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Pan ZHAO

L'évolution tectonique du Paléozoique supérieur de la Ceinture
Orogénique de 1'Asie Centrale du Centre-Oriental de la Mongolie
intérieure

Le Centre-Est de la Mongolie intérieure, faisant la partie sud-est de la Ceinture Orogénique de I'Asie
Centrale (CAOB), est une zonede clé pour étudier I'histoire de 1’accrétion-collision entre la Chine du Nord
(NCC) et les blocs continentaux du Nord. Les contraintes du cadre tectonique et de la connaissance de
I’évolution tectonique sont importantes pour comprendre [’accrétion de la CAOB car il n’y a pas de
consensus sur le mode et la période de 1'accrétion entre NCC et les blocs du Nord. Par conséquent, des
études pluridisciplinaires ont été effectuées sur les roches sédimentaires et magmatiques du Paléozoique
supérieur dans le centre-oriental de la Mongolie Intérieure. Surla base de nosétudes sédimentologiques,
géochronologiques, géochimiques et paléomagnétiques, etcompte tenu des résultatsprécédentsen
pétrographie, géochimie et paléontologie, I'évolution sédimentaire et tectonique du Paléozoique supérieur
duCentre-Oriental de la Mongolie Intérieure a été bien établie.Les études détaillées en sédimentologie et
géochimie montrent une transition entre les dépots molassiques du Dévonien a la dénudation du
Carbonifere inférieur et les sédiments marins du Carbonifére supérieure vers les dépdts de bassin
d'extension au Permien. D’apres nos analyses détaillées des facies sédimentaires, descaractéristiques
géochimiques des roches magmatiques et nos données paléomagnétiques, nous proposons un modele
géodynamique de subduction-collision-extension post-orogénique pour le Paléozoique au Centre-Oriental
de la Mongolie Intérieure.

Mots-clés: Ceinture Orogénique de 1’Asie Centrale (CAOB), Centre-Oriental de la Mongolie intérieure,
Paléozoiquesupérieure, sédimentologie, paléomagnétisme

The Late Paleozoic tectonic evolution of Central Asian Orogenic Belt in
Central-Eastern Inner Mongolia

Central-eastern Inner Mongolia, located in the southeastern part of the Central Asian Orogenic Belt
(CAOB), is a key area to study the collisional-accretionary history between the North China Craton (NCC)
and the northern continental blocks. The establishment of precise constraints of this tectonic framework
and evolutional history are importantto understand the accretion of CAOB. However, no any consensus has
been achieved about the way and the timing of the accretion between NCC and the northern blocks.
Therefore, multidisciplinary studies have been carried out on the Late Paleozoic strata and magmatic rocks
in central-eastern Inner Mongolia. Based on our sedimentological analyses, detrital zircon
geochronological constraints, geochemical studies and paleomagnetic investigations, integrating the
previous results in petrology, geochemistry and paleontology, the Late Paleozoic sedimentary-tectonic
evolution of the central-eastern Inner Mongolia has been established. Detailed sedimentological and
geochemical studies show atransition from the Devonian molassic deposits to the Early Carboniferous
denudation and from the Late Carboniferous inland-sea sediments to the Permian extensional basin
deposits. According to the comprehensive analyses on sedimentary facies, geochemical characteristics and
paleomagnetic data, we propose a Paleozoic subduction-collision- post-orogenic extension tectonic model
for central-eastern Inner Mongolia.

Key words: Central Asian Orogenic Belt, Central-East Inner Mongolia, Late Paleozoic,
sedimentology, paleomagnetism
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Abstract

The Late Paleozoic tectonic evolution of Central Asian
Orogenic Belt in Central-Eastern Inner Mongolia

Abstract:

Central-eastern Inner Mongolia, located in the southeastern part of the Central
Asian Orogenic Belt (CAOB), is a key area to study the collisional-accretionary
history between the North China Craton (NCC) and the northern continental blocks.
The constraints to its tectonic framework and evolutional history are important to
understand the tectonics of CAOB. Meanwhile, no consensus has been achieved about
the way and the timing of the accretion between NCC and its northern blocks.
Therefore, multidisciplinary studies have been carried out on the Late Paleozoic strata
and magmatic rocks in central-eastern Inner Mongolia. Based on our sedimentological
analyses, detrital zircon geochronological constraints, geochemical studies and
paleomagnetic comparison, together with the previous petrological, geochemistry, and
paleontological studies, the Late Paleozoic sedimentary-tectonic evolution of the
central-eastern Inner Mongolia has been established.

The Late Silurian-Early Devonian and Late Devonian red sandstone molassic
deposits unconformably covered the ophiolitic melanges along the South Orogen and
North Orogen, respectively, postdating the two orogens. Detrital zircon dating
displays unimodal age peak at 462 Ma, indicating the single provenance from the
nearby magmatic arcs. During the Devonian, the Airgin Sum-Xilinhot-Xing'an Block
(AXXB, the China-Mongolia tract) was dominated by shallow marine sediments,
representing intracontinental basin deposits within the welded Erguna-Xing'an Block.
Detrital zircon geochronological data present bimodal age peaks at 510 Ma and 440
Ma, suggesting bidirectional provenances from both the northern Erguna-Xing'an
Block and the southern Baolidao Arec.

The central-eastern Inner Mongolia came into subaerial denudation stage in the
Early Carboniferous, with littoral facies and neritic facies sediments only deposited in
southern Sunidzuoqi and northern Aohanqi areas. During the Late Carboniferous, the

central-eastern Inner Mongolia was dominated by clastic-carbonate deposits, which
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Abstract

unconformably covered the underlying Precambrian basement, Early Paleozoic Arcs,
ophiolitic mélanges, pre-Carboniferous strata and intrusions, indicating a regional
transgression. The Late Carboniferous strata can be correlated by rock assemblages
and fossils, presenting similar sedimentary type and environment. Detrital zircon
dating revealed two main age peaks at 440 Ma and 310 Ma, and abundant
Neoproterozoic grains, indicating that the provenances are mainly local magmatic
rocks and metamorphic basement. The Late Carboniferous inland-sea deposits
covered the three blocks and two orogenic belts, representing the first stable
sedimentary cover after the amalgamation of these blocks. The Upper Carboniferous
Baoligaomiao Formation with terrestrial deposits and volcanic rocks developed near
the China-Mongolia border. Detrital zircon geochronological data present the same
bimodal age peaks at 440 Ma and 310 Ma, indicating that provenances are from the
local sedimentary and magmatic rocks. These terrestrial deposits can be considered as
the northern margin of the Late Carboniferous inland sea in central-eastern Inner
Mongolia. The age peak of 440 Ma, representing the Early Paleozoic Arc magmatism,
was identified from all three blocks separated by two suture zones, indicating that this
provenance has strided the suture zones during the Carboniferous, which is an
important evidence for the pre-Carboniferous amalgamation of these blocks.

During the Permian, extensional basin clastic-volcanic rocks deposited above the
Late Carboniferous carbonate deposits, represented by the Early Permian volcanic
rocks, the Middle Permian shallow marine fauna bearing clastic-carbonate sediments
and the Late Permian fluvial-lacustrine facies deposits.The geochemical study of the
Early Permian volcanic rocks display bimodal characteristics, implying an intraplate
crustal thinningsetting. While the Late Permian terrestrial basin deposits marked the
termination of the marine environment in central-eastern Inner Mongolia. Along the
Southern Orogen, a Middle Permian alkaline magmatic belt represented by syenite,
quartz syenite and syenitic granite,was recognized. The Permian strata developed
above the Late Carboniferous inland-sea carbonate, representing a wide rift above the
post-orogenic cover.

Late Devonian and Permian paleomagnetic poles were obtained for the
i
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Songliao-Hunshandake Block at A=46.8°N, ¢=349.1°E, dp=14.6°, dm=27.3° with
N=3 and A=48.7°N, ¢=3.7°E, dp=5.2°, dm=9.1° with N=6, respectively. The
comparison of our new paleomagnetic poles with available data from North China
Craton, Mongolia Block and Siberia Block indicates that (1) the Paleo-Asian Ocean
has been closed at least before the Late Devonian, and NCC, Songliao-Hunshandake
Block (SHB) and Mongolia Block have been welded into a single block since then; (2)
the newly formed unified block is not a rigid one, with strike-slip movements
occurring within and at the boundary of these blocks, producing relative rotations
among them.

Detailed sedimentological and geochemical studies show the transition from the
Devonian molassic deposits to the Early Carboniferous denudation and from the Late
Carboniferous inland-sea sediments to the Permian extensional basin deposits.
According to the comprehensive analysis of sedimentary facies, geochemical
characteristics and paleomagnetic data, we proposed a Paleozoic subduction -
collision - post-orogenic extension tectonic model for central-eastern Inner Mongolia.
The Early Paleozoic bidirectional subduction of the Paleo-Asian Ocean produced
Bainaimiao Arc at the northern margin of NCC, and Baolidao Arc at the southern
margin of AXXB. At the Late Silurian-Late Devonian, the collision and
agglomeration of NCC, SHB and AXXB occurred by two subparallel orogenic belts,
the ophiolitic mélanges of which were unconformably covered by molassic deposits.
During the Late Carboniferous, the first stable post-orogenic sedimentary cover
developed, characterized by widespread carbonate deposits, which unconformably
overlaid the underlying strata and intrusions, indicating an inland-sea basin deposits.
Early-Middle Permian, extensional rift developed in the central-eastern Inner
Mongolia, characterized by widespread magmatic rocks and shallow marine deposits.
In the Late Permian the central-eastern Inner Mongolia came into continental

environment setting.

