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FOREWORD

The Institute of Geology and Geophysics of the Chinese Academy of Sciences (CAS),
in Beijing, together with t he Xinjiang Research Center for Mineral Resources,
Xinjiang Institute of Ecology and Geography CAS), Hong Kong University, Center for
Russian and Central Eurasian Mineral Studies (CERCAMS), United Nations
Educational, Scientific and Cultural Organization (UNESCO), International Union of
Geosciences (IUGS), IGCP Project #592 "Continental construction in Central Asia",
will organize a 7-day (August 22 to 28, 2013) international workshop and field trip
across the Beishan Orogen in NW China. The workshop will include 2 days of
scientific session before and after the field trip plus en-route scientific sessions in the
evenings. Integrating previous and recent field observations and laboratory analyses,
the general purpose of this meeting is to discuss the tectonic evolution of the Beishan
Orogen, which connection with the Southern Tianshan suture to the west and the
Solonker suture to the east, is crucial for understanding the history of the southern
Central Asian Orogenic Belt (CAOB). The specific objectives will be to understand
the accretionary structures and subduction-related magmatism, to study the
geological implications of eclogites and granulites, and to unravel the accretionary
tectonics and temporal-spatial characteristics of the southern CAOB. The field trip will
be 5-day field observations of the key tectonic zones across the Beishan Orogen.
The pre- and post-field and en-route scientific sessions will provide the opportunity
for the international geological community to know the background of Beishan
Orogen study and to present new research results in the fields of Earth Sciences
(stratigraphy, petrology, structural geology, geochemistry, geochronology, ore
deposits, paleomagnetism, seismology, etc.) dealing with the geological evolution of
the CAOB and related areas and their actualistic examples from the western Pacific.
This meeting may provide the opportunity for elaborated syntheses on up-dated
understanding of the Neoproterozoic-Phanerozoic evolution of the CAOB, and also
be a suitable place to set seeds for future international cooperation.

The Organizing Committee



INTRODUCTION

The Altaids in Central Asia are composed of Neoproterozoic-Phanerozoic accretionary
orogenic collages that extend from the southern margins of the Siberian and East European
Cratons to the northern margins of the Tarim and North China Cratons. They have
alternatively beentermed t he @A Centr al Asian Fold Belto or
Altaids developed by multiple accretionary and collisional events into an archipelago. These
events gave rise to one of t he wodlaksdniirerall ar g
deposits.

The development of the Beishan orogenic collage encompasses the final attachment of
the Tarim and North China Cratons to the southern accretionary orogenic collages of the
southern Altaids as far as the Siberian Craton. The accretion of the southern Altaids in the
Paleozoic to early Mesozoic gave rise to the vast orogenic collages in Central Asia that
terminated diachronously along its final suture zone. The Beishan orogenic collage, which is
located between the Southern Tien Shan suture to the west and the Solonker suture to the
east, forms a key area of the southern Altaids. Constituent rocks mainly range in age from
late Precambrian to Mesozoic. The E-W-trending tectonic units are separated by E-W
strike-slip faults, and are cut by later NE-trending strike-slip faults with complicated shear
senses. Tectonically the Beishan orogenic collage is regarded as the eastern extension of
the Chinese Tien Shan. The easterly extension of the Beishan orogenic collage is not well
defined, however, there are some ophiolites on a suture farther east, and it is generally
agreed that this connects with the Solonker suture. Previously, the Beishan orogenic collage
was regarded as an Early Paleozoic orogen that terminated prior to the Silurian-Devonian
because of the presence of Ordovician-Silurian arcs and ophiolites. Even though some Late
Paleozoic ophiolites and arcs were discovered, the Beishan collage was still largely thought
of as an Early Paleozoic orogen, which evolved into a continental rift in the Late Paleozoic.
Consequently, the tectonic history, especially in the Late Paleozoic, of the Beishan collage is

of key importance in understanding the late stages of tectonic evolution of the Altaids.

Wenjiao Xiao
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MEETING PROGRAM

August 22, 2013

Registration in the lobby of Building 6 (Ground floor), Hami Hotel, Hami

4:00- 8:00 pm, indoor discussion, Xingxingxia Half! floor, Building 6, Hami Hotel
8:30 pm, Welcome dinner, Hami Hall®@loor, Building 6, Hami Hotel

Stay in Building 6, Hami Htel

August 23, 2013

8:00- 9:00 am, breakfast, ground floor, Building 6, Hami Hotel

9:15 am, gather in the loblsheck outand take the bus

Camping Lunch in Xingxingxia Town

Dinner and stay in Liuyuan Town (Liuyuan Huitong Hatéhydoor discussion

August 24, 2013

7:30- 8:10 am, breakfast

8:20 am, gather in the lobby and take the bus

Camping Lunch in Hongyanjing

Dinner and stay in Liuyuan Town (Liuyuan Huitong Hotel)

August 25, 2013

7:30- 8:10 am, beakfast

8:20 am, gather in the loblsheck outand take the bus

Camping Lunch in Gubaoquan

Dinner and stay in Guanzhou County (Guazhou Rongjinzhouhai Hiodor discussion

August 26, 2013

7:00- 8:10 am, Breakfast, 1st floor, Guazhou Rongjinzhouhai Hotel
8:20 am, gather in the loblsheck outard take the bus

Camping Lunch in Mogutai

Dinner and stay in Dunhuang City (Dunhuang International Hotel)

August 27, 2013

7:00- 8:10 am, Breakfast, Ground floor, Dunhuang International Hotel
8:20 am, gather in the lobby and take the bus

8:20- 12:45 am, ghtseeing

3:00- 7:00 pm, hdoor discussion,ifloor, Dunhuang International Hotel
7:30- pm, farewell dinner, I floor, Dunhuang International Hotel

Stay in Dunhuang City (Dunhuang International Hotel)

August 28, 2013
7:00- 9:00 am, breakfast, ground floor, Dunhuang International Hchelckout
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SCIENTIFIC PROGRAM

August 22i CAOB: examples from Chinathe Beishan Orogen
16:0071 20:00 (approximately 20 minutes for talk including questions and discussion)

Welcomeaddresses

Xiao Wenjiao. The Beishan Orogen: NW China: accretionary tectonics, magmatism, eclogite and
granulite complex

Min Sun. Main results of our research in the Chinese Altai.

l nna Safonova. | GCP#592 ACont i nenytresdlts aodfuiset r u c
activities.

China

He ZhenYu, Zhang ZeMing, Zong KeQing, DongXin. Paleoproterozoic crustal evolution of the
Tarim Craton: constrained by zircon-Bb and Hf isotopes of meitgneous rocks from Korla and
Dunhuang

Zhu Wenbin, Gd&RongfenglLate Neoproterozoic to Paleozoic northern margin of the Tarim Craton:
Passive or active?

Zhao Pan, Chen Yan, Xu Bei, Faure Michel, Shi Guanzhong, Choulet Flavien. Did théABaleo
Ocean between North China Block and Mongolia Block exist duttie Late Paleozoic? First
paleomagnetic evidence from CentiEstern Inner Mongolia, China

Tea break

Eurasia

SlabunovAlexander.Archeaneclogites, granulites and volcanites of the Belomorian mobile-belt
result of subduction geodynamic setting

Khalil Ibrahim Md., Islam Farhana, Akon Eunuse. Gamma and Resistivity logs of Gondwana Coal
Seams at Phulbari Coal Basin, Northern Bangladesh

Australia

Glen, R.A. The Tasmanides of eastern Australia: no match for the Central Asian Orogenic Belt

Li Pengfe, Rosenbaum Gideon. Oroclines in eastern Australia: new geochronological and structural
constraints



August 27: Other examples from the CAOB and western Pacific
15:0071 19:00 (approximately 20 minutes for talk including questions and discussion)
Chair: Seltmann Reimar

Safonova Inna, Maruyama Shigenéysia: a frontier for a future supercontinent

Zhu Wenbin, Gd&RongfenglLate Neoproterozoic to Paleozoic northern margin of the Tarim Craton:
Passive or active?

Glorie, Stijn De Grave, J., Buslo¥l.M., Zhimulev,F.I. The Phanerozoic tectonic evolution of the
SiberianKazakh Altai from a multimethod thermochronological perspective

\Volkova N.I., Stupakov S.1., Travin A.V,, Yudin D.S. HP/LT metamorphic complexes in Russian and
Kazakhstan Altai

Khromykh SergeyVladimirov, A.G., Izokh, A.E., Travin, A.V., Prokopiey, I.R., Lobanov, S.S.
Gabbrapicrite massifs in the folded system of the eastern Kazakhstan Hercynides: an indicator of
plume-collisional lithosphere interaction

10-min break
Chair: ChenYan

Kotler Pavel Khromykh, S.V., Vladimirov, A.G., Travin, A.V., NavozovO.V. Geologicalstructure
andisotopicdatingof the KalbaNarym granitoidbatholith(EastKazakhstah

Hanzl PavelGeological Map of the TransAltai Golgaranitic plutons of the Mongolian Altai

Klemd Reiner, Meyer Melanie, Konopelko DmitHigh-pressuremafic oceanicrocksfrom the
Aktyuz andMakbal Complexes, Tianshan Mountains (Kazakhstan & Kyrgyzstan): Implications
for the metamorphic evolution of adsil subduction zone

Konopelko Dmitry,Kullerud Karel, Seltman®eimar.Hercynian postollisional granites of Tien
Shan: a case studlythe Koshrabad massif and related Au deposits in Nurata ridge, Uzbekistan

Seltmann Reimar, Dolgopolova A., Armstrong Belousova E., Pankhurst R., Konopelko D.,
Koneev R. Distinct reservoir types of Middle and Southern Tien Shan in Uzbekistah drase
Sr-Final discussion: how much in common between the CAOB and western Pacific?

