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The Tien Shan is a c. 2500 km long orogenic belt of which the Nuratau region of eastern Uzbekistan forms the
western part. Petrographical and field analysis of the Ordovician–Carboniferous succession in the North
Nuratau region provided the basis for a reconstruction of the depositional settings along part of the northern
margin of the Alai continent and their evolution during the period of closure of the Turkestan Ocean, which
separated the Alai and the Kazakh–Kyrgyz continents. Initial sedimentation (Ordovician) was broadly car-
bonate dominated, although by Mid-Late Ordovician times siliciclastic input predominated in some areas.
These variations, between clastic- and carbonate-dominated regions may have been related to tectonic activ-
ity within the Alai continent. Carbonate sedimentation was reestablished in the ?Wenlock, with broad shelf
systems forming along the continental margin. Volcanic activity in the Early Devonian records a period of tec-
tonic instability, and this was followed by the reestablishment of the carbonate mosaic, albeit with a greater
degree of instability (as indicated by stratigraphic gaps) than in the Silurian. This pattern extended up into the
Carboniferous culminating in backarc-related magmatic activity. Final closure of the Turkestan Ocean involved
significant folding and thrusting, as well as a major change from compressional to strike-slip movement.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

The Southern Tien Shan extends for c. 2500 km along an E–W axis
from Xinjiang in NWChina as far as central Uzbekistan (Fig. 1). The tec-
tonic history of this mountain range is of great importance in terms of
understanding the amalgamation history of Eurasia aswell as the Phan-
erozoic evolution of the Central Asian Orogenic Belt (CAOB=Altaids;
Bazhenov et al., 1999; Gao et al., 2009; Windley et al., 1990); this latter
represents the final amalgamation of the East European Craton in the
west, the Siberian Craton to the east and the smaller Karakum and
Tarim continents to the south (Konopelko et al., 2007).

The western part of the Tien Shan (Kyrgyzstan and Uzbekistan) com-
prises threemajor structural units/terranes, namely: 1) theNorthern Tien
Shan which comprises Precambrian-age blocks, as well as Cambrian–
Early Ordovician ophiolites and marine sediments (Biske and Seltmann,
2010), overlain by Ordovician-age sedimentary and volcanic rocks and
cut by I-type granites. The region represents the deformed margin
of the Kazakh–Kyrgyz (=Palaeo-Kazakhstan) continent. 2) The
Middle Tien Shan (=Syrdarya, Naryn or Ishim-Middle Tien Shan
microcontinent) which consists of Neoproterozoic units (including
tillites and acid volcanic rocks, Alekseev et al., 2009) as well as late
logy, Nussallee 8, 53115 Bonn,
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Palaeozoic volcano-plutonic arc rocks (representing the latest epidodes
of the evolution of this unit), and, 3) the Southern Tien Shan (STS), a
fold-and-thrust belt which formed as a result of the closure of the
Turkestan Ocean (Seltmann et al., 2011; Zonenshain et al., 1990).
Seltmann et al. (2011) noted that the STS contains deformed forearc
accretionary complexes as well as passive margin sediments. The
Southern Tien Shan Suture, which includes Early Ordovician–Early Car-
boniferous ophiolites, separates the Middle and Southern Tien Shan
units (Chen et al., 1999; Gao et al., 1998; Kurenkov and Aristov, 1995).
In Uzbekistan and Kyrgyzstan, the STS is subdivided into three units,
from west to east, the Kyzylkum, Alai and Kokshaal segments. The
Taras–Ferghana Fault, a dextral, strike–slip dislocation, separates the
western terranes of the Tien Shan, aswell as the Kyzylkum and Alai seg-
ments of the STS, from the eastern terranes (Konopelko et al., 2007).

The aim of the current study is to describe the sedimentary suc-
cessions of the North Nuratau region, with the work mainly concen-
trated in an area (100 km×25 km) located to the west of the town
of Jizzakh, as well as the Kitab region to the east of Samarkand (and
adjacent to the Uzbekistan–Tajikistan border) (Fig. 1). The North
Nuratau region is part of a complex fold-and-thrust belt (part of the
south-vergent Bukantau–Kokshaal foldbelt) which forms the western
prolongation of the Alai range of the western Tien Shan (Bakirov and
Burtman, 1984) (Fig. 2). Deformation mainly occurred during the
Carboniferous, and was associated with the collision of the Alai and
Kazakh–Kyrgyz continents, subsequent to the closure of the Turkestan
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Fig. 1. a. Simplified geology of the Palaeozoic Tien Shan (after Biske and Seltmann, 2010). b. Location map of the study area, Uzbekistan. Fieldwork was mainly concentrated in the
marked area to the west of the town of Jizzak, and N of Samarkand.
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Ocean (Allen et al., 1991; Bakirov and Burtman, 1984; Burtman, 1975).
Work focussed on the gathering of primary field data, in both the
Nuratau and Kitab regions in order to provide a framework for the
Fig. 2. Two structural profiles across the Buktanau–Kokshaal branch of the Southern Tien Sh
Fig. 1.
reconstruction of the depositional history along the northern margin
of the Alai microcontinent from the Ordovician through to the Middle/
Late Carboniferous. Field analysis was supplemented by detailed
an collisional fold-thrust belt (after Biske and Seltmann, 2010). Locations indicated on
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petrography of the samples (n=48). The overlying continental
Permian succession (parts of which, due to the difficulties of dating
continental successions, may possibly be Late Carboniferous in age, cf.
McCann et al., 2008a) which unconformably overlies the Ordovician–
Carboniferous sediments, was deposited subsequent to the closure of
the Turkestan Ocean and the subsequent continent–continent collision.

2. Geological setting

Models of the tectono-sedimentary evolution of the Southern Tien
Shan region are complex, and incomplete (see also Xiao et al., 2010).
Additionally, there are significant problems correlating the established
geological subdivisions between the various countries through which
the Tien Shan runs (see Xiao et al., 2010 for a Chinese version of the
main terminologies). Part of the reason for this confusion is that the re-
gion of Central Asia comprises a complexmosaic of basement fragments
derived from the subduction and collision of various microcontinents
and terranes (e.g. Berzin et al., 1994; Buslov et al., 2001; Zonenshain
et al., 1990), many of which are poorly defined. Previous work in the
Soviet Union (e.g. Bukharin et al., 1989; Burtman, 1975; Khain, 1985)
described several magmatic arcs, aswell as ophiolitic and intramontane
belts in the region, whilst more recent work (e.g. Biske, 1995, 1996;
Burtman et al., 1998; Bykadorov et al., 2003; Filippova et al., 2001;
Klishevich and Khramov, 1993) have examined the palaeogeographical
and tectonic evolution of the area.

The regional history commenced with the break-up of Rodinia
(including Kazakhstan, Xu et al., 2005) during the Late Proterozoic
(see Kheraskova et al., 2010; Golonka, 2007, 2009, for details). The
Kazakh–Kyrgyz continent formed mainly in Ordovician–Silurian times
(Buslov et al., 2004; Windley et al., 2007; Xiao et al., 2010; Zonenshain
et al., 1990) as a result of a series of collisions extending into the
Silurian–Devonian (e.g. Biske and Seltmann, 2010; Blakey, 2008;
Kheraskova et al., 2010; Levashova et al., 2009). The precise se-
quence of accretional events, however, remains unclear with different
models proposed (e.g. Samygin and Burtman, 2009). The initial growth
of the continent was associated with folding and thrusting (including
the obduction of ophiolites), as well as granite intrusion (Ghes, 2008;
Jenchuraeva, 2001; Windley et al., 2007). Once established, however,
the southernmargin (in present-day coordinates) of the Kazakh–Kyrgyz
continentwas passive fromMiddleDevonian–Early Carboniferous times,
and characterised by the deposition of thick units of siliclastic and car-
bonate shelf sediments (Biske and Seltmann, 2010).

