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resource surveys in some developed countries with gravity 
anomaly accuracy up to 1–2 mGal and half-wavelength res-
olution up to 1 km (Diehl et al. 2008; Dransfield and Zeng 
2009; Forsberg and Olesen 2010; Schwabe et al. 2012; 
Kass 2013; Keating and Pilkington 2013; McAdoo et al. 
2013; Forsberg et al. 2014; Pacino et al. 2014). Although 
there have been many studies on airborne gravity surveys, 
it was seldom reported that sedimentary basins were sys-
tematically investigated using airborne gravity data.

The adoption of additional geophysical methods is impor-
tant and meaningful for geological surveys and mineral 
resource exploration of sedimentary basins in complex geo-
graphic regions such as onshore–offshore transition zones. 
To increase activity in exploration areas of complicated 
geographic regions, China introduced an advanced airborne 
gravity survey system (GT-1A) and conducted a series of 
tests and surveys over the past few years (Li et al. 2010a, 
b, 2013, 2014). Based on the acquired airborne gravity data 
over the southwestern Bohai Sea and onshore–offshore tran-
sitional zone, this study investigates the central area of the 
Bohai Bay Basin and discusses the faults, structural elements 
and styles, sedimentary thickness and local structures.

Geological setting

The study area is located in the central part of the Bohai Bay 
Basin in the North China Craton (Fig. 1). This area belongs 
to the North China Plain subprovince of the North China 
stratigraphic province (Su et al. 2011; Li et al. 2012). The 
pre-Cenozoic strata are concealed, and the entire region is 
covered by either Quaternary sediments or seawater. Previous 
seismic and drilling exploration has exposed the buried strata 
in the study area and discovered some oilfields (Zhou et al. 
2003). According to the drilling data, the late Ordovician to 
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Introduction

Sedimentary basins are often analyzed with seismic and 
drilling data. However, airborne gravimetry of sedimentary 
basins in complex geographic regions, such as onshore–
offshore transition zones, has made important progress in 
large to mid-scale geological–geophysical and mineral 
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early Carboniferous and Triassic are absent, and the strati-
graphic column includes (Table 1) Archean–Paleoproterozoic 
(metamorphic facies), Meso-Neoproterozoic (marine carbon-
ate facies), Cambrian–middle Ordovician (platform marine 
carbonate facies), late Carboniferous–Permian (marine-terri-
genous facies), Jurassic–Cretaceous (continental and volcanic 
facies) and Cenozoic (continental facies). Within the latter 
strata, the terrestrial Paleogene is about 5000 m thick, with 
abundant oil and gas resources; thus, it is the main explora-
tion target. The NNE-trending Tanlu fault crosses the eastern 
part of the study area and constitutes the eastern boundary of 
the Bohai Bay Basin. The Tanlu fault controlled the sedimen-
tary thickness, structural framework and pattern of the Bohai 
Bay Basin during the Meso-Cenozoic.

Data

The airborne gravity survey over the study area was carried out 
using the Russian GT–1A airborne gravimeter system, cover-
ing an area of 50,120 km2. The spacing of adjacent survey 
lines was 1 km, with a survey line direction of 140°–320°, and 
a cross line spacing of 10 km with a direction of 90°–270°. 
The flight altitude was 450 m above sea level. The internal 

and external overall conformity accuracy of the repeated lines’ 
root-mean-square is 0.4 and 1.1 mGal (1 mGal = 10−5 m/s2), 
respectively, and the total accuracy of free-air gravity anoma-
lies after leveling and noise processing is 0.5 mGal.

