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Abstract

Sedimentological and geochronological analysesvere performed on
Carboniferous strata from central Inner Mongolia (China) to determine the tectonic
setting of the southeastern Central Asian Orogenic Belt (CAG&)imentological
analysesindicate that the widespreadlate Carboniferous strata in central Inner
Mongolia were dominated by shallow marine clasttbonate deposition with basal
conglomerate abovthe Precambrian basement and Early Paleozoic orogenic belts.

Based on lithological agoparison and fossil similarityive sedimerdry stageswvere



usedto representhe Carboniferous depositiomhe depositional stages includegrh
bottom to top,1) basal molassic?) first carbonate platform3) terrigenouswith
coeval intraplate volcams, 4) second carbonate platforrand 5) postcarbonate
terrigenous These five stagesprovide evidence foun extensive transgression in
central Inner Mongolia during the Late Carboniferous. Detrital zircon
geochronological studies from five samples yidldiee main age populations:310

Ma, ~350 Ma, 408150 Mg 800-1200 Maand someéMescProterozoido Neoarchean
grains The detrital zircon geochronological studies indicate that the provenances for
these Late Carboniferous strata were mainly local magmatks (Early Paleozoic

arc magmatic rocks and Carboniferous intrusions) with subordinate input of
Precambrian basement.ombining oursedimentlogical and provenancenalyses
with previousfossil comparison and paleomagnetic reconstructiarinland seawas
perceived to basthe main paleogeographieaturefor central Inner Mongolia during

the Late Carboniferous The inland sealeveloped ora welded continent after the
collision betweermorth China Cratomand its northern blocks.

Key words: Central Asia Orogenic Belt; Central Inner Mongolia; Carboniferous;

Sedimentary; Detrital zircon

1 Introduction
The Central Asian Orogenic Belt (CAOBR)Iso referredo as the Altaidectonic
collage is consideredo bethe largest Phanerozoic accretionary orogéeitin the

world andhas attracted attention and intensive research for several decade®s €eng



al., 1993; Jahn et al., 2000; Windley et al., 20Rigo et al., 2010Wilhem et al.,
2012 Choulet et al 2013 Zhou and Wilde, 2013Kroner et al., 2014 Xiao and
Santosh, 2014 The CAOB record long-term evolution ofthe PaleeAsian Ocean
from the Neoproterozoic (Khain et al., 2002)the Late Paleozoi¢Sengr et al.,
1993; Xiao et al., 20032009 Wilhem et al., 2012Xu et al., 2013 and represents
the most important place for Phanerozoic crust growth, producing abundant juvenile
crust with positive epsilon Né&nd Hf(Han et al., 1997; Jahn et al., 2000; 2004en
et al., 2009 The CAOB formed by complicated subductiaccretion processes, with
various fragmentsincluding microcontinens, island arcs, ophiolite complexes,
seamounts, oceanic plateaasd acecetionary prisms (Windley et al., 2003afonova
et al., 2011 Choulet et a] 2012;Wilhem et al., 2012Safonofa and Santosh, 2014
After the accretion and collisignthe former united fragments -agtivated, with
intrarplatemagmatsm and depositionccuring in the extensional zones (Tang, 099
Hong et al., 19947hang et al., 2008yarmolyuk et al., 2008Jahn et al., 2009; Yuan
et al., 200;Han et al., 2011Chen et al., 2, Yu et al., 2013 In this case study, we
chose the north margin of North Chinaa@®n (NCC), locatedn the southeasbf
CAOB, to decipher the transition between accretion and@ostetional extension.
The entral part of Inner Mongolia (China) located at the north of NCC,
represents keyarea for studying the evolution betwed@C andthe Siberian Craton
(SIB), who were separatedy the PaleeAsian Ocear(PAO) (Fig. 1a;Zonenshain et
al., 1990;Windley et al., P07, Xiao et al.,2010. The FAO wasfirst introduced by

Zonenshain et al. (1990js closurerecordedhe successive accretion of microblocks



and magmatic arcs to the north margin of NCC and south margiBpfeSpectively
(Didenko et al., 1994; Dovrsbv et al.,, 2003; Safonova, 2009; Xiao et al., 2010
Debatesover the closure of RO betweenNCC and SIB have lasted over decades
especially orthe position andtiming of thefinal closure.Based on twaubparallel
ophiolitic mélanges and relative uncfmmmities Tang (1990)considered that PAO
closedin the Late DevonianXu et al. (20B; 2014 improved this modeland
suggestech microblock called Songliadunshandake BlockSHB) exists between
NCC and the Airgin SurXilinhot-Xing &n Block(AXXB ), whichseparate PAO into
the southern and northern branches. The southern branch closed in the Late Silurian
by the Southern Orogewhile the northern branch closed in the Late Devohiathe
Northern Oroger{Xu et al., 2013; 2014Nevertheless, Jian et §2008) considered
that these two orogenic belts were caused by contarentollision. The subduction
of PAO beneath NCC restarted in the Late Carboniferous, formming-oceanic
arctrenchrelated magmatic rocks, with the final closure of PACurringin the
Late Permian (Jian et al., 201®)owever,many authorsargued thaPAO lasted for
the whole Paleozoic until the latest Permiigmal collision along the Salnker suture
zone based mainly on geochronological and geochemical studies of
Carboniferoud?ermian grartoids and mafialtramafic intrusiongChen et al., 2000;
Xiao et al., 2003; Zhang et a009 Liu et al., 2013 Li (2006) evenconsidered that
the final collisiondid not occur until the Early Triassicalong the Xar Moron fault
according ¢ the Early Triassicsyntectoniggranites.

The keyfor understandindhe contradictionof these models angkvealng the



tectonic history of central Inner Mongolia shouldfband inthe Carboniferousocks
becausethey connect the twalisputedclosing times, the Late Devonian and Late
Permian andthe Carboniferousocks crop out inall tectonic blocks recognized in
Inner Mongolia.Becauseonly a few Carboniferousmagmatic rocksare exposed in
central Inner Mongoliaprevious studies resulted ihe oppode interpretationof
geochemical affinitiesand relationship with country rockand did not allow
geologists taeach a consensus abdle Carboniferougectonis (Bao et al., 2007;
Zhang et al., 20072009a;Liu et al., 2008; Tang et al., 201Zhang efal., 2Q.2; Liu

et al., 2013 Fortunately Carboniferous sedimentary strata are widespread in Inner
Mongolia, and they may provide agood opportunity to study the Carboniferous
sedimerdry-tectonic environment and to understand its geodynamic implication
Meanwhile,sedimentological studiemrerelativdy shortin this areahoughthey may
provide fundamental informatiomdhe tectonic evolutiorOnly Mueller et al. (1991)
previously compared sedimentological data floe Late Paleozoic strata in Inner
Mongolia, while othes eitherfocusedon the Late Paleozoic strata a local region
(Jiang et al., 19950 Xu and Chen et al., 1997) dhe Mesozoic rift basins in
soutrern Mongolia andinner Mongolia(Hendrix et al., 1996; Graham et al., 2001;
Meng, 2003;Johnson, 204). Moreover most previous sedimentological studies
consisted ofeviewsthat do not includenough firsthand sedimentary datdence, n
this paper we presentnew sedimentological analygs of major outcrops of
Carboniferous stratathe corresponding detrital zircon resultfom five main

localities in central Inner Mongolia (Fig. 1) and try to interpret their tectonic



implications.

