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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 
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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 been termed the ñCentral Asian Fold Beltò or ñCentral Asian Orogenic Beltò. The 

Altaids developed by multiple accretionary and collisional events into an archipelago. These 

events gave rise to one of the worldôs largest orogens with many world-class mineral 

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 Hall, 1
st
 floor, Building 6, Hami Hotel 

8:30 pm, Welcome dinner, Hami Hall, 2
nd

 floor, Building 6, Hami Hotel 

Stay in Building 6, Hami Hotel 

 

August 23, 2013 

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

9:15 am, gather in the lobby, check out and take the bus 

Camping Lunch in Xingxingxia Town 

Dinner and stay in Liuyuan Town (Liuyuan Huitong Hotel); in-door 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, breakfast 

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

Camping Lunch in Gubaoquan 

Dinner and stay in Guanzhou County (Guazhou Rongjinzhouhai Hotel); indoor discussion 

 

August 26, 2013 

7:00 - 8:10 am, Breakfast, 1st floor, Guazhou Rongjinzhouhai Hotel 

8:20 am, gather in the lobby, check out and 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, sightseeing 

3:00 - 7:00 pm, indoor discussion, 1
st
 floor, Dunhuang International Hotel 

7:30 - pm, farewell dinner, 1
st
 floor, Dunhuang International Hotel 

Stay in Dunhuang City (Dunhuang International Hotel) 

 

August 28, 2013 

7:00 - 9:00 am, breakfast, ground floor, Dunhuang International Hotel; check-out 
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SCIENTIFIC PROGRAM 

 

August 22 ï CAOB: examples from China, the Beishan Orogen 

 

16:00 ï 20:00 (approximately 20 minutes for talk including questions and discussion) 

 

Welcome addresses 

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

granulite complex 

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

Inna Safonova. IGCP#592 ñContinental construction in Central Asiaò: summary, results and future 

activities. 

 

China 

He Zhen-Yu, Zhang Ze-Ming, Zong Ke-Qing, Dong Xin. Paleoproterozoic crustal evolution of the 

Tarim Craton: constrained by zircon U-Pb and Hf isotopes of meta-igneous rocks from Korla and 

Dunhuang
 

Zhu Wenbin, Ge Rongfeng. Late 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 the Paleo-Asian 

Ocean between North China Block and Mongolia Block exist during the Late Paleozoic? First 

paleomagnetic evidence from Central-Eastern Inner Mongolia, China 
 

 

Tea break 

 

Eurasia 

Slabunov Alexander. Archean eclogites, 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 Pengfei, Rosenbaum Gideon. Oroclines in eastern Australia: new geochronological and structural 

constraints . 
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August 27: Other examples from the CAOB and western Pacific 

 

15:00 ï 19:00 (approximately 20 minutes for talk including questions and discussion) 

 

Chair: Seltmann Reimar 

 

Safonova Inna, Maruyama Shigenori. Asia: a frontier for a future supercontinent  

Zhu Wenbin, Ge Rongfeng. Late Neoproterozoic to Paleozoic northern margin of the Tarim Craton: 

Passive or active?  

Glorie, Stijn, De Grave, J., Buslov, M.M., Zhimulev, F.I. The Phanerozoic tectonic evolution of the 

Siberian-Kazakh Altai from a multi-method thermochronological perspective  

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

Kazakhstan Altai 

Khromykh Sergey, Vladimirov, A.G., Izokh, A.E., Travin, A.V., Prokopiev, I.R., Lobanov, S.S. 

Gabbro-picrite massifs in the folded system of the eastern Kazakhstan Hercynides: an indicator of 

plume-collisional lithosphere interaction 

 

10-min break 

 

Chair: Chen Yan 

 

Kotler Pavel, Khromykh, S.V., Vladimirov, A.G., Travin, A.V., Navozov O.V. Geological structure 

and isotopic dating of the Kalba-Narym granitoid batholith (East Kazakhstan) 

Hanzl Pavel. Geological Map of the TransAltai Gobi. Granitic plutons of the Mongolian Altai 

Klemd Reiner, Meyer Melanie, Konopelko Dmitry. 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 

Konopelko Dmitry, Kullerud Karel, Seltmann Reimar. Hercynian post-collisional granites of Tien 

Shan: a case study ï the Koshrabad massif and related Au deposits in Nurata ridge, Uzbekistan 

Seltmann Reimar, Dolgopolova A., Armstrong R., Belousova E., Pankhurst R., Konopelko D., 

Koneev R. Distinct reservoir types of Middle and Southern Tien Shan in Uzbekistan based on 

Sr-Final discussion: how much in common between the CAOB and western Pacific? 

Dokukina Ksenia. Decompression melting of composite mafic-felsic 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 Belomorian mobile belt - result of 

subduction geodynamic setting 

 

Alexander Slabunov 

 

Institute of Geology, Karelian Research Centre, RAS, Petrozavodsk, Russia 

(slabunov@krc.karelia.ru) 

 

The eastern Fennoscandian Shield consists dominantly of Archean bedrock that can be divided 

into the Karelian, Murmansk, Belomorian (BP), Kola, and Norrbotten provinces (Slabunov et al., 

2006; Hºlttª et al., 2012), each having a distinct crustal growth and subsequent reworking history. 

Seismic 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 BP is estimated 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 Archean 

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 high-grade mobile belt. A assosiations, uncommon to the 

Archean and essential for understanding Archean geodynamics, was revealed in BP. 

The BP consists dominantly of Meso- and Neoarchean rock association. Neoarchean TTG 

granitoids predominate. However, ophiolites, eclogite-bearing metam®lange, island-arc volcanics, 

front-arc basin sediments, oceanic plateau-type rocks, collisional granites, kyanite-faces metamorphic 

rocks, volcanogenic-coarse- clastic rocks, subalkaline granitoids and leucogabbro (Slabunov et al. 

2006) were revealed among supracrustal rock 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 Meso-Neoarchaean different-aged (2.88-2.82; 2.81-2.78; ca. 2.75 and 

2.735-2.72 Ga) calc-alkaline and adakitic subduction-type volcanics were identified as part of 

greenstone belts in the BP (Slabunov, 2008). 2.88-2.82 and ca. 2.78 Ga fore-arc type graywacke units 

were identified in this province too (Bibikova et al., 2001; Milôkevich et al., 2007). Ca.2.7 Ga 

volcanics were generated in extension structures which arose upon the collapse of an orogen. The 

occurrence of basalt-komatiite complexes, formed in most greenstone belts in oceanic plateau 

settings under the influence of mantle plumes, shows the abundance of these rocks in subducting 

oceanic slabs.  

Multiple (2.82-2.79; 2.78-2.76; 2.73-2.72; 2.69-2.64 Ga) granulite-facies moderate-pressure 

metamorphic events were identified in the BP (Volodichev, 1990; Slabunov et al., 2006, 2011). The 

earliest (2.82-2.79 Ga) event is presumably associated with accretionary processes upon the 

mailto:slabunov@krc.karelia.ru
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formation of an old continental crust block. Two other events (2.78-2.76; 2.73-2.72 Ga) are 

understood as metamorphic processes in suprasubduction 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 

(2.88-2.86 and 2.82-2.80 Ga) eclogites formed from MORB and oceanic plateau type basalts and 

oceanic high-Mg 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 attributed to processes in a subducting slab. 