The airborne gravity data processing included two phases: 
field preprocessing and indoor processing. The field preproc-
essing included differential global positioning system (DGPS) 
data solution, assessment of quality control, computation of 
free-air gravity, workload statistics, flight level and yawing 
distance. The DGPS data solution refers to the combination 
of data recorded by DGPS and gravimeter inertial naviga-
tion system (INS) platform, solution of coordinates, veloci-
ties and accelerations of the INS platform. The free-air grav-
ity anomalies were calculated as follows. First, we carried out 
graphic display and time selection of the data from the gravity 
sensor positioning, INS platform attitude, velocity of DGPS 
calculation, preflight reference and post-flight reference of 
gravity base station and primary gravity measurement. Then, 
we made corrections to the primary gravity data, including 
vertical and horizontal acceleration corrections, attitude cor-
rection, Eotvos correction, drift adjustment and base correc-
tion, normal gravity field correction and altitude correction 
(reduction to sea level). Finally, we obtained airborne free-air 

Fig. 1  Sketch tectonic map 
showing the location of the 
study area (modified after Zhou 
et al. 2003). The purple polygon 
is the area covered by the air-
borne gravity data, which cor-
responds to the area of Figs. 2, 
3, 4, 7, 9 and 13
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gravity anomaly data for the survey line using the fast Fourier 
transform (FFT) low–pass filter (100-s wavelength window). 
The indoor processing involved coordinate transformation, 
data editing and leveling, noise processing, quality assess-
ment, basic graphics drawing, airborne Bouguer gravity cal-
culation (terrain and stone-slab correction) and potential field 
transformation (including first and second vertical derivative, 
upward continuation, directional derivative, residual anomaly 
of Bouguer gravity). Among these, the airborne Bouguer grav-
ity calculation was especially important. We calculated the 
airborne Bouguer gravity anomalies in the study area using 
the terrain correction and stone-slab correction modules in the 
Oasis Montaj software (Geosoft Inc., Canada). The chosen 
parameters included an average rock density of 2.67 g/cm3, 
seawater density of 1.03 g/cm3 and terrain correction radius of 
166.7 km. After data processing and correction, we obtained 
an airborne Bouguer gravity data grid of 500 × 500 m.

Methods and results

Geophysical basis

The heterogeneous distribution and density contrasts of 
rocks or strata are the cause of gravity anomalies (Ball 

et al. 2013; Choi et al. 2013). Therefore, the densities of 
rocks or strata are the basis for modeling and interpretation 
of airborne gravity anomalies. The undulation and sudden 
change characteristic of a density interface reflect geologi-
cal or tectonic features, such as faults, magmatic rocks, 
uplift or swell, depression or sag, and often cause gravity 
anomalies, such as zones of high gravity gradients, grav-
ity contour distortion and gravity highs or lows. Thus, the 
faults, magmatic rocks and structural elements can be inter-
preted and inversed by characterizing gravity anomalies.

By analyzing the density data from exploration work in 
our study area, we distinguished two main density layers in 
the sedimentary strata, namely a Cenozoic layer (average 
density of 2.19 g/cm3) and a pre-Cenozoic layer (average 
density of 2.68 g/cm3). There is a clear density interface 
between the two layers with a contrast of 0.49 g/cm3. This 
distinct density interface with lateral changes or dipping 
provides favorable geophysical prerequisites for the separa-
tion of airborne gravity anomalies.

Gravity anomaly separation

Gravity anomalies are responses to the gravitational effect 
of multiple heterogeneous geological bodies with different 
scales, patterns and depths (Lucke 2014; Oruc 2014). The 

Table 1  Stratigraphy in Bohai 
Bay Basin (modified after Zhou 
et al. 2003)

Strata Age
(Ma) Tectonic movement Major lithology Thickness

(m)
Cenozoic Quaternary

2.6

23

66

146

252

416

541

1800

Himalayan movement

Yanshanian movement

Variscan movement

Caledonian movement

Jinning movement

Luliang movement

Clay layer and sand
layer

253–660

Neogene Sandy conglomerate, 
sandstone and 
mudstone

833–3314

Paleogene Mudstone, sandstone, 
sandy conglomerate, 
with oil shale and
bioclastic limestone
interbeds

