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Abstract

Density imaging is a method of inverting the sub-surface density distribution according to the spectrum of the gravity and
gravity gradient in the wavenumber domain. This method effectively gives full play to the characteristics of fast calculation
in the wavenumber domain, improves the computation efficiency, and creates an accurate 3D sub-surface density model. In
this paper, the corresponding relation between the gravity and gravity gradient anomalies and the model, and their spectral
characteristics were analyzed, which according to preliminary inverse. Then, the 3D density imaging of gravity and gravity
gradient was performed on the theoretical data and its noise-added data in the wavenumber domain with depth weighing, and a
density model consistent with the theoretical model was obtained. The strong anti-noise capacity of the density imaging method
was proved. Finally, the method was verified in the Decorah area of the United States, and the characteristics of gravity and
gravity gradient anomalies measured in this area were analyzed, and the 3D density imaging of gravity and gravity gradient
was performed in the wavenumber domain. The location of the siliceous intrusive rocks with the relatively low-density and the
Decorah complex with the relatively high-density, and the intrusive rock mass with the relatively highdensity distributed in
the surrounding rock were obtained through inversion. A clear understanding of the intrusive pathways to the rock mass was
obtained, and the effectiveness of the density imaging method has been verified. This provides support for further understanding

of the structural division and geological evolution in this area.
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Key Points:

® The characteristics of gravity/gravity gradient and their spectrum were analyzed.
® Gravity/gravity gradient reflecting different depths was used for density imaging.
® A High-precision 3D density model was obtained quickly in the wavenumber

domain.
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Abstract: Density imaging is a method of inverting the sub-surface density distribution
according to the spectrum of the gravity and gravity gradient in the wavenumber
domain. This method effectively gives full play to the characteristics of fast calculation
in the wavenumber domain, improves the computation efficiency, and creates an
accurate 3D sub-surface density model. In this paper, the corresponding relation
between the gravity and gravity gradient anomalies and the model, and their spectral
characteristics were analyzed, which according to preliminary inverse. Then, the 3D
density imaging of gravity and gravity gradient was performed on the theoretical data
and its noise-added data in the wavenumber domain with depth weighing, and a density
model consistent with the theoretical model was obtained. The strong anti-noise
capacity of the density imaging method was proved. Finally, the method was verified
in the Decorah area of the United States, and the characteristics of gravity and gravity
gradient anomalies measured in this area were analyzed, and the 3D density imaging of
gravity and gravity gradient was performed in the wavenumber domain. The location
of'the siliceous intrusive rocks with the relatively low-density and the Decorah complex
with the relatively high-density, and the intrusive rock mass with the relatively high-
density distributed in the surrounding rock were obtained through inversion. A clear
understanding of the intrusive pathways to the rock mass was obtained, and the
effectiveness of the density imaging method has been verified. This provides support
for further understanding of the structural division and geological evolution in this area.
Keywords: gravity gradient, wavenumber domain, forwarding modeling, density

imaging, inversion
1. Introduction

Gravity and gravity gradient data provide the main source for studying the earth's
structure and mineral resources. Conventional gravity prospecting observes the gravity
anomaly data. In recent years, increasing high-precision gravity gradient data have been
obtained due to technological development. Gravity gradient is the first- order
derivative of the gravity anomaly, and reflects the high-frequency information. Gravity