The break-up of Rodinia also resulted in the formation of the
Palaeo-Asian Ocean (e.g. Berzin et al., 1994; Didenko et al., 1994;
Dobretsov et al., 1995; Zonenshain et al., 1990), although the details
of its evolution remain unclear (Buslov et al., 2004). Evidence of bimodal
volcanisism in the Neoproterozoic (c. 755–690+/−15 Ma) signalled
the formation of the ocean (Kheraskova et al., 2010). Kheraskova et al.
(2003) have suggested that the formation of the N–S-oriented Turkestan
Ocean occurred later (at the boundary of the Middle and Late
Ordovician) and that the ocean was well established by Early Devonian
times (Buslov et al., 2001; Ruzhentsev andMossakovskiy, 1996). Indeed,
by Late Devonian times the Turkestan Ocean had achieved a width of c.
1500 km (Bai et al., 1987; Biske et al., 1993; Klishevich and Khramov,
1993; Klishevich et al., 1992).

Initial closure of the TurkestanOcean and the (oblique) collision of the
Alai and Kazakh–Kyrgyz continents occurred in the Late Carboniferous
(Moscovian; Samygin and Burtman, 2009), although estimates range
from Carboniferous through to Early Permian (e.g. Allen et al., 1992;
Bazhenov et al., 2003; Gao and Klemd, 2003; Solomovich, 2007), whilst
in the Chinese part of the Tien Shan, there is evidence of Devonian-age
collision (Biske and Seltmann, 2010; Gao et al., 2009; Windley et al.,
1990; Zhou et al., 2001). Collision resulted in overthrusting, followed by
the deformation of the early nappes and extensive suture-parallel folding
(Late Carboniferous–Early Permian) and a subsequent transition from
compressional to strike–slip conditions (Early Permian; Bazhenov et al.,
1999; Biske, 1995; Burtman, 1975, 1980, 1984). It has also been
suggested that some small remnant marine basins may have existed
along the suture into Permian times (Biske, 1995; Samygin and
Burtman, 2009). The transition to continental crust subduction, with
underthrusting of the Alai margin beneath the accretionary wedge
and Kazakh–Kyrgyz continent extended through to the Late Permian
(see also Nurtaev et al., 2013). The fold-and-thrust belt which formed,
also contains material derived from the accretionary wedge (Samygin
and Burtman, 2009) (Fig. 2). Precise details of the Alai–Kazakh–Kyrgyz
collision, in particular, the mode and magnitude of horizontal move-
ments, are still poorly understood (e.g. Bazhenov et al., 1999). Subse-
quent reactivation and deformation of the fold belt in the late
Cenozoic, as a result of the India–Eurasia collision, have resulted in ad-
ditional regional complexity (Molnar and Tapponnier, 1975).

According to Brookfield (2000), thewestern segment of the Southern
Tien Shan can be subdivided into several distinct units (Fig. 3). From S to
N, these are: 1) the Baysunta Unit, comprising a Proterozoic-age meta-
morphic core overlain by Early Carboniferous volcanics and Permo-
Carboniferous clastics, 2) the South Gissar Unit, which represents an
ophiolitic suture, comprising mainly Carboniferous and younger oceanic
material, 3) the Gissar Unit, comprising Ordovician to Permian clas-
tics and volcanics intruded by major late Palaeozoic batholiths, 4) the
Zeravshan Unit, which comprises Cambrian to ?Permian clastics and
carbonates with a zone of mafic greenschists developed along its north-
ern margin, 5) the Zirabulak Unit, which is a mid-Carboniferous thrust
zone (reactivated in theCenozoic) including highly-deformed ophiolitic
material and evidence of significant shearing, 6) the Turkestan-Alai Unit
comprising Ordovician–Permian clastics and carbonates, and, 7) the
South Ferghana Unit which is thrust over the Turkestan-Alai Unit, and
comprises poorly exposed Palaeozoic-age arc and oceanic rocks, ar-
ranged in three main allochthons thrust southwards during the colli-
sion with the underlying unit. This latter unit has been interpreted as
the suture zone between the southern and northern Tien Shan, marking
the location of the Turkestan Ocean.

3. Depositional settings of the Ordovician–Carboniferous succession
of the North Nuratau area

3.1. Distribution

The North Nuratau Ridge (corresponding with the North Nuratau
Fault Zone) extends from the area of the Tamerlan Gates (near the
town of Jizzakh) westwards to the Tamdytau and Bukantau mountains
(Figs. 1, 4). The Nuratau region is part of the Southern Tien Shan which,
as noted above, is a fold-and-thrust belt which formed subsequent to
the closure of the Turkestan Ocean. Palaeozoic sedimentary, igneous
(see Dalimov, 2011; Dalimov and Divaev, 2010 for details) and meta-
morphic tectonostratigraphic units have been incorporated into this
fold-and-thrust belt, and crop out within isolated lensoid-shaped bod-
ies which are oriented parallel to the main fault trend. Individual lenses
range from 10s to 100s m in diameter and can extend over 100s of me-
tres. Within each lens, there is a degree of stratigraphic and lithological
coherence, although the rocks may also show evidence of deformation
(particularly at the lensmargins) as a result of strike–slip and thrust ac-
tivity within the fault zone. Between the various lenses (even adjacent
ones) there is no real stratigraphical or lithological coherence with a
great deal of variation exhibited (e.g. Ordovician clastics and Devonian
limestones may be adjacent) and clearly there has been considerable
regional disruption. The Ordovician–Carboniferous-age units (which
include some stratigraphic gaps, e.g. Eifelian, Late Devonian, Early
Tournaisian, Serpukhovian, cf. Burtman, 2008) are unconformably over-
lain by ?Early Permian-age strata. These latter are more broadly distrib-
uted,with type sections close to the townof Farish (in the central part of
the North Nuratau region).

The Ordovician succession is present mainly in four formations
(Taskasgan, Bagambir, Jalatar and Illonchi; see Abduazimova, 2001;



Fig. 3. Structural units of the western segment of the Southern Tien Shan (after Brookfield, 2000).

Fig. 4. Generalised stratigraphic sections from the Nuratau area (this study; Burtman, 1975).
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Abduazimova et al., 2007, for stratigraphic details). These, however,
are spread out over a number of different lenses, and sometimes
(e.g. Jalatar & Illonchi fms) very poorly exposed. The overlying Silurian
is present in only one formation (Jatak Fm), although additional out-
cropswere examined in the Kitab area (Fig. 1). Outcrops are good, albeit
limited (cf. Abduazimova, 2001; Abduazimova et al., 2007; Kim et al.,
2007). The Devonian succession is more widespread, and occurs as
thick units within isolated lenses in the Nuratau region whilst the
Khodza-Kurgan Fm was examined in the Kitab area (cf. Abduazimova,
2001; Abduazimova et al., 2007; Kim et al., 1982, 1984). The overlying
Carboniferous units are mainly magmatic (e.g. Shavaz Fm) in the
Nuratau region, although sediment-rich lenses are also present (e.g.
Kelvasay & Novchomok fms; Abduazimova, 2001; Abduazimova et al.,
2007).

As noted above, the sedimentary succession of the Nuratau region
ranges in age from the Ordovician through to the Early Permian. In
order to provide an overview of the geology of the region, both in
terms of the depositional setting as well as the provenance of the sed-
iments, a series of detailed lithological profiles were measured. To-
gether, with the samples taken for petrographic analysis (n=48),
this dataset facilitated the detailed reconstruction of the depositional
settings over time.