Keywords: Central Asian Orogenic Belt, Central-Eastern Inner Mongolia, Late

Paleozoic, sedimentology, paleomagnetism
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Résumé

L'évolution tectonique du Paléozoique supérieur de 1'Asie centrale
ceinture orogénique en Centre-Est de la Mongolie intérieure
Résumeé:

Le Centre-Orientalde la Mongolie intérieure, situé auSud-Est de la Ceinture
Orogénique de I'Asie Centrale (CAOB), est une zone de clé pour étudier I'histoire de
I’accrétion-collision entre la Chine du Nord (NCC) et les blocs continentaux du Nord.
Les contraintes de son cadre tectonique et de son évolution sont importantes pour
comprendre 1’accrétion de CAOB car il n’existe aucun consensus sur le mode et la
période d'accrétion entre NCC et les blocs du Nord. Par conséquent, les études
pluridisciplinaires ont été effectuées sur les roches sedimentaires et magmatiques du
Paléozoique supérieur du Centre-Orientalde la Mongolie intérieure. Sur la base de nos
¢tudes sédimentologiques, géochronologiques, géochimiques et paléomagnétiques,
compte tenu des études pétrologiques, géochimiques et paléontologiques précédentes,
I'évolution sédimentaire et tectonique du Paléozoique supérieur du Centre-est de la
Mongolie intérieure a été établie.

Les dépots molassiques du Dévonien inférieur et du Dévonien supérieurre
couvrent en discordance les mélanges ophiolitiques des orogénes du Sud et du Nord,
respectivement. Le pic d’age des zircons détritiques est a 462 Ma, indiquant une
provenance unique depuis des arcs magmatiques proches. Pendant le Dévonien
inférieur, la sédimentation sur le bloc d’Airgin sum-Xilinhot-Xing'an (AXXB, situé
sur la frontiere entre la Chine et la Mongolie), a ét¢ dominée par les sédiments marins,
qui sont similaires aux dépdts des bassins intracontinentaux dans le bloc
Erguna-Xing'an. Les analyses des ages de zircons détritiques montrent deux pics d'age
a 510 Ma et 440 Ma, suggérant une double provenance depuis le bloc Erguna-Xing'an
et de I’arc Baolidao.

Le Centre-Orientalde la Mongolie intérieure était en phase de dénudation
subaérienne au Carbonifére inférieur, avec des dépots marins dans le Sud de
Sunidzuoqi et le Nord d’Aohanqgi. Au cours du Carbonifére supérieur, la

sédimentation du Centre-Orientalde la Mongolie intérieure était dominée par les
iv
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dépdts clastiques-carbonatés, qui couvraient en discordanceles roches précambriennes,
les arcs pal€ozoiques, les mélanges ophiolitiques et les strates pré-carboniferes et les
intrusions, indiquant une transgression régionale. Les strates du Carbonifére supérieur
peuvent se corréler par les assemblages de faci¢set de fossiles qui présentent le méme
type d’assemblage biostratigraphiques et d’environnement sédimentaire. Les données
deszircons détritiques révelent deux pics d'age a 440 Ma et 310 Ma avec des grains
hérités néoprotérozoiques, ce qui indique que les provenances sont principalement des
roches magmatiques paléozoiques et métamorphiques précambriennes locales. Les
dépots du Carbonifere supérieurcouvrent trois blocs et deux ceintures orogéniques,
représentant la premicre couverture sédimentaire stable apres 1’agglomération de ces
blocs. Les dépdts continentaux de la Formation de Baoligaomiao d’age Carbonifére
supérieur se sont développé sala frontiere Chine-Mongolie. Les données de zircons
détritiques présentent les mémes deux pics a 440 Ma et 310 Ma, ce qui indique que
les provenances sont des roches magmatiques et sédimentaires locales. Ces dépots
continentaux peuvent étre considérés comme la marge du Nord de la mer
épicontinentaleau Carbonifére dans le Centre-Orientalde la Mongolie intérieure. Le
pic d'age a440 Ma, représentant le magmatisme d’arc du Paléozoique, a été identifié
sur lestrois blocs séparés par deux zones du sutures, ce qui indique que les dépots de
cette provenance onttraverséles zones de sutures au Carbonifére. Ceci présente une
preuve importantepour 1’agglomération pré-carbonifére de ces blocs.

Au cours du Permien, les formations sont représentées par des roches
volcaniques du Permien inférieur, des sédiments clastiques-carbonatés marins du
Permien Moyen et des dépdts de facies fluvio-lacustre du Permien supérieur, ce qui
indique des dépots de bassin extensifau-dessus dedépots du Carbonifere supérieure.
Les roches volcaniques du Permien présentent des caractéristiques géochimiques
bimodales, ce qui implique une amincissement intraplaque (rift ou pull-apart). Alors
les dépots des facies fluvio-lacustres du Permien supérieur marquent la fin de
'environnement marin au Centre-Orienal de la Mongolie intérieure. Une ceinture
alcaline magmatique du Permien moyen a été reconnue le long de 1’Orogéne du Sud,

représentée par syénite, syénite a quartz et granite syénitique. Les strates
\
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permiennesse sont développées au-dessus des dépots carboniferes, représentant un rift
large au-dessus de la couverture post-orogénique.

Deux pdles paléomagnétiques d’ages dévonien supérieur et permien ont été
obtenus pour le bloc Songliao-Hunshandake (SHB) a A=46.8°N, ¢=349.1°E, dp=14.6°,
dm=27.3° avec N=3 et A=48.7°N, ¢=3.7°E, dp=5.2°, dm=9.1° avec N=6,
respectivement. La comparaison de nos nouveaux poles paléomagnétiques avecceux
de Chine du Nord, de Mongolie et de Sibérie indique que (1) I'océan paléo-asiatique a
ét¢ fermé au moins avant le Dévonien supérieur, et que les blocs NCC, SHB et
Mongolie ont été soudés enun seul bloc avant le Dévonien; (2) cependant ce nouveau
bloc unifi¢ n’est pas rigide, les mouvements de décrochement accommodés par des
rotations relatives se sont produits a 'intérieur et a la limite de ce bloc.

Les études détaillées de sédimentologie et de géochimie montrent une transition
entre les dépots molassiques du Dévonien a la dénudation au Carbonifere inférieur et
des sédiments marins continentaux du Carbonifére supérieur vers les dépdts de bassin
d'extension au Permien. D’aprés les analyses détaillées des facies sédimentaires, les
caractéristiques géochimiques et les données paléomagnétiques, nous proposons un
modele tectonique de subduction - collision -extension post-orogénique pour le
Paléozoique du Centre-Orientalde la Mongolie intérieure. La subduction
bidirectionnelle au Paléozoique inférieur de 1'océan paléo-asiatique produit I’arc de
Bainaimiao a la marge du Nord de NCC, et I’arc de Baolidao a la marge du Sud
d’AXXB. Au Silurien supérieur-Dévonien supérieur, la collision et I'agglomération de
NCC, SHB et AXXB ont eu lieu surles deux ceintures orogéniques subparalleles. Les
mélanges ophiolitiques ont été recouverts en discordance par desdépots molassiques.
Au cours du Carbonifére supérieur, la premiere couverture sédimentaire stable
post-orogénique s’est développée, caractérisée par des dépdts de carbonates répandus
qui ont couvert ensuite en discordanceles strates sous-jacentes et les intrusions,
indiquant un dépot de bassin marin-continental. Pendant le Permien inférieur et
moyen, une zone a croute amincie s’est développée au Centre-Orientalde la Mongolie
intérieure, caractérisée par des roches magmatiques alcalines et les dépdts marins peu

profonds. A la fin du Permien le Centre-Orientalde la Mongolie intérieure est en
vi
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phase d'évolution continentale.

Mots-clés: Ceinture Orogéniquede 1’Asie Centrale (CAOB), Centre-Orientalde la

Mongolie intérieure, Paléozoiquesupérieur, sédimentologie, paleomagnétisme

Vii



EEES

wm =

N 5 T R BB XA T A LD AR R 2, SR AR Al AR R b b S e el
G 7 S0P SR DX I, o LA A Ry A T8 S R B S i A T L L B
B S [\, BT AT AR S AR % el Pl G R T AR A
IRRFAL o FEXNZFU, ASCES VIR T B8 B A AR E « HhERI 2
WA A bR L, 256 T N ORGSR 2B 28R T, ST R AR
FGE ot AR AR — M AL AT R SE

PN 5 TP ZR B B A PR AR LU 23 ) R T R G B - L g R e 7t B
Wrekid, NS T WM SR A 2 b, BRE X i L B 44 58 AT e e At
WG A AR 3] 462Ma IR — IR, BoRoRH BN —YE. T
SRS - RIS R R B (RIS R BRI, AR
1% JER - 80 PR AR - e b B 5 50 oy gy b B R AR ARG A JS D P R 2
O o B B A A R O A R AR IR IR (E 9 S10Ma 1 440Ma, i B LA IS
K B BUR 7 409- 24 22 AR £ T R 038 By IUE A

FoA R, S TR BN R B, AN JE R A T e A B AL K
BRI DR o WA R T P 520 2R X R it 2R S — DR A UV
F, RESAEGHE S TR RER., REERBIVE RS R, i
WA RARLRNEZ b, AR EERPEXEEEANES . XKIRA A
b 2 AT IE A A A R A BT E, R AR R TR R B R U PR B .
J& B A AR R 440Ma A 310Ma WS 32 BEAE RRIEAE K oK B o AU A, Wi
BRI A7 2 THE A 2 S g A b o S AR BT R RS, AR TR b 3R ot AR P A ) A
fiEo WA R MG UORE 6 T A WS AR, BB AL =AM (X
FLRE Je — BRI R — M e b BRI — VA S R AT A e hE ) AR AN L
i (Abig i ARG L), ARREERPFE G — M SR TR o
T SRR B 5 7 v e 2 AR - K L TR R T A A T R 310
Ma Fl 440 Ma P> FZEAF R IE, BoRHYIEFZER B TAURE 91— M iP5
M SR %m0 T R I e AZ AR AR AT R D A 5 o AR R i R i B
W% . VENREREEREICEKEI 440Ma S, HHILT HEILPI %%
BB BRI =BGz b, A R TR, AR IR i R AR S IS 5

viii



EEES

HOAPBAES AT, FFEU I =/MEIE AR A 2 T AP S .

