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ABSTRACT Localising horizontal boundaries and edge enhancement is an essential process in
interpreting magnetic and gravity data. Standard edge enhancement filters have the
disadvantage of producing false horizontal boundaries with low-resolution maps. The
goal of the present work is to visualise source boundaries by eliminating false edges, so as
to obtain high-resolution results. The study presents a high-resolution edge delineation
filter based on the Gompertz function (GF) and an improved horizontal derivative to
enhance potential field data. The new balanced filter was first tested on synthetic data
from prismatic model sources and Bishop synthetic models. The filter was, then, applied
to the aeromagnetic data set from the state of Georgia (U.S.A.) and gravity field data
from the Gol-e-Gohar iron ore mine in Kerman Province (Iran). The accuracy of the filter
was evaluated by comparing the results obtained with those of other standard filters.
The obtained results show that the GF high-resolution filter is capable of simultaneously
determining the lateral boundaries of buried structures with different depths. Therefore,
the GF filter can be considered reliable when used for qualitative interpretation of gravity
and magnetic data.
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1. Introduction

Edge enhancement filters for potential field anomalies play a critical role in interpreting
geologic features such as faults, dikes, and contacts, and in mapping structural lineaments in the
subsurface (Cooper and Cowan, 2006; Sun et al., 2016; Dwivedi and Chamoli, 2021; Pham et al.,
2021; Alvandi et al., 2022b; Prasad et al., 2022). In recent years, several edge enhancement filters
have been introduced and developed for the lateral localisation of subsurface magnetic and
gravity anomalies (Chen et al., 2017; Nasuti and Nasuti, 2018; Weihermann et al., 2018). These
filters distinguish points in filtered images where physical features change or are significantly
discontinuous (Eldosouky, 2019). These filters are often introduced and developed on the basis
of the directional derivatives of potential field data. Some of the edge detection filters are not
able to accurately determine the horizontal boundaries of the buried sources, or the output
images are not of good resolution. Therefore, the improvement of the quality and accuracy
of edge detection filters play an important role in the accurate interpretation of potential field
data.
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2. Standard edge detection filters

The total horizontal derivative (THDR) filter, introduced by Cordell and Grauch (1985), is one
of the most commonly used filters. The amplitude maxima are positioned over the edge of the
causative source frames; for this reason, this type of filter can be used to detect horizontal lateral
boundaries. However, the THDR filter cannot equalise the edges of bodies with different depths
and superimposed geological structures (Fedi and Florio, 2001; Prasad et al., 2022). The THDR
filter is defined as:

THDR = (%)2 + (Z—;)Z . (1)

InEq. 1, Tisthe gravity or magneticdata whichis reduced to pole (RTP),and (g—i) and (Z—;) arethe

first-order horizontal gradients of potential field data (Cooper and Cowan, 2006).

The analytical signal amplitude (ASA) or total gradient filter, is another linear edge delineation
filter introduced by Roest et al. (1992). The amplitude maxima are directed over the edge centre
and can, therefore, be used to delineate the horizontal location of geological structures. Like the
THDR filter, the ASA filter cannot balance the edges of various body sources and superimposed
anomalies, and cannot distinguish the lateral boundaries of thin sources (Oksum et al., 2021,
Prasad et al., 2022). The ASA filter is defined as:

asa= [+ () + () @)

In Eq. 2, (g) is the vertical gradient of the potential field data and (Z—:) and (Z—;) are defined in

Eqg. 1. Therefore, the THDR and ASA filters can only determine the horizontal lateral boundaries
of the sources with strong amplitudes due to the fact that the edges of the sources at deeper
depths have low resolutions (Pham et al., 2019; Prasad et al., 2022). To solve the this problem
and determine the lateral boundaries of different anomalies, at different depths and with
simultaneously-effective small and large amplitudes, phase-based algorithms or local phase
filters have been introduced and developed. Essentially, these filters (local phase) have been
obtained by normalising the THDR, ASA, etc. filters (Alvandi et al., 2022c).

