
Vol.:(0123456789)1 3

Sustainable Water Resources Management            (2022) 8:73  
https://doi.org/10.1007/s40899-022-00657-6

ORIGINAL ARTICLE

Investigation of seepage paths from dam embankments using 
magnetic methods: case study of Jebba earth dam, Nigeria

Saminu Olatunji1   · Sofiyah Abdulfatai1

Received: 13 July 2021 / Accepted: 31 March 2022 
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2022

Abstract
This study aims to detect possible seepages paths from the dam embankment and describe structural defects such as faults, 
joints resulting from fracturing, and their antagonistic effect on the dam embankment. The land magnetic survey was con-
ducted to identify the chief structure and the depth to the basement along the embankment part of the Jebba dam. Data were 
acquired with a proton precession magnetometer G-857 along three parallel profiles oriented NS with a length of 1.21 km 
along the dam embankment at an interval of 10 m apart. The Analytical Signal map against the total magnetic intensity 
(TMI) map indicated a fault at 48 m distance from the beginning of profile 1 closest to the dam axis, and an intrusion at 34 m 
distance. Faults were detected around horizontal distance 12 m, 38 m and there is an intrusion at 4 m and 54 m distance along 
with profile 2. No faults were observed but an intrusion was observed at a 95 m distance along with profile 3. Reduction to 
Pole map was produced to show the correct position of the magnetic susceptibility over profile distance. The correlation of 
the upward modeling maps and first derivative maps shows that the geological structures are continuous from shallow depth 
to a deeper depth. Thus, this study shows that beneath the embankment (i) there exist fractures and intrusions (ii) the geo-
logical structures are continuous from shallow depth to the deeper depth, (iii) there is enough evidence to suspect seepage 
in the dam area. Therefore, the magnetic investigation revealed the present condition of the Jebba dam.
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Introduction

Seepage from a dam simply refers to the process by which 
water outflows from its reservoir. Seepages can be catego-
rized as normal or abnormal. Normal seepages refer to the 
pathways created during the dam designs, these include the 
spillway and the filter bed. Islam et al (2021) hinted that 
developing countries, Nigeria inclusive, are affected by 
floods such as flash floods. Such floods that could overfill 
the dam and possibly cause a collapse are controlled with 
spillways. The spillway is a path for water flow, to mitigate 
possible overflows of dams in the event of floods of any 
type. It serves remedial solution to dam collapse in the event 
of floods. Abnormal seepages may arise from geological 

hazards, animal and plant activities, the effects of which 
are inimical to the stability of the dam embankment. Thus, 
abnormal seepages especially from the embankment need 
to be detected early to avoid dam failure. Olorunfemi et al. 
(2000) reiterated that the slow release of water that ought 
to stay in the reservoir, through conduits to the dam's flank 
is unfavorable to the stability and functionality of a dam. 
It reduces the amount of water that is likely to be available 
and harms dam gates. Soil such as laterite swells if they get 
saturated with the seeping water and when there is a loss of 
water in them, they shrink significantly and possibly result 
in cracks. Cracks and collapse in the dam can, therefore, 
be activated by these expansions and shrinkages of soils, if 
not addressed in time. Seepage is one of the most common 
causes of embankment dam failures, and it has the potential 
to cause substantial social disruption such as displacement of 
people, loss of precious lives and properties, among others.

The studied dam Jebba dam, located between latitudes 
9° 8′ 08″ N and longitude 4° 47′ 16″ E, was built between 
1981 and 1983, and became operational in 1984 (i.e. about 
39 years old). It is a typical earth fill, rockfill, and concrete 
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structures sort, attached with numerous secondary dams 
and infrastructure (Mainstream 2017). The main rockfill 
dam and a saddle dam, as well as four auxiliary dams con-
sisting of an embankment dam and three gravity concrete 
structures, make up the civil structure of the dam. It is 
envisioned for hydroelectric power generation, provision 
of flood protection, and, originally, support navigation 
(among the benefits of the dam). Actually, regular main-
tenance is imperative for the sustenance of any structure 
of this type. Age and subsurface geological structures are 
imminent to the survival of a dam. Jebba dam constructed 
about 4 decades ago, cum the quest for the knowledge of 
the underline geology prompted this study for its sustain-
ability. Furthermore, the dam hosts a community of about 
1 million population, living in Jebba town located at the 
downstream side of the dam. Thus, the event of failure, if 
not detected in time, could result in a colossal loss of lives 
and property. Thus, this work aimed to identify potential 
abnormal seepage paths from the dam embankments, as 
a consequence of structural problems such as faults, frac-
ture, and joints; this is done through the following objec-
tives (i) acquiring Land magnetic data using a proton pre-
cession magnetometer (G-857) (ii) processing magnetic 
data collected and enhancing it to map the lithology and 
geological structures of the Jebba dam (iii) generating fil-
tered data to define the lithological boundaries, the inter-
section of geological structures, faults, and contacts.