RN PR IX R Bl A e S - O LT &R B St
WK LA T B B S A B AR - Bk IR 2R A S S )
WA DURRE .  B th g 2K 1L A M ER A 2R AE , R & TRl g ¢
PRI M Bt o A % ) o R B A R P 5 T AR L 4 R AR R
o TEN S PR EVE BB - SO AT e B BRI — S rh B e, R
LIS EA ) — 2% Bl A R T . B A PR T W ok tH B R R IR Eh A
b, REFEEDERESZEZ ERRSRIER.

R A B R XL -V a2k e e R e 2 R S A P AN o AR, S
N A=46.8°N, ¢=349.1°E, dp=14.6°, dm=27.3°, N=3 fll 1=48.7°N, ¢=3.7°E, dp=5.2°,
dm=9.1°, N=6. it 5 & FHARGAT H BT LS (D RS T
EYe 7t O G, ARILTEhIE . AN -V 38 1A T Hh ORI 52 1 Hh b O 2 Rl A
(2) Hedbrihnd@. VR s ORI H 58 oA S AR R — AN NI, iR
BN SRR 25 (1 7 VA2 B 5 BB 2 TR (R AR X et o

FEA TR A A B S T R T NS RS e AL B R A B
BRI LS Rk, DR A R e ) B A A A I R . 7E
RO TR G . WEIS S A AERE . HOBRAL S RRAE AT oy HhRE R i b, P iy
A AR P B oy R R S X ) i - L -3 o S R R I A R AR
A ERA R, TG s RLE A G A T B, TSRS — B
K — M b G- A = B BN, M E R R e At JE e AR A i Ly
SEAEAC TR A L -V 2 T R ORI S LA -4 MR R - Y e b R il e
Ho Wp A, S T ARER I LS B — M RRE TR R =, DA AT 4 X
BRER Eh A VIRUNFRHIE, ARG E S T NMAE AR E 2 b, A& LSRR
WU Rorp &, AZETPAREX R RS REIERM, AR 26 1k
S R TR P A N A B — B Py 2271 rb 2 30 N S A T AL B

REEIA: G A, NS RARES, B, TR, bR



Content

Content

Chapter 1 INtrOQUCTION ..c..eeviiiiiieeie ettt ettt st sb e sb e bbbt e eaaesatesaee e 1
1.1 Basic information of the Central Asian Orogenic Belt.........cccooevviiniiniinieenenniniciceeee 1
1.1.1 Accretionary O1ogenic Belt........ccooviiiiriiiiiiiiniereeeeeee et 1
1.1.2 Previous studies of the Central Asian Orogenic Belt ..o, 2

1.1.3 Tectonic models of the Central Asian Orogenic Belt.........cocovvivciiiiiiininiiiiiiiennnn, 4

1.2 Studies of Xing-Meng Orogenic Belt.........ccooiiiiiiiiiiiiiiiiice, 5
1.2.1 Tectonic frameworks of Xing-Meng Orogenic Belt........c.ccoeiiniiiiiiiniiiiiicnnn 5
1.2.2 Tectonic models of western Xing-Meng Orogenic Belt.........cccocooeevreniinccininennene. 9

1.3 Overwiew Of the StUAY......ccccviiiireiiineee e e 9
1.3.1 RESEAICH PUIPOSE ...veuveuienieiiiiniieiteieste st ettt ettt et st eie et et e st sbesbe e esbesbesbesaeenneneens 9
1.3.2 RESEAICH CONTENTS....eveeuieuieiisiieiieiteie sttt ettt sttt sttt sbe bt et sbe b b e ee e 10

1.3.3 Research Design and Methodology..........cccoeeveinineininineiienceeeeseeeeee 11
Chapter 2 Geological Settings of western Xing-Meng Orogenic Belt.........cccccoeeveiniincininincnne 13
2.1 Tectonic frameworks of central-eastern Inner Mongolia ..........ccceceevinevveeninencccnenienne. 13
2.1.1 Airgin Sum-Xilinhot-Xing’an BIOCK.........cccevininininiiiniecce e 13
2.1.2 Songliao-Hunshandake BIOCK........c.cccueierieririnenieieseneeeeeeerie e 14
2.1.3 NOIth China CratOn ....cc.cerverierieeieeieientesteeteie sttt sttt bt sbe e eae b sbesbe e e e e 14
2.1.4 NOThern OTOZEN .....eveeueeuieiinieeieeieiest sttt ettt se e st be s b b sbe e e e e 15
2.1.5 SOULhEIN OTOZEN ...ovvviiieiieiietieieee ettt ettt ettt ettt e sasesseesneenneas 15

2.2 Devonian-Permian Sedimentation ..........ccoeeeeeerienerireeienenesieseeseeeeeesse st ssesseeeesnesnens 16
2.2.1 DEVOMIAN ...ttt sttt sttt st sb et e b r e sbe e e ne e e 16
2.2.2 CarDONITRIOUS ...c.vveurereieeieeieeeste sttt r e ne e 17

2. 2.3 PEITIIAN «..cvviviiecieeetet ettt st st b e n et sr e 18

2.3 Devonian-Permian magmatiSIm.........ceereerieerueeruerireeiiesieseeseeseieesseesseesseensesssessesssessessees 21
2.3.1 DEVOMIAN ...ttt ettt 21
2.3.2 CarDONITRIOUS ...c.vveuvireiteeieeeeteste sttt st e 21
2.3 3 PEIMUAN «.covviiiieiceeee ettt e 22
Chapter 3 Devonian sedimentology features and detrital zircon geochronology.........c.cccecveveennene 23
3.1 China-Mongolia DOTAET Areas..........cceeruerrieriiirierienie ettt ettt sttt sbeesbeeseeens 23
3.1.1 Sedimentological studies and facies analyses .........ccoceeveererieriierienienieniesee e 24
3.1.2 Detrital zircon geochronological StUAY ........cccceveeriierieriiiriiinienieseereeseeeeeeeen 31
3.1.3 Provenance analySes.........coeereirerrierieriinieniie sttt ettt st s 33

3.2 NOTTREIT OTOZEIN ...ttt ettt ettt et e et e et sae e st saeesbeesaeeenneenaean 37
3.2.1 Sedimentological studies and facies analyses .........ccoceeveeveriieriieriienienieniesee e 37
3.2.2 Detrital zircon geochronological StUdy .........ccceeviereeneeieriiniinieece e 39

3.3 SOULNEIN OTOZEI ...ttt ettt ettt et ettt s e s e sbeesaeeenneenaean 41
3.3.1 Sedimentological studies and facies analyses ..........ccoceevveereeneenenieniienenieeeeee 42

3.4 Summary of thiS ChaPLer ......ccocciiiiiiiiic 43
Chapter 4 Carboniferous sedimentology features and detrital zircon geochronology .................... 44
4.1 China-Mongolia border area-terrestrial depoSItS.......ccooeriririiiiiiiiiiiiiccs 46
4.1.1 Sedimentological studies and facies analyses ..........cccceeeviiiiiiiiiiiiniiiiicicic s 46
4.1.2 Detrital zircon geochronological StUAY .........cccceverervererineiniinenceeeeeeeee 51



Content

4.1.3 Provenance analySeS........ouereeriereereenieeieeiteeteeteeistesieesieesiee st esbeesbeesbeesbeesbesaeeenee 53

4.2 South of Inner Mongolia area-inland sea depOSitS .......cccuereerierieneenieeneeeeeee e 54
4.2.1 Sedimentological studies and facies analyses ..........ccecerveereereeneeneenennenieeeeee 55

4.2.2 Detrital zircon geochronological StUAY .........cccceevviriinieniiinienieeee e 65

4.2.3 Sedimentological comparison and correlation ...........cceeceereereeneeneenennensiene e 69

4.2.4 Carbonifeous provenance analySes .......c.ccccecveveriririniieiieiineseeee e 72

4.3 Summary of this ChaAPLET .....cciviiiiiiiiicc 74
Chapter 5 Permian sedimentology features, geochemistry and geochronology studies of magmatic
TOCKS ¢ttt ettt ettt ettt ettt s bt e s st e et e et e e bt e et e e e bt e e bt e e bt e e bt e e ehbe e e en bt e e beeeaeeebeeebeeenateenateesareas 76
5.1 Sedimentological studies and facies analyses ..........cccocevereeceriirenieeninenieeseneseneeeeenes 77
5.1.1 SUNIAZUOGE AICA......vivenieiiriiieieieeteeet ettt ettt sneas 77

