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INTRODUCTION

Work on the second edition of the 1:200 000 scale State

geological map of the Russian Federation has resulted in strati-

graphic correlation of Upper Devonian deposits of the South-

ern Urals of different facies (Fig. 1), based on conodont stan-

dard zones, building upon recent biostratigraphic studies

(Kononova, 1979; Puchkov, 1979; Kochetkova et al., 1980;

Biostratigrafiya…, 1983; Kochetkova et al., 1985; Fauna…,

1987; Puchkov and Ivanov, 1987; Maslov et al., 1993;

Pazukhin et al., 1996; Abramova et al., 1998; Puchkov et al.,

1998; Pazukhin et al., 1998; Abramova, 1999; Maslov et al.,

1999; Maslov and Artyushkova, 2000, 2002; Abramova and

Artyushkova, 2002; Akhmetshina et al., 2002; Yakupov et al.,

2002). The updated conodont zonation has allowed more pre-

cise correlation of individual sections and so has facilitated the

regional, inter-regional and global correlation of events.

The Famennian-Tournaisian strata and fauna of the Southern

Urals has been described in detail in several publications (e.g.

Kochetkova et al., 1980; Biostratigrafiya…, 1983; Kochetkova

et al., 1985; Pazukhin et al., 1996, 1998) and therefore no de-

tailed description is given herein. Special attention is given to the

Frasnian-Famennian boundary interval starting from the latest

Frasnian Late rhenana and linguiformis conodont zones.

Application of stratigraphic data for precise restoration of

geological history requires knowledge of the relative and abso-

lute time duration of each conodont zone. The detailed

sedimentological research of Belyaeva (2000), carried out in

the Pechora and Volga–Urals basins, allowed her to test a chro-

nometric scale of duration for Late Devonian time in these ar-

eas. Precise correlation of selected horizons with standard



conodont zones allowed estimation of the relative duration of

conodont zones with acceptable levels of error. The vertical

scale in Figures 2 and 3 shows this pattern of relative extent of

conodont zones. The problem of absolute time values is more

difficult. At the XXXI International Geological Congress in

Brazil 2000, the International Stratigraphic Commission sug-

gested early and late time boundaries for the Famennian Stage

of 355 and 370 Ma. Delimitation of conodont zones follows

these dates, though more precise radiometric dates are needed.

An alternative timescale for the conodont zones was given by

Sandberg and Ziegler (1996).

The goal of this paper is to correlate the stratigraphic sec-

tions of the Southern Urals that contain the F-F boundary, de-

lineate the corresponding sedimentary and volcanic events, and

connect them to regional and global tectonic processes. This

paper further develops and expands the ideas introduced by

Veimarn et al. (2002b).

CHARACTERISTICS AND CORRELATION

OF SECTIONS

The Famennian strata of the Southern Urals were formed in

various palaeogeographic and palaeogeodynamic conditions.

The Famennian was the time when the development of the

palaeoceanic zone separating the East European (Laurussian)

continent from that of Kazakhstanian was nearing its end

(Puchkov, 2000). In this domain were numerous micro-

continents and volcanic arcs divided by basins of different

character. The subsequent Variscan orogeny resulted in the

complex fold system of the Urals, with a nappe-fold structure

and the presence of extended, approximately N–S trending

faults system, often deformed by significant strike-slip move-

ment (Fig. 1). This complex structural deformation, and the tec-

tonically distorted facies patterns, meant that it was necessary

to establish zones of stable enough character to subdivide the

Palaeozoic deposits in the sheet legends to the State geological

maps (Legenda …, 1998).

ZILIM–ZIGAN ZONE

Famennian strata, deposited on the eastern margin of the

East European continent, are present in the Zilim–Zigan zone

(Fig. 1), which is considered as part of the Belsk–Elets struc-

tural-facies zone traceable along the whole western slope of the

Urals (Puchkov, 2002).

In the Late Devonian, the Zilim–Zigan zone included the

Inser–Usolsk trough — a southeastern part of one of the branches

of the Kama–Kinel trough system. In this part of Kama–Kinel sys-

tem, the following facies types have been established (Belyaeva

and Stashkova, 1999): (1) an outer shallow shelf zone, (2) an inner
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Fig. 1. A — location of area studied in Western Russia, SV — Syviu River

area in the Polar Urals (Yudina et al., 2002); B — zonation scheme of the

Palaeozoic deposits in the Southern Urals (Legenda…, 1998) and location

of stratigraphic columns shown in Figure 2

RP — East European (Russian) Platform; ZZ — Zilim–Zigan zone; WZ —

West Zilair zone; EZ — East Zilair zone; KS — Kurgan–Samara zone; UR

— Uraltau zone; VP — Voznesensk–Prisakmara zone; WM — West

Magnitogorsk zone; EM — East Magnitogorsk zone; UN —

Ui–Novoorenburg zone; KA — Kochkar–Adamovska zone; NT —

Nizhnesanarsk–Tekeldytau zone; TB — Troitsk–Buructal zone; DN —

Denisov zone; I–XIII — numbers of stratigraphic sections (Fig. 2)



shallow shelf zone, (3) slope and (4) basin. In the Zilim–Zigan

trough, the Upper Devonian strata can be subdivided in detail us-

ing conodonts (Kochetkova et al., 1985; Pazukhin et al., 1998;

Abramova, 1999; Abramova and Artyushkova, 2004). In most

sections the stratigraphic unconformity at the F-F boundary is dis-

tinctive (Veimarn et al., 1997; Abramova, 1999). Strata of the

linguiformis and triangularis zones are partially or wholly absent,

only the basinal section, exemplified by the Lemesa succession,

being complete. According to Abramova (1999), the entire section

contains goniatites indicative of relatively deep-water conditions

of sedimentation. However, while the Late rhenana Zone is repre-

sented by pale grey thick-bedded limestones, the lithological com-

position of the linguiformis and triangularis zones is highly vari-

able (Fig. 2 section II). In the linguiformis Zone (0.47 m thick)

thin-bedded pale grey limestone is replaced by brown thin-bedded

dolomite, brownish-grey limestone and, finally, dark grey, bitumi-

nous Domanik-type limestone in which goniatites are accompa-

nied by orthoceratites, bivalves, gastropods and brachiopods. The

triangularis zones (1.22 m thick) are represented by alternating

brownish and dark grey thinly platy, locally dolomitized, often si-

licified micritic limestones, as well as by brown to dark grey,

thin-bedded fine-grained friable sandstones, siltstones and green-

ish-grey (up to bright green) sandy clay. These rocks compose

also the lower part of the crepida zones, being replaced in its up-

per part by brownish-grey to pale grey, pinkish, medium-bedded

limestone with stylolitic seams filled with a bituminous organic

substance.

