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Abstract: In mineral exploration, the apparent resistivity and apparent frequency (or apparent polarizability) parameters of induced
polarization method are commonly utilized to describe the induced polarization anomaly. When the target geology structure is
significantly complicated, these parameters would fail to reflect the nature of the anomaly source, and wrong conclusions may be
obtained. A wavelet approach and a metal factor method were used to comprehensively interpret the induced polarization anomaly of
complex geologic bodies in the Adi Bladia mine. Db5 wavelet basis was used to conduct two-scale decomposition and reconstruction,
which effectively suppress the noise interference of greenschist facies regional metamorphism and magma intrusion, making energy
concentrated and boundary problem unobservable. On the basis of that, the ore-induced anomaly was effectively extracted by the
metal factor method.
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1 Introduction

The induced polarization method (including
frequency domain and time domain induced polarization
method) is a conventional geophysical methods, and
widely used in the exploration for mineral resources
[1-3]. Due to the non-ore induced polarization anomaly
caused by carbonaceous rocks, regional metamorphism,
cleavage zone and other complex geological structure,
the induced polarization anomaly becomes more
complex. The use of apparent resistivity and apparent
polarizability (or apparent frequency) parameters is
difficult to effectively represent the anomaly source. So,
how to suppress non-mineral anomalies and to
distinguish them from mineral anomalies becomes an
important problem for the induced polarization during
the exploration of mineral resources. As to induced
polarization method, the geophysicist has proposed and
developed a variety of approaches. KHESIN et al [4]
proposed the rapid interpretation method, which resolved

terrain correction, qualitative and semi-quantitative
interpretation of polarizability anomalies through
approximate procedures. SAEIN et al [5] put forward the
concentration—volume fractal method to separate high
and moderate sulfide zones from low sulfide zone and
barren wall rocks in the deposit based on the induced
polarization and resistivity. LI et al [6] proposed the
concept and applied program of the morphological
interpretation of induced polarization anomalies based on
the study of morphological characteristics of induced
polarization anomalies from a lot of data tested in field.
WENG et al [7] used the normalized total gradient
method to explain induced polarization with the purpose
of obtaining space information on anomaly sources.
However, these methods are limited on the premise of no
greater interference, and the processed results of methods
above can hardly achieve the desired results as to
induced polarization anomaly of complex geologic
bodies.

The research of integrated interpretation of
dual frequency induced polarization is carried out in this
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work. Firstly, taking advantage of wavelet multi-
resolution and Mallat fast algorithm, the induced
polarization data are processed by selecting the
appropriate wavelet base and decomposition scale, then
decomposition and reconstruction of original induced
polarization are proceeded, by which the complex
geological noise interference is effectively suppressed.
On the basis of that, the metal factor method is used to
extract ore-induced information and distinguish it from
other anomalies by weighting the polarization data after
processing with apparent conductivity. The results show
that the integrated interpretation method of the wavelet
analysis and metal factor is an effective process method,
which has a good guidance meaning in the application of
geophysics with the complex geological structure.

2 Theory and methods

2.1 Dual frequency induced polarization

The induced polarization method is one of the
geophysical exploration methods which take the
electrochemical properties of rocks and minerals as the
physical premise. Dual frequency induced polarization
method is an innovative frequency domain induced
polarization technology invented by HE [8,9]. The basic
idea of the dual frequency induced polarization method
is to superimpose two frequency square wave currents to
form dual frequency combinations of current (low and
high frequency) into the ground at the same time, to
accept the potential difference information of the induced
polarization total field from the ground floor consisting
of two main frequency induced polarizations.

After a series of steps, such as the amplification of
the inner instruments, the frequency selection and the
detector, a low-frequency potential difference and
high-frequency potential difference can be obtained at
the same time [10,11]. The apparent resistivity can be
calculated by

AV — AV,
p,=K=G"=D (1)
1
and the apparent frequency is defined as
AV — AV,
F,=—2 _—"6x100% (2)
AV

where AV is the high-frequency potential difference;
AV is the low-frequency potential difference; [ is
supply current.