Dokukina Ksenia. Decompression melting ofrgmsite mafiefelsic crust (Archean Belomorian
eclogite province, Gridino area, Russia)

Final discussion: How much in common between the CAOB and western Pacific?
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Archaean eclogites, granulites and volcanites of the Belomorianobile belt - result of
subduction geodynamic setting

Alexander Slabunov

Institute of Geology, Karelian Research Centre, RAS, Petrozavodsk, Russia
(slabunov@krc.karelia.ju

The eastern Fennoscandian Shegdsists dominantly of Archean bedrock that can be divided
into the Karelian, Murmansk, Belomorian (BP), Kola, and Norrbotten provif®ladunov et al.,
2006;H° | ¢t wl2 2012 each having a distinct crustal growth and subsequent reworking history.
Sdasmic and geological data show that the boundaries between the provinces of the shield are mostly
tectonic in nature, the present structural architecture being built by both Archean and Paleoproterozoic
events.

The thickness of the earth crust of the BBstimated at 40 km in the central part (Sharov et al.,
2011). Seismic (CDP) profiling data (Berzin et al., 2001; Sharov et al., 2011) and geological data
(Miller, Milkevich, 1995) show that the internal structure of BP reflects nappe tectonics: in Archea
time, a collage of numerous slides was formed, and in Paleoproterozoic time BP was thrusted on the
Karelian craton and, in turn, was thrusted by rocks of the Kola province.

The BP are understood as part of hggade mobile belt. A assosiations, uncomnoithe
Archean and essential for understanding Archean geodynamics, was revealed in BP.

The BP consists dominantly of Mesand Neoarchean rock association. Neoarchean TTG
granitoids predominate. However, ophiolites, eclegite ar i ng me t a-an®\Volaamicse , [
front-arc basin sediments, oceanic platege rocks, collisional granites, kyaniieces metamorphic
rocks, volcanogenicoarse clastic rocks, subalkaline granitoids and leucogabbro (Slabunov et al.
2006) were revealed among supracrustek associations. Rocks of the BP were subjected to multiple
metamorphism in Archean and Paleoproterozoic time at moderately high to high pressures and were
deformed considerably.

At least four MeseNeoarchaean differeratged (2.882.82; 2.812.78; ca. Z5 and
2.7352.72 Ga) calalkaline and adakitic subductidggpe volcanics were identified as part of
greenstone belts in the BP (Slabunov, 2008).-2.88 and ca. 2.78 Ga feegc type graywacke units
were identified in this province too (Bibikova et,al. 2 00 1 ; Mi |l 6kevich et i
volcanics were generated in extension structures which arose upon the collapse of an orogen. The
occurrence of basakomatiite complexes, formed in most greenstone belts in oceanic plateau
settings under the ihfence of mantle plumes, shows the abundance of these rocks in subducting
oceanic slabs.

Multiple (2.822.79; 2.782.76; 2.732.72; 2.692.64 Ga) granulitéacies moderatpressure
metamorphic events were identified in the BP (Volodichev, 1990; Slaburady 2006, 2011). The

earliest (2.82.79 Ga) event is presumably associated with accretionary processes upon the
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formation of an old continental crust block. Two other events {2.78; 2.732.72 Ga) are
understood as metamorphic processes in suprastibd setting. Late locally active metamorphism
is attributed to the emplacement of mafic intrusions upon orogen collapse.

Three groups of eclogites with different age were identified in the BP: Mesoarchaean
(2.882.86 and 2.82.80 Ga) eclogites formeddm MORB and oceanic plateau type basalts and
oceanic highMg rocks (Mints et al., 2011; Shchipansky at al., 2012); Neoarchaean (2.72 Ga,
\Volodichev et al., 2004) eclogites formed from MORB and oceanic plateau type basalts. The
formation of eclogites is atbuted to processes in a subducting slab.

Correlation of the above complexes has revealed four alternating subduction systems:
2.882.82 Ga which comprises both suprasubduction (istandsolcanics, graywackes) complexes
and those from a subduction sléclogites), 2.812.78 Ga- islandarc volcanics, graywackes,
granulites and eclogites; 2.75 Gaslandarc volcanics only; 2.73.72 Ga- islandarc volcanics,
granulites and eclogite$his is a contribution to RFBR Project-05-00168 a, 130591162
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Asia: a frontier for a future supercontinent

Inna SafonovaShigenori Maruyama
!Instituteof Geology and Mineralogy SB RAS, Novosibirsk, Rugsi&@igm.nsc.ru

2Department of Earth and Planetary Sciences, Tokyo Institute of Technology, Tokyo, Japan

Asia is the youngestontinent in the world, which has witnessed numerous events of
continental crust formation during the last 800 Ma due to multiple subductions and collisions of
many continental blocks, the major of which are Siberia, Kazakhstan, Tarim, North China, South
China, India, and Indochina. Continent amalgamations formed two types of orogenic belts
worldwide, Pacifietype and collisiortype (P and Ctype, respectively) (Zonenshain et al., 1990;
Maruyama et al., 1996).-Gpe belts result from collisions of contimeal blocks accompanied by
strong reworking of already existing continental crust througha8d Atype granitoid magmatism
and extended MP and HPT metamorphism and are typified by the Alpidenalayan orogenic belt.
P-type belts form over subductionrmes and represent the most important sites of juvenile crustal
growth through TTG&ype (tonalitetrondhjemite granitoids) andesitic volcanism and aid +type
granitoid magmatism and continental growth through accretion of intraoceanic arcs and ocsanic cr
materialsto active continental margins. Thetype orogenic belts of Asia are typified by the world
largest accretionary orogé&nCentral Asian Orogenic Belt (CAOB) formed by midtage collisions
of the Siberian, Kazakhstan, Tarim, and North Chiagons. The CAOB is special for a dominating
northward subduction polarity of numerous subduction zones surrounding the amalgamating
continents and microcontinents, which provided a much higher rate of TTG crust generation
compared to other continents.

Subduction zones are place of active tectonic erosion and arc subduction (Yamamoto et al.,
2009), where TTGype is eroded and subducted into the deep upper mantle. Based on PREM and
densities calculations, Kawai et al. (2013) asserted that about 80 tof 90PG @f continental crust
has been eroded and subducted. Evidence for this comes from the-gdegstattonic erosion and
ongoing subduction of several oceanic arcs of the Philippine Plate under the Japanese Arc
(Yamamoto et al., 2009) and from the Costaus Shimanto accretionary complex of Shikoku Island
in Japan, where accretionary units are spatially adjacent to the coeval granitoids of the Ryoke belt
suggesting that older accretionary complexes have been eroded (Isozaki et al., 2010). The
tectonicaly eroded TTG material becomes gravitationally stagnant at depths >270 km and can
accumulate near the bottom of the upper mantle, at the Mantle Transition Zone (MTZ), to form a
fisecond continento (Kawai et al ., 12%01t30) .t hTeh a
continento on t he sur face, cont ai ns sever al
radioactive elements (Maruyama et al., 2013) and thus plays a key role in upper mantle heating and
subsequent upwelling by producing mantle plumed inducing crust rifting, which both affect the
surface tectonic pattern and contribute to the continental crust formation.

In the CAOB, the numerous Late Neoproterozdiddle Paleozoic intraoceanic arcs of the
13
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Altay-Sayan and Transbaikalia (Buslov ak, 2002; Dobretsov et al., 2003) indicate intense
continental growth during the Phanerozoic and mark the formation of accretionary complexes and
their hosting Rype orogens around the Siberian and Kazakhstan cratons, which later amalgamated
with the Taim and North China blocks to form Laurasia, a part of future Pangea supercontinent. The
key diagnostic features of oldtipe belts are the presence of blueschist belts formed after MORB
and OIB (Volkova and Sklyarov, 2007) and accreted carbaragiped oeanic islands (Safonova and
Santosh, 2013). The Neoproteroz&iarly Paleozoic TTG crust of the CAOB was mostly subducted
to produce a | arge amount of recycl ed -tgpeust
orogens in Central Asia. The TTG créistmed and subducted around CAGBrrounding_aurasian

blocks (Kazakhstan, Siberia, North China) during the Paleozoic generated Mesozoic plume
magmatism and rifting in southern Siberia, northern Mongolia, Junggar and Tienshan (present
coordinates). PreseAsia generally had formed by the Tertiary, after the breakup of Pangea, and the
active subduction at its eastern margin, which generated glgprevolcanoes and rifting in Siberia,
Mongolia, NE and SE China (Yarmolyuk et al.,, 2011; Zhao and Liu, 20Li0grefore, the
PaleozoieMesozoic accretionary complexes of the CAOB and East Asia keep information about past
subduction zones and their polaritiestyPe orogeny and its related TTG crustal growth, erosion and
accumulation at the MTZ and subsequent heampwelling and rifting.

Thus, the multcratonic tectonic structure of Asia formed by the continental blocks and
intraoceanic arcs, which moved dominantly to the north and then collided. The Asian continental
nuclei were parts of Laurasia and Pangeacéthe Tertiary, due to active subduction processes in
the western and southestern Pacific, the volume of the continental crust in Asia has increased to
almost one order (Maruyama et al., 2007): India, Arabia and Africa collided with Eurasia and all
the® blocks are continuing to move northward, all this proving a global asymmetry (Puscharovskiy,
1997). In future, Asia will be overgrown by the oceanic islands/seamounts/plateau and
microcontinental blocks currently overriding the oceanic lithosphere amthgtogether with the
latter toward the subducting margins of the CireRactific, especially in its western and
southwestern part (Maruyama et al., 2007). Nowadays, Asia is surrounded by two huge subduction
zones of opposite polarity (doubdgde subduabn), the western Pacific and the IndBamatra,
which produce huge amounts of TTG crust and provide shrinking of the Pacific and Indian Oceans.
And finally, Australia is moving northward at a rate 68 €m/year and soon will collide with the
Indonesian ntraoceanic arc. Therefore, we consider Asia a most probable frontier for a future
supercontinent Amasia. Contribution to | GCP#5!

