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Abstract. Geochronologic and structural data from the ter-

ranes of the South Anyui suture zone record a protracted de-

formational history before, during and after an Early Creta-

ceous collision of the passive margin of the Chukotka-Arctic

Alaska continental block with the active continental mar-

gin of the North Asian continent. Preceding this collision,

the island arc complexes of the Yarakvaam terrane on the

northern margin of the North Asian craton record Early Car-

boniferous to Neocomian ages in ophiolite, sedimentary, and

volcanic rocks. Triassic to Jurassic amphibolites constrain

the timing of subduction and intraoceanic deformation along

this margin. The protracted (Neocomian to Aptian) colli-

sion of the Chukotka passive margin with the North Asian

continent is preserved in a range of structural styles includ-

ing first north verging folding, then south verging folding,

and finally late collisional dextral strike slip motions which

likely record a change from orthogonal collision to oblique

collision. Due to this collision, the southern passive margin

of Chukotka was overthrust by tectonic nappes composed of

tectono-stratigraphic complexes of the South Anyui terrane.

Greenschists with ages of 115–119 Ma are related to the last

stages of this collision. The postcollisional orogenic stage

(Albian to Cenomanian) is characterized by sinistral strike

slip faults and an extensional environment.

1 Introduction

The South Anyui suture (SAS) is an important tectonic fea-

ture of the Mesozoic fold-and-thrust belts of NE Asia (re-

ferred to as the Mesozoides in Russian literature) (Fig. 1).

Structures located to the north and south of the SAS have dis-

similar geology and deformation histories. North of the SAS,

structures of the Anyui-Chukotka fold-and-thrust belt are
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composed mainly of Paleozoic–Mesozoic continental mar-

gin sedimentary cover. Precambrian metamorphic basement

schists are encountered locally in eastern Chukotka. South

of the SAS, structures of the Alazeya-Oloy fold-and-thrust

belt are composed of island arc terranes of Paleozoic and

Mesozoic age that are considered part of the Kolyma Loop

(Zonenshain et al., 1990; Fig. 1).

The SAS has been customarily viewed as a collisional su-

ture formed by closure of a Late Jurassic–Early Cretaceous

oceanic basin and collision of the North Asian craton with

the Arctic-Alaska Chukotka terrane of the North American

continent (Parfenov and Natal’in, 1977; Seslavinsky, 1979;

Parfenov, 1984). Many aspects of the geological setup of the

SAS remain poorly understood and there are dissenting view-

points on the following issues: (i) location of the boundaries

of the SAS and their likely westward and eastward extensions

(Fig. 1, inset); (ii) the origin and age of the oceanic basin; (iii)

tectonic history; (iv) timing of the onset and termination of

collision.

We have obtained geological, structural and 40Ar/39Ar

geochronological data (presented in Table 1 in the Supple-

ment: http://www.stephan-mueller-spec-publ-ser.net/4/201/

2009/smsps-4-201-2009-supplement.pdf), affording essen-

tial constraints on the particulars of SAS geology and the

principal stages of its tectonic history.

2 Geological framework

SAS structures are exposed in the catchment areas of the Bol-

shoy Anyui and Malyi Anyui rivers, where they have been

identified as a separate tectonic unit known as the South

Anyui zone (e.g., Til’man et al., 1975, 1977; Seslavinsky,

1979), or the South Anyui terrane (Parfenov et al., 1993;

Nokleberg et al., 1994). Based on geological and geophys-

ical data, the SAS extends northwestward beneath the de-

posits of the Primorskaya depression (Spector et al., 1981;

Parfenov, 1984). In the northwest, the last outcrops of the
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Fig. 1. Tectonic scheme of Northeastern Russia.

SAS complexes are known to occur in Bolshoi Lyakhovski

Island (Fig. 1). They consist of ophiolite fragments, am-

phibolites, and glaucophane shists of Paleozoic (Drachev

and Savostin, 1993) or Mesozoic age (Kuz’michev et al.,

2005). However, further westward extension of the suture

remains unclear. The inset in Fig. 1 shows the likely ex-

tensions of the SAS. Many workers have been trying to find

the SAS extension onto the shelf. However, the continuation

of SAS structures is not expressed distinctly in gravity and

magnetic anomalies. It cannot be precluded, that its immedi-

ate extension may be provided by the ophiolitic allochthons

of the Kolyma Loop. The geodynamic settings of the Cherski

and SAS ophiolites are similar (Oxman et al., 2004).

To the east, in the upper reaches of the Bolshoy Anyui

and Malyi Anyui rivers, the SAS structures are covered by

the Okhotsk-Chukotka volcanic belt (Fig. 1). It has been

proposed that eastern extension of the SAS include com-

plexes of the Velmai terrane in Eastern Chukotka and the

Angayucham terrane in Alaska (Parfenov, 1984; Parfenov et

al., 1993; Bondarenko, 2004). Note that Leonid Parfenov

was the first to propose the structural connection between

SAS and Kobuk suture in Alaska. No consensus exists as

to the north and south SAS boundaries, either. Lychagin et

al. (1991) view the Aluchin and Vurguveyem ophiolites to

be the essential part of the SAS, while Natal’in (1984) in-

corporates Upper Jurassic–Lower Cretaceous island arc com-

plexes. Other workers (Til’man et al., 1977; Parfenov, 1984;

Zonenshain et al., 1990 and others) attribute these complexes

to the Alazeya-Oloy fold belt and not to the SAS.

The SAS has been customarily viewed as a structure re-

sulting from closure of an oceanic basin. However, there are

different viewpoints as to the origin and age of this basin.

Some workers interpret the South Anyui basin as a conti-

nental rift (Til’man et al., 1977; Shapiro and Ganelin, 1988;

Chekhov, 2000), while others, as a re-entrant of the Paleo-

Pacific (Churkin, 1983; Fujita and Newberry, 1982; Par-

fenov, 1984; Savostin et al., 1984; Zonenshain et al., 1990;

Nokleberg et al., 1998) or as a remnant of the Paleo-Arctic

Ocean separated by a convergent margin from the Paleo-

Pacific (Parfenov, 1997; Sokolov et al. 1997).

The age of the South Anyui oceanic basin was gener-

ally considered to be Late Jurassic–Early Cretaceous (e.g.,

Til’man et al., 1977; Natal’in, 1984; Parfenov, 1984; Shapiro

and Ganelin, 1988; Chekhov, 2000; Nokleberg et al., 1994,

1998). These concepts were based on faunal determina-

tions from clastic rocks that included horizons of basalts and

cherts. The advocates of rifting assign the onset of forma-

tion to the Early Triassic (Natal’in et al. 1999; Savostin

et al., 1984) or to the Late Jurassic (Shapiro and Ganelin,

1988; Nokleberg et al., 1998; Chekhov, 2000). Supporters

of the existence of an oceanic basin in the Paleozoic (the

“relict” viewpoint) draw mainly on paleomagnetic and pa-

leobiogeographic data (Fujita and Newberry, 1982; Ustrit-

sky and Khramov, 1987; Zonenshain et al., 1990; Golonka

et al., 1994), as well as rare geological observations (Lycha-

gin et al., 1991; Cecile et al., 1991; Drachev and Savostin,

1993). However, the recent studies on Bolshoi Lyakhovsky

Island (Kuz’michev et al., 2005a) cast doubt on the Paleozoic

age of the ophiolites of the Shalaurova terrane (Drachev and

Savostin, 1993). For this reason, the issue of the existence

of the South Anyui oceanic basin in the Late Paleozoic and

Early Mesozoice remains open to discussion.

Within the South Anyui suture zone, three terranes are

recognized: the Shalaurova ophiolitic terrane, the Velmai

terrane, and the South Anyui terrane (Fig. 1). This paper

presents new geochronological (40Ar/39Ar) ages as well as

geologic and structural data from these terranes as well as

from the adjacent Yarakvaam terrane, Our new data better

constrains the tectonic histories of the South Anyui Suture

zone.