The magnetic method is suitable to study subsurface geol-
ogy on the premise of the anomalies in the earth's magnetic 
field (Nicolas 2007). The shape and amplitude among oth-
ers of the anomalies are a function of the orientation, and 
magnetic susceptibility among others of the body as well 
as the intensity and inclination of the earth's magnetic field 
in the survey area (Oladunjoye et al. 2014). They furthered 
that magnetic anomalies can be used to identify faults and 
intrusions on the dam site. The magnetic survey has been 
widely employed in basement mapping and the delineation 
of subsurface linear geologic formations that may be asso-
ciated with groundwater accumulation by detecting rocks 
or minerals with peculiar magnetic properties that manifest 
as anomalies in the earth's magnetic field intensity (Abder-
ahman and Essa 2005; Olasunkanmi et al. 2018). Thus, 
magnetic methods are considered suitable and adopted for 
this study, to determine seepage paths through faults, frac-
tures, and joints in the subsurface lying under the Jebba dam 
embankments.

The investigation of dam failure globally has shown that 
25% of the failures were related to geotechnical problems 
that are related to abnormal seepages, inadequate seepage 
cut-off, faults, settlements, and land-slides among others 
(Biswas and Charttergee 1971). Therefore, it is imperative to 
carry out routine checks on the embankments, such as geo-
physical surveys of this type to ascertain security and safety.

The study area

Jebba Dam (Fig. 1) is along River Niger, Nigeria, situated 
between latitudes 9° 10′ N to 9° 55′ N and longitudes 4° 
30′ E to 5° 00′ E at elevation 76 m above sea level (about 
100 km downstream of Kanji dam). The study area is pri-
marily rippling at either side of the channel near the dam 
site. The human population density is low in the areas 
adjacent to the lake and generally low throughout the 
drainage basin. Intensive agriculture is carried out in a few 
places. Except in a few places population density is in the 
order of 10–20 per square mile. The station is one of the 
most cost-effective sources of electricity in Nigeria. It has 
a maximum length of 100 km (km), a maximum depth of 
32.5 km, a maximum width of 10 km, and a mean depth of 
3.3 m. The surface area is 350 km2 , the maximum volume 
of 1000 × 106 m3 , operating head of 27.6 m and maximum 
flow per unit of 380 m3∕s . The floristic composition of the 
arboreal vegetation in the study area is strikingly uniform 
and is little influenced by the difference in physiognomy. 
The majority of species are adapted to a savanna envi-
ronment in that they are resistant or tolerant to fire and 
regenerate easily from coppice or root sucker. Fire-tender 
species, which in some parts of the Southern Guinea Zone 
grow in the lower strata of mature savanna woodland are 

Fig. 1   Jebba dam (study area) with inset of Nigeria
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absent or rare. However, the major factor contributing to 
this floristic uniformity appears to be the narrow range of 
variation in moisture conditions in most of the habitats; 
many soils tend to be deep, permeable, and well-drained 
and provide a good medium for growth.

The area of investigation is being built in the town of 
Jebba, on the Niger River, just upstream of a freshly com-
pleted railway bridge. Close to the dam site, the topogra-
phy is often undulating on both sides of the river. On both 
sides of the canal, however, the bedrock outcrops into hills 
that rise to 200 m above sea level along the dam axis. It 
can be found in depths of 10–40 m within the river.

Concise geology of the study area

The research region (Fig. 2) is located on Nigeria's basement 
complex rocks. Several rock types are seen in the research 
region, including granitic, dioritic, and hornblende-biotite 
gneiss, diorite, mica quartzite, pegmatite, and dolerite (the 
last two as intrusive). Massive outcrops of granite gneiss 
cover over half of the region, with diorite and quartzite 
accounting for the remaining 10%. The remaining 30% of 
the area is made up of dioritic and hornblende-biotite gneiss. 
The gneiss is said to have both concordant and discordant 
pegmatite veins that are 3–25 cm broad. Dolerite, the other 
intrusive rock, is mostly found as veins.

The presence of a three-joint system—porphyritic 
granite, mica quartzite, and diorite—distinguishes these 
rocks. The quartzite is strongly jointed. The tectonic origin 
of these joints is supported by their structural link with 
the axis of the folds, however, small, in the vicinity. The 
gneisses and schists' foliation is mostly north–south with 
a few exceptions. They have a sharp westward inclination 

(Fig. 2). At the perimeter, foliation is poorly defined, with 
the appearance of a flow pattern that is likely 85–10 tied 
to its origin (NGSA 2006). Landsat images (Kogbe et al. 
1983), 16 variable drilling investigations at an old railway 
bridge for a former dam axis (Henderson 1973), and the 
new railway bridge (Kogbe et al. 1983) all point to linear 
faulting near the river channel near Jebba.

