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IGCP662--Orogenic

architecture and crustal
growth from accretion to
collision: examples from
the Central Asian Orogenic

Belt and Tethyan Orogen
(2018-2022)

Objectives: : Compare accretionary and
collisional orogens through isotopic
mapping. To delineate differences in
composition and architecture between
accretionary and collisional orogens; To
establish criteria to (semi-) quantitatively
describe orogenic development by the
ratio of juvenile/reworked crust; To better
understand the role of orogenic
composition on metallogenesis.

Project leaders: Tao Wang (China), Dmitry
Gladkochub  (Russia), Zengqgian Hou
(China), Reimar Seltmann ( UK), Inna
Safonova (Russia), Wenjiao Xiao (China),
Suzanne Y. O ‘Reilly ( Australia,

Cees van Staal ( Canada) .

Website: http://www.igcp662.org.cn/
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IGCP662--0rogenic architecture and crustal growth from accretion to collision:
examples from the Central Asian Orogenic Belt and Tethyan Orogen(2018-2022)

Objectives: : Compare accretionary and collisional orogens through isotopic mapping. To
delineate differences in composition and architecture between accretionary and collisional orogens;
To establish criteria to (semi-) quantitatively describe orogenic development by the ratio of
juvenile/reworked crust; To better understand the role of orogenic composition on metallogenesis.
Project leaders: Tao Wang (China), Dmitry Gladkochub (Russia), Zengqian Hou (China), Reimar
Seltmann ( UK), Inna Safonova (Russia), Wenjiao Xiao (China), Suzanne Y. O ‘Reilly
(Australia ) ,and Cees van Staal (Canada) . Website: http://www.igcp662.org.cn/

¥ Achievements 2018: Delineate the largest juvenile crustal province
2 .4 :and its controlle on metallogenisis in the CAOB through
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Achievements 2018: The first workshop, field excursion and
post-workshop training courses were successfully held in China

tive orogen (Intr arc)
(juvenile crust > 90%7)

More than 90 experts from 12 countries including Australia,
Canada, Britain, France, Israel, Russia, Turkey, South Korea,
Mongolia, Pakistan, Germany and China, attended the first
workshop and post-workshop training courses in Beijing, and
the field excursion in the Dunhuang-Guazhou-Liuyuan,
Beishan, NW China from September 15 to 22, 2018. The
training courses ““Using isotopes in zircon and sulfides to
understanding curst-mantle evolution” were give by Yusheng
Wang (China), Alfred Kroner (German), Suzanne Y. O’Reilly
(Australia, Willian Griffin (Australia), Simon Wilde (Australia)
and Jean Bédard (Canadian).
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The project leaders

Prof. Tao Wang (China) Prof. Dmitry Gladkochub (Russia
Institute of Geology, CAGS Institute of the Earth's Crust, RAS

Prof. Zenggian Hou (China) Prof. Reimar Seltmann (UK)
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Prof. Inna Safonova (Russia) Prof. Wenjiao Xiao (China)
Novosibirsk State University Chinese Academy of Sciences

Prof. Suzanne Y. O‘Reilly, Prof. Cees van Staal

(Australia), Macquarie University (Canada), Geological Survey vz
Australia of Canada SN
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First Workshop and training Course of Project IGCP662, 2018
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Figure 1. Photos during the pre-conference field trip of the first workshop. (a) A group photo in the field trip; (b) and (c). Prof. Cees van Staal
(a) and Shoufa Lin introduced the field geology and showed the results of geological mapping by him and colleagues; (c) Participants listen

carefully to the introduction by Prof. Cees van Staal.



Figure 3. Photos frorm the posit-cornferernce trairning courses. (a)
Prof. Yusherng Warn, (b)) Prof. Alfred Kroner, (c) Projf. Sirrror: A.
Wilde, (d) Projf. Suzarnnne Y. O'Reilly arnnd () Dr. Jearnrn Bédard, who
were givirnng their lecturess () Projf. Williart Griffire, discussirtge with
the audiennce after his lectures; (l1) Prof. Qiurming Cherng, the presi-
dernt of thhe UGS (Innternationnal Urniornn Geological Society) gave arz
address; (i) More thart 70 yowurtg researchers arid studeries takirnng
pPart irt this training course.



