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volcanic rocks of the Qikou depression, Dagang oilfield, eastern
China

G. Chen1,2, Q. Cheng1,2,3, T. Liu 4, and Y. Yang4

1State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences,
Wuhan, 430074, China
2Faculty of Earth Resources, China University of Geosciences, Wuhan, 430074, China
3Department of Earth and Space Science, Department of Geography, York University, Toronto, M3JIP3, Canada
4Institute of Geophysics and Geomatics, China University of Geosciences, Wuhan, 430074, China

Correspondence to:G. Chen (chengxhg@163.com) and Q. Cheng (qiuming@yorku.ca)

Received: 17 January 2013 – Revised: 19 May 2013 – Accepted: 23 May 2013 – Published: 12 July 2013

Abstract. The spatial structural characteristics of geologi-
cal anomaly, including singularity and self-similarity, can be
analysed using fractal or multifractal modelling. Here we ap-
ply the multifractal methods to potential fields to demon-
strate that singularities can characterise geological bodies,
including rock density and magnetic susceptibility. In addi-
tion to enhancing weak gravity and magnetic anomalies with
respect to either strong or weak background levels, the local
singularity index (α ≈ 2) can be used to delineate the edges
of geological bodies. Two models were established to eval-
uate the effectiveness of mapping singularities for extracting
weak anomalies and delineating edges of buried geological
bodies. The Qikou depression of the Dagang oilfield in east-
ern China has been chosen as a study area for demonstrating
the extraction of weak anomalies of volcanic rocks, using
the singularity mapping technique to analyse complex mag-
netic anomalies caused by complex geological background.
The results have shown that the singularities of magnetic
data mapped in the paper are associated with buried volcanic
rocks, which have been verified by both drilling and seismic
survey, and the S–N and E–W faults in the region. The tar-
gets delineated for deeply seated faults and volcanic rocks in
the Qikou depression should be further investigated for the
potential application in undiscovered oil and gas reservoirs
exploration.

1 Introduction

Since the beginning of the 20th century, volcanic reservoirs
have been found globally in large numbers; prominent exam-
ples include the Dineh-bi-Keyah syenite reservoirs in Ari-
zona in the United States, the Samgori tuff reservoirs in
Georgia, and the Mulradkhanly andesite and basalt reservoirs
in Azerbaijan (Zhang and Wu, 1994). Consequently, oil and
gas exploration companies have begun to pay more atten-
tion to volcanic reservoirs worldwide. In general, volcanic
rocks exhibit higher magnetic susceptibility than sedimen-
tary rocks and this can result in apparent magnetic anomalies
when there is shallow burial. Therefore, the spatial distribu-
tion of volcanic rocks can be delineated according to mag-
netic anomaly maps (Mickus and Durrani, 1996; Wu et al.,
2010; Xu et al., 2011; Yang et al., 2012). However, the vol-
canic reservoirs of China are typically buried more deeply
than those elsewhere in the world (Yang et al., 2006) and,
consequently, produce very weak magnetic anomalies. For
example, the Zhangjuhe volcanic reservoir in the Qikou de-
pression in eastern China has a burial depth of 3100 m and
is less than 10 m thick. Thus, the identification of weak geo-
physical anomalies requires the adoption of more sensitive
techniques, especially in regions with high magnetic back-
ground levels.

In recent decades, nonlinear science has been revitalised
owing to the invention of the fractal and multifractal concepts
(Mandelbrot, 1967, 1972; Benzi et al., 1984). According to
nonlinear theory, the phenomenon in which an anomalous
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502 G. Chen et al.: Singularity analysis of magnetic data

