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1. 9:30-10:00 Sang-Mook Lee (5= B 7 § ~ &) Different Styles of
Basin Opening in the East Sea/Japan Sea and Their
Significances.

2. 10:00-10:20 Weiwei Ding (™ 4L & > % i* = #) South China Sea:
Transition from rifting to drifting.

3. 10:20-10:40 Don Su (g & #A ° 5 =+ ;& # #7) Hydrothermal
activities in the South Okinawa Trough.

4. 10:40-11:00 Xiongwei Niu (£ z& 7% » ;% % = #7) Fluids triggered
historical interplate megathrust earthquakes beneath the
Nankai subduction zone, Southwest Japan.

5. 11:00-11:20 Tzu-Ting Chen (ft % %% > 5 = /5 #2 #1) Discovery of
numerous pingos and comet-shaped depressions offshore
southwestern Taiwan.

6. 11:20-11:40 Ho-Han Hsu (¥ & > 5 < ;& 47 #1) Structural and
Stratigraphic Records in the Huatung Basin Offshore of
Taiwan Mountain Belt.

7. 11:40-12:00 Yanghui Zhao (4t % £ » /= /& = #7) Extension
discrepancy distribution of the hyper-thinned continental

crust in the Baiyun Rift, northern margin of the South
China Sea.
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Agenda HFEZHE

September 19 Thursday 1%t floor lobby of Hangzhou Braim Canal Hotel.

oF 198 AN BHIIRIAME | EERIT

06:00-24:00 Register full day | R

17:00-18:00 WG Steering Committee Meeting at Hebei Conference Room, 3 floor
TAEEZ R G AT

18:00-20:00 Dirner | Bf %

Note: The WG Steering Committee Meeting is valid for the InterRidge officer and WG Steering
Committee Members only. T {EHZE R 228U FE T InterRidge B & & TEHE RS0

September 20 (Day 1) Friday Area B, International Hall, 3rd floor at Braim Canal Hotel
9oH20H (B—R ML  AREBFAAEEIZEFT BRX (i)

Shandeng and Hebei Conference Rooms, 3™ floor of the hotel

(for break-out sessions only)

B 3 L FEARILT 2 WE (EEARERD

09:00-09:15 Opening remarks | JT5 2

Primary Session | F AR E Session Chatir | /% Maurice Tivey

Geological mapping of mid-ocean ridges and its implications and use for
09:15-09:35 the prediction of SMS occurrences

(20 min) Sven Petersen

GEOMAR, Germany (48 [F Z#8E 25 B /R HEHT 0D

An integrated assessment extinct Seafloor Massive Sulphide deposits at the
09:35-09:55 TAG hydrothermal Field

(20 min) Bramley Murton

National Oceanography Center, UK (3t FgEP L)

Oceanic Core Complexes and the substrate for formation seafloor
09:55-10:15 hydrothermal sulphide deposits

(20 min) Henry J.B. Dick

Woods Hole Oceanographic Institution, USA. (35 B R 2 & /R R AT

Group Photo, Poster and Coffee/Tea Break

10:15-11:00 . —
HREAE L, BRBERARE
The inactive hydrothermal vent fields in the Central Indian Ridge between
8°S and 18°8, Indian Ocean

11:00-11:20

) Sang-Joon Pak

(20 min) . . .
Korea Institute of Ocean Science and Technology, Scuth Korea (FEEEE
FEFH A A

11:20-11:40 Hull-mounted multibeam echosounder (MBSE): a cost and time-effective

(20 min) tool for detection of extinct seafloor massive sulfide deposits
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Ewan Pelleter

Ifremer, Unité Géosciences Marines - Marine Geosciences Department,

France (VEENEEF & TR ERELZED

Diversity of hydrothermal systems on Southwest Indian Ridge

11:40-12:00 Chunhui Tao (FF&E)

(20 min) KLSG, MNR, China. ( B #3ZIEH 5 G ARG RAIY E i ki
=)

12:00-14:00 Lunch & Break | &

All SMS deposits are hydrothermal deposits, but not all hydrothermal
14:00-14:20 deposits are SMS deposits

(20 min} John Jamieson
Memorial University, Canada (IME RG240 & RS
Extreme hydrothermal activity on Carlsberg Ridge during the last glacial
stage: evidence from an off-axis sediment core

14:20-14:40 Xiqiu Han (EEER)

(20 min} Key Laboratory of Submarine Geosciences,Second Institute of
Oceanography, MNR, Hangzhou, China. ( 5 %8 B Shig R S 8 el
=)

14:40-15:00 Finding, mapping and evaluating seafloor mining prospects

] Isobel Yeo

(20 min) , } : . N
Kingston University London, UK (£ E4E 2 i L)

Can submarine massive sulphide deposits be recycled?
15:00-15:20
) Fernando Barriga

(20 min) _ i ) e n
University of Lisbon, Portugal (%] 7 B 4K%)

Morphelogy and formation of SMS deposits in different geclogical settings
15:20-15:40 Georgy Cherkashov

(20 min) Institute for Geology and Mineral Resources of the Ocean, Russia (% & 4
R PR T

15:40-16:00 Coffee/Tea Break and Poster | R E KiBHRET

16:00-16:30 Big question breakout sessions — 1¥ round
o A A

16:30-17-00 Big question breakout sessions — 2" round
TR

17:00-17:30 Plenary report from breakout group leaders | /MNHAZECIR

17:45-20:00 Dinner | W48

September 21 (Day 2) Saturday Area B, International Hall, 3rd floor at Braim Canal Hotel

9 H21H

(FB=_FR> BAx

HmiadE] Kifhs 3 #EFRT B X

Early Career Scientist Session | fFE# Rl 25k

40




Session Chair| 3/ : Georgy Cherkashov

09:00-09:15
(15 min)

Lucky Strike: is it a TAG (Trans-Atlantic Geotraverse) precursory
hydrothermal system?

Isabel Costa

Center for Innovation in Science and Technology (INCITE), Instituto

Politécnico Setibal, Escola Superior Tecnologia Barreiro, Barreiro,

Portugal (&) 4 LB B B H A F bn 2 B /R E TSR RS0 oo

09:15-09:30
(15 min)

3D Seismic Imaging and Potential Massive Sulfides Deposits of Geolin
Mbounds Hydrothermal Field in the Southem Okinawa Trough

Ho Han Hsu (¥FE5E)

Institute of Oceanography, Taiwan University, Taiwan, China ( 5& K2Fig
TR AT

09:30-09:45
(15 min)

Sulfide mineralization of the Saldanha hydrothermal field (MAR):
constraints from sulfur isotope in-situ microanalysis

Wenhong Johnson Qiu  (E3C#HE)

Institute of Science and Environment (ISE), University of Saint Joseph,

Macao SAR, China CERE[TRELAFEIFRASE 5ILERTFRAT)

09:45-10:00
(15 min)

Ultramafic rocks hosting sulfide mineralization along SWIR: insights from
the sulfide sulfur 1sotopic and LA-ICP-MS trace-element compositions
Teng Ding (T )

Institute of Marine Geology, College of Oceanography, Hohai University,
China R[N S5 RS PR iR HUR BT S0 AT

10:00-10:45

Coffee/Tea Break & Poster | KB KGR ER

10:45-11:00
(15 min)

Au and Te Minerals in Seafloor Massive Sulphides from Semyenov-2
Hydrothermal Field, Mid-Atlantic Ridge

Anna Firstova

Institute for Geology and Mineral Resources of the Ocean, Russia (4% % #ii
BRI PO B TR

11:00-11:15
(15 min)

Difference in hydrothermal activity between slow and fast spreading
centers

Duo Zhou (JE%)

Zhejiang University, China (HTILKE)

11:15-11:30
(15 min)

Multi-stage detachment faulting controls hydrothermal activity in the
Dragon Horn area (49.7°E, SWIR): Insight from magnetic studies

Tao Wu (R3#)

Key Laboratory of Submarine Geosciences,Second Institute of
Oceanography, MNR, Hangzhou, China. ( B#8 815 B NG
JERL Y A=)

11:30-11:45
(15 min)

Numerical simulation of hydrothermal plumes in stratified crossflows
Yingzhong Lou (&)

Institute of Port, Coastal, and Offshore Engineering, Ocean College,
Zhejiang University, China G VL EI A s H1IG R 5L TEM R
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12:00-14:00 Lunch & Break | %
14:00-14:30 Letter of WG appointment issuing | TYE2H 3% R I F il &
(30 min) Best oral/poster presentation awarding | #{3 M 3k Mg e s 242
14:30-15:30 Brainstorm the way to go for big questions and international cooperation
(60 min) EiREHE K E RETE
15:30-15:50 Coffee/Tea Break | /R E.
15:50-16:50 . s

_ Workshop output summary | #1172 R 24
(60 min)
16:50-17:00 .

_ Closing remarks | 1% =,
(10 min)
17:00-17:40

_ Working Group internal round-table conference | T./FZH [H B4
(40 min)
17:45-20:00 Dinner | 5%

Geological field trip around Hangzhou
07:00-21:00 N .
T R U o 2 5

Notes|{E = :

1. For the oral reporters (primary and early career), please hand in your prepared PPT to

volunteers no later than 08:00 am, Sept. 20t who will help to copy it to the computer in the

meeting room. Please double check it runs well.

HOkL CREFHEAERBFEZ0 RHEERET 20 5 BT 08:00 ZAlHE &5 PPT

LHESFEEEA—ENISUFEME, EHMSBEHNERTENEYR.

2. The group photo will be taken at the Canal Square (tentatively) in front of the hotel. Please go

directly to the Square after Henry’s talk.

SRR B EETEEA T s T g, BT R, IETE Henry RIS R G A1

IEE

3. Shandong and Hebei Conference Rooms will be available for the Break-out sessions as well,

please go to the corresponding room according to the Chair’s guidance.

W AR AN LT 2 R & AR I TR, 1B AR S5 B LS 6 BT AR = W E AT i R
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Hydrothermal fields in the southern Okinawa Trough off northeastern Taiwan

Song-Chuen Chen!"*, Yunshuen Wang?, Jui-E Chen?!, Yi-Jung Lin!, Char-Shine Liu?, Shu-Kun Hsu?,
Chih-Chieh Su, Wei-Teh Jiang®, Andrew Tien-Shun Lin®, Ho-Han Hsu, Chau-Chang Wang”#, Hsin-
Hung Chen®, Yu-Cheng Chou®, Ching-Hui Tsai®

I Central Geological Survey, Ministry of Economic Affair, New Taipei City, Taiwan
2 Ocean Center, Taiwan University, Taipei City, Taitwan
3 Center for Environmental Studies, Central University, Taoviian City, Taiwan
4 Institute of Oceanography, Taiwan University, Taipei City, Taiwan
5 Department of Earth Sciences, Cheng Kung University, Tainan City, Taiwan
6 Department of Earth Sciences, Central University, Taoyuan City, Taiwan
7 Taiwan Ocean Research Institute, Applied Research Laboratories, Kachsiung City, Taiwan
8 Institute of Undersea Technology, Sun Yat-sen University, Kachsiung City, Taiwan

Abstract

The southern Okinawa Trough (SOT) is a back-arc basin of the Ryukyu subduction system. It is characterized by
well-developed active normal faulting and volcanism, favorable geological conditions for the formation of Seafloor
Massive Sulfide (SMS) deposits. In order to investigate and evaluate the mineral resources potential in the SOT,
Central Geological Survey (CGS), Ministry of Economic Affairs, Taiwan (R.O.C.) has initiated a 4-years program
since 2016. In that program, intensive geophysical, geochemical and seafloor image investigations have been
conducted in the SOT. We have identified six hydrothermal fields in the investigation area including Yonaguni Knoll
IV-1 (YK4-1), Penglai Fault Zone (PFZ), Geolin Mounds (GLM), Mienhwa Volcano (MHV), Fire Dragon Volcano
1 (FDV-1) and Fire Dragon Volcano 2 (FDV-2). These hydrothermal fields were discovered mostly by the CGS
program except that YK4-1 has been reported previously by Japan (Nunoura, 2004, Inagaki et al., 2006; Hongo et
al., 2007; Suzuki et al., 2008; Gena et al., 2013; Ishubashi et al., 2015).

Based on geophysical data, volcanic activities, normal fault zones, and gas plumes are commonly observed in the
central rift zone. Widely distributed mineral mounds are mapped by the deep-towed sidescan sonar images in the
PFZ and GLM sites, and mineral mounds are confirmed by seafloor images taken by deep-towed video systems of
ATIS and FITS. As shown on the real-time seafloor images, vapor-rich vent fluids and chimney-mound structures
are widely distributed on the seafloor in the active hydrothermal fields. Water column and cored sediment samples
collected at the hydrothermal sites show notably geochemical anomalies resulted from the intense hydrothermal
activities. Relatively high concentrations of CH4, CO2, DIC and 3He/4He ratios have been found in the near bottom
seawater samples at the FDV-1, PFZ and GLM sites. In addition, the cored sediments show relatively high
concentrations of Ag, Cu, As, Sb, Bi, Cd, Pb and Zn. Mineralogical analyses of the chimney-mound fragments
indicate that the GLM site mineralization is characterized by low sulfidation deposits of pyrrhotite, isocubanite,
galena, bismuth, and other minerals, whereas the ore specimens collected from the MHY site contain mainly
sphalerite, galena, and chalcopyrite, implying intermediate sulfidation mineralization. Recently, several
hydrothermal mounds and black smokers were recorded and sampled by remotely operated vehicle (ROV) in the
MHYV site onboard R/V LEGEND in 2019. The black smoker fragments taken in the MHYV site contain mainly
pyrrhotite, sphalerite, stibnite, barite and galena. The results signify the potential existence of rich metals resources
in the hydrothermal fields in SOT off northeastern Taiwan.

Keywords

Hydrothermal Field; Seafloor Massive Sulfide Deposits; Mienhwa Volcano; Geolin Mounds; Southern Okinawa
Trough; Off northeastern Taiwan

InterRidge Workshop on Hydrothermal Ore-forming Processes
19-22 September 2019
Hangzhou, China
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3D Seismic Imaging and Potential Massive Sulfides Deposits of Geolin Mounds Hydrothermal
Field in the Southern Okinawa Trough

Ho-Han Hsu**2, Chih-Chieh Su'?, Char-Shine Liu?, Tzu-Ting Chen!,
Liang-Fu Lin!, Jyun-Nai Wu?, Wei-Zhi Liac?, Song-Chuen Chen?

iCenter for Innol Institute of Oceanography, Taiwan University, Taipei, Taiwan
2 Ocean Center, Taiwan University, Taipei, Taiwan
3 Central Geological Survey, Ministry of Economic Affair, Taipei, Taiwan

Abstract

Multi-scale geophysical and geochemical investigation including single-beam and multi-beam echo sounder, side-scan sonar,
sub-bottom profiler, multi-channel seismic, heat flow measurement as well as multi-core, near-bottom water column, CTD
mooring, gravity core and dredge sampling works have been conducted in a newly discovered hydrothermal field named as
Geolin Mounds in the Southern Okinawa Trough. Vigorous flare features in water column and “rock grove™ morphological
characteristics above seafloor were observed in echo sounder and side-scan sonar data. Widely high heat flow anomalies (>
10,000 mW/m?2) also exist in the survey area. Due to strong Kuroshio Current during multi-channel seismic data acquisition,
serious streamer feathering effect (5-40%) happened. To take advantage of swath distributed CDPs caused by streamer
feathering, we developed a pseudo-3D technique and produced a 3D seismic cube. In addition to specific features above
seafloor, widely-distributed anomalies such as blanking zone and high-amplitude reflectors are observed around the Geolin
Mounds hydrothermal field on our sub-bottom and multi-channel seismic profiles. Furthermore, 3D seismic cube provides
estimation of the areas of blanking zone on selected time slice and better characterizes fault structures in the hydrothermal
field. The geochemical analysis results present relatively high coneentration of methane, rare earth elements and 3He/4He ratio
in near bottorn seawater samples. High Ag, Au, As, Bi, Cd, Cu, Fe, Pb, Sb, and Zn concentrations have been found in our
sediment and rock samples. The time-series data of CTD mooring at Geolin Mounds revealed that temperature and methane
concentration were simultancously varied with time.

Based on the geophysical and geochemmical investigation results, we believe that the Geolin Mounds hydrothermal field
is without underlying submarine volcanos and hydrothermal fluid migration could be related to fault development. We suggest
that the Geolin Mounds is in its embryo stage of evolution and is constantly supperted by active hydrothermal circulation.
Consequently, seafloor massive sulfides deposits can keep developing with hydrothermal fluid circulation along migration
conduits which is probably created by fault structures nearby the field. We suggest that the Geolin Mounds hydrothermal field
may grow sustainably and could provide high potential massive sulfides resources in the Southern Okinawa Trough in the near
future. Furthermore, the Geolin Mounds hydrothermal field can serve as a good observatory for development of the seafloor
edifice and ore mineralization associated with hydrothermal circulation activities in a back-arc spreading basin.

Kevwords
Hydrothermal Field; 3D seismic; Seafloor Massive Sulfides Deposit; Geolin Mounds; Southern Okinawa Trough

valeanic intrusion, sandwave migration and liquefaction process are proposed to be causal mechanisms for
seafloor instability in Taiwan Strait nowadays.

Kevword: seafloor instability, reflection seismic, loreland basin, fault, sandwave.