3.2. Ordovician

3.2.1. Description
The Ordovician-age succession was examined at six different loca-

tions (Figs. 5, 6). In some cases, the precise age of these units is not
clear due to the lack of fossils within them. ?Precambrian ages have
been suggested by some workers for these rocks (based on the lack
of fossils, see Abduazimova, 2001; Abduazimova et al., 2007, for details),
but the lack of Cambrian outcrops within the Nuratau region, together
with the lithological similarity between the supposedly ?Precambrian
and Ordovician units, would suggest that the rocks are most probably
Ordovician.

The lowermost sediments belong to the Taskasgan Fm which, be-
cause of its location along the margin of a lens, is very deformed with
evidence ofmetamorphism/metasomatism. The rocks aremainly carbon-
ates with some chert bands and contain many quartz-filled veins. The
contact with the overlying Bagambir Fm is sheared (with slickensides).
Outcrops from this formation comprise mainly carbonates (both lime-
stones and dolomites), and individual beds range in thickness from 1 to
64 cm (rarely up to 240 cm). Internally, the beds not only are structure-
less, but may also show evidence of parallel or cross lamination. In thin
section, the carbonates show clear evidence of recrystallisation; in some
samples dolomite rhombs are disseminated throughout the thin section.
Microfossils (possible algae and calcispheres), as well as echinoid, fenes-
trate bryozoa and ?mollusc fragments are also noted, as are rare zircon
grains. The fossil fragments are disarticulated and broken up. Some
beds show possible evidence of bioturbation. These sediments also con-
tain some intraclasts and ooids (oo-bio-intra-sparite), which in some
areas may be dominant (intrasparite). Micritic envelopes are also com-
mon in some samples.

The interbedded cherts are mainly continuous and parallel, though
they may also be folded (?slumped), nodular or lensoid. Bed thick-
nesses range from 8 to 40 cm, with thinner beds (c. 3 cm) noted in
some areas. Internally, the cherts show rare evidence of parallel lamina-
tion. In some areas, the chert beds are absent, or markedly reduced. The
chert:limestone ratio increases upwards in the stratigraphy. Petro-
graphically, the sediments are chert-rich (micro- and cryptocrystalline)
with rare algae present.

The Middle and Late Ordovician units are mainly clastic (Jalatar and
Ilonchi fms) with poor, highly deformed outcrops. Themid-Ordovician-
age Jalatar Fm comprises very thin- to thinly-bedded siltstones with
rare sandstones. These latter are up to 6 cm thick, and internally show
some parallel lamination with rarer cross lamination.
The Late Ordovician Ilonchi Fm sediments are mainly sandstones,
with interbedded siltstones and mudstones. They are bedded (very
thin to thin), with individual beds being up to 45 cm thick. Internally,
the beds show evidence of parallel and cross lamination, including se-
quences where an individual bed may have a graded lower part and a
parallel-laminated top (the bases of these beds may also be loaded).
The coarser-grained sandstone beds also show evidence of small-scale
channelling (1–1.2 m thick).

Petrographically, the Late Ordovician silliciclastics are often poorly
sorted and comprise mainly monocrystalline quartz (Qm) crystals in
amatrix of clays with patchy carbonate or quartz cements (Fig. 7). Indi-
vidual Qm grains are subrounded to subangular (commonly the latter)
and some show evidence of strain shadows (though these lack any
common orientation). Accessory minerals include biotite, muscovite,
polycrystalline quartz, plagioclase, K-feldspar, zircon and rock frag-
ments (mainly siltstones, mudstones, and chert).

Middle–Late Ordovician-age units were also examined in the Kitab
area. These not only are predominantly carbonate rich, but also con-
tain mixed carbonate-siliciclastic units.

3.2.2. Interpretation
The lowermost Ordovician units are characterized by interbedded

limestones and cherts. The former were deposited in a marine setting,
as illustrated by the rare fossils. Individual beds are often thick, with
no concentrations of fossils observed, suggesting deposition from
medium density flows, probably in a shelf setting, located below
storm-wave base and far from any terrigeneous sources. The presence
of rare ooids would suggest that areas of higher energy – such as oo-
litic shoals – were possibly adjacent, but it is most likely that the de-
positional setting was a lower energy one, with the ooids being
washed in by storm activity. In some beds, fossils are more concen-
trated, and these probably represent skeletal sand shoals within the
broad low-energy setting. It is also possible that the Nuratau sedi-
ments were transported by offshore or alongshore currents, since
there is clear evidence of transport within the carbonate sediments
(i.e. fragmented fossils, isolated ooids, with no direct evidence of
ooid ridges or banks noted),

The interbedded carbonate-poor, silica-rich units were also depos-
ited in a marine setting, and probably represent repetitive changes in
sediment input. Indeed, Elrick and Hinnov (2007) have noted that
rhythmically-interbedded limestones and cherts are typical for deep-
water carbonate-rich marine deposits, and are often related to changes
in sediment input, particularly changes related to wet/dry climate cy-
cles influencing the amount of continent-derived aeolian and/or fluvial
sediment transported into the system. Such changes could also be asso-
ciated with variations in the offshore transport of nearshore-derived
terrigenous and/or carbonate sediments (cf. Elrick and Hinnov, 2007).
These, together with changes in wind-driven upwelling and the
availability of recycled biogenic silica, would have resulted in the
deposition of such rhythmic successions in this middle-outer shelf area
(cf. Alsharhan and Nairn, 1997; Elrick and Hinnov, 2007; Hampton
et al., 2007). Energy levels within the depositional setting continued to
be low, as indicated by the fine parallel lamination. Some disturbed
beds (folded, slumped) suggest periodic storm activity, resulting in the
deformation of these finely-laminated sediments. The increase in the
amount of chert relative to limestone up section, may be an indication
of an increased siliciclastic flux, and the gradual transition to a system
dominated by clastic sediments. Indeed, by Mid- to Late Ordovician
times this was indeed the case, with the exception of the more distal
Kitab region. The Nuratau sediments from this time do not contain any
fossils, and are poorly sorted, with little evidence of rounding. It is prob-
able that thesewere deposited in amarginal marine, or even continental
depositional setting.

The eustatic fall in sea-level throughout the Ordovician (cf. Loydell,
1998) may have resulted in the progradation of terrigeneous settings
across parts of the exposed shelf, whilst in deeper areas, carbonate



Fig. 5. Measured stratigraphic sections of lower Ordovician marine sedimentary strata of the Bagambir Formation documenting the occurrence of interbedded cherts and lime-
stones. Note the variations in the abundance of chert: a. Egizburlak Village; b. Egiburlak Village, higher upsection (key: C — chert; fg — fine grained; cg — coarse grained; Lst —
limestone).
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deposition continued, The mosaic-like pattern of deposition observed
in Mid- to Late Ordovician times may reflect a compartmentalization
of the depositional setting, possibly due to fault activity (and
the production of topographic highs and lows). However, there is lit-
tle evidence for this in the sediments (e.g. relative absence of
intraclasts/terrigeneous sediments). It is also possible, that the dom-
inance of siliciclastics in the Nuratau region at this time may have
been related to tectonic activity within the Alai continent. Uplift of
the continental interior could have engendered farfield effects in
the sedimentary record.
3.3. Silurian

3.3.1. Description
The main outcrop of Silurian-age rocks in the region belonged to

the carbonate-dominated Jatak Fm (?Wenlock) (Figs. 7–9). This is un-
derlain by a mixed limestone/siltstone/sandstone unit, where the
siliciclastic sediments are similar to those of the latest Ordovician.
Within the Jatak Fm, individual beds range in thickness from 8 to
260 cm. Of particular interest is the fact that the lowermost part
of the section shows evidence of channel formation, where the

image of Fig.�5


Fig. 6. Ordovician-age outcrops from the North Nuratau area. a. Ordovician outcrop, showing the typical lens-like outcrop form in the Nuratau region. b. close-up of Ordovician out-
crop showing the chaotic distribution of chert lenses within a limestone “matrix”, possibly due to density-driven mass flow deposition, Egizburlak Village. c. close-up of chert-rich
lens showing the fine lamination present within some of the lenses, Egizburlak Village. d. close-up of chert-rich lens showing cross-lamination, Egizburlak Village.
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individual channels are stacked, with indications of channel migra-
tion. Individual channel bodies are up to 5 m wide. Petrographically,
some of the carbonates are dolomitised, whilst upsection they are in-
creasingly calcitic. Near the base of the section, i.e. below the channelised
unit, some of the carbonates appear to be pelsparites. Thin sections from
within the channel limestones indicate the presence of intraclasts as well
as ?peloids (sparse intrasparite), whilst others are more micritic, with
fossil fragments (brachiopods, calcispheres, i.e. sparse biomicrites).
Near the section top the carbonates are packed pel-bio-sparites which
include shelly fragments (including gastropod) as well as intraclasts
(?grapestones) (Fig. 7).