5.1.2 ONAOT SUM AICQ...c..eveeiieieiesieeieeterie sttt ettt ettt sttt eseestentesbesaeebe et esbesbesbeeneeneeneas 78

5.1.3 West-UJIMQIN QICA......ccoeriruiiiiiiiiiiiiiiiccieie s 83

50114 LINIXT @TCA uveeeuvieeeieeiteesiee ettt e sttt e siteesate e st ee s bt esteesabtesbteenbeeesbeeesbeeesabeesnneesasbaesnseenn 88

5.1.5 KeshiKetengqi are........ccoecvveriereeininieieinisceesreee ettt 89

5.1.6 AORANQL ATCA ....euvevieienietesteeteeitete ettt ettt st b et e b et sbesbeesb et e sbesbeeseete s eenee 93

5.2 Geochemistry and geochronology studies of magmatic 10Cks.......ccceeeeeevierenenenicnennne 95
5.2.1 Early Permian volICanic TOCKS. ......cevurieruerieriiriineeieiiesiesie sttt 95

5.2.2 Middle Permian alkaling intruSiONS. ......ceerueeruereeseeseesieesieesieenteestesseesnesnesseenees 103

5.3 Regional sedimentological COMPATISON .....eevveeveeieeiesierieesiie et see e eee e seeseee e nees 107
5.3.1 The Early Permian shallow marine and marine-terrigenous facies deposits........ 107

5.3.2 The Early Permian rift-related volcaniSm ..........ccccceevuercierieneeneeneeieeie e 109

5.3.3 The Middle Permian shallow marine and marine-terrigenous facies deposits.....109

5.3.4 The Late Permian fluvial-lacustrine facies deposits........ccoceerveereereereereenennienn 109

Chapter 6 Paleomagnetic constrains to the Late Paleozoic tectonic evolution ...........ccceceeveeennnne. 111
6.1 Stratigraphy of sampled Strata..........ocevierieiierieeeeee e e 111
6.1.1 North margin 0f NCB.......cocuiiiiiiiieeee e 112

6.1.2 Inner Mongolia Block (IMB, also called SHB in the previsou chapters)............. 112

6.1.3 Southern margin of MOB (also called AXXB in previous chapters)................... 115

6.2 MEaSUIEMENT TESUILS ....eeuvirirririiiieeeieste ettt st 123
6.2.1 Magnetic MINETAIOZY ...cc.vevuvirieriieriieieeieee ettt st be e 123

0.2.2 AMS TESUILS ..ttt 124

6.2.3 Paleomagnetic directional analysis ........ccccceevuervierieneenieneeneeseee e 127

6.2.3.1 North margin Of NCB.......couiiiiiiiieieee et et 127
6.2.3.2 Inner Mongolia BIOCK ..........oiiiiiiiiiieieeeeeee et 128
6.2.3.3 South margin 0f MOB........c.ooiiiiiiiiiee et s 132
6.3 Calculations of paleomagnetic POLES.......ccervuerriiriierieriereeseere et 132
6.3.1 Primary magnetiZatioNS . .......eeeereereerieerieeiueeieeteere st s tesitesiee st esbeesseesbeesbeenseenee 133

6.3.2 Secondary MagnetiZationsS. .......co.eereereerieerersieeiieeie et see s e s e sieesbe e b 135

6.4 Comparisons of the paleomagnetic poles........cocvvciiviiniiniiiiiiiiii e 137
6.4.1 Late DEeVOMIAN .....eevieiiiiieie ittt ettt st sttt b e et 138

0.4.2 PETTNIAN ...ttt ettt ettt sbe e b ettt e b saeeeaee 139

6.5 TectoniC IMPLCATIONS ......coiuiiiiiiiiiiiiie e 141
Chapter 7 Paleozoic tectonic evolution of central-eastern Inner Mongolia ..........cccecoveveininnennes 143

Xi



Content

7.1The Paleozoic tectonic evolution of western Erguna-Xing’an Block ..........ccccceeenueenenne. 143
7.2 The Carboniferous evolution of central-eastern Inner Mongolia.........ccceceeveeneeniennnenne. 146

7.2.1 The Late Carboniferous-Early Permian evolution of China-Mongolia border areas

....................................................................................................................................... 146

7.2.2 The Carboniferous evolution of central-eastern Inner Mongolia.........c..ccceeueene. 146

7.3 The Permian evolution of central-eastern Inner Mongolia..........cccocevivviniinininnns 150

7.4 The Paleozoic tectonic evolutional model of central-eastern Inner Mongolia................ 154
7.4.1 Comparison of sedimentological features ..........ccoceevveviiiniiiiiiiiiniiiicics 154

7.4.2 Comparison of magmatic TOCKS........cceviriiiiiiiiiiiiiiiicine e 158

7.4.3 Comparison of paleolatitude ...........ccvererieiniineiiiiiice e 161

7.4.4 The Paleozoic tectonic evolutional model of central-eastern Inner Mongolia.....163

Chapter 8 CONCIUSION. .....eiuieititirtiitiettetet ettt sttt sttt et s b s bbbt sbe e seesbeeneenean 166
RETEIEIICES ...ttt sttt b e e bt et ettt saeesaeesaeesbe e beeres 168
Appendix Paper publiIShed .........coovvioiiiiiinieiic e s 192

Xii



Chapter 1 Introduction

Chapter 1 Introduction

1.1 Basic information of the Central Asian Orogenic Belt

1.1.1 Accretionary Orogenic Belt

VRN HGE I EE =), 3 Ll s 42 3 T AR 1738 Bl e 24 B B )2 o P A
T\ HsE R R KL — GURRE o ERARIE L1 S W D A B i i e S A e
R 574 (Wilson, 1966), {EEHLER I — i (15 I8 R AR (R Al 4, 451
4 3 N TR R 38R Ll P TR R B L B B R IV K i 1 R I L
(Cawood et al., 2009). Kk, TR LA A FRRAE R 7T, 443 il
g L . AR A ARG Y L (P 1-1; Cawood et al., 2009) . filh 183 11
e DA AN ACHRAE B 7 2, 38 A B 1Ly W40 3% T R B TR i SR S5 A T 0 34
AR, T A B L AR T B B AR R G (—ROKT 1000 A HD R
Fli N6 (Guy, 2012) 0 AR R AP IE (s J& T35 A2 0 Ly, R 35 4=
Y3 1L AR HEAT L4

(a) RIS LI 5 R /R BE 12 £5)

HRIRA

IRIRB

ELW{EA
T LS
RERE

(b)IEAEIE LTS (I i 5Lt 1T)

L |
iﬁm1'Zm/
i
TR EE
(c)BEMIE LT (FTCABLE %)
iRIRA iR

S {ERE AR EFE
AJRESIRRENDEX

K 1-1 fitfE R P = Fhss s @ PR ET . (77 Cawood et al., 2009)
Figure 1-1 Schematic cross-sections through (a) collisional, (b) accretionary and (c) intracratonic

orogens
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S AR IE L TR T PR B IR L, DA 35 (10 b 5 A e R T [ A KRy
FAE, HAMERESAR. B SUSYIR. ead . Keeea. HEkid. 1
M JEAE R U A B e 2 RORLE AR AR S5 40 s e s — R v S AR B DA S8 I
FRE (Windley et al., 2007; Cawood et al., 2009, 384 5 (1) 77— A 55 5 (R 450
R K R A SE YR, JFE 2Bk e i A4 ) | B85 4> (Maruyama and
Parkinson, 2000; Jahn et al., 2000; 2004), 344 743 |1 AE AL FE b 2 HEBE 4 )R
W VER, SRR, KA 807K (Yakubehuk, 2005; Groves and Bierlein
2007, Seltmann et al., 2014; Goldfarb et al., 2014 ).

SRR IE L — MRS S TR A T s (BOE AN E ). ARG
AR T 5 1) B 5 R e o ZER et A5 Hh T s b s P R e A5 P 0 5 AN 7 AR B
Ysi, PASAMRI IR, SIS & KEEE R W b 2 S T R 4 A 42
(Windley et al., 2007), 44451k 5, WHE A LGN A MR &mik—
TR o A SR A SR sk R PR R S TR b )R B (Cawood et al., 2009). 345 7Y
M 117 5 L AE R 5 A RO v 452 LE IR 8 2 22 B — R R i B, I S 8025 )
JR R ZLHIRE AL T o FEREBY B, 22 7= A 5 A i L s AR B T8 e R i B ) b e A
i (Cawood et al., 2009). [RltL, JrRA 73 H I A RIS L I F A — 4> g 4
SLHIE AT Y, R AR L R ARPT B (Schulmann and Paterson, 2011).