Correlation of the above complexes has revealed four alternating subduction systems: 

2.88-2.82 Ga which comprises both suprasubduction (island-arc volcanics, graywackes) complexes 

and those from a subduction slab (eclogites), 2.81-2.78 Ga - island-arc volcanics, graywackes, 

granulites and eclogites; 2.75 Ga - island-arc volcanics only; 2.73-2.72 Ga - island-arc volcanics, 

granulites and eclogites. This is a contribution to RFBR Project 11-05-00168 a, 13-05-91162  
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Asia: a frontier for a future supercontinent 

 

Inna Safonova, Shigenori Maruyama 
1 
Institute of Geology and Mineralogy SB RAS, Novosibirsk, Russia; inna@igm.nsc.ru

 

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

  

Asia is the youngest continent 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, Pacific-type and collision-type (P- and C-type, respectively) (Zonenshain et al., 1990; 

Maruyama et al., 1996). C-type belts result from collisions of continental blocks accompanied by 

strong re-working of already existing continental crust through S- and A-type granitoid magmatism 

and extended MP and HP-HT metamorphism and are typified by the Alpine-Himalayan orogenic belt. 

P-type belts form over subduction zones and represent the most important sites of juvenile crustal 

growth through TTG-type (tonalite-trondhjemite granitoids) andesitic volcanism and M- and I-type 

granitoid magmatism and continental growth through accretion of intraoceanic arcs and oceanic crust 

materials to active continental margins. The P-type orogenic belts of Asia are typified by the world 

largest accretionary orogen ï Central Asian Orogenic Belt (CAOB) formed by multi-stage collisions 

of the Siberian, Kazakhstan, Tarim, and North China cratons. 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 TTG-type is eroded and subducted into the deep upper mantle. Based on PREM and 

densities calculations, Kawai et al. (2013) asserted that about 80 to 90% of TTG of continental crust 

has been eroded and subducted. Evidence for this comes from the present-day tectonic erosion and 

ongoing subduction of several oceanic arcs of the Philippine Plate under the Japanese Arc 

(Yamamoto et al., 2009) and from the Cretaceous 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 

tectonically 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 

ñsecond continentò (Kawai et al., 2013). That ñburiedò second continent, similarly to the ñfirst 

continentò on the surface, contains several hundreds to 1000 times higher concentrations of 

radioactive elements (Maruyama et al., 2013) and thus plays a key role in upper mantle heating and 

subsequent upwelling by producing mantle plumes and inducing crust rifting, which both affect the 

surface tectonic pattern and contribute to the continental crust formation.  

In the CAOB, the numerous Late Neoproterozoic-Middle Paleozoic intraoceanic arcs of the 

mailto:inna@igm.nsc.ru
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Altay-Sayan and Transbaikalia (Buslov et al., 2002; Dobretsov et al., 2003) indicate intense 

continental growth during the Phanerozoic and mark the formation of accretionary complexes and 

their hosting P-type orogens around the Siberian and Kazakhstan cratons, which later amalgamated 

with the Tarim and North China blocks to form Laurasia, a part of future Pangea supercontinent. The 

key diagnostic features of old P-type belts are the presence of blueschist belts formed after MORB 

and OIB (Volkova and Sklyarov, 2007) and accreted carbonate-capped oceanic islands (Safonova and 

Santosh, 2013). The Neoproterozoic-Early Paleozoic TTG crust of the CAOB was mostly subducted 

to produce a large amount of recycled crust (Krºner et al., 2013) in spite of dominating P-type 

orogens in Central Asia. The TTG crust formed and subducted around CAOB-surrounding Laurasian 

blocks (Kazakhstan, Siberia, North China) during the Paleozoic generated Mesozoic plume 

magmatism and rifting in southern Siberia, northern Mongolia, Junggar and Tienshan (present 

coordinates). Present Asia generally had formed by the Tertiary, after the breakup of Pangea, and the 

active subduction at its eastern margin, which generated plume-type volcanoes and rifting in Siberia, 

Mongolia, NE and SE China (Yarmolyuk et al., 2011; Zhao and Liu, 2010). Therefore, the 

Paleozoic-Mesozoic accretionary complexes of the CAOB and East Asia keep information about past 

subduction zones and their polarities, P-type orogeny and its related TTG crustal growth, erosion and 

accumulation at the MTZ and subsequent mantle upwelling and rifting. 

Thus, the multi-cratonic 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 Pangea. Since the Tertiary, due to active subduction processes in 

the western and south-western 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 

these 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 and moving together with the 

latter toward the subducting margins of the Circum-Pacific, especially in its western and 

south-western part (Maruyama et al., 2007). Nowadays, Asia is surrounded by two huge subduction 

zones of opposite polarity (double-side subduction), the western Pacific and the India-Sumatra, 

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 of 7-8 cm/year and soon will collide with the 

Indonesian intra-oceanic arc. Therefore, we consider Asia a most probable frontier for a future 

supercontinent Amasia. Contribution to IGCP#592 ñContinental construction in Central Asiaò. 
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Continental crust and granitoid magmatism of the Central Asian and Pacific orogenic belts: 

evidence from Gorny Altai and Sikhote-Alin orogens 
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The formation of continental crust goes in two stages: 1) formation of primary 

undifferentiated crustal material; 2) intra-crustal melt differentiation and formation of ñtrueò 

continental crust through large-scale granitoid magmatism. The paper discusses relationship between 

granitoid geochemistry including trace element and Nd isotope characteristics and composition of 

juvenile crustal protoliths. The objectives under consideration are two large crust segments: Gorny 

Altai (Russian Altai) and Sikhote-Alin (Russian Far East) orogens, which are parts of the Central 

Asian and Pacific orogenic belts, respectively. 

Gorny Altai.  Two stages of juvenile crust formation were recognized in Gorny Altai and 

adjacent territories: Vendian-Early Cambrian and Late Cambrian-Early Ordovician. The origin and 

composition of crustal protoliths formed during those two stages are different. The former are 

Vendian-Early Cambrian oceanic lithosphere, island arcs and fore-arc troughs, which are 

characterized by mafic composition, dominantly mid-oceanic ridge basalts (MORB), oceanic island 

basalts (OIB) and island-arc tholeiites (IAT),  and tNd(DM) = 0.5-1.0 Ga. The latter are Late 

Cambrian-Early Ordovician juvenile-type andesibasalt and andesite having low concentrations of 

incompatible elements (LILE, HFSE, REE) and  tNd(DM) = 0.7 Ga. Large turbidite basins 

consisting of oceanic basement (dominated by OIBs) and greywacke and shale cover formed during 

the Late Cambrian-Early Ordovician. The composition of the sedimentary rocks is intermediate 

between the bulk crust and upper crust. The model age pf the protoliths, i.e., tNd(DM), ranges from 

0.8-0.9 Ga for the rocks surrounding the Altai volcanic arcs to 1.4-1.6 Ga in the Altai-Mongolian 

terrane. U-Pb detrital zircon dating and bulk rock chemical and isotope compositions suggest that the 

sedimentary units formed by erosion of juvenile Vendian-Early Cambrian rocks and additional 

supply of ñrecycledò material from outside.  