In the Kitab area, Silurian-age strata are mainly limestones and
dolomites, containing a range of predominantly benthic fossils in-
cluding, stromatoporoids, corals (tabulate and rugosa), brachiopods
and conodonts (Kim et al., 2007). Other carbonate fragments, such as
peloids, were also noted. Petrographically, the top of the succession
comprises packed pel-biosparites. The transition from the Silurian to
the Devonian is marked by a change from echinoid (crinoid)-rich
limestones with some siliciclastic (mudstone) beds to a fossil-free
sparitic limestone.

3.3.2. Interpretation
The early Silurian succession is similar in terms of lithology and depo-

sitional setting to the Late Ordovician, comprising mainly interbedded
carbonates and silicicilastics. However, this mixed carbonate-siliciclastic
succession was rapidly replaced by thick carbonates deposited in a ma-
rine setting, located distal to any terrigeneous input (as indicated by the
lack of a terrigeneous fraction). The sediments were mainly deposited
as sand (often skeletal) shoals with a variety of peloids (both soft pellet
muds and hard pellet sands) and probably in a low-energy, possibly re-
stricted, setting. The channels, which as noted above, show evidence of
lateral migration, may represent tidal channels on the shelf (cf. Grélaud
et al., 2010). The channel orientation (i.e. NW–SE), however, was broadly
perpendicular to the presumed palaeo-coastline which at this time was
roughly NNE–SSW. Such an orientation would favour a tidal channel
interpretation, with the channels being eroded by the passage of tidal
currents on the shelf. Current directions would also have been strongly
influenced by the barriers (i.e. shoals/ridges/bioherms) to the open ma-
rine areas to the east/southeast (see below).

The initial period of Silurian sedimentation, as noted above, comprised
amixed carbonate-siliciclastic succession. Suchmixed units occur widely
on both modern and ancient shelf successions and have a variety of
causes, including punctuated mixing (due to sporadic input from storms
or similar events), facies mixing (due to interdigitation of two particular
facies) and sourcemixing (with sediment beingderived fromtwodistinc-
tive source areas) (Mount, 1984). The period of deposition coincidedwith
a gradual eustatic rise in sea level which commenced in the early
Llandovery (cf. Loydell, 1998; Zhang and Barnes, 2002), and this may
have played an important role in the ultimate cessation of siliciclastic
input (due to flooding of the shelf during transgression). Thus, whilst
the precise cause of the observed mixing in the Early Silurian sediments
of the Nuratau area cannot be determined due to the lack of correlatable
outcrop, it is highly likely that the cessation of terrigenous input was re-
lated to sea level rise.

Biske and Usmanov (1981) have reported the occurrence of
Llandovery and Wenlock clastic successions from the region, and
Burtman (2008) has noted that some of these contain graptolite-rich
sediments. The interpretation of these units, however, as slope turbi-
dites (e.g. Biske and Usmanov, 1981) is questionable – particularly in
terms of the broader depositional setting, and a deeper shelf setting
would be more appropriate. Further to the SE (in the Zeravshan area),
Silurian-age shallow-marine benthic assemblages, comprising mainly
corals and rhynchonelliformean brachiopods, as well as trilobites, have
been noted, suggesting a similar depositional setting. Burtman (2008)
has noted the rare presence of basalts within the Silurian succession of
the region.

The sediments of the Kitab region represent a laterally more distal
location on the shelf. These sediments are markedly different to those
observed in the Nuratau region, in that they are dominated by fossils
(including bioherms) with peloids also noted. As such, the depositional
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Fig. 7. Photomicrographs of selected samples from the Ordovician and Silurian of the North Nuratau area. a. recrystallised ooid (ppl), Ordovician, ×10, b. echinoid and bryozoan
fragment (ppl), Ordovician, ×10, c. echinoid fragment and fenestrate bryozoa fragment (ppl), Ordovician, ×10, d. thin section view of siliciclastic Ordovician sediments showing
quartz grains (mainly monocrystalline, with some polycrystalline) in matrix (xpl), ×10, e. pelsparite (ppl), Silurian, ×10, f. peloids and micritic intraclasts in a sparry cement
(ppl), Silurian, ×10.
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setting was probably one of skeletal sand shoals with reef-like struc-
tures which would have formed active barriers to open marine circula-
tion on the rest of the shelf. Behind these sand bodies and reefs, both of
which formed submarine highs, lower-energy peloidal-sands andmuds
were deposited. The longevity of this rimmed-shelf system throughout
the Silurian suggests a long period of relative quiescent conditions in
the region.

3.4. Devonian

3.4.1. Description
The Devonian-age succession was examined at four locations in

the Nuratau area as well as briefly in the Kitab region, where more
fossil-rich successions are evident (Figs. 9–11). It is dominated by car-
bonates, although clastics were also noted. The base of the Devonian
is represented by a basal conglomerate (considered by many workers
to represent an unconformity), although in the field the contact appears
to be tectonic (at least at the examined location, see also Burtman,
2008). Along the contact, conglomerate beds range in thickness from
3 to 80 cm (average c. 30 cm) and contain a range of clasts (granules,
pebbles) where the smaller clasts tend to be subrounded, whilst the
larger clasts are subangular. The beds are matrix supported (though
close to the base they may be clast supported) and are poorly graded.
Bed amalgamation is common. Petrographically, the matrix is mainly
monocrystalline quartz (both strained and unstrained forms) with clasts
of carbonate (both microspar and micrite) also present (Fig. 12). These
latter are rounded to angular (mostly subrounded to angular) and
are contained within a matrix of quartz, patchy carbonate cement
and rare clay minerals (matrix). Individual clasts may contain dolo-
mite rhombs, monocrystalline quartz grains, as well as being inter-
nally laminated and/or micrite rich, as well as containing contain
fossils (calcispheres, serpulid worm tubes, tabulate corals). Some of
the lithic clasts are also conglomerates (which, in turn, may include
conglomerate clasts), indicative of multiple phases of sediment
recycling in the region. Accessory minerals, which are rare, include
polycrystalline quartz and muscovite.

Associated with the conglomerates are rare carbonates compris-
ing alternating laminae of microspar and micrite with sharp bound-
aries between them. Both laminae contain grains of subrounded
to subangular monocrystalline quartz, although the amounts vary
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Fig. 8. Measured stratigraphic section from the Silurian-age Jatak Formation. Note the channelised nature of the limestones (stacked pattern). In addition, note the lack of chert
interbeds, clearly distinguishing these units from the underlying Ordovician carbonate-rich succession. Silurian profile from the northern part of the Nuratau area. See Fig. 5 for
legend; key: m — micrite; Lst — limestone.
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(micrite: 5–10%, microspar: 3–4%), and may even vary within a sin-
gle lamina. Polycrystalline quartz grains were also noted within the
microspar laminae. Within the micrite layers, carbonate grains are
also present (including one with a broken/eroded ooid, indicative
of partial transport), as well as possible fossils (calcisphere). Zircon
and muscovite may also be present.

