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Abstract. A long tectonic zone composed of Upper Jurassic

to Lower Cretaceous volcanic and sedimentary rocks is rec-

ognized along the Asian continent margin from the Mongol-

Okhotsk fold and thrust belt on the south to the Chukotka

Peninsula on the north. This belt represents the Uda-Murgal

arc, which was developed along the convergent margin be-

tween Northeast Asia and Northwest Meso-Pacific. Several

segments are identified in this arc based upon the volcanic

and sedimentary rock assemblages, their respective composi-

tions and basement structures. The southern and central parts

of the Uda-Murgal arc were a continental margin belt with

heterogeneous basement represented by metamorphic rocks

of the Siberian craton, the Verkhoyansk terrigenous complex

of Siberian passive margin and the Koni-Taigonos Late Pa-

leozoic to Early Mesozoic island arc with accreted oceanic

terranes. At the present day latitude of the Pekulney and

Chukotka segments there was an ensimatic island arc with

relicts of the South Anyui oceanic basin in a backarc basin.

Accretionary prisms of the Uda-Murgal arc and accreted ter-

ranes contain fragments of Permian, Triassic to Jurassic and

Jurassic to Cretaceous (Tithonian–Valanginian) oceanic crust

and Jurassic ensimatic island arcs. Paleomagnetic and fau-

nal data show significant displacement of these oceanic com-

plexes and the terranes of the Taigonos Peninsula were orig-

inally parts of the Izanagi oceanic plate.

Correspondence to: S. D. Sokolov

(sdsokolov@tochka.ru)

1 Introduction

The eastern margin of Northeastern Eurasia records a long

history of subduction and terrane accretion through preser-

vation of volcanic arc assemblages, exotic terranes and fold

belts reflecting collision. Prominent volcanic arcs are the

present activity in Kamchatka and the Late Albian to late

Cretaceous Okhotsk-Chukotka volcanic belt (OCVB); how-

ever these more recent features obscure the earlier history.

A zone of Upper Jurassic to Lower Cretaceous volcanic

and sedimentary rocks is recognized along a 3500 km long

belt along the Asian continent margin from the Mongol-

Okhotsk fold and thrust belt in the south, along the Sea

of Okhotsk coastline and via the Pekulney Range to the

Chukotka Peninsula in the north (Fig. 1). Sokolov (1992)

proposed that these units form the Late Jurassic–Early Creta-

ceous Uda-Murgal volcanic arc, however each of these units

has been studied by different research groups and by differ-

ent methods, and so their relationship with one another has

not been recognized.

The least studied area of this arc is found in the West-

ern Koryak fold and thrust belt, where it contains the

Uda-Piyagin, Taigonos, Penzhina-Anadyr, Pekulney and

Chukotka segments (Fig. 1). These units form a key area

for understanding of many important problems of Northeast

Asia tectonics. These problems are: the nature of the Asian

and Pacific plates interaction; why the trend of the Koryak-

Kamchatka accretionary structures is nearly normal to the

trend of the Verkhoyansk-Chukotka structure which is atypi-

cal for the Circum-Pacific belt as a whole; the tectonic setting

of tectonostratigraphic units composing the Verkhoyansk-

Chukotka belt, specifically whether they were a part of

Panthalassa (Zonenshain et al., 1987; Golonka et al., 1994),
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Fig. 1. Simplified tectonic map of Northeast Asia (after Silantyev et

al., 2001, modified). Segments of the Uda-Murgal arc: U-P – Uda-

Piyagin segment, T – Taigonos segment, P-A – Penzhina-Anadyr

segment, P – Pekulney segment, C – Chukotka segment (composed

of the Kanchalan, Ushkanegorsk, and Zolotogorsk terranes; Moro-

zov, 2001). Kz – Cenozoic Anadyrskiy sedimentary basin.

or formed as part of unique microplate(s) separated from the

Pacific plate by a convergent margin (Sokolov et al., 1997).

In this paper we summarize structural and geochemical

data obtained mainly by the authors during their research of

the Taigonos Peninsula, and Pekulney Range and Penzhina

regions of the Western Koryak fold and thrust belt (Fig. 1).

The main purpose of this research is the reconstruction of

the convergent boundary, related structures and rock associ-

ations formed in the transitional continent-ocean zone in the

Late Jurassic and the Early Cretaceous that are referred to

here as the Uda-Murgal arc.

2 Geological background

In Northeast Russia (Fig. 1) the Verkhoyansk-Chukotka and

Koryak-Kamchatka fold and thrust belts are traditionally

recognized as important tectonic features in the evolution

of northeast Eurasia (Fujita and Newberry, 1983; Parfenov,

1984; Parfenov et al., 1993; Pushcharovsky et al., 1992;

Bogdanov and Tilman, 1992; Sokolov et al., 1997). The

Verkhoyansk-Chukotka Mesozoic structures have a regional

northwest trend and were formed as a result of collision and

terrane accretion. Passive and active continental margin com-

plexes as well as large microcontinents such as Omolon,

Chukotka and other massifs are widespread. In contrast,

structures of the Koryak-Kamchatka fold and thrust belt

are mainly northeast trending and represent a typical accre-

tionary continental margin formed by accretion of terranes

from the Pacific Ocean basin to the Eurasian continent. Is-

land arc, ophiolite, marginal sea, turbidite, oceanic crust and

accretion prism terranes are recognized in this accretionary

region (Pushcharovsky and Tilman, 1982; Sokolov, 1992;

Parfenov et al., 1993; Nokleberg et al., 1994; Sokolov and

Byalobzheskiy, 1996).

Between the Verkhoyansk-Chukotka and Koryak-

Kamchatka fold and thrust belts there is a structural domain

called by Markov (1975) “the Western Koryak fold and

thrust belt” that was formed in Late Mesozoic (Fig. 1). He

described this belt as a tectonic element of the same impor-

tance as the Verkhoyansk-Chukotka and Koryak-Kamchatka

fold and thrust belts. The Western Koryak fold and thrust

belt is greatly discordant to the structural trend of the

Verkhoyansk-Chukotka fold and thrust belt and also exhibits

some discordance with structures of the Koryak-Kamchatka

belt. It consists mainly of island arc complexes ranging in

age from Late Paleozoic to Early Cretaceous and accreted

ophiolitic, oceanic and island arc terranes of Paleozoic and

Mesozoic age (Parfenov, 1984; Sokolov, 1992; Parfenov

et al., 1993; Nokleberg et al., 1994). The Western Koryak

fold and thrust belt contains deformed rocks of the Uda-

Murgal arc as well as some older tectonic units for which a

relationship with the Uda-Murgal arc is not well established.

Nekrasov (1976) and Zabrovskaya (1978) identified the

Koni-Taigonos island arc as being of Permian to Early Meso-

zoic age and described the Upper Jurassic to Lower Creta-

ceous volcanic rocks as the orogenic complex that started

the evolution of the marginal Okhotsk-Chukotka volcanic

belt. Parfenov (1984) suggested that all Permian to lower

Cretaceous rock units were formed in a single Uda-Murgal

arc and compared it with the modern Kuril island arc. Ac-

cording to Filatova (1988), formation of the Uda-Murgal

intraoceanic island arc occurred only in the Late Jurassic–

Neocomian time. Sokolov (1992) argued for the existence

of an ancient Late Paleozoic–Early Mesozoic Koni-Taigonos

island arc and Late Jurassic–Early Cretaceous Uda-Murgal

arc. On the Circum-North Pacific Tectonostratigraphic ter-

rane map (Nokleberg et al., 1994), the Koni-Murgal island
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arc terrane consists of two sub-terranes, which are the

Late Jurassic–Early Cretaceous Murgal sub-terrane and the

Permian–Neocomian Taigonos sub-terrane. This diversity in

ideas regarding age and tectonic evolution of island arc com-

plexes show the necessity of additional research directed to

study the evolution of the Asian continent and Northwest Pa-

cific convergent margin and is thus the focus of this paper.

The Late Albian to Late Cretaceous Okhotsk-Chukotka

volcanic belt (OCVB) overlies the Verkhoyansk-Chukotka

Mesozoic structures and the Western Koryak fold and thrust

belt structures with significant regional angular unconformity

(Filatova, 1988; Belyi, 1994). Therefore the OCVB may be

considered as a post-accretion formation that join together

both the Verkhoyansk-Chukotka and Western Koryak fold

and thrust belts (Parfenov et al., 1993; Nokleberg et al., 1994;

Sokolov et al., 1997).

3 Geology, geochemistry and structural geology of the

Uda-Murgal arc

Because of the fragmented nature of the Uda-Murgal arc,

there is confusion in the literature regarding what de-

fines the arc. Here we follow the definition proposed

by Sokolov (1992). We divide the arc into 5 segments:

the Uda-Piyagin, Taigonos, Penzhina-Anadyr, Pekulney and

Chukotka segments (Fig. 1). For each of these segments we

provide a brief geologic summary based on previous work in

the region along with new geochemical and structural data

that demonstrates the consistent lithology and chronology of

the arc.

Most results of our studies on geology of the Uda-Murgal

arc have already been published (Sokolov, 1992; Sokolov

and Byalobzheskii, 1996; Sokolov et al., 1996, 1997, 2000;

Grigoriev et al., 1995; Khudoley and Sokolov, 1998; Bon-

darenko et al., 1999, 2000; Tuchkova et al., 1999; Silantiev

et al., 2000; Luchitskaya, 2001; Luchitskaya et al., 2003)

and here we have summarized them in geologic maps and

composite stratigraphic columns with accompanying dis-

cussion. Most of geochemical data from the Taigonos,

Penzhina-Anadyr segment presented in this paper are new

and their results and methods of study are presented in Ap-

pendix 1 (see: http://www.stephan-mueller-spec-publ-ser.

net/4/273/2009/smsps-4-273-2009-supplement.pdf). Geo-

chemical studies of the Pekulney and Chukotka segments

have already been published in Russian papers (Morozov,

2000, 2001).

3.1 Uda-Piyagin segment

In the Uda-Piyagin segment, the Late Jurassic–Early Cre-

taceous (Tithonian to Berriasian) mafic, intermediate and

acid volcanics, interbedded with pyroclastic and terrigenous

rocks deposited in continental environments (Zaborovskaya,

1978; Gromov et al., 1980; Shchepetov, 1995) uncon-

formably overlie Precambrian rocks of the Siberian craton,

the Okhotsk cratonic terrane, and Paleozoic to Mesozoic

rocks of the Verkhoyansk terrigenous complex. The pro-

portion of volcanic rocks increases southeastward towards

the Sea of Okhotsk shoreline, whereas total thickness and

stratigraphic volume increase northeastward (Fig. 2). Dif-

ferentiated calc-alkaline volcanics are typically assumed to

be formed in a suprasubductional setting above a high-angle

Benioff zone (Parfenov, 1984; Filatova, 1988). The age and

correlation of these volcanic and sedimentary rock units is

based on flora and, more rarely, fauna fossils. The succes-

sion is cut by numerous granite intrusions of calc-alkaline

and potassium-sodium series. The only isotopic ages of asso-

ciated granite intrusions are whole-rock K-Ar dates grouped

at 145–142 Ma and 93–66 Ma (Gromov et al., 1980; Lebe-

dev, 1987).

3.2 Taigonos segment

Several tectonostratigraphic units are recognized in the

Taigonos segment located on the Taigonos Peninsula (Fig. 3).

Of these, the Central Taigonos terrane preserves volcanic

rocks of the Uda-Murgal arc, whereas the Beregovoi terrane

represents an accretionary prism in front of the Uda-Murgal

arc.

The northern boundary of the Central Taigonos terrane

is the Pylgin shear zone, interpreted as a collision suture

formed in Late Mesozoic during closure of the backarc basin

of the Late Paleozoic–Early Mesozoic Koni-Taigonos vol-

canic arc (Bondarenko et al., 2000). The Pylgin shear zone

separates the Central Taigonos terrane from the Avekov ter-

rane (Fig. 3) composed of Precambrian and lower Paleozoic

metamorphic rocks that are overlapped by deformed Upper

Paleozoic to Mesozoic sedimentary cover (Nekrasov, 1976;

Zaborovskaya, 1978; Zhulanova, 1990).

The Central Taigonos terrane is composed of the Koni-

Taigonos and Uda-Murgal arc complexes (Sokolov, 1992).

Tithonian–Early Albian volcanic and sedimentary rocks of

Uda-Murgal arc (Fig. 4) were deposited in a shallow-marine

to continental environments (Nekrasov, 1976; Zaborovskaya,

1978). Differentiated calc-alkaline composition of volcanics

implies their original island arc tectonic setting (Nekrasov,

1976; Zaborovskaya, 1978; Filatova, 1988).

To the south, structures of the Central Taigonos ter-

rane are cut by granitoids of the large multistage

East-Taigonos pluton (Fig. 3). These granitoids are

metaluminous with ASI (Aluminum saturation index

(Al2O3/(CaO+Na2O+K2O))<1.1, that is typical for I-type

granites in the Chappell and White (1983) classification (Ap-

pendix 1, see: http://www.stephan-mueller-spec-publ-ser.

net/4/273/2009/smsps-4-273-2009-supplement.pdf). Within

the East-Taigonos pluton granodiorite and tonalite predom-

inate, and plagiogranite, quartz monzonite, quartz diorite,

diorite and gabbro-diorite are present only in minor amounts.

Such variety of igneous rock types as well as the large vol-

ume of granitoid magmatism allows correlation of this unit
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Fig. 2. Stratigraphic sections of the Uda-Piyagin segment. Composite columns are compiled after Migovich (1972), Markov (1975), Gromov

et al. (1980), Lebedev (1987), Filatova (1988), and Belyi (1994).
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to Cordilleran I-type granites of Pitcher (1987, 1993). The

observed Zr versus (Nb/Zr)n variations in the granitoids sug-

gests formation in a supra-subduction setting (Fig. 5a). On

the Rb–Y+Nb diagram granitoids occupy the field of vol-

canic arc granites (VAG) (Fig. 5b). LILE (large ion lithophile

elements) enrichment, HFSE (high field strength elements)

depletion, distinct Ta and Nb depletion relative to other

HFSE shown on diagrams normalized to ocean ridge granite

show their affinity with island arc intrusions (Fig. 5c) (Lu-

chitskaya, 2001). Chondrite-normalized patterns of tonalites

and granodiorites of the East Taigonos pluton are enriched

in LREE (light rare earth elements) and depleted in HREE

(heavy rare earth elements). LREE-enriched granites and

characterized by a negative Eu-anomaly, whereas diorite

from the endocontact zone is slightly enriched in LREE,

slightly depleted in HREE, and does not show an Eu-

anomaly (Fig. 5d). 40Ar/39Ar biotite ages of granodiorite and

granite are 103.3±0.3 Ma and 103.1±0.5 Ma, respectively

(Bondarenko et al., 1999). U-Pb SHRIMP (sensitive high

resolution ion microprobe) zircon dating shows that zircon

crystallization in the granitoids occurred from 97.0±1.1 Ma

to 104.6±1.1 Ma (Hourigan, 2003; Luchitskaya et al., 2003),

thus providing a lower limit to the age of the Uda-Murgal arc

in this region.

Contact between the Central Taigonos terrane and the

Beregovoi terrane is represented by a wide shear zone in-

terpreted as a thrust of the East-Taigonos pluton and associ-

ated metamorphic rocks onto the Beregovoi terrane, located

along the shoreline (Fig. 3). The shear zone contains large

blocks in the roof of the granite massif as well as tectonic

slices with metamorphosed Paleozoic sedimentary and mag-

matic rocks in addition to Upper Jurassic–Valanginian tuffs

and terrigenous rocks (Nekrasov, 1976; Chekhov and Pa-

landzhyan, 1995). The latter are interpreted as forearc frag-

ments, whereas more ancient rock units are interpreted as

forearc basement.

The Beregovoi terrane has predominantly southward-

vergent imbricate thrust fan structure (Figs. 4 and 6). This

terrane consists of metamorphic rocks, volcaniclastic and

basalt-chert assemblages, turbidites with olistostrome units

gradually transformed southward into broken formation and

terrigenous mélange, and serpentinite mélange with ophiolite

and metamorphic rock fragments (Nekrasov, 1976; Chekhov

and Palandzhyan, 1995; Kemkin et al., 1996; Vishnevskaya

et al., 1998; Silantyev et al., 2000).

The key area showing structure and evolution of the Bere-

govoi terrane is well-exposed in the Povorotny Cape area

(Fig. 6). The relationship between different tectonic units

is shown in Fig. 6 and has been discussed by Silantiev et

al. (2000). Upper Jurassic to Early Cretaceous sedimentary

rocks consist of varicolored bedded cherts and shales, tuffs

and volcaniclastic sandstones. Most of the terrigenous rocks

are of turbidite origin with slump folds and soft-sediment de-

formation structures, pointing to deposition on the island arc
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slope. Cherts were deposited in variable oceanic environ-

ments, but chemistry of cherts in the upper part of succession

points to input of clastic material and approaching a conti-

nental margin (Konstantinovskaya, 1998).

The chemistry of magmatic units exposed in coherent tec-

tonic slices and mélange blocks show juxtaposition of units

formed in variable environments. According to Silantiev et

al. (2000), trace and rare earth element distributions show the

occurrence of N-MORB (normal mid ocean ridge basalts)

and within-plate basalts, highly depleted and variably frac-

tionated low-K tholeiites associated with the frontal parts of

primitive island arcs, and boninites associated with ensimatic

island arcs (Fig. 7). N-MORB typically have Zr/Y ratios

varying from 2.5 to 3.4 and a low (La/Yb)n ratio varying

from 0.66 to 0.85, whereas within-plate basalts have a high

Zr/Y ratio (about 6.55) and a (La/Yb)n ratio varying from

5.4 to 12.3. Some tectonic slices in the the lower part of

the Kingiveem unit contain a deformed dyke complex over-

lain by the volcanic and clastic rock unit, whereas serpen-

tinite mélanges contain blocks of sheeted dykes, ultramafic

rocks, gabbro, clastics, and cherts. Study of textures and

mineral composition of ultramafic rocks also show that spinel

lherzolites were formed close to mid-oceanic ridge, whereas

the spinel Cr content in the spinel harzburgite is typical for

supra-subduction peridotites (Bazulev et al., 2000).

Granitoid intrusions that cut the Lagerny unit are

represented by small gabbro-diorite and diorite-tonalite-

granodiorite plutons and commonly referred to as granitoids

of the Prybrezhno-Taigonos belt. As well as those from the

East Taigonos belt, granitoids of the Prybrezhno-Taigonos

belt have ASI<1.1 and belong to I-type granites or M-

type granites in the Pitcher (1987, 1993) classification (Ap-

pendix 1, see: http://www.stephan-mueller-spec-publ-ser.

net/4/273/2009/smsps-4-273-2009-supplement.pdf). Ac-

cording to Zr versus (Nb/Zr)n variations they are similar to

granites from a supra-subduction setting (Fig. 5a). On the

ORG-normalized diagrams they show LILE enrichment and

HFSE depletion, Ta and Nb depletion relative to other HFSE

(Fig. 5c), and they occupy the VAG field on the Rb–Y+Nb

diagram (Fig. 5b) (Luchitskaya, 2001). The chondrite-

normalized REE patterns are less enriched in LREE than

those of East-Taigonos pluton (Fig. 5d). 40Ar/39Ar ages of

biotite from granodiorite and hornblende from gabbro are

101.1±0.4 and 103.5±1.9 Ma, respectively (Bondarenko et

al., 1999). U-Pb SHRIMP zircon dating shows that zircon

crystallization in the granitoids occurred between 105.5±0.9

and 106.5±0.9 Ma (Hourigan, 2003; Luchitskaya et al.,

2003).

Rock composition and juxtaposing of units formed in dif-

ferent tectonic environments within the Central Taigonos and

Beregovoi terranes implies a complicated evolution of this
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Fig. 6. Geological map and cross-section of the Povorotny Cape area (after Silantiev et al., 2000, simplified).

segment of the Uda-Murgal arc with large-scale horizontal

displacement. 40Ar/39Ar dating of subduction-related am-

phibolites yielded ages which varied from 139±7.1 (whole-

rock) to 109.6±4.1 (amphibole) Ma (Bondarenko et al.,

1999).

The complicated tectonic history of the Taigonos segment

is also inferred from our study of its structural evolution.

Strike-slip faults of east-northeast trend are the predominant

structural style of the Central Taigonos terrane. Both sinis-

tral and dextral displacements are recognized, but sinistral

displacements are younger than the dextral. In the Beregovoi

terrane most widespread structures are ductile shear zones

with sinistral and thrust displacement. Regional-scale thrusts

cut metamorphic rocks with sinistral shear zones and seem to

be younger than the latter. Formation of these faults in both

terranes is associated with the main deformational event,

close in age to the granite intrusion at ca. 97–105 Ma. Duc-

tile shear zones are cut by brittle sinistral strike-slip faults

and conjugated fractures that were formed in a stress field

very similar to that which dominated during the formation
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Fig. 7. Chondrite- and N-MORB-normalized diagrams for volcanic

rocks of the Povorotny Cape area, normalization coefficients after

Hofmann (1988). A, B – N-MORB and WPB basalts from Kin-

giveem unit; C, D – Low-potassium basalts from Kingiveem unit;

E, F – Boninites from Lagernaya unit.

of the shear zones. Several shear zones contain slickenlines

with normal sense of shearing pointing to a late extension

probably related to orogenic collapse. The youngest (Ceno-

zoic) tectonic activity is represented by northwest-trending

strike-slip faults.

3.3 Penzhina–Anadyr segment

In a long belt from the northern shoreline of the Penzhina

Bay up to middle course of the Anadyr River there are spa-

tially separated outcrops of the Upper Jurassic–Lower Creta-

ceous succession that are overlapped by volcanic and sed-

imentary rocks of OCVB, the Penzhina forearc basin and

Cenozoic sedimentary cover (Fig. 3). Tectonic slices of the

Ganychalan and Ust-Belaya terranes contain oceanic crust

rocks affected by subduction-related metamorphism in Early

Carboniferous (Sokolov and Byalobzheskii, 1996). These

slices partly form the basement of the Uda-Murgal arc and

its forearc basin. In this region three facial zones are recog-

nized in the Upper Jurassic–Lower Cretaceous succession.

The northern zone consists of volcanic and sedimentary

rocks (Fig. 8) with a predominance of basalts and andesites,
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Fig. 8. Stratigraphic sections or the Penzhina–Anadyr segment. See

legend in Fig. 2.

tuffs, tuff breccias, and coarse- to fine-grained volcaniclastic

rocks. Volcanics are of calc-alkaline composition (Filatova,

1988). They are cut by granitoid intrusions with K-Ar whole-

rock ages of ca. 105 Ma and 81 Ma (Filatova, 1988; Belyi,

1994). This zone is interpreted as a volcanic part of the island

arc.

The central zone consists of coarse- to fine-grained ter-

rigenous rocks, tuffs and tuff breccias (Fig. 8). They uncon-

formably overlie more ancient Paleozoic and Mesozoic rock

units. In some stratigraphic sections, units contain hiatuses

and conglomerates with reworked fauna of Paleozoic, Berri-

asian, and Valanginian age (Ivanov and Pohialaynen, 1973;

Sokolov, 1992). This succession was deposited in the Uda-

Murgal forearc basin.
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The southern zone has been studied by the authors in the

Penzhina River area. Sokolov (1992) recognized the Ainyn,

Upupkin and Kuyul terranes (Fig. 3). These terranes accreted

to the Asian continental margin at the end of Early Creta-

ceous (Sokolov, 1992) and are unconformably overlapped by

post-accretional shallow-marine terrigenous sediments with

late Albian fauna at the base (Ivanov and Pohialaynen, 1973;

Alekseev, 1981).

Lower Cretaceous terrigenous rocks of the Upupkin ter-

rane are represented by sandstones, siltstones and shales

with conglomerate interbeds including reworked Late Juras-

sic fauna. In the north-western part of the terrane, the Hau-

terivian sequence contains approximately isometric bodies

of sedimentary” serpentinites (Sokolov et al., 2000). They

consist of a mixture of serpentinite, serpentinised ultramafic

rocks, serpentinite-clastic breccia, conglomerate, sandstone

and shale. Turbidites are recognized as well. These rocks

were probably formed after a serpentinite diapir reached the

submarine surface, followed by erosion and deposition of

proximal (slumps) to distal (serpentinite-clastic turbidite) fa-

cies (Sokolov et al., 2000).

The Ainyn terrane consists of a thick terrigenous fly-

sch unit (Fig. 8) (Ivanov and Pohialaynen, 1973; Alek-

seev, 1981). Turbidite with rare tuff interbeds predominates.

Berriasian–Valanginian sandstones contain detrital grains of

metamorphic and granite quartz, feldspars, granitoids, dior-

ites, mica-chlorite schists, and mafic rocks. The observed

heavy minerals are zircon, tourmaline, apatite, with lesser

amount of the garnet and epidote group minerals (Tuchkova

et al., 1999). Hauterivian–Aptian sandstones consist of

mainly volcanic fragments. The content of magmatic quartz

increases upward in the section. Heavy minerals are uni-

form and consist of pyroxene, magnetite, ilmenite with rare

chromite (Tuchkova et al., 1999).

The Kuyul ophiolite terrane contains three types of sed-

imentary and volcanic rock successions (Grigoriev et al.,

1995; Sokolov et al., 1996). The first type consists of

Bathonian–Lower Tithonian oceanic basalts and cherts. The

second type consists of Late Bathonian–Tithonian volcanic

rocks of supra-subductional origin (Khanchuk et al., 1990).

The third type succession consists in the lower part of lay-

ered red shaly cherts and cherty shales with Callovian–Early

Tithonian radiolaria. In the upper part predominant rocks

are siltstone, shale, and volcaniclastic sandstone with sub-

marine slump units containing fragments of variable cherts,

tuff sandstones, and limestone concretions. Chert fragments

contain Late Triassic radiolaria, whereas shales host the

Tithonian–Early Valanginian Buchia. The rocks are highly

deformed and are transformed into terrigenous mélange. De-

position occurred in deep-water trench or at the base of ac-

cretion prism.

Three deformational events have been identified in the

study area (Khudoley and Sokolov, 1998). The first event

folds and shear zones are only recognized in metamorphic

rocks of the Ganychalan terrane and are assumed to be Early

Carboniferous in age. The second event is recorded by struc-

tures that are imbricate fans of thrusts and folds with south-

east vergence, broken formation and serpentinite mélange.

These are Latest Jurassic to Early Cretaceous (Early Albian)

and occur throughout the study area. During this event,

thrusting was accompanied by dextral strike-slip faulting.

The third deformational event is characterized by significant

sinistral strike-slip displacements. The age of the sinistral

strike-slip faults is interpreted to be Late Cretaceous to Ceno-

zoic.

3.4 Pekulney segment

Upper Jurassic–Lower Cretaceous rocks are represented by

volcanic-plutonic, chert-basalt, chert-terrigenous-basalt, ter-

rigenous and picrite-basalt assemblages (Figs. 9 and 10).

Volcanic-plutonic assemblage contains variable Tithonian

to Valanginian volcanic and sedimentary rocks as well as nu-

merous dykes and plutonic rocks. Basement of the assem-

blage consists of tectonically juxtaposed magmatic and meta-

morphic rocks of Precambrian, Late Paleozoic and Mesozoic

age (Nekrasov and Lyapunov, 1987; Zhulanova, 1990; Mo-

rozov, 2001).

Basalt and andesite-basalt predominate among the vol-

canic rocks. Andesite, rhyolite and dacite are less com-

mon and are located mainly in the upper part of succession.

Acidic volcanics are typically sub-volcanic facies and tuffs.

The sedimentary succession contains tuffaceous and lithic

conglomerates, breccias, sandstones, siltstones and rare

shales. Detrital fragments are volcanics of variable com-

position and metamorphic degree, including tuffaceous sed-

imentary rocks, graphite schists with cordierite, andalusite

or garnet, and biotite-hornblende plagiogneiss. Fragments of

gabbro-diorite, diorite, tonalite and granite are also common

(Morozov, 2001).

Plutonic rocks are represented by acidic sub-volcanics, ob-

served as dyke swarms varying in composition from basalt to

rhyolite, as well as by plagiogranite and amphibole gabbro

intrusions (Morozov, 2001).

The chemistry of the magmatic rocks suggest formation

in a supra-subduction setting (Morozov, 2001). Depleted

tholeiite, peraluminous tholeiite, and calc-alkaline volcanic

rocks are widespread. Highly titanium-rich supra-subduction

volcanics are of local distribution. Some volcanics are

shoshonite, whereas some dykes are close in composition to

boninite-marianite basalt series.

Chert-terrigenous-basalt assemblage (Fig. 10) consists of

basalt, agglomerate, with regular and lenticular interbeds

of black cherty shales, siltstone, and, rarely, siliceous

tuff. Although radiolaria found in succession are re-

crystallized and poorly preserved, there are Late Berriasian–

Early Valanginian Buchia (Morozov, 2001). The chemical

composition data shows that the basalts studied are close to

MORB tholeiites. However, they are enriched in P, La, Rb,

Ba, K, Sr, and slightly depleted in Ta and Nb, indicating an

www.stephan-mueller-spec-publ-ser.net/4/273/2009/ Stephan Mueller Spec. Publ. Ser., 4, 273–288, 2009



282 S. D. Sokolov et al.: Tectonic reconstruction of Uda-Murgal arc and Northeast Asia

affinity to a supra-subduction setting (Morozov, 2001). The

assemblage is interpreted as fragments of backarc basin be-

hind a convergent plate boundary.

Chert-volcanic assemblage forms a number of slices com-

posed of sheeted diabase dykes, basalts, pillow-lava, and

overlapping platy cherts, siliceous tuff, siltstone and shale

(Fig. 10). Radiolaria in cherts yields a Bajocian to Early Cre-

taceous age (Morozov, 2001, 2000) whereas siltstones con-

tain Buchia of Late Valanginian age. The chemistry of vol-

canics is close to that of N-MORB, E-MORB (enriched mid

ocean ridge basalts), and intraplate basalts. Locally rocks

of this assemblage are metamorphosed up to greenschist,

blueschist, and epidote-amphibolite grade.

Spatially close to rocks of the chert-volcanic assemblage

are slices with Early Cretaceous cherts, tuffs, terrigenous

rocks, and olistostrome units. Among olistoliths there are

oceanic volcanics and cherts, island arc volcanics, tuffs, and

metamorphic rocks. All of these rocks form a part of an ac-

cretionary prism (Morozov, 2001).

The Picrite–basalt assemblage is associated with serpenti-

nite mélange units. It contains picrite, picrite-basalts, basalts,

volcanic breccia occasionally interbedded with volcaniclas-

tic or tuffaceous sandstones. Numerous sub-volcanic and hy-

pabyssal mafic and ultramafic intrusions are related to the

volcanic rocks. Chemistry of the assemblage points to its

formation as a result of intra-arc rifting (Morozov, 2001).

Post-accretionary rock unit consists of flysch-like tuff and

terrigenous rocks. Age of its basal beds gradually changes

from Hauterivian–Barremian in the north to Barremian–

Aptian in the south.

3.5 Chukotka segment

The Chukotka segment of the Uda-Murgal arc contains the

Kanchalan, Ushkanegorsk, and Zolotogorsk terranes (Moro-

zov, 2001). Exposures of Paleozoic and Mesozoic rocks are

rare and spatially separated by unconformably overlapping

Upper Cretaceous volcanic and sedimentary rocks (OCVB)

and Tertiary sediments.

Upper Paleozoic variably metamorphosed volcanic and

sedimentary rocks were found only in the Kanchalan ter-

rane. There the sedimentary succession consists of carbonate

and terrigenous rocks. Volcanics range in composition from

trachyandesite to trachyrhyolite. They form a unique suc-

cession with chemistry close to that of high-potassium calc-

alkaline volcanics of the Andean margin and mature island

arcs (Morozov, 2001).

Upper Jurassic–Lower Cretaceous (Tithonian–

Valanginian) complex consists of tuffs and terrigenous

rocks and sub-volcanics. Rocks are highly deformed and

cut and often metamorphosed by Early and Late Cretaceous

granitoids.

Three types of succession are recognized among the Up-

per Jurassic–Lower Cretaceous rocks: (1) Lava, tuff brec-

cia, tuffs of mafic, intermediate and acidic composition, and

sedimentary rocks. Sedimentary rocks include siltstones,

shales and coal-bearing shales with thin parallel and cross

bedding with numerous flora remnants. These rocks were

deposited in lacustrine environments. The tectonic setting of

this succession is interpreted as being the volcanic part of

an island arc. (2) Flysch-like unit with alternation of vol-

caniclastic and lithic sandstones, siltstones and shales with

proximal and distal facies of island arc slope and rise. (3)

Thin alternating cherts, cherty and limy siltstones, shales and

tuffaceous sandstones. The high portion of hemipelagic fa-

cies suggests deposition of this unit in a forearc setting (Mo-

rozov, 2001).

Early Cretaceous intrusions are gabbro-plagiogranite,

diorite and granite. Whole-rock K-Ar dating of the external

part of a plagiogranite pluton yielded a 120±7 Ma age (Mo-

rozov, 2001). Granite often contains xenoliths of ultramafic

and mafic rocks. Interpretation of their chemical composition

suggests that the granite intrusions were formed in a volcanic

island arc tectonic setting (Morozov, 2001).

4 Discussion: tectonic interpretation and

reconstruction of the Uda-Murgal arc

4.1 Reconstruction of the Uda-Murgal arc

The Western Koryak fold and thrust belt includes Paleozoic

and Mesozoic assemblages that were formed in suprasub-

duction geodynamic setting. The data presented on structure

and composition of Upper Jurassic–Lower Cretaceous rocks

make it possible to reconstruct the ancient convergent margin

of the Asian continent with the Uda-Murgal arc located par-

allel to this margin (Fig. 11). The region had a complicated

structure and consisted of several segments that differ from

each other by the type and composition of basement, volcan-

ism, deposition and a lateral set of structures formed in the

continent-ocean transition zone. The difference in composi-

tion of the segments as well as the lack of detailed studies

resulted in a diversity of ideas regarding the age and tectonic

nature of the Uda-Murgal arc (e.g. Nekrasov, 1976; Parfenov,

1984; Filatova, 1988; Sokolov, 1992; Nokleberg et al., 1994).