The Late Cambrian-Early Ordovician continental crust of Gorny Altai formed over the 

Vendian-Early Cambrian oceanic and active margin units as a result of multiple episodes of accretion 

and collision of island arcs and oceanic rises to the active margin of the Siberian continent. The Late 

Cambrian-Early Ordovician granitoids are accordingly low-alumina TTG of M- and I-types, which 

are characterized by low LILE, HFSE and REE and tNd(DM) = 0.7-0.8 Ga. 

The Late Cambrian-Early Ordovician continental crust was re-worked during the Late 

Devonian in an active margin setting to produce I- and S-type granitoids, which model age tNd(DM) 

ranges from 0.8 to 1.2 Ga. Geochemical modelling showed that the TTG-type rocks were derived 

from oceanic and island-arc basalts of M- ʠ I- types, respectively. The S-type granitoids formed by 

anatexis of upper crust sedimentary rocks. The I-type granites formed through partial melting of a 

mailto:kruk@igm.nsc.ru
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complex source consisting of upper crust metapelitic rocks and oceanic greenstones. 

Sikhote-Alin . The Sikhote-Alin 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 Tan-Lu strike-slip faults. The primary crustal protoliths 

formed during 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 by tNd(DM) ranging from 1.3 to 1.0 Ga. Compared to the Jurassic sediments, 

the Early Cretaceous sandstones and mudstones are silica-rich (SiO2=71-75 wt.%) and depleted in 

LILE, HFSE and REE with tNd(DM) = 1.9-2.1 Ga suggesting that they were derived from the 

Precambrian-Early Paleozoic basement of the Sikhote-Alin with an insignificant contribution of 

juvenile crust material. The primary continental crust of the Jurassic terranes was re-worked in the 

Early Cretaceous in a transform continental margin setting through two stages of granitoid 

magmatism at 140-130 and 112-95 Ma. The S-type granitoids of the 1
st
 stage possess isotope 

characteristics comparable with those of hosting rocks: Nd (ŮNd(t)  varies from -3.7to -4.1, 

tNd(DM-2) = 1.2-1.3 Ga. The S- to I-type granitoids of the 2
nd

 stage are characterized by HFSE and 

REE concentrations decreasing as Al2O3 decreases and the Nd model age becomes younger: from 

tNd(DM-2)=1.14-1.23 Ga for S-type (ŮNd(t)= - 2 to - 3.8) to tNd(DM-2)=0.97-0.99 Ga for I-type (ŮNd(t) 

=  - 0.7 to - 0.8). Compared to Gorny Altai, the Early Cretaceous granitoids of  Sikhote-Alin are 

more enriched in the HFSE and REE. The continental crust of the Early Cretaceous terranes of 

Sikhote-Alin probably formed within an Andean-type active continental margin volcanic arc, which 

further evolution formed the Late Cretaceous East Sikhote-Alin volcanic belt. The 75-55 Ma East 

Sikhote-Alin granitoids of I-type have ŮNd(t) å 0 and tNd(DM-2) = 0.8-0.9 Ga. 

Geochemical modeling shows similar sources of the Late Devonian and Early Cretaceous 

granitoids of Gorny Altai and Sikhote-Alin, respectively: the S-type granitoids formed by upper crust 

anatexis but the I-type granitoids formed from a complex source consisting of upper crust metapelitic 

and oceanic metabasaltic rocks. The Late Cretaceous granitoids of Sikhote-Alin formed by anatexis 

of lower continental crust.  

Conclusively, the geochemical types of Gorny Altai and Sikhote-Alin granitoids are 

determined by a nature and composition of primary crust, i.e. by a proportion of juvenile and 

recycled crust in their source. The geochemical speciality and isotope characteristics also depend on 

protolith composition. The nature of terranes and the geodynamic setting of formation of granitoid 

intrusions are secondary factors. Supported by Presidium SB RAS (grant #79) and RFBR (grant no. 

13-05-00-660). 
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The tectonic evolution of the Paleo-Asian 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 controversy, a paleomagnetic study was carried out on the Silurian to 

Permian formations in central- eastern Inner Mongolia (China). More than 680 sedimentary and 

volcanic samples were collected from 86 sites. We have established titanium-poor magnetite and 

hematite as 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 IMB at: ɚ=46.8ÁN, ű=349.1ÁE, dp=14.6Á, dm=27.3Á 

with N=3 and ɚ=48.7ÁN, ű=3.7ÁE, dp=5.2Á, dm=9.1Á with N=6, respectively. Two stages of 

secondary magnetization are also identified probably due to Early Permian and Early Cretaceous 

magmatic events. As preliminary results, the comparison of 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, suggesting pre-Late Devonian closure of 

the Paleo-Asian Ocean and further evaluation of these three blocks as a single entity; (2) 

post-Permian intracontinental deformation was significant and characterized by block rotations, 

which are due to strike-slip faulting within the welded NCB-IMB-MOB block. 
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Sr-Nd-Hf-Pb isotope mapping combined with U-Pb zircon SHRIMP ages and Re-Os 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 ore-forming processes. Three main tectonic domains are recognized: 

Middle Tien Shan, Southern Tien Shan and Karakum microcontinent. 

Sr-Nd isotopes (whole- -5 to +7) and (
87

Sr/
86

Sr)t 

predominantly between 0.704 and 0.707, indicating involvement of both mantle-derived material (e.g., 

subduction of oceanic crust) and older crustal sources (Mesoproterozoic model ages). 

 The large range of Hf-isotope compositions found in zircons of granites from Kurama, Middle Tien 

Shan, -6 to +5) suggest recycling of older heterogeneous crustal protolith(s). In the Southern 

(Sultan-Uvais) and +16 (Teksquduk-Kyzylkum). However, Permo-Carboniferous granitoids crossing 

all terrane boundaries exhibit predominantly crustal signatures indicating Neoproterozoic protoliths. 

Pb isotopes (whole-rock) exhibit a present-day range of 
206

Pb/
204

Pb 18.229-20.718, 
207

Pb/
204

Pb 

15.607-15.823 and 
208

Pb/
204

Pb 38.077-39.827. These are in full agreement with Sr-Nd-Hf isotopes 

indicating the dominance of a crustal component as well as crust-mantle mixing processes. 

The granitoid samples from Middle Tien Shan, Southern Tien Shan and Karakum microcontinent 

show a variation of crustal to mixed signatures with a significant contribution of  older components.  

This is a contribution to IGCP-592 sponsored by IUGS-UNESCO. 