InterRidge Workshop on Hvdrothermal Ore-forming Processes
19-22 September 2019
Hangzhou, China
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Working Group on Seafloor Massive Sulfides (SMS)
Resource along Mid Ocean Ridges (MOR)

Workshop on Hydrothermal ore-forming processes and the fate

of SMS deposits along slow and ultraslow spreading MOR
BE-BEEY KEP BT TREE L ERBADFETHTS

Conference Brochure | &1 F

Hangzhou, China
September 19t — 22,2019
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PREFACE

Over the past decades, seafloor hydrothermal systems have increasingly attracted
the attention of geologists, marine biologists and ocean and planetary scientists
because of the extreme environment, unique life forms, and mineral deposits that
provide modern-day analogs to ancient deposits now mined on land. Recent surveys
suggest that slow and ultraslow spreading ridges have an excess of high temperature
venting relative to their predicted magmatic and mid-ocean ridge (MOR) spreading
heat budgets. Hydrothermal deposits in these spreading environments have high
concentrations of Cu and Au that are potentially large in tonnage and may reach 86%
of the total MOR sulfide mineral resource. Despite these recent discoveries, the
occurrence, distribution pattern, formation mechanism, and resource potential of

hydrothermal systems on a global scale remains poorly documented and defined.

The InterRidge Workshop on hydrothermal ore-forming processes is organized by
the InterRidge Working Group (WG) on Seafloor Massive Sulfides Resource (SMS)
along Mid-Ocean Ridges (MOR) and hosted by the Second Institute of Oceanography
(SIO), Ministry of Natural Resources (MNR) of the People’s Republic of China.

The overall theme of the Workshop is “Hydrothermal ore-forming processes
and the fate of SMS deposits along slow and ultraslow spreading MOR”. This
Workshop aims to understand several key scientific questions related to hydrothermal
circulation mechanisms and the geological factors that contribute to the formation,
distribution and preservation of SMS deposits along different spreading MOR. The
WG hopes to capture the known/unknown BIG questions on SMS formation and
preservation in the geologic record and identify future ways to address them through
this Workshop.

About the Working Group

The InterRidge Working Group on Seafloor Massive Sulfides Resource along
Mid-Ocean Ridges was established on December 2018 with aims to enhance the
cooperation among researchers working in this specific field, and collectively
addresses challenges in understanding the nature of Seafloor Massive Sulfides. Find
more about the WG at http://interridge.org/WG_SMS_MOR.

About the Second Institute of Oceanography
Directly affiliated to the Ministry of Natural Resources (MNR), the Second
Institute of Oceanography (SIO) was established in 1966 and has developed into a


http://interridge.org/WG_SMS_MOR

non-profit oceanographic research institute with comprehensive disciplines, strong
scientific and technological capabilities and advanced equipment support. It is mainly
engaged in marine scientific researches on China seas, Oceans and Polar Regions as
well as Research and Development and the application of high technology for marine
environmental protection and resource exploration.

The research areas of SIO cover 5 research fields, including dynamic processes and
numerical simulation, satellite oceanography and marine remote sensing, marine
ecosystems, as well as engineering oceanography. These five research fields have
derived into 19 research directions which have basically formed our own scientific
innovation system and scientific research group that can meet our country’s great
demands and help us gain a foothold in the world marine scientific and technological
development.

The 4500-tonne marine scientific research vessel "Xiang Yanghong No. 10",
co-built by SIO and Zhejiang Taihe Shipping Co, Ltd, was listed in the National
Oceanographic Research Fleet in 2014 and then undertook Chinas Ocean mineral
resources investigation task in the Ocean in 2015, thus satisfying multidisciplinary
research needs for deep-sea marine sciences. The newly built 4000-tonne “Dayang”
Ocean integrated resources survey ship was successfully delivered to the MNR this
July and will be managed by SIO after the delivery.

At present, there are more than 400 staff in SIO, including 2 academicians of
Chinese Academy Of Science (CAS), 3 academicians of Chinese Academy of
Engineering (CAE), 3 senior specialists at Zhejiang Provincial level, 94 senior
professional technicians, 107 associate professional technicians and a group of
influential academic leaders, thus forming a team of high-quality, high-level and

high-skilled talents for marine science and technology.
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F FrEAL Organizers

InterRidge

InterRidge Working Group on SMS Resource along MOR

China Ocean Mineral Resources R & D Association (COMRA)

Second Institute of Oceanography (SIO), Ministry of Natural Resources of the
People’s Republic of China (MNR)

Key Laboratory of Submarine Geosciences (KLSG), SIO, MNR, China

Penetrating the hydrothermal circulation system along ultra-slow spreading
Mid-Ocean Ridges project
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R&2%2F%E General Honorary Chairs
Jerome Dyment, Institut de Physique du Globe de Paris (IPGP), France (7:[F 2
HOBRP)HE =2 B5%)
Jiabiao Li (ZZF %) , SIO, MNR, China ( HARGHIREEEE WA ERF 78 FT)
Feng Liu (XJI§) , COMRA (H[E RN = 1 7E A h2)

KL EJFE General Chairs

Chunhui Tao (M % #%), KLSG, SIO, MNR, China ( R %R ER 28 e EER 75 AT

Georgy Cherkashov, Institute for Geology and Mineral Resources of the Ocean
(VNIIO), Russia (4% Hyih J5i MIAEER 7 BRI 78 )

Maurice Tivey, Woods Hole Oceanographic Institution (WHOI), USA (EE 24 E
IRUEFERT TR

LW AT T4 Workshop Technical Committee

Fernando Barriga, University of Lisbon, Portugal (%] 74 B #iA K 5)

Agata Dias, Institute of Science and Environment, USJ, Macao SAR, China (V&[]
AP YNE D

Amy Gartman, United States Geological Survey, USA (& [E i i 2 J5))

John Jamieson, Memorial University, Canada (N K135 = 405 K%%)



John Kurian, National Center for Antarctic and Ocean Research, India (E[1 /& [E 5 55
PRFNFPER 5T 0

Jiabiao Li (ZZ &) , SIO, MNR, China ( F 28 BHJE 58 W7 7L T Bramley
Murton, National Oceanography Center, UK (3% FHFFEP )

Sang-Joon Pak, Korea Institute of Ocean Science and Technology, South Korea (i
R RO 5T D

Sven Petersen, GEOMAR, Germany ({5 [E] Z2 4R} 2 24 3 IR IR 50 A0

Desiree Roerdink, University of Bergen, Norway (HIf gk B /R # K 22D

Isobel Yeo, National Oceanography Center, UK (& [E 4¢3 & i K5

S WHLZE R < Local Organization Committee

Yinxia Fang (J7##) , KLSG Jiangning Zeng (EVL7) , KLSG
Xiqiu Han (FE3K) , KLSG Honglei Shen (7t 22), KLSG
Chunhua Gu (JFiZ 1), KLSG Jia Liu (X4£) , KLSG

Jianping Zhou (), KLSG

X FFEAL Sponsors

RIDGE InterRidge (EFRKEFEFHES)

COMRA  (HEKE = BIERBT LT K b2

SIO/MNR
(BRBRIRE IR IR

KLSG/MNR
(BERBRFEHERBEE R LR ED

SMS Investigation Group along SWIR
(FHRs B R RRAL IR B AR 4D

https://www.deepseavents.org/
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Agenda HFEZHF

September 19 Thursday 1% floor lobby of Hangzhou Braim Canal Hotel.

94 19H FAI B EGIS RS 1 %A KT
06:00-24:00 Register full day | 4= K3/

WG Steering Committee Meeting at Hebei Conference Room, 3™ floor
17:00-18:00

TARHZ iy (3 B LT

18:00-20:00 Dinner | Hf%

Note: The WG Steering Committee Meeting is valid for the InterRidge officer and WG Steering
Committee Members only. TAF4ZE i 222 WA R T InterRidge F 2 X TAEA A% 200

September 20 (Day 1) Friday Area B, International Hall, 3rd floor at Braim Canal Hotel
OH20H E—KR) I HIEI KWE 3 #ERT B X (££7)

Shandong and Hebei Conference Rooms, 3™ floor of the hotel
(for break-out sessions only)

WG 3 BRI T 2 s (L TR D

09:00-09:15 Opening remarks | FF%5

Primary Session | 4z %  Session Chair | JF-J#: Maurice Tivey

Geological mapping of mid-ocean ridges and its implications and use for
09:15-09:35 the prediction of SMS occurrences

(20 min) Sven Petersen

GEOMAR, Germany (& [E Z 4 5E 2% B /KA e 0

An integrated assessment extinct Seafloor Massive Sulphide deposits at the
09:35-09:55 TAG hydrothermal Field

(20 min) Bramley Murton

National Oceanography Center, UK (3 FFrEH L)

Oceanic Core Complexes and the substrate for formation seafloor
09:55-10:15 hydrothermal sulphide deposits

(20 min) Henry J.B. Dick

Woods Hole Oceanographic Institution, USA. (3¢ [E {1 2% 2 /R i EEWT 5T T

Group Photo, Poster and Coffee/Tea Break

10:15-11:00 . .
IR, W R AR
The inactive hydrothermal vent fields in the Central Indian Ridge between
8°S and 18°S, Indian Ocean

11:00-11:20

. Sang-Joon Pak

(20 min) ) . e s
Korea Institute of Ocean Science and Technology, South Korea (i [E g1
FHER AR TR

11:20-11:40 Hull-mounted multibeam echosounder (MBSE): a cost and time-effective

(20 min) tool for detection of extinct seafloor massive sulfide deposits




Ewan Pelleter
Ifremer, Unité Géosciences Marines - Marine Geosciences Department,

France (JREIRFEETF R TE e e U ER R 2 5 )

11:40-12:00
(20 min)

Diversity of hydrothermal systems on Southwest Indian Ridge
Chunhui Tao (FFH#%)
KLSG, MNR, China. (EHRGEIFAR S — g FEAT 70 pirifg R 27 2 i S 06

=)

12:00-14:00

Lunch & Break | &

All SMS deposits are hydrothermal deposits, but not all hydrothermal

14:00-14:20 deposits are SMS deposits

(20 min) John Jamieson
Memorial University, Canada (15 K455 22408 K%5)

Extreme hydrothermal activity on Carlsberg Ridge during the last glacial
stage: evidence from an off-axis sediment core

14:20-14:40 Xiqiu Han (BEEER)

(20 min) Key Laboratory of Submarine Geosciences,Second Institute of
Oceanography, MNR, Hangzhou, China. (H %A % iR 2% B S se 6
=)

14:40-15:00 Finding, mapping and evaluating seafloor mining prospects

. Isobel Yeo
(20 min) . o At
Kingston University London, UK (5 [E & 5504 Wi k)
Can submarine massive sulphide deposits be recycled?
15:00-15:20 .
. Fernando Barriga
(20 min) ) ) ) s s,
University of Lisbon, Portugal (F%] 4" B i A K2%)
Morphology and formation of SMS deposits in different geological settings
15:20-15:40 Georgy Cherkashov

(20 min) Institute for Geology and Mineral Resources of the Ocean, Russia (k%' #ii
PRSP BT T

15:40-16:00 Coffee/Tea Break and Poster | &5 J ik &7~

16:00-16:30 Big question breakout sessions — 1 round

' ’ IR
16:30-17:00 Big question breakout sessions — 2™ round
' ’ IR
17:00-17:30 Plenary report from breakout group leaders | /NH &L 457 4k

17:45-20:00

Dinner | Hf%&

September 21 (Day 2) Saturday Area B, International Hall, 3rd floor at Braim Canal Hotel

9H21H

R N

B i KRYUE 3 #2E BT B X

Early Career Scientist Session | SR} 525K &




Session Chair| % : Georgy Cherkashov

09:00-09:15
(15 min)

Lucky Strike: is it a TAG (Trans-Atlantic Geotraverse) precursory
hydrothermal system?

Isabel Costa

Center for Innovation in Science and Technology (INCITE), Instituto

Politécnico Setubal, Escola Superior Tecnologia Barreiro, Barreiro,

Portugal (% 7 B %' i S5 HOR e 28 & EUR B 22 Be B Q8 )

09:15-09:30
(15 min)

3D Seismic Imaging and Potential Massive Sulfides Deposits of Geolin
Mounds Hydrothermal Field in the Southern Okinawa Trough

Ho Han Hsu CHE5E)

Institute of Oceanography, Taiwan University, Taiwan, China ( 575 K24

FERIEFTIIT)

09:30-09:45
(15 min)

Sulfide mineralization of the Saldanha hydrothermal field (MAR):
constraints from sulfur isotope in-situ microanalysis
Wenhong Johnson Qiu (L)

Institute of Science and Environment (ISE), University of Saint Joseph,
Macao SAR, China (R[] EZ) 5 K2ER 2 5 IR0 LR

09:45-10:00
(15 min)

Ultramafic rocks hosting sulfide mineralization along SWIR: insights from
the sulfide sulfur isotopic and LA-ICP-MS trace-element compositions
Teng Ding (T &)

Institute of Marine Geology, College of Oceanography, Hohai University,
China GAJ¥ KA FAE S Be iRE ST 7T )

10:00-10:45

Coffee/Tea Break & Poster | M2 AR 7

10:45-11:00
(15 min)

Au and Te Minerals in Seafloor Massive Sulphides from Semyenov-2
Hydrothermal Field, Mid-Atlantic Ridge

Anna Firstova

Institute for Geology and Mineral Resources of the Ocean, Russia (%' /I
EE BT P I 5 )

11:00-11:15
(15 min)

Difference in hydrothermal activity between slow and fast spreading
centers

Duo Zhou (%)

Zhejiang University, China (VLK)

11:15-11:30
(15 min)

Multi-stage detachment faulting controls hydrothermal activity in the
Dragon Horn area (49.7°E, SWIR): Insight from magnetic studies

Tao Wu (R¥#)

Key Laboratory of Submarine Geosciences,Second Institute of
Oceanography, MNR, Hangzhou, China. (3 %A SRR 0T 70 il
LR e e

11:30-11:45
(15 min)

Numerical simulation of hydrothermal plumes in stratified crossflows
Yingzhong Lou (A§BRH)

Institute of Port, Coastal, and Offshore Engineering, Ocean College,
Zhejiang University, China G K 5 IFE 7 e o i 2 5 3 it TAREHT9¢




B

12:00-14:00

Lunch & Break | &

14:00-14:30

Letter of WG appointment issuing | .1 28 i 52 BE 454 &

(30 min) Best oral/poster presentation awarding | £ F 3k M B R 2
14:30-15:30 Brainstorm the way to go for big questions and international cooperation
(60 min) LR KX E bR AR

15:30-15:50

Coffee/Tea Break | S

15:50-16:50

Workshop output summary | i 23 il 2R 5 45

(60 min)
16:50-17:00 \
, Closing remarks | %3
(10 min)
17:00-17:40 N
. Working Group internal round-table conference | T 1F 21 [f] 5 251
(40 min)
17:45-20:00 Dinner | B
September 22 (Day 3) Sunday Geological investigation around Hangzhou (optional).

OH22H (B=K> MX UM A AR A (AT .

07:00-21:00

Geological field trip around Hangzhou
UM JE 3 30 57 7% %%

Notes[{E& :

1. For the oral reporters (primary and early career), please hand in your prepared PPT to

volunteers no later than 08:00 am, Sept. 20", who will help to copy it to the computer in the
meeting room. Please double check it runs well.

HHk (R EBEFEREZ0 WEEE & T 20 5 EF 08:00 Z ATRHHE S 471K PPT
L5 EREG —# WIS WERNN L, 55500 N AR SRR R .

The group photo will be taken at the Canal Square (tentatively) in front of the hotel. Please go
directly to the Square after Henry’s talk.

AR I8 R B AL S T 7 Mg | 30 8%, i Tt 555K, 75 7E Henry 535 45 45 R %)
AL

Shandong and Hebei Conference Rooms will be available for the Break-out sessions as well,
please go to the corresponding room according to the Chair’s guidance.

AR AR AL T 2 AL 23 N VeI T8, AR 2 W Faon AT AR R 2 U= 34T 1 18
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Poster Presentations | #FiRE~

No. Title and author’s info
Uranium in seafloor massive sulfides at the Mid-Atlantic Ridge (MAR)
Anna Sukhanova

! Institute for Geology and Mineral Resources of the Ocean, Russia (ff % {3 5 flH™
7= USRI T T )
The Daxi Vent Field on the Slow-Spreading Carlsberg Ridge: An Active

) Hydrothermal System at a Non-transform Offset
Yejian Wang (EH-81))
KLSG, MNR, China. (F 28 B IHRSHE it U P ISR i S8 90 50
Hydrothermal Fe-Mn deposits from low-temperature systems of the Mid-Atlantic
Ridge

3 Pedro Costa
Institute of Science and Environment (ISE), University of Saint Joseph, Macao SAR,
China G J2EZ98 K%
The characteristic of the Mid-Atlantic Ridge between Hayes and Kane Fracture Zone

4 Michal Tomczak
Polish Geological Institute - National Research Institute, Poland (% == b 5 5%
Jir
Stepwise hydrothermal dissolution of titanomagnetite dramatically reduces
magnetization in basaltic ocean crust: direct evidence from the Southwest Indian
Ridge

> Shishun Wang (VEREFE)
School of Earth and Space Sciences, Peking University, Beijing, China (1t 5T K27
B AR BEHA 2R
1. Surface sediment geochemistry and hydrothermal activity indicators in the
Dragon Horn area on the Southwest Indian Ridge
2. Bulk geochemistry, sulfur isotope characteristics of the Yuhuang-1 hydrothermal
field on the ultraslow-spreading Southwest Indian Ridge

6 3. Surface sediment composition and distribution of hydrothermal derived elements
at the Duangqiao-1 field, Southwest Indian Ridge
Shili Liao (A} #)
Key Laboratory of Submarine Geosciences,Second Institute of Oceanography,
MNR, Hangzhou, China. (SR8 5855 —HeV eIt 70 Tl IS A} o 3 i SEIG 35
Seismic observations of an active detachment faulting system beneath the Longqi
hydrothermal field at the ultraslow spreading Southwest Indian Ridge

7 Yunlong Liu (#1=7%)
Key Laboratory of Submarine Geosciences,Second Institute of Oceanography,
MNR, Hangzhou, China. (SR B R EE —HEVEAIT 70 e S Ao 5 i S0 55

9 Diversity of metal sources for sulfides in hydrothermal fields in the Southwest

Indian Ridge

11




Chuanwei Zhu CRIEEL)
Guiyang Institute of Geochemistry, Chinese Academy of Sciences ( £} 71 BH ik
iip)

Hydrothermal fields in the southern Okinawa Trough off northeastern Taiwan
Song-Chuen Chen ([FAF)
Central Geological Survey, Ministry of Economic Affair, Taipei, Taiwan, China ({5

B B b dr i b b5 AR

10

Can Magnetites Provide New Information about the Physical and Chemical
Conditions inside Hydrothermal Vents?