2 Tectonicframeworks

Central Inner Mongolia consists of several units, namely Airgin
SumXilinhot-Xing &n Black (AXXB), SongliaeHunshandake BlockSHB), and
north margin oNCC from north to soutt{Fig. 1b). These three blocks aseparated
by the Late DevoniarNorthern Orogen antate SilurianEarly DevonianSouthern
Orogen(Tang, 1990; Jian et al., 2008y etal., 2013; Fig. 1b).

The AXX B, also called Hutag Uul Block in southern Mongolia (Badarch et al.,
2002), extend through Airgin SumSunidzuogiXilinhot areato Xing §n areain
northeastern Chin@Nu et al., 2007; Xu et al2014. The Precambrian basemasit
mainly composed ofstrongly deformed andhetamorphosedNeoproterozoic mica
schist, metavolcanic rocks, metaandstone and marble (IMBGMR, 1991; Badarch
et al., 2002). Two tPb age®of 952+8 Ma and916:16 Ma have been reported for
the Hutag Uul Block (Véng et al., 2001; Yarmolyulet al, 2005). Recently,
Mesoproterozoiggneissic granitesvere identified fromthe Sunidzuogi area with
U-Pb age ofl516+31Ma and1390+17Ma, indicating the existence of Precambrian
basement in this region (Sun et al., 20E3)hough new detrital zircon studies thfe
Xilin Gol complex show somé&arly Paleozoiccomponentand wasconsideredto
representhe Early Paleozoic depositio(Chen et al., 2009; Xue et al., 2009; Li et al.,
2010), further study dividethe Xilin Gol conplex into Precambriarsupercrustal

rocks and Paleozoic intrusi¢Ge et al., 2011).



The SHB is locatedbetween two orogenic bel(gig. 1b).The basement of SHB
is made of Paleoand Neeproterozoic granitic rocks, which has been well
documented fronthe eastern part of this block (Zhang et al., 2012; Xu et al., in
press).However, br the western part (our study areayjdence for &Precambrian
basement igare The Lower Paleozoic Ondor Sum Group was considered as the
sedimentary cover of this blockwhich was deformed durintyvice orogenic everst
(Xu et al., 2013)Detrital zircon dating from the micschist of Ondor Sum Group
also provides an alndance of data for th®alee and Neeproterozoic (autho$§
unpublished data).

Both the Southern Orogen andaithern Orogen consist @&arly Paleozoiarc
magmatic rocksophiolitic mélange and blueschist faciesnetamorphic rocksThe
opposite direction of PAO subduction during the Early Paleozoigroduced
Bainaimiao Arcat ca. 508410 Mato the south and Baoka Arcat ca. 508420 Ma
to the north(Chen et al., 200QJian et al., 2008Zhang et al., 2093 Ordovician
volcanic rocksand Silurian flysch were depositednearto the two magmatic arcs,
forming a typical oceanic subduction related roaksemblaggXu et al., 2013).
Meanwhile, blueschidtacies metamorphic roskwere identified from both orogenic
belts (Tang anfan, 1993; Xu et al., 2001; De Jong et al., 2006)

After the orogenic eventgonglomerates and sandstorméshe Upper Silurian
Lower Devonian Xibiehe Formation and Upper DevonianSeribayanaobao
Formationunconformably overlayhe ophiolitic mélangearc magmatic rockand

Precambrian basemeratlong the Soutlern and Northern orogers, respectively



(Zhang et al., 2010Xu et al., 2013) These fornationswereinterpreted as molaiss
deposis that formedthe first sedimentary cover after theogenicevens (Zhang et
al., 2010;Xu et al.,2013).

Different from the Devonian molasg&c deposition which developed along
orogenic belts, the CarbonifereBsrmian strata are widespread in central Inner
Mongolia (MBGMR, 1991; Mueller et al., 1991T.he Carboniferous strata consist
of ca. 15083000 m-thick series of limestone, conglomeratad sandstongith
subordinate volcanic rocks'he abundantossils (eg., coral, brachiopoda, fusulinigs
found in these Carboniferous stratedicate a predominant shallow marine
depositioml environment (IMBGMR, 1991). The Early Permian Dashizhai
Formationis characterized bipimodal volcanicrocks (Zhang et al., 2008)n later
times the Middle Permian Zhesi Formatiofamous for its Zhesi fauna, was
deposited ashallow marine limestone and sandstoag.(\Wang et al., 2004)The
Upper Permiandeposits ofca. 4000m-thick terrestrial conglomerate and shale

dominatethewhole regionIMBGMR, 1991 Muelleret al., 199)

3. Petrographyndsedimentologyof Carboniferous strata
The Carboniferoustrata especially thé.ate Carboniferousnes are widespread
in central Inner Mongoliandcrop out inthree blockof this regon (Fig. 1b). Along
the Northen Orogen, theyconformably covered thelLate Devonian molassic
deposis (Xu et al., 2013 while theyunconformablycoveredthe Late Silurian-Early

Devonian molassideposis along the Southern OrogeitMBGMR, 1991). We



seleted five typical sectiondor sedimentological studiegositions ofwhich are
markedin Fig. 1b.The stratigraphic framework in central Inner Mongolia haen
constrained by several geological mappangjectsandpaleontologicaktudies (Li et
al., 1996and references therethatprovide a control on the timing and duration of
the Carboniferousedimentdion. Relative chronostratigraphic framework for each
locality is illustratedin Fig. 2 including he EarlyCarboniferous deposithat can
only be idatified in Sunidzuogiand Aohangi However,the Late Carboniferous
strata represented by Benbatu and Amustr@mmatiors, or Jiadaogou and Jiujuzi
formations are widespread in central Inner Mongolia (Fig. Zheir detailed
lithofacies andedimentargenvronment will bedisaussed below.
3.1 Sunidzuogsection

The Sunidzuogisection(S-1 in Fig. 1b) located along the Northern Orogen
developed above the Late Devonian molassic conglomeratesandstone,which
unconformablyoverliesthe ophiolitic nélange(Xu and Chen, 1997; Xu et al., 2013).
The Sunidzuogisectionis composed of, from bottoro top Lower Carboniferous
Gouhudag and Nomgenhud&grmations and Upper Carboniferous Benbatu and
AmushanFormationg(Fig. 2).

