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Comparison and formation conditions of seafloor hydrothermal products
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s , Fe- Cu, Au, )
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> Cu, Zn, > > - 5 -
Fe-Si-Mn Au
, Fe, Zn, _
Fe-Si-Mn C“X;u’
; ; s Zn, Pb, ; ; - ;
s Cu, Au, s s ; -
Fe-Si-Mn Ag
, 230Th/238U
( , ,
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49°39'E ,
, (Au) (Yuan et al, 2018) , i ;
(Ag) 2.0 70.2 pglg, 3 2
, i
R Eu
, (zone refining process) , R
(Tao et al, 2011) ,  49.6°E i (Longqi) , ,
, s , (Zhang et al,
Au , 2018a) ,
Au (Yuhuang) (Hg)
Au , , Hg , Hg
Au (Ye et al, 2012) s Hg
s ; / Hg, Hg
, / Hg (Zhu et al, 2020a)
, 49.6°E ,
(Tao et al, 2013b) , ,
s 4 (Zhang et al, 2020a)
(68.9—84.3, 43.9—48.4, 25.3—34.8  0.7—17.3 ka), , Edmond
0.02 mm/a, Au Ag
0.5x10°—2.9x10° t (Yang et al, ,
2017) , -1 , Au
~100 ka , 1.2—3.0 ka , Fe-
(Liang et al, 2018) , , Au-Ag
49.6°E Jiit , ,
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, R , Sr
, Au , (rare earth
, element, REE) s
(light rare earth element, LREE) , Eu
, (Yao et al, 2015)
Au ,
Ag (Wu et al, 2016Db), ,
) (Juan de Fuca) Endeavour
2 450 m, ,
Kairei s ( 4.51% —
) 7.17%),
Au ,
(Sun et al, 2018)
(Wang et al, 2018b) , Carlsberg , Lau
(Wocan) s
(1) 5 (2) HE)) , Lau (COMRA
; (4 > discovery expedition, CDE) ,
Ag pH Fe-Si-Mn ,
(Wang et al, 2017d) ,
) (Sun et al, 2012) Lau
, 26°S ,
) (banded iron formations,
, (Fan BIF) ,
et al, 2014) 15°S BIF
(Deyin)-1 s (Sun et al, 2013)
S /n s H,S
, Cu ,
(Wang et al, (Yang et al, 2020) ,
2017a, b) s R LA-MC-ICP-MS (laser ablation inductively coupled
(GDGTs) plasma mass spectrometer)
GDGTs s Yonaguni IV Sr
GDGT-0 >70% ,
GDGTs), , )
GDGTs (Li et R
al, 2018a)
, 9°—10°N (Zhang et al, 2020b)
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38 Re Os
’ 1870)5/1880)g ’
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s Cu -
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Edmond , Au, Pd
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(Wu et al, 2014a) s
Re Os
REE ,
) REE
REE
REE , REE
(Eu)
s 280 t

B B

(Zeng et al, 2015a)

, EPR
MAR CIR SWIR 27
3 2
(He), (>7 Ra)
(1—7 Ra) (=1 Ra)’He/*He He
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Island Basalt, OIB)
He/ ,
He 0.05%10*—
6x10° kg  0.1x10"2—12x10" W, 0.3%
(Zeng et al,
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He Ar .
He Marion  Crozet
(Wang et al, 2014) , Edmond
He-Ar R
He Ne Kr Xe,
(air saturated water, ASW)
(mid-ocean ridge basalt, MORB) , He
MORB , Ar
(Wang et al, 2017c¢)
(S)  (Pb) .
EPR MAR CIR SWIR
S Pb ,
(3**'s 0.0
9.6%o), S )
, S
(<36%) S ,
Pb Pb
; Pb , S
Pb
, S Pb S Pb
- - (Zeng
et al, 2015¢) , 15.2°S ,
Pb )
Pb - ,
(Wang et al,