Sang-Mook Lee

School of Earth and Environmental Sciences, Seoul National University, Republic of

Korea (i [F /K [ 3L K2 ER 5 IR BT RFA £ R )

11

Highly siderophile elements and Osmium isotopes in abyssal peridotites from the
Southwest Indian Ridge: Implications for evolution of the oceanic upper mantle
Wei Li (ZEf)

Key Laboratory of Submarine Geosciences,Second Institute of Oceanography,
MNR, Hangzhou, China. ( FSRGIFAR S — G FERT 70 P R 27 i SR IR &

12

A Quantitative Method for Active Fault Migration Distance Assessment on Both
Sides of the Southwest Indian Ridge 46°~52.5°E—Based on Multi-Beam Data
Bo Feng (&)

Peking University, China (Jt 5T K%%)

13

Crustal Thickness Anomalies Across the Carlsberg Ridge in the Northwest Indian
Ocean Basin From Gravity Analysis

Juechen Song (RERER)

Peking University, Beijing, China (b5 K2%)

14

Geological mapping at Southwest Indian Ridge Qiaoyue Seamount (~52°10'E) :
Implication for prediction of hydrothermal field

Yongjin Huang (¥Xk&)

Key Laboratory of Submarine Geosciences,Second Institute of Oceanography,
MNR, Hangzhou, China. ([ %R G505 iR 70 i IR 27 B R Seie %)

15

Synthetical anomaly characteristics of the 26th segment of Southwest Indian Ridge
and implications for submarine hydrothermal activity

Zhen Dong (E#HR)

Ocean University of China , China (7 [E ¥ K %52)

16

Mineralogy and sulfur isotope characteristics of chimneys from Wocan-1
hydrothermal field, Carlsberg Ridge

Yiyang Cai (%3E 7))

Key Laboratory of Submarine Geosciences,Second Institute of Oceanography,
MNR, Hangzhou, China. ([ SRBEIFHAR S —HgPE AT 70 il R )2 3 i SRR =)

17

Mineralogical in mafic and ultramafic rocks from the substrate of the Tianxiu
Hydrothermal Field, Carlsberg Ridge

Peng Zhou (&%)

Key Laboratory of Submarine Geosciences,Second Institute of Oceanography,
MNR, Hangzhou, China. ([ %R G50 55 iR 70 I i ISR 3 R e i %)

12




18

Sedimentary Records of Hydrothermal Activities at Tianxiu Hydrothermal Field,
Carlsberg Ridge

Mou Li (ZFi)

Zhejiang University, China (VLK)

19

Exploring the role of microorganisms in sulfur deposition in hydrothermal
environment via metagenomic data mining

Baowei Huang (XX E)

Institute of Deep-sea Science and Engineering, Chinese Academy of Sciences,
China. (" ERFEBR R 5 TIERT SO

20

Geochemistry of hydrothermal fluids from Carlsberg Ridge

XuetingWu (RE %)

Key Laboratory of Submarine Geosciences,Second Institute of Oceanography,
MNR, Hangzhou, China( [ #& B #8 55 — el T Pig IR B SE IR =

21

Metal stable isotopes as tracers to constrain hydrothermal ore-forming processes
Yunchao Shu (§F=#8)
University of Science and Technology of China,China (' ER&I2EH A K 2%)

22

Geological characteristics and delineation of hydrothermal anomalies around
55°20'E of Southwest Indian Ridge

Liang Huang (¥%)

China University of Geosciences (Wuhan) , China C(H [ k2% (R0 )

23

Traceability Analysis of Seafloor Sediments Based on ArcGIS and Its Application in

the Longqi Hydrothermal Field on the Southwest Indian Ridge

Donglei Pan GEARE)

Key Laboratory of Submarine Geosciences,Second Institute of Oceanography,
MNR, Hangzhou, China

H AR BEURAR 2 R EIT FU T R R R SRR
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Guidelines for Participants

~WIEE
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Part One: Important Information| EE(E 2

Conference venue: Hangzhou Braim Canal Hotel

Address: No. 58 Jinhua Road, Gongshu District, Hangzhou, China

1. Registration

Time: September 19', full day.
Venue: First floor lobby of Hangzhou Braim Canal Hotel.

2. Meeting Venue
Area B, International Hall, 3" floor at Hangzhou Braim Caval Hotel.

3. Dinner Venue

Western restaurant on the 2" floor at Hangzhou Braim Canal Hotel.

U BN BRI ROE
Hohib: WL BT BEEL X G400 58 5

1. 2 UEEM

FFE]: 201949 A 19 H4& R
Mo WU ER I RS — KT

2. 2=
BUM T B I AU = R BT B X
3. A&

WU B iz i) R AR VR T .
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Part Two: Transportation Information|3ZiE{E 2

1. Hangzhou Xiaoshan Airport to Braim Canal Hotel:

From Hangzhou Xiaoshan Airport to Braim Canal Hotel, it takes around 50 minutes by taxi in
normal traffic condition (36km, ~USD18);

2. Hangzhou East Railway Station to Braim Canal Hotel:

From Hangzhou East Railway Station to Braim Canal Hotel, it takes around 31 minutes by taxi
in normal traffic condition (11km, ~USDS5);

3. Hangzhou Railway Station to Braim Canal Hotel:

From Hangzhou Railway Station to Braim Canal Hotel, it takes around 30 minutes by taxi in
normal traffic condition (10km, ~USD5);

ancaiozE o &
B
BANSHAN Sj
RESIDENTIAL DEOQUNGT N QIAOSIZHEN &
. DIsTRICT. ) e
Hangzhou Braim Canal Hotel
PN ERREA KR gin®”
Shixian
&
] Hangzhou Dianz|
SRR — B Um'vgrsny L|llzrar; Q =
JANQIAOZHEN a2 & MR TR
HEMU i e iy 1 MIPUZHEN £ AFEBE 4 acua
T A e il 3
% k% 3 Hangzhou East Railway Station LT
‘?ES’:SE:&IAL DiSTHCY
gy VGO >
e D!?;REJ i s101 um\\ia“ngm
Hangzhou
N L - em
msmm Vit 0\;” RESIDENTIAL
i 8 S o4 JIANGGAN Vonite' : of o
osTRET  Hangzhol- Railway Station — Morfendhe
L
SHANGC*NﬁMyﬁ Hangzhou International Airport (HGH)
WANGJIANG
NANSHAN m;;%jfﬁ:g;u *J-M%mm%angzhuu JWGJl
eI o International
L ZIVANG @.ﬁ‘ Airport
RESIDENTIAL o 52 [i_mﬂ:;;;
Pl ot i s Sacon Py e
L = N
iEh 2 SN TTHFERS 2 CHALZE)
g N N —
BUMHIR LLL B =lPNI S 36km 50 738, #3120 76
D o TR —
BUMI AR o B =lPNI S 11km 31 738, 2330 7C
D o N —
B o B =lPNI S 10km 30 738, £330 7T
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Part Three: Contact Information|B% & 7 1\,

Honglei Shen (Conference technical contact) | 7Eyt2e (Sl FHARBELE)
Email: shlsmile@yeah.net
Tel: 18268157216

Chunhua Gu (General arrangement of the conference) | JHlE4E (=55 SR ZHED)
Email address: siogch@sio.org.cn
Tel: 13777587751

Han Lei (Registration fee consult and invoice) | ¥35 GIM 2R ICH A & 5
E-mail: 468392828(@qq.com
Tel: 13806508613

Jie Zhu (Conference support) | ftf (255 3CHF)
Email: hzsfly@sina.com
Tel: 18158190326

Ziang Wang (Conference invitation) | £F & (2 EE)
E-mail: zangwang@zju.edu.cn
Tel: 15651803402

Long Liu (Conference registration) | X% (Z3GEM)
E-mail: 546776558(@qq.com
Tel: 17806248303

Jia Wang (Hotel reservation) | 3% GEJE T
E-mail: 1533208298@qqg.com
Tel: 15952008355

Tips/$E7R:

1. You can always turn to the conference volunteers for help who will be uniformly
dressed for better identification. 41 (i), W] [n) %85 2255 45— i H 8
ERASIE SRR

2. Please contact with Chunhua Gu or Honglei Shen (listed above) for any

emergency. R aVHN, 15 EEKRBAFELHSLHELZ2 (BRI LT .

17
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Appendix — List of Participants

Z NRELHR

No. Name Affiliation
1 Fernando Jose Barriga University of Lisbon, Portugal
B A AR
2 Florian Besson Ifremer, Unité Géosciences Marines - Marine Geosciences Department,
France
V2% ELRF R T AT T e i e S R =
3 Georgy Cherkashov Institute for Geology and Mineral Resources of the Ocean, Russia
R e T T T
4 Isabel Costa Center for Innovation in Science and Technology (INCITE), Instituto
Politécnico Setubal, Escola Superior Tecnologia Barreiro, Barreiro,
Portugal
HEF R Y A HOR b 2R B R B LA B R B O
5 Pedro Costa University of Saint Joseph, Macao SAR, China
MRS AP N
6 Henry J.B. Dick Woods Hole Oceanographic Institution, USA.
5 AR 26 E R g U
7 Jerome Dyment IPGP, France
ELZEHhER Y HEBIE TT B
8 Anna Firstova Institute for Geology and Mineral Resources of the Ocean, Russia
R e S = Bt T
9 Amy Gartman United States Geological Survey, USA
5 [ i o R A )
10 John Jamieson Memorial University, Canada
T et AN
11 Agata Polish Geological Institute - National Research Institute, Poland
Koztowska-Roman BT FC T - [ ST AT P
12 Sang-Mook Lee Seoul National University, South Korea
ERNE PN
13 Bramley Murton National Oceanography Center, UK
e [ [ 5 L
14 Sang-Joon Pak Korea Institute of Ocean Science and Technology, South Korea
i EHE R A B R BT ST
15 Ewan Pelleter Ifremer, Unité Géosciences Marines - Marine Geosciences Department,
France
V2 ELRF R T AT T e v e M BB 2
16 Sven Petersen GEOMAR, Germany
8 ] 2 O 2 AR MR PR AT T
17 Desiree Roerdink University of Bergen, Norway
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BLRIRK

18 Anna Sukhanova. Institute for Geology and Mineral Resources of the Ocean, Russia
R W S = Bt T
19 Maurice Tivey Woods Hole Oceanographic Institution, USA
5 AR 26 AE R g U
20 Michal Tomczak Polish Geological Institute - National Research Institute, Poland
I =2 M J5 B 5 T -8 =2 L X
21 Cindy Lee Van Dover Duke University, USA
N
22 Isobel Yeo Kingston University London, UK
(& TN
23 Hussain Zahid Zhejiang University, China
RANE2
24 Mangqing Ai Zhejiang University, China
VEH AN
25 Wei Cai Key Laboratory of Submarine Geosciences,Second Institute of
25 Oceanography, MNR, Hangzhou, China
H AR BRI B 58 R TERIT JE IR R 2 B S0 =
26 Yiyang Cai Key Laboratory of Submarine Geosciences,Second Institute of
27 Oceanography, MNR, Hangzhou, China
H AR BRI B 5 —HETERIT T IR R 2 B S0 =
27 Liao Chang School of Earth and Space Sciences, Peking University, China
it JEHUREEHER 5 22 (8] B2 B
28 Dong Chen Hohai University, China
Pk TR
29 Hao Chen Shanghai Jiaotong University, China
ris EHEAE R
30 Kaiying Chen Nanjing University, China
Pridi B UK
31 Ming Chen Shanghai Jiaotong University, China
kB FHEAE R
32 Song-Chuen Chen Central Geological Survey, Ministry of Economic Affair, Taipei, Taiwan,
RVES China
B8 B LA G A b R 5 R
33 Tzu-Ting Chen Institute of Oceanography, Taiwan University, China
Wi i BV KA IO
34 Yuan Dang First Institute of Oceanography, MNR, Qingdao, China
3B H IR BRI AR 2 — W PR U
35 Xianming Deng Key Laboratory of Submarine Geosciences,Second Institute of
XS 2 B Oceanography, MNR, Hangzhou, China
H AR BRI AR 58 R TERIT FT IR R 2 B S0 =
36 Teng Ding Institute of Marine Geology, College of Oceanography, Hohai
T University, China

T RS P A BE e SR 7T
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37 Chuanwan Dong Zhejiang University, China
XL AN
38 Zhen Dong Ocean University of China , China
R Hh [ R RS
39 Yinxia Fang Key Laboratory of Submarine Geosciences,Second Institute of
TR E Oceanography, MNR, Hangzhou, China
AR BRI 2 VAT 0PI R ) o B S =
40 Bo Feng Peking University, Beijing, China
1 LR
41 Chunhua Gu Key Laboratory of Submarine Geosciences,Second Institute of
i A Oceanography, MNR, Hangzhou, China
H AR BEURAB5E PRI TU I R o B T S
42 Xiqiu Han Key Laboratory of Submarine Geosciences,Second Institute of
B = BR Oceanography, MNR, Hangzhou, China
H AR BEURAB 5E PRI TU I R R o B T S
43 Ho-Han Hsu Institute of Oceanography, Taiwan University, China
PRSI AV KA T
44 Baowei Huang Institute of Deep-sea Science and Engineering, Chinese Academy of
HHE Sciences,China
R E B R 2 5 TR U
45 Daji Huang Second Institute of Oceanography, MNR, Hangzhou, China
LU H SR GRS 5 I U
46 Huang Fang University of Science and Technology of China, China
LV R PN
47 Liang Huang China University of Geosciences (Wuhan) , China
Bt s R (O
48 Yongjin Huang Key Laboratory of Submarine Geosciences,Second Institute of
K4 Oceanography, MNR, Hangzhou, China
AR BRI 0PI A o B S =
49 Xianglong Jin Second Institute of Oceanography, MNR, Hangzhou, China
R A SR TR S T AT BT
50 Jin Liang Key Laboratory of Submarine Geosciences,Second Institute of
uli Oceanography, MNR, Hangzhou, China
AR BRI R VAT 0PI ) o B S =
51 Shili Liao Key Laboratory of Submarine Geosciences,Second Institute of
BT B Oceanography, MNR, Hangzhou, China
AR BRI 2 VAT 0PI ) o B S =
52 Chuan Li Zhejiang University, China
) AN
53 Qiang Li Hohai University, China
20 T KA
54 Qianyu Li China University of Geosciences (Wuhan) , China
P T U RS GRRPO
55 Mou Li Zhejiang University, China
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ARt AN
56 Char-Shine Liu Taiwan University Ocean Center, China
XK T B8 KW O
57 Feng Liu China Ocean Mineral Resources R & D Association, China
K1 Hh B RV BRI ST K P
58 Jia Liu Key Laboratory of Submarine Geosciences,Second Institute of
pukES Oceanography, MNR, Hangzhou, China
AR BRI 2 VAT 0PI ) o B S =
59 Long Liu Key Laboratory of Submarine Geosciences,Second Institute of
X & Oceanography, MNR, Hangzhou, China
H AR BRI AR 58 R TERIT JC IR R 2 B S0
60 Lushi Liu Jilin University, China
X g AR
61 Yunlong Liu Key Laboratory of Submarine Geosciences,Second Institute of
M= Oceanography, MNR, Hangzhou, China
H AR BRI AR 58 MR TERIE FE IR R 2 B S0 =
62 Wei Li Key Laboratory of Submarine Geosciences,Second Institute of
A Oceanography, MNR, Hangzhou, China.
H AR BRI AR 58 —HETERIT JT IR R 2 B S0
63 Zilong Li Zhejiang University, China
i v WL R
64 Yingzhong Lou Institute of Port, Coastal, and Offshore Engineering, Ocean College,
R rh Zhejiang University, China
WL R i o 2 e vk 1 i 52 5 i AR R T T
65 Zuofu Nie China University of Petroleum (Beijing) , China
e R AR (B R
66 Donglei Pan Key Laboratory of Submarine Geosciences,Second Institute of
AR Oceanography, MNR, Hangzhou, China
AR BRI 0PI A o B S =
67 | Wenhong Johnson Qiu | Institute of Science and Environment (ISE), University of Saint Joseph,
rfS Sk Macao, China
LB RER S GG
68 Honglei Shen Key Laboratory of Submarine Geosciences,Second Institute of
ot &2 Oceanography, MNR, Hangzhou, China
AR BRI R VAT 0PI R ) o e S =
69 Xuefa Shi First Institute of Oceanography, MNR, Qingdao, China
A1 H AR B R 5 — W R U
70 Yunchao Shu University of Science and Technology of China, China
gy il s N
71 Juechen Song Peking University, Beijing, China
RERER JERURE
72 Chih Chieh Su Taiwan University, Taiwan, China
73 Jinye Sun China University of Geosciences (Beijing) , China
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PG

Hh 3 5 KA (50

74 Chunhui Tao Key Laboratory of Submarine Geosciences,Second Institute of
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Geological mapping of mid-ocean ridges and its implications and use for the prediction of SMS
occurrences

S. Petersenl*, M. Klischiesl, S. Graberl, M.D. Hanningtonl, U. Schwarz-Schampera2
!GEOMAR — Helmholtz Centre for Ocean Research Kiel, Wischofstr. 1-3, 24148 Kiel
(*correspondence: spetersen@geomar.de)
2Bundesanstalt fUr Geowissenschaften und Rohstoffe, Stilleweg 2, 30655 Hannover

Abstract

Seafloor hydrothermal systems or seafloor massive sulphides (SMS) have become a target of increased global exploration
activity due to their presumed resource potential. Recent investigations have shown that these occurrences are more variable
than previously thought and that this variability is not necessarily reflected in analogous volcanogenic massive sulphide
deposits preserved in the ancient rock record. To date, over 400 hydrothermal occurrences hosting massive sulphides or of
sufficiently high vent fluid temperature to carry sulphides to the near-subseafloor are known. Most of these occurrences are,
however, hydrothermally active and tend to be in an early stage of development and are therefore commonly quite small.
Additionally, they commonly host chemosynthetic faunal communities. Hence, inactive sites, that have gone through a full
life-cycle of metal deposition, where hydrothermal activity has ceased, and where associated high-temperature vent
communities have disappeared, are seen as the more reasonable mining target. These inactive systems, however, lack the
prominent water column signature and might be difficult to locate. Many inactive sites are also considered to be located at
some distance to the neovolcanic zone increasing the areas that needs to be explored to several million km?. Therefore, we
need new methodologies and procedures to narrow down the search areas to permissive tracts, which are likely to host large
and economically interesting SMS occurrences. This contribution discusses how geological mapping and interpretation of
topographic data could lead to more effective exploration for SMS occurrences.