Carbonates dominate the Devonian-age succession with individual
beds ranging in thickness from 20 to 150 cm (up to c. 680 cm in some
areas). Internally, the beds are structureless, or theymay show evidence
of parallel lamination. Rare fossils were noted, including shell and cri-
noid fragments, whilst in thin section calcispheres and microfossils
were also noted. The larger fossils are disarticulated, and distributed
throughout individual beds, with no evidence of concentration into
layers or lags. In situ algae, in the formof algalmats, were also observed,
suggestive of low-energy conditions. Petrographically, the thicker lime-
stones may contain peloids and rare ooids (sometimes broken) as well
as fossil material (i.e. packed bio-pelsparite, sparse pelsparite, sparse
biomicrite). In some areas, the limestones are interbedded with units
of laminated marls or micrites, which range in thickness from 1 to
300 cm. Carbonate breccias (minimum thickness – 4.0 m) were also
noted, with individual clasts being subrounded to subangular, up to
35 cm in diameter, and matrix supported.

image of Fig.�8


Fig. 9. Ordovician–Devonian outcrops in the North Nuratau area. a. thinly-bedded medium- to fine-grained sandstones of Ordovician age. b. outcrop view of thick-bedded
Silurian-age limestones, Jatak Formation. c. close-up of thickly-bedded Silurian limestones, Jatak Formation. d. close-up of Devonian-age limestone bed.
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In theKitab region, a thickDevonian carbonate succession (with rare
siltstones andmudstones)was examined. These rocks are Early–Middle
Devonian in age and characterized by their abundant pelagic andbenthic
Fig. 10. Devonian and Carboniferous outcrops in theNorth Nuratau area. a.Matrix-supported lim
result of mass flow activity. b. Pillow lava from the Carboniferous succession.
faunas and are characterized by the presence of stromatoporoids, corals
(tabulate and rugose), brachiopods, trilobites, graptolites, goniatites,
tentaculids, ostracods and conodonts (e.g. Kim et al., 1982, 1984,
estone bed of Devonian age, KutarmaQuarry. The bed represents a debrite, deposited as a
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Fig. 11. Measured stratigraphic section from the Devonian-age units: a. interbedded
limestones (some muddy) and micrites from the central Nuratau region; b. thick-bedded
limestones from theKutarmaQuarry. See Fig. 5 for legend; key:m—micrite; Lst— limestone.
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2007; Yolkin et al., 2000) as well as other carbonate fragments (e.g.
pel-biosparite). The Early Devonian limestones are generally thick
and structureless, with a thinning of the beds upsection. By the upper
part of the Early Devonian, the limestones are again thicker, and
packed with fossils and other fragments (e.g. packed biosparites, bio-
pelsparites, pel-intrasparites and packed pel-bio-intrasparites). Fossils
present include, goniatites, brachiopods, trilobites, corals (tabulate and
rugose), stromatoporoids, echinoderms (crinoids) tentaculids, conodonts,
chitinozoans, calcispheres and ?ostracods (e.g. Kim et al., 1982, 1984,
2007) which may form well-developed reefal bioherms. The limestones
are interbedded with mudstones. In the Khodzha-Kurgan Fm (Kitab
region), thick limestone bedswith fossil accumulations (e.g. brachiopods,
corals, crinoids) are interbedded with thinner marls which contain
conodonts, tentaculids and graptolites (Kim et al., 1982, 1984).
The Middle Devonian in the Kitab region is carbonate rich (both
sparite and micrite), with some carbonate breccias also present.
Beds tend to be thinner than in the uppermost Lower Devonian
succession and rare chert beds were noted. Fossils include, corals
(tabulate and rugose), brachiopods, stromatoporoids and conodonts.
The Late Devonian lithologies are very similar to those of the underly-
ing Middle Devonian, with more fossil-rich micritic units in the
Famennian-age units (e.g. packed biomicrites). Chert-rich limestones
also occur as well as siliciclastic interbeds. Fossils present include
stromatoporoids, corals (tabulate), echinoids (crinoids), brachiopods
and conodonts (Kim et al., 1982, 1984).

3.4.2. Interpretation
As in Ordovician and Silurian times, the succession in the Nuratau

region represents a more proximal location in the overal depositional
system. The lowermost part of the Devonian succession in the Nuratau
region contains a so-called basal conglomerate (indeed, some authors,
e.g. Burtman (2008) suggest that there is an angular unconformity be-
tween the Silurian and the Devonian successions). The conglomerate
may represent a rubble conglomerate or a transgressive lag. The fact
that the conglomerate beds are predominantly matrix supported would
suggest deposition from highly-concentrated flows, probably fluid-rich
debris flows. The fact that some grading can be observed indicates that
parts of the flows were in transition from a dense laminar flow to a
more dilute turbulent one. The conglomerates were probably derived
from local sources (?islands), as suggested by the predominance of car-
bonate clasts, although the rounded nature of some of the clasts would
indicate that at least some material (i.e. rounded smaller clasts) had a
more distal provenance.

The formation of the conglomerate unit may be related to the fall in
sea level which occurred from Late Silurian through to Early Devonian
times (cf. Haq and Schutter, 2008), although the lack of precise dates
(see Abduazimova, 2001; Abduazimova et al., 2007) makes it difficult
to say with any certainty. Additionally, the history of sea-level change
in the Devonian was complex, with 18 sea level changes recorded in
the Late Devonian alone (Sandberg et al., 2002). However, the only pos-
sible evidence of these changes in the Nuratau succession, is the pres-
ence of discontinuities within the sedimentary record (see Burtman,
2008 for details).

The overlying succession comprises carbonateswhichwere deposited
in thick, flat-lying beds in a low-energy (e.g. presence of algal mats), ma-
rine, shelf/platform setting. As such, it is very similar to that of the Silurian
in the region, suggesting that the area was tectonically quiescent (for the
most part) along the NW margin of the Alai microcontinent. Deposition
generally occurred below storm-wave base. Carbonate sedimentation
rates are generally high, and subsidence in shelf areas is rarely rapid
enough to provide sufficient accommodation space for the amounts of
sediment produced. It is, therefore, likely that the Ordovician–Devonian
succession was deposited on a prograding shelf system. Progradation is
often related to a relative rise and highstand of sea level (Mutti et al.,
1996). Such prograding systems can result in great thicknesses of car-
bonate being formed (e.g. Triassic (Dolomites) of Italy, Cretaceous of
CentralMexico, bothwith c. 2000–3000 mof carbonate shelf sediments
being deposited along large offshore banks). It is probable that the
carbonate-dominated succession along the NWmargin of the Alai con-
tinent was similar.

Carbonate breccias were locally common. The lack of any internal
structure within these beds would suggest that they are debrites, de-
posited from high density/viscosity flows. Such flows can be triggered
by a variety of mechanisms (e.g. increased rates of sedimentation,
storms generated on the shelf, seismic activity, slope failure) acting
alone or in conjunction, and may even be generated at a distance of
100s of kilometres from the original landslide (e.g. Talling et al., 2007).
It is also possible that early cementation of shelf sediments, followed
by rapid progradation, resulted in increased loading which may have
generated brittle fracturing in the early-lithified strata. Such fracturing
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Fig. 12. Photomicrographs of selected samples from the Devonian of the North Nuratau area. a. thin section view of siliciclastic Devonian conglomerate showing mainly quartz
(monocrystalline) and rare chert fragments (xpl), ×10, b. polycomposite monocrystalline quartz grain (xpl), ×10, c. banded micrite/microcrystalline limestone showing rare quartz
(monocrystalline, subangular to angular) grains (ppl), ×10, d. banded chert fragment in limestone conglomerate (xpl), ×10.
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may have resulted in the collapse of part of the platform and the possible
generation of a debris flow on the adjacent slope or outer shelf. In the
Kitab region (Khodzha-Kurgan Fm), thick limestone graded beds packed
with disaggregated fossil material have been interpreted as tempestites,
which would fit the broad interpretation of the depositional setting. Ad-
ditionally, the rare, fine-grained siliciclastics from the Kitab region reflect
the reduced input from terrigeneous sources. Deeper-marine facies
(e.g. turbidites) have also been reported by some authors (e.g. Burtman,
1975), whilst Burtman (2008) also noted the presence of localised volca-
nics within the succession.

