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ABSTRACT
The development of hot spring tourism projects receives more interest in Malaysia. The country 
has several hot springs utilized mostly as recreational complexes. Three geophysical methods 
were applied (MASW), (ERT), and (TEM). Both ERT and TEM are related to the electric properties 
of the subsurface geological structures, whereas MASW is more sensitive to rock stiffness. The 
integration of results obtained is used to guide the development plans of the complex. The 
results indicated that the hot spring is associated with a structure characterized by low 
resistivity and low shear wave velocity. The study assumes that a fault is controlling the hot 
water path to the surface. Besides, an IP survey was conducted to differentiate between water 
and clay since both are characterized by low resistivity. Based on this finding, the study 
suggests that the site suggested for new facilities is located near the north fence as character
ized by high shear wave velocity and is considerably away from the structures controlling the 
water flow through the hot spring. From MASW depth slices, it appears that two conjugate 
faults control the geothermal system at the site. The faults are intersecting at the surface 
location of the hot spring.
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1. Introduction

Malaysia is characterised by the presence of several hot 
springs of both volcanic and non-volcanic origin (e.g. 
Samsudin et al. 1997; Sum et al. 2010; Baioumy et al.  
2015). Most of these hot springs are used for recrea
tion and tourism purposes. As more investments are 
being injected into the sector, new development plans 
were proposed to build extensions to the present com
plexes. The risk that this extension possibly will affect 
the hot water flow was raised and considered seriously 
due to some previous experiences. Subsurface models 
are the key to avoiding such catastrophic effects. 
Hence, Geophysical studies present themselves as the 
suitable candidate due to their relatively low cost and 
non-invasive nature.

The present study was carried out in Pedas town in 
the State of Negeri Sembilan, Peninsular Malaysia. For 
a long time, people have been going there to enjoy the 
hot spring water; that encloses minerals and is believed 
to have healing and therapeutic qualities. The interest 
of Tourists visiting the site was enhanced by the estab
lishment of the Wet World complex within the hot 
spring vicinity. Nevertheless, as the number of visitors 
to this site kept growing, the proprietorship, consid
ered the need for new facilities that would be 

proficient to cope with the swell in attendance. 
Additionally, the provision of extra services for custo
mer satisfaction is equally being considered.

The objective of this study is to investigate the 
near-surface characteristics of the soil layers 
focusing on the soil layer compaction and struc
tures that control the hot spring flow to the sur
face. Transient Electromagnetic Technique (TEM) 
was applied in conjunction with Earth Resistivity 
Tomography (ERT), for the sake of investigating 
the electrical resistivity properties of subsurface 
geological structures. Electrical resistivity and 
conductivity are directly related to both the sub
surface lithology and fluid contents in pore 
spaces. Almost all earth’s materials are of rela
tively high resistivity values, except for some 
clayey materials. However, when the pore spaces 
or fractures are saturated with water, the resistiv
ity is greatly reduced. Hence, these related tech
niques are strongly recommended for the 
determination of groundwater aquifers. However, 
ambiguity arises by the presence of low-resistivity 
rocks (e.g; Archie 1942; McCarter 1984; Abu- 
Hassanein et al. 1996; Giao et al. 2003). In order 
to differentiate between water and other low- 
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resistivity units, the induced potential IP method 
is used. Besides, the shear wave velocity model 
deduced from MASW can further reduce ambigu
ity and give a clearer picture of the subsurface 
structure.