1.1.2 Previous studies of the Central Asian Orogenic Belt

P 1A (Central Asian Orogenic Belt, CAOB) SCFR B /R 2% i 1L Hy
(Altaids), B H AR HE 2 B E A S A S0 )2 500E, SN B T s i
FE ) A S A (Sengor et al., 1993; Jahn, 2004; Windley et al., 2007; Kroner et al.,
2007; Yarmolyuk et al., 2008; Xiao et al., 2010; Wilhem et al., 2012; Xu et al., 2013;
Xiao and Santosh, 2014; Kroner et al., 2014; Safonova and Santosh, 2014). Suess #ix
PRI L A o AR AR PR A AR R G A4, IR ™ A2 D3 L i
YN Altaids. H UL, £ Altaids PSR H 22N H3E 50 BAS R O IR 17
GG = s WriE R B . B L —Sb b . SRl Ry e
i 11755 (Sengor et al., 1993). Sengdr 55 AAE 1993 42X Altaids #4750 45, #H
BN I TS L EEAT R 0, R AR D I K oy A A 58 A A )
X5 (Sengér et al., 1993, Altaids £ J5 22 I 5 H Mk 22 807 % w44 b g
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L4 (Windley et al., 2007; Kroner et al., 2007). 1F Ayt 5 a5 ki A4 iy 8 AF A ik
e 2, I L A R AR R M 5E AR K B Oy 2 MBI (Han et al.,
1997; Jahn et al., 2000; 2004) . H i Ly AT BUR = A 32 ZHFAE

B, TTREMTEE (B 1-D. il i s BOE KR, R PFEKZ) 5000 2
B, mIb5EL 3000 A B, PHERED SRR, S0l 52w, E
WH RS HOTE L g s E . R E T IX . S P EARILHIX, — &
SEAH BT Wi A X (& 1-1) (Sengor et al., 1993; Jahn, 2004; Windley et al.,
2007).
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S M HHSEEELED
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PQOOQOOQQQO"“-M&‘ & " /
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sooes IR ERTRTA TR ehetototviete 0038
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RS ST RO SRAR, 0
to RN .
(OS85 SRR R K IS H I I H LS .
oeleleletsl / e te it e NNttt ets
KA PP SN S LSS e
R ORISR i RS PAEEES 0
O S R //43—‘,‘010:{0:07 p387 7,
faletels o5 RS [ jﬂ
& 1 b 4

4 Q ! N "
AN T
AN XA
g ’3
, L § N
A d
' ﬂwa.;:lll!i TR ‘4f'
N R R P R ] -
BN PN s oo e e e i A Y
. # > '\r 7 e o v A e \e\;’§‘¢‘¢;¢r¢.¢.¢.¢¢.¢.¢.¢*¢;4 g’f (?
LA ALK LV AU T LR 1l i IS o
e ' e VG S N N NP ERLR e e M SN Soooaety A - !

A 1-2 1l 7 s B (4 Sengor et al., 1993 1 Han et al., 2010)
Figure 1-2 Tectonic position of the Central Asian Orogenic Belt (from Sengér et al., 1993 and Han
et al., 2010)

W, BB s St TR Rl . PUE AT SR E . B
A v fr AL v fr ol 2 ] O REE HEG IS FE (B 1-1; Sengdr et al., 1993). PUAS
SR (A AE AR 2 Gt R W L AT B SR, X LR S AN WG AR B v Rl il 2%
Frix & S EOT Ll 2 (B 5T 2 (K] 1-2; Sengor and Natal'in, 1996; Windley et al.,
2007),

= KIEAAR T i s AGE IT G, o v YR T
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AR . PAEAF) AR B B9 2% Eastern Sayan, i [X ] Dunzhugur #¢ 4% 5 Nir &,
HAEA U-Pb FIFE 1020 Ma /iy, ARl s sk B0 i ol 2w
(Khain et al., 2002) X T A (LA B R,  EARAN [ HL X I 1L PRAN ],
{EL3H7 3 I\ A 28 285 PR T ol AR AR AR BT (Krner et al., 2010; Wilhem et al., 2012).

[ 1-3 1P 1 i pE RS (1524 Zhou et al., 2009 )

Figure 1-3 Tectonic frameworks of the Central Asian Orogenic Belt (modified from
Zhou et al., 2009)

1.1.3 Tectonic models of the Central Asian Orogenic Belt

bR AR T gciaby fay = W sfl IR S A ST L

S — i SN N AEAE — AU D B TE Kipchak-Tuva-Mongol B3I, 514 {7
MR ECPAT TR A AT B YIS ) . PR se R IR B e, LU A
b5 E RS B S R 1 AL RS B T B0Z B I B T A o B I A7 7E 1
XU R B BT A SR 3 A, @ S I AN 7 25 il 2 B T e il
%, A G LA LA TSH (Sengor et al., 1993; Sengor and Natal’in, 1996).

585 ML A L8 T A S 38 i S A A e A B b i
ZIAAFAERN S A T AP R 2 AN ST R Rl RVEm RS ) 1% 4441
il (B 1-3) 0 XSS HUARBE S fE i iAW AT DI T e h@ il &, Hm4 S
BPEFE W R AL RE (Windley et al., 2007; Xiao et al., 2010; Kroner et al., 2010;
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Wilhem et al., 2012) . 7E it 2 H AT BEAE Bl & 22 IR/INEE R T TR SC ] (Krdner et
al., 2010,

BT A S I S5 AL, PR R LT T PR B AL, 2R
—M BN AL — AR INATRE, 5 BN B4 — kP L R AL I Al 4
Bk, IS8 At 46 %5 (Lehmann et al., 2010; Schulmann and Paterson, 2011).

1.2 Studies of Xing-Meng Orogenic Belt

1.2.1 Tectonic frameworks of Xing-Meng Orogenic Belt

o

110° s 1120° 1125° 130° 1357
XXS: FHh-EREEAS
. 5 TN NN\ s O
SXHS: HEME-BHiEts- XXX T HA
F IS
RAER™ AR
. N 02020202 0 %%
WAYS: REB/RE-BUNGE- ‘0’0:0:;
0 EEEAH X

MS: HFTHEET S
174

n20°  pss/ 130°

K 1-4 XS 1 i P P Ic )5 (B2E R 3%, 2014)
Figure 1-4 Tectonic units of the Xing-Meng Orogenic Belt (modified from Xu et
al., 2014)

HTEE L 2R R I 9 S A XA RAGHL X, A8 40 1o R M 52
W, RO B H (Hsu et al., 1991). %X RIS - 508 7w it
i, PS5 SIS ITARE, RIS PG, raRt A, 2t
T IS LU 2R B %R Y A P R 23 BT o O T TR AL AR AR 0 P 52 A w1y
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IV A B B

D5 L E B DU LSRRI AL, B A R RO v AR AR
anp L, SRR -SRI R b, A TL RIS R, R BRI L
SAE (B 1-4; 1RE&5E, 2014), XS A B HT MR- 5 AR A, 95 40 -
BRI RE- TSR G T, IR AR - PRI - K AR 4 S AL PH L 48 51 0 B (I
1-4; 1R%5E,2014).

AL el L 2.5Ga Ml 1.8Ga & HRFAT IPRFEVERE IR . FLALF DY efd i 2
JERFFIEEIR Iy E o d AR (1.8Ga) AFic i (700-900Ma) A9 a T, il
WA BRI ACE K (Wu et al., 2011; 5K24UH04E, 2012; FMZHT4E, 2012; Tang et
al., 2013; 1R#%45%,2014).

PR I A% Gy 40 B S B A0 - A0UR ol RN 3 R R - AR R
e (B 1-4). TBE R IX R SLIEM I A A IIE (GRIEEEE, 1986). I
AT JH R AR B A T B A IBLCT- AR Y 500-490Ma CRR R BHED, IRE T
LTI RUN N IR AU R Bk s s B R B R AR BN R AR
MRS A AR Z A S (ZE51L, 1991). 5KENEE (2013) KRILAKTHITE
<17 R R AR RS A SRR A 494410 Ma, 7] B8R S0 i LA DS AR I
VTAF KA B GORRIG BUR 5 9 5 X e - 10 T 8 T I8 A, TS TR
T RA T WA E AW 173 54 (Zhou and Wilde, 2013).

T -5 MR I R - T 5% 7 4 B G 30 1 32 LA e -8 AR R - % e M R R
FREIRA L -V L iR, RV SR e R A TR . B RE B A
FEHLIX BRI — 2k (8] 1-4), DL I b AR ACE S TR A B 0
AHORIbRE (BR&SE, 2014) . G RIMRIIAB A E SERSIRETZ L
IR G AR EE R TR IR %€ (Xu and Chen, 1997; Xu et al., 2013, 4] 42 i B
BEOINAOEEASH, HE A R TR AR (GRMIEE, 2012).

W A8 R i - BB A 5 % e A A T -V S5 s e b A b S e 2 (A
FUBR,  ANTE ) R P ol - 0 2 Je - 1 - DU - 5 P - i — 2 A (]
1-4). URBREERERS. B A SMBR N RE (RE%,
2014). ALK E LER- TR A MNMADERE, AEGES T R
EBAE KA 2 b (Tang, 1990; 7K 70°F4, 2010; Xu et al,, 2013), fAFRFHAAR
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3 LT R Rl 2R, R e 4 A B ARTE M S R 2w . JRTT, AR Aedb iRk
bG A RL-ZBAMBENEWT, B¥FHINNEENRER —SHER R =5
tH: (Xiao et al., 2003; Li, 2006; Zhang et al., 2009a; Cao et al., 2013; Yu et al., 2014).

