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An important feature in the interpretation of gravity data is the determination of the 
edges of the density structures. There are several different enhancement techniques 
used to achieve the edge locations. In this study, we aim to estimate the effectiveness 
of some edge enhancement techniques such as the total horizontal gradient, analytic 
signal, theta map, and logistic function of the total horizontal gradient in terms of their 
accuracy on detection of subsurface structures from gravity data. These methods were 
tested on synthetic gravity data with and without noise. Findings show that the logistic 
function of the total horizontal gradient performs better than other methods under 
almost all cases. Additionally, the methods are also applied to real gravity data from 
the Phu Khanh basin as a practical example. The results determined by the LTHG 
technique reveals the presence of many structures with E-W, NE-SW, NNW-SSE, 
ENE-WSW, and NNE-SSW trends in the basin. 

 

1. Introduction  

Geophysical methods have been used for many years 
in the determination of nature and processes of the Earth 
[1-7], and gravity method is one of the oldest methods used 
to solve this problem [8, 9]. Despite the development of an 
increasing number of additional exploration techniques, 
some of which can determine geological structures with 
higher resolution, the gravity method has continued to be 
an important and sometimes crucial constraint in a wide 
variety of terrestrial investigations [8-10]. The gravity 
method can help estimate the depth and horizontal location 
of the geological structures [11-18]. The horizontal 
locations of density structures have a great effect on the 
understanding of mineral deposits, also the optimization of 
exploratory drilling operations [19-21]. These locations also 
play an important role in basin characterization for 
exploring oil and gas [22]. Edge detecting techniques can 
outline the lateral location of the density sources [20]. 
There are many methods for enhancing the lateral location 
of the structures, most of which are based on the horizontal 
and vertical gradients of the gravity anomaly [24-30]. 
Recently, applications of enhancement techniques to 
potential field data have shown great success [31-45].  
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Some authors have developed the different techniques 
based on the amplitudes of the gradients of the field to 
detect the edges related to a known gravity anomaly [46-
49]. Several other authors have introduced the techniques 
based on the ratios of gradients of the gravity data to 
extract the edges of the sources [50-57]. One of the most 
important advantages of these techniques is that they do 
not need an assumption about the nature and type of the 
causative bodies [22]. 

In this study, we estimate the performance of 
the popular edge detection techniques such as the total 
horizontal gradient (THG), analytic signal (AS), theta map 
(THETA), and logistic function of the total horizontal 
gradient (LTHG). We estimate the applicability of these 
techniques by a gravity model with and without noise. In 
addition, their practical utility is also estimated on real 
gravity dataset from the Phu Khanh basin, Vietnam. 

2. Methods 

The total horizontal gradient (THG) is one of the most 
commonly used techniques for enhancing the edges of 
density structures. The THG of the gravity field F is 
calculated as the following equation [47]: 

 

(1) 
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Another commonly used edge detection technique, 
called the analytical signal (AS), which is expressed as 
[48]: 

 

(2) 

The partial derivatives in the THG and AS 
operators are easily calculated by the frequency or space 
techniques.  

Wijns et al. (2005) suggested use of an arctan of the 
ratio between the horizontal gradient and the analytic 
signal to outline the edges of density structures, called the 
theta map (THETA). The method is expressed as [51]: 

 

(3) 

Another edge detection filter based on the ratio of the 
derivatives of the THG, was proposed by Pham et al. 
(2019) for improving the resolution of results, called the 
logistic function of the total horizontal gradient, which is 
given by [53]: 

 (4) 

where 

 

(5) 

and α is a constant that is decided by the researcher. This 
constant controls the effectiveness of the method. Pham et 
al. (2019) shows that the best results were obtained when 
using α = 2 ∼ 10 [53]. The main attributes of the LTHG 
operator are to provide maximal amplitudes on the 
horizontal boundaries of the sources and equalize signals 
from shallow and deep structures. 

3. Synthetic model 

To estimate the effectiveness of the techniques, we 
constructed a synthetic gravity model that includes four 
prismatic sources with the parameters are presented in 
Table 1. Fig. 1a shows the 3D view of the model. The 
gravity anomaly due to this model is displayed in Fig. 1b as 
the observed anomaly.The dashed lines in figures show 
the true boundaries of the prismatic sources. 