The 86 m-thick Gouhudag Formainis composed gburple lithic sandstonmm
the lower part (Fig. 3a)yellowish sandstonén the upper part (Fig. 3bjand 40
m-thick limestone on the topnclinedbedding can beobserved irthe sandstone part
(Fig. 3b). The clast materials especialf for the lower lithic sandstone, are mainly

composed of polycrystalline lithic fragmertbatoriginated frommagmaticrocksand



imply a possible provenance froamearby orogenic belfhe overlying391 m thick
Nomgenhudag Formatios characterized byamdstone interbedded witlitstonein
the lower partand laminatedmudstonein the upper part (Fig. 3). This formation
yields abundant sedimentargtructures such as wayv bedding (Fig. 3c),
beddingparallel mud nodules (Fig. 3djclined bedding (Fig3e) in sandstoneand
flat bedding (kg. 3f) andlaminain siltstone and mudstonall sedimentarystructures
indicate aralternaton of turbulent andstablehydrodynamism

Different from the Lower Carboniferous terrigenous sedimentise Upper
Carbonferous Benbatu and Amush&ormationsare mainlycomposedof marine
limestonewith a few siltstoneinterlayes (Fig. 3). The base of Benbatu Formation is
marked by the brecdied limestone with sandstor@ecciasof 2-10 cm inlength(Fig.
30), indicaing an erosional basal contacEollowing that, 0.2l m-thick beds of
sparite and 0-D.5 m-thick beds of bioclastic limestone (Fig. 3h) are interbedded
with fossils of corals, fusulinids and crinoids. The upper partthef Benbatu
Formationcomprises 762n-thick of rhyolite, dacite, basaknd tuff, with bimodal
geochemicalfeatures consistent witlan extensionalketting (Tang et al., 2011).
Following the volcanic rocks, the basal limestonéghefAmushan Formation contains
pebbles of underlying volcanic rogkalso indicating raerosional contact, followed
by interbedded sandy limestone, bioclastic limestone and spatitd¢usulinids and
crinoids (Fig. 3) These two limestondominated strata represesdarbonateplatform
deposition.
3.2 Ondor Sum area

10



TheOndor Sum sectio(5-2 in Fig. 1b) located along the $thern Orogen (Fig.
1b), is composed othe Upper Carboniferous HailasiamBenbatuand Amushan
Formationsthat unconfornably coverthe Lower Devonian Xibiehe FormatidRig.
2).

The 380m-thick Hailasiamu Formation is composed of pebble bearing quartz
sandstone interbedded with black siltstanethe lower part (Fig. 4a), and black
siltstonein the upper part (Fig. 4bAbundant pant fossils can be found in several
black siltstone layer (Fig. 4c). The whole sequence represeat transition from
fluvial to lacustrine facies depositiohe Benbatu Formation is not well developed
in this area with only 136 sthick fusulinidbearing limestone (Fig. 4)hat is
representative afarbonateplatformdeposition.

The 2590 mthick Amushan Formatiorcan be divided ito three continuous
sequences according to rock types. The lower clastic sequence is composed of
massivecoarse sandstone witlarge cross bedding in the lower part (Fig. 4d),
followed by sandstone interbedded with mudstone in the upper (fégt 4e)
representing mupward fining sequencéom tidal flat with high water energy to
littoral sea The middlecarbonatesequenceconsiss mainly of massive sparite and
bioclastic limestone withabundantfusulinids (Figs. 4fand 4g), which indicate
platform deposion. Several sargfone and pebbly sandstolagersthat indicatethe
input of terrigenous materiatsan be foundvithin the limestone sequen¢gig. 4h)
The upper clastic sequence isTqmsed ofquartz sadstone, siltstoneand limestone
with importantlateral variations

11



3.3 Aerbaolagarea

The Aerbaola@ section(S-3 in Fig. 1b) located to the north of the Northern
Orogen (Fig. 1b), is composed tife Upper Carboniferous Benbaand Amushan
Formationg(Fig. 2).

The Benbatu Formatiostartswith a 45 mthick basalconglomeratge but the
underlying formation is unknownThe 2-20 cm diametergravels are roundedo
subrounded,poorly sorted and composed dElsic volcanic rocksKig. 5a). These
features indicate raalluvial facieswith rapid proximal accumulationthat can be
consideredhs molassic depositioithe subsequem2 mthick lithic coarse sandstone
consistamainly of low mature fragments, such as lithic and feldsalso indicatinga
proximal deposibn. The 765 mthick limestoneis thick beddedijn which shallow
marine fossils including corals (Fig. 5b),brachiopods and crinoids datedto the
Upper Carboniferoyshave been foundMBGMR, 1991). The limestonewas later
covered by yellow siltstone (Fig. 5dh its entirety, he Benbatu Formation represents
a fining upward sequence from basal conglomeratéttiaral carbonate and clastic
deposition.

Overlying the Benbatu Formation, the lower part thie AmusharFormaion is
composed of tuff and siltstone withorizontal bedding (Fig. 5d), which are
interbedded with quartz sandstone. Wave beddingsoft sedimenteformation can
be observed (Fig. 5e), indicatiragturbulentdepositionalenvironment. The middle
partconsists of mainly massive coaigainedsandstonénterbedded wittsandstone
(Fig. 5f) with cross beddirgy(Fig. 5g)that are representative ahear shore strongly
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turbulent environmentvith sufficient terrigenous material inputhe upper part of
this formation is cormposed ofthick layered (43 m) sandstoneénterbedded with
thin-medium layered (530 cm) black siltstonenudstone (Fig. 5h) which may
represent periodic sea level chan§gave beddings and horizontal beddinig

siltstone and mudstone resent transgression and relalylw water energy. While
thick-layered sandstone and plant debris indicate regressionaanbulent water
environment. Within the top limestone, abundant shallow marine fossfisg.

brachiopodscorak andlamellibrancles have been observétMBGMR, 1991).

3.4 WestUjimgin area

The WestUjimgin section(S-4 in Fig. 1b) located along the Northern Orogen
(Fig. 1b) consists othe Upper Carboniferous Benbatu and Amuskammations(Fig.
2).

The 490 mthick Benbd&u Formation is composed obnglomerate at the bottom,
several fining upward cycles the lower part and limestoria the upper partThe
basal conglomeratepresenta regional unconformitywhich covered the underlying
metamorphic basementBao et al. 2006). The fining upward cycles contain
conglomeratecoarse sandstorsandstone at the bottom and sandswlistone
mudstoneat the topwhich represerd fining upward sequence (Fig. Gajda gradual
transgressior{Bao et al., 2006)Inclined beddigs can be found within the coarse
guartzsandstone layers (Fig. 6byhowng a turbulent environmentThe blue
thin-layered limestone containgumerousbrecciatedintraclasts(Fig. 6¢) and fossil
debriswith soft sedimenstructuresalsoindicatinghigh water energy.
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Overlyingthe Benbatu Formation, thmsal part of thédmushan Formatiois a
conglomerate with pebbles tie underlying sandstone and limestafiég. &d) that
indicatesan erosioral contactand may represent a regional regressiéiter the
70-m-thick interbeddedsandstone antimestone,carbonate depositdominatethe
lower sequencwith shallow marine fossil.g, corals, fusulinidsand crinoid} that
represent a stable platform depositidine upper part of thisarbonatesequences
composed ofintraclastlimestoneand sandy intracladimestone(Fig. 6e) that are
indicative ofhigh energy milampdepositonal environmentg§Burchette and Wright,
1992). Theupper clasic sequence is composed of conglomerate at the bottom,
followed by sandstone and siltstone. Inclined beddiagd soft sediment deformation
are pervasive in the sandstone layers (Fifgan@ &) with plant fossil debris, all of
which indicatenear shoredeposition Then mud breccias are found withihe low
maturity yellow coarsefeldsparquartz sandstoné-ig. éh), indicaing a near shore
depositionenvironment, possiblgffected bystorns.

