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Applications of gravity data in identification of faults and

tectonic boundaries of a working area in Inner Mongolia
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Abstract: In order to determine the tectonic framework of the Late Paleozoic sedimentary basin of the studied

area in Inner Mongolia, horizontal derivative, vertical derivative, total gradient modulus, tilt angle, and Euler

deconvolution methods were used to process the high-precision gravity data. Four major faults and six secondary

faults have been identified according to the horizontal fault position information provided by the first four meth-

ods, and the fault depth information were obtained using the Euler deconvolution method. The interpreted faults

were identified as the main basin-controlling structures in the study area, which was helpful for deepening the

understanding of the basin’s structure, as well as providing important references for delineating hidden poly-

metallic ore veins.
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0 Introduction

The Xing’an working area of Inner Mongolia is lo-
cated between the Siberian Plate and the North China
Plate. The NE-trending Sumogagan Obo-Arun Banner
deep fault zone passes through the region ( Zhang,
2015). The study area was located in the marginal-
Pacific metallogenic region, Daxing’anling metallogen-
ic province, and the East Ujimqin Banner-Nenjiang
River-Dobaoshan-Heihe Cu-Mo-Au-Fe-Zn metallogen-
ic subzone, and had previously been identified as hav-
ing good prospects. Gravity exploration is a type of
mature geophysical exploration method and it is often
used as the conventional method in geological inter-
pretations and the delineation of fault structures. In
this study, the gravity data of the study area were col-
lected and then processed using horizontal derivative,
vertical derivative, total gradient modulus, and tilt

angle methods. Integrating Euler deconvolution meth-
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od, the fault and tectonic information of this area was
then analyzed, which is the basis for future prospec-

ting and development of other geophysical methods.

1 Geological overview

1.1 Strata and structures

The stratigraphic divisions of the study area be-
longed to the North Xinjiang-Xing’an stratigraphic re-
gion, Xing’an stratigraphic region, and Harbin strati-
graphic region of the Paleozoic Period. The out-
cropped strata consist of Linxi Formation ( P;/), Ha-
datolegai Formation (T;hd) , Manketou’ebo Formation
(J;mk) , Manitou Formation (J;mn) and Quaternary
Sediment (Q) (Liu et al., 2018). The Linxi Forma-
tion (P;/) of the Upper Permian was widely distribu-
ted. It was composed of a black-gray sandstone-slate
assemblage of lacustrine facies and lagoon facies con-
formably or unconformably overlying Zhesi Formation.

The formation was found to be rich in animal and
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plant fossils (Fig. 1) (Xiao et al., 2018).

The fault structures were well developed in the
study area and were determined to have mainly been
formed during the Late Variscan and Yanshanian. The
most prominent regional faults were parallel NE-tren-
ding faults. The Yanshanian Movement was consid-
ered to have been the strongest tectonic movement in
the study area accompanied by a large number of vol-
canic eruptions and magmatic intrusions, forming the
main tectonic framework of the area. This framework ,
manifested during the large-scale multi-stage continen-
tal volcanic activities, consists of two groups of fault
structures, sedimentary basins, and basement faults
in both NE-NNE and NW directions. The faulting oc-

curred during the Himalayan Period could only be in-

ferred from the landscapes and Quaternary geology,
and all them were along the pre-existing faults.

The fold structures in the study area mainly de-
veloped within the Late Variscan and Yanshan tecton-
ic layers. It was found that the different tectonic lay-
ers displayed different fold structures. For example,
the Variscan folds were characterized by open-tight
linear anticlines and synclines, with overall NE-NNE
trending " S" type bends, whereas the Yanshanian
folds mainly developed on the basis of the Late
Variscan folds as linear anticlines and synclines in NE
direction. Moreover, there were a few NW trending
wide-gentle short-axis folds observed, and the regional
tectonic traces of that period were not obvious ( Xu,

2018).
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1. Quaternary Holocene; 2. Upper Permian siltstone; 3. Upper Jurassic; 4. Lower Triassic purple sandstone; 5. Middle Carbonif-
erous; 6. Early Cretaceous syenite; 7. Early Cretaceous syengranite; 8. Early Cretaceous granite porphyry.

Fig.1 Geological map of Jirigen area

2 Identification of faults and tecton-
ic boundaries in the study area

2.1 Horizontal derivatives

In order to examine the distributions of the faults
and tectonic boundaries in the study area, a horizontal
derivative method was used to process the data. This
conventional method was taken as the most effective
method in identifying the large dip faults and geolog-
ical boundaries. The Bouguer gravity anomaly is
shown in Fig. 2.

Derivative calculations of gravity anomalies are

widely used in the processing and interpretation of

anomalies. The reason for this is that the derivatives
of anomalies have different characteristics in different
geological bodies, which is helpful for the interpreta-
tions and classifications of anomalies. Furthermore,
the derivatives of anomalies can highlight shallow geo-
logical factors and meanwhile suppress the influences
of deep geological factors, and can, to a certain ex-
tent, differentiate superimposed anomalies produced
by field sources of different depths and sizes (i,
2017).

