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Abstract: Modern seafloor hydrothermal activity is generally accompanied by magmatism. Traditional hydrothermal system
model hypothesizes that seawater penetrates through the rifts or cracks, then is heated and reacts with the surrounding rocks
gradually leaching out metal elements from the rocks and resulting in the formation of metal-rich, acidic and reductive hydro-
thermal fluid. Subsequently. the heated fluid moves up along a series of fissures and erupts directly out of the ocean floor lead-
ing to precipitations of hydrothermal sulfides. This model reasonably accounts for the existence of fluid, channels and heat
sources which are the three fundamental elements of modern seafloor hydrothermal system. and is in accord with many phe-
nomena we have observed so far. However, differences in rock permeability, hydrothermal fluid properties, thermal fluid eco-
system and hydrothermal product indicate that there is possibly another injected circulation pattern for modern seafloor hydro-
thermal systems, which means the hydrothermal fluid is derived from the direct injection of fluid and volatile components from

the deep magma chamber. Accordingly. it is inferred that there possibly are two models for modern seafloor hydrothermal sys-
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tems:one is the shallow circulation mode,namely the traditional mode of hydrothermal circulation; the other is a magmatic hy-

drothermal injection mode (“injection model”). In the environment of strong magmatism and well-developed fracture, two

modes may exist simultaneously. and the double diffusive convection circulation model is proposed. The double diffusive con-

vection circulation model can be used to explain a variety of phenomena and facts recently discovered in the study of modern

seafloor hydrothermal system. Moreover, it is pointed out that the tectonic background of the subduction and the mixing of ma-

terials from both subduction component and continental crust are also considered in the study of the magmatism and hydrother-

mal activity in back-arc basin. Meanwhile, a theoretical model has been constructed for the sea-floor hydrothermal system in

back-arc basin taking the Okinawa trough as an example.
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Fig.2 The global distributions of modern seafloor hydrothermal activity and magmatic activity
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Fig.3 The growth model of the modern seafloor hydro-

thermal activity
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smokers in TAG hydrothermal field
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and Peslier, 2015; Ohtani, 2015) , 1fif iX — P 2 1F &
TR 1) 32 B b

FEU 37 O B A R TR K T R4
E T S A DL R Y M R A i R P e A A
SR b 0 XoF A T S M O L 2 b P S A R A
Htiz 3 (Hirth and Kohlstedt, 1996 ; Hoink ez al.,
20113 Karato,2012) . SR 1, — & 51 1 52 56 462 400 1 21
WL RVERIE W], B0 B A TE K T &R G2 510 R AR M
AEAE R K AE b b 8 1 98 vk A8 8 Fn it Ak o 7% v B Ay
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A3 %

Ik H EEVE ] (Wang, 2010) , 55 B 14 55 2 34 3
H5Hwg A b & A KA & (Hirth and Kohlstedt,
1996 ; Evans et al.,2005; Karato, 2012). 40, 7K 1Y
FEAE T DATEAR AL L b G b 3t & ) S5 4 0 0 FORY
A B (Hirth and Kohlstedt, 1996, 2003; Hir-
schmann, 2006 ; Karato, 2010; Wang, 2010). 52 & 4%
R LETE J1 N 300 MPa H A K A7 7E 19 41 F
MR 5 RS i AR i AT LB IR 140 (Hirth and
Kohlstedt,1996). 7. 7E 20 42 60 4F-A0A , Bl 2= 5k
6 3o S I S M AR S MO e A A KA A
AT T . A ] L fig B A 3 19 P (Kushiro et
al., 1968; Ringwood, 1969; Lambert and Wyllie,
1970).Hill and Boettcher(1970) i #5 # — 7k — =
SAALRR S2 5 F1 Kushiro(1970) (R HIHE 2 — 7K 52 56 i
— D UE BT A i R B A ST A B L T T2
WAL R PELL 4y (R H, O F COL) FEAR Ui o
w3 O AR A0 IR B W B kAR 0 T AR e R
(Green and Liebermann,1976; Wallace and Green,
1988 ; Presnall and Gudfinnsson, 2005 ;Green et al.,
2010;Sifré et al.,2014).