2. General geology and site description

Pedas is a small district located in Negeri Sembilan. 
The research area is in the vicinity of the Seremban 
Fault Zone that lies within the West Belt Granite 
intrusion (Figure 1). The Seremban Fault Zone is 
recently recognised by curvilinear NW-SE trending 
faults, south of the Kuala Lumpur Fault Zone. The 
NW-SE faults are commonly associated with large 
quartz reefs, especially in the Pedas area Hutchison 
and Tan (2010). Meanwhile, Khalid and Derksen 
(1971), reported that the faults in Seremban are com
monly associated with large quartz and pegmatitic 

dikes; Mylonite, sheared granites, and wide breccia 
zones characterising the fault zone within the granites. 
The present study area is located between the bound
ary of the granite and metamorphosed rocks called 
Pilah Schist. This formation is predominantly of grey 
carbonaceous shale; siltstone, phyllite, and schist with 
minor beds of arenite; slate, limestone, and volcanic 
(Khoo 1972). Established by Hutchison and Tan, 
(2009), the Pilah Schist contains two serpentinite 
bodies; the largest, about 6 km2, outcrops along the 
main road to Tampin, 8 km south of Kuala Pilah.

3. Methodology

The field layout of the geophysical methods applied is 
presented in Figure 2. The distribution and length of 
profiles are controlled by the buildings inside the Wet 
World Complex. Three parallel ERT and MASW pro
files trending NW-SE along with five TEM points 

Figure 1. Simplified geology of Negeri Sembilan (After Arisona et al. 2017) and the layout of the site (lower right).
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trending NE-SE were conducted. The methodology of 
each geophysical method is presented in the following 
subsections.

3.1. Transient electromagnetic technique (TEM)

TEM is one of the surface geophysical methods that 
are used extensively to explore the size and vulner
ability of aquifers. The method is used by many 
researchers for the characterisation of groundwater 
aquifers (e.g. Fitterman and Stewart 1986; 
Danielsen et al. 2003; Jørgensen et al. 2003; Khalil 
et al., 2016; Younis et al. 2016, 2019; Abdel Zaher 
et al. 2021). TEM simply adopts Faraday’s law in 
which a constant current is injected into the trans
mitter coil. This current produces a primary mag
netic field. The current is then instantaneously 
switched off, according to Faraday’s law, the mag
nitude-changing primary field propagates in the 
subsurface. When it arrives at a conductive layer, 
an eddy current is generated. Such a current pro
duces a secondary magnetic field that produces an 
electric current in the receiver coil at the surface. 
The magnitude and distribution of the electric cur
rent depend on the resistivity of the layer in which 
the eddy current was generated. Hence, the voltage 
measured at the receiver coil will correspond to the 
resistivity of that layer. As time lapses, the current 
penetrates deeper, producing a secondary magnetic 
field of deeper layers that produce voltages across 
the receiver coil. The recorded receiver voltage with 
time represents what is known as a decay curve 
that will be modelled to obtain the subsurface 
structures based on the resistivity parameter.

The present survey adopted a single-loop layout 
with a side length of 60 m. Such size can penetrate to 
a depth of about 180 m on average. The single loop 
acts as both the transmitter and receiver. TERRATEM 
instrument controls both transmitter and receiver in 
addition to sampling and recording of the data. 
Moreover, the instrument also provides basic proces
sing tools that enable in-situ monitoring of the data 
quality average penetration depth.

The area surveyed with the TERRATEM instru
ment is about 60 × 100 m which accommodated five 
overlapping loops at an interval of 10 m spanning the 
total Pedas hot spring area. The loop started adjacent 
to the hot spring well and moved in the southwestern 
direction towards the Pedas River.

3.2. Multi-channel analysis of surface waves 
(MASW)

Multi-channel Analysis of Surface Waves (MASW) is 
introduced three decades ago that can produce shear 
wave velocity models at shallow depths at a low cost. 
The technique uses instrumentation similar to the 
conventional seismic refraction counterpart. They dif
fer mainly in the frequency content of the seismic 
signal. MASW targets the low frequencies of the 
Rayleigh or Love waves, therefore, a low-cut filter 
that is often used in refraction work must be disabled 
when applying MASW. Besides, the geophones 
adopted for MASW should be of low natural fre
quency, preferably 4.5 Hz. Generally, MASW is 
applied to delineate the shear wave velocity model of 
the soil. Hence, the technique can give information 
about soil conditions and classifications. A quality 

Figure 2. Location map of geophysical field layout adopted in the present work.