3.5 Aohangi area

The Aohangi section(S-5 in Fig. 1b) located to the south of the Southern
Orogen (Fig. 1b), is composedf dhe Lower CarboniferousHoufangshengou
Formation andUpper Carboniferous Jiadaogou and Jiufemmations(Fig. 2).

The 1280 m-thick Houfangshengou Formatiois composed ofblue-grey
thick-beddedimestone(0.3-1.5m, Fig. 7a)with thin layers of silstoneinterstratified
in the upper parfFig. 7b). The striking feature ahis sequenceés the abundane of
shallow maringossils, such as coral, crinoids, fusulinids and brachiopoda TE)g.
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The massive beds and abundant coralgresentreef limestme deposited on a
carbonateplatform (e.g. Coniglio and Dix, 1992)On the top of this formation,
nodular limestone shavsea level falland significant energy fluctuations.

The 1054 m-thick Jiadaogou Formation is composeid10-20 cm-thick bedded
limestone interbetbd with sandstonand siltstone (Figs. 7d and 7e). The most
important difference fromthe underlying Houfangshengou Formation is the
significant increase ofsiliciclastic materials In addition brachiopoda, instead of
corals,arethemainfossils in this formation.

The Jiujuzi Formationis 700 m thick interbeddedwith quartz sandstonand
plant fossitbearing black mudstone (Fig). From bottom to top, théhicknessof
black laminated mudstone increases fraentimeterto meter scale showing a
thinning upward sequence. The quartz sandstone is medauthick-bedded with
graded bedding (Figrf). The angular to subangular quartz grains afer@m in
diameter andangefrom grain supported at the bottaim matrix supportedt the top
(Fig. 7f). The black shale is laminatdxit homogeneous with abundant burrows and
plant fossils (Figs.7g and 7h). The basal contact with quartz sandstone is sharp
whereas the upper contact is maiahpsiveand indicates high energyenvironment
when thecoarse sandstonveasdepositedThe quartz sandstorshalesequence athe
Jiujuzi Formationis interpretecas ameandering fluvial deposhiased on itshinning
upward quartz sandstoisbale sequencandabundace of borrows and wood fossils
(Hendrix etal., 1996;Prothero and Schwab, 2003). The quartz sandsayees were
depositedduring a flood period. The high energy streatoroughtcoarse grainshat
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cut the former black shales and fathan erosive contact. As the flooperiod
weakened the amountof fine-grained material increask and graded beddirg
developedin the sandstoneAfter the flood, organic rich claysized particleswith
mollusk burrovg and plantmaterials were deposited on the floodplain to form black

shale

4. Geochronological coralof Carboniferous deposits

Detrital zircon U-Pb dating was carriedut on sandstone samples from each
locality (Fig. 1b to determine the age and provenance of these Carboniferous strata.
Detailedinformationand locatios for each samplaregivenin Table landFig. 1h
respectively
4.1 Analytical methods

Zircons wereseparated using heavy liquid and magnetic techniques, and purified
by handpicking under the binocular microscope. After photographing under reflected
and transmitted light, Cathodolungiscence(CL) images were obtained using a
Quanta 200 FEG Scan Electron Microscopetha Peking University in order to
investigate the internaltructureand choose target sites forRlb analyses. CL images
of typical zircons are presented in F& The U-Pb ages were determined bgser
ablatiorinductively coupled plasmmass spectrometrfL A-ICP-MS) at the Key
Laboratory of Orogen and Crust Evolution, Peking University. The instrument
couples a quadrupole IS (Agilient 7500c) and 198m ArF Excimerlaser
(COMPexPro 102, Coherent, DE) with the automatic positioning system. Calibrations

16



for the zircon analyses were carried out using NIST 610 glass as an external standard
and Si as internal standard-Rb isotope fractionation effects were correctechgisi
zircon Plesovice (337 Ma) as external standard. Zircon standard 91500 is also used as
a secondary standard to supervise the deviation of age measurement/calculation.
Isotopic ratios and element concentrations of zircons were calculated using GLITTER
(ver. 4.4.2, Macquarie University). Concordia ages and diagrams were obtained using
Isoplot/Ex (3.0) (Ludwig, 2003). The common lead was corrected usintCPAMS
Common Lead Correction (ver. 3.15), follmg the method of Andersen (2002). The
analytical dataare presented on-Bb Concordia diay DPV ZLWK 1 HUURUYV
ages are weighted means at 95% confidence levels (Ludwig, 2003).
4.2 Detrital zircordating results
4.2.1 Lower Carboniferous sandstone from SunidzuoqiQ#0B31)

This sample was collected from the upper part of the Lowebdd#erous
Nomgenhudag Formatioifhe zircon grains are euhedral to subhedral in shaiple
30-70 P Lvgdth and 5690 P in length.Most grains show oscillatory zoning and
someold grains show bright to grey cores witfeak oscillatorygrowth zoning (kg.
8). In total, 75 grains wer@nalyzedwith 69 concordantesults(<10% discordance
and mosk5%). The Th/U ratios range from 0.23to 1.35 which arecharacteristiof
an igneous originThe 69 concordant analyses yielldapparent ages ranging from
328t4 Ma to 2894+27 Ma (Supplementary Tableahyl could be groupedhto two
main agepopuldions: 328503 Ma (n=53) with main peak at 430 Ma and secondary
peak at 348 Ma; 709313 Ma (n=13)without peak age (Fig9). In addition, one
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Archean andwo Paleopoterozoic grainsyielded *°’Pb°Pb ages o0P894+27Ma,
1631+31 Ma and581+106Ma, respectively (Supplementary Table 1)
4.2.2 Upper Carboniferous sandstone from Ondor St1®062425)

The sample was collected from the lower part of the Upper Carboniferous
Amushan FormatianThe zircon grains are euhedral to subhedral, ranging fre6040
P Lvgdth and 56100 P in length with oscillatory growth zoning (Fig). A total
of 75 zircons were analyzexhd 71 of them wereoncordantThe Th/U ratios range
from 037 to 199, indicatinga magmatic originAmong he 71 concordant analyses
70 ofthemyielded apparent ages ranging from 403+5 M436+5 Ma, with a peak
age of 443 Ma (Fig.9). Only one grain yielded an age dfl36£29 Ma

(Supplementary Table 1).
4.2.3 Upper Carboniferous sandstone from Aerbaol@t@061504)

The sample was catted from the lower part of the Upper Carboniferous
Benbatu FormationThe zircon grains are euhedral, ranging fré@60 P Lvgdth
and 806200 P in length with well developedoscillatory growth zoning (Fig8).
Seventythree of thetotal 75 analyzed zircons wewdncordant The Th/U ratios
rangel from 034 to 134, indicating magmatic originThe 73 concordant analyses
shaved apopulationwith a narrow range of agésom 283+3 Ma to353t5 Mg and
a peak age of 307 M#&ig. 9; Supplementary Table 1)

4.2.4 Upper Carboniferous sandstone from W4shgin (#10070123)

The sample was collected from thewer part of the UppefCarboniferous

Amushan Formationlhe zircon grains are euhedral to subhedral, ranging fre6040
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P Lwgdth and50-150 P in length with finescale oscillatory growth zoning (Fig.
8). Seventy of the totaf5 analyzed zircons wereoncordant with the Th/U ratios
rangng from 015 to 1.41, indicatinge magmatic origin.The 70 concordant analyses
yielded apparent ages ranging from 283+3 Ma4b6Gt9 Ma (Supplementary Table 1)
andexhibitedone main ag@opuldion of 283498 Ma (n=@), with age peaks of 3L
Ma and 42 Ma (Fig. 9). In addition, nine Precambrian grains yielded ages from
54515 Ma ta2450t9 Ma without peak age (Fi@).