amount of energy (material) is released (accumulated) within
a narrow spatial-temporal interval can result in a singular-
ity (Cheng, 2006). Singularities form the basis of a variety
of nonlinear and complex geological processes caused by
unusual geological events and can be expressed as fractal
or multifractal distributions. The local singularity index was
used initially to quantify spatial singularities. Cheng (1997)
first proposed an equation to define the value of the local sin-
gularity index and subsequently published a series of papers
describing the application of singularity theory to the predic-
tion of tin and copper mineral deposits in the Gejiu district,
Yunnan province, China (Cheng, 2007, 2010, 2006). Re-
cently, Cheng (2012) confirmed systematically that the sin-
gularity mapping technique is effective for use in the recog-
nition of weak anomalies caused by buried minerals. Many
scholars have further expanded the application of the sin-
gularity mapping technique (Chen et al., 2007; Wang et al.,
2013; Wang et al., 2012; Xie et al., 2007; Zuo et al., 2009).

The concept of fractals has also been applied success-
fully in geophysical field studies, including earthquakes
(Hirabayashi et al., 1992; Dimitriu et al., 2000; Hirata and
Imoto, 1991; Godano et al., 1996; Turcotte, 1992), rain and
clouds (Schertzer and Lovejoy, 1987), crustal magnetization
and rock density (Lovejoy et al., 2008, 2001). Additionally,
Mostafa (2008, 2009) studied the characteristics of gravity
and magnetic anomalies produced by self-similar fractal for-
ward models. Cheng (2001) considered that geo-anomalies
including geochemical and geophysical data exhibit proper-
ties of spatial or statistical self-similarity. Related research
has resulted in major breakthroughs in the application of
multifractal analysis and singularity theory to mineral iden-
tification (Cheng and Zhao, 2011), extraction of geochemi-
cal anomalies (Agterberg, 2012; Zuo et al., 2013; Zuo and
Cheng, 2008), and processing of remote sensing data (Cheng
and Li, 2002). However, insufficient research has been con-
ducted regarding the application of singularity theory in the
geophysical domain (Wang et al., 2013), particularly with re-
gard to the properties of the local singularity index for the
potential field data (gravity and magnetic anomalies). Here,
we aim to introduce a method for mapping local singular-
ities, based on the multifractal method and potential field
theory, into the domain of gravity and magnetic exploration,
and discuss the properties of singularities. We then apply our
method to a case study from the Qikou depression district,
eastern China, to verify the effectiveness of our method of
delineating the distribution of volcanic rocks.

2 Methods

2.1 Multifractal modelling and singularity analysis
in geosciences

The singularity phenomenon occurs commonly in the natu-
ral sciences, such as in relation to volcanic eruptions, earth-

quakes, landslides, and mineralization (Cheng, 2006). Sin-
gularity is a generic property of nonlinear natural processes
that often generates end products depicting fractality or mul-
tifractality (Cheng, 2012; Cheng and Agterberg, 2009). Zhao
(1988) considers geo-anomalies related to mineral sources
to be a result of nonlinear dynamical processes. Similarly,
the low- or high-density and susceptibility mass can lead
to singularities of gravity and magnetic anomalies. Strictly
speaking, traditional Fourier transform and wavelet analy-
sis are unsuitable for processing singularity data because
of their nonlinear and nonstationary properties (Chen et al.,
2011, 2007). The latest research into nonlinear and complex-
ity theories suggest that singularities are typically scale in-
variant, following fractal or multifractal distributions, and
the values of singularity can be estimated for every location
of geo-anomalies and used as a quantity for characterizing
the anomalies caused by buried sources (Cheng, 2006, 2012;
Cheng and Zhao, 2011).

From a fractal or multifractal point of view, a measure
is denoted asµ(BQ(ε)) with the sizeε located atQ, the
object’s fractal properties can be characterised by studying
how µ(BQ(ε)) varies with decreasingε. µ(BQ(ε)) follows
a power-law relationship withε: µ

(
BQ(ε)

)
∝ εα(Q), where

α(Q) is known as the coarse Hölder exponent, also termed
the local singularity index in this paper. Cheng (1997) pro-
posed the following ratio of the logarithmic transformation
of µ andε to estimate the value of the singularity index.