The most complete succession of shallow shelf and slope fa-

cies is seen in the Ryauzyak section (Kochetkova et al., 1985;

Abramova, 1999; Abramova and Artyushkova, 2004). Here

again there are no strata of the Late triangularis Zone; the Early

and Middle triangularis zones are represented by shallow-water

brachiopod shelly beds (Fig. 2, section I). Higher in the succes-

sion are pale grey, pinkish-grey, thin-bedded, fine-grained

organogenic limestones corresponding to the crepida,

rhomboidea, marginifera, trachytera(?) and postera zones. The

upper part of the Famennian Stage is represented by grey platy

limestones with irregular bedding surfaces showing

foraminifers, cephalopods, brachiopods, ostracods, trilobites,

crinoids and conodonts of the expansa zones, dark grey and

grey, thin-bedded, micritic limestones, locally silicified, with

foraminifera, ostracods and conodonts of the praesulcata zones.

The Famennian strata in this section are 25.3 m thick.

Figure 3 shows hiatuses in the sections studied (Veimarn et al.,

1997; Abramova, 1999). These section occure along a belt

trending approximately N–S, extending up to 120 km across the

Inser–Usolsk trough from its basinal part represented in the

Lemezinsky section (II on Fig. 1) to the Zigan section typical of a

shallow shelf development, located 20 km to the south of the lo-

cality at Ryauzyak (I on Fig. 1; Fig. 3). The global regression,

which broadly coincides with the F-F boundary, abruptly changed

to a transgression (see Johnson et al., 1985) and this is well re-

flected in the successions. The regression maximum falls in the

triangularis zones. The stratigraphic distribution of the numerous

hiatuses suggests that sedimentation within the Inser–Usolsk

trough was periodically interrupted from the linguiformis Zone up

to the rhomboidea zones. Various tectonic movements are also re-

corded as the influx of terrigenous material into the basinal succes-

sion. The lower Famennian limestones are typically pink in col-

our, and this was probably connected with a change to oxidizing

conditions in the sedimentary environment.

ZILAIR ZONE

The extreme southeastern part of the Zilim–Zigan zone bor-

ders with the West Zilair zone, which further east is replaced by

the East Zilair zone (Fig. 1). The Famennian strata are repre-

sented mainly by flysch-like greywacke of the Zilair Formation

with differences in composition between the western and eastern

zones limited mainly to the lower parts of the sections (Pazukhin

et al., 1996; Puchkov et al., 1998; Puchkov, 2000, 2002;

Abramova and Artyushkova, 2002; Yakupov et al., 2002).

At the eastern limb of the Zilair synform, in the top part of

the middle-upper Frasnian section, within variously coloured

siliceous and clayey sheles of the Ibragimovo Horizon there ap-

pear layers of siltstone and graded greywacke sandstone, the

latter having their basal parts composed of a conglomerate that

typically contains fine fragments of the underlying chert (III on

Figs. 1 and 2). The average thickness of greywacke beds is

about 3 m, while the chert units capping the rhythms are usually

around 0.5 m thick (Puchkov, 1979). Upwards in the section

the Zilair Formation represents a proximal flysch with a signifi-

cant content of sandstone and some chert layers. Conodonts

suggest that the fine-grained terrigenous material, from a sour-

ce located in the east, first appeared in the Late rhenana to

linguiformis Zone interval (Fig. 2). Higher in the section,

though still in the lower part of the Zilair Formation, a layer of

clayey siliceous sheles within the greywacke succession con-

tains conodonts of the Late triangularis to Early crepida Zone

interval (Pazukhin et al., 1995; Puchkov et al., 1998).

In the Chernaya River mouth section, 150 km to the north,

the F-F boundary, characterised in detail by conodonts

(Abramova and Artyushkova, 2002, 2004; Yakupov et al.,

2002), is located within interbedded dark grey siliceous

argillite and grey, greenish-grey shale with subordinate layers

of dark grey limestone-clay siltstone. The base of the Zilair

Formation, placed at the lowest sandstone layer, coincides with

the boundary of the Middle and Late triangularis zones.

On the western limb of the Zilair synform, the lower part

of the Zilair Formation is represented by a distal greywacke

flysch composed mostly of siltstone and shale with rare inter-

calations of platy chert. The formation usually overlies mas-

sive limestone. In sections of the Kurair Creek and along the

right bank of the Ik River (III on Figs. 1 and 2), in the upper-

most part of this limestone, conodonts of the Late triangularis

to Late crepida zones are found and a chert close to the base of

Zilair Formation is assigned to the Latest crepida to

rhomboidea Zone interval (Puchkov et al., 1998). Somewhat

different stratigraphic relationships are observed to the

north-east, near Yaumbaevo village. The limestone of the

Late rhenana Zone is overlain without any trace of erosion by

the basal, chert-free, fine-grained greywacke of the Zilair For-

mation. The chert in this section is replaced by layers and con-

cretions of clay-rich limestone. The limestone contains cono-

donts of the Late triangularis Zone (Abramova et al., 1998).

