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A combined Euler deconvolution and tilt angle method for
interpretation of magnetic data in the South region

Hai Nguyen Hong'2, Vuong Vo Van', Liet Dang Van'""

ABSTRACT

Introduction: The purpose of this paper is to determinate the position, depth, dip direction and
dip angle the faults in the South region of Vietnam from the total magnetic intensity anomalies, that
reduced to the magnetic pole (RTP). Methods: Based on the Oasis Montaj software, we proposed
a new way to compute the positions and the depth to the top of the faults by combining the Tilt
angle and the Euler deconvolution methods. In addition, the angle and direction of the dip of
theses faults were also determined by considering maximum of the total horizontal derivative of
the RTP upward continuation at the different height levels. Results: The results show that there
are 12 faults along the longitudinal direction, latitudinal direction, Northwest — Southeast direction
and Northeast — Southwest direction with the mazimum depth is about 3100 m and the dip angle
changes in the range of 65-82°. Conclusion: These indicate that these methods are valuable tools
for specifying the characteristics of geology, contribute to give and confirm the useful information
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INTRODUCTION

Determining the dip direction, dip angle and depth
of the faults are important steps in the interpretation
of magnetic/gravity data. So, there are many meth-
ods proposed to solve this problem. To determine the
position of the faults, the most commonly method is
that using the maximum values of the total horizon-
tal derivatives of the RTP field or the pseudogravity
field!. In while, the depth of the sources is deter-
mined by the statistical methods of Spector and Grant
(1970)2.
other methods have been proposed in the past to de-

Due to the importance of problem, many

termine the position of the boundary and the depth
of the source individually or the combination of both,
such as the Werner method Werner method >#, Euler
deconvolution>®°.
method”8.

In Southern Vietnam, there were a number of fault

.. and a recent method is tilt angle

determination studies from the gravity data such as:
Cao Dinh Trieu et.al. in 20022, Le Huy Minh et al. in
200219, Cao Dinh Trieu in 2005'!, Dang Thanh Hai
et al. in 20062, Nguyen Hong Hai ef al. in 201613,
In which, the studies only determined the position of
the fault, did not determine the depth and only a few
faults according to the Northwest — Southeast direc-
tion are determined the dip angle. Therefore, this pa-
per aims to address the above shortcomings by analyz-
ing the total magnetic intensity anomalies map, that

reduced to the magnetic pole (RTP).

For determinating the position and the depth of faults,
we proposed a new way by combining the Tilt angle
and the Euler deconvolution methods. The tilt an-
gle method was first proposed by Miller and Singh
in 199414; then, was further developed by Verduzco
et al. in 2004 to determinate the position of faults
and the Euler deconvolution method was proposed by
Thompson in 1982° and Reid et al. in 1990° to esti-
mate the depth to the top of faults. The combination
of the two methods based on the Oasis Montaj soft-
ware 8.416. Firstly, the tilt angle method was used to
delineate the faults (0 contour); then, the Euler decon-
volution was applied along the 0 contour of tilt to de-
termine the depth of the faults. This one was intended
to overcome the shortcomings of each method. Fur-
themore, the angle and direction of these faults were
also determined by considering maximum of the total
horizontal derivative of the RTP upward continuation
at the different height levels.

METHODOLOGY

Tilt angle method
The tilt angle (Figure 1) is defined as '4:

1)

G:TDR:tanﬂ( al/ﬂ )
0z’ oh
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Figure 1: Tilt angle.

The tilt angle is the ratio of the vertical and horizon-
tal derivatives. Because the horizontal derivative en-
hances the boundaries (faults) and the vertical deriva-
tive narrows the width of the anomaly, so the zero
contours (6 = 0°) delineate the spatial location of the
boundary sources, whilst the depth to the sources are
directly identified the contours drawn on the map -
that is the distance between the zero and either the
-45° or the +45° contours (handwork depth estima-
tion). In this paper, we only use this method to deter-
mine the position of the faults.