Keywords
geological mapping, exploration
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An integrated assessment of hydrothermally extinct seafloor massive sulphide deposits at the
TAG hydrothermal field
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Abstract

One of the outstanding questions about seafloor massive sulphide deposits is the extent to which they are present on and below
the seafloor, and to what extent they preserve their base metal contents after hydrothermal fluid circulation has ceased. The
societal importance of this subject lies in determining whether extinct seafloor massive sulphide provide any kind of metal
resource potential of significance, or are barren and offer no economic potential. Although many seafloor hydrothermally
systems have been studied, extinct seafloor massive sulphide deposits are likely more accessible to future mining and far more
abundant, but are often obscured by pelagic sediment and hence difficult to locate. Furthermore, SMS deposits are three
dimensional. Yet, to date, very few have been explored or sampled below the seafloor. Here, we describe the most
comprehensive study to date of hydrothermally extinct seafloor massive sulphide deposits formed at a slow spreading ridge.
Our approach involved two research cruises in the summer of 2016 to the Trans-Atlantic Geotraverse (TAG) hydrothermal
field at 26N on the Mid-Atlantic Ridge. These expeditions mapped a number of hydrothermally extinct SMS deposits using
an autonomous underwater vehicle and re- motely operated vehicle, acquired a combination of geophysical data including sub-
seafloor seismic reflection and refraction data from 25 ocean bottom instruments, and recovered core using a robotic lander-
type seafloor drilling rig. Together, these results that have allowed us to construct a new generic model for extinct seafloor
massive sulphide deposits indicate the presence of up to five times more massive sulphide at and below the seafloor than was
previously thought. Despite

this, we are still uncertain about the metal tenor of these deposits at depth and hence their economic significance.

Keywords
Extinct SMS, preservation, metal tenor, structure, resource po
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Seafloor Sulfides: What About The Source Region? Thoughts from Core Complexes
Henry JB Dick
Woods Hole Oceanographic Institution, Woods Hole MA 02536 USA and the Blue Mining project team®.

Abstract

Oceanic core complexes host the largest massive sulfide deposits found to date at ocean ridges. Their composition should
logically reflect that of their source rocks, presumably the underlying basement lithologies found there: diabase, mantle
peridotite, and a wide variety of gabbroic rocks. Also to be considered is their state of alteration, whether it be granulite,
amphibolite, greenschist or low temperature seafloor weathering. Even the state of deformation plays a role as some have
undergone extensive brittle faulting, cataclasis, or even mylonitization and crystal-plastic deformation. Localization of fluid
flow by faulting, both brittle and crystal-plastic is the major factor in focusing hydrothermal fluids. Also critical is the
interplay between lithologies, where the contact between and intrusive gabbro and fresh or serpentinized peridotite can localize
mineralization, or extraction of key elements.

Thus, in considering the nature of the fluids, minerals deposited, and their critical trace element concentrations all the above
factors should be considered in any program designed to locate a potentially economically viable deposit. Reviewing what
is exposed at oceanic core complexes, we find that they range from large peridotite massifs to gabbro plutons of enormous
size. The Atlantis Bank gabbro massif, where drilled to 1.5 km, consists of massive upwardly differentiated accumulations
of small intrusions that have undergone intense local crystal plastic deformation, where melt migrated up through a column of
crystal mush over a kilometer scale; enriching the uppermost gabbro in iron, titanium and incompatible elements, and the
composition of the bulk hole most closely resembles a highly evolved MORB magma — far from the composition of a primary
magma. Alternatively at Hole U1309D, the section consists of numerous small intrusions, with interceding screens of mantle
peridotite, that have undergone little or no crystal-plastic deformation. These largely solidified independently, with an
aggregate composition similar to that of a primary MORB melt. Thus, the stratigraphy in gabbroic core complexes depends
heavily on magma flux, and where this is high, incompatible element concentrations may be more easily mined by
hydrothermal circulation where permeability permits.

These massifs are cut by several generations of faulting, any of which may localize hydrothermal flow and the extraction of
incompatible elements.  The earliest faulting is that associated with the unroofing of the core complex, which begins with the
formation of a high-angle normal fault under purely brittle conditions, with offsets ranging from a few meters, to hundreds of
meters, then to kilometers, and to 10°s of kilometers. As the fault deepens, the nature of deformation goes from brittle
fracturing, to cataclastic, and at depth to crystal-plastic deformation. With continued uplift, successively deeper higher-
temperature modes of deformation are exposed. Rollover of the detachment footwall occurs as the core complex grows, with
cross-cutting inward facing normal faults oriented parallel to the ridge axis, and parallel to the spreading direction, followed
by late outward facing faults, providing new paths for hydrothermal circulation. Changes in spreading direction, and the
dilatational stresses involved across active transforms can then be accommodated by reactivation of these faults, enhancing
permeable fluid flow in old fault zones.

A critical factor, in all this, is the heat source for hydrothermal circulation, and the anomaly of high-temperature fluid flow in
the apparent absence of a major heat source. A gabbro body that has already been unroofed on a detachment fault has already
undergone considerable conductive and advective cooling. Likely significant is that spreading at the rift axis during core
complex emplacement is highly asymmetric, with spreading in the direction of the core complex greatly exceeding that away
from it. Thus, the plate boundary appears to migrate over and away from the axis of mantle upwelling and accretion found
at the adjacent ridge segments. This mandates fault capture, and thus, rather than plunging down into the zone of mantle
upwelling and accretion, as commonly supposed, the detachment fault cuts off faulting on the opposing rift valley wall,
terminating beneath it, resulting in the asymmetric spreading of the newly formed plutonic section to form the core complex.
This then displaces the plate boundary away from the axis of mantle upwelling, with the core complex overriding it.  This
then can explain the anomalous heat source required to explain the high temperature hydrothermal activity evident from the
massive sulfide deposits found on the core complex footwalls as the core complex advances out over the zone of mantle
melting.

Finally, to be considered is the nature of the contacts between gabbros and mantle. While the Penrose model for the
ocean crust has constrained geologists to think in terms of sub-horizontal contacts between the crust and mantle, the reality is
quite different. For example, the sub-horizontal gabbro-peridotite contact running for over 30 km along the eastern wall of
the Atlantis Il Transform, first identified as the crust-mantle boundary, is in fact intrusive, with highly evolved gabbros in
contact with massive mantle peridotite. Such a contact can have virtually any dip up to near vertical, and can localize
hydrothermal circulation where fluids interact with both peridotite and gabbro, a possible explanation for the apparent necessity
of a basaltic influence on hydrothermal solutions in ultramafic hosted sulfide deposits.

Keywords
Gabbro, peridotite, mantle, fluids, tectonics, core complexes
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The inactive hydrothermal vent fields in the Central Indian Ridge between 8<5 and 185, Indian
Ocean

Sang-Joon Pak*, Sun Ki Choi, Jonguk Kim, Hyun-Sub Kim, Seung-Gyu Son
Korea Institute of Ocean Science and Technology, Busan, Korea

Abstract

High resolution mapping with geological sampling has been conducted by Korea Institute of Ocean Science and Technology
in middle part of the Central Indian Ridge (MCIR) between 7<%

and 17<S. Total eleven ocean core complexes (OCCs) which is characterized by the gentle-dome structure and corrugations
were identified through the high-resolution mapping. Plume signals over the MCIR revealed that hydrothermal activities were
mostly distributed on the asymmetrical ridge sections where ultramafic massifs juxtaposed along one ridge flank near ridge-
transform intersections or non-transform discontinuities (NTD). The seafloor observation targeted to several plume sites in
MCIR resulted in the identification of new active and/or inactive vent fields at five locations. Inactive chimney fields are
mostly located nearby or on OCC. Even though the inactive chimneys were observed, the strong multi-proxy plume signals
imply a possible presence of active venting. The only active vent field with abundant benthic organisms was found at the
summit of ridge flank of NTD within segment 3, where corrugation features in the steep inward-slope of the flank characterize
OcCcC.

In OCC at 12.4<5 (segment 4), inactive chimney field (Cheoeum chimney field; CCF) was identified and hydrothermal sulfide
ores were recovered by a rock dredge. The sulfide ores seem like fragments of Zn-rich chimneys (up to 50 wt.% Zn). The Zn-
rich ores are highlighted by high concentrations of Sn (up to 1,720 ppm Sn) as well as Au (up to 10.4 g/t Au). Major sulfide
minerals of the chimney fragments are sphalerite, isocubanite, chalcopyrite, pyrrhotite and marcasite but the ores typically are
accompanied by native gold and tin mineralization. Native gold predominantly occurs visible grain of inclusion (< 3um in
diameter) hosted in sphalerite and/or isocubanite. Gold grains have low grades in Ag (< 15 wt.% Ag) and no other gold-bearing
minerals except native gold were observed, indicating Au concentrations are mainly attributed to visible gold grain. FeS
concentrations in sphalerite show a wide range from 6.74 to 42.69 mole % FeS during the mineralization advancing. Sphalerites
in the early stage are depleted in FeS but trace elements tend to coprecipitate with late-stage sphalerites. The late-stage
sphalerites are typically enriched in Sn, ranging up to 5.5 wt.% Sn. Tin mineralization spatially focuses on a grain-boundary
between sphalerite and isocubanite, related to In and Ga coprecipitation. In the Sn-enriched sphalerites, a negative correlation
between Zn and Cu + Sn with the uniform Cu/Sn ratios (almost 2:1) were recognized. TEM analysis indicates Sn-bearing
inclusions are notably absent. Sn is incorporated into sphalerite as a solid solution, not a discrete inclusion phase based on
STEM-EDS mapping and FFT pattern analysis

Keywords
Central Indian Ridge, Ocean core complex, Inactive chimney field, Gold, Sn-mineralization
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Hull-mounted multibeam echosounder (MBSE): a cost and time-effective tool for detection of
extinct seafloor massive sulfide deposits

Ewan Pelleter*, Yves Fouquet, Carla Scalabrin, Cecile Cathalot, Florian Besson, Anne-Sophie Alix, Charline
Gué&in, Arnaud Gaillot, Delphine Pierre, Jean-Marie Augustin, Marie-Anne Cambon

Abstract

Since 1977 and the discovery of the first high temperature (HT) hydrothermal vent, more than 300 sites are
known today. Until recently, marine sulfides deposits, related hydrothermal activity and biodiversity were
almost only the scientists’ playground. However, with the world’s growing demand for metals, seafloor massive
sulfides (SMS) deposits are now seen as a possible mineral resource that could contributes to secure metal
supply for human needs.

If exploration strategies for detection of active hydrothermal sites are now robust and very efficient, the active
SMS will not (and must not) constitute a potential target for deep-sea mining due to environmental concerns and
technical limitations. Recent studies on SMS deposits are rather focused on extinct and buried mineralized sites
(e.g. Gehrmann et al., 2019; Murton et al., 2019) characterized by a lower biomass. Several geophysical
techniques to explore and detect extinct SMS (eSMS) and buried SMS (bSMS) have been developed (e.g.
Kawada and Kasaya, 2017; Szitkar et al., 2017, 2014) using different approaches (e.g. regional or local scale;
ship-based or using underwater vehicles) with several degrees of success or limitation.

During the BICOSE (2014) and LEVE-SMF (2016) cruises, acoustic surveys were performed on the TAG
hydrothermal district with the hull-mounted Kongsberg EM122 (12 kHz, R/V L’Atalante). The analysis of the
seafloor backscatter data revealed the presence of numerous zones with low to very low backscatter strength
values. Some of them coincide with known extinct SMS such as Shinkai mound, Southern Mound, Double
Mound and Mir Mound (Figure 1). Other areas dominated by very low backscatter strength values were
investigated and sampled with the HOV Nautile during the HERMINE cruise (2017). All of these acoustic
anomalies were found to be very old and strongly oxidized eSMS deposits.

P

Figure 1 : Backscatter strength values surimposed on high resolution bathymetric map. The four zones with low
to very low backscatter strength values correspond to Southern Mound, Double Mound, Shinkai Mound and an
unnamed mound explored during HOV dives. Green dots are the location of rock sampling.
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Few couples of hours of surveys are required to cover a surface of more than 70 km2 with the 12 kHz vessel
hull-mounted MBES, whereas more than 20 days is needed to cover such a surface with an AUV. Therefore,
hull-mounted MBES acoustic backscatter survey is a promising approach for cost and time-effective detection
of eSMS deposits and thus for the evaluation of their resource potential at Mid-Ocean Ridges.

Keywords
Exploration, Extinct Seafloor Massive Sulfides, Acoustic backscatter data, 12 kHz hull-mounted multibeam echosounder
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Diversity of hydrothermal systems on Southwest Indian Ridge

Chunhui Tao, Jin Liang
Second Institute of Oceanography, MNR, Hangzhou, 310012

Abstract:

Ever since the first report of Longqi-1 high temperature hydrothermal field in 2007, increasing evidence suggests that the
ultraslow spreading (full rate less than 2cm a—1) ridges characterized by melt-poor with thin or no crust, including the Gakkel
Ridge in the Arctic Ocean, the Southwest Indian Ridge in the Indian Ocean and the Mid-Cayman Rise in the Atlantic Ocean,
are not desert for hydrothermal activities. So far, 7 active hydrothermal fields, including high- and low-temperature, 5
inactive/extinct sulfide fields have been identified along this series of ridges, and numerous inferred active ones waiting for
confirmation. As important endmember of global ridge system, they contribute a lot to the heat sources and heat transfer
processes. Compared with the slow to fast spreading ridges, the hydrothermal areas on the ultraslow spreading ridges have
comparable physical and chemical characteristics. For example, the highest temperature measured in Longqi-1 hydrothermal
field of the Southwest Indian Ocean is up to 383°C, high salinity and high content of some trace elements (e.g. Au up to
20ppm). Although with relatively weak magmatism, locally enhanced magma supply can provide a possible source of heat
along this category of ridges, such as the Duangiao hydrothermal field formerly considered to be inactive, the latest survey
shows that it is still emanating low to intermediate temperature hydrothermal fluids; while the Tiancheng hydrothermal area
evolves from low temperature to intermediate temperature hydrothermal zone. Large-scale detachment fault is also the main
controlling factor of hydrothermal activity of this series of ridges. Sulfide deposits on peridotites/serpentines were found in
the eastern part of the Southwest Indian Ridge. Geophysical and geological sampling evidence shows that the above-mentioned
Longgqi-1 hydrothermal area is also located on the upper wall of detachment system. Interestingly, carbonate chimneys were
also discovered along the Southwest Indian Ridge. The diverse hydrothermal systems along the ultraslow spreading ridges are
similar to other hydrothermal systems along the slow-intermediate spreading ridge.

Keyword:
hydrothermal circulation; Ultramafic-hosted; local magmatic supply; Massive sulfides; Southwest Indian Ridge
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All seafloor massive sulfide deposits are hydrothermal deposits, but not all hydrothermal
deposits are seafloor massive sulfide deposits

John W. Jamieson*
Department of Earth Sciences, Memorial University of Newfoundland, St. John's, NL, Canada

Abstract

A significant amount of research and exploration efforts has focused on finding active seafloor hydrothermal systems along
mid-ocean ridges. Since the initial discovery of black smokers on the East Pacific Rise, the evolution of exploration
methodologies and development of new technologies has advanced to the point where the discovery of new vent fields is
becoming routine. However, the purpose of this Working Group is to advance our understanding of “hydrothermal ore forming
processes”. This requires a recognition that not all seafloor hydrothermal systems are necessarily ore forming systems. To
make significant progress, our focus needs to shift from hydrothermal systems in general towards exploring for and
understanding the formation of systems that are metal-rich and have generated, or are generating, seafloor massive sulfide
deposits of large-enough size to be economically-viable targets for mining. Based on exploration and sampling efforts so far,
very few (if any!) of the seafloor massive sulfide deposits discovered along the mid-ocean ridge system have high enough
tonnage and metal grades to be considered economically feasible targets. In most cases, there simply is not enough information
at the deposit scale for a proper evaluation of either grade or tonnage. Where deposit grades and tonnages for SMS deposits
have been reported, they are often based on assumptions regarding the composition of the subseafloor material that makes up
the bulk of these deposits. In this talk | will present examples of the variability in composition of hydrothermal deposits along
the Mid-Atlantic Ridge and discuss why not all deposits that accumulate at high-temperature hydrothermal vent fields are
necessarily ore-forming seafloor massive sulfide deposits.