A west-directed younging of the Zilair Formation was pro-

posed by Puchkov (2002); this point of view is not shared by

Artyushkova and Maslov.
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The lower part of the Zilair Formation, termed the

Yaumbaevo unit, is estimated as 150–200 m thick (Keller,

1949). The overlying Astashskovo and Avashly units include

alternating sandstone, siltstone and shale. The conodont dating

of these units is incomplete, but based on their position in the

section, the age is within the Middle crepida to Early

trachytera Zone interval. The Astashskovo unit differs by a

more conglomeratic composition; medium- and fine-grained

sandstones prevail, but coarse-grained sandstones are also

present, grading into fine conglomerate. Dark, greenish-grey

shales are also present and plant remains are abundant. Layers

of limestone and lenses of tuff occur in the Ik River section

(Keller, 1949). In the Avashly unit, more fine-grained rocks

with subordinate sandstone prevail. The Astashskovo and

Avashly units are estimated as approximately 1500 and 800 m

thick, respectively. The overlying Yamashly unit has a com-

plete conodont documentation, covering the Famennian

postera, expansa and praesulcata zones (Pazukhin et al.,

1995). It is composed of greenish-grey and

dark grey, frequently silicified shale and green-

ish-yellow-grey jasper-like silicite with layers

of limestone. The increase in abundance of car-

bonates from the south to the north is typical.

The Famennian part of the Yamashly unit is

80–150 m thick.

KURAGAN–SAKMARA ZONE

In the northern part of the Kura-

gan–Sakmara zone (Fig. 1), elements with a

chaotic structure at the base of the Zilair For-

mation were observed (Ryazantsev et al.,

2000). The variegated siliceous tuffite of some

olistoliths contain the Frasnian species

Palmatolepis hassi Müller et Müller, and

higher up, in the cherty to clastic olistostrome

matrix, Palmatolepis glabra prima Ziegler et

Huddle was found, indicating the crepi-

da–marginifera Zone interval.

On the left bank of the Ural River, along its

Kiya River tributary and further south on the

Dombar River and Zhaksy–Kargala River,

within the southern continuation of the West

Zilair zone, the Kiya Formation as well as the

Zilair Formation have long been recognised (Rozman, 1962).

The relations of the Kiya Formation with the Zilair Formation

were originally not clear. The conodont biostratigraphy by

Puchkov and Ivanov (1987) indicated that the Zilair and the Kiya

formations belong to different facies of the same age and were

brought into contact tectonically. The underlying Frasnian

Eginda Formation is mainly siliceous in composition; the upper

part is similar to the Ibragimovo Horizon of the East Zilair zone.

In a section of the Eginda River, the cherts of the Eginda Forma-

tion are gradually replaced up-section by greywacke sandstone,

siltstone and shale of the Zilair Formation. In the lower part of

the latter unit, conodonts of the crepida zones were collected

(Puchkov and Ivanov, 1987).

In this tectonically complicated area Tchibrikova (1997) es-

tablished the oldest package of the Zilair Formation which,

based on an assemblage of spores, corresponds to the Late

rhenana to linguiformis Zone interval. This is the only locality in

the Southern Urals where the lower part of the Zilair Formation
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Fig. 2. Correlation of stratigraphic columns of the uppermost Frasnian and Famennian in the Southern Urals

I — Ryauzyak (Kochetkova et al., 1985; Abramova, 1999), II — Lemezinsky (Abramova, 1999), III — western and eastern parts of the Zilair synclinal

trough (Puchkov, 1979; Pazukhin et al., 1996; Abramova et al., 1998; Puchkov et al., 1998; Puchkov, 2000), IV — Kiya River (Biostratigrafiya…, 1983),

V — Bakay River (Puchkov and Ivanov, 1987), VI — Burtybay Creek (Fauna…, 1987), VII — Biyagoda (Artyushkova and Maslov, unpubl. data), VIII —

Vyatsky village (Maslov et al., 1999), IX — wells E 3 and E 5 (Kashina et al., unpubl. data), X — Magnitnaya Mountain (Gasudarstvennaya…, in press),

XI — Solonchatka Creek, confluence with Karaganka Rriver (Rikhter, 1968; Beguchev, 1972), XII — quarry Varna I (Tevelev et al., unpubl. data), XIII

— confluence of Kamyshly-Ayat and Archagly-Ayat rivers (Aristov and Degtyarev, unpubl. data; Degtyarev et al., 2000); the vertical scale of the columns

shows the relative durations of the conodont zones (Belyaeva, 2003); for an explanation of our figures of the absolute ages see the text; the thickness is

given in metres; lithology: 1 — sedimentary breccia, 2 — conglomerate, 3 — gravel, 4 — sandstone, 5 — siltstone, 6 — shale, 7 — siliceous and carbonate

shale, 8 — bituminous limestone, 9 — argillaceous limestone, 10 — siliceous limestone, 11 — clastic limestone and calcareous conglomerate, 12 — sandy

limestone, 13 — dolomitic limestone and dolomite, 14 — limestone and marmorised limestone, 15 — lumpy limestone, 16 — tuffaceous limestone, 17 —

olistostrome, 18 — tuffaceous sandstone and gravel, 19 — tuffaceous breccia, 20 — trachyandesitic tuff and tuffaceous sandstone, 21 — trachyandesitic

tuff, 22 — trachydacitic tuff, 23 — trachyandesite, 24 — andesitic tuff, 25 — trachybasaltic tuff, 26 — basaltic tuff, 27 — basalt, 28 — trachybasalt, 29 —

hiatus, 30 — brachiopods, 31 — ammonoids, 32 — flora

Fig. 3. Hiatus intervals (hatchured) in the Frasnian-Famennian sections of the Zilim–Zigan zone

across the Inzer–Usolsk through

Sections (Veimarn et al., 1996; Abramova, 1999): 1 — Zigan, 2 — Kuk-Karauk 2, 3 —

Kuk-Karauk 1, I — Ryauzyak, 5 — Mendym 1, 6 — Mendym 2, 7 — Mendym 3, 8 — Kushelga,

9 — Akkyr, 10 — Kuktash, II — Lemezinsky, 12 — Gabdyukovo



is attributed to the upper Frasnian, though there are sections

where the upper Frasnian rocks are very similar in lithology to

the Zilair Formation (e.g. the Tashtugay and Tolubay sections of

the Mukas Formation, see below).