PR e AR T & B S IS 2 T 300 A o
LR YRR . B AT R AT IR Z T B R AR AR Y
P 340 TR 22 /G i IS LA T AR i v e P 85 P Y
AR W 06 Bl BT 5T 2R G AR A o Y R
Z AT JUAR B R PR Al 48 R T IS R0 Bl 0T 58 &
W WA AR ST R
.6, ODP Leg 201 i K #E KF¥EAHB 5 000 m
AT B AL O b R BT R M AR T A
10° cm ™ * (Jorgensen and D’Hondt, 2006) ; 7£ % K
TR XA P WA A R U, £
T A A 3X10° ~1X10° ML) (Santelli
et al.,2008) s fERPH MK LT 1626 m #1220
2 B AL AR S A W) (Roussel et al.,2008). Lh I
IR TR IS Z T TR T A 8 BN AT A 2 i 2R
XL T AT TR AR IR SN 2 A
B HE  Hb R A= i ok R T L BR TR A (i D) ) R
JIT A 33K L EE W) 1 A T TS 15 N T K Y PR

AT O B 22 1 IR 4R 2 W 4 Bk A R ) 1R RT
REAT A RE K. T Husk Bk py I8 H £ 24
PR UL« A IR U A AM R U (4 W T, 1984)  AM IR
IR Bk A Ab RS CBEZ R, 2015) B 2 K
WLk — B WO R BR oK ry B 2R IR, H 2014
AR IR M WS R TE 2004 AF & 5 1 B SR 3 HRN 4 K
ik 67P/ B %k — % B 74 4 BL B (A AR 67P

25 Cottin, 2015) Ji & B HE 92 I Ui . 3 aod 2R UK
5 67P £ KXt T LUK B, 67P A 1A
SEHER L 3 A5 b AT e A ek LA oK IR E R A
R G4, 2005 ; Altwegg et al.,2014; 8k,
2016). B ¥& 2| Hb Bk b0 B A58 A S A — E i
(0.5% ~5.0%0) By 7K . (E Bt A7 & 2 /0 J ik = 4t Bt
A7 F A 7K R A K B ) B AL A i R A Kk | Y
KR T B AT B WL A B A AN ST (2R R T, 19845 B
AR 2015) 7117 K BHRUHT e SR A 45 5 B K 73
R 5 K S T R AT B KA B AR LU R LA —
CB{AR,2015) R It o A/ 300 B9 A0 4l AN S 1 20 )
N HLER T KOk F T b ER R B (ZE R B, 19845 B
Z4R,2015). Hallis et al.(2015) %t Baffin & 178 #%
Bz == ELAG Ml R0 4 () A0 2% 2 B A o B 0 S P A
A BE A A R AR AT T H R AL R A, A
& WA PR A 2 A 1 SR R 4L (0D ] DIIE & —
218%0 A T R A b b U5 DY b FRAEL 45 5 TR XR
AR 2 AR 0 EA AR A MR 46 H WAL R
R (—870%0) , X Bl AR A0 4 H ] o2 38 241 il 2k
AHERR 15 I B A 1 o T R K 0 T BRI B A R
B2 1 4 3R W) Bk AR R O 2 A B & K .
Pearson et al.(2014) %3 & A2 i A RS A1 4
i BEAT 7oA L AE SR e A e B e b R Z ) Ay
b A A A K i LR B A R B OK AT B L
KB WA R 2 A B A B a4 BRI VR EOK
i Z Fl (Pearson et al.,2014).

T35 AR b 2 3 0 R 3 52 AT LA A K (Ohira
et al.,2014) A wiity b 89 55 0 MU 40 PR S A — 5E
K, AT BE LA K 43 F B 45 A 1R R 1 8 A
(Zheng and Hermann,2014) , 7K IR 252 3 75 %]
b 5 A2 ST T S KT R AR E M S RS KR
85,2016 AR bl K 3T A% 2 K R A M Bk N B R 32
D520 3K — i BEAATEAR KA BE b 52 e 1 b 1 5
T ER AL A BT T L R T b Y e I R O
Ap 22 M i (Hirth and Kohlstedt, 1996; Mei and
Kohlstedt, 2000a, 2000b; Karato and Jung, 2003;
Evans et al.,2005;Green et al.,2010; Wang,2010;
Karato,2012;Sifré et al.,2014) fff i & Hh 55 4
A6 PR3 R M 2 53 3E N B 0 1) O B IX (] R 2 0 1A
il I 7 2 b 58 AR A T B 2008 UK il b 58 X — £ 8
I REME 25 (Turcotte and Schubert, 2014). 7K 7E 1/
M ARG S B AR 5 R sh Z A
Tt E N & (Wyllie, 1988 ; Peacock, 1999 ; Hac-
ker et al.,2003; Abers et al.,2006) . R /K A/E & 1E
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A e Al e e IR — 5 TR BE I, | T A DR A T R
R 5 R e A2 IR #41 DN) A7 0 e TR T K R S R G
K T T M A 4 23 0l ORR K TR AL 2016).
BMTH Z AE IR R GRS BT 8Ok B2 BRI
Fi o) by BRI AL ot 45 1) o U D) S A1 K 1Yl g
TR KA IR T 0 Y SR AE D RO A B
WA GE R T REPE L il AT LA R 1T 3R 1 WV IR 1B i R
AN T i TG RGBSR ) AL 3R 2H A 1 2 E LA
il B B} o 5L
32 BARPREGFEFHARREBIREN?