4.2.5 Upper Carboniferous sandstone from Aoha#tf{62201)

The sample was collected from the lower part of the Upper Carboniferous
Jiadaogou FormationThe zircon grains are euhedral to subhedral, ranging from
40-80 P Lwpdth and 50150 P in length withwell-developedoscillatory growth
zoning (Fig.8). Analyses for73 of 75 grainswere valid and concordant The Th/U
ratios rang from 015 to 172, indicating magmatic originThe concordant zircons
yielded apparenagesthat rangedrom 305t4 Ma to 255%17 Ma (Supplementary
Table 1) andbelonged taone main ag@opuldion of 305483 Ma (n=70), having an
age peak of 3 Ma (Fig. 9). In addition,three Precambrian grains yielded agas
245810 Ma, 248810Ma, and25%+17 Ma (Fig.9).

5. Discussion
5.1 Stratigraphic orrelationandbasinpaleogeography

The sedimentological analyses demonstrate a basal contact of mostLatahe
Carboniferous strata with the underlyiRgecambriarbasement and Early Paleozoic
arc magmac rocks. A composite lithostratigraphic correlaticmart (illustrated in Fig.
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10) can be used to represent the five main sedimentary sibgfgsCarboniferous
strata in central Inner Mongoliaasedon the similarities iithologic assemblages
fossils anddetrital zirconU-Pbdaing results

5.1.1Basalmolassic deposiin

Two unconformities have been identified along both dbethernand northern
orogens, which postdated thasas orogenic eventbefore theLate Silurianand Late
Devonian, respectely (Tang, 1990; Xu et al., 2013)ate Silurian Early Devonian
molassic sedimentsf the Xibiehe Formatiorunconformblycovered the metamorphic
basement and ophiolitimélangealong the Southern Orogdmang, 1990; Li et al.,
1996; Zhang et al., 2010).ft&r that the whole region alonthe Southern Orogen
becamea subaerialenvironment without sedimentsitil the Late Carboniferougor
the Northern Orogerthe ophioliticmélangewas unconfamably coveredby the Late
Devonian conglomerateof the Seribaymaobao Formatignidentified from the
Sunidzuogiarea (Fig. 10a; Xu et al., 2013)he sequence, startingith the Late
Devonian terrestrial molassic conglomerate, becarfiaer upward into theEarly
Carboniferousittoral terrigenoudithic sandstone andlstone (Figs. 3 and0).

At the beginningof the Late Carboniferous, an extensive transgression occurred
after the Silurian-Devonianorogenic eventfIMBGMR, 1991) and producedhe
molassielike depositat the bottom oLate Carboniferous stratia seveal localities of
central Inner Mongolige.g.Ondor Sum, Aerbaolagnd WestJjimgin) as shown in
Fig. 10. In the Ondor Sum areahe lowemost Hailasiamu Formationwhich
unconfornably coveredthe Xibiehe FormatiofiIMBGR, 1976) is mainly composed
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of fluvial coarse quartgandstone and plant fossils bearing lacustrine black siltstone,
indicatinga terrestrialdeposition (Figl10). In the Aerbaolagarea, although no direct
unconformity was observed, the basal conglomerateedenbatu Formation can be
considered as molassic depositionwith abundant volcaniboulders andoebbles
(Fig. 5a). Meanwhile, the unconformity between tHeate Carboniferous basal
conglomerate and ophiolite was identifiedthe Aerbaolagearea (Fig. 10b; Zhang et
al., 2012).In the WestUjimqin area, the basal conglomerate of Benbatu Formation
unconformably covered thdPrecambriarXilinhot metamorphic complex (Bao et al.,
2006) and showedh molassidike feature However, for the Aohangi area, tlfiest
Early Carboniferous depits were carbonates wherelagsal sedimestareunclearas
no preCarboniferous sediment was identified.
5.1.2First stageof carbonate platforndeposits

After the fining upward molassic deposition, tketire region came intca
carbonate platfornenvironment represented by the Benbatu Formation limestone
which ischaracterized bthe abundant shallow marine foss(ks.g.fusulinids corals,
andbrachiopods as shown irFig. 1Q The Benbatu Formation fromme Sunidzuoqi,
Ondor Sum, Aerbaolageand Weg-Ujimgin areascan be correlatedby fusulinid
combinatiors. The ProfusulinellaPseudostaffellaand FusulinaFusulinella zones
characteriz¢he lowerandupper pas of the Benbatu FormatidiMBGMR, 1991;Li
et al., 1996).Meanwhile, the Benbatu Formatiartan also be identified frornthe
Siziwangqgiand Alukerginareas which are locatedon both sides othe Southern
Orogen (Fig. b). This is an indicatiothat transgression occurreslerthe entirety of
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central Inner Mongolia.Furthermore,a direct unconfomity betweenthe Late
Carboniferous limestone and ophiolitt@langewas identifiedn the Ondor Sum area
(Fig. 10c), indicating aransgressiveoverlap During this stage,he whole area
becamean extensiveinland sea producing widespread carbonate désosvith
similar shallow marine fossils
5.1.3Terrigenousleposis andlocal volcanismwithin the carbonate platform

After the Benbatu Formation carbonate depositierrjgenoustlastic sediments
dominated this region witlocal volcanic occurrace(Fig. 10). In the Aerbaolagand
Ondor Sum ares thick-bedded coarse sandstowéh largeinclined beddingsand
cross beddings (Figs. 4d and g situated at the bottom of the Amushan Formation
(Fig. 10) Furthermore, thligh proportion ofithic and feldpar fragmentsgombired
with conglomerate interlayers, indicatkeir low maturity which may have been
deposited in aninland sea close to theprovenane. In the WestUjimgin area,
limestone pebbles within the basal conglomerate of the Amushan Formmaticate
erosion ofanunderlying carbonate depositidn.the SunidzuogBunidyouqi areahe
Chagannuwolcanic rocksare situated above the Benbatu Formation limestone (Fig.
10). Thegeochemical featurexf the basalt and rhyolitedicatean extensioal setting
(Tang et al., 2011 During this sage, the regiondkctonicscauseduplift anderosion
of theunderlying stratgproducing clastideposisin the nearby basins.
5.1.4 Second stage of carbonate platform deposits

Represented by the Amushan Forioratimestone a new stage ofcarbonate
depositsoverly the terrigenoussediments (Figl0). Like the Benbatu Formation, the
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Amushan Formation caalso be correlatedby fusulinid fossils (e.g., Triticites and
Pseudoschwagerinahroughout the entire areaMBGMR, 1991; Li et al., 1996;
Shen et al., 2006 The distribution of the Amushan Formation carbonate depissits
morewidespreadhanthat ofthe Benbatu Formation, indidag) the expansion athe
inlandsea
5.1.5Postcarbonateerrigenous clastidepaition

Diversedepositional patterns occurred in central Inner Mongolia (Fdyafter
deposition of the Amushan Formation carbonatesuBaerialenvironment followed
the Amushan limestonaithout depositionto the south of Sunidzuoqintil the
Middle-Late Permianterrestrialconglomerate Xu and Chen, 1997 In Ondor Sum,
Aerbaolag@ and West Ujimqin ares shallow marine olittoral faciesclastic depos#
overly the Amushan limestoneand in turnwere covered by the Early Permian
shallow maringfacies deposi (Bao et al., 20066ong et al., 2013 In the Aohanqi
area,the Upper Carboniferous carbonatestic sediments were followed by the
Upper Carboniferous Jiujuzi Formatidarrestrialfacies deposg with Cathaysia

floraand coaseamgherein(IMBGMR, 1991;Figs. 10and 7h).

