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Paleozoic rocks of northern Chukotka Peninsula, Russian Far 

East: Implications for the tectonics of the Arctic region 

Boris A. Natal'in, 1 Jeffrey M. Amato, 2 Jaime Toro, 3,4 and James E. Wright 5 

Abstract. Paleozoic rocks exposed across the northern flank of 
the mid-Cretaceous to Late Cretaceous Koolen metamorphic 
dome make up two structurally superimposed tectonic units: (1) 
weakly deformed Ordovician to Lower Devonian shallow marine 
carbonates of the Chegitun unit which formed on a stable shelf 
and (2) strongly deformed and metamorphosed Devonian to 
Lower Carboniferous phyllites, limestones, and an&site tuffs of 
the Tanatap unit. Trace element geochemistry, Nd isotopic data, 
and textural evidence suggest that the Tanatap tuffs are differen- 
tiated calc-alkaline volcanic rocks possibly derived from a mag- 
matic arc. We interpret the associated sedimentary facies as in- 
dicative of deposition in a basinal setting, probably a back arc 
basin. Orthogneisses in the core of the Koolen dome yielded a 
Devonian (between ~369 and ~375 Ma) U-Pb zircon age which is 
similar to the ages of the Tanatap tuffs as well as granitic plutons 
formed within a Devonian active continental margin of northern 
Alaska. The stratigraphy of the Chegitun unit is similar to that of 
the Novosibirsk carbonate platform which overlies the Late 
Precambrian Bennett-Barrovia block. The basement of the block 

is exposed in Chukotka where ortogneiss in the Chegitun River 
valley yielded Late Proterozoic (•-650 to 550 Ma) U-Pb ages. 
These two tectonic units form the shelf of the Chukchi and East 

Siberian Seas and may continue into northern Alaska as the 
Hammond subterrane. The deep-water Tanatap unit can be 
traced along the southern boundary of the Bennett-Barrovia block 
from the Novosibirsk Islands to northern Alaska. This basin was 

paired with a Devonian magmatic arc that existed farther to the 
south. The northern margin of the Bennett-Barrovia block col- 
lided with North America in the Late Silurian to Early Devonian. 
In Chukotka, during Middle to Late Carboniferous time the re- 
constructed Devonian arc-trench system at the southern edge of 
the Bennett-Barrovia block collided with an unknown continental 

object, fragments of which now occur to the south of the South 
Anyui suture. Triassic to Cretaceous deformation strongly modi- 
fied the Paleozoic units. Our results provide new constraints on 
the geometry and Paleozoic history of the Chukotka-Arctic 
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Alaska block the essential element involved in the opening of the 
Canada basin. 

1. Introduction 

Interest in stratigraphic and tectonic correlations between the 
Russian Far East and Alaska recently has been revived as the re- 
sult of collaboration between North American and Russian geol- 
ogists. This paper presents the results of one such study from the 
Chegitun River valley, Russia, where field work was carried out 
to establish the stratigraphic, structural, and metamorphic rela- 
tionships in the northern part of the Chukotka Peninsula (Figure 
1). The Chegitun River region exposes an Ordovician to Lower 
Carboniferous carbonate and metacarbonate, shale, phyllite, and 
thin-bedded turbidite sequence with rare interbedded tuffs that 
were metamorphosed and deformed during the Cretaceous. This 
sequence is in fault contact with a mid-Cretaceous to Late 
Cretaceous high-grade metamorphic complex, the Koolen dome. 
The geology of the high-grade complex was discussed by the 
Bering Strait Geological Field Party (BSGFP) [1997]. 

Stratigraphic correlations between Paleozoic sequences in the 
Chegitun River region and similar successions in Chukotka, in 
the various islands of the Chukchi and East Siberian Seas, and in 

northern Alaska bear on an important unsolved problem for this 
region: the presence or absence of a large Precambrian block on 
which these lower Paleozoic carbonate platform deposits accu- 
mulated. 

The Paleozoic framework of the region sheds light on the ge- 
ometry and size of the Chukotka-Arctic Alaska microplate whose 
Early Cretaceous displacement is thought to be responsible for 
the opening of the Canada Basin (Figure 1) (see Lawyer et al. 
[1990] for a review of the different models proposed for the 
opening of the Canada Basin). In this paper we investigate the 
correlation of Late Proterozioc and Paleozoic rocks of the 

Chegitun River valley with rocks of similar ages in the 
Siberian/northern Alaska sector of the Arctic region, the deposi- 
tional setting of these strata, and the geochemistry and 
geochronology of Devonian magmatism on the Chukotka 
Peninsula. These data are then used to discuss the Paleozoic 

tectonic evolution of northeastern Russia and northern Alaska. 

We will address the Cretaceous thermal evolution and structural 

history of the Chegitun River valley metamorphic rocks in a later 
paper. 

2. Tectonic Setting of the Study Area 

Prior to the now widely accepted hypothesis of the counter- 
clockwise rotation of the Chukotka-Arctic Alaska block for 60 ø 

about a pole at the McKenzie delta (Figure 1) [e.g., Tailleur and 
Brosge, 1970], the idea of a Hyperborean platform underlain by 
Precambrian basement in the central part of the Arctic Ocean was 
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proposed by Shatsky [ 1935] to explain the sinuosity and disposi- 
tion of fold belts (e.g., Chukotka fold belt, the Brooks Range) and 
high-grade metamorphic rocks in the Arctic region. Eardley 
[1948] referred to this Precambrian platform as "Ancient 
Arctica•" American geologists proposed the existence of an area 
called "Barrovia Land" to provide a northem source region for 
Paleozoic and Mesozoic clastic rocks in northem Alaska [e.g., 
Tailleur, 1973]. However, if a rotational origin for the Chukotka- 
Arctic Alaska block about a pole in the McKenzie delta is as- 
sumed, the North American craton is a suitable source for these 

sediments. Zonenshain et al. [1990] defined a microcontinent, 
"Arctida," as one of several Precambrian cratons, such as the East 
European and Siberian cratons, which was later disrupted owing 
to the opening of the oceanic basins in the Arctic Ocean. •engiir 
and Natal'in [1996] supported the necessity of an old continental 
block but defined it with a shape and size different from that of 
Arctida, They named it after the Bennett massif which is located 
in the northwestern part of the East Siberian Sea [Vinogradov et 
al., 1974] but noted that it may be contiguous with Precambrian 
crust in the northeastern part of the Chukchi Sea [Grantz et al., 
1990]. In this paper we use the term Bennett-Barrovia block for 
this Precambrian block. It should be stressed that the Bennett- 

Barrovia block is not the same as the Arctic Alaska terrane 

[Newman et al., 1977; Moore et al., 1994]. The latter is a younger 
tectonic element not assembled until Devonian time (see below). 

The Chegitun River valley exposes carbonate and metacar- 
bonate rocks which we correlate with the early to middle 
Paleozoic Novosibirsk carbonate platform. The Novosibirsk car- 
bonate platform covers the Bennett-Barrovia block as defined by 
•engb'r and Natal'in [1996]. This platform includes rocks ex- 
posed on the Novosibirsk (New Siberian) Islands of the East 
Siberian Sea, on Wrangel Island, and in several localities of 
northern Alaska including the Seward Peninsula and the western 
and central Brooks Range (YM and HM, Figure 1). The wide 
geographic distribution of rocks of similar age and composition, 
in addition to geophysical data, suggests that this early Paleozoic 
carbonate platform underlies the entire East Siberian shelf. On 
the basis of stratigraphic and fossil evidence, both Durnoulin and 
Harris [ 1994], for the Alaskan terranes, and •;engOr and Natal'in, 
for the whole region, agree that these widely scattered pre- 
Middle-Devonian carbonate successions were part of a single 
carbonate platform, rather than disparate, far-traveled terranes as 
had been previously proposed [Fufita and Cook, 1990]. 
However, the Paleozoic tectonic history of this extensive plat- 
form has not been investigated in great detail. 

The Paleozoic rocks of northern Chukotka Peninsula are in 

fault contact with the Koolen metamorphic dome (Figure 2) 
[Natal'in, 1979], one of several high-grade metamorphic com- 
plexes on the Chukotka and Seward Peninsulas [Belyi, 1964; 
Drabkin, 1970b; Tilttan, 1973; Shuldiner and Nedornolkin, 1976; 
Nedornolkin, 1977; Natal'in, 1979; Arnato et al., 1994]. These 
metamorphic complexes expose Late Proterozoic to Paleozoic 

igneous and sedimentary protoliths metamorphosed to upper am- 
phibolite and locally granulite grade. The age of metamorphism 
was previously estimated to range from Archean [Shuldiner and 
Nedornolkin, 1976; Nedornolkin, 1977] to Paleozoic [Gnibidenko, 
1969; Bunker et al., 1979] or with an additional episode in the 
Mesozoic [Gelman, 1973; Natal'in, 1979], but it is now known to 
have occurred during mid-Cretaceous time on both the Chukotka 
Peninsula [BSGFP, 1997] and on the Seward Peninsula [Arnato et 
al., 1994; Arnato and Wright, 1998]. 

Paleozoic rocks and high-grade metamorphic complexes on 
the Chukotka Peninsula comprise part of a broader tectonic 
province in the Russian Far East and northern Alaska: the former 
Chukotka-Arctic Alaska microplate. The southern boundary of 
this ancient microplate is defined by the Neocomian South Anyui 
suture in northeast Russia and the Late Jurassic to Neocomian 

Kobuk suture in Alaska (Figure 1). For a review of the tectonics 
of northeast Asia, see the work of Parfenov and Natal'in [1985], 
Zonenshain et al. [1990], Fujita and Cook [1990], and •enggir 
and Natal'in [19%]. For a review of the tectonics of northern 
Alaska, see the work of Moore et al. [ 1994, 1997b]. 

3. Lithotectonic units of the Chegitun River 
Valley 

From the southeast to the northwest, three principal fault- 
bounded lithotectonic units are exposed in the Chegitun River 
valley (Figure 3): (1) the High-Grade unit, which consists of Ul> 
per amphibolite facies metamorphic rocks along the northern 
flank of the Koolen metamorphic dome; (2) the Tanatap unit, 
which consists of Devonian to Lower Carboniferous greenschist 
facies metasedimentary rocks; and (3) the Chegitun unit, which 
consists of virtually unmetamorphosed Ordovician through 
Lower Devonian shallow marine carbonate rocks. It was previ- 
ously believed that the high-grade rocks represented the 
Precambrian depositional basement for the Paleozoic sedimentary 
rocks [Belyi, 1964; Tiltnan, 1973; Shuldiner and Nedornolkin, 
1976; Nedornolkin, 1977]. In this framework the Tanatap and 
Chegitun units were regarded as a continuous Paleozoic succes- 
sion [Nedornolkin, 1977; Oradovskaya and Obut, 1977]. 
However, although the High-Grade unit does include Late 
Proterozoic protoliths, our research has shown that there is no ev- 
idence of a straightforward basement/cover relationship between 
the high-grade metamorphic rocks and the weakly metamor- 
phosed sedimentary rocks that bear Paleozoic fossils. In addition, 
both the lithology and paleodepositional environment of the 
Tanatap unit are significantly different from those of the 
Chegitun unit and the inferred sedimentary protoliths for the 
high-grade metamorphic rocks. These differences in lithology 
and depositional environment allow us to define three fault- 
bounded lithotectonic units which have internal contacts that are 

truncated by the bounding faults. These units are described in 
sections 3.1-3.3 in order of decreasing metamorphic grade. 

Figure 1. Principal tectonic units of northeastern Russia and northern Alaska [after Natal'in, 1981, 1984; Moore et 
al., 1994, Plafker and Berg, 1994]). The inset shows the Chukotka-Arctic Alaska block. AN, Angayucham terrane; 
BD, Baird Group; HM, Hammond subterrane; KG, Kigluaik dome; KO, Koolen dome; KM, Kolyuchin-Mechigmen 
zone; MA, Arctic mid-ocean ridge; MD, McKenzie delta; NP, North Pole; PR, Primorsk Basin; SE, Senyavin 
Uplift; SN, Svaytoy Nos; YM, York terrane; YU, Paleozoic Yarakvaam and Aluchin blocks. 
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Figure 2. Geologic map of the Chukotka Peninsula modified after Gorodinsky [ 1980] showing the location of de- 
tailed geologic mapping in the Chegitun River valley area of Figure 3. The Etelkhvyleut Series is exposed in the 
core of the Koolen dome and the Lavrentiya Series represents flanks of the dome. Circles indicate locations of sam- 
ples for U-Pb age determination: 1, M18-94K; 2, F45-94K; and 3, 95JT4a. 



