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Influence of Topography on the Hydrothermal Circulation
within the Hydrothermal Sulfide Deposit
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Abstract: Based on the three-layer model of seafloor hydrothermal sulfide deposit, the deposit models with diverse topogra-
phy have been built. With numerical approach, the distribution of inner thermal and flow fields of the large hydrothermal
sulfide deposit model featuring sloping crust and relief top is simulated to discuss the effect of the different relief on the for-
mation processes of the hydrothermal sulfide deposit. The results indicate; (1) the sloping seafloor has a limited influence on
the distribution of thermal and flow fields within the hydrothermal sulfide deposit. (2) The relief top is one of the domina-
ting factors that control distribution of the thermal and flow fields within the hydrothermal sulfide deposit. (3) Hydrother-
mal sulfides precipitate and accumulate rapidly near the region of focused venting, thus easily forming high relief. As the
continuous rising of this high relief, the distribution mode of the thermal and flow fields gradually changes, which causes the
hydrothermal venting to gradually cease or redirect.
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Fig. 3 The thermal flux distribution on the bottom boundary
of the model

1
Table 1 Physical parameters related with the model

(D « 2 3
€] 0.2 0.15 0.1
W/m -+ K 4 4 2.5
J/kg * K) 3000 2 800 2 500
(kg/m?) 3000 2 800 2500
(m?) 5X10°U 1~2X10712  1~2X10"13
(m?) 5X10°1 1~2X10712  1~2X10" 1
( 10 Il’l) ’
. 30 C, )
30 C/km ’

2

Dickson et al. (1995)  Pachel and Cann

(1995) R
(Polyansky and Poort, 2000; Wang et
al., 1997) ODP Juan de Fuca
(Gréschel-Becke et al. , 1993) TAG
(Ludwig et al. , 1998)
C D. )
’ Y /
4
( ,2006).
2
: (Ky)
(K (K,=2K,);
(ZKh:Kv) 2
5X10 1" m? 100 ka.
4.1
4 KhZZKv ZK],:KV D



(a') (a:)

(b))

1E-5
9E-6
8E-6
TE-6
6E-6
5E-6
4E-6
3E-6
2E-6
1E-6

(1)

1E-5
9E-6
8E-6
7E-6
6E-6
SE-6
4E-6
3E-6
2E-6
1E-6

Kw=2K, 2Kw=K.

4
Fig. 4 The calculated results of the model 1
ab ¢ . s 1E-5=1X10"°

. 4 K,=2K, ,
KhZZKv ’
160 C, ( da;), s 2Ky =K,

. KhZZKv 4C2)7 ’
KhZZKV ( 482)9

. 4.2
4b K,=2K, , 4.2.1 5 K,=2K, 2K,=K,

’ 5611 Kl] - ZK‘
, 100 C, s
4b2 4b| ’



(b2)

a
(b))

1E-5
9E-6
8E-6
7E-6
6E-6
5E-6
4E-6
3E-6
2E-6
1E-6
0

1E-5
9E-6
8E-6
7E-6
6E-6
5E-6
4E-6
3E-6
2E-6
1E-6
0

Ki=2K. 2Kw=K.
5

Fig. 5 The calculated results of the model 2

ab ¢ . ;9E-6=9X10"6
30’\’40 ’)C )
5213 ’ ’
120 C, ’
( 5b 5by ’ Lo0elo ~
2.0X107° g/s » cm®,
’ ( 5C1 ) 5C2



543

1.0X107° g/s » em®. ,

, (  6b 6b;)
4,.2.2 6 K},ZZKV ZKI,:KV . K]IZZKV

2K, =K, R
681
’ loo QC? ’ 5.O><1075 g/S' Cm29
’ ( 63.1 ). N
, , , 5.0X107%~7.0X107°% g/s » cm®
80 C, .

(  bay). 6c 6c, s

(b)) (b2)
1E-5
9E-6
8E-6
7E-6
6E-6
5E-6
4E-6
3E-6
2E-6
1E-6

1E-5
9E-6
8E-6
7E-6
6E-6
5E-6
4E-6
3E-6
2E-6
1E-6

Kw=2K. 2Kw=K.

