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Ultrahigh Pressure Metamorphism
Lifei Zhang and Guibin Zhang, School of Earth and Space Sciences, Peking University, Beijing, China
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Fluids from devolatilization reactions, metasomatize the mantle wedge, trigger the island volcanism.
Some fluids will be subducted below 200 km, and contribute to various intra-plate volcanic activities

The subducted slab, after its devolatilization, is transported into deeper lower mantle regions or even
towards the core-mantle boundary mantle heterogeneities

Depth (km)
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Aims

* Provide a platform for international experts to conduct a comparative study
of HP-UHP metamorphic belts across the globe.

« Organize field trips including workshops and on-the-spot discussions of
HP-UHP metamorphic belts of different ages, from the oldest Precambrian
lithologies from Russia to the Cenozoic UHP eclogite from Western Alps,
and the even younger eclogite-facies rocks from Himalaya.

* Improve our current understanding of HP-UHP metamorphism, related
geotectonic processes and deep cycling of carbon and water ect. in
subduction zones.

* Provide the basis for the development of a coherent model of evolution for
convergent plate margins.
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Project leaders:

Prof. Lifei Zhang (5k3z k), (Peking University, China)

Dr. Hans-Peter Schertl (Ruhr-University Bochum, Germany)

Prof. Bishal N. Upreti (Nepal Academy of Science and Technology, Nepal)
Dr. Alexander I. Slabunov (Russian Academy of Sciences, Russia)

Dr. Alberto Vitale Brovarone (Universita degli Studi di Torino, Italy)
Prof. Haissen Faouziya (Universite Hassan II de Casablanca, Maroc)

Prof. Yilin Xiao( & # #) (Chinese University of Science and Technology, China)

Prof. Chunjing Wei (3#%& &) (Peking University, China)

Project Secretary:
Dr. Guibin Zhang (551 5%), (Peking University, China)



Project leader: Prof. Lifei Zhang (51 k)

Dean of School of Earth and Space Sciences, Peking University,
Director of The Key Laboratory of Crustal Evolution and Orogenic belt, MOE

Born in 1963, PhD in 1990

Fellow of Geological Society of America in 2011,
Fellow of Mineralogical Society of America in 2010.
Chair of Chinese Metamorphic Petrology Committee since 2009.

More than 200 papers in international peer review journals, cited more than 6500 times.
“Most Cited Chinese Researchers in the field of Earth and Planetary Science”by Elsevier for 2015, 2016 and 2017.

“‘HP-UHP metamorphism and tectonic evolution of orogenic belts”,35th International Geology Conference in Cape Town, 2016;
“Subduction zone metamorphism, magmatism and geodynamics” in GSA meeting in Vancover 2014;
8th International Eclogite Conference field excursion in North Qaidam UHP belt, Xining, China, 2009, etc.



Dr. Hans-Peter Schertl (Ruhr-University Bochum, Germany)

Senior Researcher
Born in 1958, PhD in 1992

82 scientific papers and 7 books/chapters, covering localities of Dora Maira
Massif/ Italy; Kokchetav- Massif/ Kazakhstan; Dabie Shan/China; Rio San Juan Complex
/ Dominican Republic; etc

Fellow of “Mineralogical Society of America” in 2014;

Secretary for “International Mineralogical Association” (IMA) since 2014;

National Representative for Germany on the “International Eclogite Conference Co-ordinating Committee” (IECCC)
and served as the president of IECCC between 2015-2017.

Member of IGCP546 (Subduction zones in the Caribbean) between 2007-2011,
Member of IGCP 649 (Diamonds and Recycled Mantle) for 2015-2020.



Prof. Bishal N. Upreti (Nepal Academy of Science and Technology)
Born in 1951

Fellow (Academician) of the Nepal Academy of Science and Technology;
Fellow of The World Academy of Sciences (TWAS);
Fellow of Geological Society of America;

President of Nepal Geologic Society between 1996-1998;
Dean of the Institute of Science and Technology in Tribhuvan University between 2006-2008 ;
Head of the Department of Geology in the University of Zambia;

Structural geology & tectonics and Himalayan geology, with over 80 research papers and 7 books published.

Member of the National Committee on IGCP between 2004-2008,
Member of ongoing IGCP project 675.



Dr. Alexander |l. Slabunov
Karelian Research Centre, Russian Academy of Sciences, Russia
Born in 1957, PhD in 2005

Head of the Laboratory of Precambrian Geology and Geodynamics, Institute of Geology,
Karelian Research Centre (IG KarRC RAS) ;
Chief Academic Secretary of the Karelian Research Centre, RAS (1997-2002).

