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Jurassic and Cretaceous foreland basin deposits  
of the Russian Arctic: Separated by birth of the 
Makarov Basin? 
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The age and mode of formation of the various sub-basins of the Amerasian Basin of the Arctic Ocean remain unknown. Jurassic-Cretaceous syn-
orogenic foreland basin deposits are the youngest stratigraphic units deposited in the Russian Arctic prior to rifting and formation of the Amerasian 
Basin. U-Pb dating of detrital zircon suites (6 samples, ~ 100 zircons each) by LA-ICP-MS reveal that sandstones in the New Siberian Islands have 
nearly identical sources to those in Chukotka and the South Anyui Zone (SAZ) despite evidence for proximal derivation and little transport. These 
include abundant Precambrian (~2.1-1.7 Ga), Late Paleozoic (~330-250 Ma) and lesser Mesozoic (~175 to 145 Ma) ages; youngest zircons are likely 
derived from Main Belt granites in the N. Verkoyansk.  The foreland basin and its counterpart the orogenic highlands either extended continuously 
for ~1400 km along strike, or the localities studied were once much closer together. We hypothesize that rifting/extension associated with formation 
of the Makarov Basin and development of the SAZ as a transform fault might be one way of explaining the present separation of the study sites
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Introduction
The age of rifting and the mode of formation of the 
Amerasian Basin of the Arctic have far-reaching 
implications for the origin of its broad continental shelves, 
their oil and gas potential, the role the Arctic Ocean has 
played in global climate, and, most recently, for claims to 
extend outer continental shelf limits under Article 76 of 
UNCLOS (e.g., Macnab 2006). Despite the fact that the 
plate tectonic origin of the Amerasian Basin has been 
cited as a top research priority by numerous international 
working groups, logistics and cost continue to preclude 
scientific drilling of its seafloor. The Gakkel Ridge in the 
Eurasian Basin is the northern continuation of the mid-
Atlantic Ridge (Fig. 1A).  Restoration of its Cenozoic 
spreading history places the Lomonosov Ridge, a strip of 
continental crust, against the Barents Shelf (e.g., Rowley 
& Lottes 1988) (Fig. 1B), leaving the older and more 
controversial Amerasian Basin to be explained by other rift 
mechanisms (Fig. 1A,B). The Amerasian Basin consists of 
the Makarov Basin, the Alpha and Mendeleev Ridges, and 
the Canada Basin (Fig. 1A).  The origin of these basins and 
intervening highs have been debated for years (e.g. review 
in Lawver & Scotese 1990).  Grantz et al. (1979) proposed 
a rotational opening model for the Amerasian Basin where 
the Lomonosov margin of the Amerasian Basin operates 

as a strike-slip or transform fault boundary, a model 
which remains the most cited today. In the rotational rift 
model, the Alpha and Mendeleev Ridges must be parts 
of a younger feature, perhaps a hot spot related volcanic 
edifice (e.g., Lawver et al. 2002).  Previous interpretations 
of the Makarov Basin included one which interpreted it as 
a Late Cretaceous oceanic basin that formed parallel to the 
Lomonosov Ridge by rift opening in a direction orthogonal 
to the Lomonosov Ridge based on magnetic anomalies (e.g. 
Sweeney et al. 1982; Taylor et al. 1981; Vogt et al. 1982).  In 
this model, the Alpha and Mendeleev Ridges with their 
subparallel basins and highs (Fig. 1A) might represent a 
component of what was rifted away from the Lomonosov 
Ridge. More recent magnetic data (Glebovsky et al. 2000) 
do not reveal the earlier interpreted anomalies, and 
seismic refraction studies show that the Mendeleev Ridge 
is underlain by thick (~ 34 Km) but mostly mafic (6.8- 7.6 
km/sec) crust (e.g., Ivanova et al. 2006).  A detailed analysis 
of the Lomonosov Ridge by Cochran et al. (2006) argues in 
favor of the Grantz et al. (1979) model.  Thus the “rotational 
rift” model is the most agreed upon model for the formation 
of the Amerasian Basin.  This model makes several specific 
predictions for the Russian Arctic.  The rotational rift 
model argues that the Arctic Alaska-Chukotka microplate 
(AACM) rotated from the Canadian Arctic margin to 
where it is today in Arctic Russia, closing an ocean basin, 
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the “Anyui Ocean” south of the rotating plate (Fig. 1B) 
(e.g., Grantz et al. 1979; Grantz & May 1982; Rowley & 
Lottes 1988; Grantz et al. 1990; Lavwer et al. 2002).  The 
time interval of rotation is 135- 120 Ma (Fig. 1B) (Lavwer 
et al. 2002). Rowley & Lottes (1988) discuss another key 
geologic aspect of the rotation model:  It is viable only if 
the Arctic Alaska-Chukotka microplate (AACM) is the 
right shape and size so that it doesn’t significantly overlap 
the Lomonosov Ridge and (once) adjacent Barents Shelf 
in the process (Fig. 1B). Thus, supporters of the rotation 
model draw the western end of the rotating plate at some 
arbitrary position in the Russian Arctic that allows for a 
better fit (e.g., Rowley & Lottes 1988; Grantz et al. 1979; 
Grantz & May 1982; Lavwer et al. 2002; Kuzmichev 2009) 
(Fig. 1B).  Problems presented by the rotational opening 
model for Arctic Russia include the fact that geologists 
have long cited evidence that the southern boundary of 
the AACM, the South Anyui suture zone (SAZ) extends to 
the New Siberian Islands (e.g. Parfenov & Natali’in1985; 
Fujita & Cook 2000; Kuzmichev et al. 2006; Kuzmichev 
2009), making the plate too big to fit the rotation model 
(Fig. 1). More recently, detrital zircon geochronology of 
Triassic strata from the margins of the Amerasian Basin 
provided a very preliminary data set to evaluate this 
model (Miller et al. 2006). This new data suggested that 
Chukotka has greater affinity with NE Russia instead of 
the Canadian margin. 