Keywords
Seafloor massive sulfide deposits; hydrothermal systems, mid-ocean ridges, ore-forming processes, grade, tonnage
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Extreme hydrothermal activity on Carlsberg Ridge during the last glacial stage: evidence from
an off-axis sediment core

Xigiu Han *, Samuel Olatunde Popoola, Zhongyan Qiu, Weijia Fan, Yejian Wang, Yiyang Cai, Mou Li

Key Laboratory of Submarine Geosciences, State Oceanic Administration &Second Institute of Oceanography, Ministry of
Natural Resources, Hangzhou 310012, China

Abstract

Hydrothermal activity at mid-ocean ridge is tectonically and magmatically controlled. Recently, pressure variations resulting
from sea level changes are considered another driving force modulating the intensities of hydrothermal activity. Lund et al.
(2016) showed, based on ridge-crest cores from the fast-spreading East Pacific Rise over the past 200.000 years, enhanced
hydrothermal activity during the last glacial terminations. It is intriguing to find out how the hydrothermal activity at slow-
spreading ridges changes with the time, how the timing of its hydrothermal venting history correlated with global sea level
changes, and how far the hydrothermal signal can be recorded in deep sea sediments and to what extent it affects the
environment.

Carlsberg Ridge is a slow-spreading mid-ocean ridge located in the northwest Indian Ocean. So far, we have discovered
three active hydrothermal fields (i.e. Tianxiu, Wocan-1 and Daxi) on this ridge. A sediment core 2811 (CR)-SO30 collected at
the ridge flank 4.13°N, 69.34°E approximately 310 km east of the nearest ridge segment, 500km northeast of the ultramafic
hosted Tianxiu field and 1100km northeast to mafic-hosted Wocan-1 field. On the basis of mineralogy and major, trace, and
rare-earth element (REE) geochemical analyses and 14C dating, we aim to reveal the temporal variation of hydrothermal
signals recorded by this core and explore the linkage between hydrothermal activity of the Carlsberg Ridge and the global sea-
level changes as well as the potential impacts on the environment.

This 46.7cm long core can be divided into 3 units. Unit 1 (4-20 cmbsf) is yellowish gray pelagic calcareous claywith traces of
altered basaltic fragments. Unit 2 (20-31 cmbf) is light brownish gray pelagic calcareous clay with traces of Mn oxide minerals
and Fe-oxyhydroxide. Unit 3 (31-45 cm) is light brownish gray mottled with dark brown pelagic clay containing Fe-Mn oxides,
Fe-oxyhydroxide and aluminosilicate minerals. Based on 14C dating using planktonic foraminifera, this core spans 23.2 ka
and the sedimentation rates of 2.23 cm/ka for Unit 1 (0.38-10.5 ka), 2.74 cm/ka for Unit 2 (10.5-14.9 ka) and 1.85 cm/ka for
Unit 3 (14.9-22.4 ka), respectively.

Geochemical analysis shows that Unit 2 and Unit 3, i.e. between 10 and 20 ka B.P, are more enriched in Fe, Mn, Zn, Ni, and
Co, V, Cr, Zr, Rb, Ce, Li, B, etc. The fluxes of these elements reach a maximum at ~15 ka, coinciding with the last deglaciation
(Termination 1). The average flux of the hydrothermal sourced Fe and Mn in Unit 3 are about 1.1 and 3.2 times of those in the
Unit 1, respectively. The down-core variation of (Fe+Mn)/Ti ratio changes from 15.6 to 18 with its peak located at 15 kyr,
while Al/(Al+Fe+Mn) ratio changes from 0.61 to 0.56 and reach a minumum at 15 kyr. Both parameters are indicator for the
contribution of hydrothermal components and confirm the involvement in far-field dispersal from the Carlsberg Ridge during
low sea-level stand in marine isotope stage 2.

The REE and trace elements patterns also show clear evidence that from 20-24 cmbf down core has different spider patterns
than the upper layer. Based on the hydrothermal signals recorded in this core, we suggest that the hydrothermal acitivity at
Carlsberg ridge may up to 3.2 times stronger during the glacial age than at present. This explains why at the sampling site over
310 km away from the ridge crest the presence of hydrothermal sourced particles such as iron hydroxide settled from
hydrothermal plumes, while during high sea level stands during the recent 10 ka, there is no hydrothermal signal recorded at
this location. We further infer that the enhanced hydrothermal activities during the glacial stages may act as negative feedback
for the sea level rise and have a far reaching impacts to the envrionment and ecosystem.

Keywords
Hydrothermal venting history, global climate change, Carlsberg Ridge, sediment core, geochemistry
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Finding, mapping and evaluating seafloor mining prospects
Isobel Yeol?*, Colin Devey?, Bramley Murton?, Sven Petersen®, Florent Szikar*

1 Kingston University London, UK
2 National Oceanography Centre Southampton, UK
3 GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany
4 Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Japan

Abstract

With the exploration of seafloor mining targets already in progress and exploitation seeming inevitable in the next few years,
standardizing the way in which we find, map and evaluate potential targets is increasingly important. The great expense
involved in collecting detailed survey data at sea means that the survey data used to make decisions about the locations and
sizes of resources are often sparser and more poorly constrained than they would be on land. While the advent of autonomous
technology has increased our ability to collect near seafloor data, these facilities are limited in terms of the area they can cover
and the number of datasets they can acquire, as well as presenting unique navigational and processing challenges. In this
presentation we will discuss the main detection and surveying techniques currently in use for mapping seafloor massive
sulphide (SMS) deposits as well as those used for mapping seafloor ferromanganese crusts and nodules.

With examples, we will summarise the main techniques and equipment used to explore for and assess marine mineral resources
and the relative importance and usefulness of the datasets collected. We will compare the data collected for seafloor resource
estimates with estimates carried out on similar resources on land, and explore the relationship between data availability, sample
density and certainty. Doing so exposes knowledge gaps in seafloor resource estimates, particularly in terms of our knowledge
of the subsurface and indicates the primary weakness in seafloor estimates is in understanding resource distribution and grade
at depth. However, we also identify benefits to working on the seafloor, in particular the young age of the seafloor in regions
of SMS mineralization means morphological indicators can be used to effectively predict general regions that are likely to be
mineralized in order to reduce the area requiring detailed survey.

Keywords
Seafloor mining, autonomous underwater vehicle, bathymetry,
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Can submarine massive sulphide deposits be recycled?
Fernando J.A.S. Barriga*

Instituto Dom Luiz and Department of Geology, Faculty of Sciences, University of Lisbon
FCUL, Campo Grande, Edificio C6, 1749-016 Lisboa, Portugal; f.barriga@fc.ul.pt

Abstract

There is ample consensus on the fact that we only have access to a very small part of the massive sulphide deposits, stockworks
and disseminations that formed and lie on and within the oceanic crust. Recently Cathles (2011) and Hannington (2013) led
the debate. Cathles (op cit) based on thermal considerations, concluded that the oceanic crust is a giant sms generator, which,
at an efficiency of 3%, should generate 600 times more sms ore than the total amount of VMS ore found on land (850-106 t
total metal precipitated in volcanogenic massive sulphide (VMS) ores on land (Franklin et al., 2005). The current inventory of
sms deposits contains only about 100-106 t of metal (~50% of the total ore tonnage). If Cathles (op. cit.) is right, we have
identified so far only ~0.2% of the sms ore that may have formed in the present-day oceanic crust. The profound implication
is that new exploration models for sms deposits must be developed, to test the hypothesis. Still according to Cathles,
hydrothermal processes produce labile copper in excess of 106x109 (to speak only of Cu). According to Hannington (op cit)
massive sulphide deposits, nodules and manganiferous crusts account for only ~3% of the Cu metal of the subducting slab.
The vast majority of the submarine Cu resources and Cu precipitation in general are accumulated under the seafloor, and more
will become inaccessible with time, as a consequence of sedimentation. The inventory of labile Cu available for subduction

may exceed 500-109 t.

A significant part of the submarine Cu inventory ends up exposed on land, after a post depositional history, sometimes long
and complicated, in ophiolites, in exposed arc sequences and in other, related mineralized settings. The representativity of the
land mineralizations generated underwater is far from predictable, given the large array of specific factors which enable
obduction and obduction-type phenomena. One thing we know for sure: a “large” sms deposit on the seafloor and a “large”
deposit on land are completely different in size.

There can be no doubt that the labile Cu mineralization which is available to be subducted is gigantic. Can these mineralisations
appear in supra subduction settings, as porphyry-Cu deposits, as hypothesized by Thurman (1996)? Another article of interest
is that of Hutchinson and Hodder (1972), “Possible tectonic and metallogenic relationships between porphyry copper and
massive sulphide deposits”. This may be an ideal problem to handle with Cu isotopes. Existing data is highly suggestive of
isotopic resemblance between the submarine deposits and porphyry-Cu deposits, with 665Cu mostly between 0 and +4 %o.
These data will become more and more reliable as the analytical precision increases (see Li et al. (2010); Rouxel et al. (2004).
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Morphology and formation of SMS deposits in different geological settings
Georgy Cherkashov
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Saint-Petersburg, Russia

Abstract

Data collected during last years demonstrates diversity in morphology of SMS deposits formed in different geological settings.
Variability in shape of deposits is controlled by different way of hydrothermal fluids discharge (focused or diffused) which in
its turn is determined by permeability of hosted rocks: low in basalts and high in gabbro-peridotites. Transformation of
ultramafics to serpentinites during hydrothermal alteration processes considerably contributes to increasing of their
permeability. As a result, classical mound-like structures are more typical for the deposits with basalt substrate whereas
ultramafic setting is characterized by flatter morphology of SMS deposit.

SMS deposits hosted by ultramafics demonstrate variability in their morphology as well. Different types of SMS accumulations
could be related to degree of their maturity. While flat mounds could be considered as primary, their following evolution could
be result in “smoking crater” and “bread crust” structures formation.

Two scenarios of mound evolution are determined by different physical properties of surface mineralization: if it is strong
enough and has no weak zones overpressure leads to explosion and “smoking crater” formation. Otherwise the cracking will
follow weakened zones of the mound with slow fluids discharge through the generated cracks within “bread crust” structure.

Keywords
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Abstract

Lucky Strike hydrothermal field is located in Mid-Atlantic Ridge (MAR - 379N), in the Azorean plateau, southwest of the
Azores islands. In the areas surrounding the active sites, the alteration processes affecting basaltic rocks are prominent and
form hydrothermal breccias by the circulation of low temperature hydrothermal fluids in diffuse vents. These breccias are
found near the vents and play an important role in the protection of subseafloor hydrothermal sulphide deposits forming an
impermeable cap due to the high content in siliceous material. The forms of silica are mostly amorphous and precipitate when
the fluid is conductively cooled. The process evolves gradually from an initial stage where there are just basaltic fragments
and circulating seawater. The ascending hydrothermal fluid mixes with seawater, which favours the precipitation of the
sulphide components (namely pyrite, chalcopyrite and sphalerite), also found in the breccias. Sealing of the initially loose
fragments begins, the temperature rises below this crust, and the processes of mixing fluid circulation and conductive cooling
are simultaneous. At this stage the fluid becomes oversaturated with respect to amorphous silica. This form of silica can
precipitate in the open spaces and seal the system. Once the fluid is trapped under this impermeable layer, conductive cooling
is enhanced and mixing with seawater is restricted, making the precipitation of amorphous silica more efficient.

TAG Hydrothermal Field is also on the Mid-Atlantic Ridge (26 N), characterized as one of the largest sites of high-temperature
hydrothermal activity found on the seafloor and is comprised of active and relict deposits in different stages of evolution
(Humphris et al., 2015). The system lies on basaltic oceanic crust as Lucky Strike.

Recently some intensive work has been developed in TAG (Murton et al., 2019). Combine observations based on surface
geology and sub-seafloor drilling found, among other hydrothermal deposits, superficial (just below pelagic sediment) layers
of dense jasper, several meters thick, that transitions downwards into massive brecciated sulphides. In the jasper samples
overgrowths of sulphides, often comprising euhedral pyrite and minor chalcopyrite, were observed.

If the jasper formation is a result of silica precipitation from low temperature, diffuse hydrothermal venting that has resulted
in silicification of pre-existing iron-rich sediments, the TAG jaspers are a late stage deposit on fading hydrothermal systems
(Murton et al., 2019). The location of the jasper layer immediately above the massive sulphides suggests it acts as an
impermeable barrier protecting from the contact with seawater.

It is remarkable the similarity with the ancient seafloor massive sulphide deposits studied in geologic record. Siliceous rocks,
as jaspers, were found in the hanging wall of the ore bodies from the Iberian Pyrite Belt some decades ago. Barriga & Fyfe
(1988) proposed a protecting role for these jaspers, saving the underlying ore bodies from oxidation.

In conclusion, the highly silicified breccias seems to show a precursory stage of the jasper material recovered from the inactive
seafloor massive sulphide deposits from the TAG hydrothermal field. Although the content in iron is lower in the Lucky Strike
breccias when compared with TAG jaspers, both have high contents in silica. They both seem to form an impermeable barrier
protecting the lower sulphide deposits from the contact with seawater, but in different stages of evolution.

Comparative geochemical and petrographic works must be done to draw more accurate conclusions about these two MAR
important hydrothermal systems.
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Field in the Southern Okinawa Trough
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Abstract

Multi-scale geophysical and geochemical investigation including single-beam and multi-beam echo sounder, side-scan sonar,
sub-bottom profiler, multi-channel seismic, heat flow measurement as well as multi-core, near-bottom water column, CTD
mooring, gravity core and dredge sampling works have been conducted in a newly discovered hydrothermal field named as
Geolin Mounds in the Southern Okinawa Trough. Vigorous flare features in water column and “rock grove” morphological
characteristics above seafloor were observed in echo sounder and side-scan sonar data. Widely high heat flow anomalies (>
10,000 mW/m2) also exist in the survey area. Due to strong Kuroshio Current during multi-channel seismic data acquisition,
serious streamer feathering effect (5-40<) happened. To take advantage of swath distributed CDPs caused by streamer
feathering, we developed a pseudo-3D technique and produced a 3D seismic cube. In addition to specific features above
seafloor, widely-distributed anomalies such as blanking zone and high-amplitude reflectors are observed around the Geolin
Mounds hydrothermal field on our sub-bottom and multi-channel seismic profiles. Furthermore, 3D seismic cube provides
estimation of the areas of blanking zone on selected time slice and better characterizes fault structures in the hydrothermal
field. The geochemical analysis results present relatively high concentration of methane, rare earth elements and 3He/4He ratio
in near bottom seawater samples. High Ag, Au, As, Bi, Cd, Cu, Fe, Pb, Sb, and Zn concentrations have been found in our
sediment and rock samples. The time-series data of CTD mooring at Geolin Mounds revealed that temperature and methane
concentration were simultaneously varied with time.

Based on the geophysical and geochemical investigation results, we believe that the Geolin Mounds hydrothermal field
is without underlying submarine volcanos and hydrothermal fluid migration could be related to fault development. We suggest
that the Geolin Mounds is in its embryo stage of evolution and is constantly supported by active hydrothermal circulation.
Consequently, seafloor massive sulfides deposits can keep developing with hydrothermal fluid circulation along migration
conduits which is probably created by fault structures nearby the field. We suggest that the Geolin Mounds hydrothermal field
may grow sustainably and could provide high potential massive sulfides resources in the Southern Okinawa Trough in the near
future. Furthermore, the Geolin Mounds hydrothermal field can serve as a good observatory for development of the seafloor
edifice and ore mineralization associated with hydrothermal circulation activities in a back-arc spreading basin.
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Abstract

Multi-scale geophysical and geochemical investigation including single-beam and multi-beam echo sounder, side-scan sonar,
sub-The Saldanha hydrothermal field (HF) is hosted atop a mafic—ultramafic seamount, located at a non-transform offset on
the Mid-Atlantic Ridge (MAR). Here, transparent low-temperature (~9 <C) fluids discharge through centimeter-sized vent holes
without the formation of chimney structures. Although fluid temperature at the discharge area is low, geochemical analysis
show that mineral deposits, including sulfides, were precipitated from fluids with temperatures higher than 200€ (Dias et al.,
2011). The hydrothermal deposits are composed of a matrix of serpentine + talc =chlorite of high porosity, where calcite +
chalcopyrite (Ccp) + sphalerite (Sp) + pentlandite (Pn) + pyrite (Py) were precipitated. Here, we present in-situ sulfur isotopes
microanalysis determined by LA-MC-ICPMS. This technique is advantageous over traditional bulk analysis for tracing sources
of sulfur and for understanding ore-forming processes. Saldanha sulfide minerals yielded 334S values ranging from -1.37 to
14.34 %o, with an average of 6.80%o (Fig. 1). 834S systematics of Ccp (3.63 to 14.34 %o, average = 8.01%o), Pn (5.62 t0 9.07 %o,
average = 7.27%o) and Py (-1.37 to 10.47%., average = 5.20%o), indicate a disequilibrium between sulfide phases.

