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Structure and geodynamia of the Uralian orogen

V. N.PUCHKOV
Institute of Geology,ul. K.Marx 16/2, Ufa 450000, Bashkiria, Russia

Abstract: The Urals are a Late Palaeozai orogenc belt The relicts of earlie orogers are
tracal in its basementin particular the Late Vendian pre-Uralian orogen is reconstructe
ard identified as a pat of the Late Precambrina Cadomia orogen The Uralian orogery
was precedd by Late Cambrian—Eayl Ordovician epicontinenthrifting ard formation of
the Paleo-Uralia ocem whos remnans are Palaeoza ophiolites Calc-alkalire
volcanites ard plutons typicd of active margins are widely developd in the easten Urals
The Uralian foldbel resuls from oblique collision betwea the Eag Europea (Laurussia
passie margn and the active margh on the Kazakhstania continent Collision began in
the souh of the Urals ard moved wave-likg to the north The easten ard northen part of
the Urals haw been affectel by the Middle Jurasst Cimmerian intracontinenth
(intra-Pangaéa shortening The Uralian—Cimmeria mountan bekt was erodel and
partially inundatel by sea in the Late Jurassic—Eayl Cretaceos times ard has bee

reactivatel since the Oligocere in respone to arecen intracontinentashortening

The Urals are a Late Palaeozai foldbel tha
also experiencd Mid-Jurassi Cimmerian de
formation in its eastem ard northen parts The
north—south-trendiggmountan range approxi
mately 200 km long, isthe geograptd Europe-
Asiabounday ard iscommony divided into the
Polar, Cis-Polar Northern Centrd ard
Southen Urals (Fig. 1). The characteristi fea
ture of the fold bet is a distinct thoudh dis
turbed, linearity of tectont zones A continenta
passie margh to the weg has been underthrus
below unitsderived fromamariredomanjuxta-
posel agains a calc-alkalire palaeo-actig mar
gin. Thanks to Late Cenozot tectont
movemens the tectont zones are all expose in
the Southen Urals In the north the east
ernmos zones are coverel by the Mesozot ard
Cenozot sedimert of the Weg Siberian basin

The Uralian foldbetlt is one of the oldes ard
richeg mining regiors of Russia Therefore it
has attractel the attention of mary geologiss
amorg whom ore shoutl mentian Murchism
(thefounde of the Permian system) Karpinsky,
(the proponen of the contractionis ideas who
suggested tha the changs in the Ural's strike
were influenced by the outline of the rigid
Russia plate ard Shatsk (who establishd the
Riphea systen in the Urals discoverd relicts
of aLate Proterozai foldbelt and developé the
theoly of relationshig betwea geosyncline
and platforms)

Understandig the generd features of the
Uralian structue and histoly has dependd

FromBurg, J.-P. &Ford, M.

(eds) 1997 OrogenyThrough Time,

much on the developmenh of genera tectont
ideas Publication of Wegenes 'Die Enstehug
der Kontinenté (translaté into Russia in
1924 ard of the importart works of Argard ard
Stauly led to amobilist mode of the Uralsin the
Thirties In the 194G ard up to the 1960s afixist
paradign took ove and ‘charriagé (thrusting
practically becane a prohibited word in publi-
catiors concerniig the Urals Moreover it isin
the Urals that the concep of deep-seatéfaults
was propose by Peywe (1945) It was initially
though tha the® faults sud as the Main
Uralian Fault were near-verticalreachd deg
into the mantle controlled magmatisn and
metallogey and were intrinsically aprod tha
continens could nat drift over the mantle For
severh decade the® ideas were foremos in all
tectont interpretatios and are still propoundd
by sone researchex(note deep-seatéfaultsin
Fig. 2). At the sane time, the Urals were
regardel as an exemplay geosynclineln 1972
in light of the introductian of plate tectonics
Peywe ard Ivanos propose tha the Urals
represeh a closal Palaeoza ocean The first
tectont map a a scak of 1:1¢ base on plate
tectont ideas was publishel in 1977 by Pey\e et
al. Subsequenwork has accumulatd a con
siderabé volume of information supportirg this
interpretation (e.g Kamaletdinw 1974 Perfi
lyev 1979 Puchka 1979 1991 1993 Ruzhemnt
sev 1986 lvanov etal. 1986 Savelyewa 1987
Yazew et al. 1989 Seravkn et al. 1992
Svyazhiraetal. 1992)
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Fig. 2. Geophysickdat from two profiles through the Urals (located on Fig. 3). In (8 ard (¢) atopograpti
profile (dashe line) ard agravity anomay profile (solid line, no scak given) are shown for ead profile, (b)
ard (d) shav deg seismc soundiry sectiors (very generalizd after Avtoneer et al. 1991) Key: 1 ard 2,

unspecifig boundaris of different crustd seisme layers 3, Moho surface 4, anomalousl low velocity zones
5, hypothetich deep-seatkfaults of differert order, 6, the Uralian Super-dep borehole 7, layer velocitiesin
km s, Structurd zones |, Eas Europea platforny II, Uralian foredeep I, Weg Uralian Zong 1V, Centrad

Uralian Zone V, Taglio-Magnitogorskia zone VI ard VII, Centrd Uralian zoneg VIII, Transuralia zone

IX, Kazakhstania 'Caledonides’

Our understandig of the deg structue of
the Urals has been improved consideraly by a
combina analyss of magnett and gravity
fields. More than 15 Deg Seism¢ Soundimy
(DS9S profiles and more than 20 seismc reflec
tion profiles hawe bea completel (e.g Ne
cheukhn et al. 1986 Avtonees et al. 1997
Sokoloy, 1992) This pape gives asummay of
the currert stak of knowledg on the Urals

Structural zonation of the Urals

The Urals are divided into six sub-longitudina
zones (Fig. 1), that differ both in their structue
and stratigraphy From weg to eas they are (1)
the Uralian Foredeep(2) the Weg Uralian, (3)

the Centrd Uralian (4) the Tagilo-Magnite
gorskian (5 the Ead Uralian ard (6) the
Transuralia zones

Zones 1, 2and 3representheformer passie
margin of the Eags Europea (Euramerian
Laurussia continen (Puchka 1979) This mar
gin formed from the Late Cambrian to the Early
Ordovician ard was stabk during Ordovician
Silurian and Devoniax times In the Late
Palaeozoic the platfom was deformel to
becone a pat of the Uralian foldbelt The Eas
Europea basemen compriss granitc and
metamorphi rocks of Precambria age (Ga
farov 1970) The crud is 34—2km thick (Ne-
cheukhn et al 1986 Avtoneey etal. 199 (Figs
2 & 3). Zore3isboundel to the eas$ by the Main

Fig. 1. Tectonc sketth map of the Urals showirg the main tectont zones and geographs sub-divisiors of the
orogen Encircled numbers 1, Ufimian amphitheatre2—13 Subzones2, Zilair; 3, Lemvg 4, Schchuchya5,
Voykar, 6, Tagil, 7, Murzinka—Aduy 8, Salda 9, Eas Uralian volcanics 10, Troitsk; 11, Denisovka 12 Eag
Mugodzhary 13 Magnitogorsk 14-16 tectont klippen in the Weg Uralian zone containirg ophiolites or
serpentinitc melange 14, Sakmara 15 Kraka 6, Bardym (Nyazepetrovsk)A, Fou anticlinoria of the
Centrd Uralian zone TR, Taratal complex Transvershstructurd elemens of the Uralian foredeep Uplifts:
KT, Kara-Tay KC, Kosva—ChusovayaP, Polyud PK, Pechora—KozhvaChy, Chernyshe uplift; Chy,
Cherna uplift. Basins BB, Belsk YSB, Yuryuzan—SylvaSB,SolikamskUPB, Uppe PechoraBSB,
Bolshaya Synyg KRB, Kosyu—RogovayaKB, Korotaikhg PK, Poletayevk area UTT, Ural-Tau

metamorphé terranes SK, Selyankino
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Fig. 3 Thicknes of the crug in the Urals ard
adjacemn area (after Avtonee et al. 1991 isopletts
in km). Compiled from gravity anomalis ard 16 DSS
profiles

Uralian Fault the principd sutue marked by a
serpentinitt melang and inclined to the eas by
20 to 40-50 (locally steeper) It may flatten a
depth & suggeste by seismc dat (Sokolor
1992 Petrw et al. 1999 (Figs4 & 5).

The Uralian foredeep(Zone 1)

The Uralian foredeep 50-5 km wide, is filled
with Permian flysch ard molasg of easten
provenance up to 6 km thick (Nalivkin 1949
Makedonw 1965 Chuvashe & Dyupina 1973
underlah by 4-7kn thick Ordovician
Carboniferos shef deposis (Fig. 6), which, in
turn, unconformab} cove Precambria sedi
mentary metamorpld and magmatt com
plexes The westen bounday of the forede@ is
marked only in the Southen Urals by achan of
barrie reef of Early Permian age (Asselian to
Early Artinskian Chuvashov & Naim1993) The
terrigenots facies of the easten provenane are
sprea far onto the platform, and the westen
bounday of the foredeg is usualyy expresse
only by a more or less pronouncd downwad
berd of the top surfae@ of the carbonate
underlyirg the molasg and in a correspondig
eastwad increag in the molasg thickness

Facies changs of the forede@ sediment are
complex but the main ste in the forede@
developmenare the sane & al latitudes The
forede@ bega with the establishmen of a
deep-watebash on shef sedimentsweg of the
orogenc front. The bash weas filled by molasge
and flysch sedimerd gradirg westwad into
deep-watefacies ard still further weg into reef
and biostrome (Fig. 7). Facies boundarie are
diachronos (discussd later in this paper) The
bash was filled with depositionh evaporite of
Kungurien (lates Eary Permian age In the
north the evaporits are replacel by terrigenos
sedimengwith paralc coals The Late Permianis
representa in the forede by shallov marine
lacustrire ard continentd sediments mostly
terrigenousred-coloure ard variegate in the
south grey-coloure and coal-bearig in the
north.

The easten bounday of the forede@ was
affectal by westwad thrusting To the eas the
molasg ard flysch are preservd in some deg
synclines of the Wed Uralian fold zone The
oute (western subzom of the forede® is
characterizé mosty by smooth open non
linear folds typicd for platform areas the inner
(easterh subzorischaracterisgby thruss and
folds of athin- to medium-skinnd type (Puchkw
1975 Kazantsg 1984 Yudin 1999 (Fig. 4). Most
of the structures of the inna forede@ are
west-vergentThele are alsosone subordinag
back-thrust or underthrustsin the Northen
and Pola Urals seism¢ profiles sugges the
presene of wedge-lile (klinoform) structure
composedmainly of Devonian Carboniferos
and Early Permian carbonatesthrud unde the
Permian molasg (Soborne & Bushue 1992
Sobornw & Tarase 1992 Fig. 8).
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Fig. 4. Geologich sectiors (locatel in Fig. 23 acros the Urals drawn after the Zilair—-Kugarch ard Kushva—SerebryamskCDP seismg profiles the SG4 near-vertich
reflection profile, drilling dat ard geologich observatios (Puchke 195 ard unpublishé data Yudin etal. 1983 Ablizin etal. 1982 Sokolos 1992 Kazantse 1984
Seravkn etal. 1992) la, transgressboundary 1b, normad stratigrapht boundary extrapolatd where dashed?2, faults extrapolatd where dashed 3, major fault
complex with a, serpentinitt melang or b, blastomylonites4, metamorphi complexs derived from Archaean—Proterozorocks 5, metamorpht complexes derived
from Riphea and/o Palaeozai rocks 6, gabbp of the Platinum-bearig Belt; 7, granites 8, importar wells. Stratigrapht lettering AR—PR Archaean—Eayl
Proterozoi¢ R, RipheanV, Vendian O, Ordovician S, Silurian (SlI, Llandoverian Sw, Wenlockian) D, Devonian (Def, Eifelian; Dzv, Givetian Dfr, Frasnian
D3-Clzl; Zilair series (Frasnian—Tournaisiegreywacke)) C, CarboniferousP, Permian Subscrips 1, 2 ard 3 indicae Upper, Middle ard Lower respectively

S0



206

V. N. PUCHKOV

Yt g

< - >
NS T NN
ANPATECSE-
SN T —
\/ ,\ -y \\\\:'\\\\
LN =2 L TNERN
D N N
< T P <\_/\\4§\\\\
LT VR TR
LR NSNS
TEATAD RIS
TN - \Y 72 -~ ~
RARGE AN
-7 —\?l/:”i\\\s R
S EETEAYI XIS

!

