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Abstract - 2-D resistivity and magnetic method is 
indirect method used for shallow subsurface study. 
Recently there has been an increased interest in the 
magnetic and 2-D resistivity in engineering and 
environmental prospect. 2-D resistivity prospecting 
involves the detection of surface effects produced by 
electric current flow in the ground. The magnetic 
method measures variations in the Earth's magnetic 
field which is contributed from the earth’s core. The 
earth’s outer core has convection processes which 
naturally occurring electrical currents. From a 
methodological viewpoint, this research further 
demonstrates the potential of 2-D resistivity effect the 
magnetic field values. As a first step, all magnetic 
reading must be taken without 2-D resistivity but for 
the second step, all magnetic reading was conducted on 
the same time with 2-D resistivity. Once the geophysical 
data have been obtained, the graph were plotted to see 
the effect of 2-D resistivity towards magnetic field 
which gives a realistic different with the data. The 
magnetic field values were drop during the magnetic 
survey was conducted simultaneously with the 2-D 
resistivity. However the profile pattern of the results 
obtained are the same during magnetic survey 
conducted without and with 2-D resistivity. The 
magnetic method was not affecting the 2-D resistivity 
data if the magnetic method conducted at the same 
time with 2-D resistivity. As a conclusion, 2-D resistivity 
can be conducted with magnetic method once but the 
magnetic method cannot be employed during the 2-D 
resistivity measurement. The best solution is that both 
2-D resistivity and magnetic method must be conducted 
separately in the site. 
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1. INTRODUCTION 
 
Magnetic and 2-D resistivity were used routinely for the 
mapping of archaeological sites, engineering, mineral 
exploration and geological subsurface. Although very 
efficient for fast and accurate mapping, these methods 

cannot in general provide an accurate image of the 
mapping distribution of subsurface materials. 
Geophysical techniques sometimes produced 
disappointing results to solve engineering and 
environmental problems, particularly when a method, 
which lacked the precision required in a particular site 
investigation has been used, or when a method has been 
specified that is inappropriate to the problem under 
consideration. In some cases these difficulties could have 
been avoided by taking expert advice before initiating the 
survey. In other cases the planning stage of the 
geophysical data acquisition may also contributed to the 
problem during interpretation. Sometimes due to 
insufficient time some geophysicists trying to carry out an 
investigation using the two methods at once to save time 
in the field. Due to the improper planning, interpretation 
of the geophysical data by the geophysicist has not yielded 
the information expected by the engineer or client. It is 
often advisable to undertake a feasibility study at the field 
site to assess the suitability of the proposed geophysical 
techniques for the investigation of the geological problem. 
In this paper, two geophysical techniques were chosen (2-
D resistivity and magnetic method) to see the effect of 2-D 
resistivity towards magnetic field data if the data 
acquisition was conducted at the same time. 
 

 
2. MAGNETIC METHOD 
 
The magnetic method measures the intensity of the 
natural magnetic field. This includes contribution from the 
earth’s core and crust, as well as any secondary magnetic 
field induced in magnetic geological bodies, which locally 
creates positive and negative magnetic field anomalies. As 
the result of radioactive heating and chemical 
differentiation, the Earth's outer core is in a state of 
turbulent convection. This sets up a process that is a bit 
like a naturally occurring electrical generator, where the 
convective kinetic energy is converted to electrical and 
magnetic energy. Basically, the motion of the electrically 
conducting iron in the presence of the Earth's magnetic 
field induces electric currents. Those electric currents 
generate their own magnetic field, and as the result of this 
internal feedback, the process is self-sustaining so long as 
there is an energy source sufficient to maintain convection 
(Figure 1). 
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Fig -1: The generation of earth’s magnetic field [1]. 
 
The resistivity in homogeneous earth can be estimated 
using two potential electrodes (purple) placed between 
the two current electrodes (red and green). Let the 
distances between the four electrodes be r1, r2, r3 and r4 as 
shown in Figure 2. The potential computed along the 
surface of the earth is shown in the Figure 3. The voltage 
observed with voltmeter is the difference in potential at 
the two voltage electrodes, ΔV [2] [3] [4]. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig -2: Four electrodes principle to measure resistivity or 
conductivity [2] [3] [4]. 
 
  
  

 
 

 
 
Fig -3: Potential along the surface and potential difference 
[2] [3] [4]. 
 
Knowing the locations of four electrodes, and by 
measuring the amount of current input into the ground, i, 
and the voltage difference between the two potential 
electrodes, ΔV, the apparent resistivity, ρa, of the medium 
can be calculated using equation (1) [5]. 
 