αQ = log(µ(ε1)/µ(ε2))/ log(ε1/ε2) , (1)

whereµ(ε1) andµ(ε2) are measures corresponding toε1 and
ε2, respectively.

2.2 Singularity analysis of potential field data

A power-law relationship is evident in the potential field,
such that the intensity of gravity or magnetic anomaly under-
goes a characteristic decay with distance. A reduced function
that presents this relationship can be expressed as follows:

f (x,y,z) =
F

rN
, (2)

wherer =

√
(x2 + y2 + z2) is the distance from the obser-

vation to the geological body andF is an amplitude factor.
N is referred to as the structure index by Thompson (1982),
and is associated with the nature of the source geometry. The
value ofN is independent of scaler. For a magnetic sphere,
N = 3; conversely,N = 2 for a magnetic horizontal cylinder
and 0≤ N ≤ 3 for other types of geological bodies. Equation
(2) indicates that the potential field exhibits 3-D spatial self-
similarity; therefore, the 2-D gravity and magnetic anomalies
observed at height (h) above the horizontal plane will also
exhibit self-similarity in the area surrounding the geological
body. Thus, it is possible to obtain the singularity distribution
of gravity or magnetic anomaly by applying the 2-D local
singularity index estimation method (Cheng, 2006).
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For a 2-D gravity or magnetic anomaly, a small boxBQ(ε)

with size ε centred atQ(x,y) is assumed, and the total
amount of the potential field data in this area is denoted by
µ(BQ(ε)). From a generalised multifractal point of view, the
singularity phenomenon can be described as the following
power-law relationship:

µ(BQ(ε)) = cεα(x,y), (3)

where the exponentα(x,y) is the local singularity index,c is
a constant, and the concentrationρ(BQ(ε)) of the potential
field data can be expressed as follows:

ρ(BQ(ε)) =
µ(BQ(ε))

ε2
= cεα(x,y)−2. (4)

After logarithmic transformation, Eq. (4) can be written as

log
(
ρ

(
BQ (ε)

))
= (α(x,y) − 2) log(ε) + log(c) . (5)

Equation (5) indicates a linear relationship between
log(ρ(ε)) and log(ε), and the slope of this linear relation-
ship can be calculated through least-squares fitting.

We applied a window-based method to estimate the lo-
cal singularity from gravity or magnetic anomaly data; this
method can be summarised as follows. (1) Given a sam-
pling point on the map, define a set of windows (square, cir-
cular, rectangular, or elliptical) with variable window sizes
εmin = ε1 < ε2 < .. . < εn = εmax. (2) Ensure that the grav-
ity or magnetic data are greater than zero and calculate the
concentrationρ of the potential field for each window. (3)
According to Eq. (5), the(α −2) value of the sampling point
can be calculated based on the slope of the straight line us-
ing the least-squares method. (4) Similar treatment with a
sliding window for all locations on the map allows the cre-
ation of a singularity distribution map. Additionally, different
ranges of[εmin, εmax] may be used to ensure distinct power
law functions, and these may yield singularities at different
scales (Cheng, 2006). For example, a small-scale singular-
ity may reflect local anomalies associated with mineraliza-
tion, whereas a large-scale singularity may represent regional
background variability.

Figure 1a and b illustrate the positive gravity anomaly of
a high-density contrast (1σ = 0.6 gcm−3) sphere and nega-
tive anomaly of a low-density contrast (1σ = −0.6 gcm−3)
sphere, respectively. We used the window-based method de-
scribed above to estimate the local singularity index of the
gravity anomalies produced by each sphere. Two log–log
(base 10) plots (Fig. 1c and d) illustrate the relationship be-
tween the concentration valuesρ of gravity anomalies and
the box sizeε, for the high- and low-density spheres, re-
spectively; these spheres have singularity index values of
α1 = 1.9616 andα2 = 2.04, respectively.

