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Fig. 1 Distribution of the samples collected from Yuhuang hydrothermal vent field and Longgqi hydrothermal vent field on the southwest

Indian Ocean Ridge
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The red stars represent the massive sulfide sampling stations and the black dots represent the surrounding rock sampling stations; BTJ represents Bouvet Triple

Junction; SWIR represents Southwest Indian Ridge; SEIR represents Southeast Indian Ridge; CIR represents Central Indian Ridge; RTJ represents Rodrigues

Triple Junction
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Tab.1 Physical properties of rock ore samples
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62 28 INTR %] 13.93% 5.45 99.12 3.7x10°7
63 28 INTR %] 11.78% 2.33 112.20 5.3x107
213 s A (GH) TAER A 7.60% 10.65 8.11 2.2x107° 5.81% 59.12
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241 R vy 5.80% 38.00 10.48 5.0x10™*
1 ZalA (235 TR 6.38% 78.32 5.81 1.0x10°* 3.54% 308.25
7 TR 8.52% 58.16 6.11 1.9x10°*
17 TR 3.46% 242.79 7.34 3.3x10°
21 TR 2.25% 418.42 7.46 1.8x10°7°
45 TR 4.15% 123.90 6.90 6.3x10°
69 TR 4.94% 74.55 8.27 1.3x10°*
83 TR 4.16% 114.06 9.63 9.2x10°°
89 TR 3.36% 42.77 5.43 2.1x107™*
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123 TR 1.94% 158.59 6.37 2.5x10°
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147 AR KR 3.40% 68.44 6.28 1.4x107*

149 AR R 7.83% 26.82 9.27 7.6x107*




128 ZEVRAE: RG24 B W Ak ) 193 718 H 04 U850 2550 17 4] ¢ 43
gk
153 MAE LA 7.46% 18.48 7.72 1.3x10°
157 AR R 10.79% 19.30 10.70 1.0x10°
237 AR R 2.24% 121.06 6.38 7.1x10°°
37 IESUE(23R) (e 6.53% 30.32 8.76 5.8x107* 15.39% 18.41
117 Loty 24.26% 6.50 14.86 4.7x10°
29 HoAl A48 ks 7.97% 42.60 8.90 4.1x10* 4.42% 278.41
33 ks 5.96% 84.97 5.42 1.3x10°*
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Fig. 2 Different lithologic complex resistivity characteristics. Resistivity changes with frequency (a), phase changes with frequency (b)
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Fig. 3 The measured complex resistivity curve in this study comparing with data from previous studies
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Tab.2 Physical properties and induced polarization effects characteristics of sulfides

P FATE p®1 Hz(Q-m) FLBRE /% m c /s
9 A wmAL R 10.52 15.56 0.52 0.34 0.040
61 EEYIN TR R 13.10 4.01 0.63 0.38 23.418
62 EEYIN TR R 3.88 13.93 0.88 0.19 0.870
63 Hutkui e 2.19 11.78 - - 100.000

T p®1 Hz(Q-m) FrR A AL B AR/ NI E R
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Primary study on transient electromagnetic induced polarization
effects of deep-sea polymetallic sulfides

LiZe'?, Tao Chunhui'?*?, Zhu Zhongmin'?**, Deng Xianming '?

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

Abstract: Transient electromagnetic method (TEM) is an effective method for deep-sea polymetallic sulfide explor-
ation. High-grade metal components in seafloor polymetallic sulfides cause extremely strong induced polarization
effects and have a significant impact on transient electromagnetic response. In this paper, the inductive effects of
deep-sea polymetallic sulfides were analyzed through laboratory measurement and numerical simulation. First, sys-
tematic electrical tests were carried out on rock ore samples from the hydrothermal vent fields on the southwest In-
dian Ocean Ridge. The complex resistivity of typical sulfides has a phase shift of up to 160 mrad in the frequency
domain. The time domain and frequency domain measurements show that the polarizability parameter is a good in-
dicator to distinguish sulfide minerals and surrounding rocks. Using the Cole-Cole model to interpret the complex
resistivity to obtain the characteristic parameters of complex resistivity, the relationship between parameters and
the composition and structure of the massive sulfide was analyzed, and the typical sulfides were classified based on
the polarizability parameter. The induced polarization parameters of the typical sulfides were used to calculate the
transient electromagnetic response of the layered medium, which show that the influence of induced polarization ef-
fect can be observed simultaneously in the best observation window of the TEM response of the deep-sea polymetal-
lic sulfide deposit. Although the transient response is distorted in the late stage of the acquisition window, in the
early stage of signal reception, the induced polarization effect effectively enhances the detection capability of the
TEM for deep-sea polymetallic sulfides, which provides an explanation basis for the transient electromagnetic

measurement data.

Key words: transient electromagnetic method; induced polarization effects; Cole-Cole model; deep-sea polymetallic sulf-
ide