Standard 3D-Euler Deconvolution method

Recently, using of the Euler deconvolution has be-
come more widespread because it has been automated
and rapid interpretation that work with either profile
or grid data!7-2%, This method is based on the homo-
geneous equation. The 3D form of Euler’s equation
can be defined ®:

JAT JAT

(Xfx()) 0 +(y7YO) 0 +
X y )
JAT

where,xg, 0, zo are the coordinates of the magnetic
source whose anomaly AT is detected at (x, y, z),
ATy, is base level (regional anomalies value) and N
is a value that describes the anomaly attenuation rate
commonly known as the structural index (degree of
homogeneity).

220

In the interpretaion of magnetic data, Thompson
(1982)> suggested that the index for a magnetic con-
tact was less than 0.5. Reid et al. (1990)° said that:
This value led to underestimates of depth, even when
testing ideal models. They showed that the value for
a sloping contact, in fact, zero, provided that an off-
set A was introduced. The appropriate form of Euler’s
equation is then:

JAT JAT
(x=x0) 5=+ (—yo) 5+
dx 8y (3)
JAT
(Z—ZO) T =A

where, A incorporates amplitude, strike, and dip fac-
tors which couldn’t be separated easily.

In this paper, we only estimated the depth to the top of
the contacts by calculating the standard 3D-Euler de-
convolution along the position of the structural faults
identified from tilt angle.

A combined Euler deconvolution and tilt
angle method (Tilt_Euler)

All calculations are made on the Oasis Montaj soft-
ware version 8.4. The method consists of two parts:

Calculating the 3D-Euler depth using the
standard GX Euler3D:

a. Create magnetic grid data for calculation (Euler3D
— Grid data)

b.Calculate the vertical and horizontal derivatives of
the grid data (Euler3D — Process Grid).

c. Calculate the Euler depth with input data includ-
ing magnetic grid map and its horizontal maps (dx,
dy) and vertical maps (dz) (Euler3D — Standard Eu-
ler Deconvolution).

Determinating the Euler3D depth along the
positon of 0 value of the tilt angle:

a.  Calculate the tilt angle using the standard
MAGMAP. By default, the Oasis provides both the tilt
angle and its horizontal gradient. (Magmap — Tilt
Derivative)

b. Map the zero contour of the tilt angle without la-
bels. (Map Tools — Contour)

c. Export the zero contour layer to a shapefile. (Map
— Export)

d. Import the shapefile back into a Geosoft database.
Specify “New database with shape database(s)”. The
zero contour will be represented in the shape database
as X and Y channels. (Map — Import)

e. Determine the value of the standard Euler decon-
volution at each x, y coordinate, thereby creating an-
other channel. (Grid Image — Utilities — Sample a
Grid)
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f. Tidy up the database as desired, decimating points
based on X and Y and windowing points based on
depth.

g. Use colored symbols to plot the value of depth at
each xy coordinate which is identified by zero values
of the tilt angle. (Map tools — Symbols — Colored
Range Symbols)

Determination of fault dip angle and direc-
tion

In case of a geologic contact (fault surface/trace), the
highest upward continuation corresponds to the mag-
netic response of the deepest part of the contact. If the
contact is vertical, then the maxima of total horizontal
gradient of upward continued fields are located at the
same position. On the other hand, if the maxima sys-
tematically shift in horizontal direction, then the dip
direction of the contact can be identified.

And the fault dip angle (from the horizontal) can be

approximated by the method of Chiapkin?!

. Using
the anomalous curves upward continuation at the dif-
ferent height levels, we calculated the corresponding
total horizontal derivative of them and then deter-

mined the angle o by the formula:

d
[ 4
cota - (4)

where, d is the distance on the measuring line from
the projection of the fault trace to the projection of the
maximum point of the horizontal derivative of curve
at the height h.

RESULTS

The data of South region (between latitudes 8.52°N
and 11.76°N, and longitudes 104.45°E and 107.50°E)
was the aeromagnetic map in 1985’s of Department
of Geology and Minerals of Vietnam, 1:200,000 in
Southern Vietnam?2. Data was recorded in digitized
form (X, Y, Z text file) and was interpolated to grid
data sized 178x178, spacing 2 km. In which, the X and
Y represent the longitude and latitude of this research
area in meters respectively, while the Z represents the
magnetic field intensity measured in nanoTesla.