The Kiya Formation contains abundant ammonoid, trilo-

bite and conodont faunas, characterising both the bottom and

top of the Famennian. It is composed mainly of pale grey and

greenish platy thin-bedded clayey siliceous slate with subordi-

nate layers of shale, chert, siliceous sandstone, limestone, and

bituminous shale. The relative proportions of these lithologies

are highly variable. The section at Kiya River (Fig. 2 section

IV) corresponds to only the three upper conodont zones of the

Famennian stage and is represented by deep-water brown-grey

mottled, locally pyritized, fine-grained clayey limestone with

layers of finely detrital limestone. Here and in other sections the

Kiya Formation is developed as cephalopod limestone

(Biostratigrafiya..., 1983).

Fairly representative thin intervals of Kiya Formation li-

thology are found 100 km to the south-east, on the Bakay

River (Puchkov and Ivanov, 1987) (Fig. 2 section V). The

lower part of the succession, 3 m thick, is represented by black

and dark grey foliated bituminous shale, clayey siliceous

slate, siliceous siltstone, as well as less abundant calcareous

shale and strongly clayey nodular limestone. The latter form

continuous and concretionary layers 6–15 cm thick, compos-

ing up to 15% of the rock volume. Overlying units consist of

platy clayey siliceous radiolarian slate. According to nume-

rous conodonts, this section covers an interval from the

triangularis up to the postera Zone. Lithologic features of the

rocks, condensed character of the sections and the ecologic

type of fossil assemblages indicate the Kiya strata to be of

deep-water orgin. Their deposition mostly occurred in anoxic

conditions in places remote or isolated from sources of the

terrigenous material that characterises the contemporaneous

Zilair Formation. More detailed study of sections on the Kiya

and Bakay rivers allowed more precise determination of the

Famennian succession with the establishment of eight cono-

dont assemblages (Akhmetshina et al., 2002).

In the extreme south of the territory described, at the

southern termination of the Mugodzhary Mountains, strata of

the Famennian Stage occur in the Berchogur Syncline (VI on

Fig. 1). Conodont-based dating has been accomplished for the

sections in the north-east of the syncline at Burtybay Creek

(Fauna..., 1987) where the strata, starting with the margi-

nifera Zone (Fig. 2, section VI) include Middle Devonian bas-

alts and tuffs.

A section of the F-F boundary beds characterised by abundant

brachiopods was described by Rozman (1962) in the northwestern

part of the syncline, on Bolshoy Alabas Mountain. A brachio-

pod-based comparison with the section at Ryauzyak River

(Abramova, 1999) indicates that the limestone, deposited here

with a significant stratigraphic break on volcanogenic-sedi-

mentary rocks, can be correlated to the linguiformis to Early

triangularis zones. The 50 m thick limestone is overlain by 60 m

of dense reddish-grey clotty-algal limestone, referred by Rozman

(1962) to the Famennian Stage. They are succeeded by pale grey,

slightly pinkish limestones with Cyrtospirifer archiaci (Murch.),

typical of the lower Famennian, and without atrypids, characteris-

tic the Frasnian Stage. In immediate proximity, on Maly Alabas

Mountain, upper Frasnian strata are thin, and breccia layers com-

posed of angular fragments of tuff and jasper appear.

In the Berchogur Syncline, an olistostrome is widely deve-

loped (Fauna..., 1987; Stratigraficheskie skhemy..., 1993), con-

sisting of polymictic medium and fine conglomerates with sepa-

rate blocks and limestone olistolithes of considerable sizes that

contain an upper Frasnian fauna. This unit probably encom-

passes the Late triangularis–crepida zones because it is covered

by limestone, sandstone and conglomerate, from the base of

which conodonts of the marginifera Zone were recovered (Fig. 2

section VI). The palaeontological and lithological study of this

succession (Fauna ..., 1987) in the Burtybay and Jangansay sec-

tions has shown that the lower part of the marginifera Zone is

composed of sandy and silty detrital limestone. It has formed

near a coastline in conditions of high hydrodynamic activity typ-

ical of shoals on a shallow shelf. In the top half of the margi-

nifera Zone, terrigenous rocks are widely developed: conglom-

erate, sandstone, greenish-yellow and red-brown siltstone, and

shale, quite often containing carbonized plant debris. Judging

from the variegated rock colours and the specific character of the

fauna, these strata were deposited in a shallow brackish lagoon.

A package of terrigenous rocks consisting of conglomerate,

sandstone and siltstone was deposited above it, probably corre-

sponding to the trachytera, postera, and perhaps to the Late

expansa Zone. These sediments of beaches, bay-bars, and outer

bars of the sea coast formed close to a provenance area with an

irregular topography.

The regressive complex is overlain in the section by grey al-

gal, detrital and clotty to clastic sandy limestones with layers of

coarse-grained polymictic sandstone passing into conglome-

rate. The rocks contain numerous and varied faunal remains

and correspond to the expansa and praesulcata zones. Deposi-

tion took place in shallow shelf conditions.

WEST MAGNITOGORSK ZONE

In the Voznesensk–Prisakmara and southern half of West

Magnitogorsk zone (Fig. 1), the Famennian Stage is repre-

sented by greywacke of the Zilair Formation, very similar to the

strata developed in the East Zilair zone (Mizens, 2002). How-

ever, in the northeastern part of the West Magnitogorsk zone

the composition of the Late Devonian strata becomes more

complicated. While the Late rhenana Zone is represented al-

most everywhere by siliceous and cherty-clayey rocks of the

upper part of the Mukas Formation, the linguiformis Zone in-

cludes strata which are variable in composition and thickness.