3 Geochronologic analyses

For 40Ar/39Ar analysis, samples were submitted to the

Geochronology Laboratory at the University of Alaska,

Fairbanks. In general, 100–250 micron-sized minerals or

Stephan Mueller Spec. Publ. Ser., 4, 201–221, 2009 www.stephan-mueller-spec-publ-ser.net/4/201/2009/



S. D. Sokolov et al.: South Anyui suture 203

whole-rock chips were separated. The monitor mineral

MMhb-1 (Samson and Alexander, 1987) with an age of

513.9 Ma (Lanphere and Dalrymple, 2000) was used to mon-

itor neutron flux (and calculate the irradiation parameter, J ).

The samples and standards were wrapped in aluminum foil

and loaded into aluminum cans of 2.5 cm diameter and 6 cm

height. The samples were irradiated in position 5c of the

uranium enriched research reactor of McMaster University

in Hamilton, Ontario, Canada for 20 MWh.

Upon their return from the reactor, the samples and mon-

itors were loaded into 2 mm diameter holes in a copper tray

that was then loaded in a ultra-high vacuum extraction line.

The monitors were fused, and samples heated, using a 6-watt

argon-ion laser following the technique described in York

et al. (1981), Layer et al. (1987) and Layer (2000). Argon

purification was achieved using a liquid nitrogen cold trap

and a SAES Zr-Al getter at 400◦C. The samples were ana-

lyzed in a VG-3600 mass spectrometer at the Geophysical

Institute, University of Alaska Fairbanks. The argon iso-

topes measured were corrected for system blank and mass

discrimination, as well as calcium, potassium and chlorine

interference reactions following procedures outlined in Mc-

Dougall and Harrison (1999). System blanks generally were

2×10−16 mol 40Ar and 2×10−18 mol 36Ar, which are 10 to

50 times smaller than fraction volumes. Mass discrimina-

tion was monitored by running both calibrated air shots and

a zero-age glass sample. These measurements were made

on a weekly to monthly basis to check for changes in mass

discrimination.

A summary of all the 40Ar/39Ar results is given in Table 1

and the spectra are shown in Fig. 2, with all ages quoted to

the ±1σ level and calculated using the constants of Steiger

and Jaeger (1977). The integrated age is the age given by the

total gas measured and is equivalent to a potassium-argon

(K-Ar) age. The spectrum provides a plateau age if three

or more consecutive gas fractions represent at least 50% of

the total gas release and are within two standard deviations

of each other (Mean Square Weighted Deviation less than

∼2.5). Isochron ages could be calculated for all but one

sample (98117/3, which had insufficient isotopic variation

to allow for isochron calculation). With the exception of one

sample (C-2572/9), isochron ages agree with plateau ages at

the 2-σ level, so, for the basis of discussion, we prefer to use

plateau ages for the samples.

4 Terranes of the South Anyui suture zone

4.1 Shalaurova ophiolitic terrane

The western most portion of the South Anyui suture is the

Shalaurova ophiolitic terrane first identified by Parfenov et

al. (1993) in the southeastern part of the Bolshoy Lyakhovsky

Island, on Cape Shalaurov (Fig. 1). It comprises ser-

pentinized peridotites, gabbro-diabase, MORB-like pillow

basalts with a Sm-Nd age of 291±62 Ma, amphibolites with

a K-Ar age of 473 Ma (Drachev and Savostin, 1993), and

glaucophane schists (Kuz’michev et al., 2005b).

The metamorphic rocks and ophiolites are spatially as-

sociated with graywacke flysch of the Burustass Formation

and occur as tectonic wedges and thrust sheets. Formerly,

this formation was dated as Permian; however, recent fis-

sion track data on detrital zircons (ca. 160 Ma) point to it

being younger, probably Late Jurassic to Neocomian in age

(Kuz’michev et al., 2005b). The flysch probably accumu-

lated in a foredeep built during the collision of the Anyui-

Svyatoy Nos arc to the south and the New Siberian continen-

tal block to the north (Kuz’michev et al., 2005a).

Two types of amphibolites are distinguished (Kuz’michev

et al., 2005b). One of them, along with glaucophane schist,

metabasalt, and metagabbro, makes up a coherent glauco-

phane amphibolite complex, composed of volcanic and sed-

imentary rocks associated with the subducting oceanic crust

of the South Anyui basin. The P -T parameters of metamor-

phism point to “warm” subduction setting. Another type of

amphibolite is of suprasubduction genesis and is interpreted

as a crustal fragment of the lower part of an island arc.

The ages of the metamorphic rocks and the ophiolite as-

semblage are not constrained, because reliable geochrono-

logic data are lacking. The Sm-Nd age of the pillow basalts

(291±62 Ma) is a bulk rock age (Drachev and Savostin,

1993). While 133.5±4.5 Ma and 139±8 Ma K-Ar ages of

interpillow hyaloclastite are more likely to record younger

events (Kuz’michev et al., 2005b). In our opinion, the

Valanginian age corresponds to the final phase of subduc-

tion, formation of accretionary prisms, and the beginning of

tectonic juxtaposition of the Chukotka microcontinent with

the structures of the active margin of the North Asian con-

tinent. Late-stage granites dated at 114.4±0.5 Ma (biotite
40Ar/39Ar plateau age) provide a lower bound to the age of

deformation (Layer et al., 2001). We are inclined to interpret

the Shalaurov terrane as an accretionary prism with tecton-

ically incorporated fragments of oceanic lithosphere (basalt,

peridotite) and exhumed metamorphites of subduction gene-

sis and lower crust fragments of an island arc.

4.2 Velmai terrane

First identified by S. D. Sokolov (Parfenov et al., 1993; Nok-

leberg et al., 1994), the Velmai terrane is comprised of ultra-

mafics, gabbro, plagiogranite, and terrigenous, siliceous, and

volcanic deposits widespread south of the Kolyuchinskaya

Guba and north of Cross Bay in Chukotka Peninsula (Fig. 1).

It consists predominantly of tectonic melange (Kosygin et

al., 1974), typical of disintegrated rocks of the ophiolite as-

semblage. Different viewpoints exist regarding the age of

the rocks. Some workers based on Buchia finds in clastic

rocks date the entire complex to the Upper Jurassic–Lower

Cretaceous (Kosygin et al., 1974), while others to the Upper

Triassic (Norian) based on Monotis and radiolarian finds in

www.stephan-mueller-spec-publ-ser.net/4/201/2009/ Stephan Mueller Spec. Publ. Ser., 4, 201–221, 2009
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Fig. 2. Continued.

siliceous and tuffaceous terrigenous rocks (Tynankergav and

Bychkov, 1987). These workers point out that the Norian

faunas differ from the faunas known from the neighboring

regions of Chukotka and resemble faunas from Alaska and

tuffaceous terrigenous sequences of the Norian Stage on the

Bolshoy Anyui River within the Yarakvaam terrane.

It is quite likely that here, just as in the Shalaurova ter-

rane, fragments of an accretionary prism with disintegrated

inclusions of ophiolites and oceanic crust exist. The lack of

reliable data on the composition of the volcanics prevents

determination of the geodynamic setting of their formation.

However, the presence of pyroclastic rocks and tuffaceous

silicites suggests that island arc complexes are present as well

as ophiolites.

4.3 South Anyui terrane

The South Anyui terrane (Parfenov et al., 1993; Nokle-

berg et al., 1994, 1998) is identified as an accretionary

wedge terrane. Aptian and Albian volcanic and sedimentary

rocks (Shekhovtsov and Glotov, 2001) of the Kameshkov,

Ainakhkurgen and Nutesyn depressions are the overlap se-

quences (Fig. 3). After the work of Natal’in (1984), it has

been common belief (Zonenshain et al., 1990; Ti’lman and

Bogdanov, 1992) that island arcs rimmed the South Anyui

oceanic basin to the north (Nutesyn island arc) and south

(Oloi island arc).