2.3 Properties of singularity indexα

In general, the local singularity index can be divided into
three cases: ifα < 2,ρ is a decreasing function ofε (Fig. 1c),

which implies positive singularity over a small area cen-
tred around the given location; ifα > 2, ρ is an increas-
ing function of ε (Fig. 1d), which implies negative singu-
larity; ρ is a constant only ifα = 2, regardless ofε. For
2-D gravity anomalies or RTP (reduction to the pole) mag-
netic anomalies, the furtherα value deviates from the Eu-
clidean space with dimensionE = 2, the stronger the sin-
gularity. As is shown in Fig. 1, “singular” locations where
α < 2 generally indicate abnormal high-density or suscepti-
bility mass; those whereα > 2 indicate low-density or sus-
ceptibility mass; and those whereα = 2 generally indicate
the regional background field. The local singularity index can
be used instead of the potential field value to characterise
gravity and magnetic anomalies near the earth’s surface.

Additionally, Cheng (2008, 2012) suggested that the
power-law relationship defined by Eq. (3) could be expressed
as

α =
dµ(ε)

dε

ε

µ(ε)
, (6)

where the singularity transformation involves the derivative
of the measureµ. In fact, the value of singularity indexα
measures the change rate ofµ with increasingε, and it is sim-
ilar to the horizontal and vertical directional derivative of the
potential field. Therefore, according to the physical mean-
ing of the derivative, the singularity index acts as a high-pass
filter transformation ofµ and can solve two main issues as
follows. First, it can characterise the differences between lo-
cal anomalies and regional field, and remove the effects of a
strong background field to enhance weak gravity and mag-
netic anomalies. In such cases, the gradient of local field re-
mains large, while the regional field is close to zero. Second,
the index can delineate edges of geological bodies which
generally correspond to the gradient of potential field. The
total amountµ(ε) of potential field data with differentε re-
main almost constant at an inflection point on the gradient of
an anomaly when we apply window-based method, because
the increases and decreases of potential field offset each other
around the inflection point, therefore, the value of singularity
index close to two.

3 Synthetic examples

3.1 Recognition of weak magnetic anomaly

We applied our method to recognise weak magnetic anoma-
lies in complex geologic settings. The theoretical models em-
ployed include two types of source: the regional field was
generated by a quadratic trend surface (Fig. 2a) with 5 m
sampling interval, and the local anomalies were produced by
three spheres with different burial depths and radii (Fig. 2b).
Table 1 presents the forward model parameters. The patterns
in Figs. 2c and 4b show that the magnetic anomalies caused
by spheres become very weak after superposition of the local
anomalies on the background field.

www.nonlin-processes-geophys.net/20/501/2013/ Nonlin. Processes Geophys., 20, 501–511, 2013



504 G. Chen et al.: Singularity analysis of magnetic data

Fig. 1.The upper plots illustrate local singularity calculation of forward gravity anomalies produced by(a) high- and(b) low-density spheres.
The log–log plots illustrate the relationship between the concentration valuesρ(ε) and the box sizeε, centred at the(c) high- and(d) low-
density spheres.

Fig. 2.Application of singularity mapping technique in theoretical magnetic anomalies:(a) a regional magnetic field generated by a quadratic
trend surface;(b) local magnetic anomalies produced bythree spheres with different burial depths and radii;(c) synthetic magnetic anomalies
which are the superposition of the local anomalies on the regional field; and(d) estimated singularityα value derived using the window-based
method.

Nonlin. Processes Geophys., 20, 501–511, 2013 www.nonlin-processes-geophys.net/20/501/2013/



G. Chen et al.: Singularity analysis of magnetic data 505

The window-based method, which employs a variable
window size[εmin,εmax] = [10m,80m] and sliding interval
of 10 m, was used to estimate the local singularity from
the theoretical magnetic anomaly data. The log–log plots in
Fig. 3a and b illustrate the relationship betweenρ(ε) andε

in the local anomaly area (the sphere centre) and regional
field area (x = 900 m, y = 900 m), respectively. Figure 2d il-
lustrates the distribution ofα value; it is clear thatα ≈ 2 for
the regional field area, whileα < 2 in the region surrounding
the three spheres (Figs. 2d and 4c), whose positive singu-
larities indicate abnormal high-susceptibility mass. Thus, we
have confirmed that our singularity mapping technique can
extract these weak anomalies from the strong background ef-
fectively, especially for the spheres that are buried at greater
depths (spheres 2 and 3; Table 1). Furthermore, the locations
of maximum singularity identified the centres of the three
spheres correctly (seen in Fig. 4c–d).