BT FRAFTE R SO E AR E IAATE H AR
SR A T R PO FR GG PR AR X — R AR S R
RGP, Al FR ol g KA B AR 5 55— Fh 2 e
e 3D B AL TR O i A T 7K 918 25
BECAT DL S 43 S K R 8 AR 5 R BLA Ak
A 7K R S R AIT BRI R I A o VRIS 3 S B Bt
(Germanovich et al.,2000; Lowell and Germanov-
ich,2004; Gosnell,2006) , 3t & 1% 5t 1Y 1 JIC # R 5
SRR E AR 2 i RO R R TR TR A
W5 KA TG 91 P B A% e Ve 21 o ) B R
(Yang and Scott, 1996; Herzig et al., 1998; Kim
et al.,2004) , BRAE AR IR VI R e b, TR &
R AR FAR AL T B LR B, A 2 LGRS W Y
Yy BRI, Large (1992) B7E 1992 4F il 38 3 % 3 K
FNE B PR SRR B AL 9 0 K 88 WF 58 3IE BT, Pb Zn
Ml Ag 5B iR e R F 2R A T AW Ak g VE L T
Cu.Bi.Sn.Mo Hl Te 45X 70 H W 32 2 HOR A A
o Au JU R B E AR T RE 2 1A A 2 ) 4 A0 4
R ARG T E &M S JT R W AT /R KA
PBTAHK, D HOk A K R £ /Y I8 L (Herzig
et al.,1998).

TEA HRAE TSR ZL A 36 22485 K & A PR A5 oy, 7 A
B AT RE W] I A7 72, T W B A I 0 PR R 2K
(I 8) U™ HOR it 418 PR A5 2] LA B i 3k Jr A A%
G AOE DU R A 3558 (D IR B i R A ——
POREH R R AEfE e LI @B ER A2 A2
ZUBR R E S AT BAGRE PR B AL R Y O A G (2)
T JEE i l FABTG BhAR b R AR e P Bk
A B R PR ST I A IR M A SR AR TSR B A 3K B iy
TR sk BTz A A 0 R L T IR ARG B Bl
KB WAV ) o 4 Tl BT 2 S i 2485+ 43 &
A 3X B A PR TE 3 LLE RE R AR 3
(3) PR B AR DT AR 5 b = s iy — B0
Ui TE IR —— PR S BGIR TAAAS B O I 3B A K5 (4)

P8 ¥ HRIRG B A XL HOn A

Fig.8 The double diffusion convection model for mod-

ern seafloor hydrothermal activity

ALY EEER S E R AT WA 8P
T HLAE AR A PR s (5) TR L0 TR B R IO AR
Z I R GE 2 5 AT BE A2 PR A [ A A g T
T LAY 5 (6) AR AR 2SR R AR 0 R Y DI 22 S ——
AT BE A2 F I ) R A 2 — R Y
33 MER(UHEEE A6 NERERBSH
K&

AR oy 2 gk AR T R A e AR
R S B Ml [X 22 — A AR T S 3 7 5 e 7Y
Wy B A A5 FRR LA T S 78 52 08 W) 50 F- 45 v 4y B8 A
T {4 (Bourdon et al.,2003) 7 8 A3 K Bili i1 2%
O3 A — FR A 1 G it A M R R R T K T IR
A B 17y DIV A i Al R AR S 3850 il 7 7 5K R T HE A
(4 BSOS 3 5k A 0 45 3R IS 37 5k VR T 0% 8 1A
M PR o AT L1 5000 22 8 100~ A L S 30 A M e
XU S5 | AR5 DX H g ) o b 9 A B R i 4
85,1997 INE 37 5k AR HITE B 1 B AT 3 52 14 BT 119 9K
S A M1 () B P B A 5 B S SR AE RN ARG B
FIVEEES R SR JIVE B A- N S EIVAR I RN = 4
VEJH | i T A 8 3 A AT 20 45— R 97 19 AR FIE
VWX AE — > 52 A e o — 9IS 975k — & R AE
FH— PG B 73X 0 — > 0 SR A A TN AE P BB R Y
B8 IN5 F Y A S A 4 5 A R A o
FVIRE 7 5k A F A0 407 T HL 2 PR 05 30 /9 RE B R
Ui AE— 2 R LA L ook .