P RV
S\ f\§ 7’
NIST
N N \\\\\>;\\‘\\
N I NN
2?\\\;.\\ SN o ~ - - ‘Q\\\Q\\ —
AR N N N NN
NN R R Tk
RN 22 N NS
DALY N NN S <
4 o\ ~ R N
NSRRI N N <. NNy
:\ §‘\ NN O~ WS el Y ‘~\/~:.S _
WSS TN SR U
\} A\ \\\ N N ;(\_ \\\\ \\\\-—\—
S

seismic reflection profile

s

e
[ .]20
& /p 2

a-_b22

Fig. 5. Geophysichdat ard geologicéinterpretatim alorg a sectio acros the Main Uralian Faut in the
Northen Urals (locatel in Fig. 23 adapte from Petrov & Puchka 1994) 1-5, Palaeocontinental sectdt;
pre-Palaeozaimetamorphi complexes?2, quartzites ard shales 3, gabbro—diabasel, metabasast
intercalate with silty shales 5, metabasattintercalate with silty shales 6—10, Rocksofintenselydeformed
zone: 6, dunites ard harzburgites7, serpentinizd peridotites 8, serpentinites9, carbonaceaushales 10, tuff
shales 11-20, Rocksflessintenselydeformedzone: 11, greenschismetabasalts12, sheetd dykes 13
gabbro-norites 14 pyroxenites gabbro-amphibolitesl5 foliated amphibolites 16 olivine gabbrg 17, mafic
and ultramaft rocks undifferentiated 18 Ordovician rhyolites 19 Ordovician basalts 20, plagiogranites21:
a, Lithologicd boundariesb, faults 22 a, strorg and b, we& seismc reflectors AZ,, intensiy of the magnett
field; Ag, relative intensiy of the gravity field (no scak given)

Most of the thrust-and-fodl structurs of the
forede@ were formed during the Late Palaee
zoic collisiol. In the southernmasard northen
parts of the forede@ wher Kungurian evapor

ites hawe a sufficient thickness north—sout
trendirg sat ridges ard ovd domes are tracel
(Fig. 9).

Structurs of the forede@ include nat only
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Fig. 6. Summarizd sectim of the Palacoza deposk of the Uralian forede@ ard Wes Uralian zore in the
Cis-Pola Urals (Schchugo ard Kozhim rivers) compiled after the Ail-Russian Stratigraphi Committes (1993
ard authorspersonhdata 1, dolomitized limestones2, shay limestones3, sang limestones4, dolomitic
marls 5, cheryy limestones6, carbonat breccia Othe symbok asin Fig. 10

Late- Carboniferous - Artinskian E

sea level

=l NG 20003 e V’/ﬁs T

Fig. 7. Cartoo» summarizimg the principd lithofacies acros the Late Carboniferous—ArtinskiaUralian
foredee (after Nalivkin 198 ard Chuvashw etal. 1984) 1, shallow-wate sedimentsmostly beddel
carbonates?, reefd limestones3, carbonag olistostrome4, basina shalescherts marls 5, turbidites 6,
molasse
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Fig. 8. Geologich sectim acros the bounday betweea the Uralian forede@ ard Weg Uralian zore in the
southen pat of the Cis-Pola Urals basel on a CDP seisme profile (Soborn@ & Bushuye 1992) Locatian
on Fig. 23, Stratigraphe lettering as on Fig. 4. Permia subunits Py, Kungurian ; Pia, Artinskian Piass
Asselian and Sakmarian

Fig. 9. Geologich sectio acros sat ridges (indicatel on inse) (from Kamaletdine etal. 1977 modified
accordimgy to later seism¢ data) 1, Late Permian terrigenos sediments2—4 Kungurian stage (Py); 2, clays
anhydrites 3, salt 4, terrigenos sedimerg with gypsum 5, Asselian Sakmaria and Artinskian (Pas_
terrigenos sediments6, Late Carboniferos limestonesmarls and siltstones (C3); 7, Middle Carboniferos
limestone and dolomites (C,); 8, Early Carboniferos limestones ard dolomites with shak intercalatiors (Cy);
9, Late Devonia limestone (D3); 10 Mid-Devonian limestonessandstongard shale (D,); 11, Silurian
marls dolomites and sandstong(S); 12 Vendian terrigenos sedimend (V); 13 oil pool 14, Stratigraphe
boundaries15 thrusts Numbes nea subverticélines mea wells.

Inseé map (locateal on Fig. 23) showirg the sat ridgesin the southernmatyatt of the Pre-Uralian foredeep1,
westen bounday of the foredeep 2, areawherre Kungurian deposis are absent3, sat ridges 4, chairs of sat
ridges 5, line of section

longitudinal but alo transvere (NW-SE the structurs of the crystalline basement
elements partially inheriting ther strikes from  Among them (from soub to north, Fig. 1)
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w Cis-Polar / Polar Urals E w Middle Southern Urals E
Bathyal g Shelf Bathyal
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Fig. 10. Schemat correlation of Palaeoza sedimentar formatiors belongirg to the passie margn of the
East-Europeacontinent Symbok in boxes 1, limestones2, dolomites 3, big biostrome ard reefs 4,
conglomeratess, sandstongard siltstones 6, siltstones ard shales 7, flysch; 8, olistostromes9, marls 10,
cherts 11, sulphatesi2 salt 13 coal 14 red beds 15 direction of terrigenosinflux; 16 boundaris of the
modg importart formations 17, sedimerd erodel or nat deposited

Numbes in the figure refer to the mod importart formations Cis-Polar/Polar Urals. 1, Telpcs terrigenois
oligomictic formation up to 1600m thick. 2, Kozhimian shallow-wate carbonag formation up to 2300m
thick; 2a barrie reefs individud build-ups up to 500m high. 3, Philippchuk—Takat terrigenos oligomictic
formation up to 400m thick. 4, Carbonag formation up to 200 m 5, Pashiy terrigenos oligomictic
formation up to 26 m. 6, Formatiors of the Kama—Kiné trough system Domank basin starvel formation
up to 300m thick, overlan by aFamennian—Tournaisiecarbonate-terrigenadormation up to 1000m thick.
7. Carbonat formation with biostrome ard reefs up to 1300m thick, aligning the Kama—Kiné trouch system
8. Uglenosnag (coal-bearinyterrigenos oligomictic formation up to 200 mthick. 9, Carbonat formation
up to 600 m thick; 9a barrie reef and thick biostromesup to 200 m thick. 1Q Basina starvel formation up to
50mthick. 11, Flysc of the Uralian foredeepup to 100 mthick. 12, Coal-bearig molasseup to 330 m
thick. 13 Red-colourd ard variegate gradirg upward to a coal-bearig molasse22® m thick. 14, Pogurg
terrigenows oligomictic formation up to 600 mthick. 15 Grube-\ fine-grainel terrigenos formation up to
1000m thick. 16 Kachamyk carbonate—terrigensidiormation up © 1300 m thick 17, Kharot carbonaceaa!
limestone—cherty—shaformation up to 300m thick. 18 Pag cherty—terrigenosioligomictic formation up to
600m thick. 19 Kolokolnya limestone—cherty—shaformation up to 500m thick. 20, Kechpé and Yayu flysch
formations up to 2000m thick.

Middle SouthernUrals. 1, Diachronos terrigenows oligomictic formation up to 400 m thick. 2, Shallow-wate
carbonag formation up to 570m thick; 2g Barrie reef, up to 1200m thick. 3, Carbonate—terrigensu
formation up to 200m thick; 3a Infradomark basinaformation up to 80m thick. 4, Pashiyaterrigenos
oligomictic formation up to 10m thick. 5, Kama—Kiné trough system Domank basin& formation up to
350m thick, overlain by Late Tournaisian—Eayl Viséan terrigenos formation up to 500m thick. 6, carbonag
formation with barrie reef aligning the Kama—Kiné trough system up to 700 m thick. 7, Uglenosnag
(coal-beariny terrigenos oligomictic formation up to 60m thick. 8, Carbonate—terrigenswligomictic
formation up to 75 m thick. 9, Carbonag formation up to 2500m thick; 9 barrie reef at the westen margn
of the Uralian foredeepup © 1000m thick. 10, Basina formation up © 100m thick. 11, Flysch ard
olistostrone formation up to 2500m thick. 12, Evaporie formation up to 500m thick. 13 Variegatel
molasseup to 3000m thick. 14, Uzyan cherty-terrigenosioligomictic formation up to 10® m thick. 15,
Suvany& terrigenos oligomictic group up to 4000m thick. 16, Ibragimow chery formation up to 150m
thick. 17, Zilair flysch formation up to 20 m thick.
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Kara-Tay Kosva—ChusovayaPoliud Range
Pechora—Kozhvahernyshe Rang ard Cher
nov Rang uplifts. Thee structurs differ in
their morphology origin ard age The Kara
Tau ard the Poliud Range are combinatios of a
sinistrd strike-slp fault ard severa folds and
thrusts the Kosva—Chusovagis agentk saddle
like uplift unde the molasse Pechora—Kozha
is a Devonian aulacoga invertad in the Late
Palaeozoic Chernyshe ard Cherna are Mid-
Jurassic narrow linear fold-and-thrus zones
probaby connectd to detachmerstin the Early
Palaeozai strab de@ unde the basin The®
transvers uplifts divide the forede@ into
severalsemi-isolatd basins Belsk Yuryuzan-
Sylva, Solikamsk Uppe Pechora Bolshay
Synya Kosyu—Rogovag ard Korotaikha (Fig.
1).

The West Uralianzone(Zone2)

The Weg Uralian zore comprise predomi
nantly intensey folded ard thrug Lower ard
Middle Palaeoza sedimerd characterizig the
former passie margn of the Eag Europea
continent Theris no conspicuogfacieschang
at the bounday betwea the Uralian forede@
and the Weg Uralian zone Sud a change
partially affectel by later thrusts occus further
to the ea$ within the zone a an abrupg
transitian from shef to bathyad sedimers (Figs 6
& 10). Sedimentay facies changs occu acros
the passie margh as well & alorg its 2000 kn
length

Shelsediments. Figure 10 shows synoptt stratk
graphtc sectiors of the shef sedimerd in the
westen slopes of the Urals Thered sectiors are
mog compleein the northen part of the Weg
Uralian zone wher the thicknes of the
pre-flysch Palaeozai sedimend is up to 6—7 km
In the Middle ard Southen Urals the® sedi
mens are mud thinneg (up to 2.5-3 km) ard
here in the westen sectiors of the zone the
Ordovician Silurian ard Lower Devonian sedi
mens are absentso the Middle Devonian strat
unconformaby} overlie Riphea and Vendian
sediments

