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Abstract

Pekan, Pahang is generally covered with unconsolidated Quaternary alluvium as it makes up the Pahang
Delta. Well studies have shown that the underlying metasediments and volcanic basement of Pekan are
shallow, with increasing depth towards the shoreline. However, the structure of the basement is still
unknown due to the poorly distributed wells throughout the Pekan district. Thus, the Transient
electromagnetic (TEM) survey was conducted to provide a better data coverage by measuring the basement
rock electrical conductivity. 300mS/m was set as the threshold value in filtering the conductivity values.
These values are then used to create a 2D pseudo section along the profile A-A’. The pseudo section has
revealed that the depth of the basement conforms the boreholes data in Pekan despite having an irregular
structure along the profile. The conductivity value of the Pekan basement rock is found to be approximately
37.5 mS/m which matches the range of weathered granite value.
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1. Introduction

Transient Electromagnetic Method (TEM) is one of the geophysical surveys that has been utilized
for more than half a century. The method measures the response of the ground towards the propagation of
Electromagnetic (EM) field transmitted. The response varies according to the conductivity of the lithology
and decays with time.

TEM is able to provide near-surface assessment down to a depth of several hundred meters deep,
depending on the power source and the size of the loop. This method is commonly utilized for groundwater
investigations and salt water intrusion studies. However, with different lithology producing various range

of conductivity values, TEM can serve as a suitable technique in deducing the basement rock of Pekan.

1.1. Geology of Pekan

Pekan is a part of the Pahang delta, making it one of the flat areas in Peninsular Malaysia. The delta
is estimated to be part of the landmass approximately 1800 years ago (Nossin, 1964, 1965). This area is
generally covered by unconsolidated Quaternary alluvium which is overlying the volcanic and Permian
metasediments basement (Yusoff, Mohamad, Ghani, & Jamaluddin, 2004). The basement rock of Pekan
deepens and widens towards the East, forming a funnel-like shape opening which supplies sediments to the
Penyu Basin, 39 km offshore of Pekan (Ali, 2001).

The Quaternary alluvium is classified into two sedimentary sequences, according to their respective
age (Ali, 2002). Though both sedimentary sequences are Quaternary alluvium, they are not associated with
one another. Sequence A appears to be linked to the present-day Pahang River delta complex depositional
system whereas Sequence B is not. Sequence B sediments consists of conglomerate, conglomerate sand,
sand, and mud. The presents of conglomerate may suggest that the sedimentation occurred in a high energy
fluvial environment. Though the lithology present in Pekan are known, the structure and distribution of its
basement rock remained ambiguous. This is due to the absence of exposed outcrop and poorly distributed

well data making it hard to be predicted.

2. Problem Statement

Based on previous studies, the well data has revealed that the basement rock of Pekan vicinity is
shallow, approximately 2 to 180 meters in depth. However, due to the poorly distributed wells throughout

the Pekan district, the structure of the basement remains unknown.

3. Research Questions

» What is the possible structure of basement rock in Pekan?

» What is the conductivity value of the basement rock in Pekan?

4. Purpose of the Study

Given that the depth of the Pekan basement rock is shallow, it permits TEM survey to be conducted

as the targeted depth of investigation complies the method’s maximum depth of penetration. Therefore, this

231



https://doi.org/10.15405/epsbs.2019.05.02.22

Corresponding Author: Ashley Aisyah Yoong

Selection and peer-review under responsibility of the Organizing Committee of the conference
elSSN: 2357-1330

study aims to deduce the structure and depth of Pekan basement rock based on its electrical conductivity
using Transient Electromagnetics which will aid in further geological studies in the area (Figure 1).
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Figure 01. The red box shows the location of the study area which covers the coast of Pekan, Pahang.
Whereas, the A -A’ profile represents the well correlation between KUH04, KUH 02,
KUH07, KUH26, KUH13 and KUH19

5. Research Methods

5.1. Data Acquisition
The TEM survey was conducted covering the whole of Pekan area with 179 data points. A single

loop configuration was used for the 50 by 50 meters survey. The size of the loop is dependent on the depth
of interest, as the depth of investigation of TEM is proportional to the 1/5 power of the source moment
(Spies, 1989). The fixed loop size and a low frequency of 6 Hz was used which enabled us to acquire
conductivity values down to a depth of 200 meters. In addition, three readings were acquired per data point

with 500 stacks to increase accuracy.

5.2. Well Data

Thirty (30) well data conducted by the Jabatan Penyiasatan Kajibumi Malaysia in 1992 and 1993
were also used to control the interpretation of the electromagnetic data. These well data consist of lithology
information which aids in understanding the basement rock geometry and structure of Pekan (Baharuddin,
1992, 1993).
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5.3. Apparent Conductivity

The TEM data was processed using the terraTEM plotting software (Figure 2). Typically, data from
one section (several sounding points) is downloaded into a single raw-data file. Once the data have been
loaded into the software, the survey parameters, which includes the area of Tx and RX are set up according
to the field operations that have been conducted. Spiker algorithm is then applied to the data to remove
noise and reject the outliers, producing an apparent conductivity. The spiking process is coupled with a
depth reversal tolerance value, in order to minimize the overshoot or undershoot of data and obtain a more

accurate result (Smith, Edwards, & Buselli, 1994).