5.2 Provenancmterpretation and basement indication

Detrital zircon age specti@ the five sandstone samples from the Carboniferous
rocks are dominated by Phanerozoic grathat exhibit two main age clusters with
peaksat 400-440 Ma and 310 Ma, ansubordinatepeaks at 340 Ma (Fi). The
Early Paleozoic peaklit 400-440 Ma was identified from samples near the northern
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and southern suture zonés Sunidzuogi, Ondor Supand WestUjimgin (Fig. 1b),
where the Early Paleoic arc magmaticocksare widespreaflian et al., 2008; Xu et
al., 2013 Zhang et al., 209)3This peak can also be traced from detrital zircon results
of the Early Paleozoic sediments i’XX B andSHB (Fig. 11).The 310 Maage peak
was identified fromthe WestUjimgin and Aerbaolag ares where the Late
Carboniferous magmatic rocks were weliposedBao et al., 2007; Liu et al., 2009;
Xue et al., 2010), indicating that the local magmatic rocks were the main provenance
for these zirconsFurthermore, theage peakat 384 Mais only evidencedby the
sample from Aohangiwhere the same age pewafas displayed from the Devonian
strata (Cheng et al2014). This uniqueage clustemay be related to the Devonian
syenitic complegs and mafic intrusions at the tit@rn margin othe NCC (Luo et al.,
2001; Jiang, 2005; Zhang et &Q10; Zhangand Zhaj 2010.

Precambrian zircon grains can be traced frimar samples but a rigorous
statisticalcomparison is impossible because of ¢heall numberof grairs (Fig. 9.
However, the predomima Mesc to Neaproterozoicgrainsare most likelysupplied
from the underlyingAXXB and SHB, where such aMeso to Neoproterozoic
basements well documentedFig. 11;Zhang et al., 2012u et al., 2013Wang et al.,
2013 Zhaoet al.,2014.

In summary, the detrital zircon dating results indicate that the provenances for
these Late Carboniferous strata were mainly local magmatic rocks with subordinate
input of basement clasticedicating local erosion and proximal provenancHsis
kind of detrital zircon distribution pattern indicates that the Carboniferous siteata
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deposited above the Precambrian basenoénthese three blockand two Early
Paleozoic orogenic belts. Therefore, the Carboniferous swate most likely

deposited in arinlandseaabove the welded blockutnotin awide ocean.

5.3 Tectonic implication

The sedimentological analysesd detrital zircon datingof the Carboniferous
strata in central Inner Mongolidisplay the samedepositionalsetting and similar
provenance indicating that theywere deposied in the same geological setting.he
sedimentological analyselcumenthat most ofthe Carboniferous strataverlie the
Neoproterozoic basement, Early Paleozoic magmaati, accretionary compleand
Devonian strata This conclusions supported by oudetrital zircon results (F&g 9
and 1). This unconformityrepresents a regional transgression during the Late
Carboniferous after the Devonidrarly Carboniferous sedimentary hiatus in most
regions of catral Inner MongoliaFig. 12; IMBGMR, 1991 Tang, 1990; Shao et al.,
1991)

The subduction ofPAO produced two arc magmatic be#ibong two subduction
zones of opposite polaritiepamedthe Bainaimiao Arc at the northern margin of
NCC andthe Baolidao Ac at the southern margin éXXB (Fig. 12a;Jian et al.,
2008; Xu et al., 2013)Both arc activities startedfrom ca. 500 Ma and ceased at
420410 Ma (Jian et al., 2008; Shi et al., 2005; Zhang et al., 2008 magmatism
wasaccompaired by blueschisfaciesmetamorpsm (Xu et al., 2001; De Jong et al.,
2006). The finakontinental collisiorwaspostdated by ate Silurian-Early Devonian
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molassic deposition along ti®uthernOrogen Fig. 12a;Tang, 1990Zhang et al.,
2010; Shi et al., 2013)and Late Devonian molassidepositionalong theNorthern
Orogen Fig. 12a;Xu et al., 2013)NCC, SHB, andAXX B werewelded intoa unified
continent after two collisions(Xu et al., 2013) which is supportedby recent
paleomagnetic studies (Zhao et al., 20EXceptfor the molassiaepositionalong
the two orogenic belts, most parts of temtral Inner Mongoli@ame into asubaerial
environmentwithout DevoniarEarly Carboniferousleposits(Fig. 12a; Tang, 1990;
Shao et al., 1991).

During the Late Carboniferougbundantbimodal volcanic rocks and granite
emplacedforming a huge extensione¢latedmagmatic belin the areas ofsouthern
Mongolia and northern Inner Mongoli&i¢. 12b; Shi et al., 2003; Bao et al., 2007,
Xue et al., 2010Yarmolyuk et al., 2008; Ging et al.2012; Xu et al., 2012; Liang et
al., 2013. Neverthelessgeochemical stues of the Late Carboniferous gridoids
from Sunidzuogi andVestUjimgin displaycalcalkalineaffinities (Chen et al., 20Q0
Liu et al.,2009;2013) The Late Carbonif®us magmatic intrusions from Chengde
area at the northern margin of NCC also displaylikecgeochemistry affinitiesS.H.
Zhang et al., 2007; 2089 These resultswere considered as evidesctr the
existence omagmatic ars and oceanic subductian central Inner Mongoliauring
the Late Carboniferous (Chen et al., 208(4. Zhang et al., 2007; 2009au et al.,
2013). However, the Late Carboniferous granitoida WestUjimgin were also
interpreted as extensioplated (Bao et al., 200Xue et al, 2019. The Chagannur
bimodal volcanic rocksn SunidzuogiSunidyouqi were alsodescribed as forminm
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postcollisional extensional setting (Tang et al., 20IX)H. Zhang et al. (2012)
reportedthe Late Carboniferouappinitic intrusions in Hohhot areavhich were
interpreted to béormed within a possubduction transtensional regimeoidover he
also considered that the Late Carboniferous magmatic intrusions S.H. hahg
(2007; 2009ayeported in Chengde area are also belong to appinitic magroekis,
which should emplace in the same transtensional sefiaghermore these Late
Carboniferous magmatic rocks can be found on both sides of the suture zone, which
camot be explained byan arc model. In additionthe arc interpretation is
contradi¢ory with our sedimentaryanalyses as the Late Carboniferous deposiion
both sides of thisassumedLate Carboniferous arare comparable indicating the
same sedimentary environméhtgs. 1b and 2b; IMBGMR, 1991; Shao et al., 1991).
Meanwhile the kasa conglomerateof the Late Carboniferous stratancomfornably
overliesthe underlyingPrecambriarbasementophiolitic mélange Early Paleozoic
magmatt arg and Late Carboniferous magmatic intrusions, indicatimgegensive
transgressin on asingle coninent Hence, the Late Carboniferonsagmatic rocks
may beemplaedin a local extensinal or transtensional troudgkig. 12b; Bao et al.,
2007;Tang et al., 2011).

