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Fig. 1 High-resolution bathymetry map of the TAG hydrothermal field at the Mid-Atlantic Ridge (a) and the geological
structure of the TAG mound (b)
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The white circles mark known seafloor massive sulfide targets (figure modified from references [22—23])
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Fig. 3 3D conductivity model for the TAG mound
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The red line in a is the designed survey line with the altitude of 20 m; b is the constructed conductivity model of the ore body; ¢ and d represent the X-Z and

Y-Z section; e and f are the constructed mesh for the whole model and the TAG mound respectively
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Fig. 4 Forward model of the diffusion of 0 B./ 0t across the bathymetry of the TAG mound area at four timesteps after transmitter turn-off
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Fig. 5 Forward model of the normalized 0 B,/ 0t for a homogeneous seafloor model vs. the model which includes the conductive target

after transmitter turned off, graphs at the second column are the SW-NE sections of the TAG mound area

SRR,

R HF ST ASCES I R AR K £ & B B LY
PR G 1 52 W), 888 o5 B2 43 303K B R 40 m, 60 m
1 80 m e XJ b H R g W AR AE o S 5 1 LU A, 4
il HL SR E AN 9 s . £5A TAG Rk b I mT L
B, BT R AR B AR 4y A T B A
SR Z A BRSO, R e N 1 R TR AR R AR
WA A% o T X W ) 7, M4 AR R R R T AR K, g
MR R A AR K . XF HE 20 m, 40 m, 60 m 5 80 m
P IE AL 25 S, mT A ER B TAG el 54 i
(ELES /DN, LRS00 R A5 ) R AR /N o B L, R4
JE B IV 8 BE Ry 80 m B, WG AU Y R AR F G i) 7 A, R
DU Fr A 0 w8 5 5, (RSB L, S0 B4 S A7 7 M

AT, Lhr E K 26 IR AE TAG $OR X R 4R
) 1 1 7 FL R BSCHRE S 1), S DR % A R B Y R
k1 1~30 ms, 30 ms Ji5 P ECHE i IR (EAR /1, 32 1) i g2
TR b A K, AR SRR o TR Y T HE R
R4 2 30 ms B (1975 537 7 it 4, BT 2005 5 1938
AR %R £ DA L, SR AT DR B, 356G 78 B 80 m A1) °F-
ML CILTF S5 R ES, LEA UM TAG
TR ENEOT=ES g

S BRI BN F T, RS F R T 1] R AN R
S B R R PRI AR B s . MBS AL AR A
Xof W A5 LR R 7 P 5 D), 7 2 T ASE AR S ST R 5]
1, L X 51 R, 2R TAG FefRIE 175 20 m
K 80 m B, 4353 15 2 Bl AR Sy 4501 60°H ) 12 0K



152 WPE2ER 4346

3400

E
B 3600
S
3800
26.145°
N
o 44.805° W
aagooe  4ds1se 44810
o 44.825° .
o 44.830
44.840> 44835
3750 3700 3650 3600 3550 3500 3450
W BEE/m
b ' ' ' ' c ' ' ' '
1078 ] 1078 m
‘E .E W
= T WW
L — — %
" eyt | | R, vy
E WMW ]ﬂ 10 b 4
g 10 AH—MLWW g1
3 T
|
g g
iz =
~ TAG 1072 MIR 3
R S ) ) ) B ) ) ) ) )
400 420 440 460 480 820 840 860 880 900

6 TAG [k MIR IX J&] i1 2 3 A T8 11 K T 26 AU IR 2L HU R EMO2 T2k (a), TAG Fr A4 IR 78 Ht 1 ) — P 2
FH T (b) F1 MIR X 1728 LR 99— P i o7 -5 P ()
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Fig. 7 Transient electromagnetics response for coincident loop system (a) and the locations that consist high conductivity anomalies (b)
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The time window for the transient electromagnetic method response is from 3.1 ms to 30 ms in a logarithmic manner, the dashed line is the background re-

sponse from a homogeneous seafloor model with high resistivity at 80 m altitude. The squared line refers to the background response at 30 ms, which is the

latest time that can be detected by TEM survey during the COMRA 26th Cruise
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3D transient electromagnetics forward modeling with complex
topography and structure: A case study of the TAG
hydrothermal field, Mid-Atlantic Ridge

Nie Zuofu!, Tao Chunhui'**, ShenJ insong 4 Zhu Zhongmin 4

(1. School of Oceanography, Shanghai Jiao Tong University, Shanghai 200240, China; 2. Second Institute of Oceanography, Ministry of
Natural Resources, Hangzhou 310012, China; 3. Key Laboratory of Submarine Geoscience, Ministry of Natural Resources, Hangzhou
310012, China; 4. College of Geophysics, China University of Petroleum (Beijing), Beijing 102249, China)

Abstract: It is crucial to evaluate seafloor massive sulfides (SMS) in terms of their special distribution. Transient
electromagnetic method (TEM) is ideal for land mineral deposits prospecting, but the complicated seafloor topo-
graphy, inner structure of sulfide deposits and measuring conditions in the hydrothermal field pose a great chal-
lenge to its application in the ocean. In order to verify the application potential of TEM in deep-sea exploration, a
3D forward modeling scheme was developed with finite element method, combining with bathymetry data and
drilling results. The method was then applied to the TAG hydrothermal field, Mid-Atlantic Ridge, and the result
was well fitted with acquired TEM data. By comparing the forward simulation results under different instrument po-
sitions, attitudes and altitude, we found that the coincident loop system could effectively detect the active TAG
mound ore body when the altitude was less than 60 meters. Complex seafloor topography and how the instrument
was being towed could significantly disturb the early time response, while the instrument attitude also made an in-
fluence on the detected signal. Therefore, it was necessary to combine the bathymetry data, instrument positioning

data and attitude data in the research area to better interpret the measured TEM responses.

Key words: transient electromagnetics; 3D forward modeling; TAG hydrothermal field; seafloor massive sulfides; com-

plex topography and structure
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