NATAL'IN ET AL.' PALEOZOIC ROCKS OF NORTHERN CHUKOTKA 981 

HIGH-GRADE UNIT CHEGITUN UNIT 

Lavrentia Sedes: •[•• Lower Devonian dolomilJc limestones 
•• calc-silicate gneisses and marbles Upper Siludan Odan Formation; 

limestones dolomites .r'•• biolJte-gamet :•• and schists 

•4t•2;• quartzites III!:•'.111 Lower Silurian Putukuney Formation; black shales 

,.[•"• biolJte-gamet paragneisses 

Etelkhvyleut Sedes: 

'• uartzo-fel dspatic augen gneisses 

TANATAP UNIT 

.-/.-/.-• Lower Carboniferous limestones and 

..-..iC.•'.•'i ,-,. ,-,-• calcareous shales; Utaveem Formation 

Middle-Upper Devonian 
m• Ikychuren Formation; 

Umestone and marbles 

Middle Devonian Tanatap Formalion: 
,'-,-'-,--, recrystallized limestones II I i i 

• and marbles 

• phyllites ....... and turbidites 

•m•'• undivided . 

•-'• Upper Ordovician Chegitun Formalion' reef limestones 

m•'• Middle Ordovician Isseten Form.; limestones and dolomites 

?.;•;• brecciated 
-.•.?.•.m-• carbonates 

Ratkhat F. 

171 

66ø30 ' 

' Nynykin F. ' 
l'l' l' 

' Tanatap R.' 

71 ø30' 

% % % % 

Cretaceous granites 

0 2 4 6 8 km 

Figure 3. Geologic map of the Chegitun River valley. 

66o20 ' 

Structural symbols 

trace of contact /'-'- 

inferred contact .•' 
/ 

covered contact /--- "' 

sense of slip on strike-slip • and dip-slip faults 

normal fault, barbs on / lower plate 

thrust faults, barbs on • upper plate 

unclassified faults / 
•..' 

inferred fault / 

covered fault . .." 

stdke and dip of bedding •-• 

stdke and dip of S1 folialJon in the High-Grade and Tanatap units 

3.1. High-Grade Unit. 

The high-grade metamorphic rocks in the Chegitun River val- 
ley are very similar to rocks in the core and southem flank of the 
Koolen dome that are exposed in the Koolen Lake region (Figure 
2) [Shuldiner and Nedomolkin, 1976; Nedomolkin, 1969, 1977; 
Gelman, 1973; Natal'in, 1979; BSGFP, 1997]. The Koolen 
metamorphic complex was divided into two major units by 
Shuldiner and Nedomolkin [1976]. A structurally lower succes- 
sion of mostly orthogneiss is called the Etelkhvyleut Series, and a 
,structurally higher, dominantly paragneiss, schist, and marble- 
bearing succession is called the Lavrentiya Series. In the Koolen 
Lake region, three types of rock assemblages have been observed 
in ascending order: (1) granitic orthogneisses of Cretaceous 
[BSGFP, 1997] and Devonian ages (see below) within both the 

Etelkhvyleut Series and the Lavrentiya Series; (2) thinly banded 
schists and quartzofeldspathic paragneisses that include lenses of 
ultramafic rocks, marbles, amphibolites, and rare quartzite 
(metachert?) [BSGFP, 1997], which together may represent ac- 
crefionary prism material [•engi•r and Natal'in, 1996]; and (3) 
marble and calc-silicate rocks that resemble the less metamor- 

phosed lower to middle Paleozoic shallow marine sequence of 
the Novosibirsk carbonate platform as exposed on the Chukotka 
Peninsula [•'engOr and Natal'in, 1996]. Mid-Cretaceous granites 
intrude the Koolen metamorphic complex [Shuldiner and 
Nedomolkin, 1976; Nedomolkin, 1977; BSGFP, 1997] and the 
Tanatap unit in the Chegitun River area. 

Along the Chegitun valley, in the southwestem part of the map 
area (Figure 3), biotite-bearing granitic augen gneisses intefiay- 
ered with 3- to 30-m-thick horizons of coarse-grained white mar- 
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ble constitute the lowest exposed structural unit (map unit "aog" 
in Figures 3 and 4). We carried out ion microprobe (super high 
resolution ion microprobe-reverse geometry (SHRIMP-RG)) U- 
Pb dating of zircon grains from this augen gneiss (sample 
95JT4a) and obtained 2ø6pb/238U ages between -650 and ~540 
Ma (refer to Table 1 for analytical methods and to Figures 5a and 
5b for data plots). This broad range of ages from a single sample 
is probably due to a combination of two effects: (1) the incorpo- 
ration of somewhat older zircons by a latest Proterozoic granitic 
magma (inheritance) and (2) loss of radiogenic lead during 
younger metamorphic events. These two phenomena will con- 
spire to spread the ages parallel to concordia (Figure 5a), making 
it impossible to assign a precise crystallization age to the pro- 
tolith of the augen gneiss. In any case, these new data demon- 
strate the occurrence of Late Proterozoic granitic magmatism in 
Chukotka Peninsula. 

A few lenses of plagioclase-bearing amphibolites, probably 
metagabbro, occur within the marbles. We correlate these rocks 
with the Etelkhvyleut Series of the Koolen Lake region 
[Shuldiner and Nedomolkin, 1976; Nedomolkin, 1969, 1977; 
BSGFP, 1997], but the augen gneisses and interlayered 
metasedimentary rocks of the Chegitun valley contain less peg- 
matite or other evidence for partial melting than equivalent units 
of the Koolen Lake region. The augen gneiss unit is overlain by 
a poorly exposed section of biotite gneisses containing subordi- 
nate horizons of augen gneisses (map unit "bgn"). Overlying 
rocks, from the structural base upward, include intercalated bi- 
otite gneisses, calc-silicate rocks, and marbles that grade upward 
to pure coarse-grained marbles (map unit "mb"). Muscovite- 
bearing gamet schists and quartzites form a lenticular body in the 
marbles in the upper part of the structural section (map unit 
"qv"). Biotite and garnet-bearing schists (map unit "bsc") overlie 
the marble unit. Peak metamorphism reached upper amphibolite 
facies in the deepest part of the structural section exposed in the 
Chegitun valley and in the core of the Koolen dome. This meta- 
morphic event has been dated as occurring between 104 and 94 
Ma in the Koolen Lake region [B SGFP, 1997]. 

In the Chegitun area, Nedomolkin [1969, 1977] assigned all 
rocks that lie structurally above the augen gneiss unit to the 

Figure 5. U-Pb concordia diagrams from the Koolen orthogneiss. 
(a) Concordia diagram of ion microprobe (super high resolution 
ion microprobe-reverse geometry (SHRIMP-RG)) data from 
sample 95JT4a of Late Proterozoic augen gneiss from the 
Chegitun valley. Each data point represents a single ~20 Hm spot 
on a zircon crystal. The discordance and wide spread of ages is 
probably due to the combined effects of inheritance of older zir- 
con and lead loss during Cretaceous high-grade metamorphism. 
(b) Cumulative probability diagram of 2ø{ipb/238U ages of zir- 
cons from sample 95JT4a from the Chegitun valley. This his- 
togram is calculated by taking the individual data points and as- 
suming a Gaussian distribution of unit area with width propor- 
tional to the error. (c) U-Pb concordia diagrams from the 
Koolen orthogneiss, F45/94K and M18/94K. MSWD stands for 
mean standard weighted deviation, a measure of the goodness of 
fit of the chord. Both sets of analyses are discordant, but upper 
intercepts of 376 and 375 Ma agree within analytical error. 
These data show that the orthogneiss of the Etelkhvyleut Series is 
neither Precambrian nor Cretaceous as has been previously spec- 
ulated. These Devonian ages are within the stratigraphic age 
limits of the Tanatap metatuff. See text and Table 3 for details. 

Lavrentiya Series. In general, we agree with this correlation, but 
the lithology and succession of the rocks in the Chegitun valley 
are different in detail from those of the Lavrentiya Series in the 
Koolen Lake region where thick quartzo-feldspatic paragneisses 
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separate the augen orthogneisses from the overlying marbles [see 
BSGFP, 1997]. 

A thick structural section of calc-silicate rocks and marble is 

exposed in the upper reaches of the Tanatap River (Figure 3). 
Individual horizons of foliated marble are internally homoge- 
neous and often more then 10 m thick, suggesting that their pro- 
toliths were shallow water carbonate rocks. Lower-grade meta- 
morphism may indicate that the calc-silicate rocks and marbles 
belong to the upper part of the structural section (Figure 4). This 
conclusion is supported by the correlation with the Koolen Lake 
region where marbles occur at the highest structural level 
[BSGFP, 1997]. 

The 4øAr/39Ar analyses indicate that the high-grade rocks near 
the Chegitun River cooled from 500øC to 350øC between 108 
and 104 Ma [Natal'in et al., 1997]. These cooling ages are 
slightly older than those (90-92 Ma) of the southem flank of the 
Koolen dome. 

Sense of shear determined from stretching lineations is domi- 
nanfly top-to-south, similar to the kinematics previously de- 
scribed for the southern flank of the dome [BSGFP, 1997]. 
Taking into consideration the structural relationships and litho- 
logic similarity, the calc-silicate and carbonate units of the 
Lavrentiya Series are tentatively correlated with the Ordovician 
to Lower Devonian carbonate rocks of the Chegitun unit (see 
below), which are exposed to the northwest. Both of these units 
are interpreted to represent part of the Novosibirsk carbonate 
platform of •'engOr and Natal'in[1996] (Figure 1). 

Despite poor outcrops, the map pattern, together with struc- 
tural data (B.A.Natal'in et al., manuscript in preparation, 1999) 
and the fact that internal contacts of the High-Grade unit are at an 
angle to the contact with the Tanatap unit, indicates that a fault 
(here named the Nynykin fault) separates the two tectonic units 
(Figure 3). The NynykJn fault cuts the mid-Cretaceous foliation 
in the high-grade rocks and is conjugate with north-west striking 
extensional faults and dikes. The dikes have been dated as Late 

Cretaceous [Nedomolkin, 1969]. On the other hand, the exten- 
sional structures have the same orientation as Tertiary extensional 
structures in the Hope Basin (Figure 1) [Grantz et al., 1990]. 
Thus we infer the Late Cretaceous to Tertiary age of the Nynykin 
fault. Kinematic criteria indicate that the fault has a right-lateral 
sense of displacement. 

3.2. Tanatap Unit 

The Tanatap unit (Figure 3) consists of polydeformed green- 
schist facies rocks exposed along the Chegitun River from the 
southwestern comer of the map area to the Chukchi Sea coast. 
Similar rocks are also exposed along the northern flank of the 
Koolen dome (Figure 2) [Nedomolkin, 1%9, 1977; Natal'in, 
1979]. According to previous accounts and unpublished geologic 
maps, three stratigraphic units metamorphosed to lower green- 
schist fades have been recognized within the Tanatap unit 
(Figure 4) [Drabkin, 1970a; Nedomolkin, 1969, 1977; 
Oradovskaya and Obut, 1977; Krasny and Putintsev, 1984]: (1) 
the Tanatap Formation, consisting of graphitic phyllite, calcare- 
ous slate, limestone turbidites, and recrystallized limestone dated 
as early Middle Devonian (Eifelian) on the basis of extremely 
rare brachiopods and coral remnants; (2) the Ikychuren 
Formation, consisting of thinly bedded limestone and calcareous 

shale with rare late Middle Devonian (Givetian) corals and bra- 
chiopods; and (3) the Utaveem Formation, consisting of Lower 
Carboniferous gray to black fine-grained fossiliferous limestone, 
calcareous sandstone, and phyllite (Figures 3 and 4). Drabkin 
[1970a] and Markov et al. [1980] infer that Upper Devonian 
rocks are present in the Ikychuren Formation, although no Late 
Devonian fossils have been found so far in northern Chukotka. 

In the Chegitun River region (Figure 3) the Tanatap unit is 
bounded by the Nynykin fault to the southeast and by what we 
call the Ratkhat fault in the northwest, which are both interpreted 
as right-lateral strike-slip faults (Figure 3). Rocks of the Tanatap 
unit possess an intricate structure produced by polyphase, inho- 
mogenous deformation and greenschist facies metamorphism that 
resulted in formation of muscovite, chlorite, albite, and actinolite. 
Numerous isoclinal folds, shear zones, and faults make it impos- 
sible to reconstruct details of the initial stratigraphic succession. 
An unconformity was proposed to exist at the base of the 
Utaveem Formation [Drabkin, 1970a; Nedomolkin, 1969, 1977]. 
In our field area the Lower Carboniferous rocks indeed occupy 
the highest structural level (Figure 3); however, the lower contact 
of the Utaveem Formation is not exposed. Like the underlying 
Devonian rocks, the limestones of the Utaveem Formation dis- 

play spaced anastomosing cleavage, and the calcareous phyllites 
have a penetrative foliation. This indicates that the Utaveem 
Formation was deformed and metamorphosed together with un- 
derlying Devonian rocks. If the unconformity does exist, it does 
not likely reflect a penetrative deformational event. 