6
Fig. 6 The calculated results of the model 3
a.b ¢ N ;1E-6=1X10"°6



544 — 33

; (3

b b
’ b
Q)] s
, 6
b
s (D
, (2)
b
(2) (Dickson ez al. , (3)
1995) , ,
b
? .
’ : Ken Kipp
Hydrothermal ,
Ken Kipp
/ ,
’ . References
s Binns,R. A. ,2006. Data report: Geochemistry of massive and

s semimassive sulfides from Site 1189, Ocean Drilling



545

Program Leg 193. Proceedings of the Ocean Drilling
Program, Scientific Results, MS;193SR—206.

Binns,R. A. , Barriga, E. J. A, , Miller, D. J. , 2007. Leg 193
synthesis: Anatomy of an active felsic-hosted hydrother-
mal system, Eastern Manus basin, Papua New Guinea.
Proceedings of the Ocean Drilling Program, Scientific
Results, MS:193SR—201.

Dickson, P. , Schultz, A. , Woods, A. ,1995. Preliminary mod-
elling of hydrothermal circulation within mid-ocean
ridge sulphide structures. Geological Society of Lon-
don , Special Publication,87:145—157.

Edmond, J. M. , Campbell, A. C., Palmer, M. R. , et al.,
1995. Time series studies of vent fluids from the TAG
and MARK sites (1986, 1990) Mid-Atlantic Ridge: A
new solution chemistry model and a mechanism for Cu/
7Zn zonation in massive sulphide orebodies. Geological
Society of London . Special Publication ,87:77—86.

Glasby, G. P., Notsu, K., 2003. Submarine hydrothermal
mineralization in the Okinawa Trough,SW of Japan: An
overview. Ore Geology Reviews ,23:299—339.

Groschel-Becke, H. M. , Villinger, H. W. , Konyukhov, B.
A. ,et al. ,1993. Seismic velocities of diabase and basalt
from Middle Valley sills and flow,northern, Juan de Fu-
ca Ridge. Proceedings of the Ocean Drilling Program,
Scientific Results,139:597—612.

Herzig, P. M. , Petersen, S. , Hannington, M. D. , 1998. Geo-
chemistry and sulfur-isotopic composition of the TAG
hydrothermal mound, Mid-Atlantic Ridge, 26° N. Pro-
ceedings of the Ocean Drilling Program, Scientific Re-
sults, 158:47—70.

Honnorez,]. » Mevel, C. , Honnorez-Guerstein, B. M. , 1990.
Mineralogy and chemistry of sulfide deposits drilled
from hydrothermal mound of the Snake Pit active field,
MAR. Proceedings of the Ocean Drilling Program, Sci-
entific Results,106/109.145—162.

Houghton,]J. L. , Shanks, W. C. , Seyfried, W. E. , 2004. Mas-
sive sulfide deposition and trace element remobilization
in the Middle Valley sediment-hosted hydrothermal sys-
tem,northern Juan de Fuca Ridge. Geochimica et Cos-
mochimica Acta ,68(13) ;2863—2873.

Jiang,S. Y., Yang, T. ,Li, L. , et al. , 2006. Lead and sulfur
isotopic compositions of sulfides from the TAG hydro-
thermal field, Mid-Atlantic Ridge. Acta Petrologica
Sinica,22(10) ;2597 — 2602 (in Chinese with English
abstract).

Jupp, T. , Schultz, A. , 2000. A thermodynamic explanation
for black smoker temperatures. Nature,403:880—883.

Kase, K. , Yamamoto, M. , Shibata, T. , 1990. Copper-rich
sulfide deposit near 23°N, Mid-Atlantic Ridge: Chemical
composition, mineral chemistry, and sulfur isotopes.
Proceedings of the Ocean Drilling Program, Scientific
Results, 106/109:163—177.

Knenneth, L. , Kipp, J. s Paul, A. , et al. , 2007. Guide to the
revised ground-water flow and heat transport simula-
tor: Hydrothermal-version 3. U S Geological Survey,
Chapter 2.

Knott,R. ,Fouquet, Y. , Honnorez, Y. , et al. , 1998. Petrolo-
gy of hydrothermal mineralization: A vertical section
through the TAG mound. Proceedings of the Ocean
Drilling Program, Scientific Results, 139:5—26.

Krasnov, S. , Stepanova, T. , Stepanov, M. , 1994. Chemical
composition and formation of a massive sulfide deposit,
Middle Valley, North Juan de Fuca Ridge (Site 856).
Proceedings of the Ocean Drilling Program, Scientific
Results, 139:353—372.