The complee sectiors of shef sediments
mog typicd for the northen and easternmds
part of the zore (Figs 6 & 10 are composd of
transgressi® Ordovician quartzites ard basa
conglomerate gradirg upsectio to shallov
wate dolomites ard limestons of Silurian-
Earlies Devoniam age Among the Uppe
Ordovician ard Silurian limestones a reefd
facies formed barries alorg the easten margn
of the shelf mostl in the northen ard centrd
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ares of the Urals The Lower Devonian
regressie successio of argillaceos limestones
dolomitic marls siltstons ard shales are
followed by Emsian transgressi@ quartzites
sandstong ard siltstones gradirg upwards
mostl into shallow-wate open-sa limestones
The longe$ Lower Devonian barrig red is
traced alorg the margn of the shef zore from
the Pola to the Southen Urals In the souh
Middle Devonian basind shales mark ard
chers (so-callel infradomaniR developed In
the Lates Mid-Devonian a new transgressie
series was deposité with thin quartzites ard
shales in the bottom Ove the area of develop
mert of the Uppea Givetian terrigenos facies
ard open-sa limestones the so-callel Kama-
Kinel systen of deep-watetrougls was estab
lished The troughs can be tracal from the
platform directly into the Wed Uralian zore &
the bes evidene of their former unity (Figs 10 &
11) The basinal 'domanik facies in the axid
parts of the troughs is representa by a starved
condensd unit of marls chers ard oil shales
The trougts are bordere by red limestones
This type of sedimenm distribution persiste
throuch the Famennia ard Tournaisian re-
lated to the high stard of sea levd acros the
platform. The regressie Lower Viséax ard
transgressig Middle Viséan sedimerd are
characterizd by the wide developmet of
terrigenos ard carbonate-terrigensufacies
including quartzites shale ard siltstone with
cod layers The Kama-Kiné trouglts were filled
with Early Viséan sedimend and ceasd to exist
The Early CarboniferousLate Viséan—Serpuk
hovian aswell asthe Mid-Carboniferog Bashki
rian stag are representd mosty by pure
shallow-wate limestonesThe nex very import
ant transgressive—regressivbounday of the
strati grapht sequencesnarkal by unconform
ity ard the depositia of terrigenos sedimergis
within the Moscovian (Middle Carboniferous)
but in the Weg Uralian zore this unconformiy
is nat pronouncd due to a generd eastwad
inclination of the shelf Therefore the Middle—
Uppe Carboniferosisrepresentein the Weg
Uralian zore predominantl by shallow-wate
limestonesrestrictal above in mary places by
a stratigrapht unconformity The Middle Car
boniferots of the southen patt of the shef area
within the Weg Uralian zore displays the first
sigrs of the westwad terrigenows influx. From
this time on, the area of sedimentatin influ-
encel by the eastem soure of terrigenows
materid was widening to the weg ard north ard
the forede@ startel to form abowe the shef
subzom (see the correspondig sectim of this
paper) Two more maja transgressive—regress
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Fig. 11 Principd geologicé sectiors acros the Kama—Kiné trouch systen (simplified after Parasya etal.
1989) 1, Shallow-wate shef sedimers (predominantf beddel carbonates)2, reefd massi§ and bioherms 3,
basin& (Domank type) shale ard marks marking the axis of the Kama—Kiné systen of troughs 4, terrigenos
and carbonate-terrigenasediment fillin g the troughs left, siltstonesshalesoil shales marls centre shales
siltstones right, sandstongwith cod seams Sectiors locatal on insé map where 1, Uralian forede@
boundary 2, bounday of the Weg Uralian zone 3, bounday of the Tagilo-Magnitogorskia zone 4,

Kama—Kiné troughs

ive cycles of Early ard Late Permian age
developé as a backgroud to the formation of
the foredeep

Bathyal sediments.The width of the bathya
zore varies from 10 to 60 km ard is wideg in the
Southen ard Pola Urals whetre the Zilair ard
Lemva synforms respectivet (2 ard 3, Fig. 1)
occur The bathyd complexs are bes de
velopal there whete the Precambria rocks of
the Centrd Uralian zore are almog absent In
contras to the shef facies the area of bathya
sedimens are discontinuous thoudh wide
enoudn for ther main features to be studia
(Fig. 1). Conodon studies hawe allowed con
siderabé progres on ther stratigraphyleadirg
to correlation of sectiors and determinatio of
facies patterrs (Puchka 1979)

The Palaeoza section of the bathyd com
plexes (Fig. 10), bed studial in the Pola Urals
stars with Uppermos Cambrian sandstones
The Lower Ordovicianis also terrigenousgrea
and red coloured up to 2-2.5 knm thick, silt-
stones beirg predominant The Middle Ordo
vician in the westernmots bathyd sections,

transitiona to the shef facies compriss shales
limestones ard cherts The Middle Ordovician

of the bathyd facies prope is represents by

thin chersin the Southernmasand Pola Urals
Uppe Ordovician strat are na known The
Silurian ard Early Devoniax (Lohkovian) are
represente by avety typicd condense unit of

carbonaceaichery shale ard limestones up
to 250m thick, cover@ by a marke horizan of
tentaculie knotty limestones severd metres
thick. Only in sone area of the Southen Urals
are thee chers and limestons probaby re-
placal by amore than 100 m thick terrigenos
series The Middle Devonian is usualy rep

resentd by up to 500 m of quartziteasiltstones
shales ard cherts When the quartzites are
absemthe sectio isvery condensedThe Uppe
Devonian is representd by cherts locally

intercalatel with 100-30 m thick limestonesin

the Southen Urals the chers are overlan by up
to 3000m of greywacle flysch of Lates Fras
nian—Tournaisia age of eastem provenance
polymictic, with fragmens of cherts volcanites
and graniteswith grairs of chromspinelin the
Northein territoriesthe chery sectio are al in
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the Carboniferous ard the first greywacks do
not appea earlig than the Late Viséan The
deep-wate flysch trough existel here at leas
until the end of the Late Carboniferos (sone
additiona detais will be given later in the
paper)

Thrustirgisvery characterist for mary ares
in the Weg Uralian zone with detachmergtin
the sedimentay cove ard alorg the covef
basemenboundary The detachmenlevek may
be different dependig on the lithologies in the
different pars of the zone In the southernmas
ard middle Urals the detachmerst unde the
Uralian forede@ and the Weg Uralian zore are
situatel mostly a the bag ard top of the
Vendian a deptts of 1.5-4 km ard probaby
downto 10 kminthe easten parts of thezone In
the northen pars of the Urals where the
thicknes of the Palaeozdi is greater the main
detachmehmay be situatel a deptts of 10 km
ard more clo to the cover—-basemermound
ary and in Ordovician shals (medium to
thick-skinnel tectont style) Clays ard evapor
ites of sone horizors of the Devonian Carbon
iferous ard probaby Permia actel as weake
horizors hostirg detachmerst (Figs 4 & 6;
Puchky 1975 Kazantse 1984 Yudin 1983
1994 Dembovsk et al. 1990 Soborne &
Bushuev 1992)

Asin the foredeepthe generavergene is to
the Weg ard there are wedge-lile structurs
which may be regarde as underthrust or
backthrusts Usualy backthrust are subordi
nate with the exceptim of the westward
dipping Yuluk-Yantyshew fault (Fig. 4c), the
westen bounday of the Ural-Tau comple in
the Southen Urals

Ophiolites and island-ac sedimerg (the
Sakmara Kraka and Nyazepetrovsk—Baray
allochthors of the Weg Uralian zone 14, 5 ard
16in Fig. 1) hawe been thrud westwad onto this
zone The oceant thrug sheet are usualy
associaté with serpentiné melange and
bathyd complexs of the passie continent&
margin The bathyd complexs al® form sorre
independenallochthons with a minimum dis
placemen of 20 km (Puchke 1979) The all-
ochthors haw been folded after ther
emplacemeninto 5-10 kn wide synforms ard
antiforms The beg explorel isthe bottam of the
Nyazepetrovsk—Bardy napge which is pen
etratel by 5 boreholsto deptts of betwea 500
and 1000m (Puchke & Ivanor 1982)

The Central Uralianzone(Zone3)

The Centrd Uralian zore (Zore 3), up to
70-5 km wide, is characterize by well expose
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Precambria sedimentary metamorphi amnd
magmatt rocks which are in some places
thrug over the rocks of the Weg Uralian zore
(Fig. 4a)

The rocks of the Centra Uralian zore are
mostly Late Proterozai in age (i.e. Riphean
and Vendian 1650-570 Ma Keller & Chu
makov 1983 Krasnobaye 1985) The recog
nition of Early Proterozai rocks is
problematt (they are probaby developd in
the cores of some thermd domes) Archaea
rocks are found only in one place the Taratak
complex which is though to be a fragmern of
the basemenof the Eas Europea platform
(TR, Fig. 1, Lennykh & Krasnobaye 1978)
representé by polymetamorphi rocks which
probabl belongel to a greenstoa bet (Len
nykh 1986) The rocks experiencd a granulitic
metamorphis by the end of the Archaean
when enderbites two-pyroxere crystallire
schists gabbro—diorite-gneisseard magnetié¢
guartzites were formed Late they were sub
jected to retrograg@ metamorphis varying
from amphibolie to greenschis facies (Len
nykh etal. 1978) Late Proterozat complexs
are represente in mog of the sectiors by up
to 13km of shallow-wate terrigenos sedi
mens with quarkz and subarkos sandstones
siltstones shale ard carbonat biostrone hor-
izons Volcanites are a typical, though far from
ubiquitouls componenh of the sections rep
resentd predominantl by sub-alkalire basals
and basalt—rhyolié complexs of ensialt gec
chemica character

The Riphea sectiors of the southen ard
northen pars of the Urals differ first ard
foremog in the age ard amoun of volcanics in
the series In the Southen Urals the volcanites
(sub-alkalire basals ard basalt-rhyolié com
plexe§ are nat very widely developed beirg
presem a the ba® of the Early Riphean in the
lower pat of the Middle Riphea ard al® in
the Early Vendian (Parnache 1981 Parnache
etal. 1981) In the northen pars of the Urals
the maximum volcant activity took place in the
Late Riphean leadirg to the formation of a
widely developd basalt-rhyoli¢ series ard as
sociate granie and gabbo intrusiors (Goldin
et al. 1973) Calc-alkalire volcanites are re-
ported from the Late Riphea of the Pola
Urals (Rumyantsea 1984) The Vendian is
represente both in the southen ard northen
sectiors by a molasse-like series of polymictic
conglomeratessandstongard siltstone (Bek-
ker 1968 Puchkw 1975)

The Late Proterozat series are affecta by a
Barrovian-tye metamorphism localized in
dome-like structures ard dated as Late Vendian
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Fig. 12 Relationship betwea the Precambria ard Paleozai complexs on the limbs of the Bashkirian
anticlinorium (Fig. 1). (a) Relationshigin mapview (b) An exampé of an outcrg with an angula
unconformit betwea the Vendian ard Ordovician 1 & 2, Ordovician 1, quarz sandstone<, dolomites 3&
4, Early Vendian 3, phyllite; 4, schistos siltstone and quartzites5 & 6, Strike and dip of: 5, cleavage®,

layering Locatian of (a) is shown in Fig. 23.

(Puchka 1995) With increasig distane from
thee complexs to the west the metamorpid
grace of the sedimend decreaseto anchizor
(deg catagenesiin Russia terminology An-
fimov 1986) Therefore in the Centrd Uralian
zone relicts of the earlier Vendian orogen are
present The restorel generh features of this
orogen which differs strongy in structue ard
strike from the Uralian one will be discussd
later.

The Palaeozai sedimers of the Urals usually

cove the Late Proterozai with angula uncon
formity. So the structure in the Late Protere
zoic are here the resut of two orogenc
deformations But in sone places sud as the
westen part of the Bashkirian and Kvarkush
anticlinoria (Fig. 1), the unconformiy dis
appearsas well as the metamorphismand the
linear thrust-and-fadl structurs affecting the
Late Proterozot sedimerd are purely Palaee
zoicin age (Uralian Figs 12 & 13) The latter do
not necessanl belorg to the thin-skinnel
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Fig. 13 Geologica sectim acros the westen slope of the Southen Urals basel on a CDP seismc profile
(Skripiy & Yunusor 1989) Locatel on Fig. 23 1, sandstongof the Uppe Riphean Zilmerdek suite 2,
limestone ard dolomites of the Uppe Riphean Katav ard Minyar suites 3, terrigenos rocks of the Uppe
Riphea Inzer suite 4, marke carbonat series of the Lower Riphea Bakd suite 5, deg wells. Rf,_3
terrigenous—carbonatomplexs of the Lower-Uppe Riphean generatig strorg reflections V, terrigenos
Vendian complex D,_3, terrigenous-carbonatieposis of the Mid-Late Devoniar age (‘D' reflector) Ds-C;

5 10km

| I

ard C,_,, carbonag complexs of the Late Devonian—East Carboniferos ard Early-Mid-Carboniferous
respectivelyseparateby 'U' reflector, C,—P;, Mid-Carboniferous—EaylPermian carbonat complex
overlying the 'V' reflector Pis, Pikg, P,uf, P,kz Ptat stags of the Permian (respectivelySakmarian