The first descriptions of the accretionary prism (the

South Gremuchinsky complex) was provided by Sokolov et

al. (2001, 2002), Bondarenko (2004). These studies have

www.stephan-mueller-spec-publ-ser.net/4/201/2009/ Stephan Mueller Spec. Publ. Ser., 4, 201–221, 2009
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demonstrated that the SAS consists of a system of intricately

deformed thrust sheets that were thrust northward onto the

Triassic deposits of the Chukotka microcontinent forming the

Anyui-Chukotka fold and thrust belt.

The thrust sheets consist of the following tectono-

stratigraphic complexes (units): (i) autochthonous terrige-

nous rocks (Ustieva unit); (ii) carbonate, siliceous, and vol-

canic rocks (Polyarny unit); (iii) sedimentary and volcanic

rocks (Kulpol’ney unit), (iv) turbidites (Flysch unit); (v) ter-

rigenous and volcanic rocks (Tenvel unit); (vi) chaotic com-

plex (South Gremuchinsky‘unit); (vii) siliceous rocks and

basalt (Bystryanka unit); (viii) a dismembered ophiolite com-

plex (Merzlyui unit); and (ix) terrigenous, tuffaceous, and

volcanic rocks (Pen’velveem unit). These units presumably

formed in different parts of the oceanic basin and at its mar-

gins (Fig. 4). Description of these units is given below.

4.4 Tectono-stratigraphic units of the South

Anyui terrane

4.4.1 Ustieva unit

This unit consists of autochthonous distal turbidites of the

Chukotka microcontinent. It occupies the lowermost struc-

tural position and is composed of an alternation, often rhyth-

mic, of sandstone, siltstone, and mudstone with sulfide-

cabonate concretions. Sandstone grains consist of quartz

(70–90%), feldspar, and less abundant sedimentary clasts and
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Fig. 4. Tectono-stratigraphic units of the South-Anyui terrane.

pyroxene. Measurements of the persistent system of bottom

current marks suggest a north to south clastic supply (present

reference frame). Based on single (sporadic) finds of Mono-

tis and Otapiria shells and conodonts, this sequence is at-

tributed to the Norian Stage of the Upper Triassic (Glotov,

1995; Shekhovtsov and Glotov, 2001; Sokolov et al., 2002).

4.4.2 Polyarny unit

This unit is composed of carbonate, siliceous, and volcanic

rocks exposed on the Polyarny uplift (Fig. 3), where tec-

tonic and erosion windows display volcanics and limestones

with corals of Carboniferous age (Sizykh et al., 1977). The

volcanics are pillow and massive basalts with lenses of red

cherts. The basalts have geochemical fingerprints resembling

MORBs, and the presence of a Nb-minimum in the Rare

Earth Element (REE) suggests their origin in a marginal sea

(Sokolov et al., 2006). The upper part of the stratigraphy

contains sporadic intercalations up to 1–2 m thick of gray,

black, and greenish cherts. The cherts contain small radiolar-

ian remains, recrystallized beyond recognition. Limestones

occur stratigraphically higher or are encountered in the form

of blocks among the volcanics (Sokolov et al., 2006).

Advocates of rift-related origin for the SAS interpreted the

Carboniferous deposits as preserved relics of pre-Mesozoic

basement (Sizykh et al., 1977; Shapiro and Ganelin, 1988;

Lychagin, 1997). The studies of Bondarenko (2004) show

that the complex of carbonate, siliceous, and volcanic rocks

makes up an allochthonous unit in a complex package of tec-

tonic slices thrust onto terrigenous Triassic deposits of the

Chukotka microcontinent. This complex is a fragment of

oceanic crust testifying to the existence of the South Anyui

oceanic basin as early as the Late Paleozoic (Sokolov et al.,

2006).

4.4.3 Kulpolney unit

This sedimentary and volcanic complex is widespread in the

northern part of the SAS (Fig. 3). Its lower contact is tec-

tonic. In places along the contact, green schists, bodies

of gabbro and ultramafic rocks are encountered; these are

viewed as the basement of the complex (Shekhovtsov and

Glotov, 2001). On the Polyarny uplift, this complex is lo-

cated structurally above the complex of carbonate, siliceous,

and volcanic rocks of Carboniferous age. A whole rock anal-

ysis from green schist has a plateau age of 158.1±4.0 Ma

(sample 9973/1, Table 1; Fig. 2). Probably this age corre-

sponds to time of deformations or subduction in intraoceanic

arc.
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This unit contains of various types of volcanic rocks that

include pillow lavas and massive amygdular basalts, an-

desites, dacites, and their subvolcanic and pyroclastic coun-

terparts. The volcanic rocks alternate with, or are replaced

along strike by, tuffaceous and volcanoclastic rocks and

graywackes. The proportion of the volcanic relative to sed-

imentary rocks changes from section to section. In the

catchment area of the Kul’polney and Nutesyn rivers, vol-

canics and their pyroclastic counterparts are predominant,

and on the Polyarny uplift, tuffaceous and sedimentary rocks

are. The volcanic rocks display calcalkaline and subalkaline

trends and may have formed in an island-arc setting (Na-

tal’in, 1984; Lychagin et al., 1991; Sokolov et al., 2002;

Bondarenko, 2004). In the Polyarny uplift and in the catch-

ment area of the Kul’polney River this complex includes

Oxfordian–Kimmeridgian marine faunas (Shekhovtsov and

Glotov, 2001).

4.4.4 Flysch unit

The Flysch unit is a turbidite complex composed of rhyth-

mically alternating sandstone, siltstone, and mudstone. The

turbidite horizons (members, layers) alternate with or give

way laterally to horizons of thinly alternating siltstone and

mudstone with sporadic intercalations of sandstone. Distal

and proximal turbidites are discriminated. The sandstones

are of polymict composition. The turbidites yield Titho-

nian to Valanginian faunas (Shekhovtsov and Glotov, 2001).

At that time spreading ceased and South Anyui ocean was

a relic basin, which began to close and fill by turbidites

(Sokolov et al., 2002; Bondarenko, 2004).

4.4.5 Tenvel unit

This terrigenous and volcanic unit is composed of rhyth-

mically alternating siltstone, polymict sandstone, and

graywacke. Some horizons consist of turbidites. Among

the terrigenous rocks, encountered are pillow basalts, picritic

basalts, as well as tuffs and tuffites of mafic composition and

variable grain size. Geochemical analysis suggests that the

picritic basalts formed in a suprasubduction zone setting that

was undergoing extension (Sokolov et al., 2002). The coars-

ening of the turbidite strata and the abundant volcanic clasts

suggest that these deposits were derived from an arc and were

deposited in a proximal forearc setting. Faunal remains in

the siltstones yield Late Kimmeridgian–Early Tithonian ages

(Shekhovtsov and Glotov, 2001).

4.4.6 South Gremuchinsky unit

This unit is developed in the catchment area of the

Bystryanka River and in the upper reaches of the Orlovka and

Uyamkanda Rivers (Fig. 3). It is composed of both chaotic

and coherent tuffaceous clastic rocks, including turbidites.

The chaotic horizons, consisting of matrix and clasts, are dis-

criminated into terrigenous melanges of tectonic and subma-

rine slump origin (olistostrome). Not infrequently, the rocks

are heavily deformed and turned to zones of cataclasis. In

such cases, their primary tectonic or sedimentary origin can-

not be established.