The bioherms of the Kitab region probably represent patch and
pinnacle reef bodies with the more restricted environments located
landwards of these bodies. Such restricted shelf regions can extend
for 1000s of kilometres along shorelines (e.g. Brooks et al., 2003). To
the SE of the North Nuratau (Zeravshan area), Devonian-age faunas sug-
gest a shallow-marine setting (Cronier and Tsmeyrek, 2011; Owens
et al., 2011;Webster andRakhmonov, 2009). However, there is evidence
of both neritic and pelagic associations (e.g. Kodza Kurgan area) in the
Kitab region (Yolkin et al., 2008), suggesting regional variations includ-
ing both shallower and deeper conditions in the Kitab area.

3.5. Carboniferous

3.5.1. Description
The Carboniferous succession in the Nuratau area was examined in

two locations (Fig. 10), both of which were dominated by basalts, with
somedolerites, and associated coarse- andfine-grained tuffs (sometimes
metavolcanics and metatuffs), thin limestones beds and thin silica-rich
beds. These are mainly confined to the mid-Carboniferous-age Shavaz
Fm (total thickness c. 150 m). The associated Kelvasay Fm (not
examined) comprises oolitic limestones (c. 100 m). The basalts are
both amygdaloidal and vesicular, with extensive calcite-filled veins. Ra-
dial structures, as well as chilled margins were noted. Some parts of the
succession appear to be blocky lavas.
Rare lowermost Carboniferous-age units in the Kitab area were
briefly examined. These are mainly carbonate rich (e.g. Novchomok
Fm), and extend up into the Tournaisian.

3.5.2. Interpretation
The Early Carboniferous succession is mainly absent in the region

(Burtman, 2008). The Mid-Carboniferous succession of the Nuratau
region comprises volcanic and shallow-marine successions. The pres-
ence of oolitic limestones would suggest a higher energy shelf area,
with oolite shoals dominant. Burtman (1975) has noted that the sed-
iments of the Early and Middle Carboniferous are up to 500 m thick
and are mainly carbonates and mixed carbonate-siliciclastic units. Thus,
it would appear that the relatively stable shelf conditions established in
the Devonian continued on into the Carboniferous. The onset of signifi-
cant siliciclastic sedimentation may have been related to changes in the
broad tectonic setting in the region, where increased rates of subduction
and ocean consumption resulted in increasing instability on the shelf.
Burtman (2008) notes that the carbonate succession is always conform-
ably overlain by deeper-marine siliciclastic sediments. These units are
up to 500 m thick, and may be overlain by possible olistostromes
(Burtman, 2008) which testify to an increase in regional instability. Fora-
minifera recovered from the deep-marine beds suggest a Moscovian age
(Burtman, 2008).

Carboniferous magmatism has been interpreted as being related to
the development of a back-arc basin in the region associated with the
final stages of collision along the suture zone (Jenchuraeva, 1997), al-
though Biske (1996) has suggested that the geochemical signal implies
an intraplate (Oceanic Island Basalt) signature. However, some authors
have noted that it is possible for the upwelling mantle in backarc re-
gions to have an ocean island basalt (OIB) component (Hickey-Vargas,
1992; Stern et al., 1990). Thus, it is possible for magmatism to be chem-
ically heterogeneous, with both island-arc and oceanic-island basalts
coexisting; such a signature may be related to the propagation of
asthenopheric mantle beneath the region (e.g. Trua et al., 2007, 2011),
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or the presence of a hotspot (e.g. Lupton et al., 2012a,b). Volcanic activ-
ity occurred in a subaqueous setting, and its onset was presumably
related to the closure of the Turkestan Ocean. The precise dimen-
sions of the oceanic basin, however, have not been defined, although
the volume of the volcanic material would suggest that it may have
been similar to the Lower Palaeozoic Welsh Basin (cf. Krawczyk
et al., 2008).

Regionally, Jenchuraeva (1997) has noted that there was a magmatic
pulse in the middle Devonian–?Early Carboniferous; the products were
mainly basaltic lavas— including pillow structures, with tuffs comprising
up to 40% of the succession in some areas. Subsequently, in the middle
Carboniferous a series of magmatic bodies (gabbros, amphibolites, dio-
rites) was intruded in the Nuratau area (Dalimov and Divaev, 2010). Re-
lated activity in the Middle Tien Shan to the W of the Talas–Ferghana
Fault includes calc-alkaline intrusions and the associated volcanics
of the Beltau-Kurama arc (Seltmann et al., 2011), probably related
to active subduction, albeit predating the closure of the Turkestan
Ocean (Seltmann et al., 2011). A final phase of intrusive activity
(Late Carboniferous-mid Permian) comprised mainly acid bodies, and
includes quartz monzonites and granites (Dalimov and Divaev, 2010).
This final phase of plutonic activity coincided with the oblique closure
of the Turkestan Ocean. Deformation at this time was extensive and
related to the development of sinistral transpressional faults, typically
NW–SE trending, as well as shear zones (Nurtaev et al., 2013).

4. Discussion and conclusions

The Central Asian region is a geologically complex region comprising
a variety ofmicrocontinental/terrane fragmentswhichwere accreted to
the southern margin of Laurasia.

The formation of the Palaeo-Asian Ocean and subsequently the
Turkestan Ocean were primary events (e.g. Buslov et al., 2004;
Kheraskova et al., 2010; Ruzhentsev and Mossakovskiy, 1996;
Zonenshain et al., 1990), with the closure of the latter in late
Carboniferous/Early Permian times of significant importance for the
growth of the Central Asian continent. The precise identification of the
landmasses, with the exception of a Kazakh–Kyrgyz (=Kazakhstania)
continent (e.g. Didenko et al., 1994; Dobretsov et al., 1995; Filippova
et al., 2001; Mossakovsky et al., 1993), surrounding the Turkestan
Ocean is problematic. The Nuratau region comprises part of the Alai
“block”, and this is considered by some authors to form part of the
Tarim continent (e.g. Alai-Tarim, Bazhenov et al., 1999), or to be a sep-
arate entity (e..g Biske, 2000), sometimes in combination with the
Kyzylkum region to form part of a Kyzylkum-Alai “block” (e.g. Biske
and Seltmann, 2010; see also Nurtaev et al., 2013). However, other au-
thors (e.g. Mukhin, 1997) have suggested that the Uzbekistan region
forms the northern margin of the Karakum–Tajik continent (indeed,
he does not mention the existence of an Alai continent), whilst Biske
(1996) would suggest that both the Alai and Karakum–Tajik continents
existed (separated by the Vashan unit in the area of the Zeravshan
River). In contrast, Brookfield (2000) clearly suggests that the Zeravshan
andNuratau areas form a contiguous region,whilst Burtman (2008) sug-
gests that the entire area belongs to the Alai region (he suggests that the
Alai region comprises “the East Alai (and) Zeravshan ranges, and part of
the Alai, Turkestan and Gissar ranges”, p. 11, Burtman, 2008). The confu-
sion in the literature is largely due to the problems in precisely defining a
block/microcontinent, as well as the processes which led to their forma-
tion (e.g. Collier et al., 2004; Müller et al., 2001). In this study, we
consider the Alai microcontinent to have acted alone (or in close
conjunction) with other continental fragments – very similar, in
fact, to present-day Indonesia (e.g. Hall, 2011; see also discussion
in Yakubchuk, 2008).