The first filter applied the tilt angle (TA) method by Miller and Singh (1994). Such method
consists in using the vertical gradient and magnitude of the total horizontal gradient of the
potential field data. The TA method applies zero crossing to delineate the edges and horizontal
boundaries and is much easier to interpret compared to the THDR and ASA filters (Cooper and
Cowan, 2006). The TA method is defined as:

THDR

TA = tan‘1< Z_Z ) . (3)

However, the horizontal boundaries of sources with different wavelengths are determined
simultaneously, but TA is usually unable to clearly identify the edges, therefore, proving an
unsuccessful method for thin and deep structures (Prasad et al., 2022).
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Wijns et al. (2005) introduced another filter, the theta map (TM) filter. This filter uses the ASA
to normalise the THDR method. The TM filter is defined as:

TM = cos™?! (THDR) .

ASA

(4)

Although this filter minimum is directed over the lateral boundaries of the causative sources,
it produces false and spurious edges, and is less effective in edge detection of thin and deep-lying
sources (Alvandi et al., 2022c; Prasad et al., 2022). In addition, the enhanced lateral boundaries
appear more diffused and wider than in reality (Nasuti et al., 2019).

Cooper and Cowan (2006) proposed a modified version of the tilt angle: the horizontal tilt
angle (TDX). The TDX approach applies the absolute value of the vertical gradient to normalise
the THDR amplitude. Results obtained are similar to those obtained with the TM filter, and
secondary edges in the filtered images are produced, even though the maximum filter values
are used to determine the horizontal boundaries of the buried sources on the grid plane. The
TDX filter is defined as:

_ THDR
TDX = tan™? (7) . (5)

il

Ferreira et al. (2013) introduced the tilt angle of the total horizontal derivative (TAHD)
filter for the qualitative interpretation of magnetic and gravity data. The filter uses maximum
amplitude values for edge detection of potential field sources. The TAHD filter normalises the
vertical gradient of the THDR by means of its total horizontal gradient amplitude. The TAHD filter
is defined as:

dTHDR

TAHD = tan™! i . (6)

J(aT:XDR)Z + (a'r(;-lyz)ze)2

The TAHD algorithm balances the signals from shallow and deep sources, and is a filter for edge
detection even when the edges of the detected sources have low resolutions (Prasad et al., 2022).

Eshaghzadeh et al. (2018) proposed the TA of the balanced total horizontal derivative (TBHD)
filter. The TBHD algorithm normalises the vertical gradient of the balanced total horizontal
derivative (THDRB) by means of its total horizontal gradient amplitude. The TBHD method is
defined as:

JdTHDRB

TBHD = tan™? 9z (7)

(BTHDRB)Z (BTHDRB)Z
+
ax oy

where
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THDRB = THDR . (8)

K+J[Hx(THDR)]Z+[Hy(THDR)]2+THDR2

In Eq. 8, H _and Hy are the Hilbert transform of the THDR algorithm in the X and Y directions,
respectively. The K value is a constant value that controls the effectiveness of the method
(Cooper, 2009; Eshaghzadeh et al., 2018). The amplitude maxima are positioned over the
horizontal lateral boundaries of the causative source frames; therefore, they can be used for
edge detection of potential field data.

3. The Gompertz edge determination filter

This paper proposes an edge enhancement filter, based on the Gompertz function, to balance
the horizontal lateral boundaries of potential field causative sources located at different depths
and with high resolutions. The Gompertz function [GF, see e.g. Winsor (1932) and lliev et al.
(2017)] is almost identical in shape to the inverse tangent function commonly used for edge
detection of gravity and magnetic field data. The GF, or improved TA of the balanced total
horizontal derivative, is defined in Eq. 9:

OITHDR

GF = exp{ —K X exp|— 9z +1 (9)

\/(BIZI:DR)Z_'_(BI’I;;DR)Z

where

K
ITHDR = THDR (10)