The olistoliths and blocks of various sizes (from 1 to 50 m)

are composed of basalt, andesite, chert, gabbroids, and pla-

giogranite. The volcanic rocks comprise both MORB-like

basalts and medium-Ti, high-Al tholeiitic basalts, andesites,

and andesitic dacites of island-arc affinity. Some of the

basalts and cherts resemble those of the Bystryanka unit de-

scribed below, while the gabbro and plagiogranite are sim-

ilar to those of the Vurguveem ophiolite. Cherts from the

olistoliths contain the radiolarians Sethocapsa cetia Fore-

man, Stichocapsa aff. robusta Matsuoka, Hsuum cuestaense

Pessagno, Mirifusue? sp., Ristola? cf. turpicula Pessagno

and Whalen, Obesacapsula rotunda (Hinde), indicative of

Oxfordian–Kimmeridgian age (V. S. Vishnevskaya, personal

communication, 2000, GIN RAS, Moscow).

Some tectonic slices of the tuffaceous rocks and turbidites

yield Oxfordian–Volgian and Berriasian–Valanginian faunas

(Radziwill and Radziwill, 1975; Shekhovtsov and Glotov,

2001). Similar lithologies are found in the matrix of the

melange as well. This suggests a Late Jurassic–Valanginian

age for the matrix.

The presence of tuffaceous turbidites, terrigenous

melange, and olistostromes with inclusions of oceanic rocks,

gabbros, plagiogranites, products of synchronous island

arc volcanism, as well as structural features (accretionary

melange, C-S tectonites, broken formation, block-in-matrix

structures, etc.) suggest formation of this complex within an

accretionary prism.

4.4.7 Bystryanka unit

This siliceous and basalt unit is encountered in the south-

eastern part of the catchment area of the Bystryanka River

and on the Polyarny uplift (Fig. 3). This unit is composed

of deformed and variably altered basalts including green-

schists, and of red radiolarian cherts. There are also flow

units with pillow parting and interpillow lenses of carbonate

and siliceous material.

Geochemically, the basalts and diabases are similar to

oceanic or backarc basalts (Natal’in, 1984; Lychagin et

al., 1991; Bondarenko, 2004). The cherts yield the radio-

laria: (i) Haliodictya cf. Hojnosi Riedel et Sanfilippo, Sti-

chocapsa convexa Yao, Williriedellum sp., Zhamoidellum

sp., typical Bajocian-Kimmeridgian faunas (N. Yu. Bragin,

personal communication, 2001, GIN RAS, Moscow); (ii)

Parvicingula ex gr. schoolhousensis Pess. and Whalen, Sti-

chocapca cjnvexa Yao, S. cf. japonica, indicating Bathonian–

Callovian age (according to V. S. Vishnevskaya, Geolog-

ical Institute, Russian Academy of Sciences, Moscow);

and (iii) Amphipyndax aff. tsunoensis Aita, Stichocapsa cf.

robusta Matsuoka, Hauum stenlfensis Pessagno, pointing

to Callovian–Oxfordian age (V. S. Vishnevskaya, personal
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communication, 2000, GIN RAS, Moscow). Ged’ko et

al. (1991) reports occurrences of Early Jurassic radiolarians.

4.4.8 Merzlyui unit

The Merzlyui unit is a dismembered ophiolite complex.

Among thrust sheets, fragments of ophiolites are encoun-

tered: serpentinized ultramafics, gabbro, diabase dikes and

sills, pillow basalts, red, black, and gray cherts containing

small poorly preserved radiolarians and metamorphic rocks

(greenschists, amphibolites, and garnet amphibolites).

According to Bondarenko (2004), in tectonic klippen

found in the upper Uyamkanda River (Merzly Creek), ophio-

lite fragments are thrust northward onto terrigenous mélange.

The terrigenous mélange contains also ophiolitic blocks a

few meters to several dozens of meters across. Structurally

lower, faulted and folded turbidites of Triassic age (Ustieva

unit) and Jurassic–Lower Cretaceous age (Flysch unit) occur.

The entire pile is unconformably overlain by coarse clastic

deposits of Hauterivian–Barremian age containing clasts de-

rived from ophioltes..

At the base of the ophiolite klippen, there are lenticular

bodies of amphibolite and greenschist. Some of the major

klippen have preserved the following rock succession (in as-

cending order): basalts and cherts, diabase dikes, gabbro,

layered complex rocks, and serpentinized ultramafics. Ap-

parently, the ophiolite sequence is overturned and metamor-

phosed.

The ophiolite assemblage was considered as either Late

Mesozoic (Pinus and Sterligova, 1973) or Paleozoic (Ged’ko

et al., 1991). The siliceous rocks contain some small uniden-

tifiable radiolarians. Gray or black cherts are not typical

of Late Mesozoic accreted complexes of NE Russia, (Grig-

oriev et all., 1994; Vishnevskaya, 2001) and so the origin

of this unit is unclear. 40Ar/39Ar ages of amphibole and

white mica from metamorphosed ophiolite fragments rang-

ing from 257 Ma to 229 Ma (samples 00-8-A, M02-53/3,

M02-53/5, and M02-56/8, Table 1; Fig. 2) support a late Pa-

leozoic age for this unit. A whole rock integrated age of

124.2±1.5 Ma from sample M02-56/1 again reflects the mid

Cretaceous overprint seen elsewhere (Natal’in, 1984; Par-

fenov, 1984; Zonenshain et al., 1990; Lychagin et al., 1991;

Sokolov et al., 1997, 2002; Shekhovtsov and Glotov, 2001;

Bondarenko, 2004).

4.4.9 Penvel’veem unit

This assemblage of terrigenous, tuffaceous, and volcanic

rocks is located in the eastern part of the South Anyui ter-

rane, in the catchment area of the Penvelveem River (Fig. 3).

The underlying autochthonous unit is composed of turbidites

resembling the Triassic deposits of the SAS and the cover of

the Chukotka microcontinent.

On the Penvelveem uplift, this allochthonous unit consists

of two parts, bounded by north-vergent thrusts (Figs. 4 and

5). The upper part of the allochthonous unit is an antiform

whose flanks are composed of Jurassic–Valanginian rocks,

and the core of Late Triassic terrigenous and volcanic de-

posits, typical of island arc sections of the Yarakvaam ter-

rane in the Alazeya-Oloy foldbelt (Shekhovtsov and Glotov,

2001; Bondarenko, 2004). The Upper Triassic, Jurassic, and

Valanginian deposits contain a variety of faunas.

The lower part of the Penvelveem unit consists of slices

composed of siliceous rocks and basalts, as well as tur-

bidites similar to the Gremuchinsky unit. Higher up, gab-

bro, plagiogranite, and greenschists occur. The gabbro and

plagiogranite resemble those of the Paleozoic Vurguveyem

ophiolite, located at the boundary of the SAS and the Yarak-

vaam terrane (Fig. 3). We dated whole-rock greenschists

from samples 98116/2, 98117, 98117/3, 98117/6 (Table 1;

Fig. 2). Interpreted ages range from 106±3 to 119±4 Ma

(Fig. 2) reflecting the time of this Early Cretaceous meta-

morphism (as was also seen in the Vurguveem subterrane).

5 The Yarakvaam terrane

Located along the southeastern boundary of the SAS, the

Yarakvaam terrane comprises part of the Alazeya-Oloy fold-

and-thrust belt (Parfenov et al., 1993; Nokleberg et al., 1994).

This terrane is composed of sedimentary and volcanic rocks

of island arc affinity of Upper Paleozoic–Lower Cretaceous

age (Til’man et al., 1977; Parfenov, 1984; Parfenov et al.,

1993) and of the Vurguveem and Aluchin ophiolites.