This paper directly addresses the question of the 
paleogeographic origin of Chukotka, the extent of 
the AACM and the timing of its deformational events 
by comparing the tectonic setting, petrography and 
single-grain U-Pb ages of detrital zircons of Volgian 
or Tithonian to Valanginian (Late Jurassic to Early 
Cretaceous) syn-orogenic foreland basin sandstones in 
two distant parts of the AACM, Stolbovoi Island, (New 
Siberian Islands) and central Chukotka and the South 
Anyui Zone (SAZ)  (mainland Arctic Russia), localities 
that are now ~ 1400 apart (Fig. 1).  The syn-orogenic 
sandstones are derived from collision or shortening-
related orogenic highlands that lay to the south of the 
SAZ.  Foreland basin sediments were shed northward 
across platformal sequences that underlie the northern 
part of the New Siberian Island Archipelago and across 
an actively deforming region of the Chukotka fold belt in 
Chukotka. Their remarkable similarity in the two regions 
provides new data with which to constrain plate models 
for the Amerasian Basin of the Arctic. 

Regional geology 
Deformation of Paleozoic and Mesozoic sequences 
of the AACM and closure of the Anyui oceanic basin 
along its southern edge led to the deposition of the 
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Figure 1.  A. Index and bathymetry of the Arctic Ocean (IBCAO, 2002) showing location of the Amerasian Basin and its features. Boxes show the 
approximate locations of Figures 2 (New Siberian Islands) and 3 (Chukotka).  B.  Schematic diagram showing the proposed size and shape(s) of 
the Arctic Alaska-Chukotka plate and its inferred restored position along the Canadian Arctic margin prior to rotational rift opening of the Ame-
rasian Basin. Light shaded region (pink) is the location of the inferred Anyui Ocean that once lay between Siberia and North America.  Basemap 
of Figure 1B is from Rowley & Lottes (1988) and shows the Eurasian or North Atlantic basin closed at 140 Ma. Sandstones we compare in this 
paper are shown at opposite ends of a hypothetical foreland basin, the Myrgovaam (Rauchua) Basin. The South Anyui Zone (SAZ) is shown by a 
black line that continues into Alaska as the Angayucham zone, and is characterized by remnants of oceanic and island arc terranes.  Red stars are 
loci of Main Belt granitoid plutons studied and dated by Toro et al. (2007), Prokopiev et al. (2007) and Akinin et al. (in press).
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Jurassic-Cretaceous syn-orogenic foreland basin 
sequences described here.  This deformation has been 
recently studied on Stolbovoi and Big Lyakhov Islands 
by Kuzmichev et al. (2006) and Kuzmichev (2009), in 
Chukotka by Katkov et al. (2006), Miller et al. (in press) 
and Miller & Verzhbitsky (in press), and in the SAZ by 
Sokolov et al. (2002) and Bondarenko et al. (2003) (Figs. 
2 and 3).  In these localities, deformation has been linked 

to crustal shortening and arc collision and lesser strike-
slip faulting (Sokolov et al. 2002).  As described by these 
authors, deformation was accompanied by uplift which 
led to the deposition of southerly-derived, northerly-
transported synorogenic clastic sequences. These clastic 
sequences are mostly basinal gravity flow deposits 
derived from mixed sources that include deformed 
platform to basinal Paleozoic-Mesozoic sequences, coarse 

Figure 2 Miller et al. NJG

Figure 2.  Simplified geologic and 
tectonic  map of the New Siberian 
Islands and the South Anyui Suture 
Zone (SAZ) after Vol’nov et al. (1998) 
and Kuzmichev et al. (2005, 2006).  
Black star is location of sample analy-
zed for detrital zircons in this study (for 
exact location see Table 2).  Light grey 
patterns outline the extent of allochtho-
nous arc and oceanic rocks (v pattern), 
Tithonian to Valanginian syn-orogenic  
basin deposits (dots) and platformal  
rocks (limestone pattern). Age of granitic  
rocks is from Layer et al. (2001), Doro-
feev et al. (2001) and unpublished data 
of Kuzmichev.  Rounded rectangles 
are 40Ar/39Ar biotite plateau ages and 
rectangles are U-Pb zircon ages.
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Figure 3.  Simplified geologic and tec-
tonic map of Chukotka showing the 
Anyui-Chukotka fold belt, the distribu-
tion of Jurassic-Cretaceous syn-orogenic 
deposits and the younger (syn-exten-
sional) plutons that intrude the fold 
belt (with U-Pb ages in squares), after 
Miller  and Verzhbitsky (in press). Stars 
are locations of detrital zircon samples 
(for exact localities see Table 2).
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Figure 4.  Point-count data and photomicrographs of Jurassic-Cretaceous samples. A. Sample ELMCH03.24.3, x-polars, field of view ~ 3mm.  
Note abundance of angular plagioclase, K-feldspar, monocrystalline quartz and biotite.  B.  Sample 53.1 from Stolbovoi, x-polars, field of view 
~ 1 mm.  C. Jurassic-Cretaceous sandstone from Chukotka with abundant rock fragments of deformed slate (most likely from deformed Trias-
sic and older strata), planar light, ~ 2mm across.  D. Jurassic-Cretaceous from Chukotka with abundant volcanic detritus including monocrys-
talline embayed quartz phenocrysts from felsic volcanic sources, planar light, ~ 2mm across.