The magnetic anomalies map

After removing the normal magnetic field was cal-
culated by the formula of Nguyen Thi Kim Thoa
(1992)2%, the magnetic anomalies map (Figure 2)
showed that the magnetic anomalies were relatively
stable, on which the anomalous bands prolonged to
the North-South direction with positive — negative

zones alternating.

In this paper, we used the RTP operator in Fourier
domainat low latitudes of Xiong Li, (2008) %4, with I
=5% D = -0.2%, I. = 90°, for reducing the magnetic
anomalies from asymmetrical shapes to symmetrical
ones and located over the sources?>. The anomalies
of RTP map (Figure 3) were more simple, symmetric,
clear and did not introduce the linear artifacts along
direction of the declination. The anomalies could be
divided as follows:

Some strong anomalies of the Bien Hoa sub-
zone, Soc Trang swell bead and coastal hol-
low in the east:

a. Northwest — Southeast direction:

- Tay Ninh anomalies: this anomalous zone was com-
plex, high amplitude and the negative and positive
parts are alternate, including:

+ Go Dau anomaly: having positive value
+ Tay Ninh anomaly: this anomaly was quite com-
plex, it seemed to belong to the anomalies which had
Northeast — Southwest direction. It could be said that
this area was the intersection of two different struc-
tures.

- Xuyen Moc anomalies: having negative value pro-
long to the Northwest — Southeast direction.

- Co Chien - Cho Lach anomalies: including Co Chien
anomaly (negative part was elip form) and Cho Lach
anomaly (isometric form).

b. Northeast — Southwest direction
- Bien Hoa anomalies: prolonged from the Northern
Ho Chi Minh City to the Northern Bien Hoa, includ-
ing:

+ Two anomalies in the Northern Bien Hoa: the neg-
ative and positive parts were alternate with a large
anomaly in the west, the negative parts were larger in
size and amplitude than the positive one and there was
one small anomaly closer to the longitude 107°E
+ Northern Ho Chi Minh City anomaly: the negative
part was larger than the positive.

- South of Ben Tre and Soai Rap mouth anomalies:
were a large anomaly extending from Soai Rap mouth
to Ho Chi Minh City, including two anomalies: a smal
one in the Western HCM city and a large one (the neg-
ative parts were larger in size and amplitude than the
positive ones). Ben Tre anomaly was a large negative
anomaly prolonging from the sea to the land and hav-
ing the direction parallel with Tien River.

- Vinh Long - Ben Luc anomalies: including Vinh
Long anomaly and Ben Luc anomaly which the neg-
ative parts were larger than the positive ones.

- South of Tra Vinh - Soc Trang anomalies: including
Southern Tra Vinh anomaly with the negative and pos-
itive part having form of prolong, Soc Trang anomaly
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Figure 2: The magnetic anomalies map of the South region.
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Figure 3: The RTP map of the South region.
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had a negative part with large size which was between
the two positive ones.

- East of Dam Doi anomalies: the structure is pro-
longed to Southern Tra Vinh - Soc Trang anoma-
lies; including two anomalies: Gia Rai and Dam Doi
anomaly had alternating negative and positive parts.

Some anomalies of the Dong Thap - Ca Mau
hollow

- Rach Gia - Long Xuyen anomalies: contour lines
ran parallel, had two alternating negative and positive
- Gia Rai - North of Ca Mau anomalies, including:

+ The Western Gia Rai anomaly: having negative
value, the isometric form. It coincided with a nega-

tive gravity anomaly.

+ Northern Ca Mau anomaly: consists of two alternat-
ing negative and positive parts and large anomalies.

- Southern Ca Mau anomaly: ran parallel to the
anomalous zone of Gia Rai - Northern Ca Mau.

- Dong Thap anomaly: consisted of a large anomaly
alternating with two positive anomalies.