 

  



20 
 

Early Jurassic marine molasse-type conglomerates (Mae Sot area, northern Thailand) ï its 

sedimentological features and geotectonic significance 

 

Michal Krobicki
1,2

, Assanee Meesook
3,4

 & Warunee Yathakum
5 

 

1
Polish Geological Institute ï National Research Institute, Upper Silesian Branch, Krolowej Jadwigi 1, 41-200 

Sosnowiec; Poland; e-mail: michal.krobicki@pgi.gov.pl 

2
AGH University of Science and Technology, Department of Geology, Geophysics and Environmental Protection, 

Mickiewicza 30, 30-059 Krakow; Poland; e-mail: krobicki@geol.agh.edu.pl 

3
53 Mu 5, Tambon Thakham, Samphran District, Nakhon Pathom Province 73110, Thailand; e-mail: 

meesook_a@hotmail.com 

4
C/O Bureau of Fossil Protection, Department of Mineral Resources; Rama VI Road, Bangkok 10400, Thailand 

5
Bureau of Geological Survey, Department of Mineral Resources; Rama VI Road, Bangkok 10400, Thailand 

 

 Triassic-Jurassic sequence in the Mae Sot area, northern Thailand, belongs to the Shan-Thai 

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 of Triassic cherts (=radiolarites), 

carbonates and flysch (turbiditic) facies, which indicate both pelagic condition and synorogenic 

deposits. From paleogeographical point of view the Shan-Thai block was a remnant of Paleotethys 

Ocean, which occupied wide realm between Cimmerian Continent and Eurasian plate during Late 

Paleozoic-Early Mesozoic times. On the other hand, Late Triassic Indosinian orogenic event had 

been connected with docking and amalgamation of Indoburma, Shan-Thai (Sibumasu) and Indochina 

terranes, which constitute recently the main part of South East Asia. Therefore, whole Jurassic units 

of these regions are represented by post-orogenic continental-shelf deposits, which are underlain 

discontinuously by older rocks. By this reason the oldest Jurassic bed is so-called 

ñbase-conglomerateò, in local nomenclature, and is characterized by limestone and chert 

pebbles-bearing conglomerate which is significant for the understanding of the tectonic evolution of 

the Shan-Thai terrane (Ishida et al., 2006 with literature cited therein). Underlying cherts are very 

precisely dated biostratigraphically (based on radiolarians) as Middle-Late Triassic, according to 

mentioned authors, and limestone and chert pebbles from ñbase-conglomerateò are Early-Late 

Triassic (by conodonts) and Middle-Late Triassic (by radiolarians), respectively. These microfossils 

from pebbles determine the age of the Indosinian (Shan-Thai = Mae Sariang) orogeny. Additionally, 

the youngest clasts, both limestones and siliceous rocks, indicate strictly pelagic character of 

sedimentation up to Late Triassic (latest?; at least Rhaetian ï see op. cit.) time and full open ocean 

condition at least before the end of the Triassic. The ñbase-conglomerateò is characterized by 

poorly-sorted, chaotic organized, pebble/fragment-bearing 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 pebbles are represented 

both by micritic, pelagic limestones and whole spectrum of packstones and grainstones, including 
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extremely shallow-water biodetritic limestones (with bivalve fragments, crinoids, fragments of corals 

etc) with ooids and coated grains. The ñbase-conglomerateò is overlain by limestones and marls with 

mudstone intercalations of the Khun Huai Formation of the Hua Fai Group dated by ammonites and 

bivalves as Early Toarcian. These facts indicate, by superposition, that ñbase-conglomerateò is Early 

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 its origin, after erosion of step, submarine ñcliffsò and 

formed proximal aprons of debris flows. Additionally, the composition of this conglomerate, which 

have both extremely deep-marine clasts and shallow-water 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 have been destroyed and eroded, and 

produced marine molasse-type 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?) earliest Jurassic time. The comparison of main orogenic events in the 

South East Asia regions and main pulses of itôs indicates diachronic, multi-stages movements of 

Indosinian orogeny [for example ï Early Triassic and Carnian/Norian transition orogenic time in 

Vietnam (Lepvrier et al., 2004) and late Middle Triassicïearly Late Triassic (so-called second 

Indosinian event; Hahn, 1984; Lepvrier & Maluski, 2008) and close to Triassic/Jurassic transition in 

Thailand], firstly docked to Asian plate on the East and later on the West, progressively (in recent 

coordinates). 
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Late Paleozoic folded system of Hercinides in Eastern Kazakhstan was formed as a result of 

Kazakhstan and Siberian plates collision. Contraction and closing of intercontinental Obô-Zaisan 

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 basin and the relics 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 intrusive massifs include rocks of two complexes ï Argimbai 

plagiosyenite-gabbro (earlier) and Maksut gabbro-picrite (later). There are about 50 small massifs 

within the Charsk zone, their square usually is no more than 10 km
2
, the largest massif has square 

about 60 km
2
. Most of the massifs consist of either gabbroid rocks of Argimbai complex or 

gabbro-picritic rocks of Maksut complex, but the rocks of both complexes present in some massifs. 

Geologic observations ascertain that gabbro and plagiosyenites of Argimbai complexes are 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 Cu-Ni mineralization associates with picritoids of Maksut complex.  

Rocks of Argimbai complex in studied massifs mainly represent as medium-grained and 

fine-grained gabbro. Initial paragenesis includes the plagioclase (An40-60) and clinopyroxene 

(high-Ca augite with f = 25-30). Interstitial paragenesis consists of brown-green hornblende, 

plagioclase of second generation (oligoclase), quartz, biotite, titaniferous magnetite and typomorphic 

potash feldspar. Accessory minerals are apatite, titanite, zircon. Rocks of Maksut complex in studied 

massifs represent two main types ï olivine dolerites (picrodolerites) and picrites. Picrodolerites are 

medium-grained rocks in which the initial paragenesis includes plagioclase (An60-85), diopside (f = 

18-20), orhtopyroxene (f =  20-22) and olivine (f = 20-25) quantity of that reach to 15 vol. %. Late 

magmatic paragenesis consist of typomorphic biotite (about 3 vol. %), brown hornblende (2-3 vol. %) 

and magnetite; accessory minerals are apatite, chalcopyrite, pyrrhotite. Picrites are medium-grained 

rocks in which the initial paragenesis includes olivine with f = 20-25 (40-50 vol. %) and 

orhtopyroxene (about 40 vol. %). Interstitial paragenesis consists of clinopyroxene, plagioclase, 

biotite, hornblende, magnetite and brown glass with pyroxenite composition. Gabbroids of Argimbai 

complex as with picritoids of Maksut complex possess enhanced alkalinity (Na2O+K2O from 5.2 to 

7.8 wt % in gabbroids and from 2 to 5 wt % in picritoids), enhanced content of potassium (K2O to 

2.8 wt. % in gabbroids and to 1.3 wt % in picritoids) and phosphorus (P2O5 to 0.8 wt. % in gabbroids 
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and to 0.3 wt % in picritoids). The enhanced contents of  light rare-earth elements, Ba (up to 1000 

ppm), Sr (up to 980 ppm), Zr (up to 350 ppm), Rb (up to 25 ppm) are typical for gabbro of Argimbai 

complex. Concentrations of rare and rare-earth 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, Sr up to 830 ppm, Zr up to 110 ppm, Rb up to 8 ppm).  

We have fulfilled the geochonological study for gabbro of Argimbai complex by U-Pb isotopic 

method and for picrodolerites and picrites of Maksut complex by 
40

Ar/
39

Ar method. For U-Pb 

isotopic method age determination 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/structure/cir/analyt/shrimp.php). For analysis the sample of unaltered gabbro 

from Kokpektinsky massif (sample CC-13) was selected. Form this sample the fraction of zircon was 

separated. Morphology and inner structure of zircon grains confidence their magmatic genesis. 