Materials and methods

The studies began with a site assessment; we avoided high-
tension transmission lines as well as grounded metallic 
structures such as metal fences, pipes, and other sources of 
data noise. The magnetic measurements were made with a 
G-857AX proton precession. The base map needed for data 
collection profiles was obtained with the aid of the google 
earth application, using the global coordinate of a point on 
the crest of the embankment. A profile is 1.21 km long, 3 of 
which were established on the dam embankment at a regular 
interval of 5 m. The data were recorded along with magnetic 
profiles as Intensity (nanoTesla) against distance (meters). 
Oasis montaj software was employed to derive the following 
fields: total magnetic intensity (TMI), analytical signal/total 
gradient (TG), reduction to pole (RTP), first vertical deriva-
tive (FVD), and upward continuation. These were used to 
produce maps utilized for interpretations. The GPS was uti-
lized to record the coordinates of each station point, as well 
as to establish a straight line on each profile. To remove the 
diurnal variable effects of the earth's magnetic field from the 
data, a separate magnetically clean base station was set up 
roughly 50 m distant from the survey area, where magnetic 
readings were obtained at 60 min time intervals.

The superposition of the TMI on TG revealed faults and 
intrusions. Reduction to the pole aids the positioning of 
magnetic anomalies in the correct position. FVD enhances 
shallow causative bodies and the upward continuation pro-
cess enhances deep-sited bodies.

Results and discussion

The interpretation of the magnetic map was both qualitative 
and quantitative. The qualitative interpretation involved the 
examination of the map for patterns and characteristics that 
are typical of linear features (lineaments) such as faults and 
fracture zones, lithological contacts, etc. The quantitative 
interpretation of magnetic profiles along and across identi-
fied lineaments was done using the Werner deconvolution 
technique (Birch 1984), modified for this low magnetic 
latitude by taking the magnetization at the equator to be 

Fig. 2   Geological map of Jebba dam site (Malomo 1984)
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horizontal and parallel to the normal terrestrial field, instead 
of vertical as in the high magnetic latitudes.

Total magnetic intensity (TMI) results

TMI data are frequently available at very fine scales. 
When preparing a survey, a region's magnetic and geol-
ogy maps are now considered essential information. From 
region selection through target selection, magnetic data are 
employed at every stage of the survey. This is especially 
true for magnetic latitudes ranging from middle to high. 
At low latitudes, changes in anomaly shapes, reductions in 
total amplitude, and changes in map textures make geology 
interpretation from magnetic data problematic. At high mag-
netic latitudes, litho-magnetic "markers" are used to trace 
complex structures from aeromagnetic maps. At low mag-
netic latitudes, these litho-magnetic markers are typically 
associated with lows (and small, marginal highs) rather than 
highs or high–low combinations. Mapping magnetic units 
and structures at low latitudes are therefore that much harder. 
These problems are worst for regions closer to the magnetic 
equator e.g. Africa. The two most commonly used solutions 
applied to the "low latitude problem" are to use reduction to 
the equator or the Analytic Signal. Reduction to the equator 
is the transformation of the TMI data to the magnetic pole 
(Baranov and Naudy 1964). Ideally, reduction to the equa-
tor (RTE) removes the effect of induced magnetization and 
strike on the shape of magnetic anomalies.

TMI for profile 1

The magnetic anomalies revealed series of positive peaks 
(magnetic highs) alternated fairly with troughs (magnetic 
lows) along the profile showing that the location is gener-
ally of undifferentiated basement rock with rock contacts; 
inferred from the TMI map. The magnetic field intensity 
map for profile 1 is presented in Fig. 3. The figure shows 
the variations in the intensity of magnetics that reflect the 
susceptibility of various rocks across the different terrains as 
displayed on the map. From the TMI map, a group of posi-
tive peaks of magnetic susceptibility along the horizontal 
distance of 35–60 m ranging from 1000 to 4200 nT can be 
identified and it signifies conductive zones which are indica-
tive of a series of fractures. The Magnetic Intensity distri-
butions for profile 1 range from − 2000 to 4000 nT on the 
Total Magnetic Intensity map. The acute shape of a positive 
anomaly (4000 nT) is visible in the NNE trending directions 
along with the profile.