230–5377

Mesozoic Cretaceous Sandstone, siltstone, 
mudstone, andesite, 
tuff

26–736

Jurassic Sandy conglomerate, 
sandstone, mudstone, 
coal, andesite, basalt, 
tuff

13–587

Paleozoic Permian Sandstone, siltstone, 
mudstone, limestone,
coal

93–824
Carboniferous

Ordovician Limestone 188–1478
Cambrian

Meso-Neoproterozoic Dolostone, limestone,
sandstone, siltstone, 
shale

>1200

Archean–Paleoproterozoic Amphibolite, gneiss, 
schist, phyllite, 
granulitite, migmatite

>3000
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Cenozoic sediments and the basement relief are the sub-
jects of the present airborne gravity survey, so to extract 
the gravity anomalies caused by them from the observed 
Bouguer gravity anomalies is the key to this work. Through 
a comparison of anomaly separation methods, we used 
wavelet transform to decompose the gravity anomaly and 
achieve a better result.

The wavelet transform is a timescale domain technology. 
It can decompose the real signal into different scales and 
thus resolve the instantaneous parameters of the real signal 
for each scale (Fedi and Cascone 2011; Beiki 2013; Gut-
ierrez et al. 2013; Kunagu et al. 2013; Martin et al. 2013; 
Goyal and Tiwari 2014; Aguilar-Rodriguez et al. 2014; 
Harlan 2014; Yuan and Simons 2014).

The continuous wavelet transform (CWT) is defined as:

where a and τ are the scale and the translation parameter, 
respectively, and ψ(a,τ)(t) is the wavelet function (simply 
called wavelet), which is defined as:

where R is the real number domain, and |a|−
1
2 is the nor-

malization factor.
By substituting Eq. (2) into Eq. (1), the expression of 

(CWTψ f )(a, τ) can be easily written as:

Based on Eq. (3), the inverse transform equation for a 
continuous wavelet can be written as:

We introduced a = a
j
0 and τ = ka

j
0τ0 into Eq. (2), and 

the discrete wavelet (ψj,k) can then be expressed as:

where a0 and τ0 are the discrete interval and the scale radix, 
respectively, and j and k are the nonnegative integer and 
integer, respectively.

The transform coefficient for the discrete wavelet can be 
expressed as:

The inverse transform equation derived from Eq. (6) can 
be written as:

(1)(CWTψ f )(a, τ) = |a|−
1
2

∫ +∞

−∞

f (t)ψ

(

t − τ

a

)

dt

(2)ψ(a,τ)(t) = |a|−
1
2ψ

(

t − τ

a

)

, a ∈ R, a �= 0; τ ∈ R

(3)(CWTψ f )(a, τ) =

∫ +∞

−∞

f (t)ψa,τ (t)dt =
〈

f ,ψa,τ

〉

(4)f (t) = C−1
ψ

∫ +∞

−∞

∫ +∞

−∞

(CWTψ f )(a, τ)ψa,τ (t)
da

a2
dτ

(5)ψj,k(t) = a
−

j
2

0 ψ

(

t − ka
j
0τ0

a
j
0

)

= a
−

j
2

0 ψ(a
−j
0 t − kτ0)

(6)Cj,k =

∫ +∞

−∞

f (t)ψj,k(t)dt = �f ,ψj,k�

where C is a constant unrelated to the signal.

(7)f (t) = C

+∞
∑

−∞

+∞
∑

−∞

Cj,kψj,k(t)

Fig. 2  Map of airborne Bouguer gravity anomalies in the survey area 
from airborne gravity data

Fig. 3  The fourth-order wavelet approximation of Bouguer gravity



2245Int J Earth Sci (Geol Rundsch) (2016) 105:2241–2252 

1 3

We assigned 
{

Vj

}

 as the given multi-scale analysis. The 
multi-scale decomposition can then be expressed as

Essentially, 

where xi ∈ Vj represents an approximation of the function 
x ∈ L2(R) with the resolution of 2−j(low-frequency compo-
nents of the function x), and di ∈ Wj represents the approxi-
mation error, namely the high-frequency components of the 
function x.