The island arc section begins with Lower Carboniferous

strata (Shekhovtsov and Glotov, 2001). The Upper Triassic

strata contain Tethyan fauna which differ dramatically from

the Triassic faunas of the Chukotka microcontinent and in-

stead resemble the faunas from the Velmai terrane located

800 km to the east (Tynankergav and Bychkov, 1987; By-

chkov and Solov’yov, 1992).

The Vurguveem peridotite-gabbro massif (Gromadnensky

terrane after Parfenov et al., 1993; Nokleberg et al., 1994;

Gromadnensky-Vurguveem massif after Natal’in, 1984) is

dominated by layered gabbro and gabbro-norite with subor-

dinate amounts of troctolite, olivine gabbro, and lenticular

bodies of peridotite (Ganelin and Silantyev, 2004). In the

western part of the massif, there are plagiogranite bodies.

The rocks are metamorphosed to greenschist facies and, in

places, to amphibolite facies.

K/Ar ages of the plagiogranite range from 150 Ma

to 252 Ma (Palymskyi, 1966; Shekhovtsov and Glotov,

2001). Secondary low-K hornblende from the gabbro has a
40Ar/39Ar plateau age of 304.9±13.6 Ma (sample GK-983-4,

Table 1; Fig. 2) while a similar 40Ar/39Ar age of 332 Ma was

obtained from plagiogranite bodies impregnated gabbro (Ko-

rago, 2000). The late Paleozoic age of the gabbro is corrobo-

rated by its stratigraphic contact with the overlying sedimen-

tary and volcanic deposits of Upper Carboniferous–Permian

age (Shekhovtsov and Glotov, 2001).
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Fig. 5. Sketch profile across the Penvelveem uplift (see Fig. 3).

In the northern part of the Vurguveem subterrane, rocks of

a sheeted dike complex cut through the gabbro and occupy

a transitional position between the gabbro and upper Pale-

ozoic volcanic rocks. The dikes are composed of diabase,

gabbro-diabase, basalt, andesic basalt, andesite, and dacite.

They strike approximately north-south and range from sev-

eral centimeters to 3 m in thickness. The basalt dikes have

negative Ta, Nb, Ti, and Zr anomalies, typical for island arc

tholeiites (Ganelin and Silantyev, 2006).

The age of the dike complex is not constrained. 40Ar/39Ar

geochronologic data from a whole-rock dike sample (C-

2573/3, Table 1; Fig. 2) has a plateau age of 112.6±2.2 Ma

and from an amphibole sample (C-2572/9) has an isochron

age of 93.2±2.2. However, judging from the cross-

cutting field relationships, the dike complex is probably Late

Paleozoic in age and the Early Cretaceous argon age reflect

later metamorphic resetting due to an Early Cretaceous de-

formational event. Late Cretaceous age of sample C-2572/9

is hard to explain. Firstly, individual dikes from dike com-

plex may have Late Cretaceous age contemporaneous to be-

ginning of Okhotsk-Chukotka volcanic belt activity and low

temperature green amphibole appearance is probably related

to postmagmatic processes. Secondly, this Ar/Ar analysis is

not so good because there is not plateau.

The peridotite-gabbro complex along with the siliceous

and basalt association (Bystryanka unit) was previously in-

terpreted as an ophiolite that was a fragment of oceanic crust

of the Late Mesozoic South Anyui oceanic basin (Natal’in,

1984; Parfenov, 1984; Zonenshain et al., 1990). However,

geochemical data (Ganelin and Silantyev, 2004) suggest for-

mation of the gabbros of the Vurguveem subterrane in a

suprasubduction setting. Mapping (Shekhovtsov and Glotov,

2001) and our new geochronologic data corroborate the tem-

poral and genetic link between the peridotite-gabbro massif

and island-arc sedimentary and volcanic series of the Yarak-

vaam terrane. The Vurguveem subterrane can be viewed as a

fragment of crust of the lower part of an island arc.

The Aluchin subterrane is located along the western mar-

gin of the Yarakvaam terrane (Fig. 3) and is composed of

ophiolites and sedimentary and volcanic rocks. The ophi-

olites consist of tectonized mantle ultramafics of dunite-

harzburgite composition, a layered mafic series, and a dike

complex (Lychagin, 1985; Oxman et al., 2003). These units

comprise a system of high angle thrust sheets, plunging east-

ward beneath the Upper Paleozoic sedimentary and volcanic

rocks of island arc affinity. The ophiolites are disintegrated

and commonly turned to melange. Alongside the ophiolites,

tectonic blocks of volcanics, sedimentary and volcanic rocks,

and glaucophane schists are common.
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The composition of the ophiolites is not yet understood.

Lychagin (1985) proposed that the Aluchin ophiolite is of

oceanic origin. New geochemical data (Ganelin and Silan-

tyev, 2006) suggest formation of the ophiolites in a suprasub-

duction setting. Chemically, the sheeted dike complex corre-

sponds to N-MORBs, and their decreased Cr and Ni abun-

dances and REE pattern suggest the backarc basin (Oxman

et al., 2003; Ganelin and Silantyev, 2006).

Different viewpoints exist concerning the age of the rocks.

Ophiolite clasts are encountered in Upper Triassic conglom-

erate (Glotov, 1995), whose age constrains the time of amal-

gamation of the ophiolitic subterranes and formation of the

Yarakvaam terrane. A magmatic amphibole plateau age of

226.6±10.5 Ma (sample C-2546, Table 1; Fig 2) points to a

Late Triassic age for the sheeted dikes. However, it cannot

be precluded that the Aluchin ophiolites consist of ophiolitic

fragments of different ages derived from a variety of geody-

namic settings.

6 Structural data

The complex and diverse deformation structures of the South

Anyui suture and its northern and southern surroundings (the

Anyui-Chukotka and Alazeya-Oloy foldbelts, respectively)

can be subdivided into three time periods: precollisional, col-

lisional, and postcollisional.

6.1 Precollisional deformations (D1)

6.1.1 Deformation parageneses of Pre–Late Triassic age

(subphase D1−1)

The internal structure and deformational history of the Vur-

guveem ophiolite plutonic rocks is complicated. The gab-

broic rocks show deformations of different ages (Natal’in,

1984; Bondarenko, 2004). There are isoclinal folds of mag-

matic layering, metamorphic foliation parallel to axial planes

of these folds, and zones of ductile and brittle-ductile my-

lonites (or zones of “hot” tectonic flow), as well as brittle

cataclasis zones.

The earliest deformation event is recorded by ductile my-

lonite zones of NNW strike (Fig. 6a, event I), which de-

form igneous banding. A later deformation event is related

to the formation of crosscutting zones of brittle-ductile my-

lonites (Fig. 6a, event II). It is to these zones that locally de-

veloped metamorphic foliation is confined. Spatial orienta-

tion of brittle-ductile mylonite zones suggests that they took

shape under NS compression (Fig. 6b). It is likely that these

zones occur in structural paragenesis with the northward-

overturned isoclinal folds, into which the metamorphic foli-

ation in the gabbro, as well as plagiogranite veins, are folded

(Sokolov et al., 2002). Later on, brittle cataclasis zones

evolved in the gabbro (Fig. 6a, event III).

Evidently, deformation structures of events I and II formed

while the rocks were still hot enough to develop “hot” my-
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Fig. 6. Structural features resulting from several deformation events

in the Vurguveem ophiolitic gabbro.

A – three phases of deformation in the same outcrop: I – the earliest

ductile mylonite (“hot” mylonite), II – later brittle-ductile tectonite,

III – brittle shear zone.