TMI for profile 2

The magnetic anomalies revealed series of positive peaks 
(magnetic highs) alternated fairly with troughs (magnetic 
lows) along the profile showing that the location is gener-
ally of undifferentiated basement rock with rock contacts; 
inferred from the TMI map. The magnetic field intensity 
map for profile 2 is presented in Fig. 4. The figure shows 
the variations in the intensity of magnetics that reflect the 

Fig. 3   TMI anomaly for profile 1, along NNE and N-trending direction

Fig. 4   TMI anomaly for profile 2, along NNE and N-trending direction
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susceptibility of various rocks across the different terrains 
as displayed on the map. From the TMI map, the magnetic 
response is distinguished into magnetic highs (2 m, 6 m, 
28 m, 58 m), magnetic intermediates (8–10 m; 16–26 m; 
34 m, 40–54 m; 60–120 m), and magnetic lows (12 m, 31 m, 
38 m).

A group of positive peaks of magnetic susceptibility 
along the horizontal distance of 26–30 m ranging from 
− 1000 to 3000 nT can be identified and it signifies con-
ductive zones which are indicative of a series of fractures. 
The Magnetic Intensity distributions for profile 2 range from 
− 2000 to 4000 nT on the total magnetic intensity map. The 
acute shape of a positive anomaly (4000 nT) is visible in the 
NNE trending directions along with the profile.

TMI for profile 3

The magnetic anomalies revealed series of positive peaks 
(magnetic highs) alternated fairly with troughs (magnetic 
lows) along the profile showing that the location is gener-
ally of undifferentiated basement rock with rock contacts; 
inferred from the TMI map. The magnetic field intensity 
map for profile 3 is presented in Fig. 5. The figure shows 
the variations in the intensity of magnetics that reflect the 
susceptibility of various rocks across the different terrains 
as displayed on the map. From the TMI map, the magnetic 
response is distinguished into magnetic highs (64 m, 94 m), 
magnetic intermediates (0–60 m; 104–122 m), and magnetic 
lows (67–92 m, 102 m, 125 m).

A group of positive peaks of magnetic susceptibility 
along the horizontal distance of 90–96 m ranging from 
− 3000 to 3000 nT can be identified and it signifies con-
ductive zones which are indicative of a series of fractures. 
The magnetic intensity distributions for profile 3 range from 
− 2000 to 4000 nT on the total magnetic intensity map. The 
acute shape of a positive anomaly (3000 nT) is visible in the 
NNE trending directions.

The magnetic anomalies revealed series of positive peaks 
(magnetic highs) alternated fairly with troughs (magnetic 
lows) along the three (3) profile lines showing that the loca-
tion is generally of undifferentiated basement rock with rock 

contacts along the study area. The derivatives are sensitive 
to rock susceptibility near the ground surface rather than at 
depth.

Total gradient/analytical signal (TG) results

Magnetic gradients determine the Analytic Signal (Nab-
ighian 1972, 1984). It is almost, but not totally, unaffected by 
the direction of magnetization (Rajagopalan 1997). It causes 
the anomaly peak to align (roughly) with either the magnetic 
source's center or its edges. At low magnetic latitudes, both 
Reductions to the Equator and the Analytic Signal are cur-
rently utilized to facilitate interpretation, although neither 
is a perfect answer. Several diagnostic characteristics have 
been used to compare them.

Reduction to the equator, on the other hand, can be accu-
rately and easily carried out at intermediate to high latitudes 
but usually results in declination-parallel noise and incom-
plete reduction, especially of declination-parallel sources, at 
low magnetic latitudes. When analytical amplitude increases 
before an increase at the TMI value, it indicates a fault but 
when it increases directly at an increase of the TMI ampli-
tude it indicates an intrusion e.g. a dyke.

Analytical signal/(TG) for profile 1

The magnetic anomalies revealed series of positive peaks 
(magnetic highs) alternated fairly with troughs (magnetic 
lows) along profile one line showing that the location is 
generally of undifferentiated basement rock with rock con-
tacts; inferred from the analytic signal amplitude (ASA), 
horizontal and vertical derivatives model on the submenu 
of SignProc Geosoft. These derivatives are sensitive to rock 
susceptibility near the ground surface rather than at depth.

Ridges or peaks in analytical signal total magnetic inten-
sity anomaly map occurs mostly on geological targets such 
as faults, volcanic plugs, dykes, shear zones, lithological 
contacts, discrete bodies and their edges, magnetization’s 
directions notwithstanding (Anudu et al. 2014). Analysis of 
analytical signal over the magnetic data of the study area 

Fig. 5   TMI anomaly for profile 3, along NNE and N-trending direction
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confirms the anomalies' peaks' existence in the form of 
causative bodies.

The figure below shows a graph of an analytical sig-
nal and TMI plots, from Fig. 2 below the analytical signal 
ranges from 0 to 400 nT/M the highest value is 400 nT/M. 
From Fig. 6 below, the analytical graph indicates faults and 
fractures the maximal the are formed before an increase in 
the TMI values are most likely to indicate a fault which is 
experienced at 48 m, while the ones formed directly on the 
TMI amplitudes indicate an intrusion which is experienced 
at 34 m.