3.2 Delineation of magnetic source

We used a complexity model (illustrated in Fig. 5) to
ascertain which geological information can be provided
by the singularity index. Figure 5a shows the theoreti-
cal magnetic anomalies produced by four rectangular mod-
els with 0.2 km sampling interval; Table 2 presents the
forward model parameters. We set a square window size
(εmin,εmax)=(0.2km,1km) with a 0.2 km sliding interval.
The areas whereα ≈ 2 reflect the edges of the four rect-
angular models very well, especially for those rectangles at
greater depths (1 and 4; Fig. 5b). Areas in whichα < 2 rep-
resent the locations of rectangular models. Based on these
data, we were inspired to use the singularity mapping tech-
nique not only to estimate the locations and edges of gravity
and magnetic source bodies, but also to delineate concealed
faults, sedimentary basins, and other geological targets.

4 Application of the singularity mapping technique to
potential field data

4.1 Geological setting

The Qikou main sag is located in the northern central part of
the Huanghua depression of the Bohai Bay basin in eastern
China (seen in Fig. 6) and is surrounded by the Saleitian up-
lift in the east, the Gangxian uplift in the west, the Beitang
sag in the north, and the Chengnin uplift in the south (Zhou et
al., 2012; Huang et al., 2012). The tectonic framework of this
area can be divided into four buried hills (Tanggu, Nanda-
gang, Beidagang, and Yangsanmu) and three sags (Qikou
main sag, Qibei sag, and Qinan sag). Two sets of faults cut
through the Qikou depression, including NW–SE trending
faults (the North Dagang, South Dagang, Zhangjuhe, and
Yangerzhuang faults) and nearly east–west trending faults
(the Yangbei, Koucun, and Huanghua faults). Cenozoic vol-
canic rocks, such as basalts, andesites, diabases, and volcanic

Table 1.Forward model parameters.

Model Magnetization Magnetic Radius Sphere centre
number inclination position (x,y,z)

(10−3Am−1) (m) (m)

Sphere 1 2000 90◦ 20 (260, 500, 100)
Sphere 2 2000 90◦ 40 (760, 500, 200)
Sphere 3 2500 90◦ 50 (1260, 500, 300)

Table 2.Theoretical model parameters.

Model Length× width Rectangle centre Magnetization
number × height position (x, y, z)

(km) (km) (10−3Am−1)

1 6× 2× 2 6, 14, 2 1000
2 1× 2× 1 15, 15, 1 1000
3 4× 1× 1 6, 6, 1 1000
4 2× 6× 2 14, 6, 2 1000

Fig. 3. (a)Log–log (base 10) plot showing the relationship between
the average concentration valuesρ(ε) and the box sizeε centred
at sphere 1 with coordinates (x = 260 m, y = 500 m) in Fig. 2c.(b)
Log–log (base 10) plot showing the relationship between the av-
erage concentration valuesρ(ε) and the box sizeε located in the
regional field area with coordinates of (x = 900 m, y = 900 m) in
Fig. 2c.

www.nonlin-processes-geophys.net/20/501/2013/ Nonlin. Processes Geophys., 20, 501–511, 2013



506 G. Chen et al.: Singularity analysis of magnetic data

Fig. 4. Illustration showing weakly magnetic anomaly extraction using the singularity mapping technique for the profile at y = 500 m in
Fig. 2c:(a) local magnetic anomaly;(b) total magnetic anomalies which are the superposition of the local anomalies on the regional field;
(c) estimated local singularityα value, and(d) model profile.