Dating was carried out both for central and for peripheral parts of grains. Interpretation of measuring 

U-Pb isotopic ratios for 10 points allows determining the age in 293 Ñ 2 Ma for gabbro of Argimbai 

complex. 
40

Ar/
39

Ar geochronological study for picrodolerites and picrites of Maksut complex has 

carried by step heating in IGM SB RAS, Novosibirsk. For analysis the fractions of biotite from the 

massifs (Kokpektinsky, Tastau, Maksut) and the fraction of brown hornblende from one massif 

(Maksut) was separated. For all four samples the identical ages were obtained: 280 Ñ 2 Ma for 

biotites and 278 Ñ 3 for hornblende.  

Geochronological data allows determining two stages of mantle magmatism manifestations 

within Eastern Kazakhstan: about 293 Ma ï subalkaline gabbro of Argimbai complex and about 280 

Ma ï picrodolerites and picrites of Maksut complex. These data are similar to ages of Late 

Carboniferous ï Early Permian trap formations in Tarim plate and Junggar 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 

basalt-comendite associations (305ï285 Ma), monzodiorite-granosyenite-granite complexes 

(300ï270 Ma), picrite massifs with Cu-Ni-PGE mineralization (285ï280 Ma). The formation of 

these complexes presumed as a result of Tarim mantle plume activity. Composition of subalkaline 

gabbro of Argimbai complex, picrodolerites and picrites of Maksut 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 antidromic consecution of mantle magmatism ï from earlier Argimbai gabbroids to 

later Maksut picritoids the MgO content is increasing and SiO2 and alkalinity are decreasing. This 

consecution may be explained using model of interaction between thermochemical plume and 

lithosphere [Dobretsov, 2008]. Under the model there are early and late stages of ñplume ï 

lithospehereò interaction with a 10-15 Ma apart. This interval stipulated by hard  lithosphere  

response time. For the case of Tarim plume we suggest the early stage of plume activity occurred in 

293 Ma when ñplume ï lithosphereò interaction accompanied by low degree of melting of 

lithospheric upper mantle sources that reduced to appearance in Eastern Kazakhstan Argimbai 

http://vsegei.com/en/structure/cir/analyt/shrimp.php
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gabbro enriched of incompatible elements. The late stage of ñplume ï lithosphereò interaction 

occurred at 280 Ma when ñplume ï lithosphereò interaction accompanied by higher degree of 

melting of lithospheric upper mantle sources as a result of prolonged warming-up of lithospheric 

base. These events reduced to appearance trap formations in Tarim and Junggar and the picrodolerite 

and picrite intrusions at the territory of Northwestern China and Eastern Kazakhstan.  

We thank academician N.L. Dobretsov and PhD N.N. Kruk for consultations, remarks and fruitful 

discussion. This work was supported by grant MK-1753.2012.5 from the Grant Council of Russian 

Federation President. 
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Fig. 1 Gamma and Resistivity 

logs of borehole AEN 044 

Gamma and Resistivity logs of Gondwana Coal Seams at Phulbari Coal Basin,  

Northern Bangladesh 
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Abstract 

A combination of resistivity and gamma-count-rate data from coal seams may lead to the 

identification and accurate determination of depth and thickness of coal seams in Gondwana coal 

field. An attempt has been made for that together with draw relationship between resistivity, 

gamma-count rate and ash content for the Phulbari coal 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, SP, resistivity, neutron, natural gamma, 

gammaïgamma 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 qualitative assessment of coal seams. 

Methodology 

The gamma and electrical resistivity logs in combination proved to be particularly effective in 

locating individual coal beds. Non-spectrometric (total counts) gamma logging record the amount of 

natural gamma radiation emitted by the rocks surrounding the borehole. Short (16ǌ) and Long 

(32/64ǌ) normal resistivity logs were recorded to compare rock properties near to and further away 

from the borehole. For the borehole logging 2PGA-1000 Gamma and 2PEA Resistivity tools with 

MGX II 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 

The Phulbari Coal Basin and other Gondwana Coal basins are located 

withinthe Bangladesh part of the GaroïRajmahal gap (known as the 

óRangpur Saddleô) [1] of the Dinajpur Shield. The Phulbari Coal 

deposits occur in one of several NNW-SSE elongated intracratonic 

basins in the Rangpur Saddle that formed when India was connected to 

Australia, Madagascar, Africa and Antarctica as part of Gondwana in 

Permian times [2]. The Permian sequence, which forms a half-graben 

structure unconformably overlying an Archean basement complex, is 

overlain unconformably by flat lying Tertiary sediments. The coal 

bearing sequence is mildly folded into a N-S trending asymmetric 
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Fig. 2  Cross-Plot of Gamma and        

Resistivity logs of borehole AEN 044 

plunging syncline, almost parallel to a major 

bounding fault on the Eastern side.   

Results and DiscussionThe data analyzed was 

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, Bangladesh. These 

boreholes were logged by conventional logging 

techniques for natural gamma and resistivity 

(short and long).The log composite from Well 

AEN 044 is typical of logs obtained from all ten 

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 limited occurrence. The 

gamma count rate for coal seams of Phubari basin varies over the range 10
2
ïl0

3
 cps, 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 10
3
-l0

4
 Ým [4]; similar range of resistivity 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. 

Resistivity of coal varies inversely with the degree of coalification; It is minimum for lignite and a 

maximum for bituminous coals. Coal containing 10- 15% ash have gamma counts ~100 cps  and 

resistivity value >1000 Ým attributing the coal quality, sub-bituminous to bituminous [4].  

Conclusion 

Two seams, upper and main, were delineated at a depth between 145 and 300.13 m, with a thickness 

range of 13.59ï16.93 and 13.89ï 40.58 m from the gamma and resistivity logs in the Phulbari Coal 

Basin. The present work has confirmed 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 assessment of coal seams in respect 

of depth and thickness of a borehole. 

 

[1] Uddin MN, Islam MS., 1992, Geology in South Asia-1, pp. 224ï230. 

[2] Asia Energy Corporation (Bangladesh) Pty Ltd., 2005, pp. 5ï25 

[3] Kayal JR., Das LK., 1981, Geoexploration, 19, pp. 193ï200 

[4] Kayal JR., 1979, Geoexploration, 17, pp.243ï258 
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The Koshrabad massif (ca. 200 square km) is situated in Northern 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 Karakum-Tarim and Paleo-Kazakhstan continents. The Koshrabad massif and 

other intrusions of Northern Nurata range were recently dated at ca. 285 Ma and defined as 

Hercynian post-collisional intrusions (Seltmann et al., 2010). Peculiar features of the Koshrabad 

rocks include their elevated alkalinity and presence of rapakivi-textured varieties. Besides, the massif 

hosts two large intrusion-related 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 of the Koshrabad magmas and the origin of the gold deposits. The 

Koshrabad rock assemblage includes pyroxene-amphibole+olivine alkaline gabbros, syenites, 

monzonites, quartz syenites, granosyenites and amphibolebiotite granites. Amphibole-biotite quartz 

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 rock-types form dikes which are structurally controlled and form two 

swarms in the SE part of the massif striking roughly in the east-west direction. The rocks of the 

Koshrabad are rich in FeOtot, K2O and Na2O, they have extremely high FeO/(FeO+MgO) ratios and 

low contents of CaO and MgO. They plot into fields of A-type 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 mid-crustal levels produced main volume of felsic compositions 

which dominate at present day erosion surface of the massif. This evolution probably included 

assimilation of quartzo-feldspatic crustal material. The structure of gold deposits shows that the gold 

veins were emplaced in brittle fractures 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, 2007). Analyses 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 Au-rich veins in the same structures which previously controlled emplacement of 

dikes. 
Abzalov M., 2007. Zarmitan granitoid-hosted gold deposit, Tian Shan belt, Uzbekistan. Economic Geology. 102. 

