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ABSTRACT:

The article introduce the rearch results of combination between methods to detect existence depth of
source boundary. The methods is used here base on combination of derivation of the directional analytic signals
amplitude of gravity gradient tensor and Euler deconvolution method with upward continuation method. Early
results has built a deep fault segment diagram of faults system on the east sea. When we reference to faults
system map which was built before. The results of the article has some advantages as follows :

1). By represents follow the depth of source boundary. The results supplement more information and do
more clearly of the levels of faults system: 1% level fault, 2™ level fault, 3™ level fault.

2). The results had indicated multiple location on the continental shelf of Viet Nam that has depth
above 20km, even over 30km as: The 109 meridian fault has Quang Ngai segment, Phu Yen-Khanh Hoa
segment, Con Dao Island, Song Hau trench (segment below 7.5 latitude), Vung May trench, ...

3). The results also had indicated that the faults has depth in interval from 8km to 15km is prevail (55
%), while which has depth from 20km to 30km usage 8,7% and above 30km usage 4,75% (percent is caculated
by point of data).
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I. INTRODUCTION

The faults system on the continental shelf of Vietnam in particular and on the East Sea in general is
researched by many authors and it has been published by various documents by various methods by different
data. From many publications that published on national and international journals had indicated that the
methods are used plentiful from the use of standardized horizontal gradients: Berezkin, WM, 1967 [20],
Aghajani.H, 2009 [16], Hoang Van Vuong, 2005 [15]. Horizontal gradient or maximal Horizontal gradient of
Cordell, 1979 [22], Blakely, RJ, Simpson, RW, (1986 [21]), Tran Tuan Dung, [1],.. Analysis and using
components of gravity gradient tensor : Beiki M, (2010,2011 [17,18]), Guo.CC, 2014 [23], Le Huy Minh [5,6],
Vo Thanh Son [7,8], ... Not only on the reference books as well as on the reports of many projects also had
shown that faults system is great interest: Nguyen Hiep, 2005 [4], Nguyen Trong Tin, 2010 [12], Mai Thanh
Tan, 2005 [9], Phan Trong Trinh, 2012 [14] ... especially in the project of Nguyen The Tiep, 2006 [11] and
Nguyen Thu Huyen, 2016 [3] has generalized and added more information about the faults system lay on the top
of Pre-cenozoic basement or deep faults belong to the continental shelf of Vietnam, contributing to the
clarification it's characteristics. However, the understanding of the faults system is not yet complete because we
can only know a characteristic and can't know all its information. So, studying to provide more information
about its characteristics is necessary. In this article, we present results of location and estimative existence depth
of source boundary is determined based on application of gravity field transformations combine with the
derivation of the directional analytic signs and Euler deconvolution method. For the results obtained, it is
possible to predict about activity range and contribute to segments of real operation of the faults system on the
continental shelf of Vietnam in the particular and on the general East Sea.
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Il. THEORETICAL BACKGROUND.

Gravity gradient tensor (GGT) I is determined as follows:
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We might define an analytic signal for every single row, called directional analytic signals in x,y,y-, and z-
direction.  The  directional  analytic  signal in  matrix form can be  written as:
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Consequently, the amplitudes of the directional analytic signals are:

A Y2 =\(0.) +(g,) +(g. )]
A, Gy.2)] = (9,) +(9,) + () ©
|AZ(X’ y,z)| z\/(gzx )2 +(g2y )2 +(gzz )2

Debeglia and Corpel (1997) showed that the derivatives of the analytic signal amplitude give a more
efficient separation of anomalies caused by interfering structures than the analytic signal amplitude. Derivatives
of directional analytic signals in x,y,y-, and z-directions can be expressed as:
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Where & is x, y and z indicator. Function that represents the combination of analytic signal
derivatives A, and A can be a function to detect the edges of source:

e0l= A1 +[A.f 0

ED function allows to detect edges of source better than HGA (horizontal gradient amplitude) function.
HGA is a standard function which is widely used to detect edges:

2
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Zhang et al (2000) showed that for GGT data, the standard Euler deconvolution can be extended to:
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For a window have N data points, equation (9) can be written as: Gm=d (10)
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and can be solved by the least-squares estimate m*' as follows: m* = (GTG) G'd (12)

Where G and d are 3N x 4 and 3N x 1 matrices. Then the residual error of data is:
Ad =dP® —d (12) ; where P =Gm®™ (13)
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Then, the covariance matrix of the estimate model is given as: [Covmeﬂ _ a§ (GTG) (14)
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and the standard error of source boundary location and structural index is given by :

Ary=Jc, +Cyp+Cy i AN= N (16)

* Determining source boundary: To determine source boundary, we determine maxima points of ED function
(formula (7)) by using Blakely’s method

* Estimate depth of source boundary: To rapid estimate the depth of source boundary, After m variable is
determined according to (11) formula (m is a vector that contains 4 components, of which 1%, 2" and 3™
components are the coordinates of source boundary and 4™ component is the structural index n. For each m
vector is a source boundary position and corresponding to a structural index), base on theorem of the
Tikhonov’s ill-posed problems, we have assigned the value of 4™ component in the m vector (structural index)
n:= 0.05 before enter calculating for formulas (13). By this way, we had tested success on modeling [2].