                (1) 

 

 
 
3. STUDY AREA 
 
The study was carried out in the area Universiti Sains 
Malaysia, Penang (Malaysia) (Figure 4) located at Cahaya 
Gemilang field. The total of one 2-D resistivity survey line 
and four magnetic survey lines were conducted with 
length of 40 m trending from North to South. The North 
part of the survey line (0 m) and the south part was 40 m. 
A magnetic survey was carried out with inline moving 
station with 3 m separation of each line.  The distance was 
set at 0.5 m for each station for magnetic method and 1 m 
electrode spacing for 2-D resistivity method to cover the 
survey area. 
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Fig -4: Study area at Universiti Sains Malaysia (USM), 
Penang, Malaysia [6]. 
 
 

4. METHODOLOGY 
 
Two geophysical methods were employed for this study; 
magnetic and 2-D resistivity. All magnetic measurements 
were collected with reference to the same grid (Figure 5), 
which consisted of individual survey lines of 40 m 
oriented N-S and separated by 0.5 m. The spatial sampling 
interval along each line was 3 m. As a first step in 
conducting the magnetic method, all magnetic reading 
must be taken without 2-D resistivity but for the second 
step, all magnetic reading was conducted on the same time 
with 2-D resistivity. As a first step in the exploitation of the 
data, magnetic field value conducted with and without 2-D 
resistivity results were presented on the same graph.  
 
A test of 2-D resistivity was conducted at L1 magnetic 
survey line to see the effect of 2-D resistivity current 
towards magnetic field values. A pole-dipole array was 
used with a fixed 1 m electrode spacing with two cables. A 
total profile length of 40 m was acquired, yielding 1230 
data points and 10 data levels. The pole-dipole resistance 

measurements were converted to apparent resistivity and 
inverted into a resistivity model. The inversion was 
performed using RES2DINV [7]. A good fit between 
observed and predicted apparent resistivity is easily 
achieved, which indicates a coherent data set with little 
noise.  
 

 
 
Fig -5: The orientation of 2-D resistivity and magnetic 
survey lines. 
 
 

5. RESULTS AND DISCUSSION 
 
From a methodological viewpoint it was also interesting to 
evaluate the potential benefits of using multiple 
techniques on such a site and to integrate their findings to 
achieve an understanding of the geophysical response 
beyond two different techniques conducting on the same 
time.  
 
Figure 6-9 shows the variation of the magnetic field versus 
the magnetic station point conducted on the same time 
with resistivity and not on the same time with resistivity. 
For most of the survey line (L1 to L4), the values of all 
magnetic fields conducting on the same time with 2-D 
resistivity method are decreasing (Figure 6-9). The 2-D 
resistivity induced magnetic field values is clearly point 
out. This is due to the electrical current produced by the 2-
D resistivity method. However, the profile pattern of the 
results obtained is the same during magnetic survey 
conducted without and with 2-D resistivity method. The 
magnetic field is depends on the currents, if the 2-D 
resistivity conducted on the same time with magnetic 
method, the magnetic field values will drop. 
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Fig -6: The effect of 2-D resistivity method with magnetic 
field on L1. 

 

 
Fig -7: The effect of 2-D resistivity method with magnetic 
field on L2. 

 

 
Fig -8: The effect of 2-D resistivity method with magnetic 
field on L3. 

 

 
Fig -9: The effect of 2-D resistivity method with magnetic 
field on L4. 
 
Figure 10 and 11 show the 2-D inversion model resistivity 
conducting with and without magnetic method 
respectively on the same line. Measurements were carried 
out to investigate the effect of magnetic method towards 
2-D resistivity data. The RMS error for 2-D resistivity 
profile is 3% (with magnetic method) and 12.2% (without 
magnetic method). Although the two profiles show 
different RMS error, the apparent resistivity values and 
the resistivity image are almost the same. This is shows in 
the Figure 12 after the standard value for each profile was 
included during data processing. From the result obtained, 
the magnetic methods will not affecting the apparent 
resistivity values and resistivity images interpretation.  

 
 

 
Fig -10: The 2-D inversion model resistivity conducted on 
the same time and line of magnetic. 
 

 
Fig -11: The 2-D inversion model resistivity conducted not 
on the same time but on the same line with magnetic. 

 

 

a) 
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Fig -12: The 2-D inversion model resistivity with standard 
resistivity values conducted a) on the same with magnetic 
and b) not on the same time but on the same line with 
magnetic. 

 
 
6. CONCLUSSION 
 
This research involves with the knowledge of the 
fundamental physical properties of the geophysical 
method. With this input of precise information, it will help 
geophysicist to have a proper plan during data acquisition 
at the real site. The influence of a current applied by 2-D 
resistivity may affect the magnetic field values. In these 
studies, the magnetic method is largely dominated by the 
current effect produced by 2-D resistivity method which 
leads to the decreasing magnetic field values. However, 
the magnetic method is not affecting 2-D resistivity data at 
all. The best plan for geophysicist is that the 2-D resistivity 
and magnetic method cannot be carried out on the same 
time. Based on the data, further investigation can be done 
to see the optimum distance for magnetic method that can 
be conducted away from the 2-D resistivity survey. 
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