Analytical signal/(TG) for profile 2

The magnetic anomalies revealed series of positive peaks 
(magnetic highs) alternated fairly with troughs (magnetic 
lows) along the profile showing that the location is gener-
ally of undifferentiated basement rock with rock contacts; 
inferred from the analytic signal amplitude (ASA), hori-
zontal and vertical derivatives model on the submenu of 
SignProcGeosoft. These derivatives are sensitive to rock 
susceptibility near the ground surface rather than at depth.

The Analytical signal map was cross-plotted with the 
Total Magnetic Intensity map in other to identify subsurface 
structures. On the map, Ridges or peaks occurs mostly on 
geological targets such as faults, volcanic plugs, dykes, shear 
zones, lithological contacts, discrete bodies and their edges, 
magnetization’s directions notwithstanding (Anudu et al. 
2014). Analysis of analytical signal over the magnetic data 

of the study area confirms the anomalies' peaks' existence 
in the form of causative bodies. Maximals formed directly 
on the TMI amplitudes indicate an intrusion, while the ones 
formed before or after the TMI are like faulted zone and 
those faults are possible seepage zones.

Figure 7 below shows a cross-plot of the analytical sig-
nal and TMI chart. The analytical signal ranges from 0 to 
400 nT/m in which the highest value is 400 nT/M. The total 
gradient maximals that are not directly on the TMI indicate 
faults and fractures which can be found around the hori-
zontal distance between 14 and 18 m, 24 and 26 m, 32 and 
36 m, and 42 and 50 m, respectively. While the total gradi-
ent maximal that are directly on the TMI indicates possible 
intrusions which can be seen around 2 m, 38 m, respectively.

Analytical signal/(TG) for profile 3

The magnetic anomalies revealed series of positive peaks 
(magnetic highs) alternated fairly with troughs (magnetic 
lows) along the profile showing that the location is gener-
ally of undifferentiated basement rock with rock contacts; 
inferred from the analytic signal amplitude (ASA), hori-
zontal and vertical derivatives model on the submenu of 
SignProc Geosoft. These derivatives are sensitive to rock 
susceptibility near the ground surface rather than at depth.

The Analytical signal map was cross-plotted with the 
Total Magnetic Intensity map in other to identify subsurface 
structures. On the map, Ridges or peaks occurs mostly on 
geological targets such as faults, volcanic plugs, dykes, shear 

Fig. 6   Total gradient profile one produced from the magnetic data of the study area for profile one

Fig. 7   Total gradient response on profile 2
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zones, lithological contacts, discrete bodies and their edges, 
magnetization’s directions notwithstanding (Anudu et al. 
2014). Analysis of analytical signal over the magnetic data 
of the study area confirms the anomalies' peaks' existence 
in the form of causative bodies. Maximal formed directly 
on the TMI amplitudes indicate an intrusion, while the ones 
formed before or after the TMI are like faulted zone and 
those faults are possible seepage zones.

Figure 8 below shows a cross-plot of the analytical sig-
nal and TMI chart. The analytical signal ranges from 0 to 
400 nT/m in which the highest value is 400 nT/M. The total 
gradient maximals that are not directly on the TMI indi-
cate faults and fractures which can be found around the 
horizontal distance between 68 and 72 m, 76 and 78 m, 102 
and 120 m, respectively. While, the total gradient maximal 
that are directly on the TMI indicates possible intrusions 
which can be seen around 74 m, 82 m, and 102 m, 125 m, 
respectively.

The maximal value indicates faults, fractures, or intru-
sion, the interpretation of analytical signals with determin-
ing the type of structures in the subsurface. Analytical signal 
measures as a function of distance and the unit are nT/M. 
the analytical signal is majorly used to identify geologic 
structures.

Reduction to the equator (RTE) results

Reduction to the pole (RTE) transforms an observed TMI 
anomaly into an anomaly that would be measured at the 
north magnetic equator. Accordingly, it is an object of the 
invention to provide a method of processing magnetic data 
recorded within about 25 of latitude above or below the 
magnetic equator to yield a more realistic picture of the 
magnetic structure of the earth. It is accordingly an object 
of the invention to provide a method of processing mag-
netic data recorded in the vicinity of the magnetic equator 
so that anomalies in the magnetic field are recorded cor-
respond to the geologic body which causes them. It is a 
further object of the invention to provide a way in which 
magnetic data recorded concerning geologic anomalies in 
the vicinity of the magnetic equator can be reprocessed to 