anomalies contain a lot of low-frequency information. Accurate sub-surface
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information can be obtained through analysis of both gravity and gravity gradient
anomalies. The earth gravity field provides a geophysical method for studying the
internal structure of the earth and searching for mineral resources, and the geological
problems are solved based on the gravity anomaly due to the uneven density distribution
of geological structures and mineral resources. Gravity anomalies reflect abundant
information on the distribution of materials inside the earth. Therefore, the gravity
prospecting method plays a significant role in the prospecting of the earth’s structure,
oil and gas and mineral resource exploration, regional geological survey, archaeological
exploration, hydrological and engineering geological survey(Martinez et al., 2010;
Vasco and Taylor, 1991). The gravity gradient is the change rate of the first-order
derivative of the gravity potential in three directions, and it is the second-order
derivative of the gravity potential. In the derivation process, the high-frequency signal
is enhanced, and the low-frequency signal is suppressed. Compared with gravity
anomaly, gravity gradient anomaly reflects more high-frequency information and
provides a higher resolution for shallow anomaly and sudden variation in field source
boundaries. The accuracy of geological interpretation can be improved through the
integrated utilization of various gradient information. In the past, conventional gravity
measurement can only observe the vertical first-order derivative of gravity. With the
increasing progress of gravity observation methods, the high-precision gravity gradient
observation data can be obtained with the full tensor gravity gradient measurement
system (FTG). Thus, the inversion of high-precision gravity and gravity gradient data
is urgently needed.

Conventional gravity inversion is a method of linear inversion or non-linear
inversion to minimize the objective function based on the inversion theory and in the
sense of least squares. A lot of efforts have been put into the research on the inversion
of the gravity and the gravity gradient, which has been applied in determining the
parameters of the geological model body, the depth, and fluctuation of the physical
interface, and the density distribution(Hamzeh and Mehramuz, 2019; Li, 2018;
Pedersen et al., 2019; Salem et al., 2013). Due to non-uniqueness, the geophysical

inversion should be constrained by prior information, such as setting physical property
3
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range, prior geological information, and inversion results from other geophysical
methods(Hou et al., 2020; Zhou, 2014).

Density imaging is a method of directly calculating the sub-surface density
distribution based on the gravity anomaly. The Cribb imaging method was based on the
Fourier transform and calculated the density distribution in the sub-surface based on
the vertical derivative of the observed gravity anomaly(Cribb, 1976). A density
equivalent distribution method was proposed (Kobrunov and Varfolomeev, 1981),
which converted the gravity data to data in the wavenumber domain based on Fourier
transform and inverted the density distribution according to the spectrum of the gravity
data. DEXP (depth from extreme points) imaging is a fast and stable method to predict
the depth of abnormal objects through extreme points (Fedi, 2007). A 3D correlation
imaging method of gravity anomaly and gravity gradient data was proposed, which
provides good vertical and horizontal resolution for the spatial occurrence of abnormal
geological bodies and the equivalent residual mass distribution(Guo et al., 2009).
Priezzhev determined the geological model of the deeper part through rapid
computation in the wavenumber domain and random iteration by combining with the
prior information and using the gravity field data(Priezzhev, 2010). The iterative
inversion method of gravity in the wavenumber domain based on functional
representation was proposed, which obtains the sub-surface density distribution model
and sub-surface structure model rapidly (Kobrunov, 2015). The wavenumber domain
iterative method for rapid 3D imaging of gravity and gravity gradient data was proposed,
introducing a depth scale factor to obtain a density model with fairly high resolution
and accuracy(Cui and Guo, 2019).

A significant progress has been made in the previous study. Limited by observation
methods, the previous studies were focused on the constraints on inversrion of the
gravity and gravity gradient by introducing depth weighting or scale factors and
iteration by using different iterative methods. There is no related research on the
spectrum characteristics of the gravity gradient data. In this paper, the spatial anomaly
of the gravity and gravity gradient data and the spectrum characteristics in the

wavenumber domain of the theoretical model were analyzed. Based on the 3D density
4
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imaging method of gravity in the wavenumber domain, a high-precision 3D density
model was efficiently obtained. The measured gravity and gravity gradient data in the
Decorah region of the United States was inverted to obtain the sub-surface high-

precision 3D density model, verifying the effectiveness of the method.