By 2D wavelet transform, the grid data can be decom-
posed into the low-frequency and the high-frequency coef-
ficients in the horizontal, vertical and diagonal directions. 
For example, the gravity anomaly G(x, y) can be decom-
posed as:

where for G(x, y) ∈ {V2
j }, j is the positive integer, aNg(x, y) 

is the approximation of the low-frequency components for 
the N-order wavelet transform, and dhjg(x, y), dvjg(x, y) 
and ddjg(x, y) are the high-frequency components in the 
horizontal, vertical and diagonal directions for the j-order 
wavelet transform.

The map of airborne Bouguer gravity anomalies of the 
study area shows the comprehensive response to all the 
underground heterogeneous geological bodies (Fig. 2). By 
calculating the source’s average depth to the fourth-order 
wavelet approximation, the anomaly is 7.8 km (Fig. 3). 
According to the seismic and drilling data, the maximum 
depth to the Cenozoic basement is about 9.2 km (Zhou 
et al. 2003). Therefore, we define the fourth-order wave-
let approximation as the gravity anomalies caused by the 
pre-Cenozoic Basin’s basement density heterogeneity. To 
study the Cenozoic sedimentary basin, its thickness and 
structure, we subtracted the fourth-order wavelet approxi-
mation anomalies from the Bouguer gravity to determine 
the residual gravity anomalies (Fig. 4). The residual gravity 
anomalies are caused by the interface undulation between 
the Cenozoic and the pre-Cenozoic strata and Cenozoic 
density heterogeneities. These anomalies form the basis for 
our subsequent interpretations.

The differences are shown clearly in the local Bouguer 
gravity high in the northeast of the study area (Fig. 2) 
decomposed into the local residual gravity low (Fig. 4) 

(8)
x0 = x1 + d1 = x2 + d2 + d1 = · · · = xN + dN

+ dN−1 + · · · + d2 + d1

(9)x ≈ xN +

N
∑

i=1

di

(10)
G(x, y) = aNg(x, y)+

N
∑

j=1

(dhjg(x, y)

+ dvjg(x, y)+ ddjg(x, y))

and the fourth-order wavelet approximation gravity high 
(Fig. 3). According to the seismic and drilling data (Zhou 
et al. 2003), the local residual gravity low corresponds to 
the deep concave belt in the Bozhong sag; thus, the residual 
gravity shown in Fig. 4 is consistent with the Cenozoic fea-
tures and can be used to interpret the Cenozoic strata.

Fig. 4  Residual gravity anomalies map of the survey area. The resid-
ual gravity anomalies were obtained by removing the fourth-order 
wavelet approximation anomalies (caused by the basin basement 
(pre-Cenozoic) density inhomogeneities) from the Bouguer gravity. A 
and A′, B and B′, C and C′, D and D′, E and E′, F and F′ are the loca-
tions of the sections shown in Figs. 6, 8, 11 and 12

Fig. 5  Theoretical model of a vertical fault and its gravity response
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Fault interpretation

A fault causes the displacement and dislocation of strata 
and results in density differences and thus also of gravity 
anomalies. Figure 5 shows the theoretical model of a verti-
cal fault and its gravity response, which shows that there 
is an obvious high gravity gradient corresponding to the 
fault. Figure 6 displays the comparison between 2D grav-
ity inversion sections (Fig. 6a, c, e) and the seismic–geo-
logical sections (Fig. 6b, d, f) in the survey area, demon-
strating that the faults, F2, F16, F20, F35 and F1 inversed 
by gravity anomalies, are basically consistent with the 

seismic and drilling data. The faults F2, F16, F20, F35 and 
F1 all correspond to high gravity gradients. If a fault is 
strike–slip, it will cause a gravity anomaly displacement 
along the strike. So, we can interpret faults by gravity 
anomaly inversions, and the interpretations are reliable. 
For 2D gravity inversions, the density parameters were 
consistent with the measured data, and the depths to the 
density interface were constrained by known seismic and 
drilling data. If there are no suitable density and depth 
parameters as constraints, the multiplicity of gravity inver-
sion is increased, resulting in indeterminate or erroneous 
consequences.