Fig. 5. Illustration showing magnetic source edge detection using the singularity mapping technique:(a) theoretical magnetic anomalies
produced by four rectangular models;(b) estimated local singularityα value. The black dotted lines indicate the boundaries of the four
rectangular bodies.

tuffs, occur extensively throughout the Qikou depression,
distributed primarily in the Shahejie, Dongying, and Guan-
tao formations; some rocks of the Minghuazhen Formation
and some Mesozoic strata also occur. To date, seven volcanic
reservoirs and two oilfields producing ten million tons of oil
per year have been identified in the Qikou depression (Lang,
2008).

4.2 Magnetic data and petrophysical properties

Most volcanic rocks exhibit stronger magnetism owing to
their higher ferromagnetic mineral contents. The suscepti-
bilities of volcanic rocks vary between 200× 10−5 SI and
4000×10−5 SI, while the susceptibilities of typical basin sed-
iments (mudstone and sandstone) vary between 0× 10−5 SI
and 83× 10−5 SI. Therefore, volcanic rocks usually produce
stronger magnetic anomalies than other rocks, allowing the
use of aeromagnetic data in delineation of their distribution.
However, drill hole data indicate that the volcanic rocks of
the Qikou depression are buried at depths ranging from 1 km
to 3.5 km (Yang et al., 2010).

The 1: 200000 aeromagnetic data were acquired at a flight
altitude of 90 m in the north–south orientation, and the dis-
tance of flight lines is 2 km with point spacing 60 m. The
data was gridded with 0.5 km grid spacing in both the north
and south directions. The regional magnetic inclination and
declination are 56.01◦ and−6.01◦, respectively. Figure 7 il-
lustrates the RTP aeromagnetic anomalies: no obvious rela-
tionship exists between these anomalies and volcanic rocks
owing to the burial depth of the rocks. Therefore, the identi-
fication of volcanic rocks in this area from RTP aeromagnetic
data becomes very difficult without extraction of anomalies.
Wu et al. (2010) extracted weak magnetic anomalies in this
area using the multiscale wavelet analysis method and found
that local magnetic anomalies correspond more closely to the
locations of wells that drilled through volcanic rocks (Fig. 8).
However, some wells were still located in areas of negative
anomalies, such as to the south of Qikou, to the southwest of
Tangjiahe at Beidagang buried hill, and so on.

Nonlin. Processes Geophys., 20, 501–511, 2013 www.nonlin-processes-geophys.net/20/501/2013/
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Fig. 6. Simplified geological map of the Qikou depression, eastern
China. The red square in the upper right corner of the map indicates
the regional location of our study area. Coloured circles represent
the locations of wells that drilled through different volcanic rocks
(modified from Yang et al., 2010).

4.3 Data processing results and interpretations

We used the local singularity mapping technique to process
the RTP aeromagnetic data for the Qikou depression. We
set a square window size (εmin,εmax)=(0.5km,4km) and a
sliding interval of 0.5 km. We found a good linear relation-
ship between log(ρ(ε)) and log(ε) at pointn (Figs. 7 and 9),
which indicates that the size of the square window is suit-
able. We created the singularity distribution map (Fig. 10) by
applying a similar method for sliding windows at all loca-
tions on the RTP aeromagnetic map. Most of the wells that
drilled through volcanic rocks were located in areas of posi-
tive singularity. Moreover, compared to the results presented
in Fig. 8, there are obvious positive singularities south of
Qikou and southwest of the Tangjiahe region. That is, the cor-
respondence between local singularities and volcanic rocks
is more obvious than the local anomalies extracted using the
multiscale wavelet analysis method (Fig. 8). In addition, few
wells are located within areas of negative singularity, likely
owing to the fact that the volcanic deposits are deeply buried

Fig. 7. The RTP magnetic anomalies of our study area; A–A′ is the
location of the magnetic anomaly profile in Fig. 12 andn indicates
the location of the plot in Fig. 9.