Interpretation of the South region’s mag-
netic data by Tilt_Euler method

As mentioned in the introduction, the 3D Euler De-
convolution method is used to estimate the depth of
the field source with the RTP map, 20x20 window size,
flight measured 300 m, 15% maximum depth error.
The zero-structural index is used to estimated the po-
sition and depth of the source. The maximum depth
to the top of the anomaly boundary is about 3100 m.
The depth result displays along the 0 value of the tilt
angle (called the Tilt_Euler map) is shown in Figure 4.
The result (Figure 4) shows that the zero contour
of tilt angle tend to lie along boundaries of anoma-
lies and along the faults of the longitudinal direc-
tion, Northwest — Southeast direction and Northeast
- Southwest direction. These faults can be divided
into 4 groups as follow:

- The faults of Longitudinal and Sub-longitudinal di-
rection (LONG) (4 faults), including: Ca Mau - Chau
Doc(F14): Ca Mau - Hong Ngu(*'), Binh Phuoc - Ba
RialF!) and Tay Ninh - Tra Cu(F21).

- The fault of Latitudinal and Sub-latitudinal direction
(LAT)(1 faults): Cao Lanh - Soai Rap(F“).

- The faults of Northwest — Southeast direction (NW-
SE) (5 faults), including: Sai Gon River™), Vam Co
Dong(FS), Vam Co Tay(Fw), Tien River(mz), Hau
River(F13),

- The faults of Northeast - Southwest direction (NE-
SW) (2 faults), including: Hon Dat - Tay Ninh(F7),

Ca Mau - Go Cong Dong(FB).

Determination of the dip angle and dip di-
rection of some faults

On the RTP map, at each fault, we ploted a line per-
pendicular to the fault and extracted the RTP anomaly
values of each line. Then, using that values of each
line to perform the upward continuation at the some
different height: 3; 4; 5 and 10 km; therefore, deter-
minating the the dip angle and dip direction of faults
by considering the location of maximum point of the
horizontal derivative of measuring line at the different
height levels.

Figure 6 is the graph of anomalies at the different
height levels and the horizontal derivative of them
at the measuring line perpendicular to the Hau river
fault. Table 1 showed that maximum positions are de-
termined at positions 33, 37, 39, 46; so, the fault trace
shifted from Southwest to Northeast; dip angle was
about 74°.

Figure 7 is the graph of anomalies at the different
height levels and the horizontal derivative of them at
the measuring line perpendicular to the Ca Mau -
Chau Doc fault. Table 2 showed that maximum po-
sitions are determined at positions 66, 63, 60, 43; so,
the fault trace shifted from East to West; dip angle was
about 73°.

Similarly, to the remaining faults, the results of deter-
mining the dip angle and dip direction of the faults are
shown in Table 3.

DISCUSSION

The magnetic anomalies map (Figure 2) showed that
the magnetic anomalies were relatively stable, on
which the anomalous bands prolonged to the North-
South direction with positive — negative zones alter-
nating?®. According to this map, the research area
can be divided into two parts as a straight line from
Moc Hoa to Doi Dam: the Eastern part (including
Bien Hoa sub-zone, Soc Trang swell bead and coastal
hollow in the east) had higher density of anomalies
and the length of the anomalies were also greater; in
while, the Western part (Dong Thap - Ca Mau hollow
of the Can Tho zone) was a larger area, but with fewer
anomalies, shorter anomalies length and some mag-
netic anomalies were isolated®. Most of the mag-
netic anomalies were usually distributed in a partic-
ular direction and these often coincided with the ma-
jor faults in the region. This is even more evident in
the RTP map (Figure 3). Almost strong anomalies are
concentrated in the Eastern part. They consisted of
the negative and postive ones alternating, the nega-
tive are usually larger in size and amplitude than the
positive ones, forming the anomalous zones with the
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Figure 4: The Tilt_Euler map. Legend: theZero-contour of tilt map (red lines) overlain by Euler solutions(colored

dots)

Table 1: The result of Hau river fault’s dip angle

Height (h)  Position (n)  Alpha (%) The average of alpha
3 33 0 73.6595
37 68.1986
5 39 73.3008
10 46 79.4792

Table 2: The result of Ca Mau - Chau Doc fault’s dip angle

Height (h)  Position (n)  Alpha (?) The average of alpha
3 66 0 72.8042
63 73.3008
5 60 73.3008
10 43 71.8110

major directions: NW-SE direction and NE-SW di-
rection. While, the magnetic field of Dong Thap — Ca
Mau was quite stable, only some anomalies ran along
to the NE-SW direction.