Fig. 6  2D density sections derived from gravity forward inversion (a, c, e) and corresponding seismic–geological sections (b, d, f, modified 
after Zhou et al. 2003). The locations of the sections are shown in Fig. 4
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Based on the residual gravity (Fig. 4) and the Bouguer 
gravity (Fig. 2), we interpreted the faults by the following 
signatures: (1) The division line between different gravity 
fields. There are usually different sediments with different 
densities on either of large-scale faults, which indicates 
that the gravity anomalies differ. Thus, a division line 
between different gravity anomalies usually suggests a 
large-scale fault. (2) Linear zone of high gravity gradient. 

A large- or medium-scale fault usually has two translo-
cated sides that have different sediments and leads to the 
large density contrast between two sides of a fault. The 
fault usually causes a linear zone of a high gravity gradi-
ent, where the position of the fault is consistent with this 
zone. Therefore, linear zones of high gravity gradients 
are usually important markers for identifying faults. (3) 
Gravity contour distortion. Essentially, this is where the 
Bouguer gravity linear zone is dislocated or changes sud-
denly, indicating the earlier fault has been dislocated by 
the later fault. (4) Linear extreme belt or beaded extreme 
belt of the total gravity gradient amplitude. The total 
gravity gradient amplitude is similar to the directional 
derivative. The difference is that the total gravity gradi-
ent amplitude considers the total modulus of the Bouguer 
gravity gradient and the values of the modulus are always 
positive, whereas the gravity directional derivative gives 
the gradient of the Bouguer gravity along a given direc-
tion, and the positive or negative values depend on the 
direction. (5) Connection line along the edge of blocky 
gravity anomalies in a certain trend direction. The fault 
usually cuts and controls the distribution of geological 
blocks, so we can determine the fault according to the 
edges of subsequent blocky gravity anomalies reflecting 
different geological blocks. However, these signatures 
do not only apply to fault structures. For example, local 
density bodies, such as magmatic rocks, can also cause 
gravity contour distortions. However, according to the 
regional geological setting, the survey area is a Cenozoic 
faulted basin with many faults and fewer magmatic rocks. 
Thus, we strongly consider the above signatures for the 
interpretation of faults.

Fig. 7  Fault system and structural elements in the survey area. D and 
D′ is the location of the section shown in Fig. 8

Fig. 8  2D density section derived from gravity forward inversion showing the faults and structural elements. The location of this section is 
shown in Figs. 4 and 7
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We interpreted nearly 40 faults and then further divided 
the structural elements (Figs. 7, 8). Among them, seven 
faults and one sag are newly discovered by the present air-
borne gravity data. The faults are identified as F21, F31, F33, 
F34, F36, F45 and F46 and the sag is named Lainan sag (at 
the south of the study area, marked in blue in Fig. 7). The 
majority of them are in the onshore–offshore transitional 
area.

Calculation of depth to Cenozoic basement

The Cenozoic basement is the main density interface in the 
study area, providing an advantageous geophysical precon-
dition for gravity forward and inversion techniques. Based 
on the comparison of different potential field forward meth-
ods and inversion interpretation, we used the Euler decon-
volution method (Fedi 2007; Salem 2011; Tedla et al. 2011; 
Fedi and Florio 2013; Lee et al. 2013; Khalil et al. 2014; 
Speranza and Minelli 2014; Vandas and Romashets 2014). 
We applied this method to the residual gravity data (Fig. 4) 
to calculate the depth to the Cenozoic basement in the 
study area. The structure index of different gravity anomaly 
sources is listed in Table 2. In the actual calculations, using 
known seismic and drilling data as constraints, we adjusted 
the parameters until the results conformed to the known 
data. No prior data were bound to the calculations to indi-
cate that the errors were large or even that the results were 
wrong.