These 634S values are more positive and of wider range than those of the high temperature hydrothermal fields along MAR,
as for example Lucky Strike (1.5 to 4.6 %o,), Rainbow (2.2 to 4.4 %o) and Logachev (4.6 to 6.1 %o; 350°C). However, values
were within the range recorded for other modern sediment-hosted hydrothermal fields, such as Red Sea (-16.2 to +23.4 %o),
Escanaba Trough (-0.1 to +11.6 %0) and Middle Valley (-8.0 to +12.4 %o; Rouxel et al., 2004 and Zeng et al., 2016 and
references therein). The distribution of 34S values along the sediment depth showed that sulfide recorded higher 634S values
(maximum of ~14 %o) in layers with lower Si/Al ratios and HREE enrichment with negative Eu anomalies and lower 634S
values (minimum of ~ -1.37%o) in layers with higher Si/Al and LREE enrichment with positive Eu anomaly (Fig. 2). Sulfide
minerals in Saldanha field were precipitated within the subsurface due to mixing of upward diffused high-T hydrothermal
fluids produced during the hydrothermal alteration of magmatic rocks with downward seawater. During this process, seawater
sulfates were reduced to H2S by thermochemical reduction. However, the high 834S values may have also resulted from the
addition of 34S-enriched sulfur as consequence of complete serpentinization of mantle peridotites at high water/rock ratios.
The negative 334S values, in turn, may have been caused by the remobilization of sulfides precipitated by bacterial sulfate
reduction.

Our results highlight the critical contribution of seawater and of high-T fluids that show hydrothermal alteration of magmatic
origin and interaction with serpentinized-ultramafic rocks at depth for the mineralization of Saldanha deposits.
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Fig. 1 Histogram of sulfur isotope values of sulfide minerals from Saldanha hydrothermal field.
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Ultramafic rocks hosting sulfide mineralization along SWIR: insights from the sulfide sulfur
isotopic and LA-ICP-MS trace-element compositions
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Abstract

The recently explored Tianzuo hydrothermal field, in the amagmatic segment of the ultraslow spreading Southwest Indian
Ridge (SWIR), is closely associated with detachment faults. The field is hosted in serpentine-bearing ultramafic rocks where
different sulfides precipitate, including high-temperature (isocubanite, sphalerite, and minor pyrrhotite) and low-temperature
(marcasite and covellite) phases. Marcasite can be subdivided into marcasite | and 11, with the former generally having a
pseudomorphic texture after pyrrhotite and the latter typically growing around isocubanite or occurring as individual grains in
quartz veins. In this study, mineralogy, sulfur isotopic, and in situ LA-ICP-MS trace-element compositions of sulfide minerals
were used to elucidate the mineralization processes in ultramafic rocks hosting sulfides at this ultraslow spreading ridge.
Sulfide minerals from the Tianzuo hydrothermal field have the greatest range of 34S values (—23.8%o to 14.1%o) found so far
among modern sediment-starved ridges, with distinct 834S values for low- and high-temperature phases. The high 534S values
of isocubanite (9.6%o to 12.2%0) and sphalerite (9.1%o to 14.1%o) indicate that sulfate, which precipitated during early phase
hydrothermal circulation, might be the main sulfur source for these sulfides. Gabbroic intrusions generated the necessary heat
for later high-temperature hydrothermal fluid circulation, providing homogeneous sulfur content and basaltic components in
the reaction zone. This hypothesis is further evidenced by the enrichment in ore-forming metals such as Cu, Co, Sn, Te, Zn,
Se, Pb, Bi, Cd, Ag, In, and Mn. The marked enrichment in Cu, Co, Sn, and Te in isocubanite compared with other metals is
most likely due to the injection of magmatic fluids from gabbroic intrusions beneath the hydrothermal field. The intrusion of
gabbroic magmas would have enhanced serpentinization reactions and provided a relatively oxidizing environment through
the dissolution of anhydrite precipitated previously in the reaction zone, with high temperatures and low pH. This would have
facilitated the extraction of metals by initial hydrothermal fluids, leading to the general enrichment of most ore-forming metals
in isocubanite. Marcasite-II has the lowest and most variable 334S values (—23.8%o to —0.8%o), with the leaching of sulfide
minerals formed by microbial sulfate reduction from sediments being the main sulfur source. Ore-forming metals in marcasite-
11 have compositions similar to those of isocubanite, except for strong depletion in magmatically derived Cu, Co, Sn, and Te.
This means that serpentinization reactions also dominated ore-forming processes where marcasite-11 precipitated, although
these reactions were relatively weak. The enrichment of marcasite-11 in Mo, TI, and LILEs indicates that its mineralization
was dominated by seawater convection. Low temperatures after the cessation of gabbroic magmatism and low rates of
serpentinization during this stage hindered the extraction of metals from wall rocks, leading to low concentrations of ore-
forming metals in hydrothermal fluids, apart from those generally abundant in seawater. Marcasite-1 has variable and generally
positive 434S values (—0.1%o0 to 12.0%0), with sulfur being inherited from pyrrhotite from the original thermochemical
reduction of sulfate, mixed with additional volcanogenic sulfur. The study concludes that serpentinization reactions dominated
both high- and low-temperature sulfide mineralization in ultramafic rocks of the Tianzuo hydrothermal field, and that gabbroic
intrusions were crucial for high-temperature sulfide mineralization through providing additional metals, fluids, and heats; in
contrast, low-temperature sulfide mineralization occurred during the cooling of gabbroic intrusions, with decreasing rates of
serpentinization reactions and a significant influence of seawater. Intermittent magmatism represented by gabbroic intrusions,
and high permeability caused by well-developed fractures associated with detachment faults, contributed to the formation of
sulfides in the Tianzuo hydrothermal field. These factors possibly control sulfide mineralization in amagmatic segments of
ultraslow spreading ridges.
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Abstract

Since the discovery of “black smokers” related to modern sea-floor hydrothermal activity within mid-oceanic ridges, their
elevated contents of Au, Cu and Zn have been in spotlight. At the MAR, high gold content is associated with different types
of host rocks — ultramafic (Logatchev, Ashadze-2 and Rainbow fields) and mafic (with Trans-Atlantic Geotraverse (TAG)
field). A higher concentration of gold is commonly observed within ultramafic-hosted systems. It is generally known that gold
deposition is controlled by metal enrichment in host rocks, favorable conditions for Au transport in the fluids, cooling/oxidation,
mixing with seawater and the mechanism of precipitating (Hannington et al., Petersen et al., 2006). Elevated Te contents
were found in seafloor sulphides associated with both mafic (Broken Spur) and ultramafic rocks (Logatchev)

Our study focuses on investigating the distribution of gold and tellurium in chimneys with zonality, massive sulphides
without zonality and sulphide breccia cemented by opal and aragonite. In this study, we present the data of Au and Te mineral
distribution in different mineral types within the Semyenov-2 hydrothermal field aiming to reveal factors controlling the
distribution of Au and Te minerals in high- and low- temperature sulphides.

The Semyenov-2 hydrothermal field located at 13°31'N of the Mid-Atlantic Ridge (MAR) is associated with an oceanic
core complex (OCC) and hosted by peridotites and basalts with minor amounts of gabbro and plagiogranites. Seafloor massive
sulphides (SMS) are represented by chimneys with zonality, massive sulphides without zonality and sulphide breccia cemented
by opal and aragonite. The mean value of Au (20.6 ppm) and Te (40 ppm) is much higher than average for the MAR SMS
deposits (3.2 ppm and 8.0 ppm, respectively). Generally, these high concentrations reflect the presence of a wide diversity of
Au and Te minerals associated with major mineral paragenesis: primary native gold, melonite (NiTe2) and tellurobismuthite
(Bi2Te3) are related to high-temperature chalcopyrite (~350 <C); electrum (AuAg)1, hessite (Ag2Te) and altaite (PbTe) are
related to medium- and low-temperature Zn-sulphide and opal assemblages (260-230 <C). Calaverite (AuTe2) and Te-rich
“fahlore” Cul2(Sb,As,Te)4S13 are texturally related to the chalcopyrite-bornite-covellite. Enrichment of Au in sulphide
breccia with opal and aragonite cement is driven by the re-deposition and the process of hydrothermal reworking of sulphide.
The low-temperature fluid mobilizes gold from primary sulphide, along with Au and Te minerals. As a result, the secondary
gold re-precipitate in cement of sulphide breccia. An additional contribution of Au enrichment is the presence of aragonite in
the Cu-Zn breccia where the maximal Au content (188 ppm) is reached (fig.1).
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Figure 1. The distribution of Au and Te minerals in chimneys, massive sulphide and breccia from Semyenov-2 hydrothermal
field (Firstova et al., 2019)
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Abstract

Hydrothermal flow extracts large amounts of heat from mid-ocean ridges and influences the mantle melting during new oceanic
crust formation. Based on gravity inversion and thermodynamic numerical modeling, we study melt volume along global
active mid-ocean ridges within 1 Ma isochrons. Overall, both observed and simulated melt volume increase linearly with
increasing spreading rate, but a discrepancy between them is found at fast spreading centers (half spreading rate 50 < Rr <
95mm/yr) indicating a lower observed melting rate than model prediction. This is consistent with decreasing temperatures
inferring from increasing Curie point depth (a geothermal proxy) and water depth from slow (10 < Rr < 50mm/yr) to fast
spreading centers. Furthermore, MgO contents of global MORB suggest a roughly 20 <C temperature decrease in fast spreading
melt lens. The discrepancy at fast spreading centers disappears when the modeling temperature is reduced by 20 <C. Faults in
brittle field could extend close to the shallower and wider axial magma chambers beneath fast spreading centers, inducing
large amounts of micro-cracks in the deep and ductile gabbros. This fracture network would facilitate efficient whole crust
hydrothermal circulations, which cool fast spreading melt lens by 20 <C and slow down the melting rate. In contrast, most
hydrothermal circulations are constrained in the upper crust at slow spreading centers due to their small, deep and divergent
magma chambers. The colder temperature at fast spreading centers supports the multiple sills crustal accretion model.
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Abstract

The existing and evolution of detachment fault plays an important role in hydrothermal circulation at ultramafic mid-ocean
ridges (MORs) where lack of enough magmatic supply. Near-bottom magnetic exploration considered as a crucial way for
characterizing hydrothermal areas and detachment faults. Here, sea-surface and high-resolution near-bottom magnetic data
and series rock samples were obtained on hydrothermal area in Dragon Horn, where developed detachment fault (DF) system,
along ultra-slow southwest Indian ridge. Sea-surface magnetic results suggested that the DF1 system probably detached about
4.1 km to south and that took at least 0.34 Ma. Near-bottom magnetic results mapped the structure of DF1 system, revealed
that the system undergone multi-stage detachment and left a slipped block on oceanic complex core (OCC) surface, which also
can get support from the petrological properties of located rock samples and can be verified by magnetic forward modeling
with 2-D geomagnetic models. Furthermore, we mapped the magnetic features of hydrothermal area where an obvious high
magnetization dike presented in the main mound, and relatively low but without detailed low magnetization obtained in the
hydrothermal area as survey line spacing is too wide and the weak anomaly drowned out by lavas. Nonetheless, we discussed
the evolutionary relationship between DF system and hydrothermal activity and believed that DF2, DF1° and DF1 successively
developed and dominated the activity of each vent field during 1.54~0.56 Ma BP, 0.56~0.38 Ma BP and 0.38~0 Ma BP,
respectively. The research is a good example of how based on magnetic data to map structure of DF system, calculate its
corresponding developed time and study its relationship with hydrothermal vent activity on ultramafic MOR.
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Abstract

A three-dimensional time-dependent computational fluid dynamic (CFD) model was developed to numerically solve the
Reynolds-averaged Navier-Stokes equations and the energy equation. This model was used to simulate the interaction between
a turbulent hydrothermal plume and surrounding fluids in a typical ocean environment with stably stratified crossflows, thus
investigating the hydrodynamic mechanisms controlling the formation and distribution of submarine polymetallic sulfide
deposits. The model results suggested that the turbulent viscosity reaches its maximum in the plume cap region, indicating that
a significant turbulent mixing process could also be observed far from the vent. This fact implies that hydrothermal plumes
may also play an important role in particle transport and biochemical reactions hundreds of meters above the seafloor. The
results of the present simulation could be helpful for understanding the formation and distribution of seafloor deposits by
implying the representative trajectories of the particles released from hydrothermal plume systems, and they could provide
specific references for the evaluation of the metallogenic potential of polymetallic sulfides around mid-ocean ridges.
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Abstract

The recent study demonstrates the enrichments in uranium of SMS from some hydrothermal fields of the Mid-Atlantic Ridge
(MAR) (Torokhov et al., 2002; Fouquet et al., 2010; Ayupova et al., 2018). However, the data of U content in SMS at the
MAR is still limited. Here, we present preliminary data of U content in SMS deposits related to ultramafic and mafic rocks
and to different geochemical types of massive sulfides.

100 samples of seafloor massive sulfides were recovered during several cruises of RV Professor Logatchev (Polar Marine
Geological Exploration Expedition) from Logatchev, Ashadze, Semyenov, Pobeda, Irinovskoe ultramafic-hosted and Krasnov,
Peterburgskoe, Jubileynoe, Zenith-Victoria and Puis des Folles mafic-hosted sites. The mean content of U is 3.53 ppm (N=76,
excluding Pobeda samples). Average concentration of U in SMS related to mafic rocks (N=42) is 4.04 ppm and to ultramafic-
hosted (N=34) deposits is 3.00 ppm. SMS are represented by different geochemical types: Fe-rich (N=17), Cu-rich (N=27),
Cu-Zn-rich (N=21). Uranium concentration in Fe-rich samples is 3.48 ppm, Cu-rich - 4.09 ppm, and Cu-Zn-rich - 2.06 ppm.
Based on the obtained mean values, uranium shows close values in SMS associated with different types of hosted rocks. Any
correlation with geochemical specialization of SMS is absent as well.

The samples from Pobeda site are presented separately due to the highest uranium concentrations in SMS from this deposit.
The value of U varies from 0.2 ppm up to 130 ppm with average 24.86 ppm (N=22).  Any connection with geochemical
types is not observed. The specific feature of SMS samples from Pobeda is the correlation between U content and age. The
age is estimated > 177 ka (Gablina et al., 2018) which is rather older than SMS from other hydrothermal fields within the
MAR (Cherkashov, 2017). Thus, Pobeda site is represented as example of long-lived hydrothermal system with several
active and unactive periods. The highest U value (up to 130 ppm) is corresponding to the samples with relatively young age
from 14.6 to 4.8 ka while low concentration is mainly observed in samples with age more 50 ka (up to 177 ka) (Fig. 1). We
suppose that correlation between U grades and age are related to redistribution and re-deposition of U during active periods of
Pobeda mature hydrothermal system evolution.
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Figure 1. Age vs U content in SMS of Pobeda.
The factors affected to U enrichment are a still big challenge and need more investigations.
This work was partly supported by the Russian Foundation for Basic Research, project # 18-05-00861\19.
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Abstract

Along slow- and ultraslow-spreading ridges, the non-transform offsets (NTOs) at the segment ends normally present relatively

low magmatic supply compared to that of ridge-segment centers (German and Parson, 1998; Grexia et al., 2000). Thus far,

seven NTO-related active hydrothermal sites have been confirmed worldwide (InterRidge Vents Database), including Rainbow,
Saldanha, and Menez Hom. Most of these, however, are considered to be controlled by low-angle detachment faulting and

ultramafic rocks. Here we present the newly discovered basalt-hosted Daxi Vent Field (DVF) located at a non-transform offset
between two adjacent second-order ridge segments on the Carlsberg Ridge in the Indian Ocean. Water column and seafloor

research using standard CTD as well as deep-tow and manned submersible Jiaolong deployments led to the discovery and

sampling of the DVF at 6°48'N/60°10'E at a depth of ~3480 m. This vent field is situated atop one massif consisting of a 500-

m high saddle dome that is slightly elongated in the NW-SE direction. The DVF consists of an ~80-m diameter ring of eight
black smoker clusters, producing a complex of sulfide chimneys and beehive diffusers. The largest chimney is the so-called

“Buddha Hand,” which is ~24 m tall and vigorously venting. A total of seven species of megafauna were observed and/or

collected from Daxi, including the alvinellid worm, which was collected in the Indian Ocean for the first time. Rimicaris kairei

and actinostolid anemones were found to dominate the megafauna community in the core areas and periphery of the vent field,

respectively. To the west and northeast of the active mound, older and extinct sulfide chimney complexes, as well as tan-

colored and semi-lithified Fe-oxyhydroxide deposits, are widespread on the summits of these inactive sites. A high-angle (~70
fault scarp with pillow lava sequence exposure separates the central active mound from the extinct mound in the northeast

section. Our new data led us to hypothesize that sustained hydrothermal venting and deposition could also occur under volcanic

control at the NTOs at the segment ends of slow-spreading ridges.
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Abstract

The mineralogical and geochemical features of hydrothermal oxyhydroxides collected in two sites from the Mid-Atlantic Ridge
(MAR) are presented. Saldanha field (3634'N, 32226'W, ~ 2200 m; Dias and Barriga, 2006) is located at the top of a mount
in a non-transform offset (NTO5) along MAR, south of the Azores, and it was discovered in 1998 during the Saldanha cruise.
Here, transparent low-temperature (~9<C) fluids discharge through centimeter-sized holes without formation of chimney
structures. However, geochemical data has demonstrated that sulfide deposits have been precipitated from fluids with
temperatures higher than 200 within the subsurface (Dias, Frih-Green, Bernasconi, & Barriga, 2011). Luso hydrothermal
field (388B8'N, 29982'W, ~570 m; Morato et al, in prep) was recently discovered on the eastern slope of the Gigante seamount
during the BlueAzores2018 cruise. Activity occurs at lower depths and is more focused, forming oxyhydroxide chimneys
sometimes with orifices as wide as half a meter. The oxyhydroxides of Saldanha are Mn-rich phases occurring mainly in the
form of crusts (sometimes containing millimetric micro-chimneys) at the top of the hydrothermal field. Microscopic and XRD
observations of these crusts show alternate thin layers of acicular Mn oxides with massive cryptocrystalline Mn oxides
corresponding to birnesite/todorokite and vernadite phases. SEM-EDS analyses revealed that these Mn-oxides are depleted in
Fe and occur mostly as botryoidal textures, showing internal zonation. Microprobe and EDS data of this Mn phase also revealed
high Mg contents. Occasionally, in the center layer of the sample, more reflecting minerals were identified revealing large
spikes in Ag. Mn oxides textures collectively suggest that these minerals grow in open spaces within the sediment cover. Ca
carbonate phases containing some microorganism tests were also identified (EDS signals of C and Ca) together with the Mn
phases. Contrasting with the previous field, oxyhydroxides of Luso are Fe-rich phases, with a very low content of Mn in the
form of chimneys walls. Chimneys display a clear zonation of their walls: the inner wall is white and formed by amorphous
Si (opal-A with Si spikes in the EDS) and the outer wall, of an ochre color, is clearly enriched in Fe-oxyhydroxides. SEM-
EDS analyses showed a dominance of needle textures in the outer wall alternating with more massive zones in the inner wall.
The contact between the walls is abrupt and easily discernable by differences in texture and color. The inner wall, in direct
contact with the emanating hydrothermal fluids, is clearly enriched in Si with minor Fe signals; the intermediate wall, although
containing Si, is enriched in Fe with some trace contents in S and Ni; the outer wall has a high concentration in Fe and in
elements that were driven from processes of oxidation resulting from the direct contact with the seawater. Discriminative
diagrams show that, although Saldanha is clearly rich in Mn and Luso in Fe, both have hydrothermal origins. The differences
observed in the oxyhydroxides composition of these two fields might be related to the physico-chemical changes occurring
during the pathway of the fluids. In Saldanha, the mixture of the hydrothermal fluid with the seawater occurs at greater depths,
promoting the precipitation of Fe, in combination with other metals as sulfides (such as Cu, Zn; see also Qiu et al, this meeting).
Mn, in turn, remains in solution until more oxidizing conditions induce its precipitation. The fluids that reach the surface are
thus enriched in Mn and depleted in Fe. In addition, the extensive contact with the seawater promotes the occurrence of
scavenging processes, adding additional Mn to the oxyhydroxides. Contrarily, fluids from Luso occur in a more focused way,
greatly diminishing the ability to mix with seawater. This allows the transport of higher concentrations of Fe until the fluids
reach the seafloor. In the chimney orifice, the fluid meets the seawater and Si and Fe precipitates directly in the chimneys in
the form of amorphous phases of silica and oxyhydroxides, respectively, due to cooling and oxidizing conditions by the mixing
with seawater.