Ludwig,R. J. ,Iturrino,G. J. , Rona, P. A. ,1998. Seismic ve-
locity-porosity relationship of sulfides, sulfate, and ba-
salt samples from the TAG hydrothermal mound. Pro-
ceedings of the Ocean Drilling Program, Scientific Re-
sults,158:313—327.

Moss, R. , Scott, S. D. , 2001. Geochemistry and mineralogy
of gold-rich hydrothermal precipitates from the eastern
Manus basin, Papua New Guinea. The Canadian Miner-
alogist ,39(4) :957—978.

Pachel, A. ,Cann,J. R. ,1995. Modeling diffuse hydrothermal
flow in black smoker vent fields. Geological Society of
London , Special Publication ,87:159—173.

Polyansky,O. P. , Poort, J. , 2000. 2D modeling of fluid flow
and heat transport during the evolution of the Baikal
rift. Journal of Geochemical Exploration.70:77—81.

Rohr, K. M. M., Schmidt, U. , 1994. Seismic structure of
Middle Valley near sites 855 — 858, Leg 139, Juan de
Fuca Ridge. Proceedings of the Ocean Drilling Program,
Scientific Results,139:1—15.

Tivey, M. K. , Humphris, S. E. , Thompson,G. , et al. ,1995.
Deducing patterns of fluid flow and mixing within the
TAG active hydrothermal mound using mineralogical
and geochemical data. Journal of Geophysical Re-
search s100(B7) :12527—12555.

Tivey, M. K. , Mills, R. A. , Damon. A. H. , 1998. Tempera-
ture and salinity of fluid inclusions in anhydrite as indi-
cators of seawater entrainment and heating in the TAG
active mound. Proceedings of the Ocean Drilling Pro-

gram, Scientific Results,158:179—190.



546

33

Wang, K. ,He,]J. ,Davis, E. E. , 1997. Influence of basement
topography on hydrothermal circulation in sediment-
buried igneous oceanic crust. Earth and Planetary Sci-
ence Letters ,146(1—2) :151—164.

Wang,X. T. ,Zhai,S. K. .Meng,F. S. ,et al. , 2006. Influence
of permeability on hydrothermal circulation in the sedi-
ment-buried oceanic crust. Science in China (Series D) ,
36(9):871—880 (in Chinese).

Zeng,Z. G. ,Qin, Y. S. , Zhai, S. K. , 2000a. He, Ne and Ar
isotope compositions of fluid inclusions in hydrothermal
froms TAG hydrothermal field, Mid-Atlantic Ridge.
Science in China (Series D),30(6):628—633 (in Chi-
nese).

Zeng,Z. G.,Qin, Y. S., Zhao, Y. Y. , et al. , 2000b. Sulfur
isotopic composition of seafloor surface hydrothermal
sediments in the TAG hydrothermal field of Mid-Atlan-
tic Ridge and its geological implications. Oceanologia et
Limnologia Sinica,31(5):518 =529 (in Chinese with
English abstract).

Zeng,Z. G. ,Qin, Y. S. , Zhai, S. K. ,2001. Lead isotope com-
positions of seafloor surface hydrothermal sediments in
the TAG hydrothermal field of Mid-Atlantic Ridge and
its geological implications. Jowrnal o f Ocean University
of Qingdao,31(1):103—109 (in Chinese with English
abstract).

Zeng,Z. G. ,Zhai,S. K. ,Du, A. D. ,2002. Os isotopic compo-
sitions of seafloor massive sulfide from the TAG hydro-
thermal field in the Mid-Atlantic Ridge. Acta Sedimen-
tologica Sinica,20(3):394—398 (in Chinese with Eng-

lish abstract).

Zeng,Z. G. ,Zhai,S. K. ,Zhao, Y. Y. ,et al. ,1999. Rare earth
element geochemistry of hydrothermal sediment from
the TAG hydrothermal field, Mid-Atlantic Ridge. Ma-
rine Geology & Quaternary Geology,19(3) :59—66 (in
Chinese with English abstract).

) , ,  +2006. TAG
,22(10): 2597 —
2602.
s s ,  ,2006.
(D ),36(9):871—
880.
) s . 2000a. TAG
He-Ne-Ar
(D ),30(6):628—633.
) ) , ,2000b. TAG
,31(5):518—529.
s s ,2001.
,31(1):103—109.
) s . 2002. TAG
Os . ,20(3):
394—398.
) s . 51999, TAG

-19(3):59—66.