The Cenozoic basement shows the large variations of 
depth values between the swells and the sags (Fig. 9) using 
the Euler deconvolution method. The depth values in sags 
range from 3.0 to 7.5 km and the depth values in swells 
from 1.0 to 3.0 km. The maximum depth is located in the 
Bozhong sag (7.5 km), and the minimum depth (0.5 km) is 
located in the Jiaodong uplift area (on the east side of fault 
F1), followed by Chengning, Chenjiazhuang and Lainan 
swells (1.0 km).

Identification of structural styles

The structural style refers to the sum of structures formed 
under a specific stress field. A specific structural style usu-
ally causes a specific gravity anomaly combination. Con-
versely, a specific gravity anomaly combination often 
reflects a specific structural style. This is the geophysical 

basis to study structural styles by gravity anomalies. 
According to the gravity anomaly combinations and their 
reflecting structural properties, we identify two kinds of 
structural styles.

Extensional structural style

Extensional structural styles are the most common in the 
study area, represented mainly by normal faults and their 
combination caused by the extensional tectonic stress 
field. The two main styles are the single-fault-controlling 
sag and the double-fault-controlling sag. Figure 10 shows 
the theoretical models of the single-fault-controlling sag 
and its gravity response (Fig. 10a), and the double-fault-
controlling sag and its gravity response (Fig. 10b). The 
single-fault-controlling sag results from the combination of 
a gentle gravity low on one side and a high gravity gradient 
on the other side, whereas the double-fault-controlling sag 
is the combination of a gravity low in the middle and two 
high gravity gradients on either side.

The single-fault style is characterized by the plane and 
the section showing the gravity anomalies combination of 
a linear zone of high gravity gradient on one side and a 
gentle gravity low on the other side. The amplitudes of the 
gentle gravity low gradually decrease with distance to the 
linear zone. The section shows the dustpan-like sag, with 
the main fault on one side and no obvious fault on the other 
side. An example of a single-fault style is the Dongying sag 
(Fig. 11).

Table 2  Structure index of different gravity anomaly sources

Gravity anomaly source Structure index

Horizontal cylinder 1

Incline sheet and step 1

Sphere 2

Fig. 9  Depth to the Cenozoic basement in the survey area
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Fig. 10  Theoretical models of structural styles and their gravity responses. a A single-fault structural style and its gravity response; b A double-
fault structural style and its gravity response

Fig. 11  The single-fault 
structural style (Dongying sag). 
a Residual gravity anomalies 
map; b forward and inverse sec-
tion. The location of this map is 
shown in Fig. 4

Fig. 12  The double-fault 
structural style (Chengbei sag). 
a Map of the residual gravity; 
b forward and inverse section. 
The location of this map is 
shown in Fig. 4
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The double-fault style, represented by the Chengbei 
sag (Fig. 12), is characterized by the plane and the section 
showing the gravity anomaly combination of two linear 
zones of high gravity gradients on both sides and a gravity 
low in the middle. The section shows the faulted sag, devel-
oping inclination-to-inclination normal faults on both sides 
and thick sediments between the two faults.