2. Method

2.1. Gravity gradient forward modeling theory

According to Newton's law of gravitation, the gravitational potential P (x,, Vo, Zo)

of'a mass body with a certain volume in the earth at any point in space can be calculated:

U(x0,y(,20) =¥ f f f p;ﬁ (1)

where (xg, Vo, Zo) 1s a point in the mass body, p is the density of the mass body at
that point, dv is the volume element of the mass body, y is the gravitation constant,
r is the distance from the mass element to the computation point in the geological body.

Referring that the gravity anomaly is the vertical first-order partial derivative of
the gravity potential, g,, g, and g, represent the components of gravity in the X, Y,
Z directions respectively(Pereira Bomfim, 2012), and the gravity gradient is the

derivative of the first-order derivative of the gravity potential in three directions.

0*u iR 0°U 0gx 0gx 09x
0x? 0xdy O0x0z ox 0y 0z Toex Txy Ty
= 02U 02U 02U dgy 0gy 0gy T T T
T=AaU= dyox oy? odyoz| | ox ay az |~ | 2* yy yz (2)
o%u o%u 02U 0g9; 09z 99 Tyx sz Ty,
0zdx 0ydz  0z? 0x dy 0z

where, T, is the component of the gradient, and its second-order derivative satisfies

the Laplace’s equation, and Ty, =T,

yx» Ixz =Tz and T,, =T,,. So only five

components of the gradient are independent. Each gravity gradient component leads a
unique response to the size, shape, and thickness of the density anomaly, providing

extensive constraints during the interpretation.
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Fig. 1. Rectangular prism model

The gravity anomaly formula referring to the rectangular prism models expressed

as (Blakely, 1995)(Fig.1):

Z

Z; Y2 X%
92 =P j fy J (=202 + (7 —y)? + (z— 2)7 /2

The scope of the model, x; < x < x,, ¥y, <y <y, and z; < z < z,.The result

dxdydz (3)

of g, is as follows(Plouft, 1976):

2 2 2
XiYj
= E E E Uiik | ziarctan —x;log(Riix + y;
9z }/p‘ l]k[ k ZkRijk i g( ijk y]) (4)

where,
Rijk = ’xlz +y]2 +Z]§
tije = (DI (=D (=D

The second-order derivative of the gravity potential is expressed as:

Tex = VP |||arctan % ;Z ii |Z
Tey = ¥plllin (z — 2y + R) |§j ﬁ |Z
T e G s b 8
Tz = Yolllln (y — yo + R) |’;j i’; |Z
(=yo)R

X2 | V2 |Zz
X11Y1121
2 |V2 |Zz
11V1 123

Tyy =Yp || |arctan m

X
Ty, = yplllin (x = xo + R) |
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The gravity and gravity gradient are converted to obtain their spectrum in the
wavenumber domain by Fast Fourier Transform(FFT), the spectrum of gravity anomaly

is obtained(Priezzhev, 2010):

G(lex ey) = f f g0 y)elextis) dxdy o
—o0 Y—00 6

1 [® (® .
9:(%,y) = 7— f f G (key, fey e x4y dle e,

where, g,(x,y) is the gravity anomaly, G (kx, ky) is the spectrum of the gravity

anomaly, k, and k, are the wavenumbers at x-axis and y-axis respectively. The

formula of calculating the gravity gradients in the wavenumber domain is expressed

as(Mickus and Hinojosa, 2001):

L, y) = FY[K (ks ky) G (ky, ky)1]}

k2 -
_ |- _K2
where, [K (ky, ky)] = {% % —iky‘
—ik, —ik, |K|
The spectrum of the gravity gradients are obtained.
The SI unit of gravity is m/s?, that of gravity gradient is Gal, and that of gravity
gradient is 1/s?. Practically, the unit of gravity gradient is 1E (Eotvos) =107° 1/s2.