Buslov M. M., Watanabe T.Safonoval.Yu. Iwata K., Travin A., Akiyama M., 200A
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Isozaki, Y., Aoki, K., Nakama, T., Yanai, S., 2010. New insight into a subductlated orogen: A
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Research 18, 8205.
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Continental crust and granitoid magmatism of the Central Asian and Pacific orogenic belts:
evidence from Gorny Altai and SikhoteAlin orogens

Nikolai Kruk

Institute of Geology and Mineralogy SB RAS, Novosibirsk, Ruskrak@igm.nsc.ru

The formation of continental crust goes in two stages: 1) formation of primary
undifferentiated crustal material; 2) imceustal meltd i f f er ent i ati on and f
continental crust through largeeale granitoid magmatism. The paper discusses relationship between
granitoid geochemistry including trace element and Nd isotope characteristics and composition of
juvenile crustal ptoliths. The objectivesunderconsideratiorare two large crustsegmentsGorny
Altai (Russian Altai and SikhoteAlin (Russian Far East) orogens, which are parts of the Central
Asian and Pacific orogenic belts, respectively.

Gorny Altai. Two stagesof juvenile crust formation were recognizedin Gorny Altai and
adjacentterritories VendianEarly Cambriarand Late CambriarEarly Ordovician. The origin and
composition of crustal protoliths formed during those two stages are different. The former are
VendianEarly Cambrian oceanic lithosphere, island arcs and-daretroughs, whichare
characterized by maficomposition, dominantly migbceanic ridge basalts (MORB), oceanic island
basalts (OIB) and islanrdrc tholeiites (IAT), andng(DM) = 0.51.0 Ga The latter are Late
CambriarEarly Ordovicianjuveniletype andesibasalt and andesite having low concentratibns
incompatible element§LILE, HFSE REE) and ty¢(DM) = 0.7 Ga Large turbidite basins
consisting of oceanic basement (dominated by OIBs) and greywacke and shale cover formed during
the Late Cambriascarly Ordovician. The composition of the sedimentesgks is intermediate
between the bulk crust and upper crust. The model age pf the protolithg(®@M), ranges from
0.8-0.9 Ga for the rocks surrounding the Altai volcanic awsl.41.6 Ga in the AltaiMongolian
terrane U-Pb detrital zircon datingnd bulk rock chemical and isotope compositions suggedinat
sedimentary units formed by erosion of juvendendiarEarly Cambrianrocks and additional
supply of fArecycledod material from outside.

The Late CambriarEarly Ordoviciancontinental crust of Gorny Altai formed over the
VendianEarly Cambriaroceanic and active margimitsasa resultof multiple episode®f accretion
and collision of island arcs and oceanic rises to the active margin of the Siberian continéateThe
CambriarEarly Ordovician granitoids are accordingly l@awumina TTG ofM- and Hypes, which
are characterized by lolLE , HFSEandREE andng(DM) = 0.7-0.8 Ga

The Late CambriarEarly Ordovician continental crust was ravorked during thelLate
Dewonianin anactivemarginsetting to producé and S-type granitoids, which model aggi(DM)
rangesfrom 0.8 to 1.2 Ga Geochemical modellinghowed that the TT®/pe rocks were derived
from oceanic and islandrc basalts oM- d |- types, respectivelyThe Stype granitoids formed by

anatexis of upper crust sedimentary rocks. Fhgé granites formed through partial meltiofja
16


mailto:kruk@igm.nsc.ru

complex source consisting of upper crust metapelitic rocks and oceanic greenstones

Sikhote-Alin. The SikhoteAlin orogen consists of tectonically juxtaposed terranes of
Mesozoic accretionaru prisms, turbidite basins and island arcs, which were strongly deformed during
their Early Cretaceous displacement along-Tarstrikeslip faults. The primary crustal protoliths
formed diring a short interval from the Middle Jurassic to the Early Cretaceous. The sedimentary
rocks of the Jurassic accretionary prisms possess geochemical affinities to the upper continental crust
and are characterized hy(DM) ranging from 1.3 to 1.0 Ga. @wared to the Jurassic sediments,
the Early Cretaceous sandstones and mudstones areristiq®iO,=71-75 wt.%) and depleted in
LILE, HFSE and REE with\tx(DM) = 1.92.1 Ga suggesting that they were derived from the
PrecambriarEarly Paleozoic basement the SikhoteAlin with an insignificant contribution of
juvenile crust material. The primary continental crust of the Jurassic terranes-warked in the
Early Cretaceous in a transform continental margin setting through two stages of granitoid
magmatsm at 140130 and 1105 Ma. The Sype granitoids of the *istage possess isotope
characteristics comparable with those of hosting rodks: (hq(t) varies from-3.7to -4.1,
tng(DM-2)= 1.21.3 Ga The S to I-type granitoids of the™ stage are chartarized by HFSE and
REE concentrations decreasing asldecreases and the Nd model age becomes younger: from
tna(DM-2)=1.141.23 Ga for Sype (hq(t)= - 2 to - 3.8) totng(DM-2)=0.970.99 Ga for dtype (hq(t)
= - 0.7 to- 0.8). Compared to Gorny Altaihe Early Cretaceous granitoids of Sikhéien are
more enriched in thélFSE and REE The continental crust of the Early Cretaceous terranes of
SikhoteAlin probably formed within an Andeatype active contiental margin volcanic arc, which
further evolution formed the Late Cretaceous East SikAbtevolcanic belt The 7555 Ma East
SikhoteAlin granitoidsof I-type havelkg(t) & tQu(DM42)d 0.80.9Ga

Geochemical modeling shows similar sources ef ltlte Devonian and Early Cretaceous
granitoids of Gorny Altai and Sikho#lin, respectively: the Sype granitoids formed by upper crust
anatexis but thetiype granitoids formed from a complex source consisting of upper crust metapelitic
and oceanic mabasaltic rocksThe Late Cretaceous granitoids of Sikhate formed by anatexis
of lower continental crust.

Conclusively the geochemicaltypes of Gorny Altai and Sikhotélin granitoids are
determined by a nature and composition of primary crustbyea proportion of juvenile and
recycled crust in their source. The geochemical speciality and isotope characterstiepated on
protolith compositionThe nature of terranes and the geodynamic setting of formation of granitoid
intrusions aresecondary factorsSupported by Presidium SB RAS (grant #79) and REBRnt no.
13-05-00-660).
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Did the PalecAsian Ocean between North China Block and Mongolia Block exist during the
Late Paleozoic? First paleomagnetic evidence from Centrddastern Inner Mongolia, China

Pan ZhaB® Yan Chef, Bei Xtf, Michel Faur8 Guanzhong SAP, Flavien Choulét
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100871, China

I'nstitut des Sciences de | a THSWE@NREBREM 132 alA sue delbBMR U
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The tectonic evolution of the Paldsian Ocean between the North China Block (NCB) and the
Mongolia Block (MOB) is a contentious issue, and geodynamic models remain speculative. In an
effort to puzzle out this controversg paleomagnetic study was carried out on the Silurian to
Permian formations in centrabastern Inner Mongolia (China). More than 680 sedimentary and
volcanic samples were collected from 86 sites. We have established tHaodwnmagnetite and
hematite a the principal magnetic carriers. AMS measurements demonstrate negligible deformation
of the majority of study rocks with sedimentary fabrics. From primary magnetizations, a Late
Devonian and a Permian pole are calculated for IMBrat:4 6 . 8 AN, di{p=3149 .61AAE ,d m=
with N=3 76ArfNd &=438 7AE, dp=5.2A, dm=9. 1A with
secondary magnetization aa¢so identified probably due to Early Permian and Early Cretaceous
magmatic eventsAs preliminary results, theomparisonof our new paleomagnetic poles with
available data from NCB, MOB and Siberia indicates that (1) the paleolatitude of IMB, NCB and
MOB are consistent between Late Devonian and Permian, suggestibgt@r®evonian closure of
the PaleeAsian Ocean and furdén evaluation of these three blocks as a single entity; (2)
postPermian intracontinental deformation was significant and characterized by block rotations,
which are due to strikslip faulting within the welded NCBVIB -MOB block.
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Distinct reservoir types of Middle and Southern Tien Shan in Uzbekistan based on
Sr-Nd-Hf-Pb isotope mapping

R.SELTMANNY, A. DOLGOPOLOVAL, R. ARMSTRONG, E.BELOUSOVA?, R. PANKHURST, D.
KONOPELKO', R. KONEEV®
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* St. Petersburg State University, Geological Faculty, St. Petersburg 199034, RUSSIA (konopelko@inbox.ru)
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Sr-Nd-Hf-Pb isotope mapping combined with-Rb zircon SHRIMP ages and ®es sulphide
geochronology of granitoids from profiles across terrane boundaries in Uzbekistan reveal distinct
reservoir types (cratonic vs turbiditic), corresponding to diverse nature and origin of granitic
magmatism and its hosted eé@ming processes. Three main tectonic domains are recognized:
Middle Tien Shan, Southern Tien Shan and Karakum microcontinent.