2.2 Wavelet analysis
2.2.1 Mallat fast algorithm

The wavelet transform which has the characteristic
of multi-resolution is the time-scale (or time—frequency)
analysis method of a signal, and it has the ability to

characterize the local features of the signal in the two
domains of time and frequency. So, it is a
time—frequency localization analysis method with fixed
window size but changeable shape and time—frequency
window [12].

When Vf(t)e L*(R), continuous wavelet transform
of f(¢) (sometimes refer to the integral wavelet transform)
is as follows:

WT,(a.b)=|a] " [" f0) y/*(%)dt, az0 (3

where a is the scale factor; b is the translation factor.
Inverse transformation (recovery signal, or the
reconstruction of the signal) is written as follows:

o o d
ro=c,[" " wa,b(t)WTf(a,b)dbﬁ (4)

In practical work, in order to use the Mallat pyramid
fast algorithm, we use discrete wavelet transform mostly
in the form of orthogonal wavelet transform, which
requires the selected wavelet to be orthogonal wavelet.
Selecting orthogonal wavelet to conduct discrete
transform can avoid the redundancy of continuous
wavelet transform. So, we can greatly reduce the amount
of calculation without losing the original signal.

Any function f{x) € Ly(R) can be perfectly
reconstructed according to the resolution 27 of the
low-frequency section (approximate part) and the
resolution 27(1</<N) of the high-frequency section
(detail section). Multi-scale analysis is only on further
decomposition of the low frequency part regardless of
the high frequency part [13]. The specific decomposition
relation is

f(x)zAn+Dn+Dn—l+.”+D2+Dl (5)

where f(x) is data signal; A4 is the approximate
low-frequency part; D is the high-frequency details
section; # is the decomposition scale.

2.2.2 Selection of wavelet base and scale

With the development of wavelet theory, various
wavelet bases are developed to meet the need of different
industries. In general, each kind of wavelet base has
different forms and functions, and all meeting the
wavelet conditions can be used as wavelet base function.
Some famous wavelet bases have Daubechies, Symlets,
Coiflets, Morlet and Meyer etc [14,15]. In practice, the
selection of wavelet base usually follows three principles
[16]:

1) The self-similarity principle. For binary wavelet
transform, the choice of wavelet base should have certain
similarity with signal, the energy relatively concentrated
after transforming, which can effectively reduce the
computation cost.

2) The discriminant function. The discriminant
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functions can be developed by extracting main technical
indicators for particular problems. The substitution of
wavelet functions into discriminant functions leads to an
optimal function.

3) The support length. Generally, the choice of the
support wavelet length is 5-9. If the support length is too
long, it will cause the boundary problem; otherwise, the
signal energy would not concentrate.

Different wavelets may get different results.
Therefore, it is important to choose the wavelet base type
to suit the induced polarization data. In practice, for
specific data, it is difficult to find the corresponding
mode, therefore wavelet analysis of the real data is
required with a repeated comparison to the actual
geological condition to choose wavelet base [17]. Based
on the wavelet base selection principle, according to the
different wavelet base processing analyses, Daubechies
wavelet base (db) is chosen for induced polarization data,
which indicates better applicability. Through the
selection of different order number and scale for db
wavelet, db5 wavelet basis is used to conduct two-scale
analysis, which can better reflect the actual induced
polarization anomaly with abilities of suppression of
noise interference effect, energy concentration and
unobservable boundary problem (Figs. 1 and 2).
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Fig. 1 db5 wavelet two-scale decomposition and reconstruc-
tion for pg: (a) Original data; (b) High-frequency data (the first
scale); (c¢) High-frequency data (the second scale); (d) Low-
frequency data (the second scale)
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Fig. 2 db5 wavelet two-scale decomposition and reconstruc-
tion for Fi: (a) Original data; (b) High frequency data (the first
scale); (c) High frequency data (the second scale); (d) Low-
frequency data (the second scale)
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2.3 Metal factor