Early Precambrian geology and geodynamics, has author/co-authored over 300 papers

He has initiated scientific conferences and led field trips on Precambrian geology in Russia:
331 |nternational Geological Congresses (IGC) in 2008
13t International Eclogite Conference (IEC-13) in 2019.



Dr. Alberto Vitale Brovarone
Universita degli Studi di Torino, Italy

Born in 1983, Italy
University of Turin (ltaly) with a BSc (2005), a MSc (2007) and a PhD (2011).

Alpine geology

“Deep Carbon Observatory (DCO) Emerging Leader Award” for his distinguished performance
and unique potential as leaders of the deep carbon science community.

EAG council member for 2019-2022.

French candidature committee for the 2022 International Eclogite Conference.
Co-conveners for Goldschmidt 2018, 2017; and AGU fall meetings 2014, 2013.



Prof. Haissen Faouziya
Université Hassan Il de Casablanca, Maroc

Born in 1967, PhD in 2001

Professor at the University Hassan 2 of Casablanca (Morocco) since 2011
and at the University of Chouaib Doukkali (Morocco) between 2001-2011.

PhD from the University of Granada (Spain) in 2001

The 2" Collogium of International Geoscience Program IGCP638 hosted in Casablanca, Morocco in 2017;
The First West African Craton and margins international Workshop hosted in Dakhla, Morocco in 2017;
The First ASRO Geological Congress in El Jadida, Morocco;

The 2th Conference of the African Association of Women Geosciences in 2006, etc.



Prof. Yilin Xiao
Chinese University of Science and Technology

Born in 1962, PhD in 2000

Lecturer of Geochemistry between 1991 and 1996;
Guest scientist, PhD, Research Fellow, University of Gottingen (1997-2007)
Full professorship of Geochemistry and Petrology at the University of Science and Technology of China

Extensive research experience in the UHP metamorphic rocks in Dabie orogenic belt, China,

A pioneer in the field of isotopic tracing of fluid/mineral interactions during high- and ultrahigh-pressure
metamorphism.

National Awards for Natural Sciences of the People’s Republic of China (Second-class, 2010-Z-104-2-04).



Prof. Chunjing Wei (Peking University, China)
Born in 1962; PhD in 1992

Over 180 academic papers, covering following subjects:

phase equilibria modeling of metamorphic rocks,

HP/UHP metamorphic evolution from the orogenic belts of Dabieshan, Qinling, Qilian, Altyn and Tianshan,
metamorphic evolution of the North China Craton, and the metamorphism in the Central Asian Orogenic belts.

Editorial committee of several journals including “Journal of Metamorphic Geology”,

“Journal of Earth Science”, “Acta Petrologica Sinica”, and “Science in China-D".
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www.igcp709.com

HP-UHP metamorphism and geochemical cycles in subduction zones

International Geoscience Programme (IGCP-709) Project

Home About v Workshops News Leaders v Participants Download Search

Welcome to the IGCP-709 website Categories

Recent Post Pages Download

= IGCP-709 Project Hews

Logo participants

Meta

Log in
Entries feed
Comments feed

WordPress.org
News and activities Contact Information
Conference on Chinese Metamorphic Geology and Dr. Guibin Zhang, School
Precambrian Research «, of Earth and Space Online Users: 1
Sciences, Peking

Conferences in 2020 «, Unhersity chin Total Visits: 27,401

Dr. Cong Zhang, Institute
of Geology, Chinese

Dr. Cong Zhang was elected as IGCP scientific board

member .

Academy of Geological
Project 2020 annual meeting was hold online in 12th Sciences, China
December

18 new projects to join the International Geoscience
Program in 2020

Project 709 - High pressure-Ultrahigh pressure
metamorphism and geochemical cycles in subduction
zones”
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Garnet clinopyroxenite North Qinling HP-UHP belt
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Felsic granulite North Qinling HP-UHP belt
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High-P metamorphism of the Yuli Belt, Eastern Taiwan
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The HP metamorphism with a thermal gradient
of ~7°C/km reflects warm subduction from
numerical modelling.

HP rocks from ancient orogenic belts can firmly
constrain the thermal structure of subduction
zones if their P—T evolution is well recovered.
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Amphibolite facies

*Ph is represented by the symplektite of Bt I + PlI.
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Abiotic hydrocarbons and the deep C cycle

CO, outgassing (volcanism)

.....