In general, graphitic phyllites and thinly bedded metacarbon- 
ates are the predominant lithologies of the Tanatap Formation. In 
zones of lower strain, sedimentary structures are locally well pre- 
served. Turbidites consisting of Bouma C, D, and E intervals are 
commonly observed. In a few localities, flame structures and 
matrix-supported debris flow deposits several meters thick and 
rich in limestone pebbles were observed. 

Metalimestone of the Tanatap and Ikychuren Formations is 
mainly thinly bedded and often interbedded with clear examples 
of carbonate turbidites. Medium- and thick-bedded metalime- 

stone is rare. The metalimestone contains little terrigenous mate- 
rial and very few macrofossils. Both formations contain uni- 
formly disseminated sulfides that, together with a high content of 
carbon in metapelitic rocks, are interpreted as evidence of an 
anoxic depositional environment. These sedimentological fea- 
tures suggest that they were deposited in a deep-water restricted 
marine basin. 

In the Tanatap Formation we found 2- to 35-m-thick horizons 
of reddish and green andesitc tuff containing abundant volcanic 
clasts (see below). Gray and dark gray metalimestone of the 
Lower Carboniferous Utaveem Formation is rich in macrofossils, 
mainly shallow marine corals [Drabkin, 1970a]. We recovered 
Cavusgnathus unicornis, Cavusgnathus, and Bispathodus stabilis 
or Bispathodus utahensis conodonts from this unit, thus corrobo- 
rating a mid-Famennian to Meramecian age (latest Devonian to 
early late Mississippian) (A. Harris, written communication, 
1997). 

Middle to Upper (?) Devonian and Lower Carboniferous rocks 
are also exposed along the Chukchi sea coast to the southeast of 
the Chegitun River region (Figure 2). In that area, Devonian 
rocks that are similar to those of the Chegitun River valley are 
overlain by Lower Carboniferous (Visean) limestones that are 
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rich in shallow marine fossils. The limestones grade up into thin 
intercalated black phyllites and slates, sericitic and chlorific 
phyllite, and quartzo-feldspathic sandstones [Drabkin, 1970a]. 
Cleavage and schistosity developed at greenschist facies meta- 
morphic conditions are reported from these rocks [Drabkin, 
1970a; Natal'in, 1979]. Thus we assign these rocks to the 
Tanatap unit. 

We infer that greenschist fades metasedimentary and 
metavolcanic rocks that are exposed to the northwest and north of 
the Chegitun unit, in the Seshan Cape region (Figure 2), are 
equivalent to those of the Tanatap unit. Oradovskaya and Obut 
[1977] distinguished there the Seshan Formation, which contains 
phyllites, rhyolites, and probably basaltic tuffs, and overlying, 
dark gray to black shale, phyllites, and limestones of the 
Ikoluvrun Formation. No fossils have been found in either of 

these formations. Their Cambrian-Early Ordovician age was in- 
ferred from their structural position beneath fossil-bearing Upper 
Ordovician rocks at Seshan Cape [ Oradovskaya and Obut, 1977]. 
However, the lithological similarity of the Ikoluvrun Formation 
to the Tanatap Formation as well as strong deformation at the 
contact with the overlying Ordovician rocks [see Oradovskaya 
and Obut, 1977, Figure 7] allows the inference that there is a 
fault contact between the Ikoluvrun Formation and the 

Ordovician rocks. Thus an age determination based on structural 
position may not be valid. The lithologic and structural features, 
greenschist facies metamorphism and fault relationships with the 
Ordovician rocks of the Chegitun unit, as well as the presence of 
volcanic horizons in the Seshan Formation, indicate that the 

Seshan and Ikoluvrun Formations may also correlate with the 
Tanatap Formation. 

Some researchers believe that the southern part of the Tanatap 
unit contains Riphean rocks. This belief is based on findings of 
oncolites [lvanov and Kryukov, 1973] or acritarchs [Gorodinsky, 
1980; Krasny and Putintsev, 1984], the location of which have 
not been specified. Within the area of supposedly Riphean rocks 
we observed rocks that are lithologically identical to rocks of the 
Tanamp Formation and in places containing remnants of crinoids. 
Thus we dispute the existence of the Riphean rocks in the 
Tanatap unit. 

The 4øAr/39Ar dating of metamorphic white mica from the 
Tanatap unit has shown that the age of deformation and meta- 
morphism in the Chegitun River valley is Early Cretaceous at 124 
Ma [Natal'in et al., 1997]. No traces of earlier deformational 
events have been detected by structural analysis. 

3.3. Chegitun Unit 

The Chegitun unit is represented by unstrained, fossil-rich, 
shallow marine Middle Ordovician to Lower Devonian lime- 
stone, dolomite, and minor shale (Figures 3 and 4). The base of 
the Chegitun unit is not exposed in the Chegitun River valley, but 
Oradovskaya and Obut [ 1977] assume that the unit rests upon the 
inferred Upper Cambrian to Lower Ordovician Seshan and 
Ikoluvrun Formations. These relationships have been disputed in 
section 3.2, in which the Seshan and Ikoluvrun Formations are 
correlated with the Middle Devonian Tanatap Formation. 

At the base of the Chegitun unit lies the 430 - to 540-m-thick 
Isseten Formation (Figure 4), which consists of dark gray to gray 
pelitomorphic and bioclastic limestone (locally argillaceous), 
dolomite, marl, and rare sedimentary breccia with clasts of lime- 
stone, and dolomite. Marl is present in the upper part of the sec- 

tion and reflects the deepening of the basin over time. To the 
northwest of the Chegitun River, limestone breccia with a 
dolomite matrix is reported as the most abundant rock type within 
the lower part of the formation. The rocks contain Middle 
Ordovician corals (Late Llanvimian to Llandeilo), graptolites, 
brachiopods, gastropods, and trilobites which are very similar to 
the faunal assemblages of the Siberian platform and Kolyma re- 
gion [ Oradovskaya and Obut, 1977]. A Middle Ordovician con- 
odont assemblage was recovered from this unit, including 
Protopanderodus sp. indet., Panderodus sp. indet., 
Acanthocodina (?) sp. indet., Acanthocordylodus sp. indet., 
Drepanoistodus sp., and possibly Erismodus sp. (A. Harris, writ- 
ten communication, 1997). This Middle Ordovician conodont as- 
semblage is characteristic of warm shallow water environments 
of the Siberian platform. 

The Upper Ordovician Chegitun Formation (225-350 m) 
(Figure 4) conformably overlies the Isseten Formation and is rely 
resented by medium- to coarse-grained dark gray bioclastic and 
reefal limestone and rare dolomite. Dark, organic-rich silicified 
concretions are commonly present in reefal limestones. Bedding 
surfaces within this unit are wavy. Reefal limestones form lenses 
several meters thick. The rocks are generally rich in recrystal- 
lized pentamerids, corals, and gastropods of Ashgilian (Upper 
Ordovician) age which are similar to those of the Kolyma region 
[Oradovskaya and Obut, 1977]. Oradovskaya and Obut [1977] 
infer a disconformity at the base of the Chegitun Formation. 

The Chegitun Formation is, in turn, conformably overlain by 
the Silurian Putukuney Formation (60-70 m) (Figure 4). The 
contact between formation is very sharp. The Putukuney 
Formation consists of black calcareous shale and dark, thinly 
bedded, flaggy argillaceous limestone which contains numerous 
graptolites indicating Late Llandoverian, Wenlockian, to Early 
Ludlovian age. Light gray to yellowish thick-bedded limestone 
and dolomite (300-315 m) of the Late Silurian (Upper Ludlow) 
Orlan Formation overlies the Putukuney Formation. Lacking 
fossil evidence, Oradovskaya and Obut [1977] determined the 
age of the Offan Formation on the basis of its structural position 
between the Putukuney Formation and fossil-bearing Lower 
Devonian rocks. Silurian conodonts recovered from our samples 
of the Orlan Formation include Ozarkodinus sp. indet and 
Walliserodus sp. indet (A. Harris, written communication, 1997). 
At the top of the Chegitun unit are Lower Devonian (200-250 m) 
dolomitic limestones containing stromatoporoid corals 
[Oradovskaya and Obut, 1977; Krasny and Putintsev, 1984]. 

In contrast to the Tanatap unit, the internal structure of the 
Chegitun unit is very simple. There are northwest and north- 
south striking open folds, wavelength of which is of hundreds of 
meters to kilometer scale. These folds are oblique to the bound- 
aries between the lithotectonic units and to the principal north- 
eastern trends in the Tanamp units. Northwest striking normal 
faults and northeast striking steeply dipping strike-slip faults are 
superimposed on the above mentioned folds. Despite the simple 
map- and outcrop-scale structure and the lack of any penetrative 
metamorphic fabric, the conodonts recovered from rocks of the 

Chegitun unit have conodont alteration indexes (CAIs) ranging 
from 5 to 6 (A. Harris, written communication, 1997). These 
values correspond to paleotemperatures of 300ø-435øC [Rejebian 
et al., 1987]. We attribute this high CAIs to local heating of the 
Chegitun unit during emplacement of the mid-Cretaceous granitic 
intrusions that rim the Koolen and Neshkan metamorphic domes 
(Figure 2). 
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4. Devonian Magmatism on the Northern 
Chukotka Peninsula 

Table 2. Major and Trace Element Geochemistry for 
Devonian Igneous Rocks 

The correlation of Paleozoic magmatic events between the 
Russian Far East and North America and the search for a tectonic 

framework that can help us to understand the disposition and 
origin of Paleozoic magmatic belts remain an outstanding prob- 
lem. This is especially important in Chukotka where pre-Triassic 
rocks are generally buried by the Mesozoic sedimentary rocks of 
the Chukotka fold belt and by the mid-Cretaceous Okhotsk- 
Chukotka volcanic belt. Devonian volcanic and plutonic rocks of 
the Russian Far East have been correlated with similar rocks 

known from California to northern Alaska [e.g., Tilman, 1973; 
Rubin et al., 1990]. We provide here new ages for Devonian or- 
thogneisses from the core of the Koolen dome, and we report an- 
desitic tuffs from the Tanatap unit of the Chegitun River valley. 
These Devonian magmatic rocks are the first recognized from the 
Chukotka Peninsula and provide an important link between the 
mid-Paleozoic tectonic history of Chukotka and northern Alaska. 

4.1. The Etelkhvyleut Series Orthogneiss 

The Etelkhvyleut orthogneiss of the Koolen dome (Figure 2) 
consists of metamorphosed and deformed biotite granodiorite and 
granite, in places exhibiting migmatization [Shuldiner and 
Nedomolkin, 1976]. Protolith ages for this unit were suspected to 
be Precambrian, but BSGFP [1997] considered the possibility 
that some of these orthogneisses were highly deformed and 
metamorphosed Paleozoic or Mesozoic plutonic rocks. U-Pb 
geochronology revealed that most of the orthogneisses are highly 
deformed Cretaceous granites related to the high-grade metamor- 
phic event [BSGFP, 1997]. However, samples F45-94K and 
M18-94K yielded Devonian ages. These two samples are from a 
metaluminous biotite granitic orthogneiss (unit Egog) [see 
BSGFP, 1997, Figure 4]. SiO 2 is 60 wt % and 64 wt % in the 
two rocks, respectively, so the original composition was likely a 
granodiorite (Table 2). Accessory phases include sphene, zircon, 
and apatite. 

We dated six fractions of zircon from each of two Etelkhvyleut 
Series orthogneisses along the north and southern sides of Koolen 
Lake (Table 3 and Figure 2). Because of the fairy limited spread 
in U-Pb dates and the complete agreement within analytical error 
of the 207pb*/zø6pb* dates from analyzed fractions of each 
sample we int•er•ret the age of these samples to be the weighted 
mean of the 20/pb*/206pb* dates. The six zircon fractions ana- 
lyzed from sample F45-94K give an age of 369.6 +_ 1.2 Ma 
(MSWD = 3.3) whereas the 5 zircon fractions from sample M18- 
94K give an age of 374.8 + 0.5 Ma (MSWD = 1.2). These data 
establish a Devonian age for the Etelkhvyleut Series or- 
thogneisses in this area. The initial Sr for these two samples is 
0.706, and the end is +0.2 (F45) and -0.3 (M18, Table 4). 