Kungurian Ufimian, Kazania ard Tatarian)

deformation predominah in the Palaeoza
cover. In thee area the detachmensurface
could be situatel a deptrs of 10-6 km, prob-
ably becaus of the immen® thicknes of the
Late Proterozat sedimerd (Figs4b & 13)
Structurally the Centrd Uralian zoreis often
describé as a chan of anticlinoria (from north
to south Kharbey Lyapin, Kvarkush ard
Bashkirian Fig. 1). Anothe anticlinorium the
Ural-Tau is often listed amorg them (UTT,
Fig. 1). But the structurs expose in the
Ural-Tau Rang preseh a specia problem
Metamorphc terrane of this range belongirg
to two complexes Suvany& ard Maksyutovq
are traditionally attributel to Late Proterozoic
But new data especialf new finds of fauna
make this interpretatio very doubtful The
Suvany& complex 250 kn long and 10-2D km
wide, is representd by thick quartzites silt-
stones and shales metamorphos#in greenschis
facies It conformaby underlies Frasnia chers
of the Ibragimow suitt ard contairs rare
graptolites brachiopodsconodontsacritarcts
and sone othe fauma in the rang of Ordo
vician—Mid-Devonian Zakharv & Puchkw
(1999 interpre¢ the Suvany& compl as a
series of Palaeozai bathya sedimerd of the
passie continenth margin The Maksyutow
complex 200 km long ard 15 km wide to the eas
of the Suvany& complex is afamous site of the
developmenhof HP-LT (eclogite—glaucophan

schis) metamorphis (Dobretse 1974 Valizer
& Lennykh 1988 Puchkw 1995) Fo a long
time, the complex was thought to be composéd
of Riphea sedimentay ard magmatt rocks of
very contrastilg primaly ophiolitic and arko®
types The metamorphis was al® though to
hawe occurral in the Riphean Severh recen
finds of conodons in marblss amorg the
ophiolite-type successio (up to Late Silurian-
Early Devonian in age accordimg to Zakharw &
Mavrinskay 1999 as wel as K-Ar ages for
phengie (abou 400 Ma Valizer & Lennykh
198§ ard Ar-Ar ages for eclogites (abou
370 Mg Matte et al. 1993) make a revisal
interpretatim of this complex possibé (Zak
haror & Puchka 1994) The® authos pro-
posel tha the Maksyutow metamorphs
complex represerg subductd ard then ex
humel accretionay fragmens of a Devonian
island arc ard contairs both Palaeozo ard
probaby Precambria rocks of differert types
During the Late Palaeozoicollision, the Mak-
syutow blodk was folded into an antiform and
thrug unde the metasedimentgr Suvany&
comple of a passie continenta margin alorg
the west-dipping Yantyshevo-Yuli Fault
marked by aserpentinitt melang (Zakharv &
Puchka 1994 Fig. 4c). In sone othe places
complexs resemblilg the Maksyutow are de
velopa in the footwal of the Main Uralian
Fault mostl in the north of the Urals (Nerka-
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Yu ard Maruun-Keu areas) but more strati
grapht researh ard isotoge datingis neede to
make a certan conclusim on their age ard
nature

The Tagilo—Magnitogorskian Eag Uralian
and Transuralia zones belongel to the active
margh of the Kazakhstania (Kazakhstane
Kirgizian) continert (Yazewa et al. 1989
Puchkwo 1991) They are less uniform compare
with the first three zones Wha unitesthem is a
wide developmeh of magmate complexes
indicatos of subductio (Fig. 14) Ther gec
chemica trends shav tha the subductio zore
was dipping benedt the accretiy Kazakh
stanian continent to the ea$ in moden coordi
nates (Yazevaetal. 1989 Seravkinet al. 1992)

The Main Uralian Fault

The Centrd Uralian armd Tagilo-Magnite
gorskian zones are though to be divided by an
east-dippig maja sutue zore called the Main
Uralian Faut (Fig. 4). A consideratd patt of it
is marked by serpentinit melange whos
matrix recorg a combinatim of inten® brittle
ard low-temperatue (greenschist ductile de
formation In sonme places the melang is
replacel by zones of blastomylonits of different
metamorphi grade Blocks in the melangs
represenhmostly rocks of the hangirg wall of the
Main Uralian Fault The mod commm are
ultramafites gabbros amphibolites basalts
chers ard chery shale of Ordovician Silurian
and Devonian age Silurian ard Devonia
limestones Devonian andesite ard dacites
Uppe Devonian—-Lowe Tournaisia grey
wackes and granitoics of differert types Very
typicd are low-temperatue metasomat rocks
of rodingite type

The Tagilo—Magnitogorskiarzone(Zone
4)

This zore is composd of Palaeoza complexs
of oceant basins islard arcs Andean-tyg
belts flysch trougls coverel by shallow-wate
sediments limestons and coal-bearig ter-
rigenots sequence (Peyw et al. 1977) The
ophiolites are widespred (Savelyew 1987) The
volcant calc-alkalire complexs characterist
of subduction (tuffs, lava basaltand andesi¢
series as well &s ther intrusive equivalenty are
alo wel representd (Yazew et al. 1989
Seravkn etal. 1992)

The stratigraply ard history of sone part of
this zore differ considerably s tha four main
subzones Magnitogorsk Tagil, Voykar ard
Schchuchyg are establishd successivgl (13, 6,5
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ard 4 in Fig. 1). The main difference betwee
them are nat in the characteard compositia of
the main formations but mostly intheir age For
exampleinthe Tagi subzonethe ophiolites are
Ordovician ard the calc-alkalire formatiors are
mostly Silurian The Devonian is represents by
flysch, trachyandesite ard shoshonite-typ
magmatc rocks ard the widely developd
sedimentay cova of a matue island arg
represente by layered ard red limestons with
bauxite deposits The specifc featue of the
Tagi subzor is an exemplay developmenof
mafic—ultramaft massié forming the so-callel
platinum-bearig bet (Yefimov etal. 1993) As
for the Magnitogor& subzom (Fig. 14), the
ophiolites range in age from Ordovician to
Emsian the calc-alkalire basals appea in the
Ordovician but inten® calc-alkalire magma
tism combinel with abundat volcano-terrige
nows sedimentatio ranges in age from Emsian
to FamennianFlyst sedimentatio took place
in Famennian—Tournaisian tim8hallow-wate
limestons ard sub-alkalire volcanites of a
mature ard probaby rifted arc developd in the
Viséan—Serpukhovia(Perfilyer 1979 Seravkn
et al. 1992 Salikhos et al. 1993) Massik of
platinum-bearig associatia are nat typicd for
thissubzone

No Precambria granitod and metamorphi
rocks outcr@ in the Tagilo-Magnitogorskia
zone Ther presene at deph is probabé as a
consequereof amajar westwad displacemen
along the Main Uralian Fault as follows from
the interpretatios of the geologich and gec
physica dat (Sokolosr 1992 Petrov & Puchke
1994 Figs 4 & 5). The crud of Tagilo-Magnite
gorskian zore as a whole is very dense com
posel mosty of ultramafic mafic ard
intermedia¢ rocks Derived from the high
gravity and magnett anomalis over it aswell as
interpretatios of mary DSS profiles crossimy
the Urals a differert latitudes (Necheukhn et
al. 1986 Avtoneevet al 1991) crustal thicknes
isbelievel to be 45-0 km (Figs2 & 3). The zore
is limited to the ea$ by serpentinite-bearm
faults of westwad (mostly 20407 inclination as
iswel documentd by seismc profiling (Menshi
kov etal. 1983 Sokoloy 1992 Fig. 4b). They
may be connectd with eastwad directed back
thruss over the Eag Uralian zone The centrd
parts of the Tagilo-Magnitogorskia zore are
moderate} deformel compare to wha can be
expectd in the cente of afully fledgel foldbelt
There are even vety weakly deformal blocks
(e.g areaof Podol& copper-pyritc deposit Fig.
4c, easternmdspat of the profile), the intense
dislocatiors being concentrate in serpentini¢
melangeslike thos of the Main Uralian Fault
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Thee melang zone are typically ters to
hundred of metres thick (up to severakm
wide), ard are in fad megabrecci& containirg
blocks of dismemberd ophiolites calc-alkalire
volcanites granites chers and limestones
Their serpentinié matrix is cu by numeros
slickensidé surfaces Taking into accoun the
opposit dip of the melangs acros the axis of
the Tagilo-Magnitogorskia zore (Fig. 4b;
Sokolor 1999 ard an evidenty consideratd
tectont transpot alorg the® melangesit has
bea proposéd tha the Tagilo—-Magnitogorskia
zore was completey allochthonosin characte
(Kazantsg 1991) The following argumend
seen to make thisideainvalid.

(1) It hes been shown tha on the westen
slopes of the Urals in spite of folding ard
thrusting the primary facies of the passie
continentd margn with its shef and bathya
zones are easil restor@l (Puchka 1979) It has
been shown tha the oute borde of the shef
zore was rimmed by a stabk bard of barrie
reeks of Late Ordovician Mid-Silurian ard
Early-Mid-Devonim age (Antoshkim &
Elisees 1988 Chuvashe & Shuysk 1990)
Thes observatiosindicak tha the edg of the
continert was locatel in this area ard only a
smal pat of it (no more than a few ters of
kilometreswide) could be thrug below the Main
Uralian Fault Therefore the platform canna
continle a deph eas$ of the middle of the
Tagilo—Magnitogorskia zore or as apatt of the
Eag Uralian zone

(2) Studies undertaka by Khatyanw (1963)
Gafaror (1970 ard othes shav tha magnett
lineatiors reflecting the structure of the Pre
cambrian folded basemenof the platform can
be tracal from the westen slope of the Urals up
to the Main Uralian Fault The prolongatim of
thee anomalis is nat identified in the eas as
would be the ca® if the Tagilo—Magnitogorskia
zore were a synforma klippe thrug from
somewhee in the east

(3) All deg seisme soundimy profiles as well
as the presene of a high gravity anomay over
the Tagilo—Magnitogorskia zore sugges that
substantib deg structurd and compositionh
crustd change occu to the weg of the Main
Uralian Faut (Necheukhi etal. 1986 Figs 2 &
3).

(4) Palaeomagneti data (Svyazhira et al.
19929 give evidene of a significart horizontd
movemen (abou 2000kn) of the Eas Mug-
odzhay blod relative to the Eas Europe in
Ordovician—Carboniferai time. In addition
CDP profiling and dee drilling in the Centra
Uralian zore of the Southen Urals hawe
producel no evidene of the autochthonosi
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Paleozat platform cove a any deph (Skripiy
& Yunusov 1989 Fig. 13)

The idea of a completey allochthonous
exotic charactefor the Tagilo-Magnitogorskia
zore can be rejectal due to the presene of a
high-amplituc thrug on its westen limb and a
backthrus alorg its eastem bounday (Puchkw
1991, 1993 Matte 1995)

TheEastUralian zone(Zoneb)

This zore is distinguishé by the presene of
sialic, microcontinenthcomplexesfragmens of
Precambria continenth crug (including the
Eag Mugodzhary Murzinka—Aduy Salda Set
yankino blocks Krasnobaye 1985 Krasne
bayer etal. 1995 successivgl 12 7, 8, 3, K in
Fig. 1). They hawe distinctive Palaeozoianag
matism and metallogen (e.g carbonatite con
nectel with the Selyankim block, Levin 1984
ard ther own Palaeozai sedimentar cover,
althoudh very poorly preservd ard difficult to
identify. The sedimend of the cove ar ob-
serval in graben-lilke depressios of the
southen pat of the Eas Mugodzhay blodk
(Southernmats Urals) ard alo in the Pole
tayevia and Rez area (Middle Uralg) and are
representé mostly by carbonate terrigenos
and chery sedimerg (Puchke 1993) Volcanic
formatiors are alo developed

In the Poletayevk area (Fig. 149 Pre
cambrim metasedimest are overlan by a
Lower—Middle Ordovician 1500m thick,
rhyolite—basdlseries Thisin turn is overlain by
Middle Ordovician—Middé Devoniax car
bonat deposits more than 2000m thick. The
Late Devonian—Easl Carboniferos is rep
resentd by a volcano-sedimentsrseries tha
contairs andesite ard tuffs, up to 1600m thick.
The uppermospat of the sectio isrepresente
by a Lower—Middle Carboniferos terrigenous
carbona¢ series (Snache et al. 1994) We
interpre this section as a recod of a micro-
continent& blodk tha underwen rifting in the
Early—Mid-Ordovician tectont quiescene in
the Mid-Ordovician—Mid-Devonia ard was
influenced by a subductiom zore in the Late
Devonian—East Carboniferous

Palaeoza ophiolitic ard island-ac com
plexes are presehin the Eas Uralian zore as
serpentinitt melanges tectont klippen ard
thrug shees (the larges of them is probaby the
Denisovia subzonethoudh its interpretatio as
asutue canna be excluded Puchkw & Ivanov
1985) The Eag Uralian volcanogerd bet
(Korotees etal. 1979 Seravkn etal. 1999 is
probaby allochthonouson geologich mags its
southen erd looks like a periclind synform
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Anothe specificfeatue of the Eag Uralian
zore is the abundane of granites tha align
submeridionalf to form the 'Main Granitic Axis
of the Urals (Fig. 1). Two main types of
granitoics are recognizd (Puchkw etal. 1986
Fershtateetal. 1994) Uppe Devonian—Lowe
Carboniferos tonalite—granodiorite with a
calc-alkalire geochemich affinity ard Uppe
Carboniferous—Permia potassium—sodia
granites thougtt to resut from partid melting of
the collided continentablocks The magmatisn
of the Main Granitic Axis of the Urals was al
accompanid by Late Palaeozai zond meta
morphism due to a therma influx ard deg
burid of the Eag Uralian zore during the late
stage of orogenes (Puchkw 1996)

The Transuralianzone(Zoneo6).

