrusions of latest Permian to Early Triassic age in
the Taimyr (Vernikovsky et al., 2003). Alternative sources might be
the geographically more distant parts of the Urals and/or their equiva-
lents now mostly buried under the West Siberia Basin. During the clo-
sure of the Uralian Sea and post-dating it, suites of granitoids were
intruded that are as young as the late Permian (260–250 Ma) and are
associated with deep-seated migmatitic complexes (Bea et al., 2002).
Thus the erosional and/or tectonic unroofing of these rocks constitute
an additional, but more distant, potential source for Permo–Triassic
age zircons, which are a characteristic shared between Triassic strata
of B. Lyakhov Island of the New Siberian Islands, Chukotka, Wrangel
and Lisburne Hills (Figs. 4, 5).

3.3. North America (Laurentian) River systems

We contrast the data sets from the Russian and westernmost
Alaskan Arctic discussed above with data from the Triassic of the
northernmost Cordillera, exposed near the border of Alaska and
Canada in the Yukon (Beranek et al., 2010) (Fig. 2). Here, Carboniferous
to Triassic sediments were deposited along a west-facing continental
margin in shelfal environments and were derived from the craton that
lay to the north and east (Fig. 2; Beranek et al., 2010). The detrital zircon
populations of the Triassic strata in the Yukon region are distinctly dif-
ferent from any of the Triassic data discussed so far in that the youngest
ages represented are far older than the age of enclosing sediments
(Samples JL2, OG3, OG4, SL, HL, TF; Fig. 4D). The youngest parts of the
zircon population include limited 360–390 Ma Devonian zircons de-
rived from plutonic rocks of this age which occur across Arctic Alaska
and Canada and more abundant Ordovician-Silurian (~410–480 Ma)
zircon derived from Caledonian sources. The samples contain variable
amounts of Neoproterozoic zircons between 500 and 700 Ma and
then a variable Precambrian population with ages between 900 and
2000 Ma and lesser 2300–3000 Ma zircons, which are typical Green-
ville and Precambrian Shield source ages (Fig. 4D). In terms of their
K–S P values, this set of samples is similar to each other and easy to dif-
ferentiate from all samples previously discussed (Figs. 4, 5). These dif-
ferences form a robust basis with which to postulate a third set of
river systems that transected Laurentia carrying debris derived from
highlands in what are the North Atlantic and Arctic regions, or the
trans-Laurentia River systems (Figs. 4 and 5).

3.4. The Alaska and Canadian Arctic

There is only one published detrital zircon suite from Triassic sed-
iments of Arctic Alaska (Fig. 2) and, as such, its comparison to the data
sets discussed above remains tentative. The Triassic Ivishak Forma-
tion in the Sadlerochit Mountains, northeastern Alaska, was deposit-
ed in a shallow marine deltaic environment and derived from a
northern source terrane (Mariani, 1987). Sample 96DH102 (Miller
et al., 2006) has a more limited range of zircon ages compared to
other samples discussed here suggesting that it may have been locally
sourced (Figs. 2, 4E, 5, 8). The detrital zircon population is dominated
by Cambrian–Neoproterozoic zircons (peaks at ~530 and 550 Ma;
Fig. 4E) and a lesser amount of Cambro–Ordovician zircons (~440–
460 Ma; Fig. 4E, Appendix 3). This distribution of ages is unlike the
North America-derived Triassic of the Yukon (Beranek et al., 2010)
which contains abundant Ordovician–Silurian and older Precambrian
zircons (compare curves in Fig. 4D and E). Sample 96DH102 also lacks
the Permo–Triassic, Permo–Carboniferous, and Devonian ages that
are characteristic of the paleo-Taimyr River samples (Fig. 4C). Its pop-
ulation is clearly distinguished (unique) on the basis of its cumulative
age probability curve and comparison to other samples using K–S P
values (Figs. 4E and 5).

Canada's Sverdrup Basin (Fig. 2) was a broad basin situated in Arctic
Canada that, in the Triassic, had both southern source regions (cratonic
North America and Greenland) and northern source regions that are re-
moved by subsequent rifting (Embry, 1991, 1992; Miller et al., 2006;
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Embry, 2011; Omma et al., 2011). The source region removed by rifting
and formation of the Canada Basin (Fig. 2) has been called “Crockerland”
(Embry, 1991, 1992). The two Triassic samples from the Sverdrup Basin
discussed inMiller et al. (2006) were given to us by A. Embry and repre-
sent sandstone derived from the southerly and northerly (Crockerland)
source regions. Sample AE-1 from the Bjorne Formation, central
Ellesmere Island, was sourced from the east and from the south
(Embry, 1991). The Bjorne Formation contains almost entirely Precam-
brian zircons (only 9 zircons younger than 1 Ga) that range from 1 Ga
to 2.1 Ga with a notable lack of zircons in the 1.4 to 1.6 Ga range, and
lesser zircons in the 2.3–3.4 Ga range (Figs. 4D, 5). The detrital zircon
suite in this sample is similar to Beranek et al.'s (2010) samples of
North American derivation but his samples have more zircon in the
1.4–1.6 Ga range and relatively more Neoproterozoic and Caledonian
ages, likely reflecting a broader range of source regions, including
parts of the Caledonides in Arctic Canada (Fig. 2). We group sample
AE-1 with the North American samples in our comparison (Figs. 4D, 5).
Sample AE-2 is from theMiddle Triassic (Carnian) Pat Bay Formation,
a shallow marine sandstone inferred (based on thickness and facies) to
have been derived from the northern margin of the Sverdrup Basin
or from Crockerland (Embry, 1991, 1992, 2011; Miller et al., 2006). A
limited range of ages is seen in sample AE-2 that is similar to sample
96DH102 from the Ivishak of northeastern Alaska (Figs. 4, 5). Statistical-
ly, these two samples are similar to each other with K–S test P values
greater than 0.9 (Fig. 5) and significantly different from any of the
other samples discussed here.