4.2. The Tanatap Series Metatuff 

At least four distinct horizons of alternating red and green an- 
desite tuffs 2- 35 m thick are present in the Tanatap Formation in 
the Chegitun River valley; whereas a thicker (340 m) body of 
volcanic rocks has been reported off Seshan Cape [ Oradovskhya 
and Obut, 1977]. In places, these horizons contain altered clasts 
with relict porphyritic texture. The tuffs have been metamor- 
phosed to greenschist facies, and the identifiable mineralogy is 
mainly white mica, calcite/dolomite, and chlorite. The layered 
fabric is similar to unmetamorphosed volcanoclastic rocks, al- 

Koolen Lake Orthogneiss Tanatap Metatuff 

F45-94K M 18-94K 95JT-3 9 95JT-48 

SiO2 t 60.37 64.02 57.27 58.91 
AI20 3 17.39 16.27 20.03 20.02 

TiO 2 1.04 0.89 1.05 1.06 
FeO* 5.16 4.81 7.12 4.99 

MnO 0.11 0.11 0.06 0.05 

CaO 4.28 3.36 2.34 2.60 

MgO 1.96 1.57 3.53 3.84 

K20 3.57 4.45 4.42 3.48 

Na20 4.43 3.88 0.44 1.08 

P205 0.39 0.33 0.15 0.15 
Sum 98.70 99.69 96.41 96.18 

Ba* 1271 1540 460 500 

Rb 199.30 140.40 177.90 137.20 

Th 58.20 18.38 11.19 12.18 

Nb 8.52 16.97 17.37 18.28 

Ta 2.56 2.69 1.17 1.25 

Sr 360 536 172 479 

Zr 460 339 162 188 

Hf 9.79 7.40 4.58 5.20 

Tb 0.88 1.10 1.08 1.06 

Y 18.62 32.23 35.25 33.83 

La 82.89 36.04 49.59 

Ce 155.35 71.08 93.36 

Pr 15.77 8.04 10.44 

Nd 57.81 31.60 40.63 

Sm 10.44 7.00 8.54 

Eu 2.41 1.56 1.34 

Gd 7.70 6.01 6.28 

Tb 1.10 1.08 1.06 

Dy 6.10 6.54 6.48 
Ho 1.17 1.31 1.29 

Er 3.03 3.71 3.71 

Tm 0.45 0.51 0.53 

Yb 2.67 3.20 3.40 

Lu 0.43 0.49 0.53 

Ni 68 63 

Cr 118 126 

Sc 15 13 

V 184 184 

Ga 27 31 

Cu 1 487 

Zn 33 37 

Pb 1.6 1.3 

U 3.5 3.5 

Cs 6.9 6.3 

? Major element data were collected by XRF. 
* All Fe was calculated as FeO. 

Trace element data were collected by inductively coupled 
plasma mass spectrometry except for metatuff rare earth element 
(REE) data, which were collected by isotope dilution at the University 
of Wisconsin using a mixed REE spike. 
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though subsequent tectonic deformation may have contributed to 
the formation of the foliation. 

Major element geochemistry on two of the volcanic samples 
indicates that the tuffs are calc-alkaline andesites (SiO2 = 59-61 
wt % anhydrous) significantly enriched in potassium (Table 1). 
Because of greenschist fades metamorphism, it is not known to 
what degree this potassium enrichment is the result of posterup- 
tive metasomatic processes. Some notable aspects of the geo- 
chemistry include Cr concentrations of 118 and 126 ppm and Ni 
concentrations greater than 60 ppm. It is unclear what phases are 
responsible for these concentrations, which are elevated with re- 
spect to normal andesites [e.g., Ewart, 1982]. It is possible, how- 
ever, that the whole rock SiO2 concentration is elevated because 
of the inadvertent inclusion of felsic clasts in the whole rock 

analysis. If this is true, the tuffs may be of a more basaltic-an- 
desite composition, for which such high Cr and Ni concentrations 
may be more characteristic. These rocks are enriched in the light 
rare earth elements (LREE) (Figure 6), with La/Lu ratios of 74- 
94 and a negative Eu anomaly. 

Although we report Sr isotopic data for the tuffs (Table 2), the 
mobility of Rb during greenschist facies metamorphism may 

es 0 

have affected the measured Sr ratios. Nd and the REE are less 

mobile during metamorphism, so we believe the Nd isotopic data 
is much more robustß Although the tuffs are foliated, there are no 
structural discontinuities or shear zones between the tuffs and the 

surrounding rocks of the Tanatap Formation from which rare 

findings of Middle Devonian fossils have been reported 
[Nedomolkin, 1969, 1977; Oradovskaya and Obut, 1977]. So if 
we assume an age for the tuffs similar to that for the or- 
thogneisses (~375 Ma), the initial r:Nd for both metatuff samples 
is about-7. This is significantly different from the values mea- 
sured from the Koolen Lake orthogneiss and would seem to pre- 
clude a common source regionß However, the tuffs could have 
interacted with significant amounts of older crustal material dur- 
ing their ascent and eruption. Alternatively, the isotopic analysis 
of the tuff could have been contaminated by the inclusion of 
crustal material of a different age or origin. These two possibili- 
ties could have the effect of decreasing the end. The question of 

[] 95JT-39 

I ß 100 ß 95JT-48 

IO 10 

I 
SmEu Gd TbDy Ho Er TmYb Lu 

Figure 6. R=e each element pattern from T•atap me•mff. 
Light rare •h element enriched pa•ern with a negative Eu 
anom•y is commonly observ• in continen• arc vol•nic rocks 
•d may reflect de•vation from • already fractionat• sour• or 
a mixture of a pfim• ma•a ruth older, evolved cms• p•tid 
melts. No•dization factors are from An•rs and Ebih•a 
[ •98•]. 
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whether or not the tuff and the orthogneiss are comagmatic is 
thus not resolvable using the isotopic data. We believe that the 
spatial relationships and the similar compositions point to a 
common origin for the orthogneiss and tuff. 

Trace element geochemistry can be useful for identifying the 
tectonic setting of volcanic rocks, though large-ion lithophile el- 
ements such as Ba and Rb are to be avoided owing to both post- 
depositional alteration and the likelihood that the primary magma 
interacted with continental crust during its ascent. This crustal 
interaction may significantly alter the magmatic values and thus 
provide misleading information. High field strength elements 
and REE are less affected by alteration and metamorphism, and a 
comparison of the La/Th and La/Nb ratios with other orogenic 
andesite compositions indicates that the Tanatap tuffs overlap 
with high-K andesites from other areas [Gill, 1981]. 

Textural evidence, major and trace element chemistry, and Nd 
isotopic data all suggest that the Tanatap Series tuffs are differen- 
tiated calc-alkaline andesites possibly derived from a continental 
margin magmatic arc. The degree of metamorphism and alter- 
ation precludes a more rigorous assessment of the tectonic setting 
based on the tuffs alone. If we take into consideration the deep- 
water, anoxic, fine-grained nature and the lack of a terri genous 
clastic component in the host rocks, it seems possible that these 
arc volcanic rocks were deposited in a back arc basin. 

5. Paleozoic and Mesozoic Tectonic Units and 
Correlation of the Structures of Chukotka and 
Northern Alaska 

The rocks exposed in the Chegitun River valley are an impor- 
tant element in Paleozoic tectonic reconstructions, because in 
many other areas of Chukotka and northem Alaska, Mesozoic 
magmatism, metamorphism, and deformation obscure earlier tec- 
tonic features. In addition, important tectonic elements may lie 
hidden within the broad continental shelves of the region. In this 
section we describe the important tectonic units of this region, at- 
tempt to correlate these features between Russia and Alaska, and 
propose a Paleozoic tectonic evolution for the region. 

The major Paleozoic tectonic units of the Russian sector of the 
Chukotka-Arctic Alaska microplate are the following (Figure 7): 
(1) Precambrian crust which is inferred to underlie the Paleozoic 

and Mesozoic sedimentary cover (the Bennett-Barrovia block), 
(2) Ordovician to Devonian shelf carbonates and shales (the 
Novosibirsk carbonate platform) [•engSr and Natal'in, 1996], 
and (3) a middle Paleozoic arc-trench system stretching along the 
southem boundary of the Novosibirsk carbonate platform 
[Natal'in et al., 1997]. Triassic-Early Jurassic passive continental 
margin deposits which now make up the Chukotka fold belt 
overlie these units and are bounded in the south by the 

Neocomian South Anyui suture [Parfenov and Natal'in, 1977, 
1985; Natal'in, 1981, 1984]. 

In northern Alaska all Proterozoic to Early Cretaceous tectonic 
units located to the north of the Angayucham terrane (Figure 7) 
are assigned to the Arctic Alaska terrane [Moore et al., 1994; 
Plafker and Berg, 1994]. The Seward Peninsula is generally cor- 
related with the southern part of the Arctic Alaska terrane [ Moore 
et al., 1994; Plafker and Berg, 1994]. The Arctic Alaska terrane 
is unified by its Late Devonian through Jurassic passive margin 
stratigraphy (the Ellesmerian sequence). This sequence is pre- 
dated by Middle (in places upper Lower Devonian) to Upper 
Devonian clastic rocks, shale, and mafic igneous rocks which 
formed in extensional environment and accumulated atop of 
strongly deformed basement [Anderson et al., 1994; Moore et al., 
1994; 1997b]. Grantz et al. [1991] and Moore et al. [1994] 
suggest that pre-Middle-Devonian tectonic history of northern 
Alaska was a result of accretion of continental fragments of 
Siberian affinity to the continental margin of North America. 
Following this interpretation, the most significant pre-Middle- 
Devonian tectonic units are the following (Figure 7): (1) a frag- 
ment of the upper Proterozoic to lower Paleozoic passive conti- 
nental margin rocks of the North American craton exposed in the 
Sadlerochit and Shublik mountains, northeastern Brooks Range; 
(2) lower Paleozoic rocks of oceanic and island arc affinity that 
are tectonically mixed with upper Proterozoic to lower Paleozoic 
passive continental margin deposits in the Franklinian fold belt 
(Figure 7) and which are exposed to the south of this fragment of 
the North Amehcan margin in the Romanzoff Mountains and in 
the Doonerak window of the Brooks Range and underlie part of 
the Colville Basin; (3) a complexly imbricated and metamor- 
phosed assemblage of upper Proterozoic to Mississippian rocks 
mostly of continental affinity that make up the Hammond subter- 
rane of the Brooks Range; and (4) Proterozoic to Mississippian 
(protolith age) schist, phyllite, metasandstone, and metacarbonate 
rocks with subordinate metaquartzite, metabasite, and felsic 
metavolcanic rocks of the Coldfoot subterrane. Units 3 and 4 and 

at least part of unit 2 have been considered as being of Siberian 
origin [Grantz et al., 1991]. To the south of the Coldfoot subter- 
rane there are quartzose phyllite, schist, slate, quartzite, minor 
metabasite, and chert of the Slate Creek subterrane which yield 
sparse Early and Middle Devonian and Mississippian fossils. 
The Hammond, Coldfoot, and Slate Creek subterranes were af- 
fected by intense deformation and blueschist to greenschist facies 
metarnorphism during the Brookian orogeny in Late Jurassic to 
Early Cretaceous time. 

The Late Jurassic to Early Cretaceous Kobuk suture, reacti- 
vated by mid-Cretaceous normal faulting [Grantz et al., 1991], 
separates Arctic Alaska from the Angayucham terrane and, to- 
gether with the South Anyui suture, defines the southern bound- 
ary of the Chukotka-Arctic Alaska block [Parfenov and Natal'in, 

Figure 7. Tectonic map of the Siberian-Alaskan sector of Arctic. Abbreviations are as follows: AM, Alyarmaut 
Uplift; AN, Angayucham terrane; BD, Baird Mountains; BF, Barrow fault zone; BI, Belkov Island; BN, 
Belkovskyi-Nerpalakh Trough; DN, Doonerak window; HM, Hammond subterrane; HRT, Herald thrust; HT, 
Henrietta Island; KC, Kiber Cape; KG, Kigluaik dome; KI, Kotel'nyi Island; KM, Kolyuchin-Mechigmen zone; 
KO, Koolen dome; KU, Kuyul Uplift; NT, Nutesyn; PR, Primorsk Basin; RC, Rauchua Basin; RZ, Romanzof 
Mountains; SA, South Anyui suture zone; SE, Senyavin Uplift; SS, Shublik and Sadlerochit mountains; TP, 
Topolevka; YR, York Mountains; YU, Yarakvaam Uplift. 