A500MaZgj IIZ- RS AR S
i BER/R R - E R

B 500 - 450Ma ‘
B73E5N iﬂgﬂmzigﬁ_ﬁn
k- (A= va Y - BT EEATEIR \ VT s s

C 450 - 440Ma ENEBT g @ i

fipRhiE MIELT WiZ-FEARIR
Bl TR

D 440 - 400Ma =N 3 i

fibRhiE IS WiZ-FEARIIR \
' bl ——

E 400 - 380Ma N—
£ -
el | U e | IR

K 1-5 5B B A CHIE R L (R (9 Xu et al., 2013)
Figure 1-5 The Paleozoic tectonic evolutional model of eastern Inner Mongolia (from
Xu et al., 2013)
HPHTEE S WAL TR -V R se i e 5 R b g 2 1), H AT sk = S5 Al
T ORI ELIUEYE , (H— 285238 Mo A E IR TARAE F W 5 T 7 1 R BOE 5=
AR . VFCRAE (2012) 8 HVEAAM-7K) A W8 ARG AT AE R AL 7] e A ) -
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HAERIE RS, A 485Ma. 450Ma 1 425Ma 25 = /NI, Wang et al. (2012) iR
B S A LU AEAE G B I K (443-451Ma). R INKA . MEUa
Bt KA KA (424-430Ma), FF4EILE e AR REARER T AR AR A i B
[P, BRIEESE (2013) #RIE T RUIHIX LN NS (43341 Ma) F1—
KR A (43242 Ma), INAF= A TREEIERES, 505 e in &4 5%,
Meng % (20100 X AAB-7K ) A W& H bz 5 b XORM A B s i b X T R 7 4t
B AR R, P HERTE 413Ma (REZ) 2RI C&PtE.

A. BIgLE-EBL

E;Eﬂﬁﬁﬁii;

\ PR
T M KB

Lo

o 0 8] B

EALIIR 5 35 5%

DB —_BiH-BE=8{
AR IR

B 1-6 P52 72 Bl it B ARG L A (75 Xiao et al., 2003)

Figure 1-6 The Paleozoic tectonic evolutional model of central-eastern Inner

Mongolia (from Xiao et al., 2003)
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1.2.2 Tectonic models of western Xing-Meng Orogenic Belt

AR SO S XA 24 52 3¢ 1 o 7 B, MR R T S AR IX (] 1-4).
H R T 1% XA & A AT AR AEAR K+, AR5 R X T oy I 9 A 5 P o B AN
PR o BT AIE ST UURR . HOBRAL S . SRS T TR 7E, W2 X ekt
TE AL B PP AR

SRR 5 BT IE LA A5 R 4 T R A B G R A IE AR Y A
& (Tang, 1990; Xu et al., 2013; 4%, 2014) . A W H v 3618 7 B (Fa
W -VEEIR TR PE B A BRI ST, 40 Al B A = AR iR R R R TS
Je S, T AT o 22 S B R - MR R D e M R R R I TE R (] 1-5)
VIR b e b b b e T WG R B AR AR, G A T R ) e SR A A
- FUR R G BT AR S ARG 7 76 o VIR SO S AL S A - B R R
e T M A A R AR, USRI LR R (0 P A A R AR B
FER A A GRS, AL, NEEPEHX L) 2 KEEAE, ARL— &
ZEA X HE N it R - R 7 b AR B B (B 4655, 2014).

5 R U AR Y 3 B TR A s A R AL — B AR N E R
HHh R AL 22 78 L — S AW B A 98 (Chen et al., 2000; Xiao et al., 2003;
Zhang et al., 2009a; Eizenhofer et al., 2014). A AL SR & KREL 4% (E
1-4 3 AR - RE- DX O 2 (A1 0 B B PAETE, N R L
XU A E AR D G A T3 9K, 72 S RS T - B MRV R - e Hid 4%
TR D8 By PRI A B 4 — B RREE R — 240, HEIM S —
=S AR S 5 R R IR RAICRURSE A (B 1-6).

1.3 Overwiew of the Study

1.3.1 Research purpose

XPECCL B PRI, 3 i R B JE AL T A e & T A B BR
X—7F JE I 2 S L4 R, AR SCREX — AR X R R WA E Ui oL
BE A BT 1 G R AR S I BRI E R TR - — B a,
MUte #2d — —BL S K AR — il e A AR A CRZ X Y F4d —
TBLVIRE SR IEEAE T IO R, 185 2 AR TR I AR A A A I
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Chapter 1 Introduction

PREEATIRE -

AT 2 X B 78 B S b TG i iiE i a e a e ki,
Mo AT T, TN T3 S R X G s AR A AT e R T T
FONMENERZ o PRI, #XIX =ANMBONHES A7, AR SORE 22 Z0 i 2B A=
BEATUURR S . DI A B R M RE 5 THI I 9. 54k, 456 o b2 b L A
RN AR ERAL A8, RER G iz DX A AR IE TR AL RFALE . AT
X S A 55 ot o A S AT i BIR D  se 2 (R

1.3.2 Research contents

AR SCEAAWT LA AR AR LTI

1) e — —BLTRE TR T N S R LA B h X
e 40 — — B A0 MR T AT B AN AW S, SRS TR AR 4 7 TR
FH o T I DX EE TR BN N 52k v R BRI X AE BN AR AN [ T AR A B

2) el — B L UIRVE IR T AETTRR A0 FE B3Rt |, B /=
Pl T R e AT R 0 U-Pb AR S0, DURIRIT DUAR R i . JE
A AN [ DRI i A 45 SR RS B, B DX R 2231, AT AE ) 24 I 0 73t 7 A

3) e — — B A HE W AT 5T . AR BF A  EE p HEA E, R BOE S
BEAT T MR S 06 ) 1 AT T LR AR o G SR 6 S B AT AN [ A 2 H o
ik PN T e L 23 S N A S E I R S | A7k i N S 1 R A0k b
IR W 2 18] B A AN BARBEAT X EE, - AT A5 21 vty ARCBR A =] B S AR 7 B

4) Kl EAREAER ZZT T . AR —BLMR &2 Klrs
KE B EAR-T oSG E imEA . T R AEHAMT S5 AL
Ao I BT ENAENE, BREMZTOR I BARNA, Eid kil
SERT U S KLU I B AR IE T 55, AT DA 18 DX ISR I R 3 42 (AL

5) Wik A EAE IR AT T B2 AR AR AT P 25 R e 5 e L
BRE SR RE Rt < e oo R < 13 8T R | (< 13 8 T R e R
Wi RS T S )i i s i S =3 7 1 v e Y AMEs oMb LB A A Ui W

PHEHRHIAIE T 5
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Chapter 1 Introduction

1.3.3 Research Design and Methodology

EEXT A BRI IS, AT SOR SR R BIF 5T 7792 -

BN L. DLASEE TR AR 1:25 JIA 1:20 75 X385 8 R a7
B A1 5 5% o e HX L R P e ot A A AT S T AN B AR . T R
Z A G B AN 512 N 08 RIEAT BF ARG

DU 23 At e 388 3k %o HH 88 A A (A b 2 AT BT A s AL SR, 25 T
FIFIREAR I o Gl B AN RS LS, A PEARLRE AR AL, A SRR AR AR 45 U7 T
ST TR AR IA S, b I ik DX S0t b 5 7 R A A 3 PR 5

FEARZETF I LGSR RS S5 A BT FC AN 5 2 1 2 SRR 9 o (E T 4b
5 THD 00 3 2 v SRR RS R X AT R B B A AR, A TR, W
FAVIIR AT 53 M7 o 5 2 2 00 41 SR HE R BR 2 K LeE R AR, B A
LA-ICP-MS U-Pb & F7EH E T A% (Abmd) FIER K41 LA-ICP-MS S5
R MR A O LRI T AE R 48 (UP193SS) I Agilent 7500a 71 0 4 #1145
B IR SR A R B W B O S5 T T R A . A U/Pb S S A A e 3 T A v
£ 91500; JoE S ELLEBRFREE NIST610 NAME, Si ANFRITS, NIST612
NIST614 il EFE . HEHRIE 2 2P K 1E, J7i%F Andersen (2002).
SRR A 2P/ tU SRS, BN TR ZE N oo RN AIR A AT R
oA U-Pb R AT R & 8 1R MR Glitter 4.4 7275, INBCFI 4R
W TH L OB B ) 25 SR Tsoplot B4 (Ludwig, 2003). 5 ft ik 72 Hh i 4
ANV AN (B <10% I BUE AT GE 20T -

HIRAL AT T AR B A5 B AR ERAE KL s MR S 1 i BEAT sk Ak 2 AT
58, GG EARET SR A S 3 A RS, AT HR I B AR X 48
TEHRFAE « B 1 T 0 3R AT E A TR 2 LU s AN 52 AL B0 0 R SR IR = 1
ARL ADVANTXP+ FH3 ALK A EUT X 25668 b5 . s sy
BTEEAZ TG ST BRI ISR Acme A F] 58/, MR IGELE Elan 6100DRC
ICP-MS 2341l &

AR T FERTAMRI T S R, R EAIE R AT AR A . R
SO S T D0 1 A [ B Rt 2 PR TR 77 1), DT T SRR B ol 6 2 5 P A
[FIAR 2 B AR 7 B ol MR TE 72 770 B B R K 2 B S 30 3 5 il 7 Skt

11



Chapter 1 Introduction

PESEAT B HIRE (Curie) MSHERIRE IRM)TIE, FI55 A FEEBT Y. SR
JEXTRE ST REE e, R 3SR A IR R AN I R RE PR T VR IR IR R, JRTEIR
R AR P AT TRV REI 52, U 5 A o 0 0 B O e FEE AN 7 o, L A A R T 4
Bi Ry IE . PGB B 1 IR kAT, A8 AR B F S Agico LDA-3
H 338 AR MEAL AT 2G-755R SRR AN R Gt Rl I & s 4 e /i) AGICO
JR-5A JEHERE IR 2G-760 #E-FHL I BGHAT o BT BATHm AL 2L, TETHE ML
& L8 f] PMGSC software packages V4.2 X k&S AT 047, EAk - Hr B
T KT ASREESCSKUE, M Kirschvink JF& 19X AR H A (Principal
component analysis method; Kirschvink, 1980) J4E/MEE i AR 45 SR HEAT 2047,
MR AERIBLTT R . SRIERREA KA A (Site) A5 3 10 J5 AL I RETT 0] 1EAT
Fisher 41l (Fisher spherical statistics; Fisher, 1953), #7 TN 4 o AR 45
A DLSRAS — NN S R AR ARRAE 8B 7 1) o S AN R B BT A A T kAT
Fisher Ziit, AILASK H—ANREE 02 B8 b 10 S5 AR IR 7 ), 38 I 122 5 A
7 e BV RT TS 2 TR BT AR R R AR TR 7 1)« SR A b 2 R SRR 7 1) 2 s
AT CURI R 207 vk B A, R AL, AT B S . i
FAE Y WO LT G FE ) Cogné TR Paleomag HfF5E K (Cogné,
2003).