Joining the organization of international symposium “The Geology of Eurasia”

in GFZ Potsdam

Helmholtz Centre
PoTrspAm

First Announcement

"The Geology of Eurasia”

International Workshop at GFZ Potsdam / Germany: 27-28 June 2019
Co-sponsored by IGCP-662 project (2018-22)

“Orogenic Architecture and Crustal Growth from Accretion to Collision:
examples from the Central Asian Orogenic Belt and Tethyan orogen”

Plenary Talks by Members of Leibniz Society (MLS):

o Prof. Wenjiao Xiao, MLS Inaugural Lecture (CAS Beijing / China)
New insights in the Altaids — Tethysides Amalgamation

e Prof. Celal Sengor, MLS (ITU, Istanbul / Turkey)

The Tectonics of the Altaids

GFZ——=German Research Centre for Geosciences (GFZ)

The IGCP-662 project joined as co-sponsor the organization of an
international symposium “The Geology of Eurasia” held at the
Helmholtz-Centre Potsdam-German, GFZ during the 26th of June
to 1st of July, 2019.

The IGCP-662 leaders Profs. Tao Wang, Reimar Seltmann, Inna
Safonova and Wenjiao Xiao attended the symposium and gave
talks.

Wenjiao Xiao, MLS

Delegates photo at the GFZ in Albert Einstein Science Park, Potsdam;
(b, ¢, d and e) the IGCP-662 leaders Profs. Reimar Seltmann, Wenjiao
Xiao, Tao Wang and Inna Safonova gave talks; (f and g) Photos of
field investigation in Erzgebirge part of the Hercynian orogenic belt

1 1 1
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Joining the organization of international symposium “The Geology of Eurasia” in GFZ Potsdam

After the symposium they participated in the field trip examining the Hercynian
orogenic belt in German Erzgebirge, to investigate the composition and magma
evolution of the Hercynian orogenic belt. During the field trip, they also visited
famous outcrops where granulite was first recognized, named and studied.



Second workshop and field excursion in Mongolia 2019

SECOND WORKSHOP OF IGCP- 662 PROJECT
“OROGENIC ARCHITECTURE AND CRUSTAL
| GROWTH FROM ACCRETION TO COLLISION”

FIRST CIRCULAR
‘Workshop and Field Excursion “Gobi-Altai accretionary orogen™
Dedicated to 80™ Anniversary of Mongolian Geological Survey
Organized by
Mongolian University of Science & Technology
Institute of Paleontology & Geology, MAS
Institute of Astronomy and Geophysics, MAS
Czech Geological Survey
In cooperation with

The Geological Society of Mongolia and Mongolian Society of Economic Geologists

Photos from the second workshop of the IGCP-662 project.
leader of

(a) Group photo of the participants; (b) Prof. Tao Wang, t

the IGCP-662 project, introduced the work plan of the IGCP-662 project for next year; (c) Prof. K. Schulmann and Dr

Hanzl from the

Czech Geological Survey introduced the mapping results obtained over the past years; (d) Group photo during the fie

trip.
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Second workshop and field excursion in Mongolia 2019

The Mongolian University of
Science and Technology,
the Institute of Paleontology
& Geology, of the Mongolian
Academy of Sciences (MAS),
Institute of Astronomy and
Geophysics of the MAS, the
Czech Geological Survey
and other institutions co-
operated for organizing the
workshop and field
excursion.

Photos from the second
workshop of the IGCP-662
project. (a) Group photo of
the participants; (b) Prof. Tao
Wang, the leader of the IGCP-
662 project, introduced the
work plan of the IGCP-662
project for next year; (c) Prof.
K. Schulmann and Dr. P.
Hanzl from the Czech
Geological Survey introduced
the mapping results obtained
over the past years; (d)
Group photo during the field
trip.
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Joining EGU and organizing a session 2019

TS7.5/GD5.11 Accretion, collision and oroclinal bending in the Late Paleozoic: linking with the supercontinental evolution, Sponsored by IGCP 662

The EGU 2019 was held during 7t to 12th April in Vienna,
Austria. Ying Tong, secretary-general of IGCP 662 and some
core members attended the meeting.