2+J[Hx(THDR)]2 +[Hy(THDR)]2 +THDR?

and the K value is a positive number, established by the interpreter, equal to, or greater than,
one. The amplitude amount of the proposed filter is between zero and one, and the amplitude
maxima are located on the edges of the anomaly sources. This filter can equalise the amplitudes
of anomalies caused by structures, at different depths and with high resolutions. To evaluate
the effectiveness of the proposed filter, a comparison was performed with other standard edge
detector algorithms (e.g. THDR, ASA, TA, TM, TDX, TAHD, and TBHD). Therefore, the filter is
applied to imposed synthetic models, Bishop synthetic models, and real data sets from the state
of Georgia (U.S.A.) and the Gol-e-Gohar iron ore mine (Iran).

4. Evaluation of the K value

Atwo-dimensional model has been taken into consideration to study the role of K with different
values, and its contribution to determining the edges and increasing resolution. A synthetic
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gravity model consisting of three prisms, with different properties and buried at different depths,
is used to evaluate the K value for the proposed source edge detector. The properties assigned
to the bodies are shown in Fig. 1a. The calculated gravity effects are shown in Fig. 1b. The GF
edge detection method is applied to the calculated gravity effects with increasing values from
0.5 to 11 (Figs. 1c to 1j). The results show that the amplitude response of the proposed filter is
maximum over the edges. When the K value is one, the filter produces sharp edges that maintain
their sharpness until the K value equals 10. The detected edge is unreliable and faulty if the K
value is greater than 4. Therefore, to determine filter effectiveness, best results are obtained
with a K value ranging from 1 to 4. In this study, a K value of 1.5 is set for all theoretical and field
data models in the relation between the TBHD and GF filters.
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Fig. 1 - Evaluation of the K value in the GF over a synthetic gravity anomaly: a) schematic representation of the 2D
synthetic model; b) response of the gravity anomaly over the three prismatic bodies. GF response at: ¢) K= 0.5, d) K=
09,e)k=1,f)K=2,8)K=4,h)K=7,i) K=10, j) K=11.
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5. Theoretic model testing

This study considered noise-corrupted and noise-free synthetic gravity and magnetic models
to evaluate the robustness of the GF edge detection filter, here following described in detail.

5.1. The prismatic models
511. The gravity model

Figs. 2a and 2b show the 3D and planer views of the gravity model, which includes seven
prisms (A1, B1, C1, D1, E1, F1, and G1) with positive and negative density contrasts, two prisms
with the same size but different density and depth (B1 and C1), two prisms with the same
negative density contrast (C1 and D1), two prisms with the same positive density contrast (B1
and G1), and two prisms with the same depth (D1 and F1). The parameters of the synthetic
model are listed in Table 1. The gravity anomaly of the synthetic model was produced at
200x200 km? grid nodes, with a 1-km spacing along the X and Y directions (Fig. 3a).

(b)

50 100 150 200
X (km)

Fig. 2 - 3D representation of the synthetic gravity model (a) and top view of the synthetic gravity model with seven
prisms (b).

Table 1 - The spatial and physical parameters of the synthetic gravity model.

Source/Label Al B1 c1 D1 E1l F1 G1
X-coordinates of the centre (km) 100 167 167 167 100 85 75
Y-coordinates of the centre (km) 178 130 75 32 10 88 75

Width (km) 25 35 35 13 10 125 20

Length (km) 160 40 40 35 160 125 35
Depth of top (km) 3 2 3 4 6 4
Depth of bottom (km) 5 3 4 5 7 5