In the southern sections, at Tolubay River and Tashtugay

Gorge (Maslov et al., 1993, 1999), the 10–15 m of strata as-

signed to the linguiformis Zone includes irregularly alternating

polymictic sandstone and shale containing thin layers of calca-

reous siltstone. These sediments are very similar to the overly-

ing Zilair Formation.

To the north, in the Biyagoda Range (Maslov et al., 1999),

strata of the linguiformis Zone (Figs. 1 and 2 section VII) are

represented by the Biyagoda unit, consisting of two sub-units:

the rhythmically laminated sandy-silty-siliceous lower unit, up

to 600 m thick, and the upper unit, composed of the Biyagoda

olistostrome which is up to 310 m thick. Higher in the section,

sandy, silty and shaly strata of the Zilair Formation are about
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600 m thick. Conodonts of the triangularis zones are found in

the lower part of the Zilair Formation. The upper part did not

yield conodonts, therefore the proposal that it encompasses the

whole Famennian Stage is tentative. North of the Biyagoda

Range the thickness of the Biyagoda unit rapidly decreases.

Mizens (2002) indicated that the Biyagoda olistostrome is

a complex and non-uniform accumulation of blocks, and frag-

ments of intermediate and acid volcanics, chert, sandstone and

limestone, with a poorly sorted gravel matrix. These rocks are

developed over an area of approximately 20 � 50 km (see also

Mizens, 2004).

To the south at Malaya Urtazymka River and Koltuban

Lake, the “Koltuban Limestone” is widely developed at the

same stratigraphic level as the Biyagoda olistostrome. The de-

tailed study of Mizens (2002) has shown that this unsorted

boulder conglomerate of mainly calcareous composition is

comparable to debris-flow sediments.

In the north of the West Magnitogorsk zone, west of the

Verkhneuralsk and Uchaly areas, the linguiformis Zone is repre-

sented by the Bugodak unit. In a section at Vyatsky settlement

(Fig. 2 section VIII), the tuff and tuff-breccia of the lower part of

the section are overlain by olistostrome with fragments of lime-

stone (Maslov et al., 1999; Maslov and Artyushkova, 2002).

Along strike, the olistostrome pinches out, and is replaced by tuff

breccia 1000–1200 m thick. In the lower part of the section, tuff,

tuffite and lavas of porphyritic, pyroxene, and plagioclase-

pyroxene basalt prevail. In the upper part trachybasalts and

trachyandesite-basalts dominate, this section probably including

part of the triangularis Zone (Gasudarstvennaya..., in press).

Higher, above an unexposed interval 100 m thick, 1000 m of the

Zilair Formation is exposed, where its composition is very un-

usual. It is represented by tephraturbidites, tuffite and tuff of

trachyandesite, trachyte and trachydacite composition (State...,

in press). In the lower part of the section, tuff and tuffite of

trachyandesite, andesite and trachyte composition prevail, asso-

ciated with layers of tephroid of the same composition, whilst the

upper part is chartacterised by tephroid with reworked tephra

and layers of trachydacitic, trachy-rhyodacitic, rhyolitic and

trachyandesitic tuff and tuffite. Admixtures of rounded frag-

ments of basalt and trachybasalt of the Bugodak unit and lime-

stone in the tephroid are rare.

Mizens (2002) and Puchkov (2000) proposed a palaeo-

geographic setting of the Zilair Formation taking into account

the earlier studies of Smirnov and Smirnova (1961),

Arzhavitina (1976), and Ilyinskaya (1980). The results of min-

eralogical studies (Willner et al., 2002) support the idea that the

main provenance area for the Zilair Formation was the Uraltau

uplift, where volcanics and quartzites co-occur with high-pres-

sure metamorphic rocks of the Maksiutovo complex.

EAST MAGNITOGORSK ZONE

In the East Magnitogorsk zone, sections of the Upper Devo-

nian strata reach their maximum variability. In the northern re-

gion, in the Magnitogorsk and Verkhneuralsk areas,

lithologically variable upper Frasnian strata are overlain by the

500–1200 m thick Ablyazovo unit. It is composed of porphyritic

pyroxene and pyroxene-plagioclase basalt, less often of ande-

site-basalt, trachybasalt, trachyandesite-basalt, associated lava

breccias, tuff, tuffite, tephroid, tuffaceous conglomerate,

tuffacceous sandstone, occasionally with layers of rhyodacite

tuff, siliceous rocks and limestone (Gosudarstvennaya..., in

press). An increased contribution of explosive components is

characteristic. The basalt is highly enriched in Rb, K, Ba, Sr, Th

and light REE. Based on conodonts, the unit is correlated mainly

with the linguiformis Zone, though it probably includes parts of

the Late rhenana and triangularis zones (Fig. 2 section IX).

The Ablyazovo unit in the areas under consideration is

overlain by the Novoivanovski unit, composed mainly of

trachybasalt and porphyritic trachyandesite-basalt with

plagioclase, associated tuff, tuffite, occasionally with layers of

tuffaceous sandstone, tuffaceous conglomerate and limestone.

The limestone includs a pinkish breccia-like variety (Salikhov

et al., 1987). The thickness of the unit is 150–800 m. In the

trachybasalt, anomalously high contents of Rb, K, Sr, Ba, Th

and light REE, as well as raised contents of Nb, Ta, P, Hf, Zr,

Eu, Ti and heavy REE were measured. Lilac and reddish

colours in these rocks are caused by hematite particles in prod-

ucts of glass decomposition (Gosudarstvennaya..., in press).

Fossil recovery was poor, deposition probably occuring within

an interval from the top of the linguiformis to the bottom of the

crepida zones.