519ï532. 
Seltmann R., Konopelko D., Biske G., Divaev F. & Sergeev S., 2011. Hercynian post-collisional 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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The Makbal and Aktyuz Complexes in the western Tianshan Mountains of Kazakhstan and 

Kyrgyzstan consists of HP/UHP metasedimentary host rocks which enclose HP various mafic blocks 

or boudins. These mafic rocks comprise rare eclogites, garnet amphibolites and newly discovered 

glaucophanite (glaucophane-garnet-omphacite bearing rock).  

So far the Makbal Complex has been interpreted to predominantly consist of continental 

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 suggested that the continental lithologies of the 

Makbal Complex underwent the eclogite-facies condition in a former subduction zone. 

In the present study we combined conventional geothermometry, P-T pseudosection modeling 

and major and trace element whole rock geochemistry 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 peak-pressure clockwise P-T paths of both rock types were modeled using garnet 

isopleth thermobarometry. The results suggest that the glaucophanite and the garnet amphibolite 

samples experienced similar prograde P-T paths and slightly different peak metamorphic conditions 

between ~520 ÁC and ~560 ÁC at ~2.2 GPa to ~2.5 GPa, corresponding to burial 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 various precursor rocks. Garnet 

amphibolites are believed to represent strongly retrogressed former eclogite-facies rocks that have 

never been eclogites sensu strictu due to an unfavorable alkali-poor bulk composition (Na2O < 1 

wt. %). The four high-pressure mafic 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 high-pressure rocks are believed to represent incoherent segments of exhumed oceanic or 

continental crust. Juxtaposition of different mafic oceanic and continental rocks is suggested to be 

due to buoyancy-driven exhumation of the metasedimentary host rock in the subduction channel 

where dismembered fragments of the subducted oceanic crust were captured in different depths. 

mailto:konopelko@inbox.ru
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In Russian and Kazakhstan Altai the earliest metamorphic events were connected with 

subduction processes, but exhumation of HP/LT metamorphic rocks dated a time of subduction 

cessation and beginning of accretionary-collisional processes. There are three well-known HP/LT 

eclogite and blueschist localities in the Altai Mountains. They are the following: (a) eclogites and 

garnet-barroisite schists of the Baltyrgan metamorphic complex located near Chagan-Uzun village, 

Gorny Altai, Russia; (b) imbricated slices of blueschists in the Uimon Zone, Gorny Altai, and (c) 

blocks of blueschists and eclogites in a serpentinite m®lange of the Chara Zone, Kazakstan. 

The Baltyrgan metamorphic complex is 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 ultramafic rocks of the Chagan-Uzun Massif. Metamorphic rocks 

of the complex are presented by eclogites, garnet amphibolites, amphibolites, and garnet-barroisite 

schists. Sparse petrochemical data suggest that the eclogite and garnet amphibolite have mid-ocean 

ridge basalt compositions. Estimations obtained using the mineralogical geothermobarometry have 

allowed to determine P-T conditions of a peak of metamorphism: ʈ = 20 kbar and ʊ = 660
o
C (Ota et 

al., 2007). 

The age of the Baltyrgan Complex is constrained by finds of pebbles of metamorphic rocks in 

basal conglomerates of volcano-sedimentary units of the Early Cambrian. Results of Ar-Ar isotopic 

dating (Buslov et al., 2002) of eclogites (on barroisite) testify the Neoproterozoic age of their 

metamorphism (636-627 Ma). U-Pb age on zircon from eclogite is 619 ° 13 Ma (Gusev et al., 2012). 

The age estimate of high-pressure rock exhumation (593 + 3 Ma) has been obtained by Ar-Ar 

method on phengite from garnet amphibolite bordering an eclogite body (Volkova et al., 2007). 

Recently the close U-Pb age of 604 ° 6 Ma was determined for the same rocks (Gusev et al., 2012).  

The Uimon metamorphic complex occurs in a large tectonic Terekta block in the central part of 

Gorny Altai. The block represents an imbricated structure, bounded by Late Devonian- Early 

Carboniferous strike-slip faults (Dobretsov & Buslov, 2007). It is composed of dismembered masses 

of metabasalts, metagraywacke, Mn-rich metachert, marble, as well as of slivers and lens-shaped 

bodies of serpentinite and metadolerite. The Uimon metabasites consist of amphibole (glaucophane, 

winchite, or actinolite), phengite, epidote, albite, chlorite, quartz, and calcite; stilpnomelane and 

pumpellyite are rare. The estimates of metamorphic conditions (T = 350-450
o
C and P = 6-8 kbar) 

correspond to transitional blueschist-greenschist facies. At close ʈ-ʊ metamorphic conditions 

glaucophane occurs in Fe-rich rocks, while actinolite develops in Mg-rich rocks. Metabasic rocks of 

the Uimon Unit correspond in chemical composition to basalts with SiO2 contents of 44.6 to 48.1 

wt. %. Blueschists are most enriched in TiO2, Na2O, K2O, and P2O5 and are depleted in MgO in 

mailto:nvolkova@igm.nsc.ru
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comparison with greenschists. The major, trace and rare-earth 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 blueschists obtained by 
40

Ar/
39

Ar dating of 

phengite (485 Ñ 2; 487 Ñ 20 Ma) and glaucophane (491 Ñ 5, 484 Ñ 10 Ma) from two samples 

corresponds to the boundary of the Cambrian and Ordovician (Volkova et al., 2011).  

HP/LT rocks in serpentinite m®lange of the Chara Zone, NE Kazakhstan. The Chara (or Char) 

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 Kazakhstan continental margin. Northeast of the Chara Zone are Kalba-Narym, Rudny 

Altai, Gorny Altai terranes, being marginal zones of the Siberian continent. This strike-slip structure 

was formed in the Late Carboniferous-Permian during collision of Siberian Craton and Kazakhstan 

continent (Dobretsov, 2000, Buslov et al., 2004). 

In an axial part of the Chara Zone the Chara ophiolitic belt is located. Serpentinite m®lange of 

the belt includes blocks of HP/LT rocks (eclogites, garnet-barroisite schists, blueschists, metacherts) 

of size from some meters to hundreds meters. Estimations of P-T metamorphic parameters, 

calculated using the THERMOCALC program, testify that the temperature varied from 500 to 675
ʦ
ʉ, 

and pressure varied from 5 to 19 kbar. A wide range of pressure 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 with SiO2 contents of 43 to 52 

wt. %. Geochemical characteristics including REE patterns of metabasic rocks uggest that their 

initial protoliths were various types of oceanic basalts, namely N-MORB, E-MORB, OIB types, but 

enriched MORB resembling basalts of oceanic plateau, predominate. 