NATAL'IN ET AL.' PALEOZOIC ROCKS OF NORTHERN CHUKOTKA 991 

z 

z 

3NOZ .L•111:! A3.Ld•V 

:D - 

) 

..-.' . . • 
-" 

.•..._J 



992 NATAL'IN ET AL.: PALEOZOIC ROCKS OF NORTHERN CHUKOTKA 

1977, 1985; Natal'in, 1984, Rowley and Lottes, 1988]. In the 
sections 5.1-5.4 we discuss mainly the Russian sector of the re- 
gion. Details of the geological structure of the Alaskan sector 
(the Arctic Alaska terrane) are given by Moore et al. [1994, 
1997b] and Grantz et al. [1990]. 

5.1. Bennett-Barrovia Block 

Two distinct tectonic hypotheses have been proposed for the 
evolution of this portion of the Arctic. In one, an intact 
Precambrian basement block forms the basement of the 

Novosibirsk Islands, Wrangel Island, the Chukchi and East 
Siberian Seas, and the Hammond subterrane in northern Alaska 

[e.g., Zonenshain et al., 1990; •engOr and Natal'in, 1996]. In the 
other, this same region is an amalgamation of terranes that ac- 
creted to Asia or North America during Paleozoic-Mesozoic time 
and then rifted away during a subsequent event [Fujita and 
Newberry, 1982; Fujita and Cook, 1990]. We believe the "intact 
Precambrian basement block" hypothesis is valid for the follow- 
ing reasons: (1) The lower Paleozoic stratigraphy and lithology 
indicates a tectonically stable shallow marine environment that 
persisted throughout the area, from the Novosibirsk Islands to the 
Hammond subterrane in Alaska (see below), thus the different 
exposures are not likely to represent disparate terranes, but rather 
reflect deposition on a unified basement block; (2) faunal evi- 
dence places these exposures near each other and adjacent to 
Siberia during Paleozoic time [Oradovskaya and Obut, 1977; 
Krasny and Putintsev, 1984; Moore et al, 1994]; and (3) low- 
amplitude, broad E-W or NW striking magnetic anomalies over 
most of the central and southern Chukchi and East Siberian Seas 

[Vinogradov et al., 1974; see also Fujita and Cook, 1990] in&- 
cate an absence of sutures, which would be required in the terrane 
hypothesis. 

The Bennett-Barrovia block underlies the shelf of the East 

Siberian and Chukchi Seas (Figure 7). The boundaries of the 
block and its main components can be inferred from (1) expo- 
sures of Paleozoic rocks, which reveal no evidence of extensive 

pre-Late Jurassic to Early Cretaceous deformation and thus 
formed in rather stable tectonic environment [Kos'ko et al., 
1993]; (2) disposition and geometry of the wide Mesozoic exten- 
sional basins (Figure 7); and (3) similarity of geophysical charac- 
teristics of the underlying basement [Vinogradov et al., 1974, 
Gramberg and Pogrebitzkiy, 1984]. The boundaries and descrip- 
tion of this block will be separately described for Russia, Alaska, 
and the Canadian Arctic islands. 

5.1.1. Russia. The westem boundary of the Bennett-Barrovia 
block coincides with the Laptev rift zone, which is a continuation 
of the Arctic mid-ocean ridge (Figure 9). Zonenshain et al. 
[1990] included the North Taimyr Peninsula and the Sevemaya 
Zemlya Archipelago within their Arctida microcontinent, but 
both of these regions are characterized by a thick, strongly de- 
formed succession of Riphean to Lower Ordovician flysch and 
rare red beds deposited on a passive continental margin. Such 
rocks are completely absent from the regions that we include in 
the Bennett-Barrovia block. In the Bennett Island region, in the 
East Siberian Sea (Figure 7), consolidated Precambrian crust un- 
derlying Paleozoic and Mesozoic sedimentary cover can be in- 
ferred from gravity and aeromagnetic anomalies [Tkachenko and 
Egiazarov, 1970; Vinogradov et al., 1974; Gramberg and 
Pogrebitzkiy, 1984]. We infer that this basement is exposed in 
Wrangel Island where a Late Precambrian fold belt constitutes 

the basement for less deformed and less metamorphosed Silurian 
to Lower Devonian and younger rocks [Kos'ko et al., 1993]. The 
fold belt consists of felsic to intermediate metavolcanic rocks, 
slate, schist, quartzite, and conglomerate, intruded by mafic sills 
and dikes as well as by small bodies of granite yielding a U-Pb 
age of 699 Ma [Cecile et al., 1991b]. The discovery of Late 
Proterozoic protolith ages in the Etelkhvyleut orthogneiss in the 
Chegitun River valley indicates that a Late Proterozoic granitic 
magmatic belt extends to Chukotka. 

In the eastem Chukchi Sea (Barrovia in Figure 7), another 
fragment of Precambrian crust covered by undeformed Upper 
Proterozoic to Cambrian [Grantz et al., 1990] or lower Paleozoic 
[Sherwood, 1994] carbonate rocks can be inferred from seismic 
reflection profiling. Dips of foreset beds in overlying Paleozoic 
clastic rocks indicate that the source area for them was to the 

northwest (in the internal part of the Bennett-Barrovia block). 
In the Chukotka sector the northern boundary of the Bennett- 

Barrovia block is masked by deep Cretaceous to Cenozoic basins 
which stretch along the shelf edge. On the basis of geophysical 
data, Vinogradov et al. [1974] defined the Henrietta fold belt to 
the northeast of Bennett Island (Figures 7 and 9). The only expo- 
sure of the belt in Henrietta Island is represented by sandstone, 
tuffaceous sandstone, shale, conglomerate with numerous lavas, 
sill, and dikes of basalt, andesite, and diabase. Conglomerate 
contains pebbles of granite, greenschist, and gneiss. A Paleozoic 
age is evidenced from recrystallized, presumably Carboniferous, 
foraminifera and K-Ar ages of volcanic rocks of 450-310 Ma 
[ Vinogradov et al., 1975]. The Ordovician age of volcanic rocks 
has been confirmed by recent 4øAr/39Ar dating (A. Kaplan, oral 
communication, 1998). The rocks of the Henrietta Island are 
markedly different from the Paleozoic cover of the Bennett- 
Barrovia block and have previously been interpreted as an inde- 
pendent terrane [Fujita and Cook, 1990]. We infer here that 
Ordovician basalt to andesite volcanic rocks of the Henrietta belt 

may indicate a magmatic arc along the northern side of the 
Bennett-Barrovia block 

5.1.2. Canadian Arctic Islands. The lower Paleozoic rocks 

of Henrietta Island may represent a link to Arctic Canada, where 
the exotic Pearya terrane (PE in Figure 9) provides a record of a 
Middle Ordovician collision of a Precambrian block with an 

Early to Middle Ordovician island arc [Trettin, 1991]. After their 
collision a new Middle Ordovician to Silurian arc of southern po- 
larity [Klaper, 1992; BjOrnerud and Bradley, 1994] was con- 
structed above the suture within the Pearya terrane [Trettin, 
1991]. Another arc (CM in Figure 9) was active in the area be- 
tween the Pearya terrane and the passive continental margin of 
North America during the Ordovician and Silurian. This arc also 
had southern polarity, as is indicated by the vergence of the 
Clements Markham fold belt [Trettin, 1991; Klaper, 1992]. 

Trettin [1991] correlated pre-Middle-Ordovician rocks of the 
Pearya terrane with the Caledonides of the northern Atlantic. He 
inferred that the collision of Pearya with the Clements Markham 
arc happened before the Late Silurian in a sinistral transpres- 
sional environment. In tum, the Clements Markham arc collided 
with the passive continental margin of Arctic Canada in the Late 
Silurian to Early Devonian. Structural studies revealed no evi- 
dence of sinistral regime of these collisions [Klaper, 1992]. 
Consequently, we infer that the Pearya terrane and Clements 
Markham arc were at least in the position between Bennett- 
Barrovia and Arctic Canada and thus relevant to the Bennett- 
Barrovia block evolution. 
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5.1.3. Alaska. Proterozoic rocks have been found in two 

structurally imbricated units in the western part of the Hammond 
subterrane in northern Alaska [Moore et al., 1994]. The lower 
unit consists of metacarbonate rocks with subordinate siliciclastic 

and metavolcanic rocks. The upper unit is made up of metasedi- 
mentary rocks and metabasites. The rocks of the upper unit are 
intruded by granitic rocks yielding a U-Pb age of 750 Ma. The 
amphibolitic facies metamorphism that affected these rocks oc- 
curred at about 655-594 Ma [Moore et al., 1994]. These rocks 
are very different from a more or less continuous succession of 
Proterozoic to lower Paleozoic carbonate rocks of the North 

American continental margin that are exposed in the Sadlerochit 
Mountains in the northeastern Brooks Range. 

Granitoids yielding a 705 Ma U-Pb age also have been re- 
ported as intruding metasedimentary and metavolcanic rocks in 
the Coldfoot terrane [Moore et al., 1994]. In addition, Nd and Sr 
isotopic data from younger magmatic rocks, as well as 
Proterozoic inherited zircons found in the Devonian or- 

thogneisses, suggest that these magmatic rocks were in part de- 
rived from Proterozoic crust [Dillon et al., 1987; Nelson et al., 
1993; Toro, 1998]. In Alaska, these rocks form the most proba- 
ble basement for the Paleozoic Baird Group carbonate rocks 
[Nelson et al., 1993; Moore et al., 1994]. The timing of Late 
Proterozoic granitoid magmatism in the Brooks Range is similar 
to a magmatic event recorded in rocks found on Wrangel Island 
[Kos'ko et al., 1993] and Chukotka. Late Proterozoic or- 
thogneisses also have been reported from the Seward Peninsula 
[Till and Durnoulin, 1994; Arnato and Wright, 1998]. 

In Alaska, Cambrian to Silurian rocks of island arc and 

oceanic origin are exposed between the Hammond subterrane and 
the fragment of the North America continental margin in the 
northeastern Brooks Range (the Franklinian belt in Figure 7) 
[Grantz et al., 1991; Moore et at., 1994]. These rocks mark an 
ocean which was closed at the end of the Silurian to Early 
Devonian, as it is evidenced by a sharp unconformity at the base 
of the Middle Devonian rocks [Anderson et al., 1994]. The su- 
ture between the Bennett-Barrovia block and North America is 

inferred to be located at the northern boundary of the island arc 
and oceanic rocks [Grantz et al., 1991]. This conclusion is sup- 
ported by Cambrian fossils of Siberian type found in the island 
arc rocks [Dutro et al., 1984] and by their position near the 
boundary with the Hammond subterrane. 

5.2. Novosibirsk Carbonate Platform 

The early to middle Paleozoic Novosibirsk carbonate platform 
was defined by •'engdir and Natat'in [1996] as cover deposits of 
the Bennett-Barrovia block. The platform includes mainly shelf 
and lagoonal carbonate rocks that are exposed in both Russia and 
Alaska (Figures 7 and 8). 

5.2.1. Russia. Ordovician to Lower Devonian shallow marine 

and lagoonal carbonate rocks and shales have been described 
from Kotel'nyi Island within the Novosibirsk Archipelago 
[Tkachenko and Egiazarov, 1970; Volnov, 1975; Kos'ko, 1977; 
Kos'ko et al., 1990]. On Kotel'nyi Island the oldest rocks are 
Lower to Middle Ordovician, but farther to the north, on Bennett 
Island, shale and siltstone are interbedded with rare limestone 

containing Middle Cambrian trilobites. These rocks are uncon- 
formably (?) overlain by Lower to Middle Ordovician shale, silt- 
stone, and quartzose sandstone [Tkachenko and Egiazarov, 1970; 
Kos'ko et al., 1990]. Thin beds of limestone and the presence of 

quartzose sandstones in the Ordovician rocks on Bennett Island 
may be interpreted as evidence of facies changes from an area of 
carbonate deposition in Kotel'nyi Island toward an uplifted area 
in the north [Kos'ko, 1994]. Starting in the Early Silurian, two 
depositional zones existed in Kotel'nyi Island [Kos'ko, 1977; 
Kos'ko et al., 1990]. In the northwestern zone, shallow marine 
and lagoonal carbonate accumulated while in the southwestern 
zone fine-grained limestone was deposited with deep-water shale, 
siltstone, and siliceous shale. Middle Devonian limestone, debris 
flow deposits, and conglomerate conformably or unconformably 
overlie the older rocks of both zones and mark another tectonic 

cycle [Kos'ko et al., 1990]. 
Silurian to Lower Devonian shallow marine carbonates and 

clastic rocks on Wrangel Island which formed in stable shelf, 
shallow marine environments [Kos'ko et al., 1993] can also be 
assigned to the Novosibirsk platform. The unconformably lying 
on the Proterozoic rocks the Lower to Upper Devonian unit (the 
oldest fauna is Givetian) consists of conglomerates and sand- 
stones. Silurian to Lower Devonian sandstones consist predomi- 
nantly of quartz and feldspar and are compositionally similar to 
the Ordovician sandstones in the Bennett Island. Conglomerate 
and sandstone of the Lower to Upper Devonian unit, in contrast, 
are lithic and include fragments of volcanic, volcanoclastic, and 
granitic rocks derived from the underlying basement [Kos'ko et 
al., 1993]. 