In accordance with the differential properties of
Fourier Transform, the first-order horizontal deriva-

tives of the anomalies along the x and y directions, re-
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Fig.2 Bouguer gravity anomaly

spectively, were as follows
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The total horizontal derivative was expressed as
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The horizontal derivatives can be used to high-

(2)

light anomalous features in certain directions. In this
study, from the wave number response diagram of the
theoretical model, it can be seen that the directional
derivatives along the X direction can amplify the high-
frequency components along the Y direction. Also,
the directional derivatives along the Y direction can
amplify the high-frequency components along the X
direction. Therefore, the horizontal derivatives are of-
ten used to analyze the characteristics of structural
lines in a certain direction during practical application
processes. It is known that the total horizontal deriva-
tive has prominent effects on the high-frequency com-
ponents in any direction.

The co-axis of horizontal derivative contour trap
of gravity can identify the boundaries of density chan-
ges. Therefore, it can be used to locate the positions
of faults. The derivatives of the X and Y directions
and the total horizontal derivatives of the Bouguer
gravity anomaly following the reduction of the curved
surfaces into a horizontal plane were adopted to reflect
the distributions of the faults or the density changes of

the tectonic lines in the north-south direction, east-

west direction, and the entire plane, respectively, as
detailed in Fig. 3.
As it can be seen in Fig. 3a-c, the first-order de-

rivative of the "

x" direction of the Bouguer gravity
anomaly highlighted the structural characteristics of
the SN, NNE, and NNW directions. The first-order

"

derivative of the "y" direction highlighted the struc-
tural characteristics of EW and NE directions, and the
total horizontal derivative indicated that the western
structure of the study area was NE-oriented, while the
central structure was NNW-oriented.
2.2 Vertical derivatives

In accordance with the differential properties of
the Fourier Transform, the formula for calculating the

vertical first-order derivatives along the z direction in

a wave number domain can be written as follows:

%—T =i+ T
z
Fig. 3d-e reflects the variation rates of the gravity

The back-
ground field was suppressed in order to highlight the

(3)

anomalies along the vertical direction.

local anomalies. Then, by applying Formula (3)
once again to calculate the vertical first-order deriva-
tives, the spectrum of the vertical second derivatives
could be obtained. The zero line of the vertical second
derivatives could then be used to approximate the
boundaries of the gravity field sources. As detailed in
Fig. 4, the range which had been delineated by the
zero line of the vertical second derivative was roughly
the same as that of the residual gravity anomaly.
These findings confirmed that the seperation of the re-

gional residual anomalies were reasonable.
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(a) First-order derivative in the x direction; (b) first-order derivative in the y direction; (c) total horizontal first-order derivative ;

(d) vertical first-order derivative; (e) vertical second-order derivative.

Fig.3 Diagrams of horizontal directional derivatives (a, b, ¢) and vertical derivative results (d, e) of

Bouguer gravity anomaly following reduction of curved surfaces into a horizontal plane
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2.3 Total gradient modulus

The total gradient modulus ( directional analytic
signal) is the square root of the sum of squares after
calculating the derivatives of the anomalies in different
directions. The boundaries or linear structures of the
field sources were identified by the maximum value of
the total gradient modulus (Zhou et al., 2018; Li et
al., 2018; Ren et al., 2017; Zhang et al., 2017,
Chen et al., 2017). The amplitude of the total gradi-
ent modulus was related to the change rates of the
anomalies in the horizontal and vertical directions.
Generally, the steeper the horizontal boundary of a
field source and the shallower the burial depth are,
the larger the amplitude of the total gradient modulus

will be, as follows:

=) 5 @

The total gradient modulus of the local anomaly

shown in Fig. 4a indicated that a large number of
equiaxed anomalies were distributed in the shallow sec-
tions, which is similar to the results of the vertical
first-order derivatives of the residual Bouguer anomaly.
2.4 Tilt angle method

Tile angle method is a balanced potential field

121°20’ 121°30’
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enhancement method. In this study, the ratio of the
vertical derivative to the total horizontal derivative was
used to weaken the negative effects of the buried
depths of the field sources on the boundary recogni-
tions. The tilt angle method can achieve the effects of
positive values inside the field sources, zero values
near the boundaries, and negative values outside the
field sources. Therefore, the boundaries of the deep
and shallow field sources became more balanced as

follows :

Tily = —= (5)
Noara
The results of the tilt angle of the residual Bougu-
er anomaly are shown in Fig. 4b. Generally, the re-
gional structure was dominated by a NE-trending struc-
ture, and with near SN-trending structures locally.
2.5 Euler deconvolution
The Euler deconvolution method is known to be a
fast method for calculating the buried depths of gravity
and magnetic sources, and an accepted suitable meth-
od for the automatic processing of large amounts of da-
ta. Its advantages are that it does not require a great
deal of prior information (such as physical parame-

ters) , and it can quickly calculate the central depths

2810715
121°40'
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Fig.4 Diagrams of total gradient modulus (a) and tilt angle results of local gravity anomalies (b)
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of field sources. During the early stages of explora-
tion, this method was found to be very helpful in the
understanding of field source depths.