Density contrast (g/cm?) -0.3 0.5 -0.5 -0.5 -1 0.6 0.5

As shown in Fig. 3b, the THDR method result is dominated by the strong amplitude responses
of bodies A1, B1, C1, and F1, while the weak amplitude responses of bodies D1, E1, and G1 are
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blurred and not clear. The ASA can detect the edges of bodies Al and B1, whereas the filter
resolution is insufficient to clearly delineate the edges of the other bodies (Fig. 3c). The TA filter
successfully detects the edges of bodies A1, B1, C1, D1, and F1, but is less effective for bodies E1
and G1 (Fig. 3d). In addition, the TM algorithm produces false minimum contours in the output
map (Fig. 3e). The TDX method provides results which are very similar to the TM edge detection
method. The minimum amplitude of the TM filter indicates the location of the edges, while
the TDX filter detects the source edges using the maxima. Similarly to the TM filter, the TDX
filter produces false contours in the output map (Fig. 3f). For the deepest source (G1) and the
thinnest source (E1), the lateral boundaries detected by the TA, TM, and TDX filters are shifted
away from the edges, making the buried bodies appear larger than they actually are. The TAHD,
TBHD, and GF filters can simultaneously balance the low and high amplitudes of the different
sources, and the edges of the sources can be detected on the basis of their maximum values
(Figs. 3g to 3i). The TAHD, TBHD, and GF filters are more accurate in estimating the source edges
than the THDR, ASA, TA, TM, and TDX algorithms and prevent the generation of false horizontal
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Fig. 3 - Comparison of results obtained with different filters: a) synthetic gravity model of the seven prisms with
positive and negative density contrast; b) THDR; c) ASA; d) TA; e) TM; f) TDX; g) TAHD; h) TBHD; i) GF.
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boundaries in the output image. However, the proposed GF filter can detect the edges of the
buried structures with a higher resolution compared to the TAHD and TBHD filters, and can also
equalise the amplitudes of the anomalies, caused by the structures at different depths, with
positive and negative density contrast.

51.2. The gravity model with added noise

Fig. 4a shows the gravity anomaly caused by the seven prisms. Arandom noise, with amplitude
equal to 3% of the anomaly amplitude, was added to this to investigate the noise effect as well.
Before applying the edge detection methods, THDR, ASA, TA, TM, TDX, TAHD, TBHD, and GF
methods, a 1-km upward continuation filter of the gravity field data was applied to attenuate
the effects of random noise.
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Fig. 4 - Comparison of results obtained with different filters: a) the gravity data of the synthetic model with random
noise with amplitude equal to 3% of the anomaly amplitude; b) THDR; c) ASA; d) TA; e) TM; f) TDX; g) TAHD; h) TBHD;
i) GF.
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Strong amplitude anomalies dominate the results of the THDR and ASA filters, which cannot
clearly detect the edges of weak amplitude anomalies (Figs. 4b and 4c). The TA filter efficiency
is also low in determining the edges of deep and thin sources (Fig. 4d). Likewise, TM and TDX
filters are unable to determine the horizontal boundaries of thin and deep sources (Figs. 4e and
4f). Figs. 4g and 4h show how the TAHD and TBHD methods are able to detect all source edges,
but do not produce a high-resolution and clear image. The results obtained in using the GF filter
(Fig. 4i) show that this algorithm is less dependent on the depth of the buried structures, and
the delineated edges are clearer than those achieved with the TAHD and TBHD filters. Still, the
GF edge detection filter does not produce false horizontal lateral boundaries.

51.3. The magnetic model

The synthetic magnetic model, consisting of four prismatic sources, is shown in Figs. 5a and
5b; and its relevant parameters are listed in Table 2. Similar to other edge detection methods
(Alvandi et al., 2022b; Prasad et al., 2022), the proposed filter requires reduction to pole data;
therefore, for all four prismatic bodies, the inclination and declination of the magnetic field are
set to 90° and 0°, respectively. The total magnetic intensity is calculated on a 200x200 km? grid,
with a 1-km grid spacing along the X and Y directions. Fig. 6a shows the synthetic magnetic
anomaly generated by the negative and positive remnant magnetisation sources.
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Fig. 5 - 3D representation of the synthetic magnetic model (a) and top view of the synthetic magnetic model (b).

Table 2 - The spatial and physical parameters of the synthetic magnetic model.