5.2.2. Alaska. A characteristic succession of lower to middle 

Paleozoic shallow marine carbonate rocks is found in the York 

Mountains of the Seward Peninsula [Till and Durnoulin, 1994], in 
the Baird Mountains of the western Brooks Range, and in several 
localities in the central and eastem Brooks Range within the 
Hammond subterrane [Dumoulin and Harris, 1994; Moore et al., 
1994] (Figures 7 and 8). In the York Mountains the succession 
starts with Arenigian deepening-upward subtidal to supratidal 
limestones which are overlain by shallowing-upward Lower 
Llanvimian shales and thin-bedded limestones [Durnoulin and 
Harris, 1994]. Rocks of this age are missing on Chukotka 
Peninsula but exist on the Kotel'nyi Island [Kos'ko, 1977]. The 
Upper Llanvimian to Lower Llandeilian black limestone of the 
York Mountains correlates well with the Isseten Formation of 

Chukotka. The overlying Upper Ordovician bioclastic fossilifer- 
ous limestones are similar to the Chegitun Formation of the 
Chukotka Peninsula Lower Upper Ordovician rocks are not 
documented or missing in both regions. Silurian (Ludlovian) 
dolostone of the York Mountains may be correlated with the 
dolomites of the Odan Formation of Chukotka. Till and 

Durnoulin [ 1994] reported that in addition to carbonate rocks the 
Silurian section of the York Mountains includes mudstone and 
that Middle Silurian fossils have been documented from this sec- 

tion. These rocks may be equivalent to the Putukuney Formation 
shales of the Chegitun River area 

In the Baird Mountains there are two fault-bounded carbonate 

sequences. The west central sequence consists of Lower 
Ordovician to Devonian shallow to deeper water platformal car- 
bonate rocks, and its stratigraphy is very similar to that of the 
York Mountains on the Seward Peninsula [Durnoulin and Harris, 
1994] and the Chegitun unit on the Chukotka Peninsula (Figure 
8). The Lower to Middle Ordovician and Upper Silurian rocks 
are represented by limestone and dolomite, and the Upper 
Ordovician consists of limestone. The northeastern sequence of 
the Baird Mountains consists of Lower to Middle Ordovician 

shale and chert which grade up into inner shelf metalimestone 
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Figure 9. The Bennett-Barrovia block and tectonic units used in the paleotectonic reconstructions. Abbreviations 
are as follows: AR, Alpha Ridge; CB, Canada basin; CC, Chukchi Cap; CM, Clements Markham belt; FL, Franz 
Josef Land; HT, Henrietta fold belt; LM, Lomonosov ridge; LR, Laptev rift; MA, Arctic mid-ocean ridge; MR, 
Mendeleev Ridge; NF, Nixon Fork terrane; NP, North Pole, NW, Northwind Ridge; OH, Okhotsk massif; OK, 
Omulevka terrane; OL, Oloy zone; OM, Omolon massif; PE, Pearya terrane; RB, Ruby terrane; SA, South Anyui 
suture; SZ, Sevemaya Zemlya; TA, Tuva-Mongol arc; TM, Taimyr; VR, Verkhoyansk passive continental margin. 

[Dumoulin and Harris, 1994]. This change of facies is different 
than that of the previously described regions. The upper Upper 
Ordovician to Lower Devonian carbonate rocks are represented 
by shallow marine facies. The Middle to Upper Cambrian metal- 
imestone have been described from this region. Dumoulin and 
Harris [1994] report that the Cambrian and the Ordovician to 
Lower Devonian rocks of the eastern Baird Mountains are similar 

to the rocks of the Snowden Mountain in the eastern part of the 
Hammond terrane. 

Lower Paleozoic fauna from rocks of the Novosibirsk platform 
reveal a similarity with the Siberian fauna [Tkachenko and 
Egiazarov, 1970; Oradovskaya and Obut, 1977; Krasny and 
Putintsev, 1984; Moore et al., 1994; Till and Dumoulin, 1994]. 
Oradovskaya and Obut [1997] emphasized a similarity of 
Chukotkan and Alaskan (Kuskokwim and Yukon-Porcupine re- 
gions (NF in Figure 9) and Seward Peninsula) Middle Ordovician 
brachiopods, Late Ordovician corrals, and Silurian graptolites. 
Rozman [1977] determined the Kolyma-Alaska xegion 
(Novosibirsk Islands, Chukotka and Seward Peninsula, 
Kuskokwim, and Yukon-Porcupine regions) as a unique one in 

northern Asia and North America for the Late Ordovician bra- 

chiopods. Dumoulin and Harris [1994, p.56] noted that "both 
'Siberian' and 'North American' faunal affinities occur at different 

times and in different fossil groups within all of the 
(meta)carbonate successions" in northem Alaska making it likely 
that the Novosibirsk platform formed in a position between 
Siberia and North America 

In the northeastern corner of the Chukchi Sea (Barrovia in 
Figure 7), seismic reflection profiling revealed two [Grantz et al., 
1990] or three [Sherwood, 1994] subhorizontal pre-Mississippian 
seismostratigraphic units. There is a controversy in the age de- 
termination of these units. Grantz et al. [1990] infer, on the ba- 
sis of seismic velocities and the character of the reflectors, that 
the lower unit is made up of Precambrian or Cambrian carbonate 
rocks and that the upper unit consists of Ordovician to Silurian 
clastic rocks. In contrast, Sherwood [1994] infers a Proterozoic 
(?) to Middle Devonian age for the carbonate unit and a Middle 
to Late Devonian age for the clastic rocks in which he recognized 
two units separated by a low-angle thrust. Both authors agree 
that the NW striking Barrow fault (BF in Figure 7) separates 
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these units from strongly deformed and slightly metamorphosed 
Ordovician to Silurian argillite, phyllite, slate, chert, and 
graywacke in the basement of the Colville basin. Regardless of 
the age determination, both interpretations corroborate the idea of 
the Novosibirsk carbonate platform as the sedimentary cover of 
the Bennett-Barrovia block. 

We consider the regions listed above in Russia, Seward 
Peninsula, and northern Alaska as part of the continuous Bennett- 
Barrovia block covered by the Novosibirsk carbonate platform 
(Figure 9). The original size of this block could have b•n much 
larger, as other exposures of similar rocks may also be a part of 
these tectonic units. For example, in Alaska the Nixon Fork ter- 
rane (Figure 9) consists of the Ordovician to Lower Devonian 
shallow marine carbonate, calcareous turbidite, and shale. 
Fossils from these rocks indicate a link to Siberia [Dumoulin et 

al., 1998], and thus this terrane could also be a part of the 
Novosibirsk platform. 

5.3. Middle Paleozoic Arc-Trench System 

5.3.1. Magmatic arc. Devonian and lower Mississippian 
volcanic and plutonic rocks are found throughout the North 
American Cordillera, from California to northern Alaska [Rubin 
et al., 1990]. These magmatic rocks and related basinal strata 
have been interpreted as remnants of an arc system developed 
near the edge of the Proterozoic craton on continental crust, tran- 
sitional crust, or oceanic crust [Dusel-Bacon and Aleinikoff 
1985; Dillon et al., 1987; Rubin et al., 1990; Plafker and Berg, 
1994]. Devonian plutonic rocks from both northern Alaska and 
Russia are briefly described here. 

In northern and central Alaska, Devonian granites are widely 
scattered through the Hammond and Coldfoot subterranes 
(recently, parts of the Hammond subterrane where granites are 
exposed were assigned to the Coldfoot subterrane [Moore et al., 
1997a]) and on the Seward Peninsula [Till and Dumoulin, 1994; 
Miller, 1994] (Figure 7). A few granitic bodies of uncertain ori- 
gin are known from the North Slope subterrane [Moore et al., 
1994].' Felsic to intermediate volcanic rocks in the eastern part of 
the Hammond terrane (Nutirwik Cr•k unit) yield the Early to 
Middle Devonian U-Pb zircon ages [Moore et al., 1997b]. 
Middle Frasnian conodonts have been collected from the upper 
part of their section. Petrologic features of these rocks indicate a 
subduction-related origin of the rocks. Their age partly overlaps 
the age of the extension-related igneous rocks of the Hammond 
subterrane. Early to Middle Devonian granitoids (now or- 
thogneiss) vary in composition from diorite to granite [Moore et 
al., 1994]. They yield U-Pb ages of 398-383 Ma and reveal a 
subduction-related signature although mixing of some other 
magma type with partial melts from preexisting subduction-re- 
lated rocks is possible [Moore et al., 1997b]. Younger granitic 
rocks in the Coldfoot terrane are Late Devonian (discordant U-Pb 
zircon age is 366 Ma) [Moore et al., 1994]. Their major element 
and isotopic composition indicates that these granites incorpo- 
rated large components of continental crust [Nelson et al., 1993]. 
Euhedral detrital zircons from quartzites in the Coldfoot subter- 
fane varying in age from 370 to 360 Ma may have various ig- 
neous sources, and granite plutons are considered among the pos- 
sible ones [Moore et al., 1997a]. Orthogneiss on the Seward 
Peninsula yields a 381 Ma U-Pb zircon age [Till and Dumoul#•, 
19941. 

In Chukotka the knowledge of the distribution of Devonian 
plutonic and volcanic rocks is limited by the scarcity of 
exposures of Paleozoic rocks and the lack of high-quality U-Pb 
geochronology. We have described the Devonian plutons in the 
core of the Koolen dome and the Devonian tuffs in the Tanatap 
unit. In the Cape Kiber area (KC in Figure 7), biotite granites 
intrude clastic rocks that are similar to the rocks bearing Middle 
Devonian fossils in the central and eastern parts of the uplift. 
Clasts of the same granites appear in the Lower Carboniferous 
conglomerate exposed nearby [Cecile et al., 1991a]. A Rb-Sr 
whole rock age of the granites has been determined as 439 Ma 
(Early Silurian) with an initial Sr ratio of 0.7042 [Tibilov et al., 
1986]. Subsequent studies of the Cape Kiber granite [Cecile et 
al., 1991a] questioned the Silurian age and recently a U-Pb zircon 
age has b•n determined at 360 Ma [L. Lane, personal communi- 
cation, 1998]. Composition of the granite including REE data in- 
dicates that the granite is subduction-related. Small fault- 
bounded blocks of tuffs and lavas ranging in composition from 
basalt to dacite containing lenses of limestone with Lower 
Carboniferous (Visean) corals are exposed at the northern margin 
of the South Anyui suture (TP in Figure 7) [Natal'in, 1984]. 

We agree with the many authors [e.g., Dusel-Bacon and 
Aleinikoff, 1985; Rubin et al., 1990; Plafker and Berg, 1994] who 
proposed that a Devonian, or in places Devonian to Early 
Carboniferous, active continental margin existed along the 
Proterozoic craton of North America and Alaska, and we suggest 
that this arc system can be extended into northeastern Russia. 
Some geologists believe that in Alaska the magmatic arc was ac- 
tive only during the Early to Middle Devonian and that it was 
succeeded in the Middle to Late Devonian by extension that led 
to the formation of the passive continental margin [Moore et al., 
1994, 1997b]. However, the ages of the subduction- and exten- 
sion-related igneous rocks in the Hammond and Coldfoot subter- 
ranes overlap. If euhedral zircons of 370-360 Ma did have 
granitic sources [Moore et al., 1997a], gramtic intrusions and 
eruption of enriched MORB-type basalts in the same tectonic 
zone (rift/passive continental margin tectonic setting according to 
Moore et al. [1997a]) seems unlikely. Thus we infer that exten- 
sion in northern Alaska could be a result of the back arc basin 

formation related to the Devonian arc. In Chukotka the mag- 
matic arc stretches along the southern margin of the Bennett- 
Barrovia block. In Alaska the Coldfoot subterrane, in which the 
majority of the Devonian granites are exposed, is to the south of 
the Hammond subterrane, and one possible restoration of 
Mesozoic thrusting places it in the same position [Moore et al., 
1997b]. 