2018a) ,
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(sensitive high resolution ion microprobe, SHRIMP Zn
SD) 1°—2°S , Zn
, S ,
- S (Meng et al, 2018) ,
S 2.2
(Se Te As Sb Hg) s R CO,
S (Yu et al, 2019)
(Fe)  (Zn) ;
S EPR (South CO, s
Mid-Atlantic Ridge, SMAR) Fe CO,
, (Li et al, 2018Db) ,
Fe , SMAR Fe Yokosuka 383.3 °C ,
, EPR ) )
Fe , Fe (Li et al, 2020Db) ,
(Li et al, 2018c) )
Fe , CO, , CO, N,
Fe s N, |, CO,
**Fe , N, , N,
5°°Fe CO, - co, ,
SO e,
**Fe(Li et al, 2017a) , (Zhang et al, 2020c)
-1 Fe S R
, 5*S  8°°Fe 49.6°E b ,
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, Fe S HOV)* ”? , ,
(Wang )
et al, 2020a), ( 28—30.2 MPa  400.6—408.3 °C)
, SMAR(13°—15°S)
/n s s
EPR(9°N 21°N) MAR ,
TAG(trans-Atlantic geotraverse) -
Zn (Jietal, 2017)
Zn S
Zn , 2010 8 ,
Zn ( 3°Zn=+0.39%o) ;
/n Zn s Im , 300 nm
Zn (2.5240.88 m ), (0.34£0.12 m ™),
, Zn (
3°°Zn=+0.12%0) Zn (chromophoric dissolved organic matter, CDOM)

(3%°Zn=+0.5%o), Zn ,

(Yang et
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(Zeng et al, 2013) ,
REE
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(Wang et al, 2013)
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(Tian et al, 2013) ,
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MAPR
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>
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>
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(Zeng et al, 2020a),
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CTD
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0.25(Wang
”DY115-19
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etal,2011) , «

49°39'E),

> >

>

(Wang et al, 2012) s
7
, 29
(Sun et al, 2014),
241y, ’

(Yang et al, 2016) , it
Fe >
Fe Fe s
Fe 2 (Wang et
al, 2019a)
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(0.5—5 s)(Zhang et al, 2019b) s
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, K Ca 2014) , -1
Mn B , -2 (2009 2011 2013 )
0.000 6% , ,
(Tao et al, 2017)
(Zeng et al, 2018b) -1 , Zn
, , , -1
As Sb Mn ,As Sb Zn ,
, (Liao et al, 2019)
As Sb Mn , ,
(Zeng et al, 2018a) ,
, (24.83°N, 121.96°E)
(24.83°N, 121.96°E) , ,
pH  Eh,
) Eh )
(Han
et al, 2014) , ,
Fe (Zhang et al, 2019a)
Fe R Fe 2.5
(Wang et al, 2021) , ,
Mg ,Cl H' , , “ »
, 150 °C
7 bar, 2 (Chen et al, (
2020) ) ,2011)
) 2.6
3h 2014 9 21 «“ ”
( 16%) , , ,
) ) (Calvin-Benson-Bassham, CBB)
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460—560 L/h (Chen et al, 2020)
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Eu Ce s

(Cao et al, 2014),
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, acid, EDTA) Cu®** zn* Ccd*
(recombinant
S s expressed extracellular enzyme leucine
, aminopeptidases, rPtLAP) , rPtLAP
Guaymas , Mn** ,
(extracellular enzyme leucine aminopeptidases, PtLAP)
(He et al, 2015), ’
(Zhang et al, 2018c¢) ,
DY22613T
DY22613T
(Sun et al, >
2016) ,
(Caloranaerobacter > DY22613T
ferrireducens sp.nov.)(Zeng et al, 2015c) , (1) ,
(Li et al, 2019),
b jjﬁ 2
Xu et )
al, 2017) , () ,
Main Endeavor s
, , (Li et al, 2020a) ,
(FeOB) , )
, (Zhu et al, 2020b) s
) (Xenograpsus
, testudinatus),
(Peng et al,
(Li et al, 2017¢), 2011) , Bc
(dissolved inorganic carbon,
DIC) ,