Source/Label A2 B2 c2 D3
X-coordinates of the centre (km) 100 100 100 100
Y-coordinates of the centre (km) 175 88 115 39

Width (km) 20 30 30 12

Length (km) 180 135 180 180
Depth of top (km) 3 1 5
Depth of bottom (km) 5 2 4 6

Magnetisation (A/m) 1 1 -0.5
Strike azimuth 0° 0° 0° 0°
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Fig. 6 - Comparison of results obtained with different filters: a) the magnetic synthetic model of the four prisms with
positive and negative magnetisations; b) THDR; c) ASA; d) TA; e) TM; f) TDX; g) TAHD; h) TBHD; i) GF.

In this case, the THDR, ASA, TA, TM, TDX, TAHD, TBHD, and GF filters were applied. The
results are shown in Figs. 6b to 6i. The results of the THDR method are given in Fig. 6b. The
large amplitude response dominates the results due to the shallow source, B2, but the small
amplitude responses due to the deeper sources, A2, D2, and C2, are blurred. The filter ASA
shows distinct boundaries for the shallow source, B2, but the lateral boundaries become blurred
with increasing depths (Fig. 6c). Figs. 6d to 6f show the results of the TA, TM, and TDX filter
algorithms, respectively. Although the methods, in this case, outline the edges of the deep and
shallow sources, they bring false and spurious horizontal boundaries between the sources. Fig. 6g
shows the edges detected by the TAHD method. It is evident that the method provides maximum
values over the horizontal lateral boundaries of the sources. Compared to results obtained with
the other filters, the TAHD filter results are more even, clearer, and better, showing no false
edges. Fig. 6h shows the results of the TBHD filter. In this case and unexpectedly, the method
is less effective at highlighting the source edges, and it also introduces obvious additional false
boundaries between the sources. Edge detection of the GF filter is shown in Fig. 6i. Compared
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to the results of other edge detection filters, the GF filter stands out for producing balanced,
clear, and refined horizontal boundaries between deep and shallow levels, and minimising
interference. An intriguing feature of the GF method is that the maximum amplitude of the filter
is positioned over the lateral boundary of the sources, and the edge is not displayed as larger.

51.4. The magnetic model with added noise

We applied the proposed filter to a magnetic model containing random noise with
amplitude equal to 3% of the anomaly amplitude. The noisy anomaly is shown in Fig. 7a. A
1-km upward continuation distance filter, to stabilise the results, is used due to the high-level
noise added to the data. Figs. 7b and 7c show the results of the THDR and ASA methods,
respectively. It is obvious that the THDR and ASA filters cannot balance the differences in
amplitudes. Figs. 7d to 7f show the results of the TA, TDX, and TM methods, respectively. The
phase-based filters can equalise the strong and weak amplitudes but, also, create additional
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spurious horizontal boundaries between sources and easily confuse the interpreter. Fig. 7g
shows the results of the TAHD filter. The filter effectively detects edges and can prevent the
generation of false boundaries in the output map. Fig. 7h shows the TBHD filter results. The
false lateral boundaries appear in the output map, and proving that the TBHD filter cannot
clearly delineate the source edges. The amplitude results of the GF filter are shown in Fig. 7i.
Compared to the above results, the GF filter clearly outlines the edges of all four sources and
improves visibility. It enhances the sharpness of the structures as well as the high resolution
of the horizontal boundaries.

5.2. The Bishop complex synthetic model

To investigate the ability of edge detection filters while detecting deep and shallow
structures, a case with complex sources, namely the Bishop synthetic gravity and magnetic
models (Williams et al., 2005; https://wiki.seg.org/wiki/Bishop_Model) is analysed. The Bishop
complex model is a basement model developed on the real topography of a portion of the
volcanic tablelands area north of Bishop, California, U.S.A. (Fairhead et al., 2004; Reid et al.,
2005; Williams et al., 2005; Florio, 2018). Several authors have used the Bishop model for edge
detection from potential field data (Cooper, 2020; Dwivedi and Chamoli, 2021; Chen and Zhang,
2022). This case presents minor faults and two relatively long and large offset faults (striking
N-S and E-W), which are indicated with the dashed lines in Fig. 8a (Florio, 2018). The unfaulted
deep basin region is located in the south-eastern corner, and shallow structures are located
NW of the Bishop gravity anomaly map (Williams et al., 2005). In this study, noise-corrupted
and noise-free Bishop models were considered to evaluate the robustness of the GF edge
enhancement algorithm.