The SI unit of gravity anomaly spectrum is mGal - m?, and the unit of gravity gradient

spectrum is E - m?.
2.2. 3D density imaging theory of gravity and gravity gradient

in the wavenumber domain

The vertical first-order derivative of the gravity potential in the point (x,yo, o)

and the density distribution of an area below the point satisfies the integral equation:

) p(x,3,2)(z — 2)
9: =¥ fﬁ (=50 + (& — yo)? & (z — zg)2y32 Lz (7)

where, g, is the observation of gravity anomaly on the z=0 plane, p(x,y,z) is the
3D density distribution. Calculate the spectrum in the wavenumber domain is expressed

as(Priezzhev, 2010):
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Gk k) = 21y f P(le ey 2)e™2dz (8)

z=0

where, G(kx, ky) is the spectrum of gravity anomaly, and P(kx, ky, Z) is the density

spectrum of the horizontal zone at depth z.

Assuming that:
P(ky ky,z) = Q(ky, ky)K (ky, ky, 2) (9)
where, Q(kx, ky) is depth-independent, and K (kx, ky,z) is depth-dependent.

Q(kx, ky) is expressed as:

1 Gk, k
Qs ky) = 2my [ K k( Z B “kz
=0 (ky, y,z)e dz
Then,
1 Kk, k.,
P(keky7) = CLI o

2my [~ K(kyky, 2)e *2dz
Which is the relationship between with density spectrum and gravity spectrum. the

wavenumber domain inversion operator is expressed as:

1 K (ky, ky, 2)
2my [~ K(ky ky, 2)e~*2dz

H(kx, ky, Z) =

Considering to eliminate the Gibbs phenomenon and generate smooth filter,

K(ky, ky,z) is defined as z"e "%,

Then,
1 (n+ 1)t
H(k ,k ,Z) = ann+1e—nkz
(kz, ey, 2) 2my n!
The spectrum of the density distribution is expressed as:
1 (n+ D" ke
P(ky ky,z) = HTznkn“e "z G (ky, ky,0)

which is treated with inverse Fourier transform, we obtain:

1 (n+ D"
2y n!

1

px,y,2z) = F~ Z"k™ e ™26 (ky, ky, 0) (10)

The formula for calculating the density distribution based on the gravity gradient

8
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3. Forward modeling and inversion
3.1. Forward modeling of gravity and gravity gradient of

rectangular prism model

To verify theoretically the relation between the gravity and gravity gradient and the
model, model I is set up for simulation.

The gravity and the gravity gradient anomalies are related to the edge, boundary,
angle, and mass center of the anomalous mass(Fig.2). By measuring the EW variation
of gravity, the zero value of T,, delineates the boundary in the y-direction. By
measuring the NS variation of gravity, the zero value of T,, delineates the boundary
in the x-direction. The extreme value of T, corresponds to the corner point. Ty,
depicts the anomalous axis in the NS direction, and its extreme value indicates the
boundary in the y-direction. T,, depicts the east-west anomaly axis in the EW
direction, and its extreme value indicates the boundary in the x-direction. The extreme
value of g, and T,, indicates the abnormal center. T,, has a higher resolution ratio

than A g, and its zero value corresponds to the boundary.
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Fig. 2. Gravity and gravity gradient anomalies of Model I
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The spectrum of gravity anomaly shows obvious fluctuation and rapid attenuation,
and the spectrum of the gravity gradient T,, shows slower attenuation, more obvious
periodicity, and obvious response in the k, and k, directions. Computation of the
gravity anomaly spectrum and the analysis of spectrum characteristics show that the
gravity anomaly spectrum function of the three-dimensional body is symmetry (He and
Fang, 2020). The spectrum characteristics of the gravity gradient are closely related to
the direction of each component. The spectrum functions of T, and T, show the
characteristics of rapid attenuation, and the spectrum contours are parallel to the k,
direction. Ty, shows obvious periodic fluctuation at the k, axis, and T,, and T,
shows obvious periodic fluctuation at the k, axis. The T,, spectrum shows the
characteristics similar to those of the g, spectrum, but stronger periodicity than g,
spectrum. The g, spectrum shows rapid attenuation. According to the spectrum

characteristics, the Ty, and Ty, spectra are not applicable in further inversion.