The age of metamorphism was determined based on 
40

Ar/
39

Ar analyses of phengite and 

barroisite from two samples of metabasic schists. Step-heating plots for phengite yielded plateau age 

of 449.3 + 1.0, 449.8 + 5.2 Ma. Barroisite also gave good spectra with an age of 450.0 + 2.7, 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 allowed suggesting that their formation had been connected with multiple 

subduction systems inherent to Paleo-Asian Ocean (Xiao et al., 2010). The main stages of 

subduction-accretionary events were the following: the Neoproterozoic (Ediacaran), Late Cambrian 

to Early 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 Gondwana-derived microcontinents. 

 

Buslov, M.M., Watanabe, T., Saphonova, I.Yu., Iwata, K., Travin, A., Akiyama, M., 2002. A 

VendianïCambrian island arc system of the Siberian continents in Gorny Altai (Russia, Central 

Asia). Gondwana Research 5: 781ï800. 
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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 paleo-oceanic plates in the 

Tianshan Orogen and the accretion history of the southwestern Central Asian Orogenic Belt. We 

identified undeformed granitoids intruding into the Paleoproterozoic metamorphic rocks in the Korla 

area at the northern Tarim Craton. Zircon LAïICP-MS UïPb dating of three samples from a 

porphyritic granodiorite pluton yields three indistinguishable crystallization ages:  420.6Ñ2.3 Ma  

(MSWD=1.02,  n=27),  421.7Ñ2.8 Ma  (MSWD=0.75,  n=17)  and  419.8Ñ3.3 Ma 

(MSWD=1.10, n=13), highlighting a late Early Paleozoic magmatic event. In-situ zircon Hf isotope 

data of the youngest zircon population (ca. 420 Ma) vary in large ranges (up to 11 epsilon Hf units 

for single sample), with the lowest Ů Hf (t) value (ī14.2) approaching the evolution line of the Early 

Paleoproterozoic crust in the northern Tarim Craton, suggesting magma mixing between the old 

crust-derived magma and the relatively juvenile materials probably derived from depleted mantle. 

Geochemical data suggest that these granitoids are metaluminous, high K calc-alkaline granodiorite. 

They show a moderately differentiated REE pattern 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 subduction-related areas. 

These geochemical and isotopic features suggest that this magmatic event probably occurred in an 

Andean-type continental arc. Therefore, if the northern Tarim Craton was a passive continental 

margin in the Early Paleozoic, it must have changed into an active margin at least since ca. 420 Ma, 

probably as early as the OrdovicianïSilurian boundary, necessitating a southward subduction of the 

South-Tianshan Ocean. Considering the coeval arc magmatism on the Central Tianshan Block, a 

divergent double subduction model for the South-Tianshan Ocean is tentatively proposed. 
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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 Khan-Tengri Massif (Mikolaichuk and Buchroithner, 2008) of the EW-trending 

Terksei, Saryjaz and Kokshaal Ranges, which meet the SW-striking Meridionalônyi Range in the east. 

Traditionally, the Kyrgyz Tienshan is considered to consist of the South, Middle and North Tienshan. 

The Southern TS is a fold-and-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 northward-dipping tectonic 

sheets of Silurian-Carboniferous platform carbonates, shelf sediments and intraplate volcanic rocks 

(Biske and Seltmann, 2010). The early Paleozoic units of the Middle and North TS are regarded as 

parts of the Kazakhstan-Kyrgyz composite continent (KKC) that became amalgamated during the 

Late Ordovician after closure of the Ishym-Naryn and Jalair-Yili branches of the Paleo-Asian Ocean 

(e.g., Ghes, 2008). The KKC units are unconformably overlain by late Paleozoic neo-autochthonous 

terranes such as the active margin units of the Junggar-Balkhash Ocean in the north and passive 

margin units of the South 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 Chinese geologists. The 

North Tienshan orogen of the Xinjiang region in NW China is dominated by late Paleozoic island-arc 

units (Zhou et al., 2001), which are similar to the Devonian-Carboniferous volcanic units of the 

Junggar-Balkhash belt of southern Kazakhstan. The different geological structures of these two 

adjacent segments of the Northern TS, in Kyrgyzstan and in Xinjiang, was previously explained by 

Permian-Triassic strike-slip 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 Khan-Tengri Massif. There, the 

KKC passive margin extends for more than 1000 km from the Bolshoi Karatau Range in the NW 

(Kazakhstan) to the Khan-Tengri Massif in the east (Kyrgyzstan). The early Paleozoic passive 

margin units are characterized by stable continental margin stratigraphy and lithology and are 

unconformably overlain by Frasnian continental red-color deposits and Famennian clastic-carbonate 

shelf deposits. The northern Saryjaz Range, east of 79ÁE, consists of Precambrian granites, 

Ordovician flysch and shelf deposits and Late Devonian platform carbonates, which are overlain 

with an angular unconformity by Late Visean-Serpukhovian clastic deposits of the Echkilitash trough. 

Half of the Echkilitash sequence consists of a carbonate breccia containing Famennian and Late 
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Tournaisian-Early Visean foraminifera. The autochthonous limestones contain Late Visean and 

Serpukhovian foraminifera. The clastic material was probably transported to the Echkilitash trough 

from the Late Devonian-Early Bashkirian platform carbonates of the southern Saryjaz slope. The 

clastic-carbonate deposits of the southern Saryjaz are overlain by rift-type volcanic rocks with 

interbeds of calcareous sandstones containing Late Devonian-Tournaisian 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 Tienshan (Biske and Seltmann, 2010). In general, the Late Devonian-Early 

Bashkirinan passive margin sequence of the Khan-Tengri Massif is similar to that 1000 km to the 

west, but is unique for the presence of rift-related volcanic rocks. Thus, we consider that the 

Echkilitash trough of the KKC passive margin is a rift-type graben filled by carbonate platform 

sediments. 

In the Kyrgyz Tienshan, the Precambrian basement is exposed between 79ÁE and 80ÁE, i.e. at the 

border with China, and consists of 1850 to 2320 Ma granitic gneisses (U-Pb, zircon) and ca. 830 Ma 

granodiorites (Krºner et al., 2012, 2013). We report an Early Carboniferous granite within the 

Kyrgyz Tienshan (ca. 336 Ma, UïPb, zircon) that intruded into older granitoids. In Xinjiang, east of 

80ÁE longitude, i.e., north of the Tienshan suture, Early Carboniferous granites occur widely and are 

referred to as the southern Central Tianshan Suture Zone by Chinese geologists. Those Early 

Carboniferous granites of possibly continental margin origin (I-type; Wang et al., 2008) extend over 

a distance of several hundred kilometers and also intrude the Meso- to Neoproterozoic metamorphic 

basement (ca. 1910 Ma, U-Pb, zircon) consisting of granulites, gneisses, amphibolites and 

migmatites as well as granitic gneisses with a UïPb zircon age of 882 Ñ 33 Ma (Long et al., 2011). In 

places, the basement rocks are unconformably overlain by late Neoproterozoic carbonates and tillites. 