Sr-Nd isotopegwholerock) of all domains show a wide range of [INdt (-5 to +7) and {'Srf°Sn)t
predominantly between 0.704 and 0.707, indicating involvement of both raenided material (e.qg.,
subduction of oceanic crust) and older crustal sources (M&®oozoic model ages).

The large range dfif-isotopecompositions found in zircons of granites from Kuramaldle Tien
Shan,(Hf ~ -6 to +5) suggest recycling ofder heterogeneous crustal protolith(s). In the Southern

Tien Shan involvement of subducted oceanic crust is examplified by juvenile [JTHf values of up to +14
(SultanUvais) and +16 (Teksqudtkkyzylkum). However, Perm&arboniferous granitoids crossing
all terrane boundaries exhibit predominantly crustal signatures indicating Neoproterozoic protoliths.
Pb isotopegwholerock) exhibit a preserday range of*Pbf%Pb 18.22920.718,%PbF*Pb
15.60715.823 and®Pb/*Pb 38.07739.827. These ar full agreement with SNd-Hf isotopes
indicating the dominance of a crustal component as well asroargie mixing processes.
The granitoid samples from Middle Tien Shan, Southern Tien Shan and Karakum microcontinent
show a variation of crustal to mixed sigmas with a significant contribution of older components.
This is a contribution to IGCE92 sponsored by IUGSNESCO.
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Early Jurassic marine molassetype conglomerates (Mae Sot area, northern Thailand) its
sedimentological features and geotectongignificance

Michal Krobicki'?, Assanee Meesodk& Warunee Yathakumh

'Polish Geological Instituté National Research Institute, Upper Silesian Branch, Krolowej Jadwigi 2061
Sosnowiec; Poland;-mail: michal.krobicki@pgi.gov.pl

’AGH University of Science and Technology, Department of Geology, Geophysics and Environmental Protection,
Mickiewicza 30, 3®@59 Krakow; Poland; enail: krobicki@geol.agh.edu.pl

%53 Mu 5, Tambon Thakham, Samphran District, Nakhon Pathom Province 7¥hiiland; email:
meesook_a@hotmail.com

*C/O Bureau of Fossil Protection, Department of Mineral Resources; Rama VI Road, Bangkok 10400, Thailand
®Bureau of Geological Survey, Department of Mineral Resources; Rama VI Road, Bangkok 10400, Thailand

TriassicJurassic sequence in the Mae Sot area, northern Thailand, belongs to thEh&han
terrane. This block is subdivided into several zones from the west to east, including Mae Sariang
zone, where the Mae Sot area is located. This zone contains rocks sicTeleerts (=radiolarites),
carbonates and flysch (turbiditic) facies, which indicate both pelagic condition and synorogenic
deposits. From paleogeographical point of view the St block was a remnant of Paleotethys
Ocean, which occupied wide realmtlween Cimmerian Continent and Eurasian plate during Late
PaleozoieEarly Mesozoic times. On the other hand, Late Triassic Indosinian orogenic event had
been connected with docking and amalgamation of Indoburma; Bfar{Sibumasu) and Indochina
terraneswhich constitute recently the main part of South East Asia. Therefore, whole Jurassic units
of these regions are represented by jposgenic continentadhelf deposits, which are underlain
discontinuously by older rocks. By this reason the oldest Jurabeit is secalled
i bacsoengl omer at e 0, i n | ocal nomencl atur e, and
pebblesbearing conglomerate which is significant for the understanding of the tectonic evolution of
the SharnThai terrane (Ishid&t al, 2006 with iterature cited therein). Underlying cherts are very
precisely dated biostratigraphically (based on radiolarians) as Mi@die Triassic, according to
mentioned author s, and | i mestomme omedatdshter &r g
Triassic (byconodonts) and Middieate Triassic (by radiolarians), respectively. These microfossils
from pebbles determine the age of the Indosinian (Slan = Mae Sariang) orogeny. Additionally,
the youngest clasts, both limestones and siliceous rocks, indicatity gpelagic character of
sedimentation up to Late Triassic (latest?; at least Rhaietaeop. cit) time and full open ocean
condition at | east before-ctomgl| emdr aotfe 0t hies Tatf
poorly-sorted, chaotic organide pebble/fragmerbearing sedimentary breccia with no evidence of
bivalve borings on their surfaces. The multicoloured clasts are subrounded and subangular, and occur
within reddish silt matrix. Chert clasts are red, green and grey and carbonate pebldgsesented

both by micritic, pelagic limestones and whole spectrum of packstones and grainstones, including
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extremely shallowvater biodetritic limestones (with bivalve fragments, crinoids, fragments of corals
etc) with ooids assdoagbaobemérgtaionss Oherifban b
mudstone intercalations of the Khun Huai Formation of the Hua Fai Group dated by ammonites and
bivalves as Early Toarcian. Thegsonfgdotmerian &idoc
Jurassic in age, but most probably not the earliest Jurassic, especially according to the latest Triassic
age of the chert and limestone pebbles within it. Sedimentological features indicate, on the other
hand, very rapid sedimentation event during itsiomg, after erosion of ste
formed proximal aprons of debris flows. Additionally, the composition of this conglomerate, which
have both extremely deeparine clasts and shallewater ones, without any evidence of their long
transport,suggests erosion of different type of source material, which most probably originally took
place in different part of the primary Paleotethys Ocean. Then, they have been removed, folded
(origin of nappes?) and overthrusted to one place, where they haweléstroyed and eroded, and
produced marine molass$goe deposits overlying unconformable Indosinian deformed rocks. In fact,
these evidences indicate both time and space reorganization of this orogenic system, which took
place during (latest Triassic?aréiest Jurassic time. The comparison of main orogenic events in the
South East Asia regions and mai -staggsunovements a f [
Indosinian orogeny [for examplie Early Triassic and Carnian/Norian transition orogenicetim
Vietham (Lepvrieret al, 2004) and late Middle Triassiearly Late Triassic (soalled second
Indosinian event; Hahn, 1984; Lepvrier & Maluski, 2008) and close to Triassic/Jurassic transition in
Thailand], firstly docked to Asian plate on the Eadll &ater on the West, progressively (in recent
coordinates).

Hahn, L., 1984. The Indosinian Orogeny in Thailand and adjacent deas. Soc. Geol. Fr147:
71-82.

Ishida, K., Nanba, A., Hirsch, F., Kozai, T. & Meesook, A., 208@w micropalaeontological
evidence for a Late Triassic Sh@hai orogenyGeosciences JournalO, 3: 181194.

Lepvrier, C. & Maluski, H., 2008. The Triassic Indosinian orogeny in East &siR. Geoscienge
340: 7582.

Lepvrier, C., Maluski, H., Vu Vanigh, Leyreloup, A., Phan Truong Thi & Nguyen Van Voung, 2004.
The Early Triassic Indosinian orogeny in Vietnam (Truong Son Belt and Kontum Massif);
implications for the geodynamic evolution of Indochif@ctonophysi¢gs393: 87118.
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Gabbro-picrite massifs in the folded system of the eastern Kazakhstan Hercynides:
an indicator of plume-collisional lithosphere interaction
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Late Paleozoic folded system of Hercinides in Eastern Kazakhstan was formed as a result of
Kazakhstan and Bier i an pl ates <collision. Cont rZaisahi on
oceanic basin occurred at the end of Early Carboniferous, when collisional system of thrusts was
formed within Charsk zone. This zone marks the position of paleooceanic bdsthearelics of
oceanic crust remain in Charsk ophiolitic belt. Further magmatism in Charsk zone (form Middle
Carboniferous to Late Permian) occurred in intracontinental environment and represented as volcanic
series and intrusive complexes. Mafic intugsmassifs include rocks of two complexeArgimbai
plagiosyenitegabbro (earlier) and Maksut gabkpwrite (later). There are about 50 small massifs
within the Charsk zone, their square usually is no more than ¥0tkenlargest massif has square
about 60 knf. Most of the massifs consist of either gabbroid rocks of Argimbai complex or
gabbropicritic rocks of Maksut complex, but the rocks of both complexes present in some massifs.
Geologic observations ascertain that gabbro and plagiosyenites of Argimbaegesple earlier

and they intruded by olivine gabbroids and picrites of later Maksut complex. Previous researches
[Ermolov et. al., 1983] proved that the Ti mineralization associates with gabbroids of Argimbai
complex and the sulfide GNi mineralization asociates with picritoids of Maksut complex.