Table 1. Sandstone petrography  
                       (Point count data from sandstones collected from J3-K1 deposit of Russian Arctic) 

Sample Q% F% L% Mtx% Lv Ls Lm
50/1-02 
Stolbovoi

30.3 56.3 13.3 26.6 55.6 33.3 11.1

51/1-02 
Stolbovoi

34.3 51.3 14.3 24.4 52.0 32.0 16.0

53/1-02 
Stolbovoi

31.3 49.8 18.9 28.5 31.6 63.2 5.3

54/1-02 
Stolbovoi

30.7 52.0 17.3 23.3 48.3 37.9 13.8

CH03ELM 
24.3 

9.35 61.94 28.75 0.92 82.02 12.36 5.6

CH04
JT54A

31.75 33.33 34.92 9 63.64 18.2 18.2

CH04 
JT54D

14.8 52.8 32.4 4.2 67.9 19.75 12.35

CH04 
ELM7

18.8 41.03 40.17 1.63 72.34 15.96 11.7

CH04 
ELM23A

14.11 28.22 57.67 15 73.4 25.53 1.06

GB9986 
SAZ

33.47 26.45 40.08 3.2 29.9 38.14 15.5

GB9947 
SAZ

23.81 26.98 49.21 4.25 83.9 12.9 3.23

9947/1 SAZ 32.73 38.2 29.1 13.3 87.5 12.5 0
Notes:  Q%=Q/Σ; F%=F/Σ; L%=(Lv+Ls+Lm+Col)/Σ; Mtx%=Mtx/(Mtx+Σ); Lv=Lv/(Lv+Ls+Lm), 
Ls=Ls/(Lv+Ls+Lm), Lm=Lm/(Lv+Ls+Lm) v - volcanic, s - sedimentary, m – metamorphic
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crystalline rocks, and volcanic/plutonic rocks. In the 
New Siberian Islands, Jurassic-Cretaceous syn-orogenic 
strata are interpreted to have been deposited northwards 
from a region of allochthonous arc and ophiolitic rocks 
exposed on Big Lakhov Island and the Russian mainland 
(Kuzmichev et al. 2006) (Fig. 2).  In Chukotka, the map 
distribution of Jurassic-Cretaceous strata extends at 
least as far south as the SAZ (Fig. 3), where deformed 
strata of this age underlie most of that zone.  Despite the 
complex deformation in this zone, Jurassic-Cretaceous 
syn-orogenic sandstones are inferred to have been derived 
from the south (e.g., Sokolov et al. 2002; Bondarenko et 
al. 2003).  The syn-orogenic sediments of Chukotka were 
deposited across the evolving Chukotka fold belt, and are 
in turn deformed as well.  The northernmost exposures 
are found along the Arctic coast near the town of Pevek 
(Fig. 3), where they have much lower sand:shale ratios 
than  strata further south.  Sparse fossils from all of these 
localities indicate Late Jurassic to Early Cretaceous ages 
(Volgian or Tithonian to Valanginian (e.g. Samusin & 
Belousova 1985; Paraketsov & Paraketsova 1989), which, 
for the sake of convenience, we refer to as “Jurassic-
Cretaceous” (J3-K1 in Russian literature). Within the 
SAZ proper, Dovgal (1964) describes strata with fossils 
as young as Hauterivian-Barremian that are involved 
in at least the latest stages of deformation (see also 
summary in Bondarenko et al. 2003).  The deformed 
Jurassic-Cretaceous syn-orogenic deposits are intruded 
by post-tectonic plutons at least as old as 121 Ma in the 
New Siberian Islands (Fig. 2) (Layer et al. 2001; Dorofeev 
et al. 2001; Kuzmichev 2009) and at least as old as 116.9 
± 2.5 Ma in Chukotka (Fig. 3)(Katkov et al. 2007; Miller 
et al. in press).  Quaternary deposits cover most of the 
topographically low coastal region of the Russian Arctic 
that lies between Chukotka and the New Siberian Islands 
(Fig. 1A), so there is no map continuity between any of 
the units exposed in these two distant locations. 
 

Sandstone description and petrography
New Siberian Islands
The New Siberian Islands are represented mostly by a 
Paleozoic-Mesozoic platformal sequence (Kos’ko et al. 
1985, 1990; Fujita & Cook 1990; Dorofeev et al. 1999) 
which, prior to opening of the Eurasian basin, was 
attached to the Siberian edge of the Barents Shelf (e.g. 
Rowley & Lottes 1988; Kuzmichev & Pease 2007) (Fig. 2).   
The three southern islands of the New Siberian Island 
archipelago are underlain mostly by Jurassic-Cretaceous 
syn-orogenic sandstones and shales that were shed across 
the southern margin of the New Siberian platform when 
it was overridden by allochthonous arc and oceanic rocks 
of the Anyui Zone (Fig. 2) (Kuzmichev et al. 2005, 2006;  
Kuzmichev 2009).  The syn-orogenic sandstones thus 
constitute the deposits of a foreland basin that lay to the 
north and east of the zone of thrust-related deformation. 
The syn-orogenic foreland basin deposits can be 
classified into a lower and an upper part representing the 
initial and the main stages of basin formation.  