These relationships suggests that, in Visean time, the passive margin was deformed and 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 Kyrgyz part. 

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 a flysch trough (Sonkul-Turuk), filled with 

gray clastic deposits. In Serpukhovian-Early Bashkirian time, the northernmost area of the KKC was 

covered by red-colored continental, delta and shallow marine beach sediments. Simultaneously, an 

isolated carbonate platform 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 passive margin 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 exposed the KKC basement. The western part of the KKC passive margin 

(Kyrgyzstan) remained undeformed. Therefore, the ñCentral Tianshan Granite Beltò of the Chinese 
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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 Neoproterozoic-early 

Paleozoic sedimentary cover (Krºner et al., 2013). Contribution to IGCP #592.  
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The Zamiin-Uud accretionary belt (ZUAB) is located between three basement blocks in SE 

Mongolia and extends northeastwards into NE China (Fig. 1b) [1, 2, 5-16]. 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 and schists, which is stratigraphically associated 

with Lower-Middle Devonian siliceous-terrigenous sequence. The all units were overprinted by 

brittle-ductile polyphase deformations and overlapped by brittle deformed Upper Carboniferous flysh 

succession. We have provided five main deformational events for structural evolution of the 

Hutag-Uul Orogen (HO): 

(1) Devonian subduction-accretionary event is characterized by accretionary complex of the 

East Gobi microcontinent (EGM) active margin, which is composed of Early Devonian ophiolite, 

Early-Middle Devonian flyshoid and blueschist [8, 11, 16]. This deformation event is marked north 

dipping axial planes (S1ap), downdip stretching lineation (L1), asymmetric folds (F1), subvertical 

brittle-ductile shear zones and southward thrusting C/S fabrics in the ophiolitic schists and the 

Early-Middle Devonian siliceous-terrigenous sequence. 

(2) During the Late Devonian-Early Carboniferous large-amplitude strike-slip faults are 

characterized by steep hinging folds (F2) with vertical axial plane (S2ap) 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 Hutag-Uul, Nuhetdavaa and Hangi-Ovoo, and new ophiolitic rocks 

(354,333Ma) have formed within the transform fracture zone [5]. 

(3) A collisional event is represented by upright folds (F3) and subvertical brittle-type shear 

zones, which is supposed to be started in Tournaisian and completed in Bashkirian (Moskovian). 

Some observations at Ergiin-Us hudag area show that the steep B2 axis was overprinted by horizontal 

folds (F3). A syncollisional granite has a LA-ICP-MS zircon age of 345Ma, and then Hutag-Uul 

Orogen (HO) was created. 
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Post-collisional units are represented by óBasementô-derived Upper Carboniferous-Early 

Permian volcaninogenous-sedimentary sequences [12] that is intruded by granitoid with SHRIMP 

zircon age of 290-275Ma [4, 9]. 

(4) The earlier phase of intra-continental deformation of the HO is marked by folding of all 

Permian rocks and Triassic magmatic upwelling [15] or shearing [8]. 

(5) The latest phase is recognized by Early Cretaceous thrustðstrike-slip faulting as a result of 

the northward displacement of the Early Permian Sulinheer ophiolite (namely óChaogenshan 

massifsô) into the Hegenshan (Fig. 1b) [5, 7, 15]. 

Additionally it is worthy to note that during the Later Paleozoic-Early Mesozoic the HO moved 

northward along the Altan Tagh-East Gobi-Xinlin Xihuitu Ductile Shear Zone (AEXDSZ) leading to 

terminal closure of the Mongol-Okhotsk Ocean (Fig. 1a) [13-14]. Therefore we suggest that Tarim 

block was earlier collided with Siberian craton than North China craton (Fig. 1a). 

Contribution to IGCP#592 Project ñContinental construction in Central Asiaò supported by 

UNESCO-IUGS. 
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Fig. 1. (a) Location of the Central Asian Orogenic Belt (CAOB) and adjacent tectonic elements (modified after [3]). (b) 

Simplified tectonic map of the ZUAB of the southeastern CAOB showing main lithotectonic zones and location of Fig. 2 (modified 

after [1-2, 4-16]). Numbers in left of each box refer to geochronological constraints from: (1) [2], (2) [15], (4) [7], (5) [5]. Numbers of 

stratigraphycal columns refer to lithological constraints from: (1) authors, (2-3) [2, 8, 10], (4) [7]. 
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Curved orogenic belts (oroclines) are widely recognized in accretionary orogens (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. The occurrence 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 New England Orogen. Our geochonological results demonstrate that the spatial distribution of 

early Permian granitoids delineates an ear-shaped belt, which is interpreted to represent four 

oroclines (Texas and Coffs-Harbour oroclines in the north, and Manning and 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 structure 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 strain. In the 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 relatively simple deformation history, allowing us to conduct 

regional-scale geometric analysis. Spatial variations in the strike of steeply-dipping structural fabrics 

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

the ear-shaped 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 may have 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 curved 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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The Tarim Craton is one of three large cratons in China. So far, there is only scant information 

concerning its crustal evolution history due to most existing geochronological studies generally 

lacked the combined isotopic analysis, especially in situ LuïHf isotope analysis of zircon. In this 

study, Precambrian basement rocks from the Kuluketage and Dunhuang Blocks in the northeastern 

part of the Tarim Craton have been analyzed for combined in situ laser ablation ICP-(MC)-MS zircon 

UïPb and LuïHf isotopic analyses, as well as whole rock elements to constrain their protoliths, 

forming ages and magma sources. Two magmatic events at ~2.4 Ga and ~1.85 Ga are revealed from 

the Kuluketage Block, and three stages of magmatic events are detected in the Dunhuang Block, i.e., 

~2.0 Ga, ~1.85 Ga and ~1.75 Ga. The ~1.85 Ga magmatic rocks from both areas were derived from 

an isotopically similar crustal source under same tectonic settings, suggesting that the Kuluketage 

and Dunhuang Blocks would be parts of the uniform Precambrian basement of the Tarim Craton. 

Zircon Hf model ages of the ~2.4 Ga magmatism indicate that the crust of the Tarim Craton may be 

formed as early as Paleoarchean. The ~2.0 Ga mafic rock from the Dunhuang Block was formed in 

an active continental margin setting, representing an important crustal growth event of the Tarim 

Craton in the mid-Paleoproterozoic coinciding with the global episode of crust formation during the 

assembly of the Columbia 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 magmatism in the 

Dunhuang Block was resulted from a mixture of reworked Archean crust with juvenile magmas, and 

probably related to a post-collisional episode. 
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Fig. 1. Simplified geological map of the Siberian Altai. Intrusives are indicated and colour-coded according to their 

measured zircon U/Pb (ZUPb) crystallization age. On the timeline, the different emplacement ages are interpreted 

in the tectonic history of the closure of the Palaeo-Asian ocean (after Glorie et al., 2011).  

 

The Siberian-Kazakh Altai forms part of the Central Asian Orogenic Belt and currently is an active 

intracontinental mountain belt. Its basement formed during the Palaeozoic, when Gondwana-derived 