Rocks of Argimbai complex in studied massifs mainly represent as mepained and
fine-grained gabbro. Initial paragenesis includes the plagioclasasdf\nand clinopyroxene
(high-Ca augite withf = 2530). Interstitial paragenesis consists of bregneen hornblende,
plagioclase of second generation (oligoclase), quartz, biotite, titaniferous magnetite and typomorphic
potash feldspar. Accessory minerals are apatite, titanite, zircon. Rocks of Maksut congpleked
massifs represent two main typeslivine dolerites (picrodolerites) and picrites. Picrodolerites are
mediumgrained rocks in which the initial paragenesis includes plagioclasgd\ndiopside { =
18-20), orhtopyroxenef & 20-22) and oline = 20-25) quantity of that reach to 15 vol. %. Late
magmatic paragenesis consist of typomorphic biotite (about 3 vol. %), brown hornblehdel (26)
and magnetite; accessory minerals are apatite, chalcopyrite, pyrrhotite. Picrites are-graiech
rocks in which the initial paragenesis includes olivine with f =280(4050 vol. %) and
orhtopyroxene (about 40 vol. %). Interstitial paragenesis consists of clinopyroxene, plagioclase,
biotite, hornblende, magnetite and brown glass with pyroxeaitgosition. Gabbroids of Argimbai
complex as with picritoids of Maksut complex possess enhanced alkaling®{KgO from 5.2 to
7.8 wt % in gabbroids and from 2 to 5 wt % in picritoids), enhanced content of potassiOnio(K

2.8 wt. % in gabbroids and 03 wt % in picritoids) and phosphorus@2 to 0.8 wt. % in gabbroids
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and to 0.3 wt % in picritoids). The enhanced contents of lighteard elements, Ba (up to 1000
ppm), Sr (up to 980 ppm), Zr (up to 350 ppm), Rb (up to 25 ppm) are typical forogaiohrgimbai
complex. Concentrations of rare and raegth elements in picrodolerites and picrites of Maksut
complex are decreased in comparison with gabbro of Argimbai complex but they are higher than the
same in ultrabasic rocks (Ba up to 280 ppm,Btou830 ppm, Zr up to 110 ppm, Rb up to 8 ppm).
We have fulfilled the geochonological study for gabbro of Argimbai complex 48b Usotopic
method and for picrodolerites and picrites of Maksut compleX’8y/**Ar method. For WPb
isotopic method age daimination has carried out on individual zircon grains using ion microprobe
SHRIMP-II in  A.P. Karpinsky Russian Geological Research Institute, St. Petersburg
(http://vsegei.com/en/strugercir/analyt/shrimp.php For analysis the sample of unaltered gabbro
from Kokpektinsky massif (sample CI3) was selected. Form this sample the fraction of zircon was
separated. Morphology and inner structure of zircon grains confidence their magnmesisge
Dating was carried out both for central and for peripheral parts of grains. Interpretation of measuring
UPb isotopic ratios for 10 points allows dete
complex. “°Ar/**Ar geochronological study for picrodolerites and picrites of Maksut complex has
carried by step heating in IGM SB RAS, Novosibirsk. Boalysis the fractionsf biotite from the
massifs Kokpektinsky, Tastau, Maksut) and the fraction of brown hornblenoi® fone massif
(Maksut) was separated. For al | four sampl es
biotites and 278 N 3 for hornblende.

Geochronological data allows determining two stages of mantle magmatism manifestations
within Eastern Kazakhan: about 293 Ma subalkaline gabbro of Argimbai complex and about 280
Ma 1 picrodolerites and picrites of Maksut complex. These data are similar to ages of Late
Carboniferousi Early Permian trap formations in Tarim plate ahehggar unit and to ages of
magmatic complexes in Northwestern China, Tien Shan and Western Mongolia [Mao et.al., 2005;
Borisenko et.al., 2006; Pirajno et.al., 2009 and others]. These complexes are bimodal
basaltcomendite associations (3@B5 Ma), monzodioritgranosyenitggranite complexes
(300 270 Ma), picrite massifs with GNi-PGE mineralization (28280 Ma). The formation of
these complexes presumed as a result of Tarim mantle plume activity. Composition of subalkaline
gabbro of Argimbai complex, picrodolerites and picriteMaksut complex confirms their formation
from enriched mantle source and allows to define these complexes as indicators of Tarim mantle
plume activity at the territory of Eastern Kazakhstan. The analysis of geological and geochemical
data shows the antidmc consecution of mantle magmatignirom earlier Argimbai gabbroids to
later Maksut picritoids the MgO content is increasing and; &it@l alkalinity are decreasing. This
consecution may be explained using model of interaction between thermochemical gridme
Il ithosphere [ Dobret sov, 2008] . Under t he mo d
|l ithospeher eo -5 Marapartt This nnterval dtigulateal bylhard lithosphere
response time. For the case of Tarim plume we suggest theseagéyof plume activity occurred in
293 Ma wheinl ifAphlousnpener e 0 interaction accompan

lithospheric upper mantle sources that reduced to appearance in Eastern Kazakhstan Argimbai
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gabbro enriched of incompatible elemenfish e | at e stialgiet hods prhpelrweme i
occurred at 2801 INMaa hwsemeRn@edbumaeat eracti on accao
melting of lithospheric upper mantle sources as a result of prolonged wanmiof lithospheric

base. These eventeduced to appearance trap formatioritamm andJunggar and the picrodolerite

and picrite intrusions at the territory of Northwestern China and Eastern Kazakhstan.
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discussion. This work was supported by grant-M#3.2012.5 from the Grant Council of Russian
Federation President.
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Gamma and Resistivity logs of Gondwana Coal Seams at Phulbari Coal Basin,
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Abstract
A combination of resistivity and gamnrt@untrate data from coal seams may lead to the
identification and accurate determination of depth and thickness of coal seams in Goodatlana

field. An attempt has been mader that together with draw relationship between resistivity,
gammacount rate and ash content for Pleulbaricoal basin of Bangladesh.

Introduction

Geophysical borehole logging provides insight into the variability in the nature of substrata based on
the various geophysical measurements such as electrical, acoustical and radioactivity properties. The
measurements will help to characterize the subsurface lithology and also to derive their physical
properties. In case of coal exploration, generally, S#istivity, neutron, natural gamma,
gammdgamma and acoustic measurements are very common. In this study, Gondwana coal seams
were delineated from the interseam sediments using gamma and resistivity logs at the Phulbari Coal
Basin together with qualitativessessment of coal seams.

Methodology

The gamma and electrical resistivity logs in combination proved to be particularly effective in
locating individual coal beds. Nespectrometric (total counts) gamma logging record the amount of
natural gamma radiain emi tted by the rocks surrounding
(32/64n) nor mal resistivity |l ogs were recorde
from the borehole. For the borehole logging 2RBGM0 Gamma and 2PEA Resistivity toogh

MGX Il logger and 4MXA winch (Mount Sopris, Denver, CO) was used. MS Log and Well CAD
software was used for data acquisition and data processing, analysis, respectively.
Geology L
The Phulbari Coal Basin and other Gondwana Coal basins are logated =™ _, A
withinthe Bangladesh part of the GARajmahal gap (known as th =T
6Rangpur Saddl ed) [ 1] of t he | DI
deposits occur in one of several NNS8E elongated intraciatic |zz:.0
basins in the Rangpur Saddle that formed when India was connected to
Australia, Madagascar, Africa and Antarctica as part of GondwanL

1%

in
Permian times [2]. The Permian sequence, which forms eghaien
structure unconformably overlying an Archearsdraent complex, is
overlain unconformably by flat lying Tertiary sediments. The codtm MenCodlfem
bearing sequence is mildly folded into aSNtrending asymmetricrig. 1 Gamma and Resistivity
logs of borehole AEN 044
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plunging syncline, almost parallel to a major

bounding fault on the Eastern side. o AR e 1S
Results and Discussiohhe data analyzed was S0 - $ AR AdELE
from cored holes AEN023, AEN044, AEN 040,
AEN 041, AEN 042, AEN 67, AEN 013, AEN
015, AEN 030 and AEN 032 in the Phulbari
Coal Basin, Dinajpur, BangladeshThese
boreholes were logged by conventional logging
techniques for natural gamma and resistivity
(short and long).The log composite from Well ol - : : - !
AEN 044 is typical of logs obtained from all ten ’ B wﬁ.u..n-,:.-ulmm o
wells (Fig. 1). Intervals of very low gamma
activity, in counts per second (cps), and
relatively high resistivities clearly distinguish
the coals from the mudstone, sandstones and siltstones. From the gamma and resistivity logs of ten
boreholes, two coal seams were identified together with two other seams of licutedeace. The

gamma count rate for coal seams of Phubari basin varies over the rdnt§¢ &ps, which is
consistent for the Gondwana coal seams [3]. The resistivity values of the Gondwana coal seams are
found to be in the range of 3@* Y m [ 4 ] r rangei ofirésistivity values is observed at Phulbari

Coal Basin. A crossplot (Fig. 2) of these two logs for the coal piles A, B, C, D [2] of main coal seam
emphasizes the coal quality in context of ash content obtained from the laboratory analysis.
Resisivity of coal varies inversely with the degree of coalification; It is minimum for lignite and a
maximum for bituminous coals. Coal containing 18% ash have gamma counts ~100 cps and
resistivity value >1000 -Ntominaus tobiturbinodsi4hg t he co.
Conclusion

Two seams, upper and main, were delineated at a depth between 145 and 300.13 m, with a thicknes:
range of 13.5016.93 and 13.8940.58 m from the gamma and resistivity logs in the Phulbari Coal
Basin. The present work hasnfirmed the capabilities of the gamma and resistivity techniques for
borehole logging of coal and demonstrates that resistivity together with gamma is a useful technique
in conjunction with drill hole core for the delineation and quality assessmenalogeams in respect

of depth and thickness of a borehole.
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Fig. 2 CrossPlot of Gamma and
Resistivity logs of borehole AEN 044

[1] Uddin MN, Islam MS., 1992, Geology in South Adiapp. 224230.
[2] Asia Energy Corporation (Bangladesh) Pty Ltd., 2005, pp55

[3] Kayal JR., Das LK., 1981, Geoexploration, 19, pp.i29®

[4] Kayal JR., 1979, Geoexploration, 17, pp.2233
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Hercynian postcollisional granites of Tien Shan: a case studythe Koshrabad massif and
related Au deposits in Nurata ridge, Uzbekistan

Dmitry Konopelko Saint Petersburg State UniversiBuissia; konopelko@inbox.ru
Kare Kullerud:University of Tromsoe, Norway
Reimar SeltmannCERCAMS, Natural History Museum, London, UK
Farid Divaev:Geological Production Association, Tashkent, Uzbekistan