» Drs. Ying Tong, Jianjun Zhang and Peng Song and
Pengfei Li, representing the IGCP-662 project team,
participated in the meeting of IGCP project leaders
organized by UNESCO/IUGS/CGMW. The meeting was
presided by Ozlem Adiyaman, who first introduced the
newly approved IGCP projects in 2019.

» In cooperation with IGCP Project 662, the session
“Accretion, collision and oroclinal bending in the Late
Paleozoic: linking with the supercontinental evolution
(TS7.5/GD5.11)” was organized by Pengfei Li, Daniel
Pastor-Galan, Karel Schulmann and Min Sun. Seven oral
and 15 poster presentations were presented on the
session.

» The IGCP662 project, together with IGCP 667 project,
carried out exchanges with Commission for the
Geological Map of the World (CGMW) during the EGU

Photos from EGU 2019. (a) Group photo of participants in the session “Accretion,

collision and oroclinal bending in the Late Paleozoic: linking with the supercontinental 2019.
evolution (TS7.5/GD5.11)”; (b) Dr. Ying Tong introducing the IGCP-662 project; (c)

Participants discussing in the session; (d-e) The IGCP-662 project and the IGCP-667

project exchanged work with the CGMW; (f-h) Discussions after the oral report and the

communication in the panel area.
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= ? International Symposium

on Deep Earth Exploration and Practlces

Hybrid Meeting

Nanjing, €hina & International Everywhere
26-31 October , 2021
http://2021.sinoprobe.org




Session 7 Lithospheric architecture and deep material probing (Co-sponsored
by IGCP 662)

|
CO-CONVENERS: HOU Zenggian (National Science Foundation of China, Institute of Geology of CAGS, China), WANG Tao (Institute of
Geology, CAGS, China), O' REILLY Suzanne Y. (Macquarie University, GEMOC ARC National Key Centre, Australia), SELTMANN, Reimar (The
Natural History Museum, UK), XIAO Wenjiao (Xinjiang Institute of Ecology and Geography, CAS, China) , GLADKOCHUB Dmitry (Institute

of the Earth’s Crust, Siberian Branch, RAS, Irkutsk, Russia), VAN STAAL Cees (Geological Survey of Canada), SAFONOVA Inna (Novosibirsk
State University, Russia)

Time/Data
(Beijing Time, Abstract ID Abstract Title

Presenter Keynote
UTC/GMT + 8)

Session 7-1, Oral, Oct 26, 19:00-19:50

Co-Chairs: Wang Tao, Suzanne Y. O'Reilly

. R Tao Wang,
A
1 19:00-19:02 8\‘/’;1’:;9 ddress and Sessions Suzanne Y.
O'Reilly
Mantle lith h hitect
2 19:02-19:12 20215200257 antle lithasp e-re ar<hi e.c .ure Olivier Alard Keynote
through the sulfide and olivine lenses
Mantle Dynamics of the North China
3 19:12-19:17 20215200326 Craton Originating From Slab Lin Liu

When the mantle hides its (magmatic)
4 19:17-19-22 50215200187 sources:v dlsequmt’)rlun"'l, volatiles and
other tricks affecting lithosphere
composition

Romain Tilhac

5 19:22.19:27 20215200119 Mantle Flow: The deep mechanism of

Zengqgian Hou Keynote
large-scale growth in Tibetan Plateau g9 y

Tracking upper mantle heterogeneities
6 19:27-19:32 20215200209 using seismic anisotropy: the case of Hadrien Henry
pyroxenite-rich domains

7 19:32-19:37 50215200204 Cenozoic lithospheric architecture and

Bo Xu
metallogenesis in Southeastern Tibet

8 19:37-19:50 General Discussion

Time/Data
(Beijing Time, Abstract ID Abstract Title Presenter Invited Keynote

UTC/GMT+8)

Session 7-2, Oral, Oct 26, 17:50-20:40

Co-Chairs: SELTMANN, Reimar, SAFONOVA Inna

Probing the physical state of the
1 19:50-20:00 20215200241 Earth's interior with thermochemical Juan Afonso Keynote
tomography (invited)

Lithospheric electrical structure of
2 20:00-20:05 20215200169 South China and its tectonic Hui Chen
implications




20:05-20:10

20215200236

The big four: Major Orogenic Scale
Lithospheric Discontinuities in the
Iberian Massif