The amplitude spectrum is the variation of the amplitude of the gravity anomaly

10
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Fig. 3. The amplitude spectrum of the gravity gradient
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The characteristics of the gravity anomaly and the gravity gradient amplitude
spectrum are similar to their spectrum characteristics except for better periodicity
(Fig.3). According to the periodic fluctuation characteristics of the amplitude spectrum,
the model can be inverted to a rectangular prism, and the model half-width in the
horizontal direction can be calculated from the wave value at the first minimum of the

amplitude spectrum.

=i (12)

Due to the equivalence between the gravity anomaly spectrum function of the

B

three-dimensional body and that of the two-dimensional body(Xiong, 1979), the
profiles at k,=0 of the gravity anomaly amplitude spectrum and the gravity gradient
amplitude spectrum were extracted. Due to the small amplitude of the gradient

amplitude spectrum, two profiles were extracted. According to the profile of the

11
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amplitude spectrum, the first minimum points of the amplitude spectrum occur at the
same position, corresponding to the wave value of 0.247. The model half-width was
calculated as 12.7 km with Formula (12). The actual width is 12km. Analysis of
spectrum characteristics shows the poor inversion of the spectrum signals of T,, and
Tyy.

The power spectrum, also known as the energy spectrum, is the square of the

amplitude spectrum, the average radial power spectrum of E is obtained:

1 2
E=(r)= Ef E(r,0)do (13)

then, logarithmic the above formula to obtain the average radial logarithmic power
spectrum,

InE(r) =A—-2rh; (14)
where,A is a constant, and the above formula shows a straight line with slope of —2h,:

ht=_lnE(rz)—lnE(r1) (15)

rn—-n

It can be seen that the buried depth of the model can be calculated according to the
slope of the average radial logarithmic power spectrum.

To verify the noise immunity of the density imaging method, the theoretical
forward gravity and gravity gradient anomalies of Model II were computed(Fig.4), and
10% noise was added. Then, the effects of noise on the gravity and gravity gradient
anomalies were analyzed.

The model boundary can’t be clearly described with the gravity anomaly of the
complex model, and the gravity gradient anomalies well coincide with the model
boundary or the inflection point, especially the outline of the model position is clearly
described with T,, (Fig.5). While the gravity and gravity gradient data with noise-
added characteristic lines are fuzzy. The anomaly basic characteristics corresponding
to the model body are not significantly changed.

In addition, according to the comparative analysis of the calculation speed of model
I'and model I, it is verified that the forward modeling speed in the wavenumber domain
is better than that in the spatial domain. When the number of models is large and

complex, the calculation efficiency advantage in the wavenumber domain is greater,

12



261  which is more conducive to improving the inversion efficiency in the calculation of
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Table 1. Comparison of forward modeling velocity of gravity and gravity gradient in space

domain and wavenumber domain

Forward modeling

Forward velocity in Forward velocity in )
. ) speed advantage in
space domain wavenumber domain .
wavenumber domain
Model I 0.08s 0.03s Increase by 62.5%
Model I 0.26s 0.05s Increase by 80.7%

Note: The more complex the model is, the more obvious the velocity advantage in

wavenumber domain is.

3.2. 3D density imaging in the wavenumber domain

The forward modeling data of the theoretical model and the noise-added data were
inverted to verify the effectiveness and noise immunity of the method. First,
preliminarily judge the depth and width of the model according to the spectrum of
gravity,which is added to density imaging as constraint. In this paper, the depth
weighting function proposed by Commer is introduced to improve the longitudinal
resolution(Commer, 2011).
a+ exp[%(z—zcl)] ~ a+ exp[%(z—zcz)]

W(Z) - 1+exp [% (Z - ch)] 1+exp [% (Z B ZCZ)]