Fig. 8. Local magnetic anomalies extracted by multiscale wavelet
analysis, comprising primarily second and third wavelet details after
Wu et al. (2010).

www.nonlin-processes-geophys.net/20/501/2013/ Nonlin. Processes Geophys., 20, 501–511, 2013



508 G. Chen et al.: Singularity analysis of magnetic data

Fig. 9.Log–log (base 10) plot showing the relationship between the
concentration valuesρ(ε) and the box sizeε centred at pointn in
Fig. 7.

Fig. 10.Distribution of singularity indices in the aeromagnetic data;
the white box indicates the seismic zone illustrated in Fig. 11.

and small in scale or due to the low susceptibility induced by
hydrothermal alteration.

In our study area, positive singularities are produced di-
rectly by high-susceptibility volcanic rocks in support of us-
ing the magnetic singularity map to identify the distribu-
tion of volcanic rocks. For example, we found sharp posi-
tive singularities to exist in the Mapengkou area (Figs. 10
and 12b), where neither the RTP magnetic anomaly nor its
wavelet details are apparent (Fig. 12a). However, information
from a seismic profile B–B′ (Fig. 12c) and seismic time slice
(Fig. 11) in the Mapengkou area confirms the presence of a

574  

 575 

576 Fig. 11. Seismic time slice at 716 ms in Mapengkou region. 

 36

Fig. 11.Seismic time slice at 716 ms in Mapengkou region.

typical volcanic body sandwiched in between sediments with
strong amplitude produced by different wave impedance.

In this section, we have defined the deep-seated faults and
the distribution of volcanic rock targets (Fig. 13) in the seis-
mic work areas of the Qikou depression based on analysis of
the features of the magnetic singularities. These targets re-
quire further study, particularly in the area to the southeast of
the seismic work area near the Chengnin uplift, in the area
around the junction between the Beidagang buried hill and
Qibei sag, and in the eastern Mapengkou district to the south
of the Qikou main sag. The deep-seated fault system, espe-
cially the N–S trending faults (seen in Fig. 13), is likely the
main factor controlling magma intrusion and the distribution
of volcanic rocks in the Qikou depression.

5 Conclusions

From the self-similarity and singularity viewpoints, gravity
and magnetic anomalies can be modelled by using the power-
law relationship model. Unlike some traditional geophysical
data processing methods, the singularity mapping technique
provides a novel alternative for extracting weak anomalies
from background according to their different fractal dimen-
sional properties. The advantages of this method can be sum-
marised as follows. (1) The local singularity indices can be
used instead of the true gravity and magnetic anomalies to
delineate the source distribution. (2) It can overcome the ef-
fects of strong or weak background in order to enhance weak
gravity or magnetic anomalies. (3) It is not only capable of
identifying the boundaries of buried sources, but can also de-
lineate concealed faults, sedimentary basins, and other geo-
logical targets.

Nonlin. Processes Geophys., 20, 501–511, 2013 www.nonlin-processes-geophys.net/20/501/2013/
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Fig. 12. Illustration of profile A–A′: (a) the black line indicates the magnetic anomalies and the green line the local anomalies detected by
multiscale wavelet analysis;(b) the blue line represents the singularity indices; and(c) the seismic profile B–B′, located in the red dotted box
at Mapengkou, the yellow line represents the strata of the Minghuazhen formation.

Fig. 13. Potential volcanic rock targets identified from RTP aero-
magnetic singularities in the 3-D seismic work area of the Qikou
depression.

In our case study, the magnetic anomalies of the volcanic
rocks in the Qikou depression area were very weak owing
to their large burial depth and the strong background field.
In such a complex region, the weak anomalies associated
with the locations of wells drilled through volcanic rocks are
better recognised using the singularity mapping technique
than by applying multiscale wavelet analysis. Both the deep-
seated faults and volcanic rock targets delineated by the sin-

gularity indices in the 3-D seismic work area of the Qikou
depression should be the subject of future investigation ow-
ing to their potential for acting as oil and gas reservoirs.
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