Dasgupta, 2013

Deep carbon cycle
Regulates habitability

Provides C for life

d

Our “frame” of the deep C cycle
is based in CO,

There is no clear picture of a CH,-H, cycle in subduction zones
(besides shallow thermogenic gases < 300 °C)
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Subduction hides high-pressure sources of energy
that may feed the deep subsurface biosphere
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Olivine-hosted fluid inclusions in partially serpentinized pseudotachylyte-bearing peridotite
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Thermodynamic modeling with Deep Earth Water Model (DEW model)

TOH

400 °C, 1 GPa, fluid/rock = 1, C = 0.001 molal
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Yo Slab/Mantle wedge
A/ serpentinization

Biotic CH
— ;‘

| % - _ 0 °C: Biotic fringe

}i P Metastable preservation
4 of CH, below 400 °C

;, - Abiotic
Ho — CHy
x HQS * NH3

Conservative” H, and CH, flux estimates from deep
subduction serpentinization (35-70 km only)

> 9x103t0 0.3 Mty H, (MOR:2x102to 1.4 Mtly)
» 2.3x103to1 Mty CH, (MOR: 1.1 to 1.9 Mtly)

*LowC concentrations; instantaneous H,-CH, concentrations
(not cumulative)

Global implications

Serpentinization may affect slab and mantle wedge ultramafic
rocks over 1000s of km of convergent margins

SCIENCE ADVANCES | RESEARCH ARTICLE

GEOPHYSICS
Earthquakes track subduction fluids from slab source
to mantle wedge sink

Felix Halpaap'*, Stéphane Rondenay', Alexander Perrin?, Saskia Goes?, Lars Otteméller’,
Hakon Austrheim? Robert Shaw? Thomas Eeken?

Predicted mantle wedge hydration in 50 Ma



2.2

73
H

=) '7§1

-

& ay F L,

~

Serpentinite + Rodi

-

- = _ i ‘ s = ’;’
SALUEPE Garnet-mica schist
"‘7 18%

-




X 13t B E = A EF S B

TiCh/TiCl




—

P o IKon fioidie.. T N TR
agnesiteg=s g e tvenite
B e 3o a0 y T : SN

Peng and Zhang et al., 2020, GCA



Available online at www.sciencedirect.com

Geochimicaet

L | ScienceDirect Cosmicchlialea
Acta 4.0
Geochimica et Cosmochimica Acta 270 (2020) 218 243 B e R
wwiw.elsevier.com/locate/gea I N o= - L N .
2.0k e e o J o)
e® oo o o0 lr
Multistage CO, sequestration in the subduction zone: I . o ® ° O
Insights from exhumed carbonated serpentinites, SW 0.0F o . . * &
Tianshan UHP belt, China I " ° 2 e
° ° s
Weigang Peng*”, Lifei Zhang ", Manuel D. Menzel ¢, Alberto Vitale Brovarone g -2.0F ® . ° . e
Simone Tumiati”, Tingting Shen', Han Hu* 8 | I
" o ° .
g . -
w -4.0F N JPtaa
45 o
B A | 6.0 E Ophidolomites from Tianshan
B ¢ [ Ophimagnesites from Tianshan
r A1 I ‘ A Listvenites from Tianshan
r // _8.0F ’ * @ Carbonate-bearing mica schists from Tianshan
40 > : ” @ Carbonate-bearing eclogites from Tianshan
r /’ + ‘ © Marine ophicarbonates from Apennines
o UHP serpentinite // ’ W High-grade ophicarbonates from Alps
L > it -10.0 L ! L L L ! N I N L N ! N ! N ! L L N L N n L
L Shen et al.(2015) o 80 100 120 140 160 18.0 20.0 220 240 260 280 30.0 320
35 ~ 8 1&Osmow(%”
i 7
30 Potential regions of //
E serpentinite carbonation ge ”
wed
- \&
4 e\ -
25 /’HPandTpeakb -~
g i olF Tanetal.(2017) HP ?ﬁ_hidtol;mite et
> | ‘?// (this study) 'Maximum depth of ///
= -~ | antigorite stabilit
o 20+ /’Eoexistence of retrograde 100km 2 Y
L -~ blueschist and eclogite >
L /,/ Tian and Wei (2014)
i e rehydration ‘ace P
151 o of eclogite e\~
L o .& van der Straaten
B ma etal.(2008)
r retrograde HP veins .
101’ 1. Liietal.(2012) L
i 2. Zhang et al.(2016)
[ pervasive second [ continental crust
- 1 serpentinization [] Accretionary prism
S5 Lietal.(2007) [IMetasedimentary rock (+ carbonate)
B Carbonated metasedimentary rock
L ! ! q LP listvenite [ carbonate-bearing metamafic rock
L ‘ . Halls and Zhao (1995) High-pressure ophicarbonate
PR I O (L A I 0 010 B (i