Fig. 8a shows the gravity anomaly produced by the Bishop model. Figs. 8b to 8i show the
effect and capability of the various edge detection methods. As shown in Figs. 8b and 8c, the
results of the THDR and ASA methods, respectively, are dominated by shallow-level sources,
and the two main structures (main faults) appear blurred. THDR and ASA cannot balance small
and large amplitudes at the same time. Figs. 8d to 8f show the data TA, TM, and TDX in Fig. 8a.
All three filters cannot detect the edges of deep or thin structures well. In this case, TA, TM,
and TDX filters are unable to locate the edges of the structures in the south-eastern corner of
the edge detection map, thus leading to false edges in the output map. The TAHD and TBHD
filters can equalise the edges of bodies with different depths, but the detected edges have lower
resolutions compared to the GF filter (Figs. 8g and 8h). The GF algorithm provides high resolution
compared to the other filters. It can balance the anomalies of shallow and deep sources, and
extract the edges associated with the main and minor structures (Fig. 8i).

A random noise with amplitude equal to 3% of the anomaly amplitude was added to the
Bishop model data to test the capability and quality of the edge determination filters. Fig. 9 shows
the result of adding random noise to the synthetic model in Fig. 8a. A 1-km upward continuation
filter is applied to Bishop model data to reduce the noise effect. Figs. 9b to 9i show the results
of edge detection filters for up-warded anomalies that are shown in Fig. 9a. The results of the
THDR and ASA edge detection methods, once again, indicate that the THDR and ASA methods
are not suitable for detecting lineaments and lateral boundaries (Figs. 9b and 9c), and that the
detected edges are diffused. In addition, the TA, TM, and TDX filters produce additional spurious
edges and can easily confuse the interpreter (Figs. 9d to 9f). The results of the TAHD and TBHD
algorithms are given in Figs. 9g and 9h, respectively. Compared to the above results, the TAHD
and TBHD filters show the edges of all major and minor faults as well as those of other structures.
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Fig. 8 - Comparison of results obtained with different filters: a) gravity field of the Bishop basement model (two large
offset faults are indicated with the dashed lines); b) THDR; c) ASA; d) TA; e) TM; f) TDX; g) TAHD; h) TBHD; i) GF.

Fig. 9i shows the edges detected with the GF algorithm. The GF algorithm can simultaneously
balance weak and strong amplitudes, thus avoid producing any false edges, and outputting a
high-resolution edge detection map.

Fig. 10a shows the magnetic reduction to the pole of the magnetic anomaly produced
by the Bishop model. Figs. 10b to 10i show the effect and capability of the different edge
enhancement methods. The results obtained are similar to those of the gravity model in the
previous section. Again, the GF filter is of better quality and is capable of detecting horizontal
boundaries. Random noise with amplitude equal to 3% of the anomaly amplitude was added to
the magnetic model data to investigate the ability and quality of the edge enhancement filters.
Fig. 11 shows the result obtained with the addition of random noise to the synthetic model in
Fig. 10a. A 1-km upward continuation filter is applied to the magnetic model data, before the
horizontal boundaries determination filter, thus reducing the random noise effect. Figs. 11b to
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Fig. 9 - Comparison of results obtained with different filters: a) gravity data of the Bishop synthetic model with random
noise with amplitude equal to 3% of the anomaly amplitude; b) THDR; c) ASA; d) TA; e) TM;; f) TDX; g) TAHD; h) TBHD; i) GF.