Sample C403752 analyzed byOmma et al. (2011) is the same as sam-
ple AE-2 analyzed by Miller et al. (2006), both provided by A. Embry of
the Canadian Geological Survey from a single large sample of the Triassic
(Carnian–earliest Norian) Pat Bay Formation collected by him on north-
ern Axel Heiberg Island. Omma et al. (2011) revised the stratigraphic as-
signment of this sample to the Jurassic (Pliensbachian) uppermost
Heiberg Formation based on a comparison of its heavy mineral suite to
unpublished heavy mineral data sets from the Heiberg Formation.
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Embrymaintains that the sample was collected from the Pat Bay Forma-
tion and not the Heiberg Formation (Embry, pers comm., 2012). Both
Miller et al. (2006) and Omma et al. (2011) point out the restricted
Late Neoproterozoic–Cambrian age igneous source for this sandstone
and suggest a northern derivation, most likely from Timanian orogenic
belt rocks in northern Baltica.

Omma et al. (2011) provide additional U–Pb detrital zircon ages
for four Triassic and Jurassic samples from the Sverdrup Basin. The
data are quite different from sample to sample, indicating changing
source regions during this time-span. We do not include these data
in our comparison because the number of U–Pb ages reported for
each sample is in some cases significantly less than 100 and both
the variation in stratigraphic ages and the differences in detrital zir-
con ages reported made it unreasonable to group data from more
than one sample together. Three of these samples, however, clearly
contain large populations of Carboniferous–Permian (~280 Ma) zir-
cons as well as Triassic zircons that range from ~235 to 216 Ma
(Omma et al., 2011). These new data are highly significant in that
they suggest that sediment transport existed between the Taimyr–
Novaya Zemlya–Ural orogenic belt, the edge of the Barents Shelf
and Canada's Sverdrup Basin in the Triassic–Jurassic (Omma et al.,
2011). Once opening of the Eurasian Basin is restored, the northern
and eastern edges of the Sverdrup Basin lie adjacent to the Barents
Shelf near Svalbard (Omma et al., 2011) (Figs. 1 and 2).

3.5. Svalbard and Franz Josef Archipelagos

Svalbard exposes a gently tilted stratigraphic section of the
Barents Shelf sedimentary succession (Fig. 2). This pre-Devonian to
Paleocene section was tilted and uplifted as a result of rifting along
the nascent margin of the Eurasia Basin of the Arctic (Henriksen et al.,
2011)(Figs. 1, 2). The Triassic part of the succession consists of sandstone,
siltstone and siliceous mudstone (e.g. Hoy and Lundschien, 2011). Pre-
liminary detrital zircon studies by LA-ICP-MS report a change in prove-
nance in the Triassic (Bue et al., 2012). The lower and middle parts of
the Triassic section (the Vardebukta and Bravaisberget Formations)
have detrital zircon age peaks at 400–480 Ma, 900–1500 Ma, 1.6–2.1
and 2.6–2.9 Ga,with no zircons younger than 400 Ma. Late Triassic sand-
stones (Wilhelmoya and De Geerdalen Formations), in contrast, have a
significant amount of zircons that are 200–700 Ma, 900–1100 Ma, 1.2–
2.0 and 2.5–3.2 Ga. The Ordovician–Silurian zircons in the lower and
middle parts of the Triassic together with the lack of upper Paleozoic zir-
cons suggest sources in the Caledonian orogenic belt, either locally
(basement of Svalbard) or from the Greenland Caledonides. Late
Paleozoic zircons in the younger part of the Triassic suggest that there
was a significant change in source region with sediment derived from
the greater Novaya Zemlya–Taimyr–Ural region (Bue et al., 2012).

Detrital zircon populations from four Triassic samples from Franz
Josef Land (Pease et al., 2007) indicate upper Paleozoic Uralian
sources as well with age peaks at ~250, 290, 330 and 420–460 Ma;
older (500–2800) sources are also present but vary from sample to
sample (Pease, 2011, 2007). All ages are consistent with derivation
from local Eurasian sources (Pease et al., 2007).