-» H,0-rich fluids

0
200 250 300 350 400 450 500 550 600 650 COybearing aqliscus fllids

TeC)




2 = ophidolomite’s 1844k
_ c1534| g CP1734

S\e’rpemmie__‘ g, & y» Cal+Bre Dol &

o serpentinite ' DOIé{Jﬁj)&‘
A-CO,iRAR—3 55 AE F
(HP ophidolomite?)

e Rt &
. 'F"i’/*'.\" > T

Dol %) 5-f&

Dol — Cal + Brc

\, A’,’ E\ﬂ

@ Dol Bl Cal [ Brc [ Atg




Dol
1098

L ol T ot o AT sl
2600 2800 3000 3200
1 1 I 1 1

CH, + H, (Type 2)

z

i, o,

< -
TR i e D AR DAL ey Jooap T2 PSET WA

4000 4100 4200 4300

) ~ Wavenumber gcm") ) .
1000 1500 2000 2500 3000 3500

A

A

0 500 4000 4500

Dol + H, — Cal + Brc + CH, + H,0O
CaMg(CO,), + 4H, = CaCO4 + Mg(OH), + CH, + H,0O



5 C1518: CFMASH-CO,

2 Bulk Compositions 25 C1531-2: CFMASH-CO, Local Compositions
9 = T 7
E ---------- X of Atg b | chiatg piarg Dol Bre E A Chi F Ol Di Mgs—
——== 0l (vol. %) 1 e A\ Vo
5 Pl s X0, OF F \ ? ( \
a - & N\
w R
< \ Ay e
S 5 1 V¢ ) i\ chiFolAtg
Z\  chiFol |o i\ § @/ T DiMgsDol
r‘g Atg Di Mgs 5 Opx Chl F Ol Di Mgs 1 \_\ I‘Q- |'|"I \
Wz < i o \
ie a Chl F Ol Atg Chl FOIAtg
i E; o 20+ DiArg Brc A
1

Ty
= \00 SE

Chi F Ol Atg
Di Arg Dol

.20/

Chl F Ol Di Dol Mgs
Chl Ol Atg DiArg Bre

P(k_!gar)
P(kbar)
@

: ChIFTr Ol
! $ i __ DiDolMgs

/

XS

ChlF Ol Atg

Chl F Tr Ol Mgs Dol Di Cal Dol

Chl F Tr OI Di Dol
Chl F Ol Atg Di Cal

Chi Ol Atg

ChlF Tr Ol
Di Cal Brc Atg Di Dol
Chl F Ol Atg
Di Cal Brc >
- I&.\“\‘
5 e S e —
400 450 500 550 600 650 700 400 450 500 550 600 650 700
T¢C) T(°C)

550-570°C; 15-20 Kbar 550-610°C; 15-25 Kbar



Available online at www.sciencedirect.com

Gheok for Geochimicaet

h Geochimica etSCf::cnhl::T::jiOZI) 119-140 cosm::t:imica ﬁ@% IJ'I }_ fLm}_ x}—_ HGEE
i SEEHIEH TR
S MHRIR R R RS

Abiotic methane generation through reduction of
serpentinite-hosted dolomite: Implications for carbon mobility
in subduction zones

Peng and Zhang et al., 2021, GCA
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Workplan

2020: Paleo-proterozoic eclogite, granulite and igneous carbonate, from the
central orogenic belt of North China Craton; Beljing, Sept.

2021: The youngest eclogite in the Himalaya orogenic belt, Kathmandu, Nepal,
Oct.

2022: LT/HP law-eclogite, Alpine Corsica belt, France,

2023: The oldest eclogite outcrops with Archean age, Petrozavodsk, Russia
2024: The origin of high-pressure metamorphic rocks in arc, Fiordland, New

Zealand






2022: Alpine Corsica (France)
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88 Eocene sediments
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[ Inzecca formation
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Vitale Brovarone et al., 2013, ESR



crustral rocks
(mafic+sedimentary)
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Piccoli and Vitale Brovarone et al., 2016, EPSL Vitale Brovarone et al., 2017, Nat. Commun.

HP fluid-rock interactions HP abiotic methanogenesis

1. Petrology and geochemistry of high-pressure fluid—rock interactions
2. Volatile recycling in the Solid Earth

3. Deep carbon cycle (e.g., high-pressure abiotic methanogenesis)
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Uzkaya, Salma
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