62 10 Vol. 62, No. 10
2019 10 CHINESE JOURNAL OF GEOPHYSICS Oct. ,2019

s s . 2019. . .62
(10):3934-3949,doi: 10. 6038/cjg2019M0418.
LiuWQ, L QT, Lin PR, etal. 2019. Anti-interference processing of multi-period full-waveform induced polarization data

and its application to large-scale exploration. Chinese J. Geophys. (in Chinese),62(10):3934-3949,doi:10. 6038/cjg2019M0418.

1,2 1,2% 1 3
9 9 b
1 . . 065000
2 . . 100037
3 s . 400071
’ ’ /
doi:10. 6038/ cjg2019M0418 P631 2018-07-05, 2019-09-02

Anti-interference processing of multi-period full-waveform induced polarization data

and its application to large-scale exploration

LIU WeiQiang '?, LU QingTian'**, LIN PinRong', CHEN RuJun®
1 MNR Laboratory of Geophysical EM Probing Technologies, Institute of Geophysical and Geochemical Exploration, CAGS,
Hebei Lang fang 065000, China

2 MINR Key Laboratory of Metallogeny and Mineral Assessment , Institute of Mineral Resources, CAGS, Beijing 100037, China
3 Key Laboratory of Metallogenic Prediction of Non ferrous Metals and Geological Environment Monitoring ,

School of Geosciences and Info-Physics, Central South University, Changsha 400071, China

Abstract Induced Polarization (IP) is one of the most important electrical methods in exploration
of metallic ore deposits. However the existence of various electromagnetic interferences restricts
its application in large-scale exploration. To solve this problem, 3D disturbed full-waveform IP
instrument systems have been developed in China and elsewhere in the world, of which data

processing needs further improvement. In this paper, a complete anttinterference processing
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method based on statistical analysis for the multi-period full-waveform IP data is proposed. Its
steps are as follows: Empirical mode decomposition is used to separate low-frequency trend term
interference. Correlation analysis is made to eliminate the sudden strong noise interference.
Robust statistics are performed to multi-period time series stack. The subsection robust average
and low frequency relative phase spectrum are employed to extract the time/frequency domain IP
parameters. This data processing method is applied to the three-dimensional full-waveform IP
data acquired by a domestic distributed electrical system and compared with the common
processing methods such as linear fitting and mean stacking. Results show that the new method
can effectively identify and suppress the strong noise interference in IP data, improve the quality
of IP data when the current electrode space is large and the frequency is low, and further promote
the application of the IP method in exploration of mineral resources in the deep subsurface.

Keywords Full-waveform induced polarization; Electromagnetic noise interference; Anti-interference

processing; Multr-parameter extraction
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Fig.1 Correlation analysis for removing sudden strong noise
On the left, from top to bottom: Current waveforms, voltage waveforms with sudden strong interference, segmented correlation of
current and voltage (black line is the threshold, and data segment with the correlation coefficient lower than the threshold will be
removed) , and the voltage waveform after removing the low-correlation data segment. On the right, from top to bottom: Current
waveforms, voltage waveforms without sudden strong interference, segmented correlation, and the voltage data after eliminating

low-correlation data segment.
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Fig. 2 The separations of pure IP signal and trend drift using EMD method for survey points No. 1~No. 4
(a), (b)and (¢) are the original IP signal, pure IP signal and trend drift respectively for the No. 1;

the following subfigures from top to bottom are the separated results of No. 2, No. 3 and No. 4.
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(a)
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; (b) No. 1 5
3 (d) No. 2

Fig. 3 Comparison of apparent resistivity and phase before and after processing of No. 1

(without trend interference) and No. 2 (with trend term interference)

(a) Apparent resistivity before and after detrending of No. 1; (b) Apparent phase before and after detrending of No. 1;

(¢) Apparent resistivity before and after detrending of No. 2; (d) Apparent phase before and after detrending of No. 2.
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(a)

S5a

; (b)
Fig. 4 Comparison of mean stack and robust stack
(a) Repeated observations for various sampling sites; (b) Mean stack and robust stack results

of repeated observations for one sampling site containing outliers.

(a) ; (b) ;5 (o)
Fig. 5 Time series stacking of multi-period full-waveform IP data

(a) Original multi-period full-waveform IP data; (b) IP data from mean stack; (c¢) IP data from robust stack.
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Fig. 6 Polarizability extraction from IP second potential data using robust stacking of various delayed time windows

(a) Original TP second potential data and robust stacking results (time windows are distributed

on a logarithmic interval represented by different colors); (b) Polarizability of various delay time.
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(a) ; (b) ; (o) 3 (D)
3 (e) 3 (D
Fig. 7 Phase and relative phase of two survey points with strong and weak EM coupling, respectively
(a) Current of survey point with strong coupling; (b) Current of survey point with weak coupling; (c) Potential difference
waveforms of survey point with strong coupling; (d) Potential difference waveforms of survey point with weak coupling; (e) Phase

and relative phase of survey point with strong coupling; () Phase and relative phase of survey point with weak coupling.
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Fig. 8 Apparent resistivity and phase at various frequencies for a survey line (phase value is negative)

From top to bottom, frequency is 0. 0039 Hz, 0.0078 Hz, 0.0156 Hz, 0.0313 Hz, 0.0625 Hz, respectively.
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9 ( )
AB 3900 m,3600 m,3300 m,3000 m,2700 m.
Fig. 9 Apparent resistivity and phase of various electrode space AB for a survey line (phase value is negative)

From top to bottom, electrode spacing AB is 3900 m, 3600 m, 3300 m, 3000 m, 2700 m respectively.
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10 ( ).
Fig. 10  Apparent resistivity and phase pseudo planes of various scanning survey lines after anti-interference processing

(Black dot is measurement site)

11

Fig. 11 Apparent resistivity and phase pseudo sections of various sounding survey lines after anti-interference processing
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