The broadly N–S-oriented (e.g. Buslov et al., 2004; Heubeck, 2001;
Kheraskova et al., 2010 although Biske and Seltmann, 2010 have pro-
posed an E–W orientation) Turkestan Ocean separated the Alai and
Kazakh–Kyrgyz continents and final closure commenced at c. 320 Ma,
continuing into the Early Permian (c. 295–290 Ma) (Biske and
Seltmann, 2010). Closure and the subsequent collisional and suturing
events are recorded in the North Nuratau region although reconstructing
the precise palaeogeographic and geodynamic history of such a complex
boundary is difficult.

4.1. Tectono-sedimentary history

The sediments of the North Nuratau region were deposited along
the margins of the Alai continent whose NE margin (in present day
coordinates) faced the Turkestan Ocean. The precise geography of the
Alai continent is, however, poorly understood. Konopelko et al. (2007)
suggested that it was subdivided into a western Alai segment and an
eastern Kyzylkum segment. However, the palaeogeographic relationship
between these two fragments is unclear, although they were probably
closely related, sharing similar subduction/accretion histories. As noted
above, Brookfield (2000) has subdivided the area into a number of
units which strike parallel to one another, and are separated by major
faults. In his scheme, the Nuratau area forms part of the Turkestan-Alai
Unit.

Following the establishment of the Turkestan Ocean, a carbonate-
dominated, continental shelf systemwas established along the northern
margin (in present-day coordinates) of the Alai continent (Figs. 13, 14).
The interbedded carbonates and (increasingly) cherts were deposited
in a relatively low-energy setting, with varying climate (wet/dry) and/
or fluvial input controlling the flux of siliciclastic material onto the
shelf. The shelf areawas a subsiding one, with oceanwards progradation.
By Mid-Late Ordovician times, the depositional system had changed
somewhat with clastic flux becoming more important, to the point
where these sediments dominated the shelf succession, although in
more distal areas (e.g. Kitab region), carbonate systems continued to pre-
dominate. These variations, with the increase in terrigeneousmaterial in
one area, whilst carbonates continued to predominate in others, may
have been related to tectonic activity within the Alai microcontinent it-
self (of which little is known).More likely, however, is the significant eu-
static sea-level fall which occurred at the end of the Ordovician and
which resulted in the progradation of siliciclastic-rich depositional sys-
tems across the newly-exposed shelf. As noted, in deeper, offshore
shelfal areas carbonate deposition continued, and this depositional sys-
tem with proximal siliciclastics and distal carbonates continued into
the Early Silurian changing only with the onset of the sea-level rise
during the Llandovery. Graptolite-bearing mudstones have also been
recorded from the Llandovery (Burtman, 2008) suggesting deeper
water conditions at this time.

The reestablishment of carbonate deposition in the ?Wenlock
(Silurian) revealed some significant changes distinguishing the deposi-
tional systems from those of the Ordovician. Whereas the latter tended
to be mixed carbonate-siliciclastic systems (with periods of either clas-
tic or carbonate dominance), the Silurian depositional environments
were generally deposited in shelf settings far removed from any terrig-
enous input, although in some areas graptolite-richmudstones deposit-
ed under deeper-marine conditions have been noted (Burtman, 2008).
In general, however, the rise in sea level across the region resulted in the
establishment of conditions favourable for carbonate deposition and
over time a broad carbonate mosaic was established across the region,
including reef-like structures in the Kitab region. The tectonic stability
of the region was particularly marked at this time (and possibly
reflected by the rare basalts which have been reported (see Burtman,
2008)), although the transition to the Devonian indicates a clear break
in depositional and/or tectonic conditions. At this time, a series of con-
glomerates were deposited. These debrites were derived from both
clastic and carbonate sources (as indicated by the clast compositions),
and indicate a period of change (uplift/erosion, see also Burtman,
2008) coincident with a sea-level fall at the Silurian–Devonian bound-
ary. Interestingly, thick units of Early Devonian volcanics are present
in the region – particularly along the eastern margin of the Kazakh–



Fig. 13. Schematic palaeotectonic/palaeogeographic maps of the region illustrating the history of the Turkestan Ocean from Silurian–Permian times (modified after this study, Biske,
2000; Bykadorov et al., 2003; Filippova et al., 2001; Heubeck, 2001).
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Kyrgyz continent (Filippova et al., 2001), and related to subduction
(Jenchuraeva, 2001). Additionally, Early Devonian volcanics have also
been reported from the Kurama range in the Middle Tien Shan (i.e. to
theWof the Talas-Ferghana Fault) – possibly related to northward sub-
duction beneath the southern margin of the Kazakh–Kyrgyz continent
(Shayakubov and Dalimov, 1998). This volcanic pulse, which probably
began in the Late Silurian occurred ca. 10 Ma after the termination
of the Early Silurian phase of post-collisional magmatism (related
to Caledonian events) (Seltmann et al., 2011).

Following this significant period of disturbance, carbonate deposi-
tion was rapidly resumed across the region. Indeed, the settings were
broadly comparable to those established in the Silurian, and consider-
able thicknesses of shelf sediments were deposited. That conditions
were not altogether stable, however, is indicated by the presence of the
interbedded carbonate debrites and tempestites. These storm and/or
seismic events periodically triggered mass flows of limestone clasts
(cf. Hood and Nelson, 2012). Debris flows can also be related to
large-scale slope (e.g. Einsele, 2000; Tisljar et al., 2002) or reef
(e.g. Giddings et al., 2009) collapse. Episodic instability andmasswasting
can be triggered by various factors, including structural steepening
(e.g. forebulge uplift) accompanied by high-magnitude earthquakes.
The former results in platform emergence, increased load stresses
and excess pore-water pressure in the carbonate ramp (e.g. Payros
et al., 1999). The fact that magmatic activity has been recorded for
the region from the middle Devonian through to the ?Early Carbonifer-
ous (Jenchuraeva, 1997) would support the idea of possible tectonic
control on slope and shelf instability at times during the Devonian. Ad-
ditionally, a number of stratigraphic gaps have been noted, including
the absence of the Late Devonian (Burtman, 2008), although – as noted
above – some of these may be related to the many eustatic variations
which occurred over this period. Indeed, it is possible that sea-level
falls may also have triggered debrite formation.

The pattern of occasional phases of tectonic instability, coupled
with eustatic variations, which commenced in the middle Devonian
continued into the Carboniferous, with a number of stratigraphic gaps
also being noted, particularly the absence of the Early Tournaisian and
Serpukhovian (Burtman, 2008). The Early and Middle Carboniferous
sediments are mainly carbonates and mixed carbonate-siliciclastic
units. Siliciclastic inputwasmost likely related to the tectonic instability
of the region (Fig. 14). More significant changes occurring in the Mid-
Carboniferous where the succession includes volcanic rocks deposited
in a submarine setting. This magmatic activity was associated with
back arc basin activity (Jenchuraeva, 1997) and marked significant tec-
tonic and palaeogeographic changes in the region heralding the closure
of the Turkestan Ocean.