In practice, people often directly use apparent
resistivity and apparent frequency to explain the induced
polarization anomalies. When the induced polarization
anomaly is relatively complicated, it would be difficult to
use these parameters to reasonably explain the nature of
the anomaly source, also leading to wrong results [18].
The metal factor, secondary information of induced
polarization method, can distinguish target anomaly and
plays a good role in quantitative and qualitative
explanation of anomaly [19]. The metal factor of dual
frequency is as follows:

- F
MF _ Psd ~ PsG N Fs O (6)
PsD * PsG PsG

where p,; is the high-frequency apparent resistivity;
pp 1s the low-frequency apparent resistivity. Actually
it weights apparent conductivity to the apparent
frequency, which plays a role in highlighting good
conductor anomaly and suppressing non-good conductor.

3 Application and analysis

The study area locates in the Shire region of
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Ethiopia, which lies in a transition area between the
northeast edge of western Gondwanaland and
Mozambique ocean in the aspect of geological structure
and is an important part of late Proterozoic arc
hyperplasia belt of the Arabian-Nubian Shield [20—22].
The main exposed stratum is the late Proterozoic
north-eastern trend metavolcanic rocks. It mainly
consists of medium acidic volcanic and locally basic
volcanic. Erupting face and flowing face are the main
lithofacies of metavolcanic. Metavolcanic is
ore-bearing wall rock, VMS (volcanogenic massive
sulfide) type ore body is mainly distributed in the
conversion interface of the mid-basic—mid-acid lithology,
and close to the Mid-acid volcanic rock. The ore bodies
occur in bedded, stratoid and veined forms and are stable
along strike and direction of dip. The pyritization has
two types: one is primary massive sulfide mineralized
belt, which is copper polymetallic mineralization belt;
the other is formed by regional metamorphism and
deformation, and appears in the subvolcanic, volcanic
and pyroclastic rock, which is an interferential factor for
induced polarization measurement because it does not
form ore body.

Due to the influence that the volcanic rock has been
suffered from greenschist facies regional metamorphism,

main
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tectonic deformation, magma intrusion, etc, the
geological mineralization becomes more complex.
Especially for the widespread pyritization of the
metavolcanics acted by regional metamorphism, the
induced polarization anomaly becomes more complex
too. The Adi Bladia mine of research area has been
carried out the induced polarization survey on grid of
100 mx20 m, with pole distance of power supply and
reception of 1600 m and 40 m, respectively. Frequency
of survey is 4/13 Hz. For integrated interpretation of
induced polarization anomaly, the induced polarization
data of the Adi Bladia are processed based on wavelet
analysis and metal factor method.

The contours of original apparent resistivity and
apparent frequency are shown in Figs. 3 and 4. The
figures suggest that the curves of apparent resistivity and
the apparent frequency are cluttered and local contour
jumps significantly because of the interference of
regional pyritization and local intrusive vein. It is
difficult to explain anomaly shape and space distribution
only from the original contours.

Figures 5 and 6 show the processed contours of
apparent resistivity and apparent frequency by the
wavelet multi-resolution method. Compared with
the original contours, it can be seen that the processed
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contours have suppressed local interference and
heterogeneity of surface physical properties. The
contours of apparent resistivity and apparent frequency
are effectively smooth; the fidelity is effectively obtained,
and anomaly shape and space distribution are clear.

The metal factor is produced by the induced
polarization data based on wavelet processing, and its
contour is shown in Fig. 7. It can be clearly identified
that there are five high metal factor anomalies from the
figure, which are M, M,, M;, M, and Ms, respectively,

and the anomaly range and degree of M, are the most
obvious. The position of the metal factor anomaly is
consistent with the one reflected by low resistivity and
high apparent frequency. All of the metal factor
anomalies are located in the sulfide zones of felsic
metamorphic volcaniclastic strata, with the favourable
geological conditions for Cu-polymetallic mineralization.
The M, anomaly reflects massive sulphide ore bed.
Others reflect disseminated sulfide ore bodies. Compared
to the unprocessed contour, the metal factor method can
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Fig. 5 Contour of apparent resistivity after processing by wavelet
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effectively separate the superimposed anomalies. The
interpretation of the results is more intuitive and reliable.