This, the easternmostmog poorly expose and

leag studi@l zone has a rathe controversia
easten bounday separatig the Uralides from

the Kazakstanide (Caledonides)Only Carbon

iferous and Devonian rocks of ensialt natue
are known The mog importan are calc-alkalire
volcano-plutoni complexs (Fig. 14j). The
Devonian sequene consiss of: (1) Lower
Middle Devonian volcanogerg units of tuffs ard
lavas of liparite and dacie composition up to
1000m thick; (2) volcano-sedimentgr units
(Middle Devonian?) representa by continen

tal red-colourd tuffites polymictic ard vol-

canomictt siltstones ard sandstones 706-
1300m thick; (3) marire shallow-wate car

bonate-terrigenai seris  of  Givetian-
Famennia age 1200m thick. The Carbonifer

ous rocks belorg to a Valeryanovia marginad
volcano-plutoné bet ard are comparativel

well studied Here they consis of three series
(Chuvashe et al. 1984) (1) A Tournaisiar

Early Viséan 1200m unit of shales siltstones
limestone with subordinag layers of andesites
andesite—bas@lporphyrites ard tuffs. (2) A
mid-Viséan—Serpukhovia 5000-6000n thick

series of bast ard intermedia¢ porphyrites
tuffs ard lava breccias with subordinag¢ lime-
stones The first two series are mostly open-sa
shallow-marire in character (3) Unconform

ably overlying thee is a red-colourd ter

rigenos continenth seris composd of

conglomeratessandstong and siltstone with

subordinag¢ porphyrites ard anhydrites dated

by spors armd pollen complexs as Mid-

Carboniferous—Permia (Abdulin 1984 ard
having athicknes of up to 4 km. The volcanites
are penetratd by comagmat intrusiors of

gabbro—diorite ard diorites

The pre-Mid-Carboniferos rocks ar de
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formed into a series of narrow linear folds with

limb dips betwea 25 and 60°. The overlying

molasse-lie Uppe Palaeoza redbed form

more gentk synclines and graben-lile strue

tures The zore is limited to the eas$ by the
Urkash fault marked by serpentinite (serpen
tinitic melange® which may be a sutue zore

betweea the Uralides ard the Kazakhstanides
There is a deficit of hard dai to establif the

natue of thisbounday precisely But it isworth

mentionirg tha one of the main difference
betwea the easten zones of Uralides and the

westen zones of Kazakhstanide lies in the

different age of the main rifting episoa preced

ing the formation of oceant ard margind
complexe (Ordovician in the Urals Vendian in

the Kazakhstanided=ig. 14)

Eag of the suggesté sutue zone aDevonian
volcano-plutoné bek occurs The thick cale
alkaline series is superimpose on terrigenous
cherty, greywacle ard andesi¢ rocks of the
Vendian—La¢ Ordovician complexstypicd for
the Kazakhstania 'Caledonides’ The® vol-
cano-plutont belts are probaby fragmens of a
longer ard wider zone connectd with the
Chatkal-Nary bel of the Souh Tien-Shan

The present-dg crug of the Eag Uralian ard
Transuralia zones is 38—4£2 km thick ard com
posel of rocks lighter than the Tagilo—Magnite
gorskim zore (Necheukhm et al. 1986
Avtoneey etal. 1991 Figs 2 & 3). The crug of
the Urals as a whole record thrustirg ard
stackirg of differently composd tectont units
alorng faults whos inclination changs with
depth creatirg severdé levek of listric faults
This is documentd by seismc reflection ard
refraction data and complicata the relationshig
betwee deg ard shallow structure of the
Uralian megazong which involve structurd
detachmert betwea various deg horizons
densiy inversiorsin the crug ard close horizon
tal connectios (even interfingering betwee
adjaceh megazongshoweve contrastig therr
characte a the surfa@ (Puchkw & Svetlakowa
1993)

Relicts of the Pre-Uralian orogen

In the Centrad Uralian zore Uppe Proterozai
(Riphean ard Vendiar) deformel ard meta
morphose rocks are exposed They belorg to
the 'Douralidestectont comple of Kheraske
(1967) The English equivalen of the termm can
be Pre-Uralides becaus they form the basemen
of the Palaeozai complex of the 'Uralides!
They hawe al® been called Timanides becaue
the basemen of the Timan Rang was an
importart pat of this orogen Crystallire com
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Fig. 15 Schemat tectont zonatia of the Pre—Laé
Proterozot basemenstructure of the Eas
Europea platfor tracel to the westen slope of the
Urals 1-3 Pre-Riphea craton 1, Uplifted
Archaean—Eay Proterozat blocks 2, Riphean
aulacogenss3, first two structurd zones overlan by a
Vendian platform cover 4-7 Pre-Uralides4,
anticlinorig 5, synclinorig 6, forede@ ard
intermontarm depressionsThe letters in the figure
correspod to those discussé in the text The
position is shown on Fig. 23

plexes of Archaean—Eayl Proterozat age are
exposéd as smal isolatel regiors amorg the
Pre-Uralide (Taratab complec of the Middle
Urals and sone othe metamorphg terrane of
granulie and amphibolie facies) separaté
from the Late Proterozai (Ripheaf) complexs
by faults

Generd features of the Pre-Riphea struc
tures in the Centrd Uralian zore canna be
reliably deciphered However like the Late
Proterozat structuresthey can be traceal from
the Centra Urals to the basemen of the
northeastar patt of the Eas Europea plat
form, using geophysich and geologich daga
(Gafaror 197Q Puchkw 1975 Fig. 15)

By the erd of the Proterozoi¢ the® regiors
belongel to a single continent In its southen
part an Archaean—Lowe Proterozad cratm
was subdividel into older cores (Belomoride}
and younge foldbelts (Karelides) The cratont
basemendf the Volga—Ura regian is compli
cated by three Riphean graben-lile structures
the Kazhim, Kaltas/ ard Sernovodsk—Abdulio
aulacogen (A, B, C respectivel on Fig. 15)
They ar up to 8-10kn dee (Romane &
Isherskag 1994) continwein the westen pat of
the Bashkirian anticlinorium of the Urals ard
are overlan by up to 2km of Vendian ter-
rigenos sediment tha form the lowermos
membe of the platform cove proper

The intensiy of tectonisn of the Late Proter
ozoic rocks increase to the ea$ and north By
Vendian times a vad collisiond orogen had
formed a the westen slope of the Urals
(including the Centra Uralian zone) in the
Timan Rang ard Timan—Pecha Bash (Get
sen 1991 Puchka 1993) with the following
structurd elemens shown on Fig. 15 (Puchkw
1975, 1993) aforede filled with Late Vendian
molase (D, Fig. 15) margina anticlinoria Eag
Bashkirian (E), Kvarkush (F), and Timan (G);
Vishera-Illych—Chiksh (H) ard Denisovka
Sabha (1) synclinoria Man'-Khamlo (K) anrd
Kolva—Khobet (L) anticlinorig the Laptopy
intermontare depressio (J), the Lemyu-
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Khoreyve undifferentiate zore (M), the
Yengane-PB ophiolite sutue (N), the Oche-
Nyrd subduction-relag volcanc zore (O) ard
the Marunkeu—Kharbg anticlinorium (P). The
pre-Uralian zones (Fig. 15 haw differert trends
comparel to the overlying Uralides (only in the
Southen Urals do they coincice to some
extent)

The Riphean—Eayl Vendian histoly of the
Pre-Uraliam orogen is characterizé by the
developmen of wide trougls on a continenta
crug due to epicontinenth rifting. Extensim
was accompanie in sone places by the for-
mation of sub-alkalire basals or a rhyolite-
basalt serig of continenté affinities (e.g Goldin
et al. 1973 Parnache 198% Parnache et al.
1981 Getsa etal. 1987 lvanov 1987) Among
the sedimentay complexs of the Pre-Uralides
shallow-wate quartzites subarkosesarkoses
biohem algd limestons ard dolomites are
predominant Poorly studia formatiors with
ophiolitic and calc-alkalire affinities (Rum
yantsewa 1984 Puchke 1993 are found only in
the Pola Urals Sone authos (e.g lvanos
1987 discad patt of thee dai as well as the
presene of Pre-Uralia folding ard orogenesis
in contras to mary earlie ard sonme later
researchey (e.g Shatsly 1963 Perfilyer 1968
Gafarov 197Q Puchke 1975 1993 Getsa
1991)

The Pre-Uraliam orogen was formed as a
resut of aLate Vendian (approx 630-50 Ma)
continentd collision (Puchke 1993) The
orogery was characterize by (8 deformatim
reflectal in anh unconformiy a the ba® of the
Ordovician sequence(b) Barrovian metamor
phisn and S-type magmatisn connectd with
thermd domes partially distortel by later
deformations both Late Vendian ard Late
Palaeozoir () formation of a foredeg filled
with Late Vendian polymictic ard arkosc
terrigenows sedimentsincluding conglomerate
and (to the souh of the Timan Rangé evapor
ites Rathe smal intramontae basirs filled
with molasg of Vendian age are presenin the
northen Urals (Puchke 1975) In addition to
lithologies of the Riphea complexs of the
Bashkirian anticlinorium (quartzitescrystalline
schists dolomites granites syenites) Vendian
conglomerate of the Southen Urals alo con
tain pebbles of red jaspe which may haw
originated from Riphean—Eay Vendian dee
oceant sedimerd which are eithe not now at
the surfa@ (existel in overthruss and now
eroded or are asyet undated

Correlation of the Pre-Uralids with orogenc
evensin area outsice the Urals ard Timan has
not bee thoroughy investigated Of the ad
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jacent areawhete an orogery can betentativey
correlatel to the Pre-Uralides two can be
named (1) Spitzbergen where a pre-Mid
Ordovician unconformiy is described with
metamorphi basemen rocks datel by the
K—Ar metha & 556, 58 and 621 Ma (Ohtaet al.
1989 ard (2) Taymyr, wher collisiond granites
and amphibolites are datel & 560-63 Ma
(Vernikovsky 1995)

The Pre-Uralian orogen was previousy er
roneousy correlatel with the Baykalides (e.g
Shatslk 1963) In fact, its origin appeas to be
unrelatel to the Late Precambria tectont
evens of the Baykd area of Siberia The time of
formation of the Pre-Uralids is cloe to tha of
the Cadomia foldbek of northen Europe
(Puchke 1988a) Recen globd paleotectoru
reconstruction for the Vendian ard Early
Cambrian time (Nan@ & Murphy 1994 McKer-
row 1999 ignore the Pre-Uralides which shout
be placal vely cloe to fragmens of the
Cadomian—Avalonia orogen (Fig. 16) It is
probabé tha the Pre-Uralides were an integrd
part of agred Late Precambria orogen within
the Rodinia supercontinent