B – two phases of deformation in the same outcrop: I’ - early exten-

sion fractures filled with pegmatite veins, II’ - later ductile mylonite

zones. It appears that structural features II in Fig. A and structural

features II’ in figure result from the same deformation phase.

lonite structures (Sokolov et al., 2002). Stage I was fol-

lowed by emplacement of plagiogranite and related peg-

matite veins. The plagiogranite is Late Paleozoic in age

(K\Ar method, Palymskyi, 1966; Shekhovtsov and Glotov,

2001), and its chemical signature suggests island-arc affinity

(Shekhovtsov and Glotov, 2001; Sokolov et al., 2002). Con-

sequently, the closely coeval events I and probably II took

place in an island arc prior to its accretion. Cataclasis zones

(event III) likely formed during accretion of the island arc or

at the postcollisional stage. The timing of amalgamation of

the Vurguveem and Aluchin ophiolites into the Yarakvaam

terrane is constrained by the finds of ophiolitic pebbles in

Upper Triassic conglomerate.
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6.1.2 Deformation parageneses of Late Triassic age

(subphase D1−2)

Deformation parageneses of Late Triassic age (subphase

D1−2) are recorded in the Upper Triassic terrigenous com-

plex of the SAS in the catchment area of the Yarak-

vaam River, as well as in the southern part of the Anyui-

Chukotka foldbelt (Chukotka microcontinent) in bluffs along

the Keperveyem River in the town of Bilibino (Fig. 3).

In the catchment area of the Yarakvaam River, turbidites

display prefolding normal faults. Their fault planes dip in the

same direction as the bedding (Fig. 7). Clastic transport di-

rection was from north to south. Apparent throw on the nor-

mal faults reach a few meters (Fig. 7, right down box). These

normal faults took place during the process of sedimentation

and can be viewed as syndepositional because we can see

it’s influence onto thickness of sandstone layers (Fig. 7, right

down box).

In riverside bluffs of the Keperveyem River, Upper Tri-

assic deposits of the Chukotka microcontinent contain tur-

bidite members up to several dozens of meters thick. The

turbidites consist of coarse rhythmic alternation of sandstone,

siltstone, and less frequently, silty mudstone. In the tur-

bidites, two phases of normal faulting of different ages are

distinguished (Fig. 8). The early small displacement faults

are confined to bedding planes (Fig. 8a). The bedding plane

shears resemble similar to S-C structures (Fig. 8a), as well

as en echelon tensile zones of the pull apart type (Fig. 8b).

The latest normal faulting produced top-to-the-south brittle

fractures ranges from several millimeters to several dozens

of centimeters (Fig. 8; drawing of outcrop).

The level of metamorphism in the rocks does not exceed

the prehnite-pumpelliite facies, which precludes ductile de-

formations. Consequently, it can be assumed that the early

normal faults formed in poorly lithified sediments at a pas-

sive continental margin. The sense of the bedding plane

shears is consistent with the direction of sediment transport

and the orientation of submarine slump textures in the tur-

bidites.

6.1.3 Deformation parageneses of Early Jurassic age

(subphase D1−3)

The Triassic deposits of the Chukotka microcontinent dis-

play several phases of deformation. The earliest of these are

the metamorphic foliation S1−0, roughly parallel to bedding

S0 (Fig. 9), as well as boudinage structures. Boudinage is

developed with asymmetric lenticular boudins composed of

sandstone and quartz veins. The ratio of the length of boudins

to the gaps between them reaches 1:1.5. This suggests a high

degree of deformation.

The metamorphic foliation is folded into isoclinal folds

(Fig. 9b and c). Fragments of hinges of these folds are in-

volved in later deformations. The axial plane cleavage S1 of

these folds produced by later collisional deformational event

(D2) cuts the metamorphic foliation, and it is itself deformed

(Fig. 9a and b).

Flakes of white micas are confined both to the surfaces of

the early metamorphic foliation S1−0 and of the slaty axial

plane cleavage S1. In thin-sections, it can be seen that mi-

cas are located on the surfaces older than S1. Micas are de-

formed as a result of differential movements along S1 cleav-

age planes. These deformations along the surfaces older

than S1 were likely zones of bedding plane slip and cross-

cutting normal faults. The age of the normal faulting and

postdepositional transformations is constrained by the micas

and clay minerals at 200–204 Ma (K-Ar and Rb-Sr methods,

Tuchkova et al., 2007). We suppose that pre-S1 normal fault-

ing was related with Early Jurassic extension tectonic event.

6.1.4 Deformation parageneses of Jurassic–Early

Cretaceous age (subphase D1−4)

Deformation parageneses of Jurassic–Early Cretaceous age

(subphase D1−4) are widespread in the South Anyui suture;

they consist of tight appressed folds, cleavage, metamorphic

foliation, C-S mylonites, and boudinage. In the Southern

Gremuchinsky, Bystryansky, Terrigenous, and Flysh com-

plexes, mélanges of the “dismembered formation” and “bro-

ken formation” types have been identified and described

(Sokolov et al., 2002; Bondarenko, 2004); these are com-

mon in terrigenous mélanges of accretionary prisms (Cowan,

1985).

Mélanges of the “broken formation” type are featured by

broad occurrence of boudinage, although primary stratifi-

cation can still be restored. In “dismembered formation”

type mélanges, primary stratification is no longer discernible

(Fig. 9a). In the tectonized shale matrix, C-S mylonite ductile

fabrics are common. They provide a good kinematic indica-

tor, suggesting a south to north direction of tectonic trans-

port (in the geographic reference frame). Unfortunately, we

did not date the D1−4 deformational stage, but structures of

the D1−4 deformation are cut by faults of D2 deformational

stage.

Collisional deformations (D2)

In the collisional deformation history, we recognize two prin-

cipal phases of different age: (i) early deformation, asso-

ciated with the formation of the thrust structures and (ii)

late deformation, associated with the formation of compres-

sional dextral strike slip structures (Sokolov et al., 2002,

Bondarenko, 2004).

6.1.5 Structural parageneses associated with the forma-

tion of the thrust structure (subphase D2−1)

Thrust deformations are best expressed on the Polyarny and

Penvel’veem uplifts of the SAS, as well as in the sources of

the Angarka River, where folded and faulted allochthonous

thrust sheets have been established (Fig. 3).
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On the Penvel’veem uplift, the footwall consists of Tri-

assic rocks of the Ustieva unit (Figs. 4 and 5). The hang-

ing wall is composed of gabbro, ultramafic rocks, green-

schists, and a fragment of the Triassic–Valanginian stratig-

raphy of the Yarakvaam terrane. This fragment is composed

of volcanic rocks, tuff, and clastic rocks, as well as Upper

Jurassic–Lower Cretaceous turbidites and terrigenous rocks

of the SAS. On the Penvel’veem uplift, south vergent struc-

tures clearly overprint the earlier north vergent features.

In the sources of the Angarka River, the lower structural

unit (autochthon) is composed of Upper Triassic terrigenous

rocks (Ustieva unit), which is overlain by Upper Jurassic–

Lower Cretaceous turbidites (Flysch unit) and island-arc sed-

imentary and volcanic rocks (Kul’polney unit) of the SAS

(Fig. 10). In the vicinity of Mt. Dvuglavaya, a major syn-

form is composed of disintegrated ophiolites with serpen-

tinite mélange at the base (Fig. 10). In the valley of the

Glubokaya River, there is a tectonic block of Upper Trias-

sic tuffaceous sedimentary rocks similar to the deposits of

the Yarakvaam and Oloy terranes. The Upper Triassic rocks

are overlain by island-arc Upper Jurassic–Lower Cretaceous

sedimentary and volcanic rocks (Kul’polney unit) with an an-

gular unconformity and a horizon of coarse clastic rocks at

the base. The nappe structure is overlain with angular uncon-

formity by effusives of Albian–Cenomanian age, which are

part of the Okhotsk-Chukotka volcanic belt. This mid Creta-

ceous volcanic rocks are cut by strike-slip and normal faults

but not cut by thrust faults.