The uppermost Carboniferous units are generally deeper marine,
with occasional olistostromes (Burtman, 2008) and their deposition
may be related to the development of a foreland basin at that time, as
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Fig. 14. Schematic reconstruction to indicate the Palaeozoic plate-tectonic setting and evolution of the Kazakh–Kyrgyz continent, the Alai microcontinent and the intervening Turkestan
Ocean, Southern Tien Shan. Palaeozoic geographical coordinates are used (this paper and after Pickering et al., 2008).
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a result of the migration of thrust sheets from the Kazakh–Kyrgyz con-
tinent over the Alai continent. Major crustal structures observed in the
Nuratau region show clear evidence of folding and S-oriented thrusting
(e.g. Nurtaev et al., 2013) and the formation of these structures, as a re-
sult of significant crustal compression and shortening, commenced at
this time. Indeed, the fact that these features can be traced laterally as
far as Xinjiang in eastern China (e.g. Burtman, 1975; Windley et al.,
2007) would suggest that the collisional zone was of great lateral ex-
tent. The age of thrusting in eastern China, however, is mainly middle
Carboniferous, suggesting a degree of diachroneity eastwards (Windley
et al., 2007). In the Nuratau/Kitab region there is little evidence for
obduction (i.e. no ophiolitic remnants, not even as eroded fragments
within the sediments). However, the presence of ophiolitic successions
elsewhere (e.g., Solomovich, 2007) would suggest that a degree of
obduction did occur. However, it is likely that suturing and collision
varied considerably along strike. These variations were probably related
to the presence/absence of continental fragments, as well as changes,
for example, in the rates of subduction and/or collision. Given our current
knowledge of the events in Variscan Europe (e.g. Kroner et al., 2008;
McCann et al., 2008b), the degree of complexity involved in subduction/
collision is clear. It is, therefore, probable that the sequence of events in
Central Asiawere as complex as the Central European Variscan amalgam-
ation. The collisional history probably involved multi-phase subduction/
accretion of various microcontinents, ancient island arcs and fragments
of oceanic islands (e.g. similar, as noted above, tomodern-day Indonesia).
During, and subsequent to, the accretions and collisions, numerous
intramontane basins would have formed in a variety of tectonic settings.
The final tectonic collagewould thus comprise a complex tectonicmosaic
of subduction-related complexes, island arcs, ophiolitic assemblages and
slivers or terranes of crystalline basement, along the strike of the collision.

The final closure of the Turkestan Ocean involved a major change in
terms of tectonic activity in the region from compressional to strike–slip
movement. The fault zone of the North Nuratau region is part of the ex-
tensive Bukantau-South-Ferghana Fault Zone, a deep structure which
extends for c. 1000 km (see also Nurtaev et al., 2013). As noted above,
there is an almost total absence of normal stratigraphic relationships
between the various lithological bodies (lenses) in the Nuratau area.
Similar complexity can be observed in the case of Variscan Europe
where compression/transpression and indentor tectonics resulted
in the formation of a complex suture zone (see Abrajevitch et al.,
2008; Kroner et al., 2008; McCann et al., 2008b, for details). In
Uzbekistan, the situation was probably similar with suturing and
collision varying considerably along strike, and related to the pres-
ence/absence of continental fragments and/or changes in the rate
of subduction/collision (Nurtaev et al., 2013)The net result of this
heterogeneous deformation, with a significant strike–slip component,
would have resulted in the development of a series of lenses/blocks of
crustal material moving along tectonic strike within a broad zone of
transpressive activity, and resulting in a geographical distribution similar
to that observed in the present-dayNorth Nuratau region. Additionally,
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the regional trans-crustal shear zones controlled post-collisional granite
emplacement, with areas of crustal weakness facilitatingmagma ascent
(Seltmann et al., 2011), as well as resulting in the reactivation of older
faults/lineaments (Nurtaev et al., 2013).

The Early Palaeozoic history of the western Alai continent is com-
parable, in part, to that of areas further east. Pickering et al. (2008)
examined a range of outcrops which are lateral equivalents to the suc-
cession examined in the Nuratau region. In this region, the Early–Mid
Ordovician Bulaksaj and Early Silurian Chakush formations comprise
mainly carbonates and related siliceous shales and are broadly related
to the Early Ordovician of the Nuratau region. However, there are clear
differences between the two areas, most notably in the fact that the
carbonate-shale units are confined to the earliest Ordovician in the
Nuratau region, with later units being mainly carbonates or siliciclastics
(see above). Additionally, the rocks of the Chakush Formation are mark-
edly coarser, in part, than anything seen in the Nuratau area. The Late
Silurian–Mid-Carboniferous of the eastern Alai region is dominated by
shallow-marine limestones with associated coral and algal biostromes
(Pickering et al., 2008). This is broadly similar to the western part, in
the Nuratau region.

Pickering et al. (2008) have suggested that the Silurian sediments
of the eastern Alai region were deposited on a slope setting, facing the
Turkestan Ocean. In contrast, the sedimentary succession of the west-
ern Alai region is more typical of shelf settings. By late Silurian times,
shelf sedimentation was dominant across the region. Of particular inter-
est is the absence of subduction-related igneous activity in the eastern
parts of the Alai region, which contrast markedly with the thick basalts
present in the Nuratau region. Oceanic closure was marked by the onset
of subduction-related (Andean type)magmatismon the southernmargin
of the Kazakh–Kyrgyz continent in Serpukhovian times ending, as a result
of collision in the Late Carboniferous (Ges and Seliverstov, 1995). Closure
was complete by Carboniferous–Early Permian times, as evidenced by the
final emplacement of ophiolitic sequences, collision-related nappe
tectonics, igneous intrusions (e.g. Solomovich, 2007) and continen-
tal sedimentation (Fig. 14). Permian-age postcollisional magmatic
rocks are widespread in the Turkestan-Alai segment of the Southern
Tien Shan fold-and-thrust belt and comprise mainly calc-alkaline
granitoids (Dalimov and Divaev, 2010; Seltmann et al., 2011;
Solomovich and Trifonov, 2002).

Biske (1996) has suggested that small, isolated deep-marine ba-
sins existed close to the suture until Early Permian times (possibly
similar to the situation of the Silurian-age Pul'gon Fm of Pickering
et al., 2008). The postcollisional phase (Permian) witnessed the
change from active thrusting through to transform activity correspond-
ing to the transition from collision to strike-slip tectonics, related to the
oblique collision between the Tarim, Alai and Kazakh–Kyrgyz continents
(Chen et al., 1999). Additionally, two types of K-rich post-collisional
Permian-age granites have been recorded — 1) metaluminous granites
cropping out along the SE boundary of the Southern Tien Shan Belt
with the Tarim Block, and 2) peraluminous granites cropping out along
the NW boundary with the Kazakh–Kyrgyz continent (Solomovich and
Trifonov, 2002).

In summary, the geological evolution of the North Nuratau region
is a microcosm of the broader tectonic events which were associated
with the closure of the Turkestan Ocean. The evolution of the region,
from a passive margin in Ordovician–Devonian times to more active
magmatism and deformation in the Carboniferous and post-collisional
sedimentation in the Permian reflects the pattern seen elsewhere in
the region (e.g. Tarim continent; Filippova et al., 2001).
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Appendix A. List of outcrops in the Nuratau and Kitab areas

Ordovician outcrops

1. N40° 19.224′ E 067° 27.768′.
2. N40° 19.268′ E067° 27.678′.
3. N40° 19.283′ E067° 27.583′.
4. N40° 23.566′ E067° 12.735.
5. N40° 22.310′ E067° 22.034′.
6. N40° 22.246′ E067° 22.008.
7. N40° 22.236′ E067° 21.930.

Silurian outcrops

1. N39° 11.039′ E067° 17.638.
2. N40° 22.086′E067° 21.877.

Devonian outcrops

1. N40° 20.888′ E067° 29.924.
2. N40° 08.555′ E067° 44.297′.
3. N40° 08.505′ E067° 44.181′.
4. N40° 08.448′E067° 44.558.
5. N39° 10.804′ E067° 17.476′.

Carboniferous outcrops

1. N40° 20.721′ E067° 17.059 (and surrounding area).
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