In Early Palaeozai time Rodiniawas affected
by inten rifting and ore of the branche of the
rift systen ran parallé to the later Main Uralian
Fault The ever led to the formation of the
Palaeo-Uralia ocea ard the passie margi of
the Eas Europea continent The continenta
rifting in the lates Cambriam ard earlies
Ordovician (Tremado} was accompanie by
the formation of 'grabe complexes usualy
represente by a terrigenos series of variabke
thickness They are accompanié by sub
alkaline ard alkaline basals and rhyolites
picrite porphyrites and tuffs (Goldin & Puchke
1978 Ivanov et al. 1986 Dembovsky et al.
1990) The presene of the Early Ordovician
(Arenig) ard younge (up to Eifelian) ophiolites
intheTagilo—Magnitogorskiazoreandin sone
thrug shees in the Weg Uralian zore reliably
date the Palaeo-Uralia ocean (Puchkw 1993)

Thetectonic natureofthe Uralian
Cambrian

The Cambrian in the Uralsis poorly developed
In soneplacesthe lates Cambrianrepresents
by coare terrigenos sedimerd ard rift vol-
canicsconformaby underlies Lower Ordovician
quartzites ard quarz sandstong which are
widely developd in the westen slope of the
Urals. The Mid-Cambrian is nat known, prob
ably due to generd uplift ard erosion which
affectel the easten partt of the Eag Europea
platform & this time. Massive red limestons
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Fig. 16 Palinspasti reconstructia of continens in the Cambrian (McKerrow 1994 modified). Hatchel ares
are the Late Proterozai orogens 1, Pre-Uralids (Timanides) ard 2, Taymyr are addel to the reconstruction

with archaeocyatsl ard algee of Early Cam
brian age are known in two restrictel areasthe
Sakmaria allochthon (14, Fig. 1) ard the
Troitsk subzom (10, Fig. 1). In the Sakmaria
subzone the limestons constitue patt of two
'suites’ a lower ore consistig of sandstong
with subordinag¢ tuffites ard basals and an
uppe ore composd mostl of basaltsvolcantc
breccia ard cherts The thicknes of the® units
varies betwea 600 ard 17 m. Limestons are
encounterdin all pars of the section ard ther
natue is a subje¢ of continuirng discussion
Sone geologiss beliewe they are 'in situ'
bioherms othess tha they are biohermé olisto-
liths in sandstong and xenoliths in basalts As
such they provide only the lower ace limit of the
suites The only reliable 'in situ' occurrene of
conodons in chers dates the rocks which
enclog Lower Cambrian limestones as Late
Cambrian (Puchka 1993) The Late Cambrian
acge and the unusualy high Mn contert of the
volcant rocks in the sectilm suggest tha the
sequene recorcé epicontinenth rifting, the
precurso of the Palaeo-Uralin ocean

Developmer of the Palaeo-Uralian ocean

The main stags the Palaeo-Uralia ocea in the
Palaeoza are shown in Fig. 17 (see alo
Puchke 1991 1993) The mog importart
features are early developmenof an islard arc
and accretim again$ the Kazakhstane
Kirgizian continent itseff a collage of microcon
tinents and islard arcs The subductio zore was
dipping to the ea$ (in moden coordinates)
unde the Kazakhstano—Kirgizia continent
The seng of dip is deduce from the analyss of
geochemichtrends of calc-alkalire magmatisn

(Yazew etal. 1989 Seravkn etal. 1992) It is
alo supportd by the faa tha the East
European/Laurusai margn of the Palaee
Uralian ocea was passie (Puchke 1979 Fig.
10).

The Palaeozat continentd collision in the
Urals

The Uralian orogery resultel from collision of
the active ard passie margins Prior to collision,
sorre minor collisions of microcontinent—islath
arc type ard microcontinent—contingntype
took plae throughot the Ordovician Silurian
and Devonian alorg the marghn of the Kazakh
stano—Kirgizia continent The convergene of
plates whos margirs reman almog parallé for
along time is an exception Margins of colliding
continens often hawe uneven indenta out
lines which can caug maja difference in
structurd developmenh alorg orogens Many
researchey hawe considerd the role of plate
margih geomety ard oblique collision in their
analyss of Phanerozai and Precambria
foldbelts (e.g Glazne 1993 Lyberiset al. 1992
Rus® & Speé 1992 Ryan & Coleman 1992)
Observatiosrelevar to this problen hawe bee
mack in the Urals too, althoudn nat in a
systemat way.

Palaeomagnetidat (Svyazhira etal. 1992
show tha beginnirg in the Ordovician the Eag
Mugodzhay and Kokcheta continenta blocks
ard intervenirg Denisovla (primarily oceanig
block (therr positian is shown on Fig. 19 movel
along similar trajectories ard the scak of therr
presumé convergene and collision (Puchkw
199 was too smal to be se@ by the palaecomag
netic method The® blockstha belongel to the
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Palaeozai Kazakhstano—Kirgizia continer
were situated (1) a the sane latitude as the
territory of Kola Peninsud in the Ordovician
(2) opposie to the Middle Urals in the Late
Carboniferogard (3) in arelative positian close
to the moden ore in the Permian According to
thee palaeomagneti datg we mug accep a
non-cylindricd convergene of the two con
tinentsduring their Palaeozdi history, including
the periad of their collision. Geologich daa
strongly suppot this point

The first sign of collision betwea the Kasakh
stanian active margn and the Eas Europea
passie margh is found in the Uppe Frasnia in
the Southen Urals In the Sakmaasubzore ard
the easten limb of the Zilair synfom the Zilair
flysch of easten provenane conformaby over
lies Eginda ard Ibragimow chers datal as
Frasnia ard interpretel as bathya sedimers of
the Eas Europea passie margn (Puchkw
1979) This flysch was though to be Famennias
Tournaisia in age althoud Chibrikova & Olli
(1987 reportal Late Frasnia spore ard poll-
ers and the Lates Frasnim ages for chet
intercalatiors clos to the bottam of the flysch.
In ary case the middle of the Late Devonian
may be chose formally as the beginnirg of
collision (sensu lato), when the continent&
margirs cane into close proximity.

During the FamennianEarly Carboniferos
and mog of the early Mid-Carboniferos sub
duction was still active with the formation of
andesite trachyandesite—rhyolitfemonzonite-
granosyeni (shoshonite) tonalite—granodio
rite formatiors in the eas$ (lvanov etal. 1986
Puchkw et al. 1986 Salikhos etal. 198 ard
others) The® processgat the colliding margirs
can be comparéd to the moden collision
betwea Australia and Southeaster Asiawhere
the Sundh arc may play the role of a dampe
before the main collision. According to this
model| applie to the Palaeoza Urals two
stages in the collision can be recognized The
first is the transitiond stage terma a sof
collision (Late Devonian—Eajgt Carboniferous)
when the continentd margirs cane in contact
but the relict slab of the oceant lithosphee was
still being subductedundergoiig partid melting
and producirg calc-alkalire volcanites The type
of deformation associateé with this stag is
difficult to establish The first thruss carryirg
oceant crug onto the forme passie margn
(Bardym Kraka and Sakmaa nappey may
hawe developd by thistime. The® thrud shees
were subsequenyl folded overlie rocks no
younge than the Late Devonian Zilair flysch
and contah no rocks with provel age younge
than Famennian If sq the crug may haw
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thickenal slightly as a resut of thrug stacking
but it was nat s thick that it producel a high
land mass The seconl stage termal a rigid
collision (collision sensustricto) is dated as
Mid-Carboniferous—La Permian and pro-
ducel inten® stackirg of thrug shees (involv-
ing Carboniferos ard Permia rocks) growth
of the Uralian foldbek and a mountan range
with a mountan root, generatio of anatecit
granites of the Main Granitic Axis (Fig. 1
Fershtateetal. 1994) ard developmetof the
Uralian forede® and intermontae basins

The Famennian—Tournaigia flysch trough
(Fig. 183 in the southernmasWesten Urals
has a distind deep-wate character The thick
Famennia graywaclk series gradel westwad
into the condensé Kiyaunit of marls chersard
bituminows shales (Puchke & Ivanos 1987)
The greywacle with easten provenane did nat
read the shef zore of the passie continenta
marghn until the deep-watetrough the relict of
the bathya zone was filled. Therefore the
trough actel as a sedimentar trap for the
terrigenos sedimerd from the easten Uralian
Zones The time when this trap was filled is
difficult to define ard was certainy differernt a
different latitudes Keller (1949 has shown tha
in the northwestem patt of the Zilair synform
Visean greywacks overlie shallow-wate shef
sedimens of Famennia ard Tournaisia age
Therefoe the initial deep-wate trough was
filled no later than Tournaisian In contrast in
the Ufimian amphitheate of the Middle Urals
(1, Fig. 1), wher the passie margn had a
distind 'promontory, Famennia greywacke
arereportel to overlieimmediatey the Frasnia
shef limestone (Smirnov & Smirnowa 1961
1967 Kamaletding 1974) There are two
explanatios for the absene of bathyd sedi
ment unde the greywacle series.Eithe the
collision again$ the 'promontory was more
rigid and the deep-wate trouch betwea the
margirs was rapidly closed or the graywacks
are thrug upa the shef sediments

Furtheg to the northy the Famennian
Tournaisia graywacle is presemin the Tagilo-
Magnitogorskia zone but nowhee overliesthe
bathyd sedimend of the Eas Europea con
tinentd margn (Fig. 18a) The disappeararecof
the initial flysch trouch was followed by the
formation of the Uralian forede@ which mi-
grated westwad acros the continentashelf At
the sanme time a consideral® influx of ter
rigenots materid from the eas$ took place
Therefore the margirs of the continens first
canein contat only in the souh of the Urals

In the Southen Urals the flysch trough
disappeargin the Viséan and probaby earlie



450

ﬂ44++++++% — J0aUPN

T TS
e T

q
lxz][

)i\lM(

60

200 Km

0

o

200 Km

100



URALIAN OROGHEN

in the Middle Urals But during mostof the Late
Tournaisian Viséan Serpukhovia ard Early
Bashkirian the influx of terrigenos materid was
neithe abundant nor constant beirg interrup
ted by perios of accumulatio of pelagc
limestones and chers (Kuruil ard Bukharcla
suites in the weg of the Zilair synform Keller
1949 moden da@ on their ages given by
Sinitsina etal. 1984). Only later in the Mid- ard
Late Carboniferos when rigid collision startel
in the Southen Urals wasterrigenog sedimen
tation intensified A series of sedimentay facies
belts typicd of a forede@ was establishd over
the shef sedimersg of the former continenth
margin Coar® terrigenos sediment identified
as molasg (Chuvashe & Naim 1993) were
followed by flysch and olistostromes then by
condensé basind sediments carbonag reefs
and finally shallow-wate interbeddd lime-
stones and dolomites (Fig. 7). Sud a facies
series existel in the southernmasUrals sine
the Mid-Carboniferous in the Middle Urals
probaby sine the Late CarboniferousIn the
north the complee series was establishd in the
Early Permian (Fig. 18 ¢ & d). The facies belts
migrated to the west 0 tha the olde ard
easternmdsfacies were reworkel by fold-and
thrud bel structure to the rea of the forede@
(Nalivkin 194 ; Khvorova 1961 Chuvashe &
Dyupina 1973) The Uralian foredeg@ de
velopa in the Southen Urals from the Mid-
Carboniferous The Carboniferos facies typi-
cd for the foredeep were late deformel ard
becane pat of the Weg Uralian zone ard the
structue of the curren forede@ was establishd
only in Permian time.

A comparal® transition from residué trough
in the bathyd zore of the passie continent&
marghn to a forede® migrating westwad onto
the shef of the margin has bea establishd in
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the Lemva zore of the Pola Urals (Yeliseey
1973 Puchkoy 1979 compae agan Fig. 10, a
and b) wher analogos evens todk plae later
than in the Southen Urals The appearane of
greywacle flysch in the easten side of the
residua bathya trough is datel as Okian-
Serpukhovia (lateg Early Carboniferoultime;
the trough was being filled by flysch during the
Mid-and Late Carboniferous terrigenows sedi
mens of the easten influx appeard on the shef
only in the Early Permian Conversely in
Kungurian (lates Early Permian time the
terrigenos influx, reflecting the intensiy of
collision, was a its highes in the Pola Urals
whereathick terrigenos coal-bearig serieswas
formed In more southen regiors evaporits
were & this time predominant conditionel by
both climatic variatiors ard low terrigenos
influx.