In short, through wavelet analysis and metal factor
method, the interference of regional pyritization and
local intrusive vein is effectively suppressed, the target
anomalies are effectively extracted too, which provides a
favorable basis and foundation for the mineralized
localization and the metallogenic prediction. This
method is an effective process method, which can be
extended to other geophysical problems. However, we
must pay attention to the fact that there may be different
geological conditions and distractive information, the
choice of the wavelet basis and wavelet scale may be
different. We should make the right choice related to the
concrete data information.

4 Conclusions

1) Wavelet analysis method can effectively suppress
local interference and heterogeneity of surface physical
properties, making apparent resistivity and apparent
frequency curve effectively smooth; the fidelity is
effectively obtained, and anomaly shape and space
distribution are clear.

2) Metal factor method can effectively separate the
anomaly of superposition and distinguish the target
anomaly from the complicated induced polarization data.
As a result, the interpretation is more intuitive and
reliable.

3) Based on the conventional induced polarization
method, through integrated interpretation of the wavelet
method and metal factor method, the pressing of
interference anomaly, extracting effective anomaly and
distinguishing target anomaly are effectively solved. This
method can be well extended to other geophysical
exploration under complex geological situation.

References

[1] ZADOROZHNAYA V Y, HAUGER M. Mathematical modeling of
membrane polarization occurring in rocks due to applied electrical
field [J]. Izvestiya Physics of the Solid Earth, 2009, 45(12):
1038-1054.

[2]  LIU Liang-ming, PENG Sheng-lin. Prediction of hidden ore bodies
by synthesis of geological, geophysical and geochemical information
based on dynamic model in Fenghuangshan ore field, Tongling
District, China [J]. Journal of Geochemical Exploration, 2004,
81(1-3): 81-98.

[3] CORRY C E. Investigation of ferroelectric effects in two sulfide
deposits [J]. Journal of Applied Geophysics, 1994, 32(1): 55-72.

[4] KHESIN B, ALEXEYEV V, EPPELBAUM L. Rapid methods for
interpretation of induced polarization anomalies [J]. Journal of
Applied Geophysics, 1997, 37(2): 117—-130.

[S] SAEINL D, RASA I, OMRAN N R, MOAREFVAND P, AFZAL P.
Application of concentration-volume fractal method in induced
polarization and resistivity data interpretation for Cu—Mo porphyry
deposits exploration, case study: Nowchun Cu—Mo deposit, SE Iran

(6]

(71

(8]

]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Shi-li HAN, et al/Trans. Nonferrous Met. Soc. China 23(2013) 1465—-1471

[J]. Nonlinear Processes in Geophysics, 2012, 19(4): 431-438.

LI Shu-wen, HAO Xu, JIN Kan-kun, LIU Fu-chang, LIU Cheng-kao.
Morphological interpretation of induced polarization anomalies and
its application [J]. Geology and Prospecting, 2000, 26(1): 48—50. (in
Chinese)

WENG Ai-hua, DONG Rui-chun. The application of the normalized
total gradient technique to the interpretation of IP data [J].
Geophysical & Geochemical Exploration, 2005, 29(5): 435—-437. (in
Chinese)

HE Ji-shan. The double frequency induced polarization method [M].
Beijing: Higher Education Press, 2006: 71—72. (in Chinese)

HE Ji-shan. Dual-frequency IP [J]. Transactions of Nonferrons
Metals Society of China, 1993, 3(4): 1-10. (in Chinese)

LIU Jian-xin, HE Ji-shan, BAI Yi-cheng. A efficiency method on
distingushi non-mine form mine: The theory and application of
pseudo-random multi-frequencies phase method [J].
Geology, 2011, 28(9): 41-46. (in Chinese)

HE Ji-shan. Frequency domain electrical methods employing special
wave form field sources [C]/SEG 67th Annual Meeting. Dallas:
Society of Exploration Geophysicists, 1997: 2011-2012.