The first stage of deposition is represented by syn-
orogenic deposits in southeastern Big Lyakhov Island 
where they are partly tectonically buried under the 
allochthonous ophiolitic assemblage (Kuzmichev et 
al. 2005; Kuzmichev 2009).  They differ from the later-
stage deposits by their sandstone composition and more 
extensive involvement in deformation. The age of these 
deposits is not reliably confirmed by fossils. They  are 
thought to be Late Jurassic because they contain ophiolitic 
debris and the ophiolites have been dated as Jurassic 
(most likely Oxfordian-Kimmeridgian) (Kuzmichev & 
Lebedev 2008). Triassic-age sandstones and shales are 
also known to be present in this more highly deformed 
region (Kuzmichev et al. 2006). 

Clastic successions representing the main stage of basin 
formation crop out in western and northern Big Lyakhov 
Island and underlie most of Small Lyakhov Island and 
the Stolbovoi Island (Fig. 2). In the first location they 
are contact metamorphosed by nearby plutons and 
were referred to as Volgian only by analogy with similar 
fossiliferous deposits on Stolbovoi and Small Lyakhov 
islands (Samusin & Belousova, 1985). On Small Lyakhov 
Island, Mesozoic sediments are locally exposed at the 
northern and eastern edges of the Island and were 
penetrated in several drill-holes in the central part of 
the Island. On the northeastern shore of the Island, they 
contain Buchia  of Volgian-Valanginian age. The same 
deposits are best exposed on Stolbovoi Island, which is 
almost completely surrounded by sea cliff exposures. 

Stolbovoi Island was visited twice by one of us 
(Kuzmichev). In 2002, sea cliff exposures on the 
northwest coast of the island were studied, and the 
sample discussed in this paper, collected. In 2007, the 
southern half of the island was investigated in detail and 
these results are summarized below. 

A sand-rich distal turbidite complex underlies Stolbovoi 
Island. The rocks are slightly altered but preserve all 
their original sedimentary features. The strata are gently 
folded and cut by faults.  A notable feature of the turbidite 
complex is the presence of light-colored, medium-
grained, amalgamated sandstone units up to 25 meters 
thick. The detrital zircon sample, discussed below, was 
obtained from one of these thick sandstone beds. The rest 
of the complex consists mostly of mud-rich rhythmically 
bedded, dark-colored sandstones which contain rip-up 
clasts and plant debris. Shale-silt dominated intervals 
with minor sandstones with abundant ripples represent 
a lesser part of the sequence. The massive sand units 
are interpreted as redeposited in deep water after 
accumulation on an outer shelf environment. The dark 
sandstones and shales are interpreted as sediments 
directly transported from land across a narrow shelf 
into deep water in the manner described by Mutti et al. 
(2003). The third facies represents the final deposition 
of sediments from suspension after the main turbidity 
current waned.

NORWEGIAN JOURNAL OF GEOLOGY  Jurassic and Cretaceous foreland basin of the Russian Arctic
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Sole marks such as tool marks, groove casts and flute casts 
indicate that sediments were transported from south to 
north (the mean of 78 measurements is 357°). Ripple 
marks indicate current directions from the southwest 
towards the northeast (the mean of 427 measurements 
is  56.5°).  Buchia fossils were found in more than 20 
locations in the studied area. They were identified by 
V. A. Zakharov and in general indicate a Late Volgian 
(Tithonian) to Early Valanginian age. 

Chukotka 
Jurassic-Cretaceous strata in exposures north of 
Bilibino to Pevek on the coast (Fig. 3) were referred to 
as the Raucha sedimentary basin by Nockleberg (1994, 
1998) after Paraketsov & Paraketsov (1989), and as the 
Myrgovaam Basin by Baranov (1996). Sandstones from 
the South Anyui Zone have been described in detail 
by Bondarenko et al. (2003) so our description below 
focuses on the nature of exposures north of Bilibino.

Most of these sediments are massive, well-cemented, 
resistant arkosic sandstones that represent gravity flow 
deposits (probably grain flow and/or amalgamated 
Bouma A horizons) and contain Volgian (Tithonian) 
to Valanginian fossils at scattered localities (Akimenko 
2000; Belik & Sosunov 1969; Sosunov & Tiliman 1960).  
Sequences exposed along the coast near Pevek are 
thinner-bedded gravity flow deposits with lower sand:
shale ratios. 

The Jurassic-Cretaceous sediments of the Myrgovaam 
Basin are often described as unconformable on older 
rocks on map legends and cross-sections.  Nockleberg et 
al. (1994, 1998) classified the sediments as “post-tectonic”.  
Baranov (1996), however, describes them as structurally 
detached and imbricated by N-verging thrust sheets.  Our 
field studies (2003, 2004) support Baranov’s conclusions: 
underlying, Upper Triassic to Lower Jurassic thin bedded 
shales and sandstones are tightly folded while overlying, 
massively bedded Jurassic-Cretaceous sandstones form 
large, coherent fault-imbricated panels. Conglomerates are 
not found along basal contacts of the overlying massively 
bedded deposits, but fault zone gouge and breccia are 
common, suggesting slip along a fault contact. Overlying 
beds often dip gently into and are truncated by the basal 
contact, also supporting structural discordance rather than 
an unconformity (Baranov 1996; Miller et al. 2006). Within 

strata mapped as Jurassic-Cretaceous near the Rauchua 
River, we observed thin-bedded arkosic sandstones in 
conformable stratigraphic sequence with underlying 
Jurassic shales. Map-scale conglomeratic lenses, inferred 
to be submarine channel deposits, cut into these thin-
bedded strata and all strata are deformed together in 
N-vergent open to tight folds (Miller et al. 2006).  These 
relations suggest original stratigraphic continuity between 
underlying thinner-bedded sequences and overlying 
massive sandstones.  Near Pevek, Jurassic-Cretaceous 
strata are involved in folds with a south-dipping axial 
planar cleavage (Miller & Verzhbitsky in press), and 
thus are clearly involved in at least the latest part of the 
shortening history of Chukotka.