The Koshrabad massif (ca. 200 square km) is sduat®lorthern Nurata range, Uzbekistan. It
is emplaced in the Southern Tien Shan fold and thrust belt formed as a result of the Late Paleozoic
collision between the Karakuifarim and Paled&azakhstan continents. The Koshrabad massif and
other intrusions ofNorthern Nurata range were recently dated at ca. 285 Ma and defined as
Hercynian postollisional intrusions (Seltmann et al., 2010). Peculiar features of the Koshrabad
rocks include their elevated alkalinity and presence of rapéitiired varieties. &ides, the massif
hosts two large intrusierelated gold deposits containing ca. 100 tons of gold each (Abzalov, 2007).
In this paper we present new geochemical data and use existing analytical data sets to discuss the
evolution and possible sources ot tKoshrabad magmas and the origin of the gold deposits. The
Koshrabad rock assemblage includes pyroxanghibole-olivine alkaline gabbros, syenites,
monzonites, quartz syenites, granosyenites and amphibolebiotite granites. Amplubtdequartz
syenites and granites with rapakivi texture comprise 80 % at present day erosion surface. Mafic rocks,
mapped in the central part of the massif, demonstrate signatures of coeval intrusion of melts with
different compositions. All rockypes form dikes whit are structurally controlled and form two
swarms in the SE part of the massif striking roughly in the-wast direction. The rocks of the
Koshrabad are rich in Fe§) KO and NaO, they have extremely high FeO/(FeO+MgO) ratios and
low contents of CaOral MgO. They plot into fields of Aype rocks in the discrimination diagrams.
Iron-rich mafic minerals and presence of olivine indicate reduced nature of the melts. We think that
evolution of alkaline mafic melts at mixfustal levels produced main voluragfelsic compositions
which dominate at present day erosion surface of the massif. This evolution probably included
assimilation of quartzéeldspatic crustal material. The structure of gold deposits shows that the gold
veins were emplaced in brittle ftaces striking in the same direction as the dike swarms. Other
characteristic features of the deposits are their low sulfide character with main ore mineral being
pyrite, and lack of significant alteration associated with the gold veins (Abzalov, 20@Gysés of
Au in the dike rocks show positive correlation of Au contents with SiO2 contents in the late dikes. It
may indicate accumulation of gold in the reduced melt at the final stages of crystallization and rapid
emplacement of Auich veins in the samstructures which previously controlled emplacement of

dikes.
Abzalov M., 2007. Zarmitan granitcidosted gold deposit, Tian Shan belt, Uzbekistan. Economic Geology. 102.
519'532.
Seltmann R., Konopelko D., Biske G., Divaev F. & Sergeev S., 2011. Hercgogteollisional magmatism in the
context of Paleozoic magmatic evolution of the Tien Shan orogenic belt. Journal of Asian Earth Sciences,
doi:10.1016/j.jseaes.2010.08.
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High-pressure mafic oceanic rocks from the Aktyuz and Makbal Complexes, Tianshan
Mountains (Kazakhstan & Kyrgyzstan): Implications for the metamorphic evolution of a fossil
subduction zone

Reiner Klemd, Melanie Meyet, Dmitry Konopelkd
®GeoZentrumNor dbayer n, Un i-Nv¢errnshietragt, ESrclhal-8dgéesngriamgéne Germany D
(*corresponding author: melanie.meyer@gzn-arlangen.de; klemd@geol.uarlangen.de)
Geological Faculty, St. Petersburg State University, 7/9 University Embank8teRetersburg, 199034, Russia
(konopelko@inbox.fju

The Makbal and Aktyuz Complexes in the western Tianshan Mountains of Kazakhstan and
Kyrgyzstan consists of HP/UHP metasedimentary host rocks which encloseiéli® vaafic blocks
or boudins. These mafic rocks comprise rare eclogites, garnet amphibolites and newly discovered
glaucophanite (glaucophaigarnetomphacite bearing rock).

So far the Makbal Complex has been interpreted to predominantly consist of wtaitine
lithologies while the mafic rocks were considered as dismembered dikes intruding continental
metasediments. This interpretation is mainly based on the geological relationship and bulk rock
chemistry of the different rock types. It was further suggetitat the continental lithologies of the
Makbal Complex underwent the eclogftecies condition in a former subduction zone.

In the present study we combined conventional geothermomefrypdeudosection modeling
and major and trace element whole rockdemistry for different mafic samples (glaucophanite
and garnet amphibolites) in order to shed light on both the metamorphic evolution and the protoliths
of the mafic HP rocks in the Makbal and Aktyuz Complexes.

Prograde to peagressure clockwise-P pahs of both rock types were modeled using garnet
isopleth thermobarometry. The results suggest that the glaucophanite and the garnet amphibolite
samples experienced similar prograd@& pPaths and slightly different peak metamorphic conditions
bet weenCand5>360A CA at ~ 2. 2GP& Poaresponding-t@ bubal depths between 70
and 85 km.

Whole rock major and trace element analyses and petrological evidence suggest that different
rock types at the Makbal Complex are most likely originated from warpyecursor rocks. Garnet
amphibolites are believed to represent strongly retrogressed former etogterocks that have
never been eclogites sensu strictu due to an unfavorable-adicalibulk composition (N® < 1
wt. %). The four higkpressure miec samples investigated in this study clearly originated from
oceanic crust (Zr/Hf ratio of 33 to 35) which is in contrast with all previous studies suggesting a
continental protolith for the mafic HP/UHP rocks at Makbal.

The mafic highpressure rocks arbelieved to represent incoherent segments of exhumed oceanic or
continental crust. Juxtaposition of different mafic oceanic and continental rocks is suggested to be
due to buoyancdriven exhumation of the metasedimentary host rock in the subductionethan

where dismembered fragments of the subducted oceanic crust were captured in different depths.
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HP/LT metamorphic complexes in Russian and Kazakhstan Altai

N.I. Volkova, S.l. Stupakov, A.V. Travin, D.S. Yudin

Institute of Geology and Mineralogy SB RAS, Novosibirsk, Russigkova@igm.nsc.ru

In Russian and Kazakhstan Altai the earliest metamorphic events were connected with
subduction processes, but exhumationHs#/LT metamorphic rocks dated a time of subduction
cessation and beginning of accretionaojlisional processes. There are three sabbwn HP/LT
eclogite and blueschist localities in the Altai Mountains. They are the following: (a) eclogites and
garnetbarroisite schists of the Baltyrgan metamorphic complex located near Cbagarvillage,

Gorny Altai, Russia; (b) imbricated slices of blueschists in the Uimon Zone, Gorny Altai, and (c)
bl ocks of Dblueschists and eCHaragong, lkagakstam a ser p.

The Baltyrgan metamorphic compleis located in a southeast part of Gorny Altai, in a left bank
of Chuya River. It composes a series of small separated blocks and slivers exposed among
Neoproterozoic oceanic basalts and ultramaf&saf the Chagakzun Massif. Metamorphic rocks
of the complex are presented by eclogites, garnet amphibolites, amphibolites, and@aonsEte
schists. Sparse petrochemical data suggest that the eclogite and garnet amphibolite-bagarmid
ridge b&alt compositions. Estimations obtained using the mineralogical geothermobarometry have
allowed to determine-# condi ti ons of a peak of m€{Ciambr phi
al., 2007).

The age of the Baltyrgan Complex is constrained by findsebbles of metamorphic rocks in
basal conglomerates of volcasedimentary units of the Early Cambrian. Results eAArsotopic
dating (Buslov et al., 2002) of eclogites (on barroisite) testify the Neoproterozoic age of their
metamorphism (63627 Ma).U-Pb age on zircon from eclogite is 6193 Ma (Gusev et al., 2012).

The age estimate of higiressure rock exhumation (5933 Ma) has been obtained by -Ar
method on phengite from garnet amphibolite bordering an eclogite body (Molkova et al., 2007).
Recently the close 4Pb age of 604 6 Ma was determined for the same rocks (Gusev et al., 2012).

The Uimon metamorphic complegccurs in a large tectonic Terekta block in the central part of
Gorny Altai. The block represents an imbricated structure, bounded by Late DevE&aidy
Carboniferous strikslip faults (Dobretsov & Buslov, 2007). It is composed of dismembered masses
of metabasalts, metagraywacke, Mch metachert, marble, as well as of slivers and-saped
bodies of serpentinite and metadolerite. The Uimon metabasites consist of amphibole (glaucophane,
winchite, or actinolite), phengite, epidote, albite, chloriteartg, and calcite; stilpnomelane and
pumpellyite are rare. The estimates of metamorphic conditions (T 4380 and P = &8 kbar)
correspond to transitional blueschist e ens chi st facinest.amAtr pltil ®s e
glaucophane occurs in fieh rocks, while actinolite develops in Mich rocks. Metabasic rocks of
the Uimon Unit correspond in chemical composition to basalts with &®tents of 44.6 to 48.1

wt. %. Blueschists are most enriched in Ji@&0, K,O, and POs and are depleted in Mg
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comparison with greenschists. The major, trace andeamé characteristics of the blueschists
indicate their OIB affinity, whereas the metabasic greenschists correspond to tholeiite basalts of
N-MORB type. The metamorphic age of the Uimon bluesshidttained by*°’Ar/*°Ar dating of
phengite (485 N 2; 487 N 20 Ma) and gl aucopt
corresponds to the boundary of the Cambrian and Ordovician (Volkova et al., 2011).