11i show the edge detection filter results after the data upward continuation filter in Fig. 11a.
The GF algorithm can simultaneously equalise weak and strong amplitudes, thus avoiding the
production of any false lateral boundaries, and outputting a high-resolution edge detection
image.

6. Real aeromagnetic data

In this section, the practical applicability of the proposed filter is demonstrated with the
interpretation of high-resolution aeromagnetic data belonging to a part of the state of Georgia,
in south-eastern United States (Fig. 12a). The area lies between longitudes 82.80° and 84.30°
W and latitudes 32.20° and 34.50° N, i.e. the study area is located in two different geological
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areas, Piedmont and the Coastal Plain. The fall line (FL) is the border between Piedmont and the
Coastal Plain (Fig. 12b). The Piedmont geological region consists of igneous and metamorphic
rocks such as schist, amphibolite, gneiss, and granite (Hack, 1982). The Coastal Plain in Georgia is
part of a geological region composed of sedimentary rocks deposited from the Late Cretaceous
to Holocene periods. A simplified geological map of the study area (modified by Lawton et al.,
1976; Pickering and Murray, 1976), on a 1:500,000 scale, is shown in Fig. 12b. The Piedmont
region presents a complex geological structure with numerous faults and dikes. Determination
of the location and identification of faults and dikes in Georgia, using regional aeroradioactivity,
aeromagnetic mapping, and seismic reflection studies, has increased the number of faults that
were difficult to identify without the use of geophysical methods (Bentley et al., 1974; Alarifi,
2022). The major faults of Brevard (in the northern part of the map), Towaliga-Lowndesville (in
the central part of the Piedmont zone) and Bartletts Ferry (near the fall line) are marked on the
geological map (Fig. 12b).
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Fig. 11 - Comparison of results obtained with different filters: a) magnetic field of the Bishop basement model with
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Fig. 13a shows the aeromagnetic data of the study area (Daniels, 1974, 2001; Alarifi, 2022).
In this study, aeromagnetic data were RTP, and a 2-km upward continuation filter was applied
to the RTP anomaly maps before computing the edge determination filters in order to reduce
the noise effect and produce smoother edge determination maps. As in the previous section,
we compared the GF filter with the following edge determination filters: THDR (Fig. 13b), ASA
(Fig. 13c), TA (Fig. 13d), TM (Fig. 13e), TDX (Fig. 13f), TAHD (Fig. 13g), and TBHD (Fig. 13h). As
expected, the THDR and ASA filters are unsuccessful in determining the horizontal boundary
of structures (Figs. 13b and 13c). Fig. 13d shows the results obtained by applying the TA edge
enhancement filter to the aeromagnetic data. The TA map shows the presence of the major BF,
TLF, and BFF faults, but other geological structures are blurred or unclear. Figs. 13e and 13f show
the results obtained by applying TM and TDX filters, respectively. Both are effective in equalising
amplitudes, but the horizontal lateral boundaries obtained with the TM and TDX methods are, to
some extent, blurred. The horizontal lateral boundaries are correlated in all three edge detection
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Fig. 12 - Location and simplified geological map of the study area (Lawton et al., 1976; Bajgain, 2011; Pickering and
Murray, 1976).

methods, TA, TM, and TDX, and this also complicates the interpretation. Figs. 13g and 13h
show the results of the TAHD and TBHD filters, respectively. These results allow us to highlight
anomalies at the edges of buried sources and provide evidence for determining faults and dikes.
In this case, however, the TBHD filter makes the sources seem bigger than they are. The main
feature of the GF algorithm is the production of more subtle geologic features, and this is more
effective for a qualitative interpretation of the study area. In this case, the peaks of the GF show
a good correlation with the primary faults in the area (Fig. 13i).