Imma Palomeras

20:10-20:15

20215200230

1/3 of Antarctica is not a continent:
Geophysical evidence for West
Antarctica as a backarc system

Irina Artemieva

20:15-20:20

20215200377

Multi-scale seismic imaging of
lithosphere structures combining
ambient noise and earthquake data

Yingjie Yang

Keynote

[

20:20-20:25

Time/Data
(Beijing Time,
UTC/GMT+8)

20215200234

Abstract ID

Session 7-3, Oral, Oct 26, 21:00-22:00

Co-Chairs: GLADKOCHUB Dmitry, XIAO Wenjiao

A recursive probabilistic inversion of
satellite gradiometry data for density
variation in the Earth's upper mantle

Abstract Title

Alexander
Minakov

Presenter

Invited

Keynote

TerraneChron: new Developments, new

1 20:40-20:50 20215200235 . . R Elena Belousova Keynote
Deliverables and new Destinations
Muruntau (Uzbekistan) superdeep drill
2 20:50-20:55 20215200272 hole SG-10 and metallogenic Reimar Seltmann Keynote
implications
A novel and fast method to track the
3 20:55-21-00 20215200254 pa‘_thwa-ys, e.lemer?t I-oad an.d timing of Laure.n
fluid migration within the lithosphere: |Gorojovsky
in situ Rb/Sr isotopic analysis.
Contrasting porphyry Cu fertilities in
4 21:00-21:05 20215200143 the Yidun arc, eastern Tibet: insights Kang Cao
from zircon and apatite compositions
Crustal structure and regional
5 21:05-21:10 20215200114 differences in the Weiyuan shale gas Zigen Wei
field, China
ZIFCon, Xenotnme And VIONazZite
Geochemistry And U-Pb Narantsetseg
6 21:10-21:15 20215200493
Geochronology Of Metamorphic Rocks |[Tserendash
Eromm Siimt Matacamnla Eactarn
Crustal th hitect d
7 21:15-21:20  |20215200300 rustal growth architectures an Tao Wang
orogen types
8 21:20-21:25 General Discussion
Reimar
9 21:25-21:40 Concluding Remarks Seltmann/Suzan

ne Y. O'Reilly




Report of Session 7 of DEEP-2021

1. Title Session 7: Lithospheric architecture and deep material probing (Co-sponsored by IGCP 662)

2. Convenors

HOU Zenggian (National Science Foundation of China, Institute of Geology of CAGS, China), WANG Tao (Institute of Geology, CAGS,
China), O' REILLY Suzanne Y. (Macquarie University, GEMOC ARC National Key Centre, Australia), SELTMANN, Reimar (The Natural
History Museum, UK), XIAO Wenjiao (Xinjiang Institute of Ecology and Geography, CAS, China), GLADKOCHUB Dmitry (Institute of
the Earth's Crust, Siberian Branch, RAS, Irkutsk, Russia), VANSTAAL Cees (Geological Survey of Canada), SAFONOVA Inna
(Novosibirsk State University, Russia)

3. Scope

This session is co-sponsored by IGCP-662 project and all conveners come from the co-leaders of IGCP-662. The session fucuses on
probing on deep materials and lithosphere architecture, one of the important tasks of solid-Earth science. There are 19 presentations,
including 6 keynotes. These presentations are grouped into three parts. The first part fucuses on mantle compositions and dynamics; the
second on multiple approaches of geochemical and geophysical methods; and third on deep crustal compositions and mineralization.

4. Scientific highlights

Several presentations present powerful integration of geochemical and geophysical as well as geothermal methods to probe mantle
compositions and architecture. In Tibet, mantle flow in a collisional setting was discussed in details. Orogen-scale isotopic mapping
demonstrate crustal architecture of orogens and characterize different-type orogens in term of deep compositions.

5. Level of presentations (at forefront of international research, or?)

Many presentations show high level at forefront of international research. Multiple approaches (such as isotopic mapping and geophysical
investigation) have been used in regional and orogens to probe deep materials and lithosphere architecture. Some new achievements have
just published in high-level journals.

6. Level of discussion, and activity of participants.

The discussion is heated. The time of the session was planned at 19-21.45, but the session and discussion continued to 23.00.