The Novoivanovski unit is conformably overlain by the

Shumilino Formation. The Famennian part was seen in cores of

wells E 3 and E 5, drilled to the north from Verkhneuralsk Lake

(Fig. 2 sektion IX). The basal portion, about 220 m thick, con-

sists of tuffogenic sandstone and conglomerate, tuffites, tuffs

and lavas of trachyandesitic composition. This interval proba-

bly corresponds to the crepida Zone because it is overlain by

calcareous tuffite, and then by limestone with intercalations of

tuffite, bearing conodonts of the Latest crepida to the

rhomboidea and up to the praesulcata Zone. The rhomboidea

and marginifera zones have a total thickness of almost 90 m,

while the postera, expansa and praesulcata zones are reduced

to a 13 m thick interval. The Shumilino Formation probably

contains hiatuses partly corresponding to the trachytera and

praesulcata zones.

Farther to the south, according to the results of drilling west

of Novoivanovski village, the thickness of the tuffs and

trachyandesitic lavas deposited on trachybasalts of the

Novoivanovski unit is considerably reduced; in places these

deposits are almost absent. However, in the calcareous part of

the section there are many ashy trachyandesitic tuff layers and

in the topmost part acid tuffs occur. The limestones frequently

alternate with calcareous breccia and conglomerate with a cal-

careous cement; resedimented conodont faunas are common

and hiatuses are present. The depositional conditions during the

rhomboidea–praesulcata zones were characterised by signifi-

cant seismic activity accompanying the waning volcanism, and

also by intense tectonic activity. This explains the origin of an

olistostrome-like horizon in the upper Famennian limestone at

Popovsky village (Kochetkova et al., 1980), immediately to the

north-west of wells E 3 and E 5. The locally deeper-water basin

in which this limestone was deposited is characterised by a

wide distribution of ammonoids (Perna, 1914; Bogoslovsky,

1971); brachiopods have also been reported. Along with pale

grey limestone, pinkish and dark red varieties (Salikhov et al.,

1987) are widely developed.
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Except for the tuffite, tuff and trachyandesitic lava, volca-

nic rocks of the Shumilovskaya Formation within the limits of

the northern part of the East Magnitogorsk zone are represented

also by trachytes, trachydacites and trachyrhyolites. These vol-

canic rocks belong to a single series beginning with

trachybasalt of the Novoivanovski unit and have common geo-

chemical features.

Famennian carbonate sediments within the limits of the

Magnitogorsk ore-deposit are represented by the lower part of

the Magnitnaya Mountain Formation (Fig. 2 section X) in

which conodont zones from the rhomboidea to praesulcata

zones are established, although the trachytera Zone is probably

absent. The formation is composed of marmorized, up to mar-

ble grade, detrital limestone with layers of clastic limestone,

calcareous conglomerate and breccia (Gosudarstvennaya..., in

press). There is one tuffite layer and thin carbonaceous siltstone

partings are notable. The limestone is usually grey, seldom

pinkish and the presence of brachiopods indicates a fairly shal-

low-water depositional regime.

In the southern part of the East Magnitogorsk zone, the

Famennian internal includes the Karagan unit (Rikhter, 1968;

Beguchev, 1972) and the Budamshinski volcanic complex

(Stratigraficheskie skhemy..., 1993). In the section along

Solonchatka Creek (Fig. 2 section XI), the unit was subdivided

into three parts by Rikhter (1968). The lower part comprises

mainly bomb-rich tuff of andesitic and trachyandesitic compo-

sition, unconformably overlying Frasnian strata with a basal

conglomerate. The middle part is represented by volcanomictic

sandstone, siltstone and shale with abundant plant remains, as

well as by layered trachyte and trachydacite tuffs. Basalt lava

flows occur in the upper unit. The unit was deposited mainly in

continental conditions indicated by the reddish colours of the

weathered volcanic rocks. The rich flora enabled Beguchev

(1972) to date this complex as lower Famennian; noting that the

plant remains were encountered mostly in the upper part of the

unit, he did not exclude the possibility that the lower part of the

unit may belong to the upper Frasnian. The correlation of this

section with conodont zones, suggested in Figure 2 is condi-

tional, but it correlates well with more northern sequences of

the East Magnitogorsk zone. Bochkarev and Yazeva (2000)

demonstrated the petrochemical affinity of the Budamshinski,

Ablyasovo and Novoivanovski volcanic rocks, supporting the

tentative correlation. Along strike, 70 km to the south, flora re-

mains were found in this unit (Avdonin et al., 1968), which ac-

cording to Yurina (1988) are Famennian in age.

NIZHNESANARSK–TEKELDYTAU ZONE

In the northern part of the Kochkar–Adamovska zone

(Fig. 1) Famennian strata are not known. To the east, in the

Nizhnesanarsk–Tekeldytau zone, Famennian strata were de-

scribed in the area of Varna village (Smirnov and Smirnova,

1961; Ivanov et al., 1992, 1998). A well-exposed section was

recently investigated on the left bank of the Sredni Toguzak

River, upstream from the mouth of the Nizhni Toguzak River,

in the Varna I quarry (Fig. 2 section XII). The conodont succes-

sion indicates that the 30 m thick limestone unit, of

marginifera to trachytera zones age, is overturned. A wide de-

velopment of “knotty” varieties is typical of the limestone. Al-

gal, foraminiferal-peloid, organogenic-detrital and polydetritic

limestones occur in addition to calcareous sandstone, calcare-

ous conglomerate (Ivanov et al., 1998) and sedimentary brec-

cia. At the contact with the limestone, a thin horizon of

amygdaloid trachybasalts occurs, markedly different from the

Ordovician basalts widely distributed in this region. One hun-

dred metres higher up in the succession, from Varna village

along the Northern Toguzak River, among clotted limestones

there occur, dense, clayey varieties of limestone, violet tinged

on broken surfaces. Brachiopods, rugose corals, nautiloids and

ammonoids were found in this unit, which can be attributed to

the IIIa Zone of the Prolobites horizon, i.e. to the marginifera

zones (Bogoslovsky, 1971). Most likely these strata were

formed within the carbonate platform near a shelf margin slope

of a deep-water basin.