Poor sorting and angular grains together with fresh 
plagioclase, K-feldspar, biotite and muscovite point to 
proximal orogenic sources that contained granitoid/
gneissic rocks in addition to sedimentary, meta-
sedimentary and volcanic rocks that are present as 
abundant lithic fragments in these rocks (Table 1) (Fig. 
4). Volcanic lithic fragments are dominated by variable 
amounts of intermediate to felsic volcanic rocks and 
rarer mafic volcanic rocks (Fig.4) (Table 1).  Sedimentary 
and low-grade metasedimentary rocks also form an 
important component of the sandstones (Table 1).  These 
are mostly fragments of shale, siltstone and multiply 
deformed slate and phyllite (Fig. 4). Heavy minerals 
include variable percentages of zircon, apatite, and pyrite, 
magnetite and ilmenite.

Detrital zircon data
Detrital zircons from six samples were dated by LA-
ICPMS (approximately 100 single grain ages per sample).  
Sample locations are listed in Table 2, description 
of analytical methods in Appendix 1, and measured 
isotopic ratios and interpreted ages in Table 3. The U-
Pb ages from each sample are plotted on relative age 
probability distribution diagrams [Ludwig, 2003] (inset, 
Fig. 5) and in Figure 6. The Kolmogorov-Smirnov (KS) 
statistical test was used to further assess the similarity of 
the distributions of single grain ages and these results are 
presented in Table 4. 

Cumulative age-probability plots (Gehrels 2006), provide 
the best comparison between data from individual 

Table 2. Locations of samples analyzed for detrital zircon
Field Number Area Lat Long Age Map Unit
GB9986 South Annui Zone 67°17’20” 164°47’13” J3-K1 (Bondarenko et al., 2003)
CH04 ELM7 Chukotka 68°29’29” 165°41’27.2” J3-K1 Pogynden Fm.
04JT54C Chukotka 68°25’19” 166°40’14” J3-K1  Pogynden Fm.
ELM CH03.24.3 Chukotka 69°09’45.6” 165°02’57.7” J3-K1 Pogynden Fm.
ELM06 PV10 Pevek, Chukotka 69°43’34.4” 170°57’8.1” J3-K1 Rauchua Basin, Chauna Fm.
53-1-02 Stolbovoi Is. 74°11’45.3” 135°27’44.9” J3-K1 Stolbovskaya Fm.

E. L. Miller et al. NORWEGIAN JOURNAL OF GEOLOGY 
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samples (Fig. 5) and the relative age probability 
distribution diagrams for detrital grains younger than 
1 Ga allows a more detailed comparison of the younger 
populations of zircons in the samples (Fig. 6). 

All of the samples from Stolbovoi and Chukotka have 
a few Archean grains, but the age distributions have a 
high percentage of  2.1-1.7 Ga zircons (44-67% of the 
populations).  This fact, together with the arkosic and 
mica-rich nature of the sandstones can be used to infer 
that Precambrian crystalline rocks were likely proximal 
sources for the sediments.  Essentially no zircons 
between the ages of 1700 and 500 Ma are present in any 
of the samples.  A second set of ages, spanning the Late 
Paleozoic (~320-250 Ma) is the next most abundant 
zircon age population.  Despite the abundance of what 

appear to be lithic fragments of older Triassic shales and 
sandstones in the Jurassic-Cretaceous deposits and the 
fact that Triassic strata have been found to contain zircon 
populations of about this age (Fig. 6, shown by grey 
line, from Miller et al. 2006) it is unlikely that the Late 
Paleozoic zircons in these rocks are mostly recycled.  The 
reason for this is that the Triassic sediments previously 
studied also contain abundant Early Paleozoic zircons, 
which are not present in significant abundance in the 
younger Jurassic-Cretaceous strata (Fig. 6).  It would 
be very difficult to recycle Late Paleozoic zircons from 
Triassic rocks into Jurassic-Cretaceous strata without 
also recycling some of their Early Paleozoic zircons.  
Based on this reasoning, we infer that Late Paleozoic 
magmatic rocks constituted part of the source region 
for Jurassic-Cretaceous sandstones. A smaller percent 
of detrital zircons in the Jurassic-Cretaceous sediments 
(~3-9%) are Jurassic in age, spanning ~175-145 Ma, 
with their youngest ages approaching the (fossil-dated) 
depositional age of the sandstones (Figs. 5 and 6, Table 
3). Given the large percent of volcanic lithic fragments in 
the sandstones, together with the ages of detrital zircons, 
it seems reasonable to infer that both Late Paleozoic and 
Mesozoic volcanic rocks may have also been common 
rocks in the source regions, but likely contributed fewer 
zircons to the populations as compared to Precambrian 
gneisses and granitic rocks and Late Paleozoic and 
Mesozoic plutons.  