7. Facts: No. of papers, approximate No of participants

There more than 120 participators during the virtual meeting. Some new achievements have just published in high-level journals. Several
presentations could be submitted about 3-6 papers.

8. Organizational support.

The Organization is good and gave a great help for to organize the session.

9. Suggestions for future virtual meetings.

Deep prob on Erath, particularly on deep materials, is a forefront of international research. Hope to continue to organize such similar
virtual meetings.

Penners: Tao WANG

O'REILLY Suzanne Y. O' REILLY x
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Publications (2020)

1. Ding-Jun Wen Zhen-Yu He Late Carboniferous crustal evolution of the Chinese Central Tianshan microcontinent: Insights from zircon U—
Pb and Hf isotopes of granites. Geological Journal. 2020;55:1947-1963.
DOL: https:ffdoi.org/10.1002/gj.3794

P 2 Tian-vu Lu,Zhen-Yu He Reiner Klemd.Two phases of post-onset collision adakitic magmatism in the southern Lhasa subterrane, Tibet,
| and their tectonic implications The Geological Society of America

—3 3 e—> c X 2 c

3 c

DOl https:#/doi.orgi10.1130/B35326 .1

3. Li-Li Yan, Zhen-Yu He,, Reiner Klemd, Christoph Beier, Xi-Sheng Xu. Tracking crystal-melt segregation and magma recharge using
zircon trace element data. Chemical Geology 542(2020) 119596
DOl https:/doi.org/10.1016/.chemgeo.2020.119596

4 Bolat P. Khassen, Inna Yu SafonovaPyotr V. YermolovRostislay M Antonyuketc. The Tekturmas ophiolite belt of central
Kazakhstan:Geology, magmatism, and tectonics Geological Journal. 2020;55:2363-2382
DOLhttps:doi org/10.1002/gj.3782

5 Late Paleozoic Chingiz and Saur arc amalgamation in West Junggar (NWW China): implications for accretionary tectonics in the southern
Altaids Song Shuaihua Xiao Wenjiao, Windley Brian Fetc
DOl https:/doi.org/10.1029/2019TC005781

6.Mesozoic juvenile crustal formation in the easternmost Tethys: Zircon Hf isotopic evidence from Sumatran granitoids, Indonesia. Shan
Li; Sun-Lin Chung; Yu-MingLai, Azman A.Ghani; Hao-Yang Lee, Sayed Murtadha . Geology {2020).
DO https://doi.orgi10.1130/G47304.1

7. Rejuvenation of ancient micro-continents during accretionary orogenesis: Insights from the Yili Block and adjacent regions of the SW
Central Asian Orogenic Belt. He Huang,Tao Wang, Ying Tong, Qie Qin,Xuxuan Ma.dJiyuan Yin

| DOl https:#/doi.org/10.1016/ earscirev.2020.103255

-3 €

8 Magma recharge processes of the Yandangshan volcanic-plutonic caldera complex in the coastal SE China: Constraint from inter-grain

| variation of Srisotope of plagioclase. Li-li Yan.Zhen-yu He Xi-Sheng Xu Journal of Asian Earth Sciences, Volume 201, 1 October 2020,

—3 €

-3 &

104511
DOl:https:#fdoi.org/10.1016/ jseaes.2020.104511

9.Xiao, W, Liu, Y., Somenville, I, Schulmann, K., Kusky, T, Seltmann, R., 2020. Accretionary tectonics, deep structures and metallogeny of
southern Altaids. Geological Journal, 55, 1613-1619

DO https:#doi.orgi10.1002/gj. 3797
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Questions

€ How to classify and describe orogens by architecture?

€ Relationships between orogenesis and crustal growth ?

Intracratonic

Cawood et al.,
2013
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Approaches

Isotopes of felsic to intermediate igneous rocks probe deep crust, similar to drilling exploration

€ Isotopic (Nd) mapping

€ Compare architecture of 7 orogens
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Orogen types and
their six-stage
evolution

\/
Stage VI: <2% juvenile crust.
Stage V: <2% juvenile crust. C

Stage IV: 7%—-30% juvenile

crust.

Stage Ill: 30%-50% juvenile |

crust.

Stage Il: Ongoing accretion, |

50%—-70% juvenile crust.
CAOB.

Stage |: >70% juvenile crust.|

intra-oceanic arcs.