HP/ LT rocks in ser pentane NEKazakh®@dnthe Qhara (@rfChar)h e (
Zone is a main collisional structure, separating the formations of Siberian and Kazakhstan continents.
Southwest of this zone are located the Chingiz, Tarbagatai, Zharma and Saur terranes, which formed
along the Kazkhstan continental margin. Northeast of the Chara Zone are HKaban, Rudny
Altai, Gorny Altai terranes, being marginal zones of the Siberian continent. Thissiplstructure
was formed in the Late CarbonifereBermian during collision of Siberig@raton and Kazakhstan
continent (Dobretsov, 2000, Buslov et al., 2004).

I n an axi al part of the Chara Zone the Char
the belt includes blocks of HP/LT rocks (eclogites, gab@toisite schists, bluessls, metacherts)
of size from some meters to hundreds meters. Estimations-Tofnfetamorphic parameters,
calculated using the THERMOCALC program, testify that the temperature varied from 50840,675
and pressure varied from 5 to 19 kbar. A wide rangpre$sure values is considered to reflect a
various depth of initial rocks submersion in a subduction zone. Most of the HP/LT metabasic rocks
correspond in chemical composition to tholeiite and alkaline basalts withc8i@ents of 43 to 52
wt. %. Geochenmal characteristics including REE patterns of metabasic rocks uggest that their
initial protoliths were various types of oceanic basalts, namayRB, EEMORB, OIB types, but
enriched MORB resembling basalts of oceanic plateau, predominate.

The age of metmorphism was determined based ¥Ar/*°Ar analyses of phengite and
barroisite from two samples of metabasic schists.-Bégping plots for phengite yielded plateau age
of 449.3+ 1.0, 449.8t+ 5.2 Ma. Barroisite also gave good spectra with an age 004507, 449.2+
5.5 Ma. They suggest the Late Ordovician age of subduction/exhumation of the considered
high-pressure rocks.

Analysis of available petrologic and geochronological data on the HP/LT complexes in Russian
and Kasakhstan Altai allowesuggesting that their formation had been connected with multiple
subduction systems inherent to Pakean Ocean (Xiao et al., 2010). The main stages of
subductioraccretionary events were the following: the Neoproterozoic (Ediacaran), Late Cambrian
to Ealy Ordovician, and Late Ordovician. The considered HP/LT complexes were formed in an
intraoceanic forearc setting as distinct from eclogites and blueschists of North China, which
formation was connected with subduction under Gondvaanaved microcontines.

Buslov, M.M., Watanabe, T., Saphonova, l.Yu., lwata, K., Travin, A., Akiyama, M., 2002. A
Vendian Cambrian island arc system of the Siberian continents in Gorny Altai (Russia, Central
Asia). Gondwana Research 5: 7800.

Buslov, M.M., Watanabe, T., Kwara, Y., Iwata, K., Smirnova, L.V., Safonova, l.Yu., Semakov,
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Late Neoproterozoic to Paleozoic northern margin of the Tarim Craton: Passive or active?
Wenbin Zhu, Rongfeng Ge

State Key Laboratory for Mineral Deposits Research, School of Earth Science and Engineering, Nanjing University,
Nanjing 210093, PIChina

Whether the northern Tarim Craton was an active or passive continental margin during the
Paleozoic is vital to our understanding of the subduction polarity of joaleanic plates in the
Tianshan Orogen and the accretion history of the southweStmiral Asian Orogenic Belt. We
identified undeformed granitoids intruding into the Paleoproterozoic metamorphic rocks in the Korla
area at the northern Tarim Craton. Zircon ill8P-MS Ui Pb dating of three samples from a
porphyritic granodiorite pluton yidls t hr ee i ndi stinguishable <cry
( MSWD=1. 02, n=27), 421.7N2. 8 Ma ( MSWD = (
(MSWD=1.10, n=13), highlighting a late Early Paleozoic magmatic evessitureircon Hf isotope
data of the youngesirzon population (ca. 420 Ma) vary in large ranges (up to 11 epsilon Hf units
for single sample), with the |l owest U Hf (t)
Paleoproterozoic crust in the northern Tarim Craton, suggesting magmay rbedween the old
crustderived magma and the relatively juvenile materials probably derived from depleted mantle.
Geochemical data suggest that these granitoids are metaluminous, highalkkalahe granodiorite.

They show a moderately differentiated REpf&ttern with insignificant Eu anomalies and are
relatively depleted in Nb, Ta, Ti, P, but enriched in K and Ba, resembling Andean arc granite. In
various discrimination diagrams, all samples consistently plot into the subdteiaed areas.
These geoatmical and isotopic features suggest that this magmatic event probably occurred in an
Andeantype continental arc. Therefore, if the northern Tarim Craton was a passive continental
margin in the Early Paleozoic, it must have changed into an active maigastasince ca. 420 Ma,
probably as early as the Ordovici&ilurian boundary, necessitating a southward subduction of the
SouthTianshan Ocean. Considering the coeval arc magmatism on the Central Tianshan Block, a
divergent double subduction model fbetSoutkTianshan Ocean is tentatively proposed.
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Late Paleozoic regional tectonics of the eastern part of the Kazakhst#yrgyz continent
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The Kyrgyz Tienshan (TS) is part of the large Tienshan Orogen that extends across the territories
of Kazakhstan, Uzbekistan, Kyrgyzstan and northwestern China. In eastern Kyrgyzstan, the Kyrgyz
TS represents a Kharengri Massif (Mikolaichuk and Buchroiten 2008) of the EWrending
Terksei, Saryjaz and Kokshaal Ranges, which meetthe W i ki ng Mer i di onal 6n
Traditionally, the Kyrgyz Tienshan is considered to consist of the South, Middle and North Tienshan.
The Southern TS is a folahd-thrust belt bounded by the Tarim craton in the south and the South
Tienshan oceanic suture in the north. The South TS belt consists of northip@ird) tectonic
sheets of Silurias€arboniferous platform carbonates, shelf sediments and intraplate iealcaks
(Biske and Seltmann, 2010). The early Paleozoic units of the Middle and North TS are regarded as
parts of the Kazakhstayrgyz composite continent (KKC) that became amalgamated during the
Late Ordovician after closure of the Ismaryn and JalaiYili branches of the PaleAsian Ocean
(e.g., Ghes, 2008). The KKC units are unconformably overlain by late Paleozeatitoetithonous
terranes such as the active margin units of the JuRplkhash Ocean in the north and passive
margin units of the Sdh Tienshan (or Turkestan) Ocean in the south. The South TS of Kyrgyzstan
and its bounding oceanic suture extend into the Chinese TS (Long et al., 2011), however, no passive
margin units similar to those in Kyrgyzstan have so far been reported by Chewmsgists. The
North Tienshan orogen of the Xinjiang region in NW China is dominated by late Paleozoieaistand
units (Zhou et al., 2001), which are similar to the Devoi@anboniferous volcanic units of the
JunggaiBalkhash belt of southern Kazakhstarhe different geological structures of these two
adjacent segments of the Northern TS, in Kyrgyzstan and in Xinjiang, was previously explained by
PermianTriassic strikeslip faulting (e.g., Mazarovich et al., 1996), which requires more work to be
verified.

We performed a detailed study of the Saryjaz Range of the-Kéwagri Massif. There, the
KKC passive margin extends for more than 1000 km from the Bolshoi Karatau Range in the NW
(Kazakhstan) to the Khahengri Massif in the east (Kyrgyzstan). The lgdPaleozoic passive
margin units are characterized by stable continental margin stratigraphy and lithology and are
unconformably overlain by Frasnian continental-cetbr deposits and Famennian clasiazbonate
shelf deposits. The northern Saryjaz Range e a st of 79AE, consi sts
Ordovician flysch and shelf deposits and Late Devonian platform carbonates, which are overlain
with an angular unconformity by Late Vise&erpukhovian clastic deposits of the Echkilitash trough.

Half of the Echkilitash sequence consists of a carbonate breccia containing Famennian and Late
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TournaisiarEarly Visean foraminifera. The autochthonous limestones contain Late Visean and
Serpukhovian foraminifera. The clastic material was probably transportée Exchkilitash trough

from the Late DevoniarEarly Bashkirian platform carbonates of the southern Saryjaz slope. The
clasticcarbonate deposits of the southern Saryjaz are overlain bypdtvolcanic rocks with
interbeds of calcareous sandstones contgihiate DevoniasTournaisian foraminifera and algae,
marking the formation of a passive margin. The Saryjaz volcanic rocks are synchronous with the
Kainar bimodal volcanics, which are located on the opposite side of the former Turkestan Ocean, i.e.
within the South TienshanB{ske and Seltmann, 201L0In general, the Late Devonidfarly
Bashkirinan passive margin sequence of the Krergri Massif is similar to that 1000 km to the
west, but is unique for the presence of-mitated volcanic rocks. Thus, weonsider that the
Echkilitash trough of the KKC passive margin is a-tyfpe graben filled by carbonate platform
sediments.

In theKyrgyz Tienshant he Pr ecambri an basement is expose
border with China, and consists &350 to 2320 Ma granitic gneisses-Rb, zircon) and ca. 830 Ma
granodiorites ( Kr °nereporedn Ealy Carbonetods2granit® Withir3 the W
Kyrgyz Tienshandga.336 Ma,Ui Pb, zircon thatintruded into older granitoid$n Xinjiang, easof
80AE | ongitude, . e., north of the Tienshan s
referred to as thesouthernCentral Tianshan Suture Zone by Chinese geologists. Those Early
Carboniferous granites of possibly continental margin origitype; Wang et al., 200@&xtend over
a distance of several hundred kilometers and also intrude the MeNeoproterozoic metamorphic
basement (ca. 1910 Ma,-Rb, zircon) consisting of granulites, gneisses, amphibolites and
migmatites as well as griic gneisseswithailPb zi rcon age of 882 N 33
places, the basement rocks are unconformably overlain by late Neoproterozoic carbonates and tillites.
These relationships suggests that, in Visean time, the passive margin wasededad restructured,
resulting in subsidence of its western part (Kyrgyz Tienshan) and uplift and erosion of its eastern part
(Chinese Tienshan). This Late Visean uplift exposed the Precambrian basement in the Chinese part
and concealed it in the Kyrgysart.