Data Acquisition

Select data point file

o terraTEM
Apply Spiker Algorithm
Apparent Conductivity

Filter values

A 4
3
¥

Oasis Montaj

Plot into a profile
TEM profile

¥

e Interpretation

Figure 02. This workflow is divided into 3 major processes, namely 1) Data processing, 2) Data plotting
and modelling and 3) Data interpretation

5.4. TEM Pseudo Section Profile

TEM data points that along the North-South (N-S) well data cross section made by Ismail et. al in
2002 are selected. Each lithology yields a variety range of conductivity values as it is mainly influenced by
porosity, hydraulic permeability, moisture content, the concentration of dissolved electrolytes, temperature,
phase pore fluid as well as the clay content of the lithology (McNeill, 1980). Thus, since it is expected that
the lithology in the study area would yield specific range of values (0 to 300 mS/m), the conductivity values

were filtered before being gridded into a profile (Figure 3).
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Figure 03. Figure above shows the range of electrical conductivity values for all the lithologies present
in the study area. Since the Pekan basement are known to be weathered granite and
metasediments basement, the conductivity values at the deeper depths are likely to be
100mS/m below.

6. Findings

The Pekan basement rock are volcanic and metasediments which make the conductivity value to
range from 10 — 35 mS/m and 0 — 100 mS/m respectively. The low conductivity values at deeper depths
(more than 70 meters) correspond to the basement rock, where it’s conducting values are ought to be 37.5
mS/m (Figure 4). In the upper region, the higher conductivities which corresponds to soil (40% clay) and
alluvium conforms to the distribution of these sedimentary layers in the lithological section. Since the
Sungai Pahang makes up most of the area of Pekan, the porosity, as well as the moisture content, within
the lithologies are expected to be high due to thick sand packages and good connectivity to the source of
water. Therefore, the sediments above the basement rock are very conductive with conductivity values
reaching up to 252 mS/m.

The contrast between the conductivity values of the basement and alluvium-soil allows us to predict
the Pekan basement rock structure. The conductivity boundary separating the low and high conductivity
produces a trend in the 2D pseudosection profile at 100 meters depth. In fact, a similar trend could be

observed in the profile A-A’ lithological cross section which conforms the TEM results.

234



https://doi.org/10.15405/epsbs.2019.05.02.22

Corresponding Author: Ashley Aisyah Yoong

Selection and peer-review under responsibility of the Organizing Committee of the conference
eISSN: 2357-1330

»
(A) A A
Mean Sea Mean Sea
Level (meters) Level (meters)
— [— +100
+100 LEGEND
+ 80 — - Clay /silt D Sand / Gravel - ver  [P5] Basementr ock — + 80
+ 60 — [— + 60
5 g
+ 40 — S ES [— + 40
> <
+20 — KUH 3 KUH S KUH KUH KUH  |—+20
2 S 7 S 26 13 19
A (2] 0

-100 — / -100
\ R < L7
2120 —] \\ K DT - RREEEEad -120
AN v !

~140 ] . L | -140
-160 —1 | -160
~180 1} | -180
200 -200

N Distance (km) s

) 5 10 15 20 25 30 35
.
® ' | \J
_s0 4

Depth (m)

[@] Acaustionpone

Conductivity (ms/m)

Figure 04. Lithological section modified from Mohamad, Samsudin, & Rafek (2002) across five wells
(A) is correlated with the 2D TEM pseudo section (B) along the profile A-A’. The results
from TEM shows a similar trend for the distribution of the sediments and basement. The
dashed line represents a possible boundary between the Quaternary layer and the granitic
basement.

7. Conclusion

This paper has provided a general overview of the Pekan, Pahang basement rock structure from
North to South by utilizing Transient Electromagnetics method. This study differs from previous
approaches, as it uses the electrical conductivity of lithologies to characterize the subsurface. The structure
and depth of the basement rock along the profile A-A’ has been illustrated in the TEM profile obtained,
where the trend of the structure conforms the well data lithology sections with the deepest depth of basement
at 150 meters. This subsurface characterization has successfully proven that TEM is a reliable alternative
to other methods such as gravity for subsurface assessment in terms of covering large areas and deep depths
of interest.

However, there is much work to be done in this regard, especially in mapping the entire Pekan
basement rock. Acquisition of more data points in a spatially distributed manner will be required throughout
the whole vicinity of Pekan. Thus, acquiring several TEM profiles in the north to south and east to west
orientations would be sufficient to create a 3D conductivity model and further delineate the basement
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distribution in Pekan. This expansion of work would enhance the effectiveness of this method for studies
involving large areas and deep depths of interest.
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