Keywords: Hydrothermal vent fields, oxyhydroxides, Fe-Mn deposits, submarine resources.
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Introduction

Polish exploration research area is located in the Mid-Atlantic Ridge (MAR), encompassed by the Hayes, Atlantis, and Kane
transforms fracture zones (26 99'-32 50" N) that split research area into two segments. The total length of the area is 876 km,
and it is a part of the international seabed area beyond the limits of national jurisdiction of any State and claimed continental
shelf. From the north, it borders with the Portuguese extended continental shelf and from the south with IFRAMER (France)
exploration area.

The Mid-Atlantic Ridge is one of the most promising areas of the possible occurrence of seafloor massive sulfides (SMS), but
the key challenge is to depict the location of the most significant deposits of a mining value, considering the technical and
legal frame. In turn, this requires understanding the conditions of their formation. Based on the available data set, a map of the
Polish exploration area highlights the most prospective areas of the possible occurrence of massive sulfides (Fig. 1). Keywords:
Hydrothermal vent fields, oxyhydroxides, Fe-Mn deposits, submarine resources.

Morphostructural analysis of Polish prospective and exploration area

Segments of MAR (separated by the major transform faults) are also subdivided into smaller features by a non-
transform offset which can be assigned to different structural type: geodynamic and magmatic with the domination
of volcanic processes or tectonic where magmatism is reduced (German et al., 2016). It is assumed, that half of
the SMS deposits in the Polish exploration area are associated with basalts (magmatic segments) and the second
half (tectonic segments) - with uplifted lower crust and mantle rocks (oceanic core complex — OCC).

The magmatic segments are mainly characterized by generally higher bathymetric level, at the average (about
1000 m) relative depth of the rift valley and lack of major longitudinal tectonic steps, as well as significant
intersegment dislocation intersecting and lack of uplifted local plutonic gabbro-peridotite rocks. Magmatic
activity is low, and seafloor spreading might be accommodated by tectonic extension along faults [Escartin et al.,
2008; Humphris et al., 2015]. The tectonic segments are characterized by relatively small length or expressed
intersegment fragmentation, mosaic, and contrast of the flank structure and extensive development of the major
differently oriented tectonic dislocations. As a consequence, the occurrence of the outcrops of plutonic rocks on
one or both flanks of the rift valley of MAR [Cannat et al., 1995; Escartin and Cannat, 1999; Ciazela et al., 2015].
Based on available data, the SMS deposits associated with asymmetrical mode of accretion and gabbro-peridotite
rocks (tectonic segments) are considered as promising for the large high grades SMS deposits.
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Figure 1. Map showing the detailed location of the polish exploration area with distinguished tectonic and magmatic
segments and hydrothermal fields.

Nature value

Several biophysical processes are also imposed on the hydrological processes described above, causing different
segments of the mid-ocean ridge (separated by faults) to form separate biogeographic units with ambiguously
defined boundaries. Exploration polygons concentrated in five separate clusters (A-E) should be considered as
diverse and different from each other, both geologically and biologically, despite their location within one
geological feature (MAR). This will be taken into account when planning and preparing for the first research
cruise for the Polish prospection and exploration area in the MAR. The most significant attention of the
international community is concentrated in the area of the Atlantis Massif (2956' N), partly located in the Polish
reserved zone (cluster C). Within this area, at a depth of 750 - 900 m is located the famous field of alkaline (non-
metallic) hydrothermal vents with a height of up to 60 m called "Lost City." These white chimneys are
characterized by significant activity and the low temperature of ejected hydrothermal fluids. They constitute a
record of at least 30,000 years of changes in their functioning (Blackmann et al., 2002; Frih-Green et al., 2003;
Kelly et al., 2005). Marine fauna living on their surface characterize valuable forms of adaptation to these extreme
conditions (e.g., chemosynthesis) (Van Dover, 2000; 2011). Atlantis Massif is the subject of intense and
comprehensive international research conducted since 2000. Based on results obtained, with the consistent efforts
of the international scientific community, efforts are made to cover this area with environment protection.
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Next steps

The basic (environmental) research, planned as part of the cruise for the prospection and exploration area, aiming
at the observation of the ocean floor as well as physicochemical measurements of the water column and the
collection of oceanographic, biological data and geological samples. An important aspect is the observation and
estimation of the size (occurrence and bulk) of polymetallic sulfide deposits. The research will comprise also
active hydrothermal vents, which are rare and extreme habitats with exceptionally individual parameters. They
are often places for the development of unique adaptations of living organisms and the concentration of mineral
deposits. Planned research should provide helpful hints in response to several crucial questions related to
hydrothermal areas. However, the main research potential will be direct to expired hydrothermal areas as well as
inactive hydrothermal vents, which are also a potential source of polymetallic resources.

Keywords:
Mid-Atlantic Ridge, morphostructural analysis, hydrothermal fields, massive sulfides.
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Stepwise hydrothermal dissolution of titanomagnetite dramatically reduces magnetization in
basaltic ocean crust: direct evidence from the Southwest Indian Ridge

Shishun Wang'", Liao Chang?, Tao Wu?, Chunhui Tao?
1School of Earth and Space Sciences, Peking University, Beijing, China; ? Key Laboratory of Submarine
Geosciences, Second Institute of Oceanography, Ministry of Natural Resources, Hangzhou, China

Abstract

Mineralogical alteration is considered as a major cause for the hydrothermal-related magnetic lows on basalt-based ocean crust.
However, little direct evidence is documented how hydrothermal alteration affects the magnetic properties of submarine basalts.
In this study, we collected both fresh and hydrothermal-altered basaltic samples from the Southwest Indian Ridge (SWIR).
Optical microscope observations reveal that with enhanced hydrothermal activity, fresh basalts were first chloritized, and then
brecciated with hydrothermal deposits cementing the fragments. Electron microscope analyses indicate that ultrafine-grained
titanomagnetite particle clusters are the major magnetic remanence carriers in fresh basalts, in addition to micron-scale
dendritic and skeleton titanomagnetites. During chloritization, those interacting single-domain (SD) magnetic mineral
inclusions were firstly consumed, followed by dissolution of large dendritic and skeleton particles. As a consequence, the
magnetic properties of partially chloritized basalts are dominated by pseudo single-domain (PSD) and multi-domain (MD)
particles, and completely chloritized or brecciated basalts show paramagnetic behavior, resulting in pronounced decreases in
natural remanent magnetization (NRM). Our results establish an important link between seafloor hydrothermal alteration and
the simultaneous response of magnetic properties. The documented pathway here is consistent with geological, geophysical
and geochemical evidences from different hydrothermal sites, which is potentially responsible for the observed widespread
hydrothermal-related magnetic lows on basaltic ocean crust.

Keywords
Seafloor hydrothermal alteration, southwest Indian Ridge, rock magnetic properties, petrographic analysis, basalt
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Seismic observations of an active detachment faulting system beneath the Longqi
hydrothermal field at the ultraslow spreading Southwest Indian Ridge
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Abstract

Hydrothermal processes in detachment settings at slow and ultraslow spreading ridges differ greatly
from those at melt-rich faster spreading ridges. Active detachment faulting provides the possibility
for off-axis high-temperature hydrothermal vents located far away from the heat source beneath the
axial volcanic ridge. Seismic data from the Mid-Atlantic ridge revealed that the hydrothermal fluid
may exploit detachment faults to extract heat from a melt zone near the crust-mantle interface.
However, the knowledge of detachment fault process beneath hydrothermal fields at the slowest
spreading ridges is still insufficient. Here, we report new insights on the seismicity beneath the
Longqi hydrothermal field at the ultraslow spreading Southwest Indian ridge from three ocean
bottom seismometer monitoring experiments. The seismicity outlines the subsurface geometry of a
twin detachment faulting system (DF1 and DF2). The strongly flexed DF1 is a mature detachment
system with a domed-shaped OCC where ultramafic rocks exposed on the seafloor. We suggest that
heat is extracted from a possible heat source at a minimum depth of 13 km beneath the axial volcanic
ridge and transported through the twin detachment faults to be released at the vents. Additionally,
the non-transform discontinuity on the western margin of the Longgqi-1 field and local faults also
facilitate hydrothermal circulation. A great diversity of hydrothermal systems in Longqi field are
hosted by the distance away from the ridge axis and non-transform discontinuity respectively. Our
study provides baseline observations for a Longqi-type of hydrothermal circulation characterized
by an inside corner setting associated with detachment faulting and non-transform offsets.
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microearthquake, OBS, detachment fault, hydrothermal circulation
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Diversity of metal sources for sulfides in hydrothermal fields in the Southwest Indian
Ridge
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Abstract

The Southwest Indian Ridge (SWIR) is an ultraslow-spreading ridge where large hydrothermal fields (HFs) are
widely distributed. The HFs differ in geological settings, basement rock compositions and mineral associations, but
are commonly associated with massive sulfides and sulfide-rich hydrothermal vents that are rich in mercury (Hg)
and Cadmium (Cd). However, the source of Hg and Cd remains not well understood. We measured Hg and Cd
isotope compositions in sulfides from two large HFs, named Duangiao and Yuhuang, in the SWIR. The results show
that Hg and Cd isotope fractionation in Yuhuang is much larger than those in Duangiao, suggesting the dominance
of magmatic/mantle Hg and Cd in the Duangiao HF, but a mixture of magmatic/mantle and seawater Hg and Cd to
the Yuhuang HF. We thus propose Hg and Cd isotopes as potential source tracers of Hg and Cd in HFs and infer
that magmatism may not only serve as a direct Hg and Cd source in HFs, but may also drive seawater circulation
and cause the precipitation of Hg and Cd from hydrothermally circulated seawater.
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Hydrothermal fields in the southern Okinawa Trough off northeastern Taiwan
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Abstract

The southern Okinawa Trough (SOT) is a back-arc basin of the Ryukyu subduction system. It is characterized by
well-developed active normal faulting and volcanism, favorable geological conditions for the formation of Seafloor
Massive Sulfide (SMS) deposits. In order to investigate and evaluate the mineral resources potential in the SOT,
Central Geological Survey (CGS), Ministry of Economic Affairs, Taiwan (R.O.C.) has initiated a 4-years program
since 2016. In that program, intensive geophysical, geochemical and seafloor image investigations have been
conducted in the SOT. We have identified six hydrothermal fields in the investigation area including Yonaguni Knoll
V-1 (YK4-1), Penglai Fault Zone (PFZ), Geolin Mounds (GLM), Mienhwa Volcano (MHV), Fire Dragon Volcano
1 (FDV-1) and Fire Dragon Volcano 2 (FDV-2). These hydrothermal fields were discovered mostly by the CGS
program except that YK4-1 has been reported previously by Japan (Nunoura, 2004; Inagaki et al., 2006; Hongo et
al., 2007; Suzuki et al., 2008; Gena et al., 2013; Ishibashi et al., 2015).

Based on geophysical data, volcanic activities, normal fault zones, and gas plumes are commonly observed in the
central rift zone. Widely distributed mineral mounds are mapped by the deep-towed sidescan sonar images in the
PFZ and GLM sites, and mineral mounds are confirmed by seafloor images taken by deep-towed video systems of
ATIS and FITS. As shown on the real-time seafloor images, vapor-rich vent fluids and chimney-mound structures
are widely distributed on the seafloor in the active hydrothermal fields. Water column and cored sediment samples
collected at the hydrothermal sites show notably geochemical anomalies resulted from the intense hydrothermal
activities. Relatively high concentrations of CH4, CO2, DIC and 3He/4He ratios have been found in the near bottom
seawater samples at the FDV-1, PFZ and GLM sites. In addition, the cored sediments show relatively high
concentrations of Ag, Cu, As, Sb, Bi, Cd, Pb and Zn. Mineralogical analyses of the chimney-mound fragments
indicate that the GLM site mineralization is characterized by low sulfidation deposits of pyrrhotite, isocubanite,
galena, bismuth, and other minerals, whereas the ore specimens collected from the MHV site contain mainly
sphalerite, galena, and chalcopyrite, implying intermediate sulfidation mineralization. Recently, several
hydrothermal mounds and black smokers were recorded and sampled by remotely operated vehicle (ROV) in the
MHYV site onboard R/V LEGEND in 2019. The black smoker fragments taken in the MHV site contain mainly
pyrrhotite, sphalerite, stibnite, barite and galena. The results signify the potential existence of rich metals resources
in the hydrothermal fields in SOT off northeastern Taiwan.

Keywords

Hydrothermal Field; Seafloor Massive Sulfide Deposits; Mienhwa Volcano; Geolin Mounds; Southern Okinawa
Trough; Off northeastern Taiwan
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Can Magnetites Provide New Information about the Physical and Chemical Conditions
inside Hydrothermal Vents?
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School of Earth and Environmental Sciences, Seoul National University, Seoul 08826, Republic of Korea

Abstract

Understanding the physical and chemical condition inside subsurface hydrothermal vents is a big challenge even for
modern-day scientific investigations which include ocean drilling efforts. Here | present an unusual discovery of
rock samples with high magnetic remanence inside the hydrothermal vents of Manus Basin, Papua New Guinea
during Ocean Drilling Program Leg 193. The samples were discovered approximately 170-200 m and around 400
m below sea level. Post-cruise on-land experiments suggests that the magnetization intensity of these samples can
reach more than 50 times higher than an average seafloor basalt (~ 5 A/m). The cause of these highly magnetized
samples is a mystery. To address the issue, we conducted electronic microscope observation and found that the rock
samples are comprised of many micrometer-scale magnetites. It is thought that these small magnetites individually
represent single or pseudo-single domain magnetites but together form unusually strong magnetization. The fact that
these patches of strong magnetic rocks are found at 200 and 400 m below sea level suggest that these depths represent
a sharp boundary between low (at the bottom) and high (at the top) oxygen fugacity zones. It is thought that Fe-rich
fluid migrating from below towards the seafloor upon encountering this oxygen-rich zone very quickly precipitated
the small grain magnetites. Such zones would have been erased by hydrothermal alteration but for some reason our
samples remained unscathed. We also explore various ways that regions of high magnetization intensities can form
on the seafloor or below the seafloor near hydrothermal fields. Further studies are going to be made by comparing
the grain size and shapes of magnetites formed in different geological setting such as those similar to banded iron
formation and ancient massive hydrothermal deposits such as in Iberian Pyrite Belt. It is hoped that by looking at
the occurrence and the characteristics of hydrothermal magnetites, one may provide new insights into the physical
and chemical conditions of subsurface hydrothermal system as well as the fate of those microbes that depend on
electric potential differences.
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Highly siderophile elements and Osmium isotopes in abyssal peridotites from the
Southwest Indian Ridge: Implications for evolution of the oceanic upper mantle
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Abstract

Abyssal peridotites are extensively exposed on the seafloor of amagmatic segments at the ultraslow spreading
Southwest Indian Ridge (SWIR). We presents abundances of highly siderophile elements (HSEs; Os, Ir, Ru, Pt, Pd
and Re) and Re-Os isotope compositions, major and trace element concentrations of nine spinel-facies peridotites
from the Dragon Bone amagmatic segment (~53 E) and from the easternmost part (~63.5E and 69.5E) of SWIR.
Although these peridotites experienced intense serpentinization and seafloor weathering, their Os isotopes and
platinum-group elements are not significantly affected by the low-temperature alterations. The 63.5E peridotites
display sub-chondritic Os/Ir and chondritic Pt/Ir ratios, and slightly variable Re/Ir and Pd/Ir ratios. The observed
positive covariance between 187Re/1880s ratios and yOs, Re and Pd abundances can be explained most likely by
interaction of mantle residues with radiogenic basaltic melts, which is consistent with the petrographic observations
indicative of melt infiltration. The 53E peridotites, on the other hand, display larger variations in Os isotopes and
relative HSE abundances, indicating a more complex evolutionary history. The enhancement of Re abundance and
radiogenic Os in some 53E samples can be attributed to the influence of melt-rock reaction, most probably with S-
undersaturated hydrous melts. Specifically, sample 21V-S9-D5-2 shows superchondritic 1870s/1880s isotope ratio,
as well as enrichment of Cu and Pt abundances, indicative of interaction with an oxidizing agency. Although the Re-
Os isotopes of SWIR peridotites are superimposed by variable metasomatic processes, they preserve the ancient Os
isotope signature (~1 Ga) and record the melting episode at ~0.7 Ga during the closure of the Mozambique Ocean.
We infer that the ancient depleted and hence buoyant mantle exists beneath the SWIR, which may support the weakly
magmatic rifted Marion Rise.