5.3.2. Back arc basin. In the Novosibirsk Islands the rocks 

of the Novosibirsk carbonate platform are bounded in the south 
by the Belkovskyi-Nerpalakh Trough (BN in Figure 7). The 
trough is filled with thick (8900 m) Upper Devonian to Lower 
Carboniferous limestone, shale, sandstone, and conglomerate that 
in the Devonian part of the sequence contain dikes and sills of 
low-potassium gabbro [Tkachenko and Egiazarov, 1970; 
Vinogradov et al., 1974; Volnov, 1975]. The mafic intrusions are 
here interpreted as evidence for an extensional origin of the 
Belkovskyi-Nerpalakh Trough. The subsidence of the southern 
margin of the Novosibirsk platform began in the Silurian as evi- 
denced from facies changes of shallow marine Lower Silurian 
carbonate rocks in the central and northern part of Kotel'nyi 
Island to the deep-water shales and limestones in the southwest- 
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em part of the island [Kos'ko, 1977]. Underlying Ordovician 
rocks do not reveal such changes. The Middle Devonian rocks 
include debris flow deposits and limestone conglomerate and 
breccia with local unconformities at the base of these rocks 

[Kos'ko et al., 1990] that may also indicate tectonic activity re- 
lated to the formation of the Belkovskyi-Nerpalakh Trough. In 
spite of the large distance from the Novosibirsk Islands, the 
Chegitun and,the Tanatap units on the Chukotka Peninsula reveal 
similar ages, composition of rocks, and timing of events. 

In the Alyarmaut uplift (AM in Figure 7), metaclastic rocks of 
amphibolite to greenschist facies are presumably of Devonian 
age, because they are conformably overlain by Lower 
Carboniferous metalimestones and black phyllites [Tilman, 
1973]. These rocks contain actinolite schists [Markov et al., 
1980] formed from volcanic(?) rocks. In the Kuyul Uplift (KU in 
Figure 7), Lower to Middle Devonian rocks up to 1300 m thick 
are represented by siltstone and shale with minor limestone. 
Upper Devonian rocks (t200 m) consist of arkose and quartz 
sandstone [Rogozov and Vasilyeva, 1968]. Unconformably over- 
lying these rocks are Lower Carboniferous (2500 m) arkose sand- 
stone, black shale with abundant sulfides, siliceous and calcare- 
ous shale, dolomite, limestone, and conglomerate [Markov et al., 
1980]. These rocks are twice as thick as coeval rocks on 

Wrangel Island [Kos'ko et al., 1993]. Exposures of Devonian to 
Lower Carboniferous rocks in the Alyarmaut and Kuyul uplifts in 
central and western Chukotka [Drabkin, 1970a; Krasny and 
Putintsev, 1984] are in an intermediate position between the 
Novosibirsk Island and Chukotka Peninsula and argue for former 
continuity between the Devonian Belkovskyi-Nerpalakh Trough 
and Tanatap basins. 

In Alaska the tectonic equivalent of these basins may be an ex- 
tensional basin filled with the Givetian(?) (late Middle Devonian) 
to Early Frasnian (early Upper Devonian) Beaucoup Formation 
and associated metasedimentary and metavolcanic rocks within 
the Hammond subterrane (Deitrich River phyllite in the eastem 
part of the subterrane) [Moore et al., 1994, 1997b]. These rocks 
are intruded by sills, dikes, and stocks of metadiabase and gab- 
bro. Composition and elemental abundance pattems of igneous 
rocks are similar to mafic magmatism in an extensional environ- 
ment through lithosphere with a previous history of subduction 
magmatism [Moore et al., 1997b]. Detailed studies in the eastem 
part of the Hammond subterrane have shown that the extension- 
related rocks occur as a series of thrust-bounded sheets emplaced 
from the south during the Brookian orogeny [Moore et al., 
1997a]. 

5.3.3. Fore are region. It is not easy to discern a forearc re- 
gion for the reconstructed middle Paleozoic magmatic arc in 
Chukotka and Alaska. All structures to the south of the arc were 
strongly reworked by Triassic rifting in Chukotka and by 
Jurassic-Early Cretaceous thrusting and mid-Cretaceous exten- 
sional deformation both in Chukotka and in Alaska. Amphibolite 
and ultramafic rocks have been reported in metamorphic rocks of 
the Senyavin Uplift of the Chukotka Peninsula (SE in Figure 7) 
[Akinin, 1995; Calvert and Gans, 1996]. The Rb-Sr isochron age 
of these rocks is 365 Ma [Akinin, 1995], but it is unclear whether 
this age reflects the protolith age or a subsequent metamorphic 
event. Devonian fossils have been found in the weakly meta- 
morphosed limestone and shale of the Senyavin uplift [Egiazarov 
and Dundo, 1985], but their relationship with the ultramafic 
rocks occurring within the Senyavin metamorphic complex is un- 

certain. Ultramafic rocks also exist in the lower part of the 
Lavrentiya Series in the Koolen Lake region. From these data we 
infer that middle Paleozoic accretionary prism material is present 
in the metamorphic complexes of the Chukotka Peninsula 
[•eng6r and Natal'in, 1996]. Lenticular bodies of Devonian or 
older mafic and ultramafic rocks of oceanic origin (metavolcan:,c 
rocks of NMORB and EMORB type) and a melange in the 
Coldfoot subterrane in northern Alaska [Moore et al., 1997b] 
suggest that a part or all of the Coldfoot subterrane may have 
once composed a middle Paleozoic accretionary prism which was 
in front of the Devonian arc. 

5.4. Chukotka Fold Belt 

The Chukotka fold belt (Figures 1 and 7) is a zone of Triassic 
to Lower Jurassic passive continental margin deposits (Middle 
Triassic rocks are not confirmed paleontologically) deformed be- 
fore the mid-Cretaceous during closure of the South Anyui suture 
[Natal'in, 1981, 1984; Parfenov and Natal'in, 1977, 1985; 
Zonenshain et al., 1990]. Thick (5.5 km) Triassic to Lower 
Jurassic turbidites unconformably overlie the Devonian to Middle 
Carboniferous rocks exposed in the Kuyul and Alyarmaut uplifts 
[Sadovsky, 1965; Tilman, 1973; Drabkin, 1970a]. Upper 
Carboniferous and Permian rocks are almost completely absent. 
Numerous sills and dikes of gabbro and diabase and sparse lava 
flows occur among Lower to Middle(?) Triassic rocks. These 
magmatic rocks indicate a rifting event that can also be recog- 
nized along the northern boundary of the Siberian craton, within 
the Siberian craton itself, in Franz Josef Land, and in the 
Seremaya Zemlya Archipelago in the Arctic Ocean [Gramberg 
and Pogrebitzkiy, 1984; Milanovsky, 1987; Zonenshain et al., 
1990]. In the east the Chukotka fold belt terminates at the 
Kolyuchin-Mechigmen zone of the Chukotka Peninsula (Figures 
2 and 7). In the west it narrows toward the Novosibirsk Islands 
(Figure 7) where Triassic argillite, sandstone, limestone, and 
basalt (in Lower Triassic part of the section) and Lower Jurassic 
mudstone, siltstone, and sandstone have been reported 
[Tkachenko and Egiazarov; 1970, Kos'ko et al., 1990]. The 
Nutesyn zone (Figure 7), consisting of the Middle Jurassic to 
Neocomian basalt to dacite of island arc affinity, tuff, volcan- 
oclastic sandstone, conglomerate, and shale, rests unconformably 
atop of the Triassic rocks at the southern margin of the central 
part of the Chukotka belt but does not continue to the west 
[Natal'in, 1981, 1984]. Similar volcanic rocks exist in the Late 
Jurassic to Early Cretaceous Rauchua Basin (Figure 7) and in 
small basins along the southern margin of the eastern part of the 
Chukotka belt. All these data allow the reconstruction of a Late 
Jurassic-Early Cretaceous magmatic arc along the southern mar- 
gin of the eastern part of the Chukotka belt [Natal'in, 1981, 
19841. 

To our knowledge, an equivalent of this early Mesozoic tur- 
bidite (plus gabbro) succession of the Chukotka belt does not ex- 
ist in northern Alaska. There the Carboniferous to Lower 
Cretaceous Ellesmerian sequence is continuous, and the thickness 
of Triassic rocks does not exceed 200 m [Moore et al., 1994]. 

In Chukotka, Triassic rifting led to the formation of a passive 
continental margin along the southem side of the Bennett- 
Barrovia block and the opening of the South Anyui ocean. From 
the location of the middle Paleozoic arc-related rocks at the very 
boundary of the South-Anyui suture zone (TP in Figure 7) and 
the location where there is an apparent absence of arc/forearc tec- 
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tonic zones in the Novosibirsk Islands sector (a back arc exten- 
sional basin exists there), we suggest that this rifting was oblique 
to the Paleozoic structures of the Bennett-Barrovia block and the 

middle Paleozoic arc-trench system and thus fragments of the 
arc-trench system could have been rifted away. In the present- 
day structure they may be presented on the opposite side of the 
South Anyui suture. Indeed, to the south of the suture within the 
Oloy zone (Figure 7), numerous fault-bounded fragments of 
Devonian to Middle Carboniferous arc-related magmatic rocks, 
Paleozoic ophiolite, and flysch occur among Mesozoic volcanic 
rocks [Natal'in, 1984; Zonenshain et al., 1990]. Their Paleozoic 
fauna assemblages are similar to Siberian and Chukotkan fauna 
assemblages [Krasny and Putintsev, 1984] which fits a hypothe- 
sis of a local origin of these blocks. To the north of the 
Omulevka terrane, in the basement of the Primorsk Cenozoic 
basin (PR in Figure 7), continental blocks, island arc complexes, 
and ophiolites are inferred from geophysical data [Litinsky and 
Raevsky, 1977; Spector et al., 1981]. The Chukotka passive con- 
tinental marlgin collided with Siberia at the end of Neocomian 
time along the South Anyui suture [Parfenov and Natal'in, 1977; 
Natal'in, 1981, 1984; Seslavinsky, 1980]. 

6. Summary of the Paleozoic Tectonic History of 
Northeastern Russia and Northern Alaska 

The Paleozoic tectonic evolution of the Late Proterozoic 

Bennett-Barrovia block in some respects resembles the tectonic 
evolution of the Arctida microcontinent outlined by Zonenshain 
et al. [1990]. They proposed that in the early Paleozoic, Arctida 
was separated from the Siberian craton. This is supported by the 
existence of a pre-Ordovician unconformity and Ordovician fel- 
sic volcanic rocks in the Severnaya Zemlya Archipelago 
[Milanovsky, 1987]. Alternatively, •engOr and Natal'in [1996] 
infer a Vendian (latest Precambrian) age of separation by linking 
it to the main rifting event between the Russian and Angara cra- 
tons. 

Figure 10 shows the Late Ordovician position of the Bennett- 
Barrovia block with respect to the Angara craton, the North 
American craton, and the tectonic units of northeastern Russia. 
The shape of the Bennett-Barrovia block is corrected by restora- 
tion of Mesozoic left-lateral strike-slip faults in the Chukotka belt 
[Sutygin and Tibilov, 1969; Parfenov and Natal'in, 1985] and by 
unbending the Bering Strait orocline [Patton and Tailleur, 1977]. 

NF2 -- NF1 Bering Strait . . or= \ Ordov,c,n \ 
r• • 460Ma 

'"•.;•'-- •• • --{ .i:.•.:.i... 

. •:?craton'•:•'•'"':"'[ "'•• • • / margin •,•pE / 

Figure 10. Late Ordovician paleotectonic reconstruction of the Bennett-Barrovia block. The positions of major 
continents are after Lawyer et al. [1990]. The reconstruction of the Tuva-Mongol arc, Okhotsk, Omolon, and 
Omulevka terrane is after •engdr and Natal'in [1996]. Abbreviations are the same as those in Figure 9. Positions 
of the Chukchi Cap and Northwind Ridge are after Grantz et al. [1998]. BB - Bennett-Barrovia; CP - Chukotka 
Peninsula; WI -Wrangel Island. 
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There are no paleomagnetic data to constrain the position of the 
Bennett-Barrovia block Our inference about its location is based 

on the following reasons. 
1 ,. Facies indicate that lower Paleozoic rocks of the block ac- 

cumulated in a warm dimate, and fossil assemblages are similar 
with the Omulevka terrane, Siberia, and North America 

2. The Omulevka terrane is characterized by Ordovician to 
Lower Carboniferous reefal limestone, shale, sandstone, and mi- 

nor gypsum [Zonenshain et al., 1990]. Thus it is reasonable to 
place the Bennett-Barrovia block either in front of the Omulevka 
terrane or as a continuation along strike. We have chosen the lat- 
ter because it makes a simpler subsequent tectonic evolution (see 
below). 