NRIAG JOURNAL OF ASTRONOMY AND GEOPHYSICS 3



control test was conducted in the field to select the best 
array parameters. From the results of the test, the shot 
offset of 15 m was preferred to produce the best dis
persion curve. The geophones were mounted on a land 
streamer at 1 m intervals.

Field data acquisition consisted of three parallel 
lines. For each line, the shot increment was put at 5  
m. Consequently, the total number of shot points 
was about 50. The first line was parallel to the out
side fence and passed through the hot spring well. 
The second line was parallel to the first line with a 7  
m offset. On the other hand, the third line was 
shorter than the first two lines because of some 
impediments, and the pool area at about 20 m from 
the second line.

3.3. Earth resistivity tomography (ERT) and IP

The Electrical Resistivity Imaging System was primar
ily carried out with a multi-electrode ABEM SAS 4000 
resistivity metre. The survey utilised forty-one electro
des laid out in a straight line at regular spacing. 
A computer-controlled system was applied to auto
matically select two active electrodes for each mea
surement, (Griffiths and Barker 1993). The pole- 
dipole array method was employed for the data collec
tion using RES2DINV software (Loke et al. 2006; 
Abdullah et al. 2022), to produce the resistivity images 
for modelling and interpreting the results.

The electrical resistivity methods, in essence, mod
els the resistivity distribution of the subsurface mate
rials. Table 1 shows the resistivity and conductivity 
values of some of the typical rocks and soil materials, 
(Keller George and Frischknecht Frank 1996). Igneous 
and metamorphic rocks typically have high resistivity 
values. The resistivity of rocks depends on some fac
tors, namely; fluid electrolyte, porosity, temperature, 
and rock matrix (Hersir and Árnason 2010, and 
Ussher et al. 2000).

Rocks containing clay minerals, such as sediments, 
may result in induced polarisation in the subsurface 
rocks. The presence of clayey particles usually pos
sesses negative charges that attract the positive ions 
from the fluid contents. In general, saltwater prevents 
the accumulation of particles and thus prevents the 
occurrence of induced polarisation, because the con
ductivity of saltwater is high, (Ayolabi et al. 2008). 

Accordingly, the IP model can differentiate between 
water-saturated aquifers and clay contents of soil or 
rocks.

IP measurements can be executed by either using 
direct current or alternating current. In this study, the 
direct current method was used. If measurements are 
made using direct current, the magnitude of the 
induced polarisation could be calculated as; 

Vt=V0 (1) 

where Vt is the voltage after a time interval of t, and V0 
is the voltage during the current supplied. Table 2 
shows the chargeability for some of the earth materi
als, modified after Murali and Patangay (2006).

4. Results and discussion

4.1. Multi-channel analysis of surface waves 
(MASW)

The inverted shear velocity model of line 1 (Figure 3) 
shows at a depth of 5 m, the velocity is below or equal 
to 180 m/s. This velocity is related to soft soil materi
als. At depths of between about 5 m and relatively 12  
m, stiff soil materials were delineated. Depths deli
neated beyond this value were interpreted with velo
cities larger than 360 m/s. Near the centre of this line, 
low shear velocity values were observed to depths of 
about 40 m. This feature occurs adjacent to the hot 
water well location. The shear wave velocity anomaly 
could correspond to the fractures that control the flow 
of hot water to the surface in the Pedas area.

In line 2, (Figure 4), the same situation as in line 1 is 
observed, except for the stiff soil materials deepening 
to about 40 m towards the southeastern part of the 
profile. Adjacent to the hot water well site, an anomaly 
like that delineated in line 1 was observed. 
Nevertheless, the shear wave velocity values here are 
lower and the space distribution is wider.

Figure 5 is the inverted model for line 3, with the 
section showing only soil materials that range from 
soft to stiff. Hereby the soil section is increasing in the 
southwestern direction.

Furthermore, three depth slices were contoured at 
depths of 5, 18.5, and 32 m respectively. These slices 
demonstrate the distribution of shear wave velocities 

Table 1. Resistivity values of some subsurface rocks and soil 
materials (after Keller George and Frischknecht Frank 1996).