Sud diachronisn of evensis connectd with a
shift of the collisiond proces alorg the Urals
strike. The shift was gradu&a and continuous
which can be illustrated by a series of simplified
structural-paleogeograptschemefor theLate
Devonian—East Permian periad (Fig. 18). One
can see that the first appearaneof greywaclk in
the correspondig structurdzones of the westen
slope of the Urals becane progressivel younge
to the north The facies boundarie cut the main
structurd boundaris of the westen slope of the
Urals & avely acue angk (2—49 ard mowe with
time nat only from eas to west but from souh to
north. The terrigenos influx becane more
inten in the north while simultaneougl gettirg
weake in the south At the easten margh of the
Pricaspia Bash (Fig. 199 this influx reachs a
maximum intensiy in Zilair (Famennian—Eayl
Carboniferouy time (Volozh 1991) It was the
time when the Souh Emba brand of the
Variscides (Fig. 19), connectiig the Urals with

Fig. 18 Schemat distribution of lithofacies in the Urals ard adjacen areas (8) End of the Devoniar-
beginnirg of the Carboniferous(b) Early Carboniferos (Viséan ard Serpukhovia time). (c) Mid- ard
greate pat of the Late Carboniferous(d) End of Carboniferosard beginnirg of PermianSymbols 1,
shallow-wate shef sedimers (mosty layeral carbonates)in the Early—Mid-Viséan mostly terrigenos
sedimeng with oligomyctic sandstongand coals 2, reefd massif ard bioherms 3, comparative} deep-wate
(domanikoig basin& facies mostly shale ard marls developé in the axid pars of the Kama—Kiné trough
system 4, deep-waterbathyd facies pelagt limestonescherts shales5, the same alternatig with
greywacle or overlain by them 6, shallov wate limestons changim upsectia to flysch nea uplifts; (a) Late
Carboniferos sedimers are absent(b) Late Carboniferos sedimers are present 7, mostl terrigenos
sedimens of the Uralian provenane (purely terrigenos flysch or tuffaceous-terrigenaiturbidites also
molase for the later stags of development) 83 terrigenos sedimers of the Uralian provenancealternatiny
with shef complexs or overlying them 8b, calc-alkalire volcanics of the subductio zore and accompanyig
terrigenows rocks 9a) terrigenos sedimend of alocd influx intercalatel with shallow-wate limestonesah,
pure shallow-wate limestones 10-clastt rocks ard limestonesassociaté with trachyrhyolite—basabolcanics
11, tholeiitic basals of the Irgiz zone 12, uplifts, g, intense b, weak subsequenyl eroded 133 westen
bounday of the Pre-Uralian forede@ prolongel by anorthen bounday of the Pricaspia basin 13k westen
bounday of the Weg Uralian megazong 13¢ Main Uralian Fault
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Fig. 19.Zonatia of the Kazakhstano—Kirgiziacontiner in the Late Paleozat (stag of 'rigid' collision)
(Puchkar 1991, modified) 1, Erodel Middle Carboniferous—Permignternd rises 2, terrigenos sediments
a, flysch ard molasseb, lagom tuff-terrigenows deposits 3, Volcano-plutorg complexes4, carbonat
deposits 5, Lake Carboniferous—Permieorogenc rises connectd with collision; 6, sutue zonesformer
boundaris of collided continents/microcontinentd, supposerelict oceant basin 8, -faults Structurdzore
M, Magnitogorsk T (V), Turgay (Valerianovka); ChINChatkalo—Naryn; KKaragandaT, Tengiz D,
DzhezkazganCH, Chuya B, Balkhash I, Ili; SA, Sayak Oz, Ob-ZaysanPKH, Pay-Khoy U, Uralian
foredeep ES Souh Emba structurdsubzonese, Eag Mugodzharyd, Denisovkak, Kokchetar

Greate Caucasuswas active in the north the
ped activity wasin Kungurian time.

This mocke of Palaeozdi collision in the Urals
was complicatel by the uneven outline of the
passie margin with apromontoy in the Middle
Urals, called the Ufimian amphitheate (1 in Fig.
1). The promontoy may hawe actal as a pivot
arourd which the Kazakhstania continen
rotated severadegrescounter-clockwiseSud
a rotation which probaby occurrel during
waning subductioncould resut in the formation

of locd tensionéstructursin the uppe levek of
the lithosphere In fact this time (mostly
Viséan—Ean Bashkirian immediatey preced
ing rigid collision) was characterizeé in the
Southen Urals by the formation of sedimentay
and magmatc complexs atypicad of collision or
subduction extensivey developd shef car
bonates mantle-derivd gabbro—grang and
sub-alkalire trachyrhyolite—basamagmatt as
sociationslayeral gabbro—diabasintrusiors of
trapp affinities, paralld diabag dykes ard
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Fig. 20. Mogt importart structure of the Uralian orogen connectd with the Late Paleozai intracontinenth
collision (locatel on Fig. 23). Decoraté lines thrusts undecorate lines boundaris of structurd subzones
Heaw lines with blad triangles sutue zones markel by serpentinitt melangesLines accentuatewith
points unconformiy betwe& Proterozat ard Palaeoza complexes The suggeste Early Carboniferosrift
zore is markel by mantle-derivd basalt—trachyrhyolé ard gabbro—granécomplexesa—k Palaeoza
stratigraphé sectiors of Fig. 14 Numbesin italic are explaing in thetext In 5.5 Late Palaeoza therma

dome characterizé by a Barrovian metamorphism

tholeiitic pillow basals of the Irgiz zore (Ivanov
et al. 1984 Frolova & Burikova 1977 Salikhor et
al. 1993 Fershtate& Bea1993)

The onsé of a rigid collision in the easten
zones of the Southen Urals can be data
reliably enoudy as the beginnirg of the Mos
cowian All manifestatiosof subductio related
and rifting volcanisn had stopped ard car
bonat sedimentatin began to be progressivet
substitutel by terrigenows deposition flysch
trougrs of NNE strike are though to hawe
existed eas of the Main Uralian Faut by theerd
of the Middle Carboniferos (Chuvashwu etal.
1984 Chuvashe & Puchkw 1990) Different
opiniors hawe been expressé abou the pres
enc of the Late Carboniferos ard Permian in
the easten zone of the Urals Accordirg to

Chuvashuw etal. (1989 sediment of thisage are
practicaly absent However in later publi
catiors (Abdulin 1984 All-Russian Strati
grapht Committee 1993 ore can recognie
sone relicts of intermontae basirs filled with
Late Carboniferos ard even Permian molasg
(red-colouré conglomerate ard sandstong
with flora remairs and anhydrie layery pre
serval in the Southen Urals (Figs 14f g & 20).
We hawe shown therelicts of theg intermontae
basirsin the eas of the Urals (Fig. 20, structure
numberel 56 ard 6.2), but only conditionally,
taking into accounthe existirng controversy
The Uralian collision startel early in the
south and its intensiy varied much alorg the
length of the orogen until the Late Permian
shifting wave-like to the north By the beginnirg
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Fig. 21 Old Cimmerian structure in the Urals ard
adjaceh area compard with the structura
boundaris of Uralian Orogen (Variscides) 1, Fold-
and-thrus dislocations 2, overthrusts3, wrenc
faults 4, undefinel faults 5, gentle smooh
anticlines ard flexures of platform type Letters are
explainal in the text Sane location as Fig. 18 in Fig.
23

of the Late Permian the intensity seens to hawe
becone more or les equd in all pars of the
orogen (obligue collision change for atimeto a
cylindricd one) By the erd of the Permian the
orogery was leasg inteng in the eas$ of the
Southen Urals whete shot ingressios of the
Tethys-connectk sea were registerd (Chu
vashowet al 1984)

It is worthwhile noting that the Late Palaee
zoic orogenc processe affectal ares muc
wider than the Urals and enclosd the former
Kazakhstano—Kirgizia ard Siberiam con
tinents wide intermontae basirs were formed
in Kazakhsta by thistime (Fig. 19)

Mesozot tectonic deformations

The uneven characte of the collision was
manifestel agan in the Mid-Jurassi¢ the Old
Cimmerian stag of the region The Palaeozai
and Old Cimmerian stags were separate by a
period of a comparatie quiescene with a
dissipatd rifting episo@ a the Palaeozoie
Mesozot boundary when the territory becane
a margind pat of the gigantc magmatt trapp
province of Siberia

The Old Cimmerian fold ard thrug defor
mation in the Urals is a comparativel weak
intraplate shortening Furthe to the north, in
the Pay-Khy ard Novaya Zemlya this defor
mation was more inteng ard led to the
formation of the Pay-Khoy—Novozemelia
foldbelt which did nat exig earlie as shown by
palaeograplu datg pre-Mid-Jurass structurd
unconformities ard isotopt dates (Chermnylk
1972 Korago etal. 1989 Rasulv 1982 Yudin
1994) This foldbel resultel from dired conver
gene betwea the Eas Europea and Siberian
continens (the structure of the Kazakhstania
continen are nat traced <o far to the north unde
the cove of the Weg Siberiar plate Fig. 19)
Although the continens were by Mesozot
time, integrd pars of Pangaeathey were still
looe enoudn to chang their relative positiors
along a systen of sinistrd and subordinag
dextrd wrend faults (the directiors of move
mens alorg the® faults are shown in Fig. 21).

Compariso of the structurs in area where
Triasst sedimend are preservd (Fig. 21), gives
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Fig. 22 Position of the Urals mountairs in the Eurasia plate with respetto plate margirs (Puchkoy 1988) 1,
Neotectont orogen of the Uralsmountains 2 & 3. margirs of the Eurasia plate 2, convergent3, divergent
4, main directiors of forcesactirg a the convergehmargn of the Eurasia plate

sone importart detaik concernirg the changs
in style ard intensiy of the Old Cimmerian
deformatiors from sout to north ard weg to
east In the Southen Urals Triassc terrigenos
coal-bearig sedimers of the Ork basn (Fig.
213 and coare terrigenos sedimend of the
Uralian forede® (Fig. 21b are very thin (up to
ters of metre$ amd practicaly undeforme
(Ozhiganw 1964) In the Pricaspia depressio
(Fig. 21 ¢) where atransition from continentito
marine sedimerg occurred sat domes are
developed but compressiorastructurs (folds
and thrust$ are absent Immediatey to the eas
of the Southen Urals, in the Turgay depressio
(Fig. 21d) the Triassic—Ea#t Jurassi sequence
are developd in linear graben-lile depressios
and consis of two seriesthe lower composd of
trapp volcanics ard the uppe consistig of
terrigenow coal-bearig sedimentsTher thick-
nes varies from hundred of metres to 3 km
Deformation formed gente folds and normd
faults (Abdulin 1984) Furthe north in the
easten patt of the Middle Urals (Chelyabink
area Fig. 21e) as wel as in the bae of the
Mesozot cove of the Wes Siberian bash (Fig.
21f) ard in the Tagi zore (Fig. 21g) narrow
linear graben-lile depressios are filled by
Triasst trapp volcanics and terrigenous partly
coal-bearing mostly alluvia sediments up to
2-3 kmthick. The margirs of the depressionare
affected by shap folds ard thrusts usualy
severdkm in amplitude often oppositey ver
gert (Tuzhikowa 1960 Rasulw 1972)

Timan (Fig. 211 did nat experiene uplift

eithe in the Carboniferousor even in the Late
Permian 0 its structue is nat Late Palaeozoic
(Raznitsyr 1968) It was coveral by a shallov
sea during the Kazania transgressio and was a
place of terrigenos sedimentatio in intracon
tinentd basirs during the Tatarian (erd of
Permian) In Early Triassc time, block faulting
led to sone locd erosion but Timan was not an
obstack for the transpot of polymictic sand
stones from the Urals to the centrd pars of the
Eag Europea platform Uplift and de@ ero
sion of the growing Timan Rang todk place
later than the Early Triassi¢ but before the
Mid-Jurassic The latte lies unconformaby
over different horizors of Late Palaeozai age
and has bas& conglomerate with clast of
metamorphi schiss from locd uplifts of the
basement

In the westen slope of the Cis-Pola (1) ard
Pola Urals the Triasst terrigenos sedimers
(up to 2200m thick) are weakly coaliferows ard
partly variegated They are underlan by a
continuows cove of trapp volcanis in the
Kosyu—Rogovskay (Fig. 21j) ard Korotaikha
(Fig. 21K depressios of the Uralian foredeep
Subhorizonthove large areasthey possesan
intene thrust-and-fall characte in local,
narrav linea zones suc as the Chernyshu
(Fig. 21) ard Cherne (Fig. 21nm) ranges
(Puchker 1975 Timonin 1976)

Pay-Khoy (Fig. 21 1 isaMesozot alpine-type
foldbelt Accordirg to palaeogeographjstruc
turd ard isotopt data it is superimposg on a
dee Permian molasg basin a former pat of



50°E

60°E
Emo®

Fig. 23 Geographiciklocatin of previos figures
SectionsA, B ard C are the Cis-Polar Middle ard
Southen Urals sectiors of Fig. 4, respectivelyD:
section of Fig. 13

the Uralian forede@ (Chermnyl 1972 Koragp
et al. 1989 Yudin 1994)

This tentative schene of the Old Cimmerian
deformatiors allows two importar conclusions
First, the westen bounday of the area with
intene Old Cimmerian deformatim has a
northeaster strike ard crosss a sorre angkethe
Uralian structurd boundaries Secong the 'en
echelon characte of the deformations es
pecialy the NW-trending SW-vergirg strue
tures of Timan amd Pay-Khoy suggest a
sinistral transpressionarigin. On this basis it
can be alo suggesta that the Uralian structue
of the Pola Urals continues to the north ard is
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substitutel by a younger pre-Mid-Jurassi
foldbelt immediatey to the wed of it.