7. Ground-based gravity data

In this section, the practicality of the GF filter is demonstrated by interpreting ground-
based gravity field data from the Gol-e-Gohar iron ore mine in Kerman province, Iran (Fig. 14a).
Iron ores are widely distributed in different regions of Iran, including central Iran (Choghart,
Chadormelo, and Jalalabad), Sanandaj-Sirjan zone (Gol-e-Gohar-Sirjan and Shamsabad-Arak),
eastern Iran (Sangan-Khaf), and some areas such as Bandar Abbas, Zanjan, and Semnan (Alvandi
et al., 2022a), while iron deposits are significant in terms of reserves in the Gol-e-Gohar region
in Sirjan. The Gol-e-Gohar mining complex, with its rich iron ore mines, is located 50 km SW
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Fig. 13 - Comparison of results obtained with different filters: a) aeromagnetic data of the Georgia area; b) THDR; c)
ASA; d) TA; e) TM;; f) TDX; g) TAHD; h) TBHD; i) GF. BF = Brevard fault, TLF = Towaliga-Lowndesville fault, BFF = Bartletts
Ferry fault.

of the city of Sirjan in Kerman province (approximately 29° N, 55° E) (Shahba et al., 2017), and
is one of the most important active mining poles in the Middle East. The Gol-e Gohar iron ore
deposit is located in six separate anomalies, with a reserve of about 1,200 million tons in a
range approximately 10 km long and 4 km wide. The effectiveness of edge detection methods
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Fig. 14 - Geological map of Gol-e-Gohar with the
position of the Gol-e-Gohar mine (Mahmoudi et al.,
2017; Behnam and Ramazi, 2019).
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Fig. 15 - Comparison of results obtained with different filters: a) gravity data of the Gol-e-Gohar area; b) THDR; c) ASA;
d) TA; e) TM; f) TDX; g) TAHD; h) TBHD; i) GF.
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has been compared to delineate the geological structures of Gol-e Gohar iron ore mine No. 2.
The simplified geological map of the Gol-e-Gohar area, the distribution of rock units and the
major structural elements are shown in Fig. 14. To reduce the noise effect and produce smoother
edge detection maps, a 20-m upward filter was applied to the gravity anomaly maps before
calculating the edge detection methods. Fig. 15 shows the application of the different edge
detection methods to the gravity field model. The gravity anomaly map of the Gol-e-Gohar mine
is shown in Fig. 15a.

The large amplitudes dominate the THDR and ASA maps, and other detected buried sources
are blurred, rendering the interpretation of the deep structures difficult (Figs. 15b and 15c).
The TA, TM, TDX, TAHD, and TBHD maps (Figs. 15d to 15h) show strong signatures of faults
and structures. In this case, however, the structural trends cannot be clearly identified using
the TA, TM, and TDX filters. TAHD and TBHD are powerful methods that enable small and large
amplitude signals to be balanced simultaneously. Fig. 15i shows the results obtained by applying
the GF method to the Gol-e-Gohar gravity data set: the GF filter simultaneously balances the
amplitude of large and small anomalies and, compared to the previously tested methods, is very
effective in identifying geological structures.

8. Conclusions

We presented a high-resolution filter for determining field data edges. The filter was tested
on synthetic gravity and magnetic data and field data from the U.S.A. and Iran. The comparison
of the results proved that the GF algorithm can simultaneously balance the edges of different
body sources at shallower and deeper depths, and the resolution of the causative source
edges provided is better than that obtained with various conventional methods. Moreover, the
horizontal boundaries of complex and imposed models can be clearly and accurately delineated.
In this study, by applying various edge detection filters to the aeromagnetic data, the location
and horizontal boundaries of the primary faults in the pediment zone, and some expected
contacts and faults hidden beneath the coastal sediments in the upper coastal plain, were
determined. Various edge detection filters were also applied to the gravity field data. The GF
map clearly shows the trend of Gol-e-Gohar mine No. 2 and other buried structures. The GF
filter is of better quality and provides reasonable accuracy and resolution for determining the
boundaries of the geological structures. In addition, this filter is able to determine the edges of
the buried geological structures by using potential field data without drawing additional and
false boundaries. The images output using the GF filter can significantly help the interpreter in
delivering a qualitative interpretation.
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