TROITSK–BURUKTAL ZONE

In the extreme east of the Troitsk–Buruktal zone, imme-

diately to the west of the Tobol Fault, in the lower reaches of

the confluence of the Kamyshly-Ayat and Archagly-Ayat

rivers, Degtyarev and Aristov (Degtyarev et al., 2000) de-

scribed the approximately N–S trending Kamyshly-Ayat facies

zone of deep-water Devonian strata, recognised earlier by

Ivanov (1989; Fig. 2 section XIII). It is narrow (6–8 km), ex-

tends 70–80 km and is represented by a unit of tectonic sheets

dipping steeply to the north-west. The strata comprise sili-

ceous, cherty-terrigenous, olistostromal and terrigenous pack-

ages of Upper Devonian and probably Lower Carboniferous

age. Siliceous rocks form outcrops up to 200 m wide or form

large olistoplaques, olistolites and small exposures inside the

olistostromal packages. The greater part of these strata are

Famennian in age. On the left bank of the Archagly-Ayat River

at the western margin of Maslokovetsky village, in a 20 m

thick tectonic sheet or olistolith, composed of crenulated black

and yellow platy cherts with layers of black siltstone, Aristov

(Degtyarev et al., 2000) recovered conodonts of the Late

triangularis to trachytera zones. At the right bank of the

Kamyshly-Ayat River, opposite Podgorny village, a portion of

the section is represented by grey and black chert with thin lay-

ers of black siliceous siltstone and shale up to 200 m thick,

which corresponds to the trachytera–postera zones. On the

same bank, opposite Maslokovetsky village conodonts charac-

terising the trachytera to praesulcata zones were collected

from grey radiolarites, occurring among grey and yellow thicky

platy cherts with layers of black, 5 m thick siliceous siltstone.

Thus, these strata include practically all Famennian zones from

the Late triangularis to the praesulcata Zone (Fig. 2), suggest-

ing stable deep-water conditions of deposition.

DISCUSSION

The zonal subdivision of the Famennian deposits of the

Southern Urals permits correlation of the strata and geological

events in the different areas, over particular time intervals, and

especially of the crucial Frasnian-Famennian mass extinction

boundary (Walliser 1996; Veimarn et al., 1998). Some key
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global geologic processes and events, which are characteristic

of F-F boundary locations, are also clearly recorded in the

Uralian oceanic basin.

SEA LEVEL CHANGES

For the Zilim–Zigan zone the eustatic oscillations of the

ocean level are well established. A major regression followed

by a transgression took place during the time interval corre-

sponding to the linguiformis, triangularis and, partly, the

crepida zones. In the Euramerican transgressive-regressive

scheme of Johnson et al. (1985) the F-F sea level fall is much

shorter, within the linguiformis to triangularis transition inter-

vals. This difference is due to local tectonic movements in the

Urals at this time. Sedimentological studies in the much less

active eastern part of the East European Platform (Belyaeva

and Stashkova, 1999; Belyaeva, 2000) have shown two sea

level drops within the linguiformis and triangularis zones. Fa-

cies analysis of the Southern Uralian sections shows that the

maximum regression, characterised by hiatuses, falls within the

triangularis Zone (see Figs. 2 and 3), as in the interpretation by

Johnson et al. (1985).

MAGMATIC AND TECTONIC ACTIVITY

One of the major geological events of the F-F time-span in

the Southern Urals was the manifestation of a specific mag-

matic event (Veimarn et al., 1997, 2002b). This activity began

in some parts of the region at the end of the rhenana Zone and

continued within the linguiformis and triangularis zones. In the

north of the West Magnitogorsk zone, it is recorded in the

Bugodak unit (section VIII on Figs. 1 and 2 ) and in the closely

related part of the East Magnitogorsk zone: the Ablyazovo and

Novoivanovski units, and the lower part of the Shumilino For-

mation (section IX on Figs. 1 and 2; Moseichuk and Surin,

1998; Maslov et al., 1999; Gosudarstvennaya…, in press). The

mostly continental Budamshinski volcanic complex was being

formed in the southern part of the East Magnitogorsk zone at

that time (section XI on Figs. 1 and 2; Rikhter, 1989). These

units are composed mostly of basalt and trachybasalt; in some

places picrobasalt, picrite and meymechite are also found. The

alkalinity increases upsection, and the rocks are characterised

by a sharp enrichment in K, Rb, Ba, Sr and light REE

(Gosudarstvennaya….., in press; Moseichuk and Surin, 1998).

Contemporaneous volcanogenic complexes were also being

formed to the east of the East Magnitogorsk zone within the

limits of the Ui–Novoorenburg zone (Fig. 1) where the upper

Frasnian Sheludivogorsk unit is developed (Ivanov et al., 1996;

Maslov et al., 1999; Tevelev and Kosheleva, 2002). It is com-

posed of coarse porphyritic absarokite, trachybasalt, basalt, as-

sociated lava breccia and tuff (Yazeva and Bochkarev, 1998).

The chemical composition of the volcanic sequence is uniform,

being medium-alkaline potassic, potassium-sodic, low in tita-

nium and weakly differentiated basaltoid. Only the K2O con-

tent drops upsection. The normative concentrations diminish

regularly from the light to the heavy REE.

The volcanic complexes are probably connected with ini-

tially subalkaline mantle magmas (Bochkarev and Yazeva,

2000). The eruptive activity and accompanying seismotectonic

processes certainly exerted a great influence on sedimentation

in the adjoining basins. In the middle Frasnian a generaly quiet

tectonic interval predominated, with calm accumulation of thin,

mainly siliceous sediments over large areas of the Southern

Uralian basin. By the end of the rhenana Zone, in the East

Zilair zone the deposition of cherts was interrupted by ubiqui-

tous turbidity currents, indicating an intensification of tectonic

activity. From the Early triangularis Zone, greywacke was the

only component of the Zilair series, indicating that the onset of

the flysch complexes was synchronous with the beginning of

mantle-derived volcanism. The time of formation of boulder

olistostromes and conglomerates in the West Magnitogorsk

zone corresponds mainly to the middle part of the triangularis

Zone and in some places continues up to the beginning of the

crepida Zone (Mizens, 2002).