By comparing the anomalies of the RTP map (Fig-
ure 3) with the Tilt_Euler map (Figure 4), it can be
said that the strong anomalies are aligned with the
major directions of the faults in the region because
the faults are usually associated with magnetic rock.
In Figure 5, there are 12 faults which are divided into
4 groups. And the faults of NW-SE direction and the
faults of Longitudinal and Sub-longitudinal direction
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are faults which developed strongly in the early and
late Cenozoic era respectively; and faults NE-SW di-
rection are faults which developed strongly in Meso-
zoic era, these faults are difficult to detect in the RTP
map. The result in Figure 6 and Figure 7 showed that:
when elevating the field to different heights, the po-
sition of the maximum horizontal derivative depends
on the dip direction of the contact (positive or neg-
ative angles). With the positive angle, the maxima
systematically will shift in horizontal direction to the
right (Figure 6b). In contrast, with the negative angle,
the maxima systematically will shift in horizontal di-
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Figure 7: The measuring line perpendicular to the Ca Mau - Chau Doc fault.

Table 3: The characteristics of some faults in the South region

No. Symbol Fault Faulting direction Dip direction  Dip
angle
1 F1 Binh Phuoc - Ba Ria Longitudinal and Sub-longitudinal East 72°
2 F4 Sai Gon river Northwest — Southeast Southwest 82°
3 F5 Vam Co Dong Northwest — Southeast Southwest 76°
4 F7 Hon Dat - Tay Ninh Northeast — Southwest Southeast 78°
5 F9 Vam Co Tay Northwest — Southeast Northeast 81°
6 F10 Cao Lanh - Soai Rap Latitudinal and Sub-latitudinal direction = Nam 69°
7 E12 Tien river Northwest — Southeast Northeast 73°
8 F13 Hau river Northwest — Southeast Northeast 74°
9 F14 Ca Mau - Chau Doc Longitudinal and Sub-longitudinal West 73°
10 F15 Ca Mau - Hong Ngu Longitudinal and Sub-longitudinal East 65°
11 F21 Tay Ninh - Tra Cu Longitudinal and Sub-longitudinal West 65°
12 F23 Ca Mau - Go Cong Dong  Northeast — Southwest Southeast 80°

rection to the left (Figure 7b). Similarly to the remain-
ing faults, the results of determining the dip angle and
dip direction of the faults are shown.

The faults map showed that the faults metioned above
matched with rivers and topographical boundaries

11,27

in the research area There were many faults

matching with the announced faults >!2%2. These re-
sults contributed with the previous studies >32%%7 to
give and confirm the useful information on geological

structure in the South region of Vietnam.

CONCLUSION

In this research, the magnetic anomalies map and the
RTP were built for the initial evaluation of structure
and characteristics of anomalies in the South region
of Vietnam. In which, the RTP method at low latti-
tude is used to reduce some unwanted effects in the
interpretation of the magnetic data such as: the peaks
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are shifted away from the magnetic contact and sec-
ondary peaks parallel to the contacts can appear.
Based on the Oasis Montaj software, we have devel-
oped a method of locating and estimating the depth
of the faults by a combined 3D-Euler deconvolution
and tilt angle. In addition, building a program to de-
termine dip angle and dip direction of the faults by
considering the location of maximum point of the to-
tal horizontal derivative of measuring line perpendic-
ular to the faults at the different heights.

After that, applying to interpret the magnetic data of
the South region, 12 faults and their the angle and the
direction of the dip are determinated. This difference
is due to the new approach in this article, the resulting
faults are determinated on the Tilt_Euler map — the
map is built based on the depth results along the the 0
value of the tilt angle. The maximum depth to the top
of the faults is about 3100 m. Research results are ap-
propriate and the computing is automatic and quick.
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They are valuable tools for specifying the characteris-
tics of the research area.

ABBREVIATIONS

3D: three dimensional

LAT: Latitudinal and Sub-latitudinal direction
LONG: Longitudinal and Sub-longitudinal direction
NE-SW: Northeast - Southwest direction

NW-SE: Northwest — Southeast direction

RTP: reduced to the magnetic pole

Tilt_Euler: A combined Euler deconvolution and tilt
angle method
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