Retrospectively, in Late Devonian time, the southern part of the KKC passive margin became
part of the Turkestan Ocean. In the Late Tournaisian, the transgression migrated to the north, towards
the center of the KKC, and resulted in the formation of acfiysough (SonkulTuruk), filled with
gray clastic deposits. In Serpukhowigarly Bashkirian time, the northernmost area of the KKC was
covered by regtolored continental, delta and shallow marine beach sediments. Simultaneously, an
isolated carbonate gfarm consisting of shelf lagoon deposits, carbonate turbidites and bioherm
facies (Mikolaichuk et al., 1995; Alexeiev et al., 2008), formed in the rear part of the flysch trough.
We suggest that the entire Middle TS belt once represented a single paaggue of the KKC, but
the present elevation in the Xinjiang segment is significantly higher than in the Kyrgyz segment. We
propose that the Late Visean tectonic event uplifted and eroded the eastern part of the KKC passive
margin (Xinjiang) and exposeddKKC basement. The western part of the KKC passive margin

(Kyrgyzstan) remained undefor med. Therefore,
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Tienshan probably represents the uplifted basement of the KKC. The western buried part of the KKC,
i.e. the Kyrgyz Middle Tienshan, consists of a Precambrian basement and late Neopregambyzoic
Pal eozoic sedi mentary cover (Kr°ner et al ., 2

Alekseiev D.V., Degtyarev K.E., Mikolaichuk A.V., Cook H. E., Leonov M.G., 20@&tonic regimes and
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The ZamiinUud accretionary belt (ZUAB) is located between three basement blo&s in
Mongolia and extends northeastwards into NE Chitng. (19 [1, 2, 516]. Structural formation of
the ZUAB has been studied at Uetiin Toirom area where Early Devonian ophiolite complex consists
of ultramafic rocks, rarely metabasalts, their tuffs anlists, which is stratigraphically associated
with LowerMiddle Devonian siliceouserrigenous sequence. The all units were overprinted by
brittle-ductile polyphase deformations and overlapped by brittle deformed Upper Carboniferous flysh
succession. We ave provided five main deformational events for structural evolution of the
HutagUul Orogen (HO):

(1) Devonian subductieaccretionary event is characterized by accretionary complex of the
East Gobi microcontinent (EGM) active margin, which is composedanly Devonian ophiolite,
Early-Middle Devonian flyshoid and blueschist [8, 11, 16]. This deformation event is marked north
dipping axial planes @p), downdip stretching lineation 4. asymmetric folds (f, subvertical
brittle-ductile shear zones argbuthward thrusting C/S fabrics in the ophiolitic schists and the
Early-Middle Devonian siliceouterrigenous sequence.

(2) During the Late DevoniaBarly Carboniferous largamplitude strikeslip faults are
characterized by steep hinging folds)(®with vertical axial plane ($p) and shear zones with gabbro
and chert boudins [8]. This deformation event created triplication of the EGM with formation of the
basement blocks named as Hutfg, Nuhetdavaa and Han@voo, and new ophiolitic rocks
(354,333Ma) hve formed within the transform fracture zone [5].

(3) A collisional event is represented by upright foldg) @nhd subvertical brittklype shear
zones, which is supposed to be started in Tournaisian and completed in Bashkirian (Moskovian).
Some observains at ErgiirUs hudag area show that the stegpBs was overprinted by horizontal
folds (Fs). A syncollisional granite has BA-ICP-MS zircon age of345Ma, and then Hutagul
Orogen (HO) was created.
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Postcol I i si onal uni t s a r daerivece ppper Larbonhiferdisarly y 0B
Permian volcaninogenotsedimentary sequences [12] that is intruded by granitoid with SHRIMP
zircon age of 29@75Ma [4, 9].

(4) The earlier phase of int@ntinental deformation of the HO is marked by folding of all
Pemian rocks and Triassic magmatic upwelling [15] or shearing [8].

(5) The latest phase is recognized by Early Cretaceousdhstréte-slip faulting as a result of
t he nort hwar d di spl acement of t he Early Per
mass f s6) i nt o Fig.he5 Adyg.enshan (

Additionally it is worthy to note that during the Later Paleo#b&ly Mesozoic the HO moved
northward along the Altan Tagbast GobiXinlin Xihuitu Ductile Shear Zone (AEXDSZ) leading to
terminal closure ofthe MongotOkhotsk OceanHig. 19 [13-14]. Therefore we suggest that Tarim
block was earlier collided with Siberian craton than North China cré&ign13.

Contribution to | GCP#592 Project AContinent
UNESCOIUGS.
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Oroclines in eastern Austalia: new geochronological and structural constraints
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Curved orogenic belts (oroclines) are widely recognized in accretiamragens (e.g. the Central
Asian Orogenic Belt). Clarifying the origin of such structures and their relationship with the
evolution of subduction systems is crucial for understanding the geodynamic processes associated
with the accretionary orogenesis. Thecurrence of a series of oroclinal structures in the New
England Orogen in eastern Australia allows us to study this problem. Here we provide new
geochonological and structural data in an attempt to better constrain the geometry of the oroclines in
the Nev England Orogen. Our geochonological results demonstrate that the spatial distribution of
early Permian granitoids delineates an-sramped belt, which is interpreted to represent four
oroclines (Texas and Coffdarbour oroclines in the north, and Mannaxgd Nambucca oroclines in

the south). This interpretation is supported by our new structural data from the Devonian to
Carboniferous accretionary complex. Structural observations around the Texas Orocline in the north
demonstrate that the oroclinal sturet is defined by variations in the strike orientation of the
dominant steeply dipping slaty cleavage. The lack of cleavage parallel to the axial plane of the Texas
Orocline indicates that the formation of this orocline has involved a relatively low. dtrdive south,

rocks in the core area of the Manning Orocline were subjected to polyphase deformation, which
makes structural interpretations more difficult. However, in the innermost region of the orocline, we
recognized an area that experienced relgtigemple deformation history, allowing us to conduct
regionalscale geometric analysis. Spatial variations in the strike of stegming structural fabrics

in this area are consistent with the oroclinal structure. Overall, our results support théngedme

the earshaped structure in the New England Orogen. The origin of such a structure remains
ambiguous. Based on the fact that the development of the Texas Orocline only involved low strain,
we argue that the formation of the New England oroclines hnaay involved multiple stages of
curved processes, with an earlier curved structure tightened by subsequent contractional deformation.
Early stage of oroclinal bending was possibly associated with the slab rollback, similarly as the
development of the cued subduction systems in the Mediterranean area. Such a mechanism allows
spatial freedom for orogenic segments to transport and rotate, and may play a crucial role in the
formation of the oroclines in the accretionary orogens.
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Paleoproterozoic crustalevolution of the Tarim Craton: constrained by zircon UPb and Hf
isotopes of metaigneous rocks from Korla and Dunhuang
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Geological Sciences, Beijing 100037, China
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The Tarim Craton is one of three large cratons in China. So far, there is only scant information
concerning itscrustal evolution historydue to most existinggeochronologicalstudies generally
lacked the combined isotopanalysis, especiallyn situ Lu Hf isotope analysis of zircorin this

study, Precambrian basement rocks from the Kuluketage and Dunhuang Blocks in the northeastern
part of the Tarim Cratohave been analyzed for combined in situ laser ablationl(MGBP-MS zircon

Ui Pb and LuHf isotopic analyses, as well as whole rock elements to constrain their protoliths,
forming ages and magma sourcéso magmatic events a2.4 Ga and ~1.85 Gare revealed from

the Kuluketage Blockand hree stages of magmatic events are detected in the Dunhuang Block, i.e.,
~2.0 Ga, ~1.85 Ga and ~1.75.Fde ~1.85 Ga magmatic rocks from both areas were derived from
an isotopically similar crustal source under same tectonic settings, suggesting tkaluttetage

and Dunhuang Blocks would be parts of the uniform Precambrian basement of the Tarim Craton.
Zircon Hf model ages of the2.4 Gamagmatism indicate that the crust of the Tarim Craton may be
formed as early as Paleoarchean. The ~2.0 Ga mafidnmokthe Dunhuang Block was formed in

an active continental margin setting, representing an important crustal growth event of the Tarim
Craton in the miePaleoproterozoic coinciding with the global episode of crust formation during the
assembly of the Cotabia supercontinent. The ~1.85 Ga event in the Kuluketage and Dunhuang
Blocks mainly involved reworking of old crust and probably related to the collisional event
associated with the assembly of the Columbia supercontinent, while the ~1.75 Ga magnthgsm in
Dunhuang Block was resulted from a mixture of reworked Archean crust with juvenile magmas, and
probably related to a pesbllisional episode.
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Fig. 1. Simplified geological map of the Siberian Althitrusives are indicated and colezoded according to their
measured zircon U/Pb (ZUPDb) crystallization age. On the timeline, the different emplacement ages are interpreted

in the tectonic history of the closure of the PalAs@n ocean (after Glorie at., 2011).

The SiberiarKazakh Altaiforms part of the Central Asian Orogenic Belt and currently is an active
intracontinental mountain belts basement formed during tRalaeozoicwhen Gondwanderived
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