On a regional scale, sedimentary and magmatic events in

the Southern Urals correspond to an important phase of

Magnitogorsk island arc collision with the passive margin of

the East European continent (Puchkov, 2002). Also at that

time, the Uraltau ridge started to grow, shedding coarse

terrigenous material into two flysch troughs to the east and

west. From the beginning of the Famennian, the flysch in-

cluded heavy metamorphic minerals, diagnostic of the

Maksyutovo metamorphic complex, composing a part of the

Uraltau uplift (Willner et al., 2002). The F-F boundary was a

time of a rapid exhumation of this complex, which primarily

was formed at a depth of several tens of kilometres. In contrast,

near the F-F boundary, the typical subductional calc-alkaline

arc volcanism acquired a tendency to higher alkalinity, indicat-

ing a deepening of the melting source area in the mantle. An ad

hoc explanation for this paired phenomenon, given by V.

Puchkov, is as follows. At the F-F boundary the process of

subduction of the passive continental margin of Laurussia un-

der the Magnitogorsk island arc came to its logical end: the

subduction zone jammed and subduction stopped. As a result,

the subducted slab was broken: its light, boyant continen-

talward part was uplifted, resulting in exhumation of the

high-pressure Maksyutovo metamorphic rocks, while the

oceanward, dense part started to sink to a greater depth, which

resulted in melting of more alkaline magmas instead of the nor-

mal calc-alkaline ones characteristic of the previous stage.

Analogous magmatic phenomenon is characteristic of the Tagil

arc in the Early Devonian.

On a global scale, the F-F boundary falls within the time

span of widely developed effects of dissipated rifting and basalt

magmatism (Veimarn and Milanovski, 1990), described as man-

ifestations of a mantle superplume activity (Nikishin, 2002;

Veimarn et al., 2002a; Courtillot and Renne, 2003). The result of

this event was Middle-Late Devonian rifting and the formation

of unique deposits, exemplified by the Khibiny apatite and

REE-rich deposits of the Kola Peninsula, the Fe-Mn and

Ba-polymetallic deposits of Kazakhstan, and the kimberlites of

Yakutia and Archangelsk. The peak of intensity of these cata-

strophic geological phenomena falls near the F-F boundary, un-

derlined by a global transgression and followed by regression,

when there may have been a pulse of maximum degassing of the

Earth’s core (Veimarn et al., 1998). Certainly both regional and

global scale phenomena were active in the Southern Urals.
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The geological events at the F-F boundary in the western

part of the Southern Urals were not greatly influenced by

collisional tectonic processes and are much better correlated

with the Polar Urals in the Syviu River section ( Yudina et al.,

2002). Notwithstanding the fact that this section is situated

1500 km to the north, it belongs to the same basin and is a part

of the same great Belsk–Elets structural-facies zone as the

Zilim–Zigan zone (sections I and II of Figs. 1 and 2). The geo-

chemical anomalies established at the F-F boundary in the

Syviu section are coeval with the volcanic manifestations in the

Southern Urals, while a �
13C (+ 3.5‰) positive anomaly is

traced at this level in most regions of the globe (Joachimski et

al., 2002). This anomaly may be partly linked with the influ-

ence of volcanism, although numerous other factors, e.g., cli-

mate and land area changes, intensity of carbonate weathering

fluctuations, development of continental plant life, intensity of

organic matter burial during the anoxic Kellwasser events may

have affected carbon isotope balance (Godderis and

Joachimski, 2004).

MARINE ANOXIA

The Kellwasser anoxic facies, which are typically deve-

loped as two thin, bituminous limestone horizons in age-

equivalent Frasnian sequences elsewhere (Walliser, 1996),

including the Polar Urals (Yudina et al., 2002), are poorly de-

veloped in the Southern Urals. This is in part due to the fre-

quent hiatuses at the level of the linguformis Zone. Bitumi-

nous facies are notably preserved in the uppermost Frasnian

of the Lemezinsky section; like the Syviu River area studied

by Yudina et al. (2002), this belongs to the Belsk–Elets zone.

Upper Frasnian black shale and chert are also present in the

upper part of the Mukas Formation, and partly in the Eginda

and Ibragimovo formations.

CONCLUSIONS

The conodont-based biostratigraphic correlation of upper

Frasnian and Famennian sections in the Southern Urals sup-

ports the concept of the general world-wide regression near the

Frasnian-Famennian mass extinction boundary (cf. Johnson et

al., 1985). The maximum of sea level fall, corresponding to the

triangularis zones, is recorded as frequent hiatuses. Progress in

dating has enabled reasonable exact palaeogeodynamic recon-

structions and constraints on the timing of Late Devonian vol-

canic events. The beginning of specific ultra-potassic mantle

volcanism was within the linguiformis Zone. The F-F transition

was a time of exhumation of high-pressure low-temperature

metamorphic rocks, intense olistostrome formation and an on-

set of flysch deposition.

Many of these geological events in the Southern Urals do

not require a global mechanism, as they are readily explained by

specific features of collision and a break-off of a subducting slab

under the Magnitogorsk island arc. On the other hand, the idea

of mantle superplume activity on a wider and longer scale, re-

corded in the time span of the Middle Devonian–Early Carbonif-

erous on the East European Platform, Siberia, Kazakhstan,

Gondwana and even Southern China cannot be excluded (see

Veimarn and Milanovski, 1990; Nikishin, 2002; Veimarn et al.,

2002a, b; Courtillot and Renne, 2003). The interaction and inter-

ference of the plate-tectonic and plume-tectonic processes

(Puchkov, 2003) is well documented.
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