4. Summary and conclusions: implications for paleogeography
and plate tectonic reconstructions

Fig. 9 presents a summary of the data discussed above, where all
data from each of the three major inferred river systems were
grouped to compare them more broadly to each other. The key dis-
tinctive features of these different groups of data are as follows:
The paleo-Lena with Siberian sources is distinguished by the almost
total lack of zircons in the age range 550 Ma to 1.8 Ga. The paleo-
Taimyr, with Uralian sources, is characterized by large percentages
of upper Paleozoic zircons. The trans-Laurentia river system(s) is
characterized by a conspicuous lack of upper Paleozoic zircons. This
comparison also points out the unique nature of source areas
(Crockerland) that fed clastic material into the northern Sverdrup
Basin. These differences describe important fundamental features of
the plate tectonic setting and Triassic paleogeography of northwest-
ern Pangea (Fig. 1). As the base map for Fig. 1, we used Lawver et
al.'s (2002) plate reconstruction for the Triassic, spanning from
~240 to 210 Ma, and on this map, illustrate events as old as latest
Permian. At this time, northwestern Pangea's ocean margin faced a
paleo-Pacific Ocean to the north and west (Lawver et al., 2002)
(Fig. 1). The sediment transport systems discussed above are shown
schematically as hypothetical river systems draining geographically
extensive but otherwise unique source regions at that time (Fig. 1).
Although schematic, the general locations and geometry of these
river systems make the overall point that Triassic sediments were de-
rived from separate parts of northern and western Pangea and that
these sources can be identified based on detrital zircon populations
(Fig. 9). The data discussed in this paper also suggests that these
source regions were related to unique paleogeographic elements
that were tectonic in origin and that there may have been major
drainage divides between the trans-Laurentia river systems and the
paleo-Taimyr river systems. Fig. 1 also emphasizes that the relatively
simple rifted and passive margin paleogeography and inferred struc-
tural and stratal continuity of sediments shed into the paleo-Pacific
margin of northwestern Pangea stands in stark contrasts to the
complex geology of the Arctic today (Harrison et al., 2008; Fig. 2), em-
phasizing the importance and extent of both compressional and ex-
tensional orogenic events, rifting and plate motions that must be
restored in order to better appreciate the original features of Arctic
paleogeography in the Triassic.

Our understanding of the pre-rift location of the Russian part of
the Arctic Alaska-Chukotka microplate (Fig. 1) is better understood
as a result of the analysis of data presented here. A preliminary anal-
ysis of detrital zircon suites from the Chukotka part of the microplate
(Miller et al., 2006) suggested that it restored to Siberia rather than
Canada (compare Lawver et al., 2002; Miller et al., 2006). The data
discussed here further support and expand on this preliminary con-
clusion. In particular, the high degree of similarity between detrital
zircon suites from B. Lyakhov Island of the New Siberian Islands and
those of Chukotka, coupled with the geochronology and geochemis-
try of mafic lavas intercalated with these sequences (Kuzmichev
and Pease, 2007; Ledneva et al., 2011) now strengthens the ties of
Chukotka to the New Siberian Islands, suggesting Chukotka restores
to a position closer to Taimyr after closure of the North Atlantic, re-
moval of stretching in the Laptev Sea, and restoration of rifting in
the Amerasia Basin (Figs. 1, 2). It should be noted that during Triassic
time, most or all of the now on-land Chukotka part of the Arctic
Alaska-Chukotka “microplate” as portrayed by Lawver et al. (2002)
actually lay in deep water, rift basin setting (Fig. 1). In other words,
at least part of Chukotka was not strictly “continental” in the Triassic
because deep-water Triassic deposits overlie rifted and foundered Pa-
leozoic shelf strata and their underlying Neoproterozoic crystalline
basement across Chukotka (Miller et al., 2010, 2011). Thus Chukotka
was likely underlain by only thinned continental crust in the Triassic.
Despite its inferred offshore location in the Triassic (Fig. 1), it had
sedimentary ties with at least the westernmost part of northern
Alaska: the detrital zircon populations of Triassic sandstones in the
Lisburne Hills section of Arctic Alaska are very similar to those of
Triassic strata on Wrangel Island, suggesting the same (paleo-Taimyr
and/or Ural region) sources. Upper Paleozoic strata that underlie the
Triassic in both the North Slope section and on Wrangel Island have
similar (Baltica-proximal) signatures (Miller et al., 2010, 2011) but
lack the thick Triassic clastic successions typical of Chukotka. These
relations link the Chukotka part of the Arctic Alaska–Chukotka
microplate to westernmost Alaska and suggest that the pre-rift con-
figuration of Chukotka and westernmost Alaska was adjacent to the
Lomonosov Ridge and Barents shelf, in a position now presently
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east of the Caledonides and west of the Polar Urals (Miller et al.,
2010) (Fig. 1).
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