Material Resistivity (Ω-m)

Alluvium 10 to 100
Sand 60 to1000
Clay 1 to 100
Groundwater (fresh) 10 to 100
Granite 5000 to 1,000,000

Table 2. Earth materials and chargeability properties (modified 
after Murali and Patangay (2006).

Earth material Chargeability (ms)

Water 0
Alluvium 1–4
Gravel 3–9
Sandstone 3–12
Quartzite 5–12
Schist 5–20
Argillites 5–10
Precambrian gneisses 6–30
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Figure 3. Shear wave velocity inversion of line 1 in the study area.

Figure 4. Shear wave velocity model of line 2 in the study area.

Figure 5. Shear wave velocity model of line 3 in the study area.
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at these depths in the Pedas area. For the 5 m slice, 
(Figure 6), the soil is mostly made up of soft materials 
with shear wave velocity below 220 m/s.

For the other two slices, (Figures 7 and 8), a real 
distribution show that the area near the outer fence is 

rocky with depths. By moving in the southwestern direc
tions, stiff and soft soil materials were delineated. This 
could be due to the severe fracturing present in the area. 
It was also worthy of recognition adjacent to the hot 
water well in the southwestern directions, that low 

Figure 6. Shear wave velocity depth slice at 5m in the study area.

Figure 7. Shear wave velocity depth slice at 18.5m in the study area.

Figure 8. Shear wave velocity depth slice at 32.5m in the study area.
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shear wave velocity was delineated in the form of a V 
shape having its head towards the well, then widening 
southwestward.

4.2. Earth resistivity tomography (ERT)

Three parallel ERT profiles were conducted within the 
premises of the Wet World Complex (Figure 2). The 
first profile was set up near the Hot Spring location and 
runs almost NW – SE directions. The profile length of 
the survey was set to 400 m with an electrode spacing of 
5 m. The survey line crossed the main entrance road 
and the Pedas River in the Southeastern direction.

The inversion of the profile shows that adjacent to 
the hot spring well is characterised by low resistivity of 
44 Ω.m represented by the blue colour zone (Figure 9). 
The zone reaches about 125 m in depth and dips in the 
SE direction. It is believed that this represents the 
near-surface accumulation of the hot water. The 
Pedas River (Sg. Pedas) runs close to the hot water 
accumulation and may be considered the main source 
of recharge to the hot spring.

The inversion results for Profile 2 are shown in 
Figure 10. The model shows the hot water accumulation 
zone widens and extends to NW in addition to the SW 
extension in Profile 1. The movement of the hot water to 
the surface through the hot spring well is observed.

The resistivity model of the third parallel profile is 
shown in Figure 11. The profile has the same dimen
sion and electrode spacings as the previous two pro
files. Due to the present condition of the complex, part 
of this profile (the northwestern part) was conducted 
inside the main building of the complex. The model 
shows that the hot water accumulation zone becomes 
deeper. This indicates that the hot water zone dips in 
the SW direction. The dimension of the zone becomes 
smaller indicating cutting through harder rock.

The fence diagram summarises the surveyed pro
files 1 to 3 as presented in Figure 11. The figure gives 
a clearer image of the hot water reservoir and its 
position within the subsurface of the study area. 
From the illustration, we deduced that the hot water 
reservoir’s position matches the existing location of 
the hot spring well as observed from the surface and 
extended beyond about 40 m in the region of the well. 

Figure 9. 2D resistivity image inverted from the profile 1 data inverted by the RES2DINV program.

Figure 10. 2D resistivity image inverted from the profile 2 data inverted by the RES2DINV program.
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The fence diagram gives a better understanding of the 
hot water reservoir pattern in the Pedas area. The 
figure gives a clearer picture of the existence of inter
connectivity between the hot water reservoir for the 
Washing Well and the Hot Water Pool.