InterRidge Workshop on Hydrothermal Ore-forming Processes
19-22 September 2019
Hangzhou, China

37



INTER
RIDGE

A Quantitative Method for Active Fault Migration Distance Assessment on Both Sides of
The Southwest Indian Ridge 46°-52.5°-Based on Multi-Beam Data
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Abstract

Fracture-fissure system, as the main circulation channels of the hydrothermal fluids of mid-ocean ridges, it is the
crucial factor controlling the mineralization of hydrothermal sulfides deposits. Analysing and narrowing the
migration Distance of active faults on both sides of mid-ocean ridges will help search for the potential hydrothermal
vents and explore hydrothermal sulfides deposits. We use multi-beam bathymetry data and extracted geographic
information such as slope, roughness, and curvature from filtered bathymetry to identify the fault characteristics and
quantitatively measure the fault elements such as fault spacing (AS) and fault heave (AX) in Southwest Indian
Ridge(SWIR) 46 N-52.5<E.Considering the Sequential Faulting Model of mid-ocean ridges, we quantitatively
assess the maximal migration distance of an active fault, which is the distribution range of active faults (XAF) ,on
either side of Southwest Indian Ridge(SWIR) 46 N-52.5<E. The result indicates the maximal migration distance of
an active fault in our study area ranges for 1.23-2.46 km. The distribution range of fault spacing AS is from 2.79km
to 4.42km. The maximal migration distance of an active fault and fault spacing varies greatly along axis, and there
are larger values in the center area (extremely high values in 50.25E and 48.52E areas ) than both end areas. We
conclude the faulting ranges in SWIR 46 N-52.5< are positively related to the axial variation of magmatism. The
comparison parameters of the along axis variation indicates that when there is a sufficient magma supply, a higher
degree of magma melting corresponds to a greater M value and a larger faulting range and fault spacing..
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Abstract

The oceanic crust thickness of mid-ocean ridges and adjacent ocean basins can well reflect the characteristics of
magmatic replenishment of mid-ocean ridges, which is of great significance for the study of magmatic activities and
tectonic evolution in the mid-ocean ridges and their surroundings. As a typical slowly spreading mid-ocean ridge,
the Carlsberg Ridge in the northwest Indian Ocean is the frontier area of international hydrothermal sulfide
investigation. In this paper, crustal thickness model derived from gravity is used to invert the crustal thickness of
Carlsberg Ridge in the northwestern Indian Ocean, and the crustal thickness distribution and magma replenishment
characteristics around the Carlsberg Ridge are analyzed quantitatively. It is found that the average thickness of the
oceanic crust around the Carlsberg Ridge is 9 km, with no obvious changes in thickness, with the minimum thickness
of 5.3 km and the maximum thickness of 13.7 km. The frequency distribution of the thickness of the oceanic crust
around the Carlsberg Ridge has obvious normal distribution characteristics, and the oceanic crust in the northwest
Indian Ocean can be divided into three types: thin oceanic crust (0~8.7 km), normal oceanic crust (8.7~9.5 km), and
thick oceanic crust (9.5~13.7 km).The thickness of the oceanic crust in Northwest Indian Ocean is controlled by
regional tectonic background and mantle differential melting. The thin oceanic crust is mainly affected by fault zones,
while the thick oceanic crust is mainly affected by plate tectonics.

Keywords
Residual mantle Bouguer gravity anomaly; Oceanic crust thickness; Magmatic replenishment; North-west Indian
Ocean; Carlsberg Ridge
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Geological mapping at Southwest Indian Ridge Qiaoyue Seamount(~52°10’E):
Implication for prediction of hydrothermal field
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310012

Abstract

The Chinese Dayang cruise has conducted Deep-towed line surveys of hydrothermal activity on segment #25 of
the ultra-slow spreading southwest Indian ridge (SWIR; full spreading rate ~14 mm/yr) from 2009 to 2018. During
the DY115-20 cruise in 2009, Junhui was discovered at central and southern segment #25. We focused on Qiaoyue
Seamount (~52°10'E) situated at easternmost region of segment #25 near Gallieni transform faults. Previous studies
has revealed the similar geological setting (i.e., inside corner zone) is conducive to the occurrence of hydrothermal
activity .

In this study, We first used the high-resolution and high-density ship survey information, including multibeam
bathymetry and Deep-towed video and photo data acquired during the cruise of the R/V Dayang Yihao (DY115-20
Leg 7) and the cruise of the R/V Xiangyanghong 10 (DY125-49 Leg 4), coupled with sampling information in the
study area. Then Regional geological mapping was carried out. In addition, turbidity anomalies were detected from
Miniature Autonomous Plume Recorders (MAPRs). Two favorable hydrothermal fields (P4 and P8 zone) were
predicted, which may have the different origin for hydrothermal activity. Ultramafic rock (predominantly peridotite,
partially serpentinized) is primarily exposed in P4 zone, the serpentine petrothermal exotherm of peridotite provides
sufficient heat for hydrothermal activity there; The P8 zone is characterized by extensive development of magmatism
and faults, implying the hydrothermal activity there probably related to high permeability caused by abundant faults.
And four (P1. P2. P3and P5) zones are inferred hydrothermal field.
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Abstract

The 26th segment of the ultra-slow spreading Southwest Indian Ridge (SWIR) is located between 50°50’-51°20'E,
with non-transform discontinuous zone (NTD) in the west and Gallinie transform fault in the east. It is mainly oblique
spreading, and the transition at both ends is symmetrical spreading, with strong regional tectonic activities and
relatively weak magma supply. Chinese Dayang cruises have been carried out in this ridge segment to obtain
geological data and water abnormality information, and to delineate the potential areas of hydrothermal activity in
this region. According to the videos and photos, the composition of seafloor morphology are mainly basalts, breccias
and sediments. Basalt and sediment distribute widely, and breccias distribute mainly in strips along tectonic fissures.
Regional tectonism are well developed, mainly north-dipping normal faults with East-West direction.The faults have
a larger scale and a longer extension. We delineate five anomalies of seafloor morphology in the study area, namely
carbonate chimney, possible hydrothermal sediments, cemented carbonate, rock alteration and suspected
hydrothermal related megabenthos. In addition, 12 turbidity anomalies, 8 Eh anomalies and 6 H2S anomalies were
detected based on the sensors (e.g. Miniature Autonomous Plume Recorders (MAPRs), RBR Turbidity Profiler
(RBRY)) on the survey lines. According to the magmatism, tectonic and bottom current in the region, we predict five
potential areas of hydrothermal activity in this ridge segment. It is considered that this ridge segment has the
possibility of forming large scale hydrothermal vents and the potential of forming large polymetallic sulfide deposits.
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Abstract

Metal sulfide is widespread on the sea floor, and they take the form of massive sulfide chimneys near hydrothermal
vents. Sulfur deposition at the chimney is a result of mixing between the reducing hot vent fluid and oxic cold sea
water. These reductive compounds (such as H2, CH4 and reduced metals) in vent fluids provide chemical energy to
support the microorganisms, which are known to facilitate mineral deposition. However, the mechanisms by which
microorganisms cause deposition of hydrothermal minerals are less understood. Many sulfur-oxidizing bacteria
produce an insoluble intermediate S(0) during oxidation of sulfur or thiosulfate, whereas sulfur-reducing bacteria
produce sulfide that reacts with iron to form pyrite particles. As sulfur-cycling microorganisms exhibit different
metabolic pathways, we hypothesize that different metabolic pathways would result in metabolic products at
different concentrations, which would affect the type of minerals being formed.

It has been hypothesized that microbial biofilms are a medium to concentrate metabolic products, and thus promote
mineral deposition. Chimney surfaces are covered with microbial biofilms, however, the correlation between biofilm
formation at hydrothermal vents and the formation of sulfur minerals has been less studied. This study aims to
analyze metagenomes from deep sea hydrothermal chimneys for the abundance of genes related to the formation of
biofilm and that related to the sulfur cycle, and thus to deduce their correlation. If a positive correction exists, we
could further investigate whether the deposited minerals are byproducts of energy metabolism or they serve as energy
reserve.
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Abstract

Metal sulfide is widespread on the sea floor, and they take the form of massive sulfide chimneys near hydrothermal
vents. Sulfur deposition at the chimney is a result of mixing between the reducing hot vent fluid and oxic cold sea
water. These reductive compounds (such as H2, CH4 and reduced metals) in vent fluids provide chemical energy to
support the microorganisms, which are known to facilitate mineral deposition. However, the mechanisms by which
microorganisms cause deposition of hydrothermal minerals are less understood. Many sulfur-oxidizing bacteria
produce an insoluble intermediate S(0) during oxidation of sulfur or thiosulfate, whereas sulfur-reducing bacteria
produce sulfide that reacts with iron to form pyrite particles. As sulfur-cycling microorganisms exhibit different
metabolic pathways, we hypothesize that different metabolic pathways would result in metabolic products at
different concentrations, which would affect the type of minerals being formed.

It has been hypothesized that microbial biofilms are a medium to concentrate metabolic products, and thus promote
mineral deposition. Chimney surfaces are covered with microbial biofilms, however, the correlation between biofilm
formation at hydrothermal vents and the formation of sulfur minerals has been less studied. This study aims to
analyze metagenomes from deep sea hydrothermal chimneys for the abundance of genes related to the formation of
biofilm and that related to the sulfur cycle, and thus to deduce their correlation. If a positive correction exists, we
could further investigate whether the deposited minerals are byproducts of energy metabolism or they serve as energy
reserve.
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Metal stable isotopes as tracers to constrain hydrothermal ore-forming processes

Yunchao Shu*, Fang Huang
University of Sciences and Technology of China, Hefei, China

Abstract

Multi-collector inductively coupled plasma mass spectrometry (MC-ICPMS) now provides for precise and accurate
measurements of metal (e.g. Fe, Cu, Zn, Mg, Ba, V) stable isotope ratios. Some metal stable isotopes have been
proving powerful tracers to investigate the hydrothermal ore formation processes. Copper isotope ratios in magmatic
and hydrothermal ore-forming environments were analyzed to address the source of copper in hydrothermal system
and investigate the equilibrium Cu isotope fractionation at different temperaturesl. In situ iron isotope ratios from
hydrothermal hematite, siderite and goethite provided the primary hydrothermal fluid histories and the spatial
resolution that adds a further dimension to the interpretation of stable Fe isotope fractionation2. However, the other
metals (e.g. Tl, Ba, V) have been routinely measured at a precision that is high enough to resolve nature variations.
The metal elements have different bonding environment from those of H, C, O and S and many of these elements
have high atomic numbers and more than two stable isotopes and are redox-sensitive, which make them unique
tracers of hydrothermal ore-forming processes.

Keywords
Metal stable isotopes, hydrothermal process

1Larson P. B., Maher K., Ramos F. C., Chang Z., Gaspar M., Meinert L. D., 2003, Copper isotope ratios in magmatic
and hydrothermal ore-forming environments. Chemical Geology, 201, 337-350.

2Horn 1., von Blanckenburg F., Schoenberg R., Steinhoefel G., Markl G., 2006, In situ iron isotope ratio
determination using UV-femtosecond laser ablation with application to hydrothermal ore formation processes.
Geochimica et Cosmochimica Acta, 70, 3677-3688
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Abstract

The Southwest Indian Ocean Ridge (SWIR) is the largest ultraslow-spreading ridge in the world, and it experienced
complex structure-magmatic process, which makes it an excellent place to study magmatic activities and the
interaction between hotspot and mid-ocean ridge in the ultraslow-spreading ridge area. The ridge segment between
48.22E-48.67E is located in the area between Indomed TF and Gallieni TF. Based on the interpretation of the
photographs and videos of 16 survey lines in this area, which were got by China ocean research, the substrate of this
area can be divided into sediment, pillow basalts, breccia rocks and cementing carbonate rocks, and the geological
anomalies can be divided into alteration anomaly, biological anomaly and cementing carbonate rocks According to
the regional tectonics and topography, the substrate classification map and geological anomalies map of study area
was drawn. In addition, according to the data detected by the sensor attached to the towing body or AUV, the scope
of 8 turbidity anomalies and several chemical anomalies in study area were obtained. These achievements are of
great significance to deepen the understanding of regional magmatic and tectonic activities and hydrothermal
metallogenic rules.
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SWIR; Ultraslow-spreading; Substrate interpretation; Anomaly interpretation; Magmatic activity
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Abstract

The 55°20'E area of the Southwest Indian Ridge, located at the #21 segment, is at the intersection of
symmetrical and oblique spreading where tectonic are well developed. Deep-towed line surveys of hydrothermal
activity were conducted during the Chinese Dayang Cruises from 2009 to 2018, with high-resolution and high-
density ship survey information, including multibeam bathymetry and Deep-towed video and photo data acquired.
In this study, we interpret video and photo data to geological map this area for the first time, and divided the
distribution of magmatic rocks, sediments and alterations in this area. In addition, turbidity anomalies (detected by
Miniature Autonomous Plume Recorders (MAPRs), combined with the water depth and topography of this area, we
predict six turbidity anomalies in this area. A large number of chlorite basalts are exposed in the two of these turbidity
anomalies, where faults and small fissures are well developed, making it possible for hydrothermal activity. We
predict two potential areas for next expedition of exploration, the P-1 and P-2. During the DY 125-49 cruise in 2018,
the Dechun hydrothermal area is found in the predicted P-2 prospecting zone, where is comparable to previously
studied similar geological setting (i.e., inside corner zone) with conducive to the occurrence of hydrothermal activity.
We also predict that there may be hydrothermal activity similar to Dechun in P-1 prospecting zone.
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Abstract

The application of traceability analysis methods in the seafloor hydrothermal field is of great significance for
the hydrothermal deposition process and the exploration of sulfide resources. The sediments in the seafloor
hydrothermal field are uniquely affected by plume sedimentation. The infiltrated seawater is heated by the heat
source to dilute and enrich various metal elements, after ejecting the surface of the seabed, it continues to rise to
form a hydrothermal plume. The diffusion of the hydrothermal plume affects the range of hydrothermal material
settlement, in which a small amount of coarse particles settles near the nozzle, and more than 90% of the
hydrothermal material diffuse and settles into the distant sediment. At the same time, the hydrothermal field
sediments are subjected to secondary migration under the driving of gravity and submarine underflow. In this paper,
a new attempt is made on the traceability analysis process for the sedimentary, model of the submarine hydrothermal
activity field, so that we can try to understand the possible source areas of sediment at a certain point.

The Longgqi hydrothermal field is developed on the high terrain of the southeast slope of the central rift in the
southwestern Indian Ocean, and the surrounding terrain is complex. This paper takes the known Longqi
hydrothermal field as an example, based on the 50m precision terrain raster data acquired by the shipborne multi-
beam and comprehensively considering the regional underflow information, the gravity-driven hydrothermal
sediment migration were analyzed. The GIS method was used to extract the steepest direction of the Longqi
hydrothermal area, and the submarine valley was obtained as the sediment enrichment area. A mode of secondary
migration and enrichment of sediments in the hydrothermal field to the steepest direction is proposed. Based on this,
the source area range of the abnormal station of heavy mineral content was calculated.

The purpose of this study was to investigate the secondary migration process of sediments that have undergone
sedimentation of hydrothermal plumes, and to further explore the application of traceability analysis methods in
seafloor sulfide prospecting. A small-scale provenance analysis of the heavy mineral content anomaly station in the
Longgqi hydrothermal area, and the results shows that the location of the mining area can be well indicated.
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Abstract

Polymetallic nodules in the South China Sea generally have similar characteristics to normal nodules in the
ocean. In 2018, the "Sea Dragon I1I" ROV found a patch of polymetallic nodule on a hill on the north-east slope of
the South China Sea, with a depth of about 1,200 meters. The newly found nodules are very different from previous
ones. The shape of polymetallic nodules are predominately column-shaped and branch-like. Under the microscope,
the nodules usually have empty cores and two layers. The inner layer is mainly composed of hematite, goethite, etc.
and contain a small amount of pyrite. The outer layer is similar to normal polymetallic nodules. The results of the
EPMA and LA-ICPMS analysis are also consistent with these features. The outer layer is similar to the nodules in
other parts of the South China Sea, while the inner layer is rich in Fe, but depleted in Mn, REE. The major elements
contents of the inner layer are similar to the hydrothermal nodules, and the distribution patterns of REE are similar
to those of cold spring pore water and carbonate sediments. The occurrences of sulphides in the inner layer indicate
a much reduced environment, and hematite may be the oxidized product of the inner sulphide. As the carbon and
oxygen isotopes of bulk rock (813C -30.91%o, 3180 4.57%o0) provide important evidences for the existence of cold
springs in this area, we speculate that the inner layer of these nodules initially formed in the cold spring environment.
Under the effect of isocurrent flow, they were exposed on the surface of the seafloor, then oxidized and further
growing to form the nodules currently seen
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