Wrench structural style

Wrench structures and strike–slip faults are the important 
expressions of horizontal crustal movement. The main 

features of the wrench structural styles in the study area 
are mainly en-echelon faults, such as a series of faults run-
ning diagonal and parallel with a similar angle to the main 
fault. The faults F30, F33, F37, F38 and F40, located on the 
western side of fault F1 in the eastern part of the study area, 
are NE–NEE trending and distributed in an en-echelon 
arrangement (Fig. 7). The linear zones of gravity gradient 
or the zones of gravity contour distortion reflect the faults 
F30, F33, F37, F38 and F40 are also NE–NEE trending and 
distributed in an en-echelon arrangement; they also inter-
sect the linear zone of high gravity gradient that reflects the 
fault F1 (Figs. 2, 4). Previous studies indicate that the large-
scale strike–slip movement of Tanlu fault (F1) mainly took 
place during the Mesozoic and Paleogene and formed many 
tenso-shear and compresso-shear en-echelon faults (Meng 
et al. 2007). Thus, the en-echelon faults are closely related 
to the left-lateral and right-lateral strike–slip movements of 
the fault F1 and were the result of the tenso-shear tectonic 
stress field generated by the left-lateral and right-lateral 
strike–slip movement.

Delineation of local structures

Local structures in this study refer to positive structures 
such as buried hills, anticlines, nose-shaped structures, and 
small faulted blocks, which are related to oil and gas reser-
voirs in the area. There are many methods to extract local 
anomalies from potential field data (Zeng, 2005); we used 
the vertical derivative of the residual anomalies.

Figure 13 shows the first vertical derivative of the resid-
ual gravity anomalies, which are shown in Fig. 4, together 
with known oil and gas reservoirs. The figure indicates 
that all of the oil and gas fields basically correspond to 
local gravity highs in the low gravity background or the 
nose-shaped anomalies at the edge of the low gravity back-
ground. Figure 14 shows a seismic profile, which displays 

Fig. 13  Map of the first vertical derivative of the residual gravity in 
the survey area. The residual gravity refers to Fig. 4. H and H′ is the 
location of the seismic profile shown detail in Fig. 14

Fig. 14  Seismic profile show-
ing the known oil field in 
Dongying sag (Fig. 7) of the 
study area (after Zhou et al. 
2003). The location of this 
profile is shown in Fig. 13
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an anticline corresponding to the local gravity high in 
Fig. 13. The exploration work showed that there are rich 
oil and gas resources accumulated during the Paleogene in 
local positive structures (e.g., anticlines, buried hills, nose-
shaped structures and small faulted blocks). So, there are 
usually clear gravity responses (local gravity highs) for the 
positive local structures of a certain scale in the study area, 
and we can identify positive local structures using the verti-
cal derivative of the residual anomalies.

We delineated the local structures by the following prin-
ciples: (1) local gravity highs; (2) located in sags; and (3) 
the Cenozoic strata thicker in the sags. By a comprehensive 
analysis along with gravity inversion, we identified dozens 
of local structures. We classified them into 10 local structure 
belts (numbered sequentially in Fig. 13) according to their 
locations and relevance to the structural elements. Each belt 
consists of a few interrelated local structures. These belts 
should be favorable for hydrocarbon accumulation and 
could constitute more accurate targets for oil and gas explo-
ration, including seismic imaging and drilling, in the future.

Conclusions

High-precision airborne gravity surveys, as a special geo-
physical method, can be carried out in complicated geo-
graphic conditions such as onshore–offshore transitional 
zones. Airborne gravity surveys are an effective supplement 
for regional geological surveys and mineral resource explo-
ration in areas mapped poorly by conventional methods.

With airborne gravity data, sedimentary basins can be 
studied and analyzed with regard to the fault system, struc-
tural elements and styles, sedimentary thickness and local 
structures (belts). Gravity anomaly separation is the impor-
tant foundation for basin analysis using airborne gravity data. 
We performed gravity anomaly separation using the wavelet 
transform method, and accurate results were obtained.

Based on the airborne gravity data collected over the 
central area of Bohai Bay Basin, we interpreted nearly 50 
faults, divided the structural elements, calculated the depth 
to the Cenozoic basement, identified the structural styles and 
described the local structure belts. Among these, seven new 
faults and one new sag were discovered, and ten new local 
structure belts are delineated by the present airborne gravity.
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