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Abstract.
Terengganu inscribed stone is the oldest artifact with Jawi writing on it. It is a most treasured heritage
for the history of Malaysian civilisation. The artifact proves that the Kingdom of Terengganu exist earlier than
1326 or 1386. It was accidentally discovered near Tersat River at Kampong Buluh, Kuala Berang, Terengganu,
Malaysia by a gold & tin trader after a flash flood hit Kuala Berang in 1902.The inscription turned out to be a
proclamation issued by the "Sri Paduka Tuan" of Terengganu. The significant is the date on the first face of the
inscription, which is given as the year 1303 AD. This project focuses on the development of in-situ
compositional analysis and provenance study of the Inscribed Terengganu Stone using Neutron-Induced Prompt
Gamma-Ray Techniques (NIPGAT). To date, a lot of studies have been carried out by historians and
archaeologists about the content of the inscription, but no scientific investigation about the material composition
and its provenance has been performed. In this project, an instrumental analysis NIPGAT was designed as a
portable non-destructive investigation tool employing an isotopic neutron source (Cf-252) and a gamma-ray
spectroscopy system for in-situ investigation of the Inscribed Stone.

1. INTRODUCTION
Terengganu inscribed stone or know as “Batu Bersurat Piagam Terengganu” is the oldest
artifact with Jawi writing on it. The artifact proves that the Kingdom of Terengganu exist
earlier than 1326 or 1386. It was accidentally discovered near Tersat River at Kampong
Buluh, Kuala Berang, Terengganu, Malaysia by Syed Hussin Gulam al-Bukhari, an Arab
prospector from Riau (in Indonesia), a gold & tin trader after a flash flood hit Kuala Berang in
1902. While washing his feet in readiness for midday prayer at the Kampong Buluh mosque
near Kