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URALIDE S AND TIMANIDES : THEIR STRUCTURAL RELATIONSHI P
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We substantiae theoretically that the Paleozoic-Eary Mesozot Ural-Pai-Khoi-Novaya
Zemlya fold belt recognized as Uralides are not analogots to Hercynides (Variscide§ and
the preceding Late Vendian Timan folded structures and lower structural units of the Urals
recognizel as Timanides are not analogots to Baikalides Uralides and underlying Timanides
are noticeably distinguished from the other rocks of the Ural-Mongolian fold belt. The
Ordovician riftin g and subsequen drift of continents resulted in the Paleouralian ocean
seriously disturbed the initially intimate relationship betwean Timanides and European
Cadomides and brought the former into a close proximity to Baikalides, which formed at
a different time. The subsequeh evolution of Uralides also proceed&l mainly in antiphase
with more eastern initially remote parts of the Ural-Mongolian belt. However, from
Carboniferous to Middle Jurassic during the formation of Pangea the Ead European,
Kazakhstanian, and Siberian continents underwert collision, and new intimate structural
relationships were establisha& within the Ural-Mongolian fold belt

Rifting, continental drift, Uralides, Timanides, Ural-Mongolianfold belt

INTRODUCTION . URALIDE S AND TIMANIDE S

Uralides form a continuos fold belt which originatel at the place of the Paleouralia ocea & a resut of
diachronos collisiond processetha startel in the Late Devonian ard terminatel in the Jurassic

The term "Uralides has come into wide use just recenty ard owes its acceptane to a specid progran
designe by the EUROPROHE Commission which startel abou 10 yeas agp ard was initially called "Uralides
ard Variscides!' Later on, the logo was reducel to "Uralides [1]. The new name discredis the traditiond
identification of the Urals as a Variscan or Hercynian folded system but we think thee ar goal reasos to use
it. Comparisonaf the evolution of the Uralian orogen ard Variscides/Hercynideof Westen ard Centrd Europe
distinctly showael significart differences in the prehistory duration ard characte of collisiond orogent processe
there

The formation of Hercynids in Centrd Europe (the nane "Hercynide$ comes from the Harz Mountaing
was precedd by two Caledonia collisions (identified as the Taconia ard Acadian phases)which closel the
lapetis ard Rhet oceansard by rifting -ard spreading during which the Rhenohercynia (Devonian ocea basn
formed The orogent collision stag of formation of Variscides in Centrd Europestartel in the Famennia ard
was accompanig by the formation of flysch The latter permanengl accumulaté till approximatef the late Early
Carboniferos and then gawe way to Middle-Late Carboniferos molassesThe continent-island-ar collision was
quickly changd by continenta collision, thus favoring continuity of the collisiond process In the Permian
subsequenvolcanisn ard platform synecliss developedard in the Triassi¢ red-colorel molassoid formed The
Permo-Triassi evens (perhapsexcep for thoe in the earlies Permia) were nat directly relate to the formation
of Variscides (i.e, to the Variscan collision ard folding) but were causd by block deformatios ard postorogenu
extensio [3], i.e, by German-typ deformations In the Triassi¢ the European-Appalachmfolded systen was
superimpose by grabenswhos developmenled, in particular to the formation of the Atlantic Ocea [2-6] The
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eary Kimmerian movemend in Centrd Europe are expresse as the "Old Kimmerian maja discordance in the
basemendf the Uppe Keupe [7] (i.e, in the uppe bed of the Uppe Triassic) which, however does not excee

2° ard rules out orogery a this level Thus the Variscan orogené movemers relatal to folding ard collision
proceedé during the Famennian-La& Carboniferous

On the westen slope of the Southen Urals thee are no sigrs of the Caledonia orogeny The tectonc cycle
her lastel muc longe (it startel in the Late Cambrian-Ordovician)Collisiond processe were al more
prolonged In the Southen Urals continent-island-ar collision, accompani@ by the formation of flysch, starte
in the Famennia ard terminatel by the Early Carboniferousbut after a break it resume as continent-continen
collision in the Middle Carboniferos (in the Northen Urals the accumulatia of flysch and correspondingl
fold-thrug deformatios startel as late as the Early Visean) The accumulatio of flysch ende by Kungurian time,
giving way to sat ard molassesCollision, orogeny ard Alpine-type folding in the margind zones of the Urals
were still inteng in the Late Carboniferos ard Early Permia ard attenuatd as late as the erd of the Permia
(Uppe Permia series in the margind troudh was still dislocated) Then in the Early Triassi¢ hew inteng orogenc
(but alreaq rifting-related processes volcanism ard formation of molassoid tock place The lag (Early
Kimmerian fold ard thrug dislocatiors occurr@ in the Urals in the Early Jurassi [8-10]

The difference becone still more distind providel tha the Pai-Khoi-Novay Zemlya fold bel is considerd
pat of Uralides This zore is connectd with the Urals by the lates Late Kimmerian continuows folded structurs
wherea the olda Paleozai collisiond structurs are abseh here This interpretation of Uralides is alternatie to
the recenty proposd recognition of Pai-Khoides [11].

Neverthelessthe drastc differene betwe@ the seemingf relatal fold bels is na o unexplainable The
plate tectonis indicates tha the stages of folding are nat necessasl recognize from angula discordance becaus
they were a arule, na momentay but prolonged In addition mog of the tectonc stage ard cycles had a
re%ionzi rathe than globd characterand tectonc evens ard ther chang ard duration were specifc in ead fold
bet ard even varied within a bek [12].

Distinguishirg Uralides or othe similar fold bels does nat hampe recognition of long epocls of folding
(Cadomian Salairian Taconian Variscan Early Kimmerian etc) in the histoly of fold belts which are importarn
for correlation of geodynant processe ard compilation of tectonc maps It just emphasize the uniquenes of
eat folded systen ard refines the duration ard diachronos characte of collision-folding processg taking place
in the systems

For the sane reasos thee is a tendeng now to chang the nare of the Late Vendian fold bek precedig
Uralides Instea of the amorphos tem “"pre-Uralide$ or the inexa¢ ard too generh term "Baikalides it is
propose to retun to the prope name "Timanide$ put forward by Shatsl [13]. This does na contradit the
statemehtha Timanides are the resut of folding nearyy synchronoa to the Cadomia ore [8, 9, 14-16]

A gred body of literatue dat tha has appeard in recen yeas provides for a new insigh into the structura
[lglationx(;j in the Urals ard othe fold belts Study of this problen shoutl be startel with the oldes fold belt,

imanides

POSITION OF TIMANIDE S IN THE LATE VENDIAN CONTINENTAL STRUCTURE

Ore of the maja questios in stud/ of the structurd relationshp of Timanides is whethe thee existal a
supercontmen(Pannotia Vendig Panterra large than Gondwam in the Late Vendian Dalzid [17] was the first
to suggestha in the late Proterozoi¢ after the break-y of the Rodina supercontinentall continens joined agan
for a shot time. Later on, Nane ard Murphy [18] returnal to this idea ard emphasize tha the Gondwana pat
of the presumd supercontineinVendia was formed by Pan-African orogely ard was rimmed alorg the North
African margn by Cadomia orogen Puchkw [8, 19 report& on relics of Late Vendian fold bels (600-50 Ma)
coevd with the Pan-African ard Cadomia ones which hawe been preservd in the Urals ard on the Taimyr
Peninsula He suggeste the existene of more intimat relationshig of Gondwam with Baltica ard Sibera ard
considerd them a singke supercontinentPanterra

Neverthelessmog researchar concernd with the paleogeograph of the Neoproteroza ard the history of
supercontineist are only agree tha in the Vendian some continens collided with eah other which led to the
Pan-African orogery ard folding ard the formation of Gondwana with a Cadomia orogen¢ bet on its northen
margin At the sane time, they beliewe tha in the Vendian Laurenta ard the Eas Europea ard Siberian contineng
(Baltica and Siberig were locatel far from Gondwam ard were separatg from it ard eadh othe by oceas
[20-22] The® reconstructios alo show tha the Paleouralia ocea formed in the Precambrianwhich contradics
numerowl daa which | presen below

Comparisa of the appareh pole ways for Laurenta and Baltica indicates that the® paleocontinerst were in
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conta¢ with ead othe from the time of the formation of Rodinia to a leas 620-6® Ma. Ther appareh pole
ways becane obviousy separate by 58 myr. Thee dah agree with the ages of dike complexs in the napps
of Scandinavia Caledonide ard in ther forelard (580-6® Ma), including those breakirg throudh the Vendian
Varange series with tillite-lik e conglomerate [21, 23] They alo confom to the early hypothese of geologiss
tha the Scandinavia pat of the lapetis ocea formed in the lates Proterozai [24].

The absolué ages of rift igneows formatiors in the more southen pat of the continentd margn of Laurentia
correspondig to the moden Appalacha ard Ouachita party coincide with the dates of Scandinavia dike
complexes but the othe are olde (730-5% Ma). This area has grabe formations including Lower ard Uppe
Vendian terrigenos complexs ard volcantc rocks Bathyd complexs of passie continentimargn (and probably
ocea basin hee formed no late than the Early Cambria [23, 25-27] In general the lapetis ocea was mog
likely, opend no later then in the Vendian a abou the time of the Pan-African-Cadomia orogeny

The southwester (in moden coordinates bounday of Baltica known as the Teysseyre-Tornguisine (zone)
might alo hawe formed in the Late Vendian This is evidencd by the widespred Volynian (Late Vendian) basals
and terrigenos sedimerg on the continenth side of this marghn (parallé to it). Ther formatin was followed by
the origin of a passie continenth margin in the Cambrian-Eayl Devonian ard the chang of shallow-wate
sedimerd by deep-wate ones towad the inferred "Teysseye ocean! Comparisa of geological paleobie
geographicard paleomagneti dag for Baltica ard the inferred terrans weg of it [28-34 al® suppors the abowe
hypothesis Thus Laurenta could na hawe been pat of the Late Vendian continen becaus the lapetis ocea
and partly, the Teysseye ocea formed earlie in the Vendian ard divided it from Baltica Neverthelessrecert
investigatiors hawe revealé relics of the Cadomia orogen alorg the southen pat of the Teysseyre-Tornquis
margihn (Uppe Sudety-Malopolska-DobrogedVendian molasse contan zircors datel to 600-5% Ma; benedt
them the continent& basemenis traceale [35-37])

Data on the age of the southen margh of Baltica are rathe scarce With regad to the young age ard
spreadig genes of the Bladk Sea basin of specié intere$ are dat on the Cadomia granites in northwestan
Turkey. The relationshp betwea the Precambria basemenard Paleoza strah is bes pronouncd in the core
of the Grea Caucass anticlinorium [38]. Fa example in the Laba-Malla zone Ordovician-Eay Silurian
sandstonesunderlan by conglomerate with fragmens of Cambria archaeocyati limestones lie (with angula
unconformity ove greenschist of the Baikalian (Cadomianp basement The Paleozai sedimerg of the
autochthoe are overthrus by Ordovician?-Eayl Silurian ophiolites Fram this ard othe exposed fragmens of the
Precambrian-Paleoznibasemenwe can assure tha the area has preservd the Precambria tectonc feature
typicd of Centrd Europe Neverthelessit is unclea whethe or nat this margh itsef was pat of the Cadomia
orogen

The evolution of the eastem (Uraliar) continenth margn of Baltica has been sufficiently wel studiel [8,
24, 39] The margn resultel from the destruction of a large continen in the Late Cambrian-Eayl Ordovician
The Tremada sedimerg hawe well-pronouncd features of grab@ formations Rift zore originatel on the Timanide
structures (analog of Cadomides with a pronouncd azimuthé& unconformiy and evolvel into oceanic-spreadin
zore & early as the Arenigian The pre-Uralian orogen is characterizé by an incompleé structue even where
azimuth& unconformiy is absen (the southen haf of the westen slope of the Urals has preservd only externids
of Timanides — the forelard of this orogen and perhaps a smal terrane neithe ophiolitess nar subductio
complexs are preseh hee [8, 16]). Eas of the Tagil-Magnitogork zone the terrans constitutirg the easten
slope of the Variscan Urals presere relics of Early Proterozai blocks (after zircon datirg [40]). but in general
ther crug is relatively yourg (Early Proterozoi¢ accordilg to somre isotoge ratics [41]). It is quite possibé tha
the® relics ar fragmens of the Cadomia orogen

The evolution of the northen Paleozai margn of Gondwai has much in comma with tha of the Uralian
margh of Baltica Numerows geological biogeographicard paleomagneti dat confirm tha the Cadomia fold
belt which rimmed the African pat of Gondwam in the eary Early Paleozat was subjectd to rifting in the Late
Cambrian-East Ordovician This event inferred from the presene of specifc volcanogerg ard terrigenos grabe
facies in the region was followed by oceant spreadig ard the formatian of the Paleo-Tethy ocea (or Rhet
oceal ard severh microcontinents which are often united into Avalonia (sometims with separatio of Westen
Avalonia ard Easten Avalonig ard Armorica The latter aly consiss of individud terranes therefore sore
researcher distingui the Armorican terrare associatia (ATA) or the Armoricen archipelago As in the Urals
the grabe facies hele evolvel mog intensey in the Tremada [42]. It is widely believel (thoudh | do nat suppot
this hypothesiy tha the taphrogeré margirs ard microcontinerg resultel from splitting-off of pat of the
Gondwam margh rathe than from break-p of a large supercontinen[32-34]

The margirs of the Siberian continent like thos of all othe continents ar diachronous The westen
periphey (in moden coordinatey is madce up of Late Riphean and Vendian-Cambria ophiolites and island-ac
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formations indicatirg tha the margh was open towaid the Asian paleo-ocea in the mentionel epochs As early
as the Late Precambrianit becane wider as a resut of collisions which producel the epi-Baikalian pat of the
Siberian Platfoim [43, 44] The southen margnh can be tracal alorng the Dzhagdy-Tukuringa zone whele thick
deep-wate sedimentar ard volcanosedimentgr strata indicating a leas the subocearm genes of the zone
formed in the Cambria and partly, in the Ordovician Parallé to it, Khain [43] traces the Late Vendian-Eay
Cambrian Transbaikalian-Okhoksophiolite belt The Ordovician granit volcanisn ard evolution of molasse on
this continenth margn might hawe been relatel to the Salar phag of folding [45].

The easten margh of the continen is conceald to a gred extert by younge sedimentslts geoloy is of
specid interes becauseaccordirg to paleomagneti data this margi facel Baltica in the Early Paleozoicl treatel
its geology base on the hypothese of the oceant natue of the Alazei-Old megazoer proposd by Natapw € al.
[46] ard Merzlyakos [47]. In the souh ard in the west this zore bordes the Yana-Kolyrma megazonemog pat
of which hoss Cambria ard Ordovician shef sedimerd similar to thos of the Siberian Platform The Ordovician
shef sedimerd reg upm the erodel surfa@ of Cambrian ard Precambria deposits In the Kolyma massif thele
is an angula unconformiy betwea& the Lower Ordovician ard Precambria strata At the bounday of the
above-mentiong megazong (in the margina uplifts of the Kolyma loop), Ordovician shef facies pas into bathya
ones containirg subalkalire volcanics This evidence tha the eastem continenth margh originatel by the Early
Ordovician [45, 48] Recently additiond suppot for this has appearé [49]: Rift sedimentar ard igneots
complexs of Cambrian-Ordovicia age hawe been distinguishd in the Kharaulak and Sette-Daban

The northen margh of the Siberian continen is still unclear In recen years it has been assumd tha
Severnag Zemlya (North Land belongel to the individud Kara continent or terrare [50]. This hypothess was
corroboratd by paleomagneti dag [51], showirg that originatel in the late Cambrian-Eagl Ordovician the Kara
terrare moved rotating as an independencontinen (or & pat of Baltica?) frome tempera¢ southen latitudes to
north until it collided with the Siberian continert in the Carboniferousin this context the bathy4 zore tha existel
on Taimyr from Late Cambrian to Early Carboniferos [45] can be regardd na as an aulacoga but as the marghn
of the Siberian continert or as a zore parallé to this margin which resultel from rifting in the Late Cambrian-Eayl
Ordovician

In general it become clea tha thele were two stags of continenté break-y in the Late Precambrian-Eayl
Paleozoic (1) The Late Riphean-Vendia stage which determind the shag of Laurenta and partly, Baltica (es
shown above it todk plae in the Appalachians Greenland Scandinaviaand partly, in the Teysseyre-Tornquis
zone) It manifeste itsef synchronoug! with rifting on the northeaster periphey of Gondwana resultirg in a
series of terraneswhich were late attachd to the Kazakhsta continern ard the Altai-Sayan regian [44]. (2) The
Late Cambrian-Eagl Ordovician stage which todk plae on the southwesterneasternard southern(® margirs of
Baltica, on the northwesten margh of Gondwanaard on the easten ard northen margirs of Siberia The two
stags wete relatal to the break-y of Rodinia ard Panterrarespectively The hypothess of the synchronos Late
Cambrian-Easl Ordovician splitting-off of the margirs of thre2 remog continens rathe than the break-y of ore
continert can be put forward but looks rathe awkward

The questim of the existene ard the shag of a Late Vendian supercontinencan be resolvel base on
paleotectord reconstructios for 600-5% Ma — the assume periad betwea its formatian ard break-up

The performel reconstructia for 53 Ma, refining my earlie hypothese [8, 52 (Fig. 1), does nat contradit
the availabe paleomagneti daga ard resuls of the new studies To determir the position of Baltica & the erd
of this time, Didenlo & al. [22] interpolatel the dates betwea 58) ard 480 Ma. Popw [53] studiel paleomagnetia
of the Vendian deposit of the Zimnii (Winter) coas of the White Sea (55303 Ma, U-Pb dating) taking into
accoun paleoclimatt ard paleobiogeograpbiindicators ard placel Baltica into the low to temperat southen
latitudes The positicn of the Siberian continen was refined from dat in [54]. When drawirg the positin of
Baltica however we were base first of all on geologich rathe than paleomagneti data

If the abow reasonig is true then the structuré relationshig betwe@ Timanides are determind mainly by
their temporé (600-5® Ma) ard spatid proximity to the Late Vendian Cadomide of northwestem Gondwana
Possibly ther analog are presen in the subsidd basemendf the easten (in moden coordinates marghn of the
Siberian continenf which faced Baltica in the Vendian ard on Taimyr. Timanides ar in no way relatel to the
Vendian structurs of the westen margn of this continert which approaché them in the Late Paleoza or to the
Precambria terrans of KazakhstanidesMoreover the® structurs evolval in antiphas with Timanides (se
below) Thus the initially very intimat spatid relationshig of Timanides with coevéa fold bells were seriousy
disturbel by the Early Paleozat rifting, which led to drift ard rotation of continents As a resut of Paleoza
geodynant processesTimanides approache alien Late Proterozai structurd zones We do nat dwel hee on
the questia of the origin of the Eas Uralian microcontineh becaus the availabk dag on this subjet ar as yet
scarce
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Fig. 1L Reconstruction of continents for 550 Ma (late Vendian) (after [52], with minor changes)
1 — continentd crust; 2 —ocean¢ crust; 3— subduction zones 4 — mid-ocean rift s (MOR);
5 — collision zones Letters stard for continents continenta blocks, microcontinents and
their groups within the supercontinent B — Baltica, S — Siberia, L — Laurentia, Af —
Africa, SA — Souh America; Av — Avalonia, Ar — Armorica, K — Kara microcontinent

URALIDE S AND THEIR RELATIONSHI P WITH OTHER STRUCTURES
OF THE URAL-MONGOLIA N FOLD BELT

As mentionel above the formatian of the fold bek of Uralides startel in the Late Devonian with collision
of the Magnitogork islard arc ard the passie margn of the Eas Europea continent This was precedd by a
series of geodynant evens describd belov [8].

1 The Late Cambrian-Early Ordovician. A linea rift systen originatel on Timanides cutting than with
a dramatt azimuth discordance Rifting was quickly followed by oceanic-floo spreading which led to the
formation of the Paleouralia ocean At the sane time a passie continenta margn formed which existel till the
beginnirg of collision

2. The Late Ordovician-Early Devonian Origin ard evolutin of the Tagl islard arc The arc lived till
the Early Devonian ard probaby was pat of the sane subductio zore tha existal in the lapets ocea ard led
to its closure The subductio zore jammed ard this might hawe resultel in jumping of the arc within the
Paleouralia ocean In the Early Devonian the volcant activity of the Tagl arc gradualy attenuatedard a
carbonat shef with accumulatig bauxites formed on it. But theg evens are difficult to reconstrutin detail We
can just sy tha in the Urals thee were no serios collisiond evens synchronoa with the Salar ard Taconia
ones

3. The late Early Devonian-eary Late Devonian Origin ard evolutin of the Magnitogor& islard arg
which cut the Tagi arc & an acue angk ard partly incorporatd it & a terrane north of the Ufa amphitheater

Then the evens developd as follows (Fig. 2). As a resut of subduction directel from the Eas Europea
continent the secto of its passie margh correspondig to the Souh ard Centr& Urals cane into intimate conta¢
with the Magnitogor& islard arg thus initiating continent-ac collision This evert was describd in detal in [8,
9, 55 56] It producel the southen segmenh of the oldes sutue zore of Uralides the Main Uralian Fault The
collision was accompanig by the formatian of an accretionay complex composd of a series of ophiolitic tectonc
sheets eclogite-glaucophane-schimetamorphi complex ard flysch (all the componers of the complx were
syngenet to the collision) as wel a by bathyd sedimerd strippel off the passie margh ard thrug ove the
flysch. It resultel in jammirg of the subductio zore ard its jump to a new place The latte was determine by
the developmenof Early Carboniferos calc-alkalc series of the Transuralia Valerianovka Aleksandrovkaard
Tur'ya zones accordilg to geochemidadata the newv subductio zore had a westen dip [57]. The distind rift
characte of contrastiig subalkalire volcant series of the Magnitogor& synclinorium marks a zore of back-ar¢
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Fig. 2 Geodynamt profiles acros the Souh Urals for the period from Middl e Devonian to
Middl e Carboniferous (position of the profilesis shown in Fig. 3). 1 — continentd crust; 2 —
oceanc crust and ophiolites in island-arc and continentd crust; 3 — island-arc crust and
island-arc complexes in continentd crust. D, — Middl e Devonian Dsfm — Famennian
C,V —Visean C,b — Bashkirian, Com — Moscovian,

or suprasubductionakxtensio [8] (Fig. 2). When collision of the Eas Europea ard Kazakhstania continens
began in the Middle Carboniferousthis subductio zore becane a sutue separatig Uralides from Kazakhstanides
Its positim is projectel beneat the axid pat of the Turga trough wheee ultramaftc massié might hawe developd
[58]. The existene of this subduction zone mog likely, predeterming the bivergen characte of the Uralian
orogen [59].

In the northen direction the sutue is traceal# in the basemeinof the Weg Siberian Plae (ultramaftc massié
hawe bea distinguishd nea the cities of Tyumen ard Khanty-Mansiisk ard supposedl goes parallé to the
structure of the exposd Urals alorg the westen margn of the Mans massif whe it joins the Ob'-Zaisa sutue
(Fig. 3).

In the southen direction the Valerianovia sutue passe to join the southen Tien Shan (North Fergana
suture Priar to the junction it mug inevitably join the Main Uralian ard Eas Magnitogor& Fauls becaus of
the limited extension of the Magnitogor& and Eas Uralian terranes

The North Fergaa sutue was relatel to the subductio zore dipping northwad [60]. This suggest its
synvergeh junction with the Valerianovia sutue throudh a dextrd transfom fault, as follows from Tevelevs
classification of shea zones [61]. This fault, if it exists is hidden benedt the Meso-Cenozai sedimerg of the
Syrdar'ya basin

Uralides are pat of the Ural-Mongolian belt Apparently this shoutl suggest ther intimate relation to the
othe structurs of the belt But in fact the situation is much more intricate Considerig the structura relatiors
ard correlation of the evens during the tectont evolution of Uralides ard more easten structurs of the bet (i.e,
on differert sides of the Valerianovla sutue ard its continuity) we mug not tha initially, the early structurs
involved into Uralides might hawe occurrel a gred distance from all othe structure and developd in antiphas
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Fig. 3. Recern relationship of Uralides with Kazakhstan Tien Shan and Siberian structures.

| — blocks of Archean-Early Proterozoic consolidation 2 — Baikalides (area of predomi-

nantly Late Riphean-Early Vendian collision and folding); 3 — Timanides (area of Late
Vendian collision and folding); 4 — structures of the Ural-Mongolian betlt (area of Paleozoc
and Early Jurasst collisions and folding). The Kazakhstan continert is hatched Fold-thrust
structures of forelands opposie to the Ob'-Zaisan and Main Uralian suture zones are not

shown 5— Late Paleozot molasses6-12— suture zones (including the inferred ones) 6 —

Late Riphean-Early Vendian; 7 — Late Vendian; 8 — Cambrian and Ordovician; 9 — Late
Devoniann 10— Early Visean 11 —Middl e Carboniferousfaults (triangles shav a dip for the

Valerianovka and North Fergara sutures) 12— Early Jurasst (triangles shov adip); 13—
inferred transform faults with the direction of movemen Letters stard for suture zones VI —
Valerianovsk, MUF — Main Uralian Fault; NF — North Fergang OZ — Ob'-Zaisan; Bd —
Baidarata. Numbers stard for structural zones 1-6. structural zones of Uralides. 1 — cis

Uralian foredeep 2— Central Ural zone 3 — terrane of the Tagil island ark; 4 — terrane of

the Magnitogorsk island arc; 5 —terrane of the Eag Uralian microcontinent and accretionary
prism of the Valerianovka subduction zone 6 — Pai-Khoi-Novaya Zemlya folded zone 7-1Q

structural zones within the Kazakhstan continent 7-9 — molas® depressions 7 — Teniz, 8 —

Dzhezkazgan9 — Sarysu 10 — Karatau zore of Late Paleozot folding. 11 — Tom'-Kolyvan'

zore of presumably Early Kimmerian folding. 12 — Late Paleozoic-Eary Mesozot Kuznetsk

molas® trough.

with them It is true tha the Late Riphean taphrogert structurs ard ophiolites were reveale nat only in the
Taimyr-Altai-Saya bet ard Kazakhstanide but in the northen Urals as well [9]. However the epi-Baikalian
framing of the Siberian continent formed mainly by the Late Vendian and the Late Vendian sedimerd in the
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Baikd regin are represent® predominanyy by carbonate and evaporate [62]. On the othe hand Timanides
formed just in the Late Vendian i.e, neary synchronousl with Cadomides At the time when Timanides ard
Cadomids underwen collision ard folding, grabeis transforme into terrans of Centrd Kazakhstanide and the
Altai-Sayan folded area They originatel no later than the early Vendian later on, the Vendian grabe facies gawe
way to Early Paleozai deep-wate sedimentswherea in the Urals thele are no Cambrian deep-wate sedimerd
a al [25, 63]

In the Urals thele is no Cambria (Salai) folding, wherea it is widespred on the southwester ard southen
periphey of the Siberian continen [44, 45 and on a smalle scale in Kazakhstanideswhele the collision of the
Cambrian Boshchekuisland arc with the Kokcheta microcontinet probaby gawe rise to diamondiferos eclogites
[64-66] The inten® Late Cambrian-Eayl Ordovician rifting, which producel the passie margh of the Eas
Europea continen [25], had no comparal# manifestatios in more easten regiors of the Ural-Mongolian belt
On the contrary the latter were involved in the Middle-Lae Ordovician (Taconia) folding, which actively
participatel in the formation of the Kazakhstania continen ard accretim of the Siberian continent As for the
Urals the Taconia phag was nat expresse there The Late Devonian collision of the passie margn of the Eas
Europea continen ard the Magnitogork islard arc ove the subductio zore dipping from it hawe no analog in
the more eastem regiors of the belt where the subductio zones were inclined benedt the Siberian ard
Kazakhstania continents

In the Carboniferos the structurs of the Ural-Mongoliaa bet agglomeratedAt tha time, the Kazakhstania
continent was pushel into the oceant spae betwea Baltica ard Siberia ard ther joint collision began which
led to the formatian of the Valerianovia ard Ob'-Zaisa sutue zones in the late Early Carboniferous-earlMiddle
CarboniferousThe sutures were nat the absolué boundaris of folded belts Weg of the sutue of the Main Uralian
Fault thee are the cis-Uralian foredeep ard Weg ard Centrd Uralian structurd zones belongig to the
comparativel surficial often thin-skinnel deformationh structue of the fold-thrug forelard belt Eag of the
Valerianovla zore ard north of the North Fergaa zone the Late Paleozai orogely resultel nat only in
block-shapd but alo in east-vergenAlpine-type thin-skinnel deformatios (as e.g, in the Bolsha Karatau
Mountairs [67]) homologos to fold ard thrug forelard structures In addition a chan of Carboniferous-Permia
molasg troughs (Teniz Dzhezkazganard Sarys) homologos to a forede@ formed The structue of the
Kazakhstania continent in turn, might hawe affectal the processe in Uralides Fa example a speciftc featue
of Uralides is extraordinary atypicd of the world's Paleozai belts preservatio of islard arcs In particular the
Magnitogor& arc contairs even relics of arc structurd zones [8]. This may be due to the minor rigidity of the
crug of the yourg Kazakhstania continent

The Ob'-Zaisa sutue a the bounday of Kazakhstanide with Rudry Altai is expressg as a zore of
Carboniferos olistostromesophiolitic melange ard napps (its descriptia ard reference on this topic are given
in [45]). To the north the sutue is traceal® as far as the mid-OB region whee ultramaft rocks were found
[68]. Farthe north it mug join the Valerianovia zone whete Uralides Kazakhstanidesprobably Salairides and
mog importantly the epi-Baikaliam pat of the Siberia continett meet This follows from drilling ard seism¢
dat obtainel in the vag regin weg of the Yenise [68-70] A somewhasimilar, thoudh specific concep of the
Paleozai tectonis of the Weg Siberian basemenwas proposd in [71]: (1) The Paleoza tectonogenesiin Weg
Sibera had an antiplate character Thee was no ocearnt crug & a whole in the region ard its fragmens —
spatid sectos — piled up ard moval in the verticd directian only with squeezig of "excessive terrigenous-ig
neots matte from orogaer onto crators in al directions (2) It was establisheé tha the orogen was spreadig
lateraly as a resut of orogety in the adjacen pars of the cratons | do na agre with the first conclusion The
plate-tectoré mechanis of formatin of the fold belts tha submerg benedt the Wed Siberian cove in the
northen directian cass no doubt In the covera pat of the region the existene of the® belfs can only be inferred
from dat of rare boreholes As for the secon statementthe locatin of the larges Late Paleozai molasg basirs
(Fig. 3) actualy evidence tha in the Late Paleozoi¢ the entire area of Paleozoide ard adjacen crators was
involved in orogeny which united different structure of the Ural-Mongolian belt

North of the triple junction of the above-mentiore sutue zones the Siberian ard Eag Europea contineng
seen to come into immediae contac¢ alorg ah unname (BaidarataP sutue zone which, mog likely, passe alorg
Baidarah Bay parallé to the Pai-Khd ard then alorg the berd of the Novaya Zemlya fold belt This zore might
hawe formed only during the Early Kimmerian collision as a resut of dislocatiors in the still weakly consolidatd
structue of PangeaFigure 3 alo shows the hypothetich relation betwea the Early Kimmerian dislocatiors in
Novaya Zemlya and the Tom'-Kolyvari folded zones through a transfom fault.
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CONCLUSIONS

Uralides ard precedig Timanides occupy a speci& positimn in the Ural-Mongolian belt The Ordovician
rifting and subsequerdrift of continents which gawe rise to the Paleouralia ocean seriousy disturbe the initially
intimate relationshp betwea& Timanides ard CadomidesAs a result Timanides were brough into proximity with
Baikalides differing slightly in age from them The subsequenevolution of Uralides until the Devonian al®
proceedd mainly in antiphas with more easten pars of the Ural-Mongolian belt Fram Carboniferos to Middle
Jurassi¢ during the formation of Pangeathe Eas European Kazakhstanignard Siberian continens underwen
collision, ard new intimate structurd relationshig were establishé within the belt

Thus the popula concep tha Altaides are a single geodynant systen tha has included the Urd structure
since the Early Paleozai [ 7 2] seems to be oversimplified ard contradictig the actua facts Uralides evolved
independenyl of othe structurs situatel eas of them for a long perial - till the early Middle Carboniferous
therefore they can be distinguishe & an individud structure But the hypothess of the oroclind berd ard
squeezig of Kazakhstanide betwe@ the Siberian ard Eas Europea crators in the Late Paleoza [72, 73 is
certainy worthy of attention

This pape is publishel within the limits of the terminatirg progran "Uralides of the EUROPROHE
Commission The work was financially supportd by grart ICA2-CT-2000-1001 from the MinUrals Proje¢ of
the Europea Community
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