Furthermore during the Late Carboniferous, the northern Inner Mongolia (from
Erenhot toEast-Ujimgin) was dominated byerrestrialfacies depos# (Fig. 12b),
represented bthe Baoligaomiao Brmation, from which abundant Angara floreere
identified (IMBGMR, 1991)Thisterrestrialdeposit belindicatesthe intracontinental
environment of AX>8 during the Late Carboniferous, which can tbeatedas the
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northernmarginof theinland segqFig. 12b; Bao et al., 2006)
5.4 Paleontological and paleomagnetnstrairs

Our sedimentologicalanalygs and depositional setting interpretatsomre
consstent with boththe paleontologicalZhou et al., 2010; Xin et al., 201aphdthe
paleomagnetic data in this regi(fruner, 1987; Xu et al., 199Chen et al., 1997; Li
et al., 2012Zhao et al., 2013

In recent paleontological studies, typiczthaysiaflora fossils were identified
from the Baoligaomiao Formation BastUjimqgin, mixed with Angara flora (Xin et
al.,, 2011). FurthermoreCathaysia florafossils were also identified from the
Late-Middle Permian strata ikastUjimqin (Zhou et al., 2010)Recently identified
Late CarboniferostMiddle Permian mixture of Cathaysia and Angara flora in the
northernpart of Inner Mongolia indicate thahe PAO closed at least before the Late
Carboniferous These new discoveries improved thaditional paleontolgical
division, which considered the mixture of Cathaysia and Angara flora didccor
until the Late Permian along the Solonkiduang, 1980Deng et al., 2009Shi, 2008.
This preLate Carboniferous closure A0 was also suggested by Dobretsov et al
(1995; 2003) and then confirmed by Safonova et al. (2009) and Donskaya et al.
(2013)

Although paleomagnetic results indicate a loigjancefrom the NCC and SIB
during the Carboniferoysheinterveningmicroblocks werdocated nearby theNCC
since afeastthe Late CarboniferougPruner, 1987; Xu et al., 1997; Chen et al., 1997,
Li et al.,, 2012. Xu et al. (1997) carried out paleomagnetic studies on the
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CarboniferoudPermian strata frorthe Chita area (Amur region of Russia), and got a
similar paleolatude of the Amur block with that ofNCC. From paleomagnetic
studies ofthe CarboniferousPermian strata from central Mongolia, Pruner (1987)
considered that central Mongolia was a paithefNCC ever since the Early Permian.
For the Chiese part, paleomgnetic studies were performed on the Upper
Carboniferous strata in Easfimgin and Sunidzuoqi arsanorthern Inner Mongolia,
both of which gave similar paleolatituglevith NCC and placed the northern Inner
Mongolia at the northern margin biICC during the Late Carboniferous (Chen et al.,
1997; Li et al.,, 2012). Recently, paleomagnetic studies were carried out on the
DevonianPermian strataf Hunshandake Blogkshowingthat ths block waslocated

at the northern margin dfiCC since the Late Devonian (Zhas al., 2013). These
blockswereaccretedo the nortlern margin ofNCC, and formed darge continental

block before the Late Devonian (Zhao et al., 2013; Xu et al., 2013)

Conclusiors

Combining our newsedimentologicabnaly®s and detrital zircon datig with
previous tectonic, geochemicgeochronologicalpaleontological and paleomagnetic
studies, we can dratke following conclusions.

(1) WidespreadlLate Carboniferous strata in central Inner Mongolia were
dominated by shallow marine clastiarbonatedeposis with basal conglomerate
abovethe Precambrian basement and Early Paleozoic osgHmese rocksepresent
aLate Carboniferoumland sean central Inner Mongolia
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(2) Five sedimeriry stages have beatistinguishedo depictthe Carboniferous
deposition. From bottom to top, they aydasal molassic deposiii) first carbonate
platform depositsjii) terrigenousdeposis with coeva intraplate volcanism iv)
second carbonate platform depgsiisdv) postcarbonateerrigenous deposit3hese
five stagesrepresentan extensive transgressiasf the inland seasin central Inner
Mongolia during the Late Carboniferous.

(3) The detrital zircon geochronolpgndicates that the provenances for these
Late Carboniferoumateriak weremainly local m@gmatic rockserosion ofthe Early
Paleozoic arc magmatic rocks and Carboniferous intruswatts a subordinate input
fromthe Precambriafbasement.

(49 The <=dimentary facies analysegjetrital zircon provenance, fossil
assemblage similaritieend paleoragnetic reconstructiarindicate thatan inland sea
environmentvas the main paleogeograpléaturefor central Inner Mongoliauring
the Late Carboniferous The Late Carboniferousnland seastrataweredepositecbn a
continenal crust which was already welded by the Early Paleozoiccollisions
between NCC and the northern SongliacHunshandake, andthe Airgin

SumXilinhot-Xing §inblocks
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Figure and table captions

Table 1.Summary of sandstone samples for detrital zircon dating

Figure 1.(a) Location of theAltaid /Central Asian Orogenic Belt (CAQBcompiled
from Sengr et al.,, 1993Windley et al., 200y (b) Sketch geological map of
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central Inner Mongolia showing the main tectonic units: three blocks (North
ChinaCraton SongliaeHunshandake Blogkand Airgin SumXilinhot-;LQJ D Q
Block) and two Early Paleozoic orogenic belts (South@rogen and Northern

Orogen) (compiled from Jian et al., 2008; Xu et al., 2013). Carboniferous strata,

highlighted in this mapyerecompiled from IMBGMR, (1991).

Figure 2.Comparison of stratigraphic sequences of the five locations in central Inner

Mongolia, illustrating thesandstone samplesedfor detrital zircon dating.

Figure 3. Stratigraphic sequence and photographs of the Carboniferous strata in
Sunidzuoqi (8L in Fig. 1b). The position of each photograph is marked beside
the column. a: purpléthic sandstone; b: inclined bedding;wavy bedding; d:
beddingparallel mud nodules; e: inclined bedding; f: flat bedding; g: limestone
with sandstone breccias; h: bioclastic limestone. The legend is used for Figure 3

to Figure7.

Figure 4.Stratigrgphic sequence and photographs of the Carboniferous strata in Ondor
Sum (S2 in Fig. 1b). The position of each photograph is marked beside the
column. a: quartzich coarse sandstone; b: tHayered black siltstone; c: plant
fossils within black siltstone;d: largescale cross bedding; e: sandstone
interbedded with mudstone; f: massive sparite and bioclastic limestone; g:
fusulinids within limestone; h: pebbly sandstone layers within limestone
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sequence.

Figure 5. Stratigraphic sequence and photographs of the Carboniferous strata in
Aerbaolage (S in Fig. 1b). The position of each photograph is marked beside
the column. a: conglomerate at the bottom of Benbatu Formation; b: corals
within limestone layers; c: yellowiltstone at the top of Bentalftormation d:
horizontal bedding; e: soft sediment deformation; f. coarse sandstone
interbedded with sandstone; g: cross bedding; h: the contact between black

siltstone and massive sandstone.