Structural features associated with thrusting are recorded

in the Upper Jurassic–Lower Cretaceous deposits of the

South Anyui suture (Fig. 11a) and the Triassic deposits of

the Anyui-Chukotka fold system (Fig. 11b and c). In terrige-

nous rocks, one finds tight isoclinal folds overturned to the

north, in which pervasive cleavage is well expressed, parallel

to their axial planes. Fold axes are commonly low angle and

strike roughly EW (Fig. 11b, left stereogram). Undulations

of the axes of such folds are associated with later strike-slip

deformations as will be shown below (Sokolov et al., 2001).

In tectonic mélange zones, rotation of boudins is recorded,

as well as rotation of the detached fold hinges (folds-

boudins) about low angle roughly EW trending axes

(Fig. 11a and b, right hand parts of the diagram). This sug-

gests northward tectonic transport of thrust masses. Syn-

thrusting rotation of sandstone boudins is expressed in the

form of direct rotation of structures (Fig. 11b, right hand

part of the diagram), as well as reverse rotation structures

(Fig. 11c). The reverse sense of rotation of boudins was

due to motions along cleavage S1 planes, as well as along

R-joints.

Orientation of the long axes of boudins, cleavage-bedding

intersection lineations and fold axes in the South Anyui su-

ture and in adjacent structures of the Anyui-Chukotka fold

system shows that thrust-related linear structural features are

oriented at low angle and mostly trend roughly East-West

(Fig. 12). Departures in the orientation of these linear struc-

tural features are due to the impact of later strike-slip defor-

mation and rotation. As a result of overprinted strike-slip

deformations, synthrusting linear features are re-oriented in

space. On stereograms, this is recorded by continuous belts

of points (Fig. 12a, b, c, d, and f). In case of minor impact

from overprinted strike-slip deformations, stereograms show

discontinuous belts of points (Fig. 12e).

Good kinematic indicators are provided by oblique fabrics

with lenticular boudins, widespread in thrust zones. Long

axes of these boudins are oriented at low angle and roughly

parallel to the axes of synthrusting folds. Similar to the

“broken” or “dismembered” formation mélanges (Fig. 11b,

right down box) may start it’s forming during Late Jurassic

to Early Cretaceous time (subphase D1−4).

6.1.6 South vergent structures (subphase D2−2)

North vergent thrusts and tectonic nappes in the South Anyui

suture are modified by opposite, south vergent structural fea-

tures: reverse faults, thrusts, and bedding folds with axial

plane cleavage (Figs. 5 and 13).

In the lower reaches of the Uyamkanda River, riverside

bluffs display heavily deformed thinly rhythmic turbidites of

Triassic age, containing mudstone members. The thickness

of fine clastic members ranges along strike from a few me-

ters to a few dozens of meters. With their increasing thick-

ness, deformation degree increases. Detailed observations on

the relationships of bedding and cleavage suggests the pres-

ence of a package of overturned isoclinal folds. Cleavage-

bedding intersection lineation has trends ranging from 90 to

135, plunging less than 20◦. In a number of places, fragments

of hinges of isoclinal folds (Fig. 13) are preserved. The thick-

ness of mudstone increases near the hinges of isoclinal folds

as a result of plastic flow of clay matter.

In the Triassic deposits of the Anyui-Chukotka fold sys-

tem, one finds (see above) packages of north vergent isocli-

nal folds of the phase D2−1, into which the bedding, early

metamorphic foliation, and the early axial plane cleavage S1

are folded. Figure 14 shows that these folds were refolded

in the process of formation of the opposite (south) vergent

structural features. In this exposure, structural features also

show evidence of later strike-slip related deformations. We

attribute, south vergent tectonic deformations to two causes:

(i) formation of backthrusts, common in areas with thrust tec-

tonics, and (ii) impact from later motions along strike-slip

faults (Sokolov et al., 2001, 2002; Bondarenko, 2004).

It is clear that not all the constituents of the fold-and-thrust

structure of the collisional phase of deformations took shape

simultaneously. The earliest structural features are bedding

plane shears and schistosity, and the cleavage S1−0. Some-

what later, synthrusting isoclinal folds took shape. These

folds involve zones of the earlier bedding plane shears. Later

on, isoclinal folds were folded and faulted, giving rise to

both north- and south-vergent plunging isoclinal folds. Back-
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thrusts and their conjugate fold features terminate the phase

of formation of the fold-and-thrust pile.

6.1.7 Late collisional strike-slip structural parageneses

(subphase D2−3)

Fold-and-thrust structure of the SAS, as well as adjacent

parts of the Anyui-Chukotka foldbelt, are modified by a sys-

tem of WNW trending strike-slip faults (Sokolov et al., 2001,

2002; Bondarenko, 2004). The first data on the presence

of strike-slip features in the region were furnished by Na-

tal’in (1984), and Parfenov (1984).

Strike-slip faults were identified from zones of nearly ver-

tical cleavage, extensive development of folds with nearly

vertical hinges, boudinage with nearly upright long axes, and

duplex structures that are Z-shaped in plan view. Strike-slip

deformation commonly leads to the formation of a system of

nearly vertical tectonic slices, as well as south vergent fea-

tures (Sokolov et al., 2002; Bondarenko, 2004). In a number

of localities dextral strike-slip structures also have a com-

pressional constituent, giving rise to flower structures, as, for

example along the northern boundary of the Yarakvaam ter-

rane (Fig. 3).

Strike-slip deformation can be illustrated by several spec-

tacular cases. The Vurguveem massif is Z-shaped in plan

view (Natal’in, 1984) due to a roughly EW-trending dextral

strike slip, which is recorded at different scales of observa-

tion. The central part of the massif underwent clockwise

rotation about a nearly vertical axis (Sokolov et al., 2002,

Fig. 5b)

The terrigenous deposits of the Ustieva and Flysh units

commonly display dextral strike-slip ductile and brittle-

ductile deformation features. They contain lenticular

boudins with upright long axes (Fig. 14a). These strike-slip

faults deform the earlier structural features (cleavage, fold

axes, etc.). This is clearly exemplified by undulations of

hinges of the earlier synthrusting folds in the Upper Trias-

sic deposits in the upper reaches of the Khrebtovaya River

(Fig. 14b).

Judging by the observed displacements of geological

markers, horizontal offset along some of the major dextral

strike slip faults reaches a few dozens of kilometers (Sokolov

et al., 2002). The best marker of dextral strike-slip faults dis-

placement amplitude is the Vurguveem massif Z-shape struc-

ture. Dextral strike slip is at least 10 km (Natal’in, 1984;

Sokolov et al., 2002).

Dextral strike-slip faults deform the coarse clastic deposits

of Barremian–Aptian age, and do not deform upper Albian

effusives of OCVB. For this reason, the time of postcolli-

sional dextral strike slip motion may be constrained to the

Barremian–Aptian (possibly, early Albian) interval.

6.2 Postcollisional deformations (D3)

This phase of deformation is featured by EW trending brittle

sinistral strike-slip faults, whose location may be inherited

from preexisting fault planes. Sinistral strike-slip faulting is

demonstrated by the local development of tight conical folds

with nearly upright axes within zones of intense deformation

up to a few dozen meters in thickness. The domains between

these zones show only open folds of bedding and cleavage

and widely spaced tension fractures. The sinistral strike-slip
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faults strike NNE-SSW and offset the Albian–Cenomanian

rocks of the OCVB. These faults were accompanied by upper

Upper Cretaceous dikes. Within certain areas, this system

of faults controls the drainage network, and lozenge-shaped

Quaternary depressions are confined to their intersection.