The distributions of U-Pb detrital zircon ages in all of 
these sandstones are very similar to nearly identical 
(Figs. 5 and 6) despite the present distances between 
samples (Table 2). This is even more remarkable given 
the fact that the exact age of deposition (thus relative 
stratigraphic position) of the samples is not exactly 
known (due to lack of fossils, poor exposure, complex 
structure and large distances between the outcrops 
sampled).  The high P values from the K-S test (Table 
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Figure 5 Miller et al NJG
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y

Figure 5.  Cumulative age probability 
curves (e.g. Gehrels 2006) and rela-
tive probability distribution diagrams 
(inset) for detrital zircon ages.
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Detrital Zircon Ages < 1 Ma 
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             N=241

Figure 4. Miller et al

Figure 6 Miller et al. NJGFigure 6. Comparison of detrital zircon populations younger than 1 
Ga from syn-orogenic Jurassic-Cretaceous sandstones of the Russian 
Arctic.  Light grey line represents combined data from three Triassic 
samples previously described from Chukotka (Miller et al. 2006; all 
LA-ICPMS ages, all grains < 1000 Ma, N=241). 
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4) confirm the noted similarities between samples. 
ELMCH03 24.3 and ELM06 PV 10 differ the most only 
because of somewhat different proportions of particular 
age populations (Figs. 5 and 6). They have less Jurassic 
zircons, for instance, but are the northernmost two 
samples from Chukotka, and lay further from the 
source region during deposition.  The sample from the 
South Anyui Zone and the one from Stolbovoi Island 
are remarkably similar given that they are the furthest 
apart today, but both represent sites that were proximal 
to the SAZ. Their similarities are even more remarkable 
considering that their petrography indicates proximal 
derivation, ruling out extensive reworking and/or great 
distances of longitudinal transport within the basin.

 
Discussion of source regions for sandstones
In general, the involvement of a volcanic arc is implied 
in collisional models for the formation of the SAZ and 
the Chukotka-Anyui fold belt (e.g., Parfenov 1991; 
Sokolov 2002 and references therein), but the age range 
of magmatic activity in this arc is poorly known. Late 
Paleozoic intermediate to silicic volcanic sequences 
dated by fossils as Mississippian and Permian have been 
recognized in the South Anyui suture zone (Sokolov et al. 
2006 and references therein). Jurassic to Early Cretaceous 
volcanic rocks also constitute an important structural 
component of the SAZ proper (the Jurassic Anyui-
Svyatoi Nos island arc S of the New Siberian Islands 
(Kuzmichev et al. 2006)) and the Jurassic to Cretaceous 
Alazaya-Oloi arc of Chukotka (Dovgal 1964; Sokolov et 
al. 2002; Bondarenko et al. 2003).   An extensive belt of 
granitoid plutons exists in northern Verkoyansk, south of 
the New Siberian Islands (Fig. 1B), called the “Main Belt” 
and has recently been dated by the U-Pb method utilizing 
the SHRIMP-RG. The intrusive history of this belt 
spanned the  ~ 158-147 Ma time interval (Prokopiev et 

al. 2007; Toro et al. 2007; Akinin et al. in press).  This belt 
of plutons and/or silicic eruptions of this same age most 
likely provided the youngest zircons to the foreland basin 
deposits of the New Siberian Islands and the Myrgovaam-
Raucha basin of Chukotka.  Its location is not far from 
the New Siberian Islands but it lies considerably west of 
the Jurassic-Cretaceous deposits of Chukotka (Fig. 1A) 
and no major plutonic belts of this age are mapped south 
of the SAZ in Chukokta.   There are granites mapped 
between the two regions that constitute what is called the 
“Northern Belt” but these are somewhat younger ( ~ 135-
127 Ma, Prokopiev et al. 2007; Toro et al. 2007; Akinin 
et al. in press) and slightly younger than the bulk of the 
sedimentary succession we have studied (Tithonian to 
Valanginian, ~ 151-136 Ma (Gradstein et al. 2004)). 

The detrital zircon age data presented here specify 
the age of Paleozoic and Mesozoic igneous rocks and 
confirms their involvement in the orogenic event that 
produced the Chukotka fold belt and which led to the 
formation of the SAZ. Both Late Paleozoic (~330-250 
Ma) and Mesozoic (~175 to 145 Ma) igneous rocks 
are involved in the collisional event. The new data also 
provide better constraints on the time of closure of the 
South Anyui Ocean.  This closure must have occurred 
prior to the Tithonian, when zircons were transported 
from southerly sources onto the AACM plate, across 
the SAZ.  Our data further document that the orogenic 
highlands that shed debris into the Jurassic-Cretaceous 
syn-orogenic basin contained Precambrian crystalline 
rocks about 2.1- 1.7 Ga, an age characterizing the 
Siberian craton. This source region is somewhat more 
mysterious as there are no widespread exposures of 
crystalline rocks mapped directly within or south of the 
SAZ.  However, Precambrian crystalline rocks underlie 
the broad Kolyma-Omolon region to the south of the 
SAZ (see discussion in Kolesov & Stone 2002) and are 
inferred to form the basement of at least part of the 

Table 4.  K-S test results for Jurassic-Cretaceous samples from the Russian Arctic.
K-S P-values using error in the CDF

