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Abstract 

We expand the concept of two earlier enhancement 
techniques based on the tilt angle. The proposed method 
is based on the addition and subtraction of vertical and 
horizontal tilt derivatives, TDR+TDX and TDR–TDX, 
respectively. TDR+TDX has the property of not varying 
over the causative bodies, like plateaus, while TDR–TDX 
produces peaks over the bodies and does not vary where 
there are no sources. The proposed methods are applied 
to synthetic and real data, and provide more clearly the 
locations of edges and centers of the sources with respect 
to TDR and TDX. 

Introduction 

Enhancement methods based on first-order derivatives of 
gravity and magnetic fields are commonly employed to 
locate edges and centers of causative sources. These 
techniques are robust in the sense that they can cope with 
low-quality data (Pilkington & Tschirhart, 2017). 

Some of the classical methods of this class are the 
amplitude of the analytical signal (ASA - Nabighian, 
1972,1974; Roest et al., 1992) and the total horizontal 
gradient (THDR - Cordell & Grauch, 1985). 

Later on, several methods have resorted to normalization 
in order to balance low and high amplitudes due to shallow 
and deep sources, respectively. Among these, we 
emphasize the Tilt Angle (TDR - Miller & Singh, 1994), the 
Horizontal Tilt Angle (TDX - Cooper & Cowan, 2006), and 
the Theta Map (θ - Wijns et al., 2005). These approaches 
have been extended to employ higher-order derivatives as 
well (Verduczo et al., 2005; Ferreira et al., 2013). 

It is well known that some of these methods are equivalent 
to each other (e.g., Pilkington & Tschirhart, 2017). In 
particular, Ferreira et al (2013) observed that |TDR| = θ, as 
well as |TDR| = π/2-TDX. 

In this work we explore the latter relation, which grants 
special properties to two particular combinations of these 
filters: TDR+TDX and TDR-TDX. 

As we shall see next, TDR+TDX represents an 
improvement over TDX in the sense that its peak values 
are located not only near the edges of the sources, but over 
the whole sources, resulting in a plateau over them. 
Likewise, TDR-TDX not only produces a peak over the 
center of the bodies as TDR, but also generates a plateau 
over the regions in absence of sources. The plateaus 
provided by these combined techniques render the 
potential field easier to interpret. 

Theory 

Let us recall that the TDR and TDX filters are respectively 
defined as follows: 

TDR � tan�	 
M�M
� ,											TDX � tan�	 
 M
|M�|�	, 
where Mz and Mh are vertical and horizontal derivatives of 
the anomaly M. Both relations equalize the field responses 
due to the characteristics of the arctangent, which limits the 
range to -π/2 to π/2. Moreover, since tan-1(-x) = - tan-1(x), 
it follows that 

|TDR| � tan�	 �|M�|M
 � � cot�	 
 M
|M�|�	, 
thus, tan(TDX)=cot(|TDR|). If Mz = 0, then TDX= π/2 and 
|TDR|=0, i.e., |TDR| = π/2-TDX. Otherwise, 

0 � tan�TDX� � cot�|TDR|� � cos�TDX � |TDR|�
cos�TDX� sin�|TDR|�	, 

which implies cos(TDX+|TDR|) = 0, and again |TDR| = π/2- 
TDX. This relation can be written as follows: 

TDR+TDX = π/2, if TDR>0 

TDR-TDX= -π/2, if TDR<0, 

Since TDR is positive over a source and negative 
elsewhere (Miller & Singh, 1994), it turns out that the 
combined filter TDR+TDX provides a plateau with value 
+π/2 over the sources, whereas TDR-TDX produces 
plateaus with value -π/2 in regions where sources are not 
expected. 

Synthetic example 

To illustrate the properties of the proposed methods, a 
synthetic model with three equally spaced prisms was 
generated to simulate parallel dyke-like bodies with 
different depths to top (Fig. 1). The model parameters are 
shown in Table 1. The strength, declination and inclination 
of the induced field vector are 57000 nT, 0, and 90 
degrees, respectively, and no remanent magnetization 
was considered. 

Table 1 - Spatial and physical parameters of the synthetic 
model. X, Y, Z are the coordinates of the prisms. 
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A 5 10 0.2 18 1 18 

B 10 10 0.4 18 1 18 

C 15 10 0.6 18 1 18 
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Figure 1 – 3D view of parallel dyke-like body model. 

Figure 2 shows the magnetic anomaly, whereas Figures 3 
and 4 show TDR±TDX. The plateaus over the sources 
(TDR+TDX) and out of sources (TDR-TDX) and the peaks 
of TDR-TDX are located at the bodies’ centers, as in TDR. 

The profiles at y=10km are gathered in Fig. 10. Note that 
TDR+TDX fills in a plateau between the peaks of TDX (Fig. 
10c), which makes the source locations more visible. 

 

Figure 2 – Total magnetic intensity of the synthetic 
example and profile at y=10km (dashed line). 

Moreover, TDR-TDX improves TDR by flattening its 
response away from the sources (Fig. 10d). The resulting 
profile represents the sources better also than the first-
order derivatives Mh (i.e., THDR) and Mz, shown in Fig. 
10b. 

 

 

Figure 3 – TDR+TDX of the data in Fig. 3 and profile at 
y=10km. 

 

Figure 4 – TDR-TDX of the data in Fig. 3 and profile at 
y=10km. 
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Field example 

Both combined filters are tested in field data from the 
Paraná - Santa Catarina Aerogeophysical Project (CPRM, 
2011) in the portion of the Ponta Grossa Arch, an 
expressive dyke swarm in southern Brazil. The 
aeromagnetic data were acquired along north-south flight 
lines spaced at 500 m, with a mean terrain clearance of 
150 m. The tie lines had 10 km spacing.  

Figure 5 shows the total magnetic intensity of the field data 
reduced to the pole, whereas Figs. 6-9 show the 
corresponding maps of TDR, TDX, TDR+TDX and TDR-
TDX, respectively. 

TDR+TDX predicts a high density of sources, with few 
regions free from interference (-π/2). On the other hand, 
TDR-TDX focuses on the centers of the sources and 
seems to remain insensitive to interference zones.  

Note that the dykes in the SW portion of the TMI map 
(Fig.5) are blurred by a single anomaly pattern. On the 
other hand, the dykes are clearly delineated in the 
TDR+TDX and TDR-TDX maps (Figs. 8 and 9). 

 
Figure 5 – TMI of the field data reduced to the pole. 

 
Figure 6 – TDR of the data in Fig. 5. 

 
Figure 7 – TDX of the data in Fig. 5. 

 

 
Figure 8 – TDR+TDX of the data in Fig. 5. 

 

 
Figure 9 – TDR-TDX of the data in Fig. 6. 
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Conclusions 

In this preliminary study, we have verified that simple 
combinations of well-known tilt derivative filters have 
shown to improve the focus on the edges and centers of 
the sources, in both synthetic and field data. Additional 
testing is needed to assess the robustness with noisy data 
and non-vertical magnetization. 

The proposed filters naturally inherit some limitations from 
the primary ones. Both TDR+TRX and TDR-TRX products 
spread those lateral limits according to depth increasing, 
for example, for deep sources the limits of body edges will 
appear greater than actual edges. 
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Figure 10 – Profiles at y=10km: (a) TMI profile (extracted from Fig. 2); (b) first-order derivatives (Mz and Mx); (c) TDX 
and TDR+TDX; (d) TDR and TDR-TDX. 