(16)

where,z is the center depth, dz is inverse domain, ¢ is empirical value, @ =
0.001, z.q, z., are the depth of the top and bottom of the model. r is the interface
constraint factor.The iterative inversion formula with the depth weighting function
shows following:
piv1 = pi + W(z) x Ap (17)
Then, the sub-surface space to be inverted is divided into N horizontal layers, where
each layer is divided into m X n rectangular prisms. The rectangular prism in each
layer is iterated according to Formulas (10) and (17). The iteration process is as

follows(where, p, = 0):

14
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Fig.6 Density imaging iteration flowchart

First, the density imaging computation of Model II in Table 1 in the wavenumber
domain was performed. The 3D density imaging results of gravity g, and gravity
gradient T,, show in Fig.7. According to the theoretical models, the inversion effects
of two sets of data are perfect, and the positions of five theoretical models can be located.
The horizontal positions of the inversion results of two sets of data show in Fig.7a and
7b, where the black boxes are the actual positions of models, and the outline of the
model boundaries are clearly described. The vertical profile of the data inversion results
was shown in Fig.7c and 7d, the position of the anomaly body from two sets of data is
consistent with the positions of the model. Due to the higher density in Model 4, a
certain tailing phenomenon occurs in Model 5.

The 3D density imaging results of other components of the gravity gradient shows
less false anomaly compared with the 3D density imaging of g, and T,,. Affected by

the derivative of the data, the false anomalies from Ty, and T,,, T.

yy and T,,, and

Ty, in the x-directin, y-direction, in x & y-directions.The 3D density imaging results of
g, and T,, are significantly better than those of other gravity gradients. Therefore, g,

and T,, were selected for further analysis and inversion.
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The noise was added to g, and T,, data to perform 3D density imaging to
understand the noise immunity of the method. The noise-added 3D density imaging
results of g, and T,, are still consistent with those of the actual model. The high-
density values are concentrated in the model area. The evaluation results of the density
imaging shows the forward modeling value of the inverted density model is very close
to the residual error of the theoretical value, which proves the strong noise immunity of
the method. The method was applied to the Decorah region of the United States to

further verify its effectiveness.

4. Verification with measured data

The Decorah area is rich in mineral resources, and the area is a large area of
sediments. Bell Geospace has carried out high-precision gravity and gravity gradient
measurements in this area, and the high-precision full tensor data of gravity and gravity
gradient are collected. The 3D density imaging in the wavenumber domain method is

used to obtain the sub-surface 3D density distribution. The effectiveness of the method
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(a) Geologic map (Drenth et al., 2015) (b) 3D density model(Sun et al., 2020)

Both gravity and gravity gradient anomalies are caused by density differences,
which reflect variation in the density of materials inside the earth. Gravity gradient
anomalies are sensitive to the variation in shallow density differences, and the gravity
anomaly reflects the information of deep field sources. Thus, the density distribution in
the whole area can be obtained by comparing the gravity anomaly with the gravity
gradient anomalies. Gaussian filtering is used to remove the influence of the
sedimentary caprock in this area to obtain the gravity and gravity gradient anomalies of
the target. The study area is also called the northeastern Iowa intrusive complex
area(Drenth et al., 2015; Sun et al., 2020). The southern part of this area is the Decorah
complex, which is a relatively dense mafic intrusive rock, and the middle part is a
relatively low-density siliceous intrusion. Some small, relatively dense, mafic, or
siliceous rocks intruded into the relatively low-density surrounding rocks.