53/1-02 GB9986 CH04ELM7 04JT54C ELMCH03 24.3 ELM06-PV10
53/1-02  0.813 0.221 0.200 0.103 0.459
GB9986 0.813  0.668 0.809 0.081 0.094
CH04ELM7 0.221 0.668  0.999 0.025 0.021
04JT54C 0.200 0.809 0.999  0.010 0.006
ELMCH03 24.3 0.103 0.081 0.025 0.010  0.097
ELM06-PV10 0.459 0.094 0.021 0.006 0.097  

Notes: The K-S test is a non-parametric method for comparing cumulative probability distributions. P(KS) gives the probability that random chance 
alone might produce the observed difference in two distributions drawn from the same parent population.  A low probability on the test, such as P(KS) 
< 0.05, would  indicate that the differences between the two distributions are significant and that the samples are not similar in terms of their age 
population  If P(KS)>>0.05 then the differences are just a factor of random chance. To apply the K-S test to the data, we used the algorithm of Guynn 
(2006). Values that pass the K-S test at 95% confidence level and are not rejected are shown in bold letters and highlighted in yellow.
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Main Belt granitoids, as some of these Mesozoic plutons 
contain inherited Precambrian cores. (Prokopiev et al. 
2007; Toro et al. 2007; Akinin et al. in press).  The thrust 
plates that carried Precambrian crystalline rocks to 
the surface in order to be eroded into the Myrgovaam 
foreland Basin may have been subsequently buried by 
younger sediments.  

Discussion and conclusions
The data presented here helps establish that the New 
Siberian Islands and Chukotka, two distant regions, 
contain exposures of the same syn-orogenic foreland 
basin sequence, providing robust evidence for inclusion 
of both of these parts of Arctic Russia in the AACM as 
previously proposed (e.g. Parfenov & Natali’in 1985; 
Kuzmichev et al. 2006) (Fig. 1).  However, the data 
present problems for the rotational opening model for 
the Arctic, because they further establish with greater 
certainty the large dimensions of this plate (Fig. 1). And 
certainly the Jurassic-Cretaceous match described here 
makes it impossible to break the plate in the center and 
rotate only the Chukotka part as suggested by Rowley 
& Lottes (1988).   The discovery of Kuzmichev & Pease 

(2007) that mafic dikes and sills in the New Siberian 
Islands link the New Siberian Islands to Siberia makes 
it even more difficult to rotate any part of the AACM 
with respect to Siberia. Our previous results tentatively 
linked Chukotka to NE Russia in Triassic times (Miller et 
al. 2006) and the new set of data presented here provides 
an even stronger argument for linking Chukotka to NE 
Russia, making it increasingly difficult to restore the 
AACM plate back to North America (Fig. 1B).  The 
southerly sources documented in the syn-orogenic 
Jurassic-Cretaceous foreland basin sandstones could not 
have delivered sediment across a vast Anyui Ocean to 
the AACM if this ocean, or even part of it, still existed in 
Tithonian to Valanginian times. These relations thus tie 
the New Siberian Islands and Chukotka to Siberia by at 
least Tithonian times.  Thus the Anyui Ocean must have 
finished closing by the latest Jurassic.  These arguments 
make the rotational opening model for the Amerasian 
Basin, inferred to have taken place at a younger time 135-
120 Ma (e.g., Lawver et al. 2002), increasingly difficult to 
champion. 

To better explain the relations discussed above, we 
suggest an alternative hypothesis for the initial opening 
of the Amerasian Basin. This is depicted in simplified 
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Myrgovaam Basin
SAZ

Figure 7.  Speculative diagram showing 
a possible explanation for the separa-
tion of  syn-orogenic Jurassic-Creta-
ceous sediments (and their identical 
sources) to their present positions by 
the rift opening of the Makarov Basin 
and ~100% extension of the Siberian 
Shelf in an E-W direction north of the 
SAZ.  The SAZ may have operated as a 
transform boundary separating a more 
extended region to the north from a less 
extended one to the south.  It would 
have also served as the locus of defor-
mation that displaced Paleozoic and 
Mesozoic arc complexes southwards 
towards the Pacific Ocean margin.
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fashion in Figure 7. The hypothesis revives previous 
ideas that the Makarov Basin opened by rifting in 
an orthogonal direction from the Lomonosov Ridge 
(e.g. Sweeney et al. 1982; Taylor et al. 1981; Vogt et al. 
1982).  The interpretation is that of the first author and 
is not necessarily shared by all of us (see, for instance 
Kuzmichev 2009, for alternative models).  It by no 
means addresses the complete history of the formation 
of the Amerasian Basin, which still remains a formidable 
question.  
 