Figure 6. Stratigraphic sequee and photographs of the Carboniferous strata in
WestUjimgin (S4 in Fig. 1b). The position of each photograph is marked beside
the column. a: fining upward sequence at the bottom of Berimaination b:
inclined bedding in coarse sandstone; c: breediattraclasts in limestone; d:
basal conglomerate at the bottom of the Amushan Formation; e: intraclast
limestone and Crinoidea therein; f. inclined bedding in sandstone; g: soft

sediment deformation; h: coarse sandstone with mud breccias.

Figure 7. Strdigraphic sequence and photographs of the Carboniferous strata in
Aohangi (S5 in Fig. 1b). The position of each photograph is marked beside the
column. a: massive limestone; b: siltstone interlayer within limestone; c: corals
in limestone; d: thirbeddedbioclastic limestone; e: limestone interbedded with
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siltstone; f: fining upward sequence of the Jiujuzi Formation sandstone; g: plant

fossils in black shale; h: burrows in black shale.

Figure 8.Cathodoluminescence (CL) images of selected detrital zirfrons each
sample. The circles represent®b analytical sites with numbers in the circles

and ages presented below.

Figure 9. U #b concordia and probability diagrams of zircon ages of the five
sandstongin this study. The inset figures within eachPb concordiadiagram

show zircon grains with ages of 2500 Ma.

Figure 10.Tentative correlation diagram for the five sections analyzed in this study.
SeeFig. 1b for locations of each section. Correlations were established by
tracing similar beds in thedid. Five sedimentary stages were distinguished
according to different rock assemblages and sedimentary facies. a: Unconformity
between Upper Devonian conglomerate and ophiolitic mélange in Sunidzuoqi
(from Xu et al., 2013); b: Unconformity between Uppearlidbniferous
conglomerate and ophiolite in Aerbaolage (from Zhang et al.,, 2012); c:
Unconformity between Upper Carboniferous limestone and ophiolitic mélange in

Ondor Sum.

Figure 11.Comparison of probability plots for Carboniferous data from Sunidz@)qi (
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and WestUjimgin (b) of this studywith the Early Paleozoic data from Airgin
SumXilinhot-; LQJTDQ %ORFN $;,% F 20KDRNdHW DO

SongliaeHunshandake Block (SHB) (d; Xu et al., 2013).

Figure 12. Schematic evolutionary model betwedhe North China Craton

SongliaeHunshandake Block and Airgin SuXilinhot-; LQJTDQ % ORFN $;;%

duringthe Carboniferous. Detailehterpretatios aregivenin the text.
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Figire 1. (a) Location of the Central Asian Orogenic Belt (CAGMBpiled from Serig et al.,
1993. (b) Sketclgeologicamap of central Inner Mongolia showing the main tectonic units: three
blocks (North Chin®8lock SongliagHunshandake Block andlirgin SureXilinhotXing@én Block)
and two Early Paleozoic orogenic belts (Southern Orogen and Northern Ofogerpiled from
Jan et al., 2008; Xu et al., 2013)he Carboniferous strathjghlightedin this map,are compiled
from IMBGMR(1991) Note that they cover on the three blocks.



Fig 2. Comparison of stratigraph&equences of the five locatiois central Inner Mongoliawith
sandstone samples for detrital zircon dating illustrated



Fig. 3Stratigraphic sequence and photographs of the Carboniferous strata in Sunidzdogi (S
Fig. 1b).The position of each photograph is marked besides the columnpurple lithic
sandstone;b: inclined bedding; c: wave bedding; lieddingparallel mud nodulese: inclined
bedding f: flat bedding g:limestone with sandstone breccids: bioclastic limetwne. The legend
is used for Figure 3 to figure 7.



Fig. 4 Stratigraphic sequence and photographs of the Carboniferous strata in Ondor Suim (S
Fig. 1b). The position of each photograph is marked bedhixolumn. a: quartzich coarse
sandstone; b: thidayered black siltstone; c: plant fossils within black siltstone; d: {scgte
cross bedding; esandstone interbedded with mudstond: massive sparite and bioclastic
limestone g:fusulinidswithin limestone h: pebbly sandstone layersithin limestone sequence



Fig. 5 Stratigraphic sequence and photographs of the Carboniferous straétarimaolagg(S3 in
Fig. 1b). The position of each photograph is marked besides the colummnglomerate at te
bottom of Benbatu Formatianb: corals within limestone layers: yellow siltstoneat the top of
Bentabu Fromationd: horizontal bedding e: soft sediment deformationf: coarse sandstone
interbedded with sandstoneg: cross bedding h: the contact between black siltstone and
massive sandstone



Fig. 6 Stratigraphic sequence and photographs of the Carboniferous strata inWjiexiin ($4

in Fig. 1b). The position of each photograph is marked besides the column. a: fimsagdup
sequence at the bottom of Benbatu Fromation; b: inclined bedding in coarse sandstone; c:
brecciated intraclastdn limestone; d: basal conglomerate at the bottom of the Amushan
Formation; eintraclast limestoneand Crinoideatherein; f: inclined beddéhg in sandstongg: soft
sediment deformationh: coarse sandstone with mud breccias



Fig. 7 Stratigraphic sequence and photographs of the Carboniferous strata in Aohd&hai (5g.
1b). The position of each photograph is metkbesides the column. a: massive limestone; b:
siltstone interlayer within limestone; c: corals in limestone; d: #béudded bioclastic limestone; e:
limestone interbedded with siltstone; f: fining upward sequence of the Jiujuzi Formation
sandstone; g: jint fossils in black shale; h: burrows in black shale.



Fig 8. Cathodoluminescence (CL) images of selected detrital zircons from each sample. The
circles represent UPb analytical sites withumbers in the circles anaespresented below.






Fig 9. UtPb concordia and probability diagrams of zircon agfebe five sandstone ithis study.
The inset figures within each-Rb Concordia diagram show zircon grains with agez56600
Ma.



Fig 10. Tentative correlation diagram for the five sections analyzed in this s&ety Figure 1b for
locations of each section. Correlations were established by tracing similar beds in the field. Five
sedimentary stages werdistinguishedaccording to different rock assemblages and sedimentary
facies. a: Unconformity between Upper Devonian conglomerate and ophiatifange in
Sunidzuogi (from Xu et al., 2013); b: Unconformity between Upper Carboniferous conglomerate
and ophiolte in Aerbaolage (from Zhang et al., 2012); c: Unconformity between Upper
Carboniferous limestone and ophiolitieélangein Ondor Sum.



Fig 11. Comparison of probability plots for our Carboniferous data from Sunidzuogi (a) and
WestUjimgin (b) with the Early Paleozoic data fraingin SuraXilinhotXingan BlockAXXB (c;
Zhao et al., under review) and Songhdonshandake Block (SHB) (d; Xu et al., 2013).



Fig. 12Schematic evolutionary modélketween North ChinaBlock SongliaeHunshandake Block
and Airgin SureXilinhotXingén Block (AXXBjuring CarboniferousDetailed interpretation is
discussed in the text.