The gravity and magnetic anomalies satisfied the

following Euler homogeneous equation ;
E
fwy2) =% (6)

The partial differential equation of the Euler

homogeneous equation could be expressed as follows ;
) ) 0
o) L ron) Lv (g &= np ()

Where N represents the tectonic index. In regard
to the gravity data, this study set N =0, and the field
sources were regarded as lithologic contact surfaces,
geological body boundaries, or step models. A sliding
window method was used to extract a small area of
gravity data. Then, the data in the window were sub-
stituted into Equation (7) to form a group of equa-

tions. An Eulerian solution could then be obtained by

121°20’

solving the over-determined equations. Many of the
Eulerian solutions could be calculated using the slid-
ing window method in turn in accordance with the
sliding step sizes. Finally, the final results were ob-
tained by screening the solutions according to the dis-
persion criterion. Under normal circumstances, the
Eulerian solutions will reflect the depths of the centers
of the field sources ( Wang, 2014; Ma et al., 2013;
Li & Yang, 2009 ). In this study, Euler deconvolu-
tion processing was applied to the Bouguer gravity
anomaly following the reduction of the curved surfaces
into a horizontal plane, and the results are shown in
Fig. 5.

As they can be seen in Figs. 1 and 5, the Euler
solutions were mainly distributed at the boundaries of
the geological bodies. Overall, the regional structures
were identified to mainly be NE-trending, as well as
locally near the SN-trending. The majority of the field

sources were shallowly buried within a depth of 1 km.
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Fig.5 Euler deconvolution results diagram of gravity anomaly (N = 0)

2.6 Divisions of the fault structures

In the current study, based on the previously
mentioned data processing results, along with geolog-
ical maps etc., four major faults and six secondary
faults were identified in the study area. The results
are shown in Fig. 6. It was determined that the main
fault F1 intersected with F2. The F1 main fault was
also cut by a secondary fault f; , and the F4 main fault
was be dissected by secondary faults f,, f; and f,,
with the f, secondary intersecting with the f and f;
secondary faults, as detailed in Fig. 6.

As shown in Fig. 6, the bottom map refers to the

Bouguer gravity anomaly map. Among the identified

faults in the study area, the extension direction of the
F1 fault was defined to be in the NE direction. This
was mainly inferred from the boundary of the Bouguer
gravity anomaly and the gradient zone of the Bouguer
gravity anomaly. This was also confirmed to be the ax-
is of the maximum horizontal derivative of the Bouguer
gravity anomaly, as well as the dense area of Euler so-
lution (N =0) of Bouguer gravity anomaly at an ele-
vation of 1 000 m following the reduction of the curved
surfaces into a horizontal plane (Dai & Qu, 2009 ).
The extension direction of the F2 fault was defined to
be SN, which was inferred from the boundary of the

Bouguer gravity anomaly. Also, it was the gradient
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zone of the Bouguer gravity anomaly and the axis of
the maximum value of the total horizontal derivative of
the Bouguer gravity anomaly. The extension direction
of the F3 fault was determined to be in a NNE direc-
tion, which is mainly inferred from the gradient zone
of the Bouguer gravity anomaly and the maximum axis
of the total horizontal derivative of the Bouguer gravity

anomaly. The extension direction of the F4 fault was

121°20' 121°30’

determined to be NNW, which was mainly inferred
from the maximum axis of the total horizontal deriva-
tive of the Bouguer gravity anomaly and the dense area
of the Euler solution (N =0) of the Bouguer gravity
anomaly at an elevation of 1 000 m following the re-
duction of the curved surfaces into a horizontal plane.
The secondary faults f, to f; are the processing results
in this study.
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Fig.6 Schematic map of fault structure divisions in the study area

3 Conclusions

In this study, several boundary identification
methods, including horizontal derivative, vertical de-
rivative, and total gradient modulus, were used to
process the gravity data of the study area. The results
provided basic data for a deeper understanding of the
distributions of the fault structures. Then, by combi-
ning those results with the depth information of the
faults obtained using the Euler deconvolution method,
four main faults and six secondary faults were success-
fully identified in the study area. The findings of this
study provided guideline for the future explorations of
polymetallic ore veins. However, gravity anomalies are
comprehensive responses of field sources with inhomo-
geneous density distributions in different depth ranges
and scales. Therefore, the interpretation results may
have multiple solutions and individual fault does not
consistently match geological outcrop faults. Combina-
tions of other geophysical methods may be required in

the future to accurately analyze individual fault.
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