The southen continuation of the Urals was
differert at differert stags in its history. As was
pointed out earlig in this paper the early
orogenicuplift in Famennian—Tournaisiaime,
reflectal in the developmendaf the Zilair flysch,
can be trace from the Urals to the souh and
southwes as the Souh Emba foldbet (Fig. 19),
connectig the Urals with the Variscides of the
Greate CaucasusBut befor the erd of the
Early Carboniferos (after the Mid-Viséan) this
orogen ceasd to develop as is reflectal in the
presene of predominangt carbonag facies in
the Late Viséan-La¢ Carboniferos of the
southeaster margn of the Pricaspia bash
(Volozh 1991) Converselythe Mid- ard Late
Carboniferos orogent movemend of the Urals
are reflectal in the presene of coarg ter
rigenots facies in the northeastar patt of the
basin Theg ard the Permian movemerd are
correlatel with the analogos evens in the
Southen Tien-Shan which are explainel & a
resut of collision betwea the Kazakhstane
Kirgizian ard Tarimo-Tadzhikia continenta
masse in the proces of closue of Turkestania
ocea ard formation of the Souh Tien-Sha
sutuie zore of Pangaa (Puchkw 1991 Fig. 19)

The origin of the modem Ural mountains

The Late Palaeoza@ mountan bek rejuvenatd
by the Old Cimmerian dislocatiors existal only
for ashot time, due to arapid erosion By the
erd of the Jurassi ard during the Cretaceos
the Urals were low hills ard partially alowland
ingressd ard covera@ by ses (Papulo 1974)
Only since the Late Oligocere hawe the Ural
mountairs startel to grov agan (Rozhdest
vensky 1994) The® processe are still active
proved by geodett ard horizontd stres
measuremesis well as by earthquaksof week
to medium magnitua (Aleynikov etal. 1976)
This orogety probaby resuls from an intracon
tinentd deformation tha followed favourabé
directiors in the lithosphee of Eurasia As
indicatad earlie (Puchke 198%), the Urals
bised the angk mack by the southern conver
gert margh of the moden Eurasia lithosphere
plate (Fig. 22).

Conclusiors

The genera features of the Uralian orogen are
summarisd in a simplified diagran (Fig. 20),
representig the Southen Urals the beg ex
posel area of the orogen The following typicd
structuré elemens can be establisheé from weg
to east
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The Uralian foredeep: filled with Permiam mo-
lasse underlan by Palaeozai shef deposis of
the Eas Europea continent It is divided into
the following units 1.1, the chain of the Early
Permian barria reefk a the westen bounday of
theforedeep 1.2, the oute patt of the foredeep
characterizé by gentle platform-tyge strue
tures or (where Kungurian sat ispresent by sat
ridges 1.3, satridgesof thesouthenpat of the
foredeep 1.4 the frontd line of the west
vergern thruss ard folds of the orogen 1.5 the
internd pat of the foredeepcharacterizé by a
thin-skinnel to medium-skinnd style of thrust
and-fol structue ard probaby by the presene
of wedge-litle (underthrust backthrust strue
tures a the bounday with the next zore to the
east 1.6 the transvers Kara-Tai uplift, di-
viding the forede into basins

The West Uralian zone: 2.1, mosty west
vergern thrust-and-fadl structure of a thin- to
thick-skinnel style affectig Palaeoza shef
and bathyd deposis of the passie margh of the
Palaeozai Eas Europea continent 2.2, back
thruss characteristi of the easten limb of the
Zilair synform 2.3 the axid patt of the Zilair
synform 2.4, allochthors (klippen) composd
of ophiolites ard bathyd complexs situatel in
the axid pat of the synform

TheCentral Uralianzone: 3.1 ard 3.2 —thecore
of the Bashkiriam anticlinorium an exhumel
Pre-cambria basemenof the Palaeozai con
tinentd margin including crystallire com
plexes producel by two or more stags of
deformation ard metamorphism sedimentar
sequencedf Riphea aulacoges ard Vendian
molase of the Late Precambria Pre-Uralian
orogen Structure of the westen pat of zore
3.1 are Variscan ther morpholoy beirg cloe
to those of the Weg Uralian zone Structursin
the easten and northen parts of zore 32 are a
comple resut of two or more deformationh
phases (Variscan ard Pre-Variscan)33 — 3.5
the Ural-Tau metamorphi complex probaby
Palaeozoic3.3 the Yantyshevo-Yulld backth
rust 3.4, the Maksyutoww metamorphosk ac
cretionay complex of a Devonian islard arc(?)
3.5 the Suvany&a metamorphosk bathya
complx of the passie margn of the Eas
Europea continent 3.6 the Main Uralian
Fault represents by an east-dippig zore of
serpentinitt melange Elemens 3.3-36 are
conventional} attributal to the Centrd Uralian
zone

TheTagilo-Magnitogorskiaaone: 4.1, Internd
melangzones(thrusts) 4.2, centrariftof Early
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Carboniferos age markel by intrusiors of a
mantle-derivd gabbro—graniti comple ard
comagmat trachyrhyolite—basal volcanics
4.3 backthruss of the easten bounday of the
zore (serpentinitt melanges)4.4, the axid patt
of the Magnitogor& synform

The East Uralian Zone: This is a collage of
microcontinenth blocks with relicts of an
autochthonosiPalaeoza sedimentay and vol-
caro sedimentar cove (5.1) ard allochthonos
Palaeoza ophiolite ard island-ac formatiors
(5.2); 5.3 the Main Granitic Axis of the Urals
5.4; the Denisovkasuspecte sutue zong with
ophiolites ard serpentinitt melanges5.5 ther
md domes with Barrovian metamorphis ard
uplifted Early Proterozai complexes 5.6, re-
licts of intermontae depressions filled with
Middle Carboniferos (Moscowian flysh-like
deposis ard probaby Uppe Carboniferos
molasse

The Transuralian Zone: this is a volcane
plutonic bet composd mainly of calc-alkalire
magmatites 6.1, the Urkash fault (sutue
zone?)asuggeste bounday betwea the Urals
and the Kazakhstanides6.2 a hypothetich
relict of an intermontae basin

The Kazakhstanides:7.1, Variscan uplifts; 7.2
Variscan intermontae depressionsfilled with
Carboniferos ard Permian molassg (to the eas
of the limits of the scheme)

The following are the mog importar stages of
developmeh of the Urals sine the lates
Precambrian

(1) Vendian continentacollision and orogety
resultirg in the Pre-Uraliam (Timanide$
foldbelt, which was probaby pat of the
Cadomia orogenc bet within the Rodinia
super-continent

(2) Late Cambrian—Eayl Ordovician rifting,
break-yp of the supe continent formation
of the Palaeo-Uralia ocea ard the passie
margh of the Eag Europea continent

(3) Mid-Ordovician—Mid-Devonian subdue
tion and accretim alorg the active margn
of the Kazakhstania continen on the
easterrsice of the Palaeo-Uralia ocean

(4) 'Soft and oblique collision betwea the
passie ard active margins startirg in the
Southen Urals in the Late Frasnia ard in
the Northen Uralsin the Late Viséan

(5 'Rigid' collision betwea the contineng
startel in the Mid-Carboniferous The
oblique characte of the collision was
maintaine until the Late Permian with
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time the orogent processe gradualy be
canme more inteng in the north than in the
south

(6) At the Permian—Triassi boundary an
episoa of dissipatd (area) tensim ac
companiel the developmen of a vag
volcanic (trapp provine (including the
Urals, Timan Novaya Zemlya Taymyr,
Westen and Easten Siberia)

(7) Continent& and intracontinenth collision
took plae shorty before the Middle Ju
rassic It affectal the northen and easten
pars of the Urals ard createl the Timan
Range Chernyshe ard Chernw thrust
and-fod zone ard the Pay-Khoy
Novozemelia foldbelt

(8) A long tectont paug betwea the erd of
Jurassi ard Late Palaeogeneled to the
complet erosio of the Variscax Uralian
orogen

(9) Sinee the Late Oligocene a new pha of
intracontinenth deformation led to the
moden Ura mountains

Future researh in the Urals shoud focus on
sone of the targes listed below

() The searb for more reliabke data on
Precambria ophiolites and calc-alkalire
volcanics in the Urals with a geodynant
analyss of the Pre-Uralia (Timanide$
foldbelt.

(2) Reliabk palaeomagnatideterminatio of
anciert pole positiors of continens and
terrans enclosd in the Urals In particula
Riphean Vendian Silurian ard Devonian
palaeolatitudeare needed

(3) Creatim of improved paleocontinentare-
construction especialf for the Vendian
time.

(4) Researk on the stratigraply and tectont
natute of the Uralian Cambrian

(5) Geologica ard isotopt age study of the
area affectel by HP-LT ard othe types of
metamorphism The finds of Palaeoza
fauna in the Maksyutow comple« of the
Southen Urals makes one anticipae anat
ogows finds in some otheg metamorphd
terrans which are now though to be
Precambrian

(6) A thoroudh bash analyss mug be applied
to the Proterozai ard Palaeozai sectiors
of the Westen slope of the Urals ard
adjacen area of the Eas Europea plat
form, as former pars of asingle basin

(7) Determinatimn of directiors of tectont
transpot for mary thruss (e.g checkirg
the backthrus concep alorg the easten
limb of the Magnitogorskia synform)

V. N. PUCHKOV

Very importart are structur studies aimed
at palinspasti reconstructia of the orogen
Also vely importart are structuré studies
of the metamorpht terrane of the Urals

(8) Deepe study of the easternmdsstructure
of the Urals ard bette definition of their
bounday with the Kazakhstanides

(9) Geologica interpretatim of the inter
nationd geophysich profile URSEIS-%
Sterlitamak—Novonikolayewk (Southen
Urals) which is cloe to completion while
this article is beirng edited There is hope
that the profile will provide more detailel
and reliable knowledg of the deg struc
ture of the Urals Combinel with the othe
seismc profiles and applied to geologicé
datg it gives a bass for creatio of a 4D
modé of the Urals

(10) Use of structurd ard geodynant dat to
bette understad the metallogey of the
Urals

(1) Transformatio of geologich da@ of the
Urals into digitad form, usirg geoinfor
mation systens (GIS).

Thiswork was completel unde the sponsorst of the
Russiam Foundatimm for Fundamentalnvestigatios
(Ref.na RFA 93-05-14038 ard INTAS (Ref.na
INTAS-94-1857) The autha expresse his deg
gratituce to J.-P Burg, M. Ford J Knapp ard
anonymos reviewes for correctios and usefd
suggestion they hawe made while evaluatig ard
editing the manuscript Author's e-mal address
puchkov@giras.baskiria.su
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