YE R —A~ B ) I 7 b, v 28 Vg A L BRER 5 5
FNIBR V) — B T — > 58 B i — I8 — AR R
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{if b 4L

L9 b T R A VR T 5 AT 3l 6 R A
Fig.9 The model diagram of relationship between mag-
matism and hydrothermal activity in the Okinawa

trough

R 245, 2001) . 1 4 1 1B RR R 1) M L7 8 0 — %
G 5%t B RRAE i BCh B 58NS A A AR S
OB Bl e ol BRAE 19 3 Fiv AN b e R ) B 2 TR
Y i S A ) T 2 OFF o b DX ) B Y 2
R BT o 1) 7y 2 3 e W o LA B R T LR ) )
FR A B DTN, TR — SO o X O
Z B o¢ W BT A IR g (208 B AR, 2009 [ A
2016) A4 2 (1997) Iy phy TR b (9 “ K AL P 72
(89 2 KA A A5 L T 1 e e sl 50 b 7% 490 G 1) 445 it
KRR BEAR, T B vh 28 15 R h AR A AR T T 15 km
DL A i 5 4y 5050 o 6 il 7 AR AOE 7 5 2 K
KA RS th A 52 T 454 )2 (7~ 15 km) ¥ i
VO3 Fl 7 A /0 R 2 1 JBA K BIVEE o 2 T R T
FEAEA XUZ 5 0 ps 4540 OF B % Z M AE i A s
I IE.IF 4 19 Rb.Sr F1 O[] 43 2R %Rk 3R B b 28 15
R ) S ) R R T 0 () I A2 B T S ) B
MR YL T 22 45, 2001). 5 b, & & kR £ 9 TC AR
Yool BEARE rhA R 7E A B A o S BUA K CO,
1F ) X R F Y CO, P IE A HK 25 AAE 805

45 S A IS 3T B G PO A RO T A T B R
G B A0 I 1 RAOR U A B BUE R B Y CO,
;53] 209 mmol/kg) K & CO,/*He H{H (Glasby
and Notsu,2003; Tsuji et al.,2012) .54 FE B A
R b R 27 R E 2 B v 4 98 R 5 SR A A A DX
225 IXPN 22 SR T A2 M 1) 0 Rl R R S e L BE
ARF b AR e BT A I AT 56, HL R R R K S AR
PP 535 ) 4 R B S i T R L 3X AT R B2 4R TR e

M e 19 18 B (B 3K : 100~ 150 km s &8 - 27 200 km)
CRGLAF 20160 R 0K 10 AR 7 IR o b Jo 75 5% 24 2R AE
FH 5 0 A TR) B 0T B 0 8 5 A5 9IS 70 i Py
IR T 21 5 R A A B PO R B A TR TR B
TV I 1 #7531 X)L PR o, R AT AE A
S i AR VR 1 A AR S OB B, BR B TR T R
A BB BB 20 22 A1, A B TR e ARF b ) ) 1
TR i 2 A3 A — R (BT 9).

(1) AT 3 5 5 HAE T S — XA B i 2
Y 2 A s S I RS SN T IR BR324
fefit 7 AE (RO IR i B ORIz —.

(2) BUAC T JE PRI Bl 28 G A7 A2 Rl S, — Fif
JETR R IR, RV K R B — 4 2K 5 A — il
K BN — & 4 T R PR T — W IR — D0
A B 1 A B AR 25 o5 — b R 2 S e U AR
RN o T BRTG Bl 28 8 AR g Bk T A
A7 A AT T 2 i B K A R BRI R PRl
A 3CAT R [ s A7 75 L T2 BSOS ORI 47 B A =X X8
FIOOS W A0 PRASE 3T AR 4 b A e LA T IS OB T 3
F 5 v I 0 BT B 4 22 b B R 25K

(O TEFFE IR 54 AT -5 PR s ib
B B AR AR o (14 4 3 T SR o 2 O K il e 2
IMASERER.
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