The data from the study area was measured by Bell GeoSpace from December
2012 to January 2013 with the gravity full tensor gradient measurement system in the
aerial surveys. The data cover 94 EW survey lines with a spacing of 400 m and 9
connecting lines with a spacing of 4000m. The gravity and gravity gradient anomalies
show in Fig .9a and 10b. According to g,, there is a large range of low gravity
anomalies in the northeast of the study area, which corresponds to the siliceous

intrusion, combined with the geological map (Fig .8a). There are several traps of
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anomaly high value and a high-value anomaly belt in the north-to-east direction on the
west side of the study area, a small range of anomaly high value in the northern part,
and a large range of high value and high amplitude from the southwest side to the south
side. The high amplitude reflects the location of the Decorah Complex. There are also
several local anomalies, which are more obvious in T,, map, where the anomaly high-
value area is highlighted in the east part, and the abnormal outline of the high-value
area is clear in the south part. Several high-value anomalies with small amplitudes occur
in the areas where the changes are relatively flat. Combining with the analysis of gravity
and gravity gradient, the study area was divided into several structural units.

According to the above analysis, density imaging was performed using gravity
anomaly g, and gravity gradient T,,, with the sub-surface inversion at the depth of 0-
8km, the interval of 150m between layers, 20 times of iteration, the sub-surface model
grid points of (930x997x53) (Fig .9).

The horizon of the 3D density body at the depth of 1250m in the region was
obtained by the Tikhonov regularization inversion method based on smoothness
(Fig .8b). The horizon at the same depth of the 3D density body calculated by the
method in this paper shows in Fig .9c and 9d. The two density models are consistent,
but there are some minor differences. Combining with the analysis of the Geologic map
of Decorah, there is an anomaly body with a relatively large range and low density in
the central part to the northeast, revealing the location of the siliceous intrusive rock
due to some extension to the northeast direction. Two anomaly bodies with a relatively
small range and high density in the east and north sides are the mafic intrusion body.
The intrusion body on the east side shows a nearly NS trend. The anomaly body with a
relatively high density occurs both on the west and southwest sides. A large-scale SW
trending Decorah complex occurs on the south side. The variation in the sub-surface
3D density structure in the study area is clearly illustrated to illustrate the variation
process of the vertical profile. The intrusion process of the intrusion body from the
bottom to the top illustrates visually. When the intrusion body reaches grid at the 2km,
it gradually expands until the shallow layer is gradually covered by the sediments. The

iso-surfaces of the density model inverted based on g, and T,, (Fig. 9e and 91),
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and they correspond to the geological structural units (Fig .8b). The green area is the
siliceous intrusion with the small relative anomaly. The red area is the high-density
Ferro-magnesia intrusive rocks with a large relative anomaly. Except for the obvious
anomaly areas analyzed above, some small anomaly areas can also be observed.
Through comparison and analysis, a high-precision 3D density model of the study
area was obtained with the 3D density imaging method in the wavenumber domain,
which provides a good method for further understanding of the geological distribution

and mineral resources in this area.

5. Conclusions

In this paper, the characteristics of the gravity and gravity gradient anomalies in
the spatial domain and the wavenumber domain were analyzed. The high-precision 3D
sub-surface spatial density model was obtained with the 3D density imaging method in
the wavenumber domain, and the effectiveness of the method was verified in the actual
measurement area. Based on the characteristics of fast and highly efficient computation
of the gravity and gravity gradient in the wavenumber domain, the computation of the
3D density imaging of the gravity and gravity gradient in the wavenumber domain was
realized. According to the test of the model, and combined with the analysis of the
spectrum characteristics, it is concluded that T,, has a higher value of 3D density
imaging inversion, and the inverted 3D density model is consistent with the theoretical
model and shows strong noise immunity. Depth weighing improves depth imaging
effect.Finally, the 3D density imaging inversion was performed with the gravity and
gravity gradient T,, in the Decorah area of the United States, and the distribution of
intrusive rocks with different relative densities and the intrusion path of the rocks mass
was obtained, verifying the effectiveness of the 3D density inversion method in the
wavenumber domain, and guide further research in this area. The next step is to focus
on maximizing the superiority of gravity and gravity gradient, performing joint
inversion by mutual constrain, and improving the accuracy of the sub-surface 3D

density model.
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