12



Chapter 2 Geological settings

Chapter 2 Geological Settings of western Xing-Meng Orogenic

Belt

2.1 Tectonic frameworks of central-eastern Inner Mongolia

WF 90 XA = AN, f b 1) mE AR VRO S AR A - AR - 2 e L FATD
SEEIR LR AR B . =M P 4 A AR LT BE, Al Ao
Jbid LA AR LA (&) 2-1; 184548, 2014).

K R gl W4 P
® ELERNERS ‘ :

m ERD@HWE . 4l wag

® M 490+8Ma '

e FEHHTR cigvimpzooo ‘

TV ll 483-423Ma -
e [ )
Guo et al., 2009 : : ll Jianetal., 2008 :; 7 \

421-458Ma
SHRIMP
BEESF 2011

 423+7Ma
 LA-ICPMS
I R A

; o =
o k’ .i\_ S 457-423Ma ‘

LA-ICPMS 2
404+1Ma
LA-ICPMS

X2 I, 2013

474-437Ma
SHRIMP

Zhang et al., 2013

452-446Ma
SHRIMP

KHEE, 2008 |

Jian et al., 2008

X1/ 58 = 003 |
454+3Ma :lh °
SHRIMP ﬁ ﬁm %@

|

116° 118°

B 2-1 A 5E0 1 5 el iy is 2

110° 112°

Figure 2-1 Tectonic units of central-eastern Inner Mongolia
2.1.1 Airgin Sum-Xilinhot-Xing’an Block

I T8 S ) 2R B 25 B R A TR AR R X, 1 1 S 5 B P 11
Hutag Uul #13AHi% (Bardarch, et al., 2002), [[db% 5242 Afi% . Yarmolyuk
et al. (2005) £5¢ 353 P 1) Totoshan Hi X 75 FI| 5 BRIRAE 5 7 P i A 1 A8 s 4R %
N 952+48Ma, ERE AL, Wang etal. (2001) 7E 523585 M T4 [X 15 5]
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Chapter 2 Geological settings

FrRRIRAE B BB AT I ANAERS N 916=16Ma. & ks T b [X L0 55 0 3 A% R B e
AYEE . RS RS P R SR, M T iR AR SR A A oS B A A
1151+41Ma UREAR K FREIE . FMLHTEE (2013) FE75 e f o AR ARIE 1 4F
&9 1516+31Ma A1 1390+£17Ma HIFE i v ks, AR IZIXAEAE oo i AR Tl A e
STz e — AN E R R TC, FE T Sm-Nd, Rb-Sr S5 2%, Skl
BRa A B ) UL HERBOA R R — e AR R IR (AR5, 1996; 7
JEFIER %, 1997). (HEEERAT U-Pb BRI, ol 2R AR T s 1 1 J S A 7 AN />
FF NG E R T Bl RTINS R GRS, 2003 BEPMRRAE, 2009;
Chen et al., 2009; ke, 2012). A1, HILHBHESE (2011) RE 7 HRERE
WX E R T, JEANTERTE 1005-1026Ma 14 A1 48 A% 4F- 1%
WA A 8 T oot AR, HFER AR S K ENTINREG EL,
SR IR AR R A . B A AR I AT R A U A
HEMIE R,

2.1.2 Songliao-Hunshandake Block

R AR SN L 7t PV E A s b BT B, BRI R = AT,
BT 78 5 M, BRI R D, AU ER TR G IX . A ARG &
BEF A R 75749Ma. 843+10Ma e/ NERSIE(E, 15t BT AT VTR T o i AR
(Wang et al., 2014; B RS, 2013). MAICEHIETES, SRS (20060 MES
FLg 0 A5 B AR R A A AR B RE KA AR R 4 ) O 1808+21Ma Al
1873+13Ma. EF5E (2006) WAEMITHRIE | 1839+7Ma 3 BTN KA SHRIMP
BEAFEIS o 1X RO R B R T b B S AE AR AT FE N0 LI o ZE MR VR A T
YA (JRJeAEA R FIRIZ CGRE/RIEHIDO, IRAS/RIEHE = A A
FRIRYE IS A PR P4 R 5-22 ACAE B (IR& R R BB B7K R, 2012),
PRAE T Hh PP AT B A AE AT R A AR B R

2.1.3 North China Craton
Hedbt e 3 E RS — e AR R4, LA 2.5 Ga fl 1.8 Ga
N B IE N W 2 FFIE (Zhai and Santosh, 2011). N 22 R EB AL I 2

WX g A T AEEEAS S A%E . AINA AN REESE, 1R

14



Chapter 2 Geological settings

%4 2.5 Ga (FKEIF T3 % Hi, 2002
2.1.4 Northern Orogen

A3 1 9 S RS T — 5 SRR A B — MR R — 1 R 2R A, A BB
1% i BRI R e R SR VR A S R (1] 2-1) 0 IR A ot AR K
. MAHR A R (Xuetal, 2013; 12445, 2014), 4L ILMEE
R AARE 8 BCE R A, K E BN 498-423 Ma (Chen et al., 2000; 417K
#i55, 2004; Jian, et al., 2008) . A1 R A4 (2005) 7E5 /e i F 5 JE € HY 425-423 Ma
Ry B s BRAE B A, YOS S M 145 R . 5% 8 4 e I R 0 R0 S LA i X
SAiE R R ARG A R, s KBLE . KA. W aMsgnses
SN IR SRR J4 A A (Xu and Chen, 1997; Xu et al., 2013). X3 543 F 74 10
P8 5547 B 576-735 Ma Al 911-1044 Ma P B (REREE, T e/ NES A 4R %
488 Ma [R7E T HJE A VIR T3 KM (Xuetal., 2013). 7EJ5JE K5/ i R Al
3 EL R T X e SR A Y R I AR R e (B EE, 2001; ZRER A,
2014) % Ji JE 4 22 T R B0 0 P 1 P A= Ar AR 15 51 383413 Ma (A8 iR 4E 4 (14
55,2001 IZIEERR AT RS H L B A B A B s A S
i ARERIE Ly P P B R 0 s, AT BR 8 7 36k Ll e AR T B R At (Xu et al.,
2013). [FJHF, 33X %3 L 2 BB AR A 2k, HAb LA BB DL (Tuvaella)
NIRRT ARG ERARIC R e S S (B 2-1; S BIR X HUR
W= Je, 1991).

2.1.5 Southern Orogen

P 3 LT 73 A XL -V A e ORI AR AR e, AT [ 2RV Tty [ A - 5
- A8 7R Je - TE A - B DU 35 TP -2 — 2 A . SAbIE A — 8L IR R
HAERERE . IR MR 2 (Xuetal, 2013; 185458, 2014). W5
DX 78 5 HOA TR B ACDURBL . 28 A 2 B Rl 2B B Yl B IUE R AT, K
B I [A A 497-415 Ma( X #—4, 2003; K4ERIEF, 2008; Jian, et al., 2008; Zhang
etal, 2013; ZIEEE, 2013; XIEIESE, 2013). FAT T A9l B AfAlE SRR A
7, Forh DU R 2 Je X 5 2= Y FA el [X 20 AR AR X (R Fe 2R,
1992; %R, 1990; ARGFZE, 1991; Xuetal, 2013; Shietal., 2013), JRZ%
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Chapter 2 Geological settings

A A S RIS N A A2 RE A 0 P A-OAr 45RO 445.6 £ 15 Ma, 4532 + 1.8
Ma Al 449.4+ 1.8 Ma (Tang and Yan, 1993; De Jong et al., 2006). ZU¥EEIR 4%
W L ER G- PRGN ARG AR B R G A S S, RERE L B
Frfr A, MR E Tl R AR TG GGk asFEE, 2010; Xu et al,
2013). BHMEA TR, FHEN 411:8Ma (KRS AR s Bk ) 5 5l 2B AR
ok R, brBAEnk S LA BT R e (Zhang et al., 2013).

FEALBANE LA S R 2 )5, EIR =AM PG ARk, P 52y v AR
X HE A L il AP B (Tang, 1990).