* Detect about the existence of source boundary : to perform this, the article combine derivation of the
directional analytic signals amplitude of gravity gradient tensor and Euler deconvolution method with upward
continuation method. Namely, we perform upward continuation at other elevations then Estimate depth of
source boundary at each elevation. Collecting the depth obtained at other elevations and at each maximum point
choice the depth value that is largest.

I1l. DETERMINE LOCATION AND ESTIMATE EXISTENCE DEPTH OF THE FAULTS SYSTEM
ON EAST SEA
3.1. Characteristics of deep faults system on the East Sea.
From many diagrams and maps of the faults system on the East Sea have been pointed out:

- The faults system on the central continental shelf is deep faults system that develops both length and
width as well as depth. This system creates a powerful geodynamic regime and positive influence on both the
land and continental shelf of Vietnam.

- The Vietnam continental shelf can be divided into at least seven regions with different faults
structure. It is the northwestern of the Gulf of Tonkin, the southwestern of the Gulf of Tonkin, the northern part
of the continental shelf, the Central Continental Shelf, the Cuu Long Basin, the Nam Con Son Basin and the
Con Son Strip, the Northeast continental shelf of Thai Land Gulf.

- The north-east direction depth faults are the largest and most prominent. It is strongly influence on the
tectonic change of East sea. It is faults system what along run the East sea axis, the faults system separates the
center of the East Sea with the transition areas in the northwest and southeast. The faults system prolong from
the northwestern part of Hoang Sa archipelago to Taiwan that dominates the Southeast continental shelf of
China. The deep faults system prolong from the northwestern of Truong Sa archipelago and the deep faults
system prolong and parallel to the coast of the Kalimanta and Palawan islands. These are deep faults system,
have length of up to thousands of kilometers, and have the depth from 60-70 km to over 100 km.

- The deep faults what meridian direction are scattered on the East Sea, but are concentrated in two
parts of Vietnam and Philippines. 109°E meridian fault on continental shelf of Vietnam and the deep faults
system that the meridian direction and lie on the west sea coast of the Philippines is similar size.

3.2. Database

- The bougher gravity anomaly data source is used for the article is directly calculated from the satellite
gravity data of Smith, WHF, and DT Sandwell (Version 20.1) and topography data (Version 15.1) [24]. It has
the same ratio (one minute ratio, for this article, they is grided to 1:500.000 ratio for calculation).
3.3. Determine location and estimate existence depth of faults system.

To study the development of faults as well as their existence in the depth. Upward continue of
observation field at different elevation levels (h = [10 20 30 40] km) is performed. At each of elevations, the
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location of source boundary was determined by the maxima points of the ED function (Equation 7), and the
estimate depth was determined by the Euler deconvolution method according to Tikhonov's ill-posed problems.
The results of the both boundary depth and location are shown in Figure 1. In which, the different colors
represent different depths and the dots represent the boundary locaition respectively what is represented on
XOY plane.

Observation of the results obtained (Fig. 1a) together with the sub charts (Fig. 1b, 1c) shows that the
frequency of the different depths in which the depth from 10 to 15km is the dominant (approximate 55%), while
faults has capable over 20km (approximate 13.5%) and over 30km are less than 5% (percent ratio is calculated
bg/ data 0points what the depth point appear per the depth point of the study area (from 100° to 120° E and from
5" t0 23" N).

* Question ?: Maner of represents by upward continuation and by the depth is different ? It is really
difference. Because, if we represents by upward continuation,we don’t full identify geology characteristic of
boundary (fig.2). But, if we represents follow the depth of source boundary, we can better imagine about
geology structure characteristic (figl, fig.3)
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Figure 1 : Diagram of the location and estimate depth of the source boundary on the East Sea
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Figure 2 : Diagram of maxima points of ED function on the East Sea at 40km elevation levels
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Figure 3 : Diagram of maxima points of ED function on the East Sea
that have depth larger 30km

IV. DISSCUSSION
- On the continental shelf: along run the 109° median fault (figure 4), according to the previous results,
it is considered crust penetrating fault (1 level fault). But this results shows depth existence bellow 15km (1%
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and 2™ segment) and specialy on the 3™ segment it shows interruption of this fault (Tuy Hoa breakpoint), it is
30-40km long.

- The center of the East Sea: The extension shaft was not previously considered by the authors think
that it is capability of crust penetrating (1 level fault). However, this result divede into two segment, in which,
1% segment (segment above) has the depth more than 30km and 2™ segment (segment underneath) has the depth
less than 15km.

- In the Truong Sa and Hoang Sa archipelagos area, the source boundary exists in block form, there are
many blocks in the Truong Sa archipelagos what has depth greater than 30 km, while the Hoang Sa archipelago
has depth smaller.
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Figure 4. Results about location and estlmate depth anng the 109 meridian fault

V. CONCLUSION
For the results that the article obtained. We has some conclusion as follow:

- Addition to information and do more clearly of segmentation of faults system: 1™ level fault, 2™ level
fault, 3 level fault.

- The results had indicated some location on the continental shelf of Viet Nam that has depth above
20km, even on 30km as: Along 109° meridian fault has QuangNgai segment, Phuyen-Khanhhoa segment,
ConDao Island, Songhau trench (segment underneath 7.5° latitude), Vungmay trench, ...

- The result also had indicated the faults that has depth in interval from 8km to 15km is prevail (55 %),
while from 20km to 30km usage 8,7% and above 30km is 4,75% (caculated by point of data).
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