Juvenile
crust

Characteristics Orogenic types and evolution (examples)
Stages| Growth |Composi- Intracratonic orogen ] Slightly juvenile
tion End-member collisional orogen crust(e,,(t) =0 - +2)
3 ; Juvenile crust
= | Highly | Soueest R (&na) =+2-6)
: d WO
£ | ancient A e A Hihgly Juvenile
o el =l 1 . O s 5 5 gly
= ; orogen " o Y Qinging-Dabie - crust (g,,(t) > +6)
A 80 SN |:] Slightly ancient
. —— . crust(e,(t) =-4-0)
7 Ancient Simple collisional orogen Ty
= Vari ; (&4,(1) =-10 - -4)
= | orogen ariscania :
= = Ancient crust
[ 5 gn (£,(1) ==<-10)
Caledonia
IV g Slightly Complex collisional orogen
[ _é ancient i
SE | orogen - 2“‘, , 5B
zE RS 2 Tehtyan Tibet
= 5 \ (Himalaya)
X
11 2 . Slightly Fossil complex accretionary orogen
Y 5—,; Juvenile Lachlan
v - =
E é 5 orogen
) o0 Appalachia
s : :
I = 5 Fossil end-menber accretionary orogen
> 2 'g Juvenile Wide accretionary \yblgnu
=5 £.o |orogen CAOB
=
-
2 _
5 Arabian-(Pt)
L] = = Primitive accretionary orogen (Intra-oceanic arc) Japan
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> A, vy Juvenile Granitoid vedge  Oceanic are Accretion Accretion Continentalare  Basin
S orogen BT =
o -

Mafic volcanics-
primitive island arc

Oceanic crust

Upper mantle Continental crust

» Nd-isotopic mapping shows that the proportions of juvenile crust decrease from accretion to collision.

»The architecture of crustal growth (e.g., the proportions of juvenile to reworked crust) can quantitatively characterize
orogenic types and evolution in a Wilson Cycle.
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&IBiHEF | 2021
How the Tibetan Plateau grew on a large-scale is a major scientific question.

Oceanic subduction Continental collision Tibetan Plateau uplift
45-0 Myr

100-65 Myr

Eurasian plate

Indian Ocean

uea2Q 2y1oed

Indian Ocean

Post-collisional ¢ 4
magmatic rocks Topography (km)

84°E 88°E 92°E 96°E 100°E 104°E

72°E 76°E 80°E



RIS R FRB R B AL Hl£Y

80 E

1. Six low-velocity body groups with clustered, equidistant and

discontinuous distribution
Distribution of large low-velocity anomalous bodies

Spatial development location

Hou et al., 2021, Science Bulletin
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Mantle flow and giant potassic magmatic

belt
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Summary: three mantle flow patterns
Continental interior Island arc orogen Collisional orogen
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Mantle flow—The

new mechanism of

o large-scale growth
i 4 in Tibetan Plateau
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Working plane

2018:

Website.

First workshop. Pre-and post workshop training course
2019:

Second workshop Ulaanbaatar. Mongolia / Germany.

2020 -2021:

1. Third workshop during the 36t IGC, New Delhi, India.
2. EWBRETIEREIIEN

3. Pub special issues

2021:

Fourth workshop in August 2020, in Irkutsk, Russia,
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2022:
Final workshop in Beijing, Pre-workshop near Beijing, Post workshop
fieldwork in Yunnan




Events

={» Third circular of IGCP&62 workshop
={»> Second circular of IGCP662 workshop
=» First Workshop of IGCP-Project 662

={> Third circuilar of IGCP&62 workshop
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Field Work Photos
J— | 1. Field Excursion of

First Workshop of

. Project IGCP-662,15-
20 September, 2018
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from Accretion to Collision

Abou! Members Research News

First Workshop and training Course of Project IGCP662, 2018
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Program of the Frist workshop of IGCP662(2018.9, Beijing) ’

Guide Book for Field Excursion of First Workshop of Project IGCP-662

ABSTRACT VOLUME--FIRST WORKSHOP OF PROJECT IGCP-662

Meetings

© Field excursion of second Russia-China International Meeting on the Central Asian Orogenic Beit

© Second Russia-China International Meeting on the Central Asian Orogenic Belt
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