XIAO Jie, ZHANG lJin. Analysis and application of automatic

deformation monitoring data for buildings and structres of mining

Chinese

area [J]. Transactions of Nonferrous Metals Society of China, 2011,
21(s3): s516—s522.

ZHANG Li-jun, ZHU Xu-bei, ZHANG Zhao, ZHANG Jian-qing.
Electrochemical noise characteristics in corrosion process of AZ91D
magnesium alloy in neutral chloride solution [J]. Transactions of
Nonferrous Metals Society of China, 2009, 19(2): 496—503.
DAUBECHIES 1. Ten lectures on wavelets [M]. Philadelphia:
Society for Industrial and Applied Mathematics, 1992: 5-10.

CHEN An-na, CAO Fa-he, LIU Wen-juan, ZHENG Li-yun, ZHANG
Zhao, ZHANG lJian-qing, CAO Chu-nan. Shot noise analysis on
corrosion behavior of zinc alloy (ZnAl,Cu)) under dry-wet cycles [J].
Transactions of Nonferrous Metals Society of China, 2012, 22(1):
228-240.

DONG Chang-hong. Matlab principle and application of wavelet
analysis toolbox [M]. Beijing: National Defense Industry Press, 2004:
10—-20. (in Chinese)

ZHAO Wei, QIU Long-wei, JIANG Zai-xing, CHEN Yan.
Application of wavelet analysis in high-resolution sequence unit
division [J]. Journal of China University of Petroleum, 2009, 33(2):
18-22. (in Chinese)

SHAO Jia-yuan, YAO Cheng-hua. The application of metallic
modulus in metal ore prospecting [J]. West-China Exploration
Engineering, 2004, 16(12): 97-99. (in Chinese)

MAJUMDAR R K. Simulation of surface percentage frequency
effect and metal factor contours over thin dykes using physical
modeling [J]. Geoexploration, 1985, 23(2): 183—192.

TADESSE T, HOSHINO M, SAWADA Y. Geochemistry of
low-grade metavolcanic rocks from the Pan-African of the Axum
area, northern Ethiopia [J]. Precambrian Research, 1999, 96(1-2):
101-124.

TADESSE T, HOSHINO M, SUZUKI K, LIZUMI S. Sm—Nd,
Rb—Sr and Th—U—Pb zircon ages of syn- and post-tectonic granitoids
from the Axum area of northern Ethiopia [J]. Journal of African
Earth Scineces, 2000, 30(2): 313-327.

WOLDEMICHAEL B W, KIMURA J I, DUNKLEY D J, TANI K,
OHIRA H. Shrimp U—Pb zircon geochronology and Sr—Nd isotopic
systematic of the neoproterozoic ghimbi-nedjo mafic to intermediate
intrusions of western ethiopia: A record of passive margin
magmatism at 855 Ma? [J]. International Journal of Earth Sciences,
2010, 99(8): 1773-1790.



Shi-li HAN, et al/Trans. Nonferrous Met. Soc. China 23(2013) 1465—-1471

EF/IE R e E TIN5 S s
sl 7, RAAR 2, Apddr 2, A Ear P, sk

1. K% GO8)ER HNEERE SR E, K 410083;
2. W KA HERRLE S5 E R, K 410083;
3. AL PERHE AT, Jbat 100012

B F. A, AT LR AR S ECR RSO E R H  SHARRI R W BO 2R, A
FHIX L2 Bl e IO 57 5 R A PR TTEAT & BEARRE , 3 T REHEIRT HH A IR G518 . SR/ BAL BRI AN Y i 4 B i
R BTt A B DR 2 TR AR R, 2 dbS AN A B AT R MR A, M T 4%
Pt A AL ROAE AR N (5 T30, HILRER AR, R R B A W] AR EERR LA P <6 DR 1A
VO G ER T 7 o

R XL DT BRI BIRA—55 OIS s Ol SSRGS IR

(Edited by Sai-gian YUAN)

1471