In the Uda-Piyagin segment only the volcanic part of the

island arc and a part of backarc basin are recognized. Frontal

structures of the island arc are covered by the water and sedi-

ments of the Sea of Okhotsk. The island arc assemblages rest

on a heterogeneous basement that includes Late Paleozoic–

Early Mesozoic Koni-Taigonos island arc, Siberian craton,

Verkhoyansk Complex, and Okhotsk cratonic terrane. As the

restored island arc does not contain marine sediments in a

backarc basin, volcanics were located on the margin of conti-

nent and therefore are interpreted to have formed an Andean-

type continental margin (Parfenov, 1984). The Late Jurassic–

Early Cretaceous convergent boundary was oblique to more

ancient structures of the Asian continent.
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In the Taigonos segment, the axial volcanic zone of the

Uda-Murgal arc is preserved in the Central Taigonos terrane,

while the Beregovoi terrane preserves the accretionary prism

(Fig. 12). Volcanic rocks of the Uda-Murgal arc overlap the

more ancient Koni-Taigonos island arc. Volcanism and de-

position occurred in a shallow-marine to continental environ-

ments along the margin of the Asian continent.

The forearc succession is represented by volcaniclastic ter-

rigenous rocks including turbidites, with interbeds of tuffs

and pyroclastics. Mafic volcanics predominate in the south-

ern part, whereas intermediate and acidic volcanics are typ-

ical for its northern part. During the final stages of volcanic

activity large stratovolcanoes predominated. Intrusion of a

large granite pluton that cut rock units in the forearc and ac-

cretionary prism marked the termination of volcanic activity

along this segment.

In the Penzhina–Anadyr segment, the northern facial zone

of the Upper Jurassic–Lower Cretaceous volcanic and sed-

imentary rocks is a typical island arc complex (Parfenov,

1984; Filatova, 1988). Probably, it represents only the ax-

ial volcanic zone of an island arc. Marine flysch-like rocks

are widespread in the upper course of the Penzhina River

and may represent sedimentary fill of a backarc basin (Fi-

latova, 1988) that separated the volcanic island arc from the

Omolon massif. To the northwest these are replaced by thin

Upper Jurassic rock units that were deposited in shallow-

marine environments along the east margin of the Omolon

massif, whereas Lower Cretaceous rock units are of conti-

nental origin. Therefore a mature ensialic island arc occurred

in the Penzhina–Anadyr segment. In our model the gradually

shoaling marginal sea with thinned continental crust in the

back of the island arc was opening northward and connected

with the South Anyui oceanic basin (Fig. 11).

The central zone succession only contains marine to deep-

marine facies (Migovich, 1972; Ivanov and Pohialaynen,

1973; Sokolov, 1992). These are predominantly terrigenous

in composition with rare pyroclastics and volcanics. Lo-

cal erosion surfaces and units with reworked ancient fauna

are typical. This region has been interpreted as resulting

from deposition in a basin located between frontal non-

volcanic and back volcanic arcs (Nekrasov, 1976; Sokolov,

1992). If this model is correct, then the frontal arc consists

of Ganychalan, Upupkin and Ust-Belaya allochthonous ter-

ranes (Fig. 3). However, variability in stratigraphy of local

sections inside the central zone shows that deposition oc-

curred in different basins located in a wide forearc part of

the island arc. The most outer basin was the Upupkin terrane

succession. Some serpentinite mélange units have structural

features typical for mélanges of diapir origin (Khudoley and

Sokolov, 1998). If so, in this part of forearc serpentinite di-

apirs were probably formed similarly to those in the mod-

ern Idzu-Bonin and Mariana convergent margin (Fryer, 1992;

Lagabrielle, 1992).

Turbidites of the Ainyn terrane are interpreted as deposited

at the outer rise of an island arc and an accretionary prism

that included accreted units of the Kuyul ophiolite terrane.

The latter contains fragments of oceanic crust represented

by ophiolite, basalt-chert and basalt-carbonate-chert assem-

blages, supra-subduction ophiolite and ensimatic island arc

complex, and trench sediments with olistostrome units. Most

of them are Middle (Bathonian) to Late Jurassic in age,

but Late Triassic–Middle Jurassic (Bajocian) blocks of the

oceanic crust have been reported as well (Grigoriev et al.,

1995; Sokolov, 1996).

Thus, in the Penzhina-Anadyr segment (Fig. 12) backarc

basin, axial volcanic zone, forearc, and accretionary prism of

the Uda-Murgal arc, along with accreted oceanic complexes

are restored. Basement of the axial volcanic zone is not ex-

posed, whereas forearc basement consists of accreted units

of Upper Paleozoic–Lower Mesozoic island arc, shelf, and

forearc complexes, and Early Paleozoic ophiolites formed

oceanic lithosphere of Paleo-Pacific (Sokolov, 1992; Sokolov

et al., 1997).

Island arc complexes of the Penzhina-Anadyr segment

were located along the margin of the continent. Behind

the Uda-Murgal arc there was an epicontinental marginal

sea. The margin of the Asian continent was represented

by the Omolon superterrane (Parfenov et al., 1993) and ac-

creted Late Paleozoic–Early Mesozoic Koni-Taigonos island

arc and terranes of the Penzhina area (Khudoley and Sokolov,

1998).
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Early models suggested that the ophiolites and basalt-chert

assemblages of the Pekulney Range were formed in a rift

(Markov and Nekrasov, 1979). Modern interpretation of

these complexes are that they were formed in the continent-

ocean transition zone (Parfenov, 1984; Sokolov, 1992; Par-

fenov et al., 1993). More details on the geology and the tec-

tonic evolution of ophiolites and basalt-chert assemblages of

the Pekulney Range were presented by Morozov (2001).