7 Discussion and conclusions

The tectonic history of the SAS can be divided into three

major periods of deformation: precollisional, collisional, and

postcollisional.
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7.1 Precollisional deformations

Precollisional deformations encompass the time interval

from the Late Paleozoic to the Middle Jurassic. The tec-

tonic regime of that time was defined by the existence of

a rather large Proto-Arctic ocean. In Early and Middle Pa-

leozoic time, this oceanic basin was linked to the Uralian

paleo-ocean to the west (Ruzhentsev and Aristov, 1998),

whereas, in the east it incorporated the Anyui and An-

gayucham oceanic basins. The time of inception, initial his-

tory, dimensions, spatial position, and relationships of these

basins remain unclear necessitating further studies of each

particular basin and their comparative analysis, which would

enable properly grounded paleotectonic and paleogeographic

reconstructions.
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The southern (in the present geographic reference frame)

boundary of the Anyui oceanic basin where it bordered the

North Asian continent was an active one. The age of the is-

land arc complexes of the Yarakvaam terrane indicates that

this oceanic basin already existed as early as the Carbonif-

erous. Stratigraphic data on the age of sedimentary and vol-

canic rocks (Early Carboniferous–Neocomian) are now fur-

ther supported by 40Ar/39Ar age determinations from the

Vurguveem ophiolitic gabbro. The time of metamorphism,

as defined on secondary hornblende, 304.9±13.6 Ma (sam-

ple GK-983-4, Table 1; Fig. 2), agrees with the previously

obtained age of gabbro intruded by plagiogranites, 332 Ma

(Ar/Ar method, Korago, 2000).

New radiometric and geochemical data (Ganelin and

Silantyev, 2004) have important implications for the regional

geology and tectonic concepts. First, the data are counter to

the interpretation that the Vurguveem ophiolite was a frag-

ment of Late Mesozoic oceanic crust cogenetic with the

siliceous-and-volcanic association (Bystryanka unit) of the

SAS (Radziwill and Radziwill, 1975; Parfenov, 1984; Na-

tal’in, 1984; Chekhov, 2000). Second, the established tem-

poral and genetic links between the gabbro and island arc

complexes (the ancient subduction zone) are at odds with the

idea that Proterozoic continental crust existed on the site of

the Yarakvaam terrane (Til’man et al., 1975, 1977; Shapiro

and Ganelin, 1988, Chekhov, 2000). In Late Paleozoic time,

the Yarakvaam terrane was an oceanic island arc. Structural

data (subphase D1−1) indicates a southward dipping subduc-

tion zone (geographic reference frame), which agrees well

with regional data.

The formation of the Yarakvaam terrane involved amal-

gamation of the Aluchin and Vurguveem subterranes, which

must have been accompanied by deformation of the ophio-

lite complexes. The time of amalgamation is constrained by

the Norian age of conglomerates containing ophiolitic peb-

bles (Glotov, 1995; Sokolov et al., 2002). This tectonic event

was coeval to the formation of the dike and basalt complex,

located in the western part of the Aluchin ophiolite. The

Carnian (226.6±10.5 Ma) age of the dikes and suprasubduc-

tion affinity of the pillow lavas and the sheeted dike complex

point to the inception of a backarc basin. Consequently, both

events might have been related to a tectonic rearrangement

and emergence of a new convergent boundary.

The age of amphibolites encountered in the thrust sheets

composed of oceanic crustal fragments (sample 00-8-a,

239.1±3.8 Ma; Fig. 2) or in tectonic blocks among terrige-

nous mélanges (229–257 Ma; samples M02-53/3, M02-53/5,

M02-56/8) constrains the time of subduction processes or

intraoceanic deformation. Geological data constraining the

inception of the oceanic Kul’polney island arc (Sokolov et

al., 2002) to the Oxfordian–Kimmeridgian (Schekhovtsov

and Glotov, 2001) agree well with the age of greenschists

(158.1±4.0 Ma, sample 9973/1, Table 1; Fig. 2), most likely

originating from subduction. Deformations in the structure

of the accretionary prism (subphase D1−4) are dated as Late

Jurassic–Early Cretaceous based on the age of inclusions and

matrix (Sokolov et al., 2001, 2002).

The northern margin of the Anyui oceanic basin was a

passive one. In Triassic time, terrigenous (including tur-

bidite) sediments accumulated on the shelf and slope of

the Chukotka microcontinent. Structural studies have es-

tablished syndepositional normal faults (D1−2) with south-
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ward dipping planes, which is in keeping with the sedimen-

tological data on the direction of clastic transport (Miller et

al., 2006; Tuchkova et al., 2006). Evidence of contrasting

vertical movements (subphase D1−3) of Early Jurassic age

(Tuchkova et al., 2007) makes it possible to explain the lack

of Lower and Middle Jurassic deposits by a general uplift

of the territory. The Bathonian–Oxfordian age of the chert-

and-basalt association (Bystryanka unit) constrains the time

of termination of oceanic crust generation in the Anyui basin.

The cessation of spreading was followed by a new stage: clo-

sure of the oceanic basin, marked by accumulation of terrige-

nous deposits (Flysch unit).

7.2 Collisional deformations

Collisional deformations took place in Early Cretaceous time

in the course of closure of the oceanic basin due to collision

of the active Asian margin and the Chukotka microcontinent,

variously interpreted as a part of the North American conti-

nent (Parfenov, 1984; Nokleberg et al., 1994, 1998; Grantz

et al., 1998), but also as a hypothetical Arctic continent (Zo-

nenshain et al., 1990), a Hyperborean platform (Til’man et

al., 1977; Seslavinsky, 1979; Ustritsky and Khramov, 1987),

or the Bennet-Barovia block (Natal’in et al., 1999).

The collisional stage spanned a rather wide age range

from the Neocomian to the Aptian (Parfenov, 1984; Natal’in,

1984; Sokolov et al., 2001, 2002). Structural studies have es-

tablished the following time series of tectonic deformations:

(i) north vergent thrusts and nappes (subphase D2−1), (ii)

south vergent thrusts and folds (subphase D2−2), and (iii)

late collisional dextral strike-slips (subphase D2−3).

The North vergent thrusting took shape during the

Hauterivian–Barremian (Sokolov et al., 2001, 2002), and the

Aptian–Albian stage, in the course of which the Ainakhkur-

gen, Kameskov, and Nutesyn basins formed. These are filled

in with slightly deformed sedimentary and volcanic deposits,

overlapping with sharp angular unconformity all principal

tectonic features of western Chukotka. Among the radiomet-

ric data (Table 1; Fig. 2), those corresponding to collisional

events are: the age of greenschists (115–119 Ma, samples

98117, 98117\6) pointing to deformation of the accretionary

prism, and the age of secondary alterations in the mafic dikes

(112 Ma, sample C-2573/3).

7.3 Postcollisional deformations

In Albian–Cenomanian time extension was predominant in

the Chukotkan region (Miller and Hudson, 1991; Miller et

al., 2002; Bondarenko, 2004). Extension was accompanied

by normal faulting and the growth of Cordilleran type meta-

morphic core complexes (Bering Strait Geologic Field Party,

1997; Bondarenko and Luchitskaya, 2003). In the South

Anyui suture, a system of roughly NS- and NW-trending

transtensional faults emerged, described in Natal’in (1984)

and Bondarenko (2004). These faults are often associ-

ated with subalkaline dike swarms (Shekhovtsov and Glo-

tov, 2001). The age of greenschists, 106–108 Ma (sam-

ples 98116/2 and 98117/3), cannot be interpreted unambigu-

ously. These ages might reflect either the time of exhuma-

tion of rock complexes of the accretionary prism or the peak

(104–108 Ma) of metamorphism and deformation in eastern

Chukotka (Bering Strait Geologic Field Party, 1997). The

youngest age 98 Ma (sample C-2572/9) is most likely the re-

sult of the enormous amount of heat generated during the for-

mation of the Okhotsk-Chukotka volcanic belt, whose vol-

canics overlap the eastern part of the South Anyui terrane

(Fig. 3).
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