Si(OH),
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b b b K
, (weighted K-neared neighbor, WKNN)

(Lin et al, 2021) , , , (robust weighted least
, square support vector machine, LS-SVM)

(Zhang et al, 2013)

(Liu et al, , ,
2020a) , )
9°—10°N )
(L-vent) / Campylobacteria
Aquificae , (Wu et al, 2014b) ,
(tricarboxylic acid cycle, rTCA) H, CH,y
) H, CH, ,
(M-vent), H, CH,
, Delta-/Beta-/Alphaproteobacteria 0,
Bacteroidetes, Gammaprotobacteria N, s CH,
, CBB / 0, N ,
(Hou et al, 2020) H, CH,4 (Wang et
3 al, 2015)
6 000 m 400 °C
2008 KNOX18RR , )
, (Wu et al,
744—3 622 m 94—370 °C , 2016a) , ,
(Wu et al, 2011) , (Hu ez al, 2016) ,
, (>800 °C)
S BiZ(l-x)La2xW06 5
, (Liao et al, 2016)
(Cai et al, 2012) ) >

(robust weighted )
least square support vector machine, LS-SVM) )

Solwara 1 ,
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(Xie et al, 2016) ,

B

(raman insertion probe, RiP),

(>400 °C)
(0—
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, RiP ,
(290 °C) CO, CH, H,S HS SO}
Sg , RiP
(Zhang et al, 2017a)
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PIV)
PIV
(Zhang et al, 2017b) ,
, 360°
, 300°C 12 MPa
(Wu et al, 2018)
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compressive strength, UCS) (triaxial
compressive strength, TCS) ,

PFC3D

> >

(particle flow code in three dimensions) ,

>

(Dai et al, 2019) ,

) 02¢g s
2202335236y ’ ’

(multi-collector inductively coupled plasma

mass spectrometry, MC-ICPMS) ,

(Wang et
al, 2019b)
InterRidge Argo
90.43% ,

i >

>

(Liu et al, 2020Db) ,

(human occupied vehicle, HOV)
(remote operated vehicle, ROV) ,

7000 m, 160 mL

, (Wang et al,
2020c) , (seafloor
massive sulfide, SMS) ,

SMS ,
(controlled-source
electromagnetic method, CSEM) SMS R
CSEM
(Peng et al, 2020)
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PROGRESS AND PROSPECT IN CHINA IN RESEARCH TO SUBMARINE
HYDROTHERMAL ACTIVITIES
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Abstract Investigation and study on submarine hydrothermal activity is one of the key tasks for deep-sea entry,
deep-sea exploration, and deep-sea development. In the past 10 years, Chinese scientists have discovered several new
submarine hydrothermal fields in the western Pacific, the Eastern Pacific Rise, the Mid-Atlantic Ridge, and the Indian
Ridge, and carried out many investigations on hydrothermal products including sulfide, vent fluid, hydrothermal plume,
and organism in hydrothermal fields. At present, Chinese scientists has established submarine hydrothermal geology, and
they proposed a hypothesis that hydrothermal activity, cold spring, and gas hydrate are originated from a same methane
source but situate in different methane sinks. Based on above researches, Chinese scientists have made many research
achievements in this field, and published monographs of Submarine Hydrothermal Geology, Modern Seafloor
Hydrothermal Sulfide Metallogenic Geology, Modern Seafloor Hydrothermal Activity, and Submarine Hydrothermal
Geology of the East Pacific Rise, etc. In the future, it is important to focus continuously on the sub-seafloor geologic
process of hydrothermal activity and the key issues of its resource and environmental effects, to develop the detection
technology of submarine hydrothermal activity, to reach out to the polar regions, and to carry out systematic projects on
hydrothermal products such as chimney, hydrothermal plume, metalliferous sediment, vent fluid, and hydrothermal
organism, which will undoubtedly promote new waves of development in submarine hydrothermal geology.

Key words submarine hydrothermal activity; deep-sea research; exploration technology; research prospect