2.2 Devonian-Permian sedimentation

H-ME e G 5, A SR R A IX 58 A 1 A S % S L A
AR RIFEAL o e Gt RV g I Ly AT S0 B AT YR F b R AR R T
Ak L PR 5 JE g 22 TEAN B LR T X, DA R e Ay 1) A A i ik 52 ELAH AR
NFFIE o A7 B AL T2 73 AT Bk A B T e AT A S o AR IR i o A, R I 5 7
Ko T a RUEUK LRSS, MR R AR AR AW . LA
M B I AN R e — R R R B R R e s AL, IR T
FEBMRE KEOLER (A BIG KSR, 1991, WX 3%
M IX B A AR 2 21 5% 2-1

2.2.1 Devonian

LY A TR AT+ W 7T IX g AR IA ML IR AR AUt X, S b
SOLIEHIIX (3R 2-15 B 2-2). IEBHEATIR AR /R L X R Ve Z G v T 4L COURR
AIEAD, HJRE A AR AT (R4, 20100, PURIATAMEA RS IE
SRZE . RIS IR AE N A UG S B ATR . B, h—E
MRS M E s . P ER A NS . B T s S AR
i A — Y A BB oz i g 3 (5K 0T 4%, 2010 0 ADUEHE X N A4 LUE B b 5 A,
AN N E R RV, B8 8 A 0 om oo T Re it (R 2R 4%,
20140 ELIEHX 2 0 A T — IR G TR BT AL, MR I AL AR AR ) JE A (&
2-2)0 BR THEWRF LA T AR BT R A Oy — B R AL tbs — R A 4L E A,
T _E AR R A B 2R A BT 220 D9 8 2R AN S A AT IR o R R
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Chapter 2 Geological settings

W e TR AN HH I AE A 1Ly 75 JE AR 7 B i s A i LML e R 0, DA I
EHEHNNRE (B 2-2; Xuetal, 2013). &HEZHOMHMERBESE AR
GURIAEARAR R 2 b, N—BRISO RS, m L ATkE S A
JE A R Bk A B B i, SR Leptophloeum rhombicum. T 9L
50cm R AEMIREIE IE (ARGE %2, 1991; Xu et al., 2013).

F 2-1 P52 AR A T X e o AR AR 2 R

Table 2-1 Comparison of the Late Paleozoic stratigraphic sequences in central Inner

Mongolia
& z | & it 2B i R EH
17 7 s rnanam sREER| BaR | HE | memmK| S8RE | AR
2 | EEREENEEERNENIE § &2 1
1 | r% tALE | HESR | #EE
260 |
- 2 & w3 i w3 e E'i i
1= |*# pyig | BV | mMRa | meRe |G2Ea | Kem
g B AFEA bE & R
1 %| x4 BRWA | ERWLE HRLA
- %34 SE#E
309 EThel4d
. FIAWIE | B A 4@ FARWLAE | BREFE
- +4
l ABEE | AREE ABEELH | KiEAAH
a = Mﬁmwﬁ
’ FUK AR IF pAEA|
1 % it RES
ud R | T4
il AR | b4 A ]
360]
1 |e= §EE"
g 32
&
2 4
- 3R 3 48
1 [™= 7B | T A
e

2.2.2 Carboniferous

FUA R P S I 4 b XA R 2, AR I A i R SR A ESUE AR IR R
B ARSI (K 2-1; AZEEHHET 2R, 1991). 757 Bk A TER T A RS
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Chapter 2 Geological settings

N—BEBER IR EREIFEARIEE S UT (Xu and Chen, 1997; Xu et al.,
2013, ARDUHEALES T ARG — B E B ERIR L E G Ui, & K& b2 Fijh
BRMA, RIS TRIZEACR (AZEHHE )R, 1991,

WA e AT L X AL (e —a) R ARV, /A T A& T
—HE SR — RGO L, LR JyE iR — K ilE RRE, [
ZRACIEAT A ATUR T A S BRI AR DR, DA BB o 7 R det AN B 0 7 T i
QR FURR . FO AT Z Resata 2 b (RS E TR )5, 1991; #fIR
145, 20060, HHIAEE S 2B RER AR (375 -4, 2011,
I B Bl R A TR, URR i LRI A BRI 26 5 A JE 5 9 3 (A2
PIZE AR A L 41D, 73 A0 Y P 7 o AN A 52 M DX, AN i P 8 I JE R A JEE
PO 5 22y S, ) AR TS B AR AL M R R, 7RG L P e
Sipi S DX AR B G ACDOBE X, R T VAR it A2 ELAF BROR AF 2, ) 0 R L 2
HER NBOURB R4, IR EEACA Calamites (A5 HLJF ™
JRi, 19915 1:25 J3ii#ER i)

WA R R B DT 2 e kilig, B iz (B 2-3). W 4EisE (2011
IRAF KA ZE X KA ZE ALK L A R 31421 Ma, 8 B4 H A ok TS R 24
A SEfEHSE (201D FARDGEHRBILER J) @ E4E E N 320-303Ma [FfiAH
K-8 A i s 73055 (20110 (ETR ek A A L E A iR 7 313-308Ma
X KL, FFA BT X RAL TR MG AR

28 LRTR, AR MR R E T RE AR A - R 22 A - AR DORR A (O
i VA XHUT R =5, 1991 HREFZE, 1991), XA HARE S T Kk A& L
Wz b, B LSRR E R (RE5, 2014).

2.2.3 Permian

HL ST, NS X kR T M R I URRARAE, D — B B
B E A, JRE ] RS — b A G . AR A. &R IILA T B
ZHHRRE (R 2-Do BB X kK § 818 KA, DAsE
A I B TR ZE R R S UL 2 K LA BORARER o A6 T
2R A5 B AR AR S AR AN XU SR L s LA, B U-Pb SEAR2E TSR L R 4F i
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Chapter 2 Geological settings

£ 290 Ma 7247 (Zhang et al., 2011). B A & X0 K1l 7 18 A U-Pb 4F
R IRHLE & SERATE 280 Ma /247 (Zhang et al., 2008).

h B S AL AR R R T IX, ATE /D Hh X IR AR DU, B AR
A2 R 30 1S 1 = R v DX B I R — rh R RS S, DA IR E AL
AUNFHIE JEET 4, 20100, TR A IR MRS — ik s, &F
& IR, R B A (Wang et al., 2004; J7 R, 2014).,
PRVE — B A S s B DX ) 5 9 5 L i 28 FL AR o r iR R R S b X O
R EIZH K TR X U R B R IR A EAH RS e (5 A
FEJR, 1991),

W et P 5ot OB 23 A T 7 5 B — pe At e 2k, DAAROR L2 A
MRPGLERGAR (AR B Z R ERE ARHE, SFEEEYa (A5
JRA 7= SR, 19910 S o o JEE e 30 T LG — 3 thk SR B 1) 4 - L Ik A S
B, RE LB R A NS E s e B RN R b

2.3 Devonian-Permian magmatism

2.3.1 Devonian

RHLERENRE THIREAC S (E 2-3), DB A R AL A
BEAT U-Pb SEAC2EI 7T R HR AL T 410-390 Ma (P74, 2001; Jiang, 2005;
Zhang et al., 2009b; FKBEHEREE B [E, 2010), AJREAE FEIE LA K i Ja bt
G F AT

2.3.2 Carboniferous

AR R G R A FE AT AR E T A EM AR DX, sy e ks A i — 4
ISR — 0 i —2k, LA R0 ¥ T — R AR — P X (8] 2-3). &
PECITE R B FE R IN K S AR A N . RGBT G RO S A ORI & T
A X B A 5 (317-308Ma, VFAZAEE, 2012) FIZR 5 i AR B4 K 5 (319Ma,
M, 2013). HHESTRERF A B E IIE A SN E (30948 Ma, Chen etal.,
20000, ARG RE AR NGRS PO RATER S (31643 Ma, [t
&5, 2003), PHEEEHE S mEIAEINKSE (323-300Ma, #@KHEE, 2007;
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Chapter 2 Geological settings

XIFEIESE, 2009; BEMAREE, 20100, VLT EHEEKS (33144 Ma, JH&E
25, 2009) FIfER% (320-317Ma, Zhang et al., 2012), A X AL 5 N K7
(324-302Ma, Zhang et al., 2007; 2009a) 25, XF T4 4 20 0 3 8 AR R )& 340
856, AELEAR IR 5K 1 A 3 PR Rl AR AN TR R A

2.3.3 Permian

2014).
CHMFARY, MNFELFAKREME. bRk _Samttas (Res,

2014), dbis iR A 5 i L M AR SRR SR, o RER St
BRPERE B (R B 2%, 1994; W et al., 2002) FIXLIE K 111 %+ (Zhang et al., 2011)
M. ZAmTEE RS N EFEE, 5 Yarmolyuk %5 (2008) Frkl /IR A3
T AL TIA - TR R - R, CRIEIA SR AL AL A
K 270-257Ma (G 7 Hii %, 2009 ) F8 B G HEE R HAE K 5 I AXCh 264Ma
(PR P HHEE, 2012); 5e A1 5o B i pe S B P 5 B AR 264-263Ma (YT/N 5146, 2011).
FAMZATAE KED BRI A RIS R —Eaes, LRI RS
R S iE A (K 2-4; Liu et al,, 2010; /KM, 2009; F 7t
2 2013; Cao et al., 2013).
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3.1 China-Mongolia border areas
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Figure 3-1 Geological map of China-Mongolia border area (from IMBGMR, 1991). The location
of the suture zone is from Xu et al., 2013
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3.1.1 Sedimentological studies and facies analyses

3.1.1.1 Chaganaobao area (H|[HIAZ & GPS: 44°30'57"N, 111°54'51")
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Figure 3-2 Stratigraphic section of the Lower-Middle Devonian Nigiuhe Formation in

Chaganaobao area, north of Erenhot
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Figure 3-3 Photograhps of the Nigiuhe Formation in Chaganaobao area: a, conglomerate at the
bottom; b, red coarse-grained sandstone with parallel beddings on the top of conglomerate; c,
ellipsoidal volcanic pebbles within red sandstone, d, red sandstone with graded beddings; e,

bivalve within red sandstone, f, Brachiopoda within limestone
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