The model explains the remarkable similarity in 
Jurassic-Cretaceous sandstones in the New Siberian 
Islands to those of Chukotka (as well as good matches 
between older geologic units (e.g. Miller et al. 2006) by 
the rift separation of Chukotka from the New Siberian 
Islands during the opening of the Makarov Basin on 
the Amerasian side of the Lomonosov Ridge (Fig. 7). 
The present separation between these two regions with 
identical inferred sources is explained as a function of 
stretching of continental lithosphere beneath both the 
East Siberian Shelf and the low-lying coastal region of 
Arctic Russia, similar to that taking place in the Laptev 
Sea today, south of the Gakkel mid-ocean ridge (Fig. 1A) 
(Drachev et al. 1998; Franke et al. 2004).   The observed 
separation could be accommodated by ~100% extension 
distributed across this broad region, decreasing original 
distances between these exposures from ~1400 to ~700 
km or less, a degree of stretching that can be anticipated 
in rifted and stretched continental crust and along rifted 
continental margins. Although there is very little data, 
present-day crustal thicknesses beneath the East Siberian 
Shelf sedimentary sequences based on a single seismic 
line are about 15-25 km, with an overlying sedimentary 
sequence up to about 8 km thick on the shelf edge (Franke 
et al. 2004).  Since we don’t know if and  how much this 
crust was magmatically added to during rifting, original 
crustal thicknesses may have been only 30- 50  km or 
so.  We do know that the time of the hypothetical rifting 
that formed the basement to the East Siberian Shelf 
must post-date deposition (and deformation) of the 
syn-orogenic Jurassic-Cretaceous sediments described 
here (post 136 Ma, Gradstein et al. 2004).  Widespread 
magmatism represented by plutons that range in age 
from 121 to 106 Ma in the New Siberian Islands and 
116.9± 2.5 to 108.1±1.1 Ma in Chukotka (Figs. 2 and 3) 
may be coeval with rifting as they are known to have 
been emplaced during E-W to NW-SE extension as 
documented by hundreds of dike orientations (Miller & 
Verzhbitsky in press).

This hypothesis (Fig. 7) would imply that the SAZ is 
not what it has typically been viewed as:  the remains of 
an extensive ocean basin that closed during rotational 
opening of the Amerasian Basin (the Anyui Ocean in the 
rotational model of Lawver et al. 2002, depicted in Fig. 
1B).   Rather, the SAZ  in this model represents parts of 
an allochthonous belt of oceanic and arc rocks previously 
thrust onto the margin of NE Russia, subsequently 

slivered in a right-lateral direction along a broad, 
transform fault system that helped to accommodate 
a greater amount of extension to the north than to the 
south, and translated Chukotka  far to the east and south 
(Fig. 7). 
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Appendix I. U-Pb geochronologic methods
U-Pb geochronology of zircons was conducted by laser 
ablation multicollector inductively coupled plasma 
mass spectrometry (LA-MC-ICPMS) at the Arizona 
LaserChron Center (Gehrels et al. 2006, 2008).  The 
analyses involve ablation of zircon with a New Wave 
DUV193 Excimer laser (operating at a wavelength of 193 
nm) using a spot diameter of 35 microns.  The ablated 
material is carried in helium into the plasma source of 
a GVI Isoprobe, which is equipped with a flight tube of 
sufficient width that U, Th, and Pb isotopes are measured 
simultaneously.  All measurements are made in static 
mode, using Faraday detectors with 10e11 ohm resistors 
for 238U, 232Th, 208Pb, and 206Pb, a Faraday detector with a 
10e12 ohm resistor for 207Pb, and an ion-counting channel 
for 204Pb.  Ion yields are ~1.0 mv per ppm.  Each analysis 
consists of one 12-second integration on peaks with the 
laser off (for backgrounds), 12 one-second integrations 
with the laser firing, and a 30 second delay to purge the 
previous sample and prepare for the next analysis.  The 
ablation pit is ~12 microns in depth. 
 
For each analysis, the errors in determining 206Pb/238U 
and 206Pb/204Pb result in a measurement error of ~1-2% 
(at 2-sigma level) in the 206Pb/238U age. The errors in 
measurement of 206Pb/207Pb and 206Pb/204Pb also result in 
~1-2% (at 2-sigma level) uncertainty in age for grains 
that are >1.0 Ga, but are substantially larger for younger 
grains due to low intensity of the 207Pb signal.  For most 
analyses, the cross-over in precision of 206Pb/238U and 
206Pb/207Pb ages occurs at ~1.0 Ga. 
 
Common Pb correction is accomplished by using the 
measured 204Pb and assuming an initial Pb composition 
from Stacey & Kramers (1975) (with uncertainties of 1.0 
for 206Pb/204Pb and 0.3 for 207Pb/204Pb).  Our measurement 
of 204Pb is unaffected by the presence of 204Hg because 
backgrounds are measured on peaks (thereby subtracting 
any background 204Hg and 204Pb), and because very little Hg 
is present in the argon gas (background 204Hg = ~300 CPS).  

Inter-element fractionation of Pb/U is generally ~20%, 
whereas fractionation of Pb isotopes is generally <2%.  
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In-run analysis of fragments of a large zircon crystal 
(generally every fifth measurement) with known age 
of 564 ± 4 Ma (2-sigma error) is used to correct for 
this fractionation.  The uncertainty resulting from the 
calibration correction is generally 1-2% (2-sigma) for 
both 206Pb/207Pb and 206Pb/238U ages.  

Concentrations of U and Th are calibrated relative to 
SRM 610 trace element glass, which contains ~460 ppm 
of each element.  The homogeneity of this glass makes 
it a better concentration standard than a natural zircon 
crystal, and the U/Th fractionation is similar for glass 
and zircon.

The analytical data are reported in Table 3.  Uncertainties 
shown in these tables are at the 1-sigma level, and include 
only measurement errors.  

Interpreted ages are based on 206Pb/238U for <1000 
Ma grains and on 206Pb/207Pb for >1000 Ma grains.  
This division at 1000 Ma results from the increasing 
uncertainty of 206Pb/238U ages and the decreasing 
uncertainty of 206Pb/207Pb ages as a function of age.  
Analyses that are >20% discordant (by comparison of 
206Pb/238U and 206Pb/207Pb ages) or >5% reverse discordant 
are not included.  

Cumulative and normalized relative age-probability 
diagrams were generated and K-S analyses were 
performed using routines available from www.geo.
arizona.edu/alc. 
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