To meet the objective of investigating the subsur
face soil materials around the Pedas area for expansion 
and redevelopment, two shallow profiles (i.e. profiles 4 
and 5) were conducted using both the electrical resis
tivity and Induced Polarization (IP) methods. The 
model of profile 4 (Figure 13) shows a shallow layer 
possibly saturated with water down to a depth of about 
20 m. This layer agrees well with the shallow layer 
identified from MASW. Underneath this layer, 
a relatively hard rock that possibly acts as cap rock is 
present until the end depth of the profile (i.e. depth =  
60 m). The situation remains the same for profile 5 

(Figure 14) with the surface layer seeming less satu
rated. This is indicated by the low resistivity and high 
chargeability. An interpretation of this situation could 
be the leakage from the hot water in the vicinity of the 
hot water well. The present study suggests that this 
leakage is due to the intersection of two faults there.

Both profiles 4 and 5 delineated subsurface hard 
layers, most probably a metasediment bedrock, in 
the study area at depths of between about 10 m to 
30 m on these survey lines. The induced polarisa
tion method showed a clearer pattern of subsurface 
hard layer structures, (e.g. the bedrock), distinc
tively than the resistivity method. This could be 
a result of the complexity involved in metasedi
ment rocks. For redevelopment work, we suggested 
excavation at 10 m or preferably piling at deeper 
depths.

Figure 11. 2D resistivity image inverted from the profile 3 data inverted by the RES2DINV program.

Figure 12. Fence diagram for ERT profiles 1 to 3 in the study area.
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4.3. TEM model

Five TEM survey points were conducted at the site 
starting from the northeast near the tar road and 
ending to the southwest at Pedas River. The target 
depth was about 180 m, however, because of the 
high noise at the site the maximum depth obtained 
was about 100 m. The trend of the TEM profile is 
perpendicular to the previous surveys in the pre
sent study. In Figure 15, the resistivity underneath 
the present hot spring is generally low correspond
ing to saturated soil. Moving away from the hot 

spring, the resistivity increases until the depth of 
70 m. Below 70 m, the low resistivity prevails with 
no change throughout the profile. The highest 
resistivity corresponds to the shallow depth close 
to the Pedas riverbank. These features fairly agree 
with the ERT and IP models of profiles 4 and 5 in 
Figures 12 and 13, respectively.

Also, Figure 16 illustrates the possible two 
faults according to the geophysical measurements 
carried out in the area of investigation at Pedas 
hot spring.

Figure 13. 2D resistivity (above) and chargeability (below) inversion models of the ERT/IP profile 4.

Figure 14. 2D resistivity (above) and chargeability (below) inversion models of the ERT/IP profile 5.
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5. Conclusion

Four geophysical surveying techniques were utilised to 
suggest suitable locations for developing the recreational 
complex without affecting the hot spring flow. The meth
ods adopted are MASW, ERT, IP, and TEM. ERT and 
TEM model the electric resistivity of the soil rocks. IP, on 
the other hand, models the electric chargeability that can 
help differentiate between water aquifers and other rocks 
that possess low resistivity. Besides, MASW models the 
shear wave velocity that is directly related to the soil 
strength. The model parameters obtained show low resis
tivity and low shear velocity anomalies underneath the 
hot spring. The anomaly is extending on both sides of the 
hot spring trending in the NE-SW direction. TEM 

showed that the low resistivity is deepening to a depth 
of 70 m close to the Pedas riverbank. IP models from 
profiles 4 and 5 agree with the TEM results with the 
possibility that the low resistivity anomaly below 70 m 
belongs to Schist or Phyllite with relatively high 
chargeability.

The output from all models suggests that the zone 
trending NE-SW may be considered as the shear zone 
controlling the flow of hot water to the surface. Building 
in this zone may have negative impacts on the hot 
spring. Besides, the information from the MASW mod
elling suggests that the northeastern boundary, exclud
ing the low resistivity-shear velocity anomaly, is 
a suitable site for the complex structure extension.

Figure 16. Possible two faults according to geophysical measurements of Pedas hot spring.

Figure 15. TEM resistivity model in the vicinity of Pedas hot spring.
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