yield a map resembling one which would be generated if 
the data had been recorded concerning geologic anomalies 
near the magnetic poles. One important method of such 
processing is referred to a reduction-to-the-equator pro-
cessing. This method refers to the well-known fact that the 
accuracy of the results of plotting the measurements of the 
magnetic field concerning the actual geologic structure is 
influenced by the magnetic latitude at which the measure-
ments are taken. That is to say, the magnetic field recorded 
concerning a particular geologic anomaly, i.e., local vari-
ation from the mean amount of magnetic material present 
in the earth's crust at the area of exploration, is influenced 
by the latitude concerning the magnetic equator at which 
the survey is flown. If the anomaly is located at or near the 
north or south magnetic pole and corresponds to an increase 
in magnetic material in the area of exploration, the magnetic 
field will show its peak value concerning the ambient field 
when the magnetometer is directly over the geologic body 
producing the magnetic anomaly. As the exploration moves 
toward the magnetic equator, the simple peak shape of the 
anomaly when recorded concerning a magnetic body at the 
pole becomes instead a positive peak and a negative trough 
in the magnetic field recorded.

The relative intensities of the peak and trough vary with 
latitude. Furthermore, the zero points of the paired peaks 
do not in general coincide with the epicenter of the mag-
netic material in the geologic body. Therefore, to reduce 
magnetic anomaly data to its version at the equator so that 
the negative-going trends in the magnetic data are centered 
concerning the geographic anomalies which produce them.

RTP result for profile 1

To find the observed magnetic disturbances directly over 
the magnetic source bodies that produced the anomaly, a 
reduce to the pole (RTP) filter was added to the TMI grid. 
It was also used to eliminate the effect of magnetic latitude 
on magnetic anomalies. The TMI grid was converted to a 
reduction to the pole (RTP) grid using the 2D-FFT (Fast 
Fourier Transform) filter. The parameters for the transition 
are a − 9.74° inclination and a − 1.4θ declination, which 

Fig. 8   Total gradient response on profile 3
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reflect the area's mean value. Low and high magnetic fre-
quencies on the TMI map represent points with high and 
low magnetic signatures, respectively, on the RTP magnetic 
anomaly map which is seen in Fig. 9. The magnetic peaks of 
the TMI are seen as lows in the RTP image. The Reduction 
to Pole map has a susceptibility range between − 2000 to 
4000 nT on the Reduction to Pole map for the profile.

RTP result for profile 2

To find the observed magnetic disturbances directly over the 
magnetic source bodies that produced the anomaly, a reduce 
to the pole (RTP) filter was added to the TMI grid. It was 
also used to eliminate the effect of magnetic latitude on mag-
netic anomalies. The TMI grid was converted to a reduction 
to the pole (RTP) grid using the 2D-FFT (fast Fourier trans-
form) filter. The parameters for the transition are a − 9.74° 
inclination and a − 1.4θ declination, which reflect the area's 
mean value. Low and high magnetic frequencies on the TMI 
map represent points with high and low magnetic signatures, 
respectively, on the RTP magnetic anomaly map which is 
seen in Fig. 10. The magnetic peaks of the TMI are seen 
as lows in the RTP image. The reduction to pole map has 
a susceptibility range between − 2200 to 3100 nT on the 
reduction to pole map for the profile. From the RTP map, it 
can be interpreted that distances 12 m, 21 m, 38 m rep high 
magnetic susceptibility associated with structures like faults, 
fractures; distances 19 m, 57 m for areas with low magnetic 
susceptibility.

RTP result for profile 3

To find the observed magnetic disturbances directly over the 
magnetic source bodies that produced the anomaly, a reduce 
to the pole (RTP) filter was added to the TMI grid. It was 
also used to eliminate the effect of magnetic latitude on mag-
netic anomalies. The TMI grid was converted to a reduction 
to the pole (RTP) grid using the 2D-FFT (fast Fourier trans-
form) filter. The parameters for the transition are a − 9.74° 
inclination and a − 1.4θ declination, which reflect the area's 
mean value. Low and high magnetic frequencies on the TMI 
map represent points with high and low magnetic signatures, 
respectively, on the RTP magnetic anomaly map which is 
seen in Fig. 11. The magnetic peaks of the TMI are seen 
as lows in the RTP image. The reduction to pole map has 
a susceptibility range between − 3000 to 5000 nT on the 
reduction to pole map for the profile. From the RTP map it 
can be interpreted that distances 89 m, 102 m, 125 m repre-
sent high magnetic susceptibility associated with structures 
like faults, fractures; distances 60–68 m, 93 m, and 123 m 
for areas with low magnetic susceptibility.