'3.. The Omulevka terrane was rifted away from the 
Verkhoyansk passive margin in the Late Devonian [Parfenov and 
Natal'in, 1985; Zonenshain et al., 1990]. If we infer that the 
Bennett-Barrovia and Omulevka blocks were close to each other 

during the early Paleozoic and the beginning of the middle 
Paleozoic, the line of the rifting of the Omulevka terrane would 
be on the continuation of the Devonian extensional basin of the 

Bennett-Barrovia block. 

4'. The lower Paleozoic carbonate rocks of the Bennett- 

Barrovia block are similar to platformal carbonate successions 
within the Central Composite terrane, including the Ruby and 
Nixon Fork terranes [Plafker and Berg, 1994; Moore et al., 
1997a], which contains both Siberian and North American fossils 
[Dumoulin et al., 1998]. Therefore we keep the western part 
(Ordovician pal eocoordi nates) of the Bennett-Barrovia block 
closer to North America. 

The Ruby and Nixon Fork terranes could have two possible 
positions: (1) to the north of the Hammond and Coldfoot subter- 
ranes (NF1 and RB 1 in Figure 10), from which these subterranes 
could be rifted away during the opening of the Angayucham 
ocean [Patton et al., 1994, and references therein] or (2) on the 
continuation of the Hammond and Coldfoot terranes (NF2 and 

RB2 in Figure 10); from which these terranes could be strike- 
slipped along the dextral Proto-Tintina fault [Grantz et al., 1991]. 

In the Late Silurian to Early Devonian the Bennett-Barrovia 
block collided with North America (Figures 11a and lib). This 
collision led to the Ellesmerian orogeny of northern Alaska and 
the Canadian Arctic Islands. In Arctic Canada, episodes of corn- 
pressional deformation related to the collision have been recorded 
until the Early Carboniferous [Trettin, 1991]. In northern Alaska, 
compressional deformation terminated by the Middle Devonian, 
and then it was followed by extensional deformation and the ac- 
cumulation of clastic rocks [Anderson et al., 1994; Moore at al., 
1994, 1997b]. However, in places (western Baird Mountains), 
shelf carbonate deposits persist from Silurian until Middle 
Devonian [Dumoulin and Harris, 1994]. Thus a part of the 
Bennett-Barrovia block in northern Alaska was not affected by 
the extensional deformation. Traces of the Ellesmerian orogeny 
may be detected on Wrangel Island by an unconformity at the 
base of the Middle to Upper Devonian unit and the drastic change 
in the composition of clasts in sandstones and conglomerates 
[Kos'ko et al., 1993]. On Kotel'nyi Island, stable shelf sedimenta- 
tion was succeeded, in places unconformably, by coarse-grained 
clastic rocks in the Middle Devonian [Kos'ko et al., 1990]. No 
unconformities have been reported for Devonian sections of 
Chukotka [Rogozov and Vasilyeva, 1968; Drabkin, 1970a; 
Markov et al., 1980; Nedomolkin, 1977]. All of this may be in- 
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Figure 11. Tectonic evolution of Chukotkan sector of the 
Bennett-Barrovia block: (a) The Bennett-Barrovia block is sepa- 
rated by an ocean from North America. The early Paleozoic sub- 
duction beneath the Bennett-Barrovia block created magmatic 
arcs (Canadian Arctic Islands, Henrietta belt, northern Alaska). 
(b) The collision of the Bennett-Barrovia block and North 
America led to the Elesmerian orogeny in Alaska and the 
Canadian Arctic Islands. The arc-trench system originated along 
the southern (present-day coordinates) margin of the Bennett- 
Barrovia block. (c) The Devonian to Early Carboniferous evolu- 
tion of the arc-trench system. (d) The collision of an uknown 
continental object and the Bennett-Barrovia block. (e) The Early 
Triassic rifting and the origination of the South-Anyui ocean. 
Slivers of the middle Paleozoic arc-trench system and the conti- 
nental object were rifted away. See text for discussion. B B, 
Bennett-Barrovia; NAC, North American craton. 

terpreted as evidence that the effect of the Ellesmerian orogeny in 
the Chukotkan part of the Bennett-Barrovia block diminished 
away from the zone of Ellesmerian collision. 

After collision of the Bennett-Barrovia block with North 

America, the middle Paleozoic arc-trench system and the exten- 
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Figure 12. Early Triassic paleotectonic reconstruction of the Bennett-Barrovia block. The positions of major conti- 
nents after Lawver et al. [1990]. The reconstruction of the Tuva-Mongol arc, Okhotsk, Omolon, and Omulevka ter- 
rane is after •'engi•r and Natal'in [1996]. Triassic rift zones in the Western Siberian basin (WB) are after 
Zonenshain et al. [1990]. HM, Hammond and Coldfoot subterranes; KI, Kotel'nyi Island; RF, rifted fragments of 
the fore-arc region of the middle Paleozoic arc-trench system of the Bennett-Barrovia block and unknown continen- 
tal block collided with it; SP, Seward Peninsula. See Figures 9 and 10 for other abbreviations. 

sional basin were established along the opposite side the Bennett- 
Barrovia block (Figure 1 l c). The overlap of ages of the mag- 
matic arc and the extensional basin allow the inference that the 

extensional basin formed as a back arc basin. 

In Alaska, arc magmatism started in the Early Devonian. In 
Chukotka, dated granitic plutons are Late Devonian and Early 
Carboniferous, but the extensional (back arc) basin is Eifelian 
(Middle Devonian) or older. In the Kuyul Uplift the stratigraphic 
succession of the extensional basin includes the Lower Devonian 

clastic rocks. The Belkovskyi-Nerpalakh Trough (Figure 1 lc) 
formed in the early Late Devonian (Frasnian). Visean andesilies 
near the contact of the Chukotka fold belt and South Anyui suture 
(TP in Figure 7) and Lower Carboniferous clastic rocks and tur- 
bidites in the Belkovskyi-Nerpalakh Trough and Tanatap basin 
suggest that the arc-trench system was still active during the 
Early Carboniferous. 

In Arctic Alaska, Devonian magmatism and extensional basin 
formation ended with the establishment of a passive margin 
which lasted from the Late Devonian to the Early Cretaceous. In 
turn, this passive margin sedimentation ended with the closure of 
the Angayucham ocean and the onset of the BrookJan orogeny. 

However, the sudden appearance of the enigmatic Nuka Land 
[Moore et al., 1994] during the Early/Middle Carboniferous in 
the very southern part of the margin does not fit a model of the 
stable development of the passive margin facing the Angayucham 
ocean. In contrast, in the Chukotka segment of the southern mar- 
gin of the Bennett-Barrovia block, an unknown continental object 
collided with the magmatic arc in the Middle to Late 
Carboniferous (Figure 1 ld). 

The following lines of evidence can be used to show that the 
evolution of the active continental margin at the southern bound- 
ary of the Bennett-Barrovia block in Chukotka ended in the 
Middle to Late Carboniferous time: (1) There are no Middle 
Carboniferous to Permian rocks in the Chukotka fold belt except 
presumably Permian shale, coaly shale, and sandstone [Drabkin, 
1970a] which indicate the existence there of an uplifted area for 
•-70 Ma. (2) There is an unconformity at the base of the Middle 
Carboniferous clastic rocks, including conglomerate and lime- 
stone breccia and sparse felsic lavas, on Kotel'nyi Island 
[Vinogradov et al., 1974; Kos'ko et al., 1990]. (3) There is an 
unconformity at the base of the 200 m thick Permian marine 
shale predominant section on Kotel'nyi Island and ,--150 km to the 
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south on the Bolshoy Lyakhovsky Island (Figure 7); Permian 
rocks are 1200 m thick and represented by sandstones with coal 
seams and phyllite [Kos'ko et al., 1990; Fujita and Cook, 1990]. 
Thus the late Paleozoic uplift and formation of continental basins 
followed the middle Paleozoic active margin development along 
the southern edge of the Bennett-Barrovia block. The process 
that was responsible for these events is not well understood, but 
the collision of a continental mass is a viable hypothesis. 

The object which deformed the Devonian arc is inferred to 
have been removed, together with slivers of the forearc region, 
during Early-Middle Triassic rifting (Figures 11e and 12). This 
rifting could have transferred both the continental mass in ques- 
tion and the forearc region of the Devonian active continental 
margin to the Asian side of the South Anyui suture. Immediately 
to the south of the suture within the Yarakvaam Uplift (YU, 
Figure 7), Devonian and Lower Carboniferous andesites and 
rhyolites are intruded by granite and diorite and unconformably 
overlain by Upper Carboniferous shallow marine and terrestrial 
tuffaceous sandstone and conglomerate [Markov et al., 1980; 
Natal'in, 1984]. The first unit may be considered as a rifted 
fragment of the middle Paleozoic active margin of the Bennett- 
Barrovia. We interpret the late Paleozoic granites and molasse 
deposits of the second unit as evidence for the collision. Farther 
to the south, there are fragments of Paleozoic oceanic rocks, is- 
land arc volcanic rocks, and ophiolites which may belong to the 
aforementioned continental mass and its margin. 

Triassic rifting led to the formation of the South Anyui ocean 
and the Triassic to Early Jurassic passive continental margin of 
the Bennett-Barrovia block (Figure 12). Note that this zone of 
rifting lies on the continuation of rifts in the basement of the 
Western Siberia Basin [e.g., Zonenshain et al., 1990]. Triassic 
diabase and gabbro in Sevemaya Zemlya, Franz Josef Land, and 
Novaya Zemlya show a link between these two regions. During 
the Late Jurassic, fragments rifted from the margin of the 
Bennett-Barrovia block (RF in Figure 12) collided with the 
Omulevka terrane, leading to the oroclinal bending of the 
Omulevka terrane [•'engSr and Natal'in, 1996]. 

7. Conclusions 

The Paleozoic Chegitun and Tanatap units from the study area 
formed in different tectonic settings. Both units were strongly 
deformed in the Mesozoic, and their relations with the larger tec- 
tonic units and history were reconstructed on the basis of sedi- 
mentological and stratigraphic data and regional correlation. The 
Ordovician to Lower Devonian shallow marine carbonates of the 

Chegitun unit belong to the Novosibirsk carbonate platform that 
covers the Precambrian basement of the Bennett-Barrovia block 

[•:engOr and Natal'in, 1996]. This unit underlies the Chukchi 
shelf and the East Siberian Sea and continues into northern 

Alaska as the Hammond subterrane. The Devonian to Lower 

Carboniferous deep-water sedimentary rocks of the Tanatap unit 

formed in an extensional basin most likely behind a Devonian 
magmatic arc. After being separated from Siberia in the Vendian 
or in the early Paleozoic, the Bennett-Barrovia block collided 
with North America during Late Silurian to Early Devonian time 
and caused the Ellesmerian orogeny. Devonian granites in north- 
eastem Brooks Range and near the Barrow Arch may be related 
to this collision. In the late Paleozoic an unknown continental 

object collided with the southern side of the Chukotkan Bennett- 
Barrovia block. Triassic rifting truncated the southem portion of 
the Bennett-Barrovia block In the Mesozoic this block evolved 

as a part of the Chukotka-Arctic Alaska microplate. 
Similarity of Paleozoic stratigraphy and timing of events in the 

vast area between the Novosibirsk Islands and the Hammond 

subterrane in Alaska defines the unity of this tectonic province 
and imposes constraints on the geometry and shape of the 
Chukotka-Arctic Alaska block. Several models for the opening 
of the Canada Basin have been proposed [see Lawyer and 
Scotese, 1990]. Fujita and Newberry [1982] were the first to 
notice that the Chukotka-Arctic Alaska block is too long to fit 
against the margin of the Canadian Arctic Islands as is assumed 
in the rotational model. To solve this space problem, they 
diminished the size of the Chukotkan sector of the block, placing 
the westem boundary of the Chukotka-Arctic Alaska block across 
the Chukotka fold belt. The same solution of the problem is 
typical for all rotational models of the Chukotka-Arctic Alaska 
block [Tailleur and Brosge, 1970; Newman et al., 1977; Rowley 
and Lottes, 1988; Grantz et al., 1990]. The basis of such a 
solution lies either in the lack of adequate knowledge of the 
geology of northeastem Russia or in the inference that the South 
Anyui suture abruptly changes in strike to N-S beyond its last 
exposure in western Chukotka [e.g., Rowley and Lottes, 1988]. 
Magnetic anomalies which mark the suture and the continuation 
of the Jurassic to Early Cretaceous magmatic arc which is paired 
with the suture and stretches to the Svaytoy Nos Cape area (SN in 
Figure 1), do not allow this last solution [NatalVin, 1981, 1984; 
Parfenov and Natal'in, 1985; Zonenshain et al., 1990]. Our cor- 
relation of the Paleozoic structures corroborates the real dimen- 

sions of the Chukotka-Arctic Alaska block and shows that the 

rotational model still has a significant space problem. 
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