 

Fig. 1. (a) 3D view of the model, (b) gravity anomaly of the model without random noise, (c) gravity anomaly of the model 
with 2% random noise, (d) noise gravity anomaly after upward continuation of 1.5 km. 
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Table 1. Parameters of the synthetic model 

Parameters 1 2 3 4 

x- coordinates of center (km) 100 100 100 100 

y- coordinates of center (km) 170 90 90 90 

Width (km) 4 30 70 120 

Length (km) 120 30 70 120 

Depth of top (km) 3 3 4 7 

Depth of bottom (km) 5 4 7 10 

Excess contrast (g/cm
3
) -0.2 0.2 0.3 -0.3 

 

 

Fig. 2. Edge detection results for the gravity data in Fig. 1b. (a) THG, (b) AS, (c) THETA, (d) LTHG. 

In first case, we applied the THG, AS, THETA, and 
LTHG methods to the gravity data in Fig. 1b. Fig. 2a shows 
the edges outlined by the THG method. We can see that 
this method can detect the edges of the sources 1, 3 and 4, 
but the responses from the source 2 are blurred. Fig. 2b 
displays the edges outlined by the AS technique. Similar to 
the THG method, the AS is less effective in detecting the 
edges of the body 2, and it cannot extract the boundaries 
of the body 1. In addition, the boundaries obtained from 
these methods are relatively diffuse. Fig. 2c displays the 
edges estimated by the THETA technique. As clearly 
observed, the technique cannot detect the edges of the 
bodies 1, 2 and 3. Moreover, this method brings false 
edges around sources 1 and 3. Fig. 2d displays the edges 
extracted by the LTHG technique. We can see from this 
figure that the LTHG technique provides excellent 
estimates of all the edges of the sources, and the edges 

extracted by this method are clearer and more accurate 
than those determined by other techniques. 

To further estimate the stability of the techniques, we 
consider the second case. Here, the gravity anomaly in Fig. 
1b was added with random noise with amplitude equal to 
2% of the amplitude of the anomaly. Fig. 1c displays the 
noise-corrupted gravity anomaly. Because the edge 
enhancement techniques are based on the gradients of the 
gravity data, they may amplify the noise signals in the data. 
An upward continuation filter of 1.5 km, was applied to the 
noise data before application of the techniques to reduce 
the noise effect. Fig. 3a displays the edges determined by 
the THG method. As can be seen, the method can extract 
the edges of the sources 3 and 4, but it is less effective for 
the sources 1 and 2. Fig. 3b displays the result determined 
by the AS method. The method brings the maxima over the 
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edges of the sources 2, 3 and 4, but for thin source 1, it 
peaks are positioned directly over the body center. In this 
case, the THG and AS method also cannot bring the edges 
with high resolution. Fig. 3c depicts the edges estimated by 
the THETA method. Again, this technique cannot detect 
the edges of the sources 1 and 3, and it also produces 

false edges around these sources. Fig. 3d depicts the 
edges determined by the LTHG technique. Clearly, this 
technique is able to extract all the edges and also can 
avoid bringing false edges. Moreover, the LTHG produces 
an image with higher resolution than other methods. 

 

 

Fig. 3. Edge detection results for the gravity data in Fig. 1d. (a) THG, (b) AS, (c) THETA, (d) LTHG. 

4. Application to real gravity data 

In this section, we consider the practical applicability of 
the edge detection methods through interpretation of 
gravity data from the Phu Khanh basin.  

The basin is the least explored basin on the 
Vietnamese margin [58]. It is located along the narrowest 
part of the East Vietnam Sea’s shelf and within a 
transitional zone from the continental crust of the Indochina 
Craton to the oceanic crust of the East Vietnam Sea. The 
basin is characterised by a water column that rangs from a 
few tens of metres in the west to abyssal depths towards 
the east (Fig. 4). The basin includes a series of Cenozoic 
sedimentary basins. It is bordered by oceanic crust to the 
east and is situated south of the Qiongdongnan, Quy Nhon, 
and Song Hong basins and north of the oil and 
gasproducing South Con Son and Cuu Long basins. 