Upward continuation

Upward continuation is a method to separate a regional 
magnetic anomaly resulting from deep sources from the 
observed magnetic. This is a mathematical technique that 
projects data taken at an elevation to a higher elevation. 
The effect is that short-wavelength features are smoothed 

Fig. 9   RTP anomaly on profile 1

Fig. 10   RTP anomaly on profile 2
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out because one is moving away from the anomaly. Upward 
continuation is a way of enhancing large-scale (usually 
deep) features in the survey area. The upward continua-
tion attenuates anomalies concerning the wavelength of 
the output; the shorter the wavelength feature, the higher 
the attenuation of the feature. It is a way of enhancing 
large-scale (usually deep) features in the survey area. 
Also, upward continuation tends to accentuate anomalies 
caused by deep sources at the expense of anomalies caused 
by shallow sources (Li et al 2019). This is considered a 
clean filter, because it produces almost no side effects that 
may require the application of other filters or processes 
to correct. Because of this, it is often used to remove or 
minimize the effects of shallow sources and noise in grids. 
Also, upward continued data may be interpreted numeri-
cally and with modeling programs. This is not the case for 
many other filter processes.

Upward continuation result for profile 1

The appropriation of the magnetic intensities from deeper 
structures led to applying the UC filter to suppress the effects 
of shallow anomalies. This helped high-frequency anoma-
lies relative to low-frequency anomalies to be smoothed out. 
The upward susceptibility ranges between − 2000 and 3000 
nT. In Fig. 12 below, high magnetic susceptibility can be 
observed for deep-sited conductive zones which are indica-
tions of major faults along 88–140 m.

Upward continuation result for profile 2

The appropriation of the magnetic intensities from deeper 
structures led to applying the UC filter to suppress the effects 
of shallow anomalies. This helped high-frequency anomalies 
relative to low-frequency anomalies to be smoothed out. An 
almost identical data plot is obtained in Fig. 13 signifying 

Fig. 11   RTP anomaly on profile 3

Fig. 12   Upward continuation anomaly on profile 1

Fig. 13   Upward continuation anomaly on profile 2
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continuity of structures detected at the shallow surface to 
deep depths.

Upward continuation result for profile 3

The appropriation of the magnetic intensities from deeper 
structures led to applying the UC filter to suppress the effects 
of shallow anomalies. This helped high-frequency anomalies 
relative to low-frequency anomalies to be smoothed out. An 
almost identical data plot is obtained in Fig. 14 signifying 
continuity of structures detected at the shallow surface to 
deep depths. The first vertical derivatives range from − 1000 
to 3500 nT. An almost identical data plot is obtained in Fig.  
14 signifying continuity of structures detected at the shallow 
surface to deep depths.

First vertical derivative (FVD)

According to Telford et al. (2004), the first vertical deriva-
tive (FVD) is the most usual type of vertical gradient (or 
derivative) maps produced during aeromagnetic magnetic 
data analysis. It is one of the vertical derivatives commonly 
applied to total magnetic field data to enhance the shallow-
est geological sources in the data. As with other filters that 
enhance the high wavenumber components of the spectrum, 
it is often necessary to apply an additional low-pass filter 
to remove high wavenumber noise. The high wave number 
anomalies associated with the surface, near-surface, and 
local geological structures (such as faults) are the major 

emphasis of first and second vertical derivatives and are 
greatly enhanced.

FVD result for profile 1

According to Telford et al. (2004), the first vertical deriva-
tive (FVD) is the most usual type of vertical gradient (or 
derivative) maps produced during magnetic data analysis. 
Figure 15 shows the first vertical derivatives of the total 
magnetic intensity (TMI) anomaly maps produced from 
magnetic data. The high wave number anomalies associated 
with the surface (fault), near-surface, and local geological 
structures are the major emphasis of first vertical derivatives 
and it is greatly enhanced. The magnetic susceptibility of the 
FVD ranges from − 380 to 360 nT. This indicated that the 
near-surface structure is of low conductivities as opposed to 
the Upward Continuation map in Fig. 12 above which can be 
interpreted as minor faults and fractures.

FVD result for profile 2

Figure 16 shows the first vertical derivatives of the total 
magnetic intensity (TMI) anomaly maps produced from 
magnetic data. The high wave number anomalies associated 
with the surface (fault), near-surface, and local geological 
structures are the major emphasis of first vertical derivatives 
and it is greatly enhanced. The first vertical derivatives range 
from − 150 to 150. The almost identical data plots indicate 
minor differences in the geological structures present at the 
surface and at deep depths in that area.

Fig.14   Upward continuation anomaly on profile 3

Fig. 15   FVD anomaly on profile 1
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The magnetic map used for this study was obtained from 
the data that was acquired on three parallel profiles using 
Proton Precision Magnetometer. The map represents the 
Northern–Southern and Eastern–Western study areas. The 
data were presented in magnetic profiles, as well as TMI, 
Upward Continuation map, FVD, and reduction to the pole 
map.

FVD result for profile 3

Figure 17 shows the first vertical derivatives of the total 
magnetic intensity (TMI) anomaly maps produced from 
magnetic data. The high wave number anomalies associated 
with the surface (fault), near-surface, and local geological 
structures are the major emphasis of first vertical derivatives 
and it is greatly enhanced. The first vertical derivatives range 
from -150 to 50. The almost identical data plots indicate 
minor differences in the geological structures present at the 
surface and at deep depths in that area.

Quantitative analysis

TMI map

The textual content of TMI maps aids the extraction of 
geological information. The RTP grid ideally contains the 
same frequency distribution as the original TMI grid. It also 
retains dip information while removing the effect of mag-
netization direction (provided there is no remanence) and 

geological strike. Therefore, it should be equally possible 
to map structures, divide the region into geologic terrains, 
etc. The Analytic Signal grid enhances the effect of shallow 
sources, widens anomalies, and removes the effect of mag-
netization direction (almost completely), geological strike, 
and geological dip. The resultant map is generally noisy in 
appearance, with significantly less textural information, thus 
also making it harder to extract geological information from 
it. For even lower magnetic inclinations, the textural content 
of RTP grids is compromised by the increasing signal noise 
and the inadequate reduction of declination signals.

The variations are in three categories, namely magnetic 
highs, magnetic intermediates, and magnetic lows. The 
magnetic highs values of intensity range between 957.0 and 
1492.0 nT are the most dominant in the central part and 
around the northern part of the study area. This indicates the 
presence of rocks of high magnetic susceptibility of typical 
Basement Complexes. Magnetic intermediates range from 
459.7 to 908.5 nT dominated the western and eastern part of 
the study area, which also formed the boundaries for shallow 
sources in the western part. This indicates the presence of 
metamorphic rocks. Magnetic lows with a magnetic intensity 
value range between − 206.7 and 449.7 nT are mainly domi-
nated in the southern part of the study area, signifying the 
presence of materials of low magnetic susceptibility which 
is of sedimentary rock origin. Figure 18 clearly shows three 
major rock types that exist in the study area, namely sedi-
mentary rock which is of high dominance in the southern 
part of the study area, metamorphic rock dominates in the 

Fig. 16   FVD anomaly on profile 2

Fig.17   FVD anomaly on profile 3
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western and eastern, and igneous rock as an anomaly in the 
northern and the central part of the study area. Also, the 
acute shape of a positive anomaly (1492 nT) is visible in 
the central area.

RTP map

To find the observed magnetic disturbances directly over 
the magnetic source bodies that produced the anomaly, a 
reduce to the pole (RTP) filter was added to the TMI grid. It 
was also used to eliminate the effect of magnetic latitude on 
magnetic anomalies (Murphy 2007). The TMI grid was con-
verted to a reduction to the pole (RTP) grid in the Geosoft 
Oasis Montaj program using the 2D-fft (fast Fourier trans-
form) filter. The parameters for the transition are a − 9.74° 
inclination and a − 1.4θ declination, which reflect the area's 
mean value.

Low and high magnetic frequencies represent points with 
low and high magnetic signatures, respectively, on the RTP 
magnetic anomaly map (Fig. 19). The magnetic peaks (pink 
color) of the TMI (Fig. 18) are seen as lows in the RTP 

image, but the magnetic highs (pink color) of the TMI are 
seen as lows in the RTP image (blue color). The RTP chart 
displays more important characteristics of the magnetic sig-
nature, such as structures and lithology than the residual 
magnetic strength map.

Conclusion

The geophysical investigation involved the application of the 
magnetic method to the Detection of seepages and fracture 
zone on Jebba dam using the magnetic method. A total of 
three (3) profiles were obtained and after careful study and 
interpretation of the magnetic data, we generated several 
maps and plots which described the lithology distribution 
and geological structures dominating the area. The suscep-
tibility map detected the presence of magnetic variations in 
values scattered along with the profiles.

The investigation has depicted the presence of mag-
netic highs and low across each profile. For profile one, the 

Fig. 18   TMI anomaly map of the study area
Fig. 19   RTP anomaly map of the study area
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Analytical Signal map superimposing TMI map indicated 
a fault at 48 m distance and an intrusion at 34 m distance. 
For profile two, some faults at 12 m, 38 m distance, and 
intrusions at 4 m, 54 m distance. For profile three, no faults 
were observed and an intrusion was observed at a 95 m dis-
tance. Reduction to pole shows the correct position of the 
magnetic susceptibility over profile distance and correlation 
in the upward modeling maps improved shallow causative 
bodies and first derivative maps improved deep-sited bod-
ies show that the geological structures are continuous from 
shallow depth to a deeper depth. These results show there 
is a presence of unexpected/abnormal seepages in the N–S 
and E–W parts of the study area.
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