In the Pekulney segment, in the oceanward direction from

the backarc basin with oceanic crust, are an axial volcanic

zone, forearc and accretionary prism with offscraped frag-

ments of oceanic crust and Lower Cretaceous continental

slope deposits with olistostromes (Fig. 13).

In the axial volcanic zone of the island arc, volcanism and

sedimentation occurred in continental to shallow marine en-

vironments in areas with highly differentiated relief. Some

sedimentary rocks contain ripple marks, low-angle cross bed-

ding, broken shells and other evidence of shallow marine to

near shore depositional environments. A portion of these

sedimentary rocks were formed as a result of mud or py-

roclastic avalanches and gravity mass flows having moved

from the base of a volcano or near the shoreline zone of the

forearc basin.

Formation of an oceanic chert-volcanic assemblage oc-

curred in a topographically low mid oceanic ridge with a

high spreading rate. Minor tuffaceous terrigenous rocks in

the upper part of succession imply motion of the plate in Late

Valanginian closer to the convergent boundary. In the Pekul-

ney segment, island arc complexes overlie the heterogeneous

basement consisting of fragments of lower continental crust

and oceanic lithosphere (Morozov, 2001).

J v - K b
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plate

Back arc basin

oceanic crust of the back-arc basin

oceanic crust

lower crust

pre Jurassic basement-

volcano-sedimentary rocks
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Fig. 13. Late Jurassic–Berriasian reconstruction of the Pekulney

segment of the Uda-Murgal arc.

The Chukotka segment of the island arc had basement

which varied in composition from an ensimatic to ensialic

arc (Morozov, 2001). This forms a sub-latitudinal extension

of the convergent margin and also separated the Mesopacific

from the eastern part of South-Anyui basin and related struc-

tures of Chukotka microcontinent (Fig. 11). In this segment,

island arc volcanic activity was terminated by the Aptian and

was not as extensive as in other segments of the Uda-Murgal
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arc. These other segments probably resulted from oblique

subduction of Mesopacific oceanic crust beneath Chukotka.

Possibly, the Chukotka segment should be identified as a sin-

gle island arc. We propose that it and the Uda-Murgal arc

belong to the same convergent boundary between the Asian

continent and oceanic plates of the northern Pacific basin.

4.2 Plate tectonic reconstructions

Juxtaposition of rock units of variable tectonic origin and the

occurrence of numerous thrusts and strike-slip faults point

to significant displacement of tectonic units that combined

in the Uda-Murgal arc. Available paleomagnetic data is not

sufficient for detailed reconstruction of motions of all ter-

ranes, but gives a first-order approximation of the displace-

ment magnitude and history.

In the first paleotectonic reconstructions (Zonenshain et

al., 1987, 1991) all allochthonous terranes of Northeast Rus-

sia were assumed to be transported by the Kula plate. The

following reconstructions were mainly based on the plate

kinematics inferred by Engebretson et al. (1985). According

to the available paleomagnetic and structural data (Sokolov

et al., 1997; Khudoley and Sokolov, 1998) displacement of

terranes in the Koryak-Kamchatka fold and thrust belt show

reasonable fit with displacements of the Farallon and Pacific

plates discussed by Engebretson et al. (1985).

New paleomagnetic data show that Triassic cherts of the

Kingiveem unit of the Beregovoi terrane were deposited at

2.3◦
±3.2◦ and Jurassic cherts were deposited about at 35◦ N

(Bazhenov et al., 1999; Aleksutin et al., 2005). These pa-

leolatitudes are significantly to the south of their current lo-

cation and correspond with location of the Izanagi plate at

those times.

The chemistry of the cherts implies that an oceanic plate

gradually moved from the central part of the ocean toward a

continental margin (Konstantinovskaya, 1998).

Paleomagnetic data from the oceanic crust fragments

within the Kuyul ophiolite terrane point to their formation

southward from their present location (Harbert et al., 2003).

Unfortunately, there are no reliable data for the Middle-Late

Jurassic basalts and cherts to recognize their relationship to

the Izanagi or Farallon plates. However, oceanic complexes

accreted to the northern part of the Koryak Upland were

likely transported by the Farallon plate (Sokolov et al., 1997).

The existence of island arc complexes (Lagerny and

Kingiveem units of the Beregovoi terrane) and supra-

subductional ophiolites in the accretion prism suggest a pre-

Valanginian collision of ensimatic island arcs with the active

continental margin represented by Uda-Murgal arc. As ensi-

matic island arc successions of Lagerny and Kingiveem units

are separated by oceanic crust and plagiogranite and acidic

volcanics were found in Lagerny unit but not Kingiveem

unit, we interpret the Lagerny and Kingiveem units to rep-

resent different ensimatic arcs. According to paleomagnetic

data, island-arc volcanics of the Lagerny unit were formed at

28.6◦
±7.8◦ N (Aleksutin et al., 2005). It looks most possi-

ble that these island arcs marked the boundary between the

Izanagi and Farallon plates, that was probably of convergent

nature (Sokolov et al., 1997; Bazhenov et al., 1999; Alek-

sutin et al., 2005).

5 Conclusion

A long belt of Upper Jurassic–Lower Cretaceous volcanic

and sedimentary rocks formed along convergent margin of

the Asian continent and the north-western Pacific is recog-

nized from the Mongolo-Okhotsk fold and thrust belt in the

south to the Chukotka Peninsula in the north.

In the Uda-Piyagin, Taigonos, and Penzhina-Anadyr seg-

ments island arc volcanics were erupted along an Andean-

type margin of the Asian continent and/or mature island arc

(Fig. 1). In the Pekulney and Chukotka segments, an is-

land arc separated structures of the Meso-Pacific from the

South-Anyui basin, which was a marginal sea or relicts of

oceanic basin. In the inner part of the Pekulney segment

a new backarc basin similar to modern Komandorsky basin

was formed.
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