The gravity data used in this study were computed by 
Pham (2020) using 1’×1’grid free-air gravity anomalies 
derived from the CryoSat‐2 and Jason‐1 satellites, which is 
more accurate than previous models [59, 60]. Fig. 5a 

shows the Bouguer gravity anomaly of the area [59]. To 
reduce the effect of the noise, an upward continuation filter 
of 5 km was applied to the Bouguer gravity anomalies 
before calculating the edge detection functions. Fig. 5b 
displays the gravity anomalies after the upward 
continuation of 5 km. 

Fig. 6a displays the results obtained from using the 
THG technique. As can be seen, the THG is dominated by 
anomalies in the southwestern region, which may be 
generated by the shallow structures. Fig. 6b displays the 
result determined by using the AS method. Similar to the 
THG, the AS is also dominated by anomalies in the 
southwestern region. As can be observed from Fig. 6a and 
6b, both the THG and AS methods are very less effective 
in bringing clear edges for the subsurface structures of the 
Phu Khanh basin. Fig. 6c and 6d show the results 
determined by the THETA and LTHG techniques. We can 
see that the THETA and LTHG are very effective in 
balancing the amplitudes of anomalies, and these methods 
have much sharper gradients over the source boundaries 
than the THG and AS methods. 
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Fig. 4. Location and bathymetry maps of the Phu Khanh basin (modified from Kha et al., 2018 [14]). 

 

 

Fig. 5. (a) Bouguer gravity data of the Phu Khanh basin, (b) Bouguer gravity data upward-continued to 5 km. 
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5. Discussion  

As can be seen from Fig 6c, although the THETA 
technique is effective in producing a balanced map, many 
adjacent edges are connected. This may lead to 
misleading structure interpretations. Moreover, as shown in 
the synthetic examples, the THETA method gives rise to 
artifacts in the edge maps, complicating the geological 
interpretation. On the other hand, it can be observed from 
Fig. 6d that the LTHG provides excellent estimated of all 
the edges of the different anomalies, and the structures 
estimated by this method are clearer than those detected 
from the THETA and other techniques. Clearly, the LTHG 
method is effective in detecting a wide range of density 
structures in the Phu Khanh basin. As discussed in the 
synthetic examples, the LTHG method cannot only 
delineate edges of the shallow and deep structures at the 
same time, but also do not produce any spurious lateral 
boundaries. The results obtained from this method reveals 
the presence of the structures trending in E-W, NE-SW, 

NNW-SSE, ENE-WSW, and NNE-SSW directions. The 
results agree very well with the structures reported by Kha 
et al. (2018) [14]. Seismic stratigraphic and structural 
analyses of the basin using 2D seismic data, indicate that 
the initial rifting began during the latest Cretaceous or 
Palaeogene, and controlled by left-lateral transtension 
along the East Vietnam boundary fault zone and NW–SE 
directed extension east of the zone [58]. In the eastern 
region of the basin, the northeast-striking extensional 
LTHG boundaries present a good correlation with the faults 
reported by Fyhn et al. (2009) [58], which may suggest that 
slab-pull forces, related to the subduction of the proto-
South China Sea, controlled the extension during the initial 
rift phase. In addition, it is worth noting that the LTHG 
method provides structure boundaries with higher 
resolution compared to other methods. This result 
illustrates the usefulness of the LTHG filter for 
interpretation of gravity data. 

 

 

Fig. 6. Edge detection results for gravity data in Fig. 5b. (a) THG, (b) AS, (c) THETA, (d) LTHG. 
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6. Conclusion 

We have estimated the performance of the different 
techniques in extracting the horizontal boundaries of the 
density sources. The accuracy and effectiveness of these 
techniques were tested on both noise-free and noisy 
gravity data. Findings showed that the THG and AS are 
dominated by large amplitude due to the shallow 
structures, but these techniques perform poorly in detecting 
the boundaries of the deep structures. The results also 
showed that the THETA and LTHG can balance the weak 
and strong signals at the same time. However, the LTHG 
can avoid bringing false infomation in the edge maps, and 
it produces the edges with higher resolution compared to 
the THETA and others. The methods were also applied to 
gravity data from the Phu Khanh basin to obtain the edge 
images of the subsurface structures in the region. In this 
case, the LTHG method is also more effective in extracting 
the edges than other filters. The LTHG map shows many 
structures with E-W, NE-SW, NNW-SSE, ENE-WSW, and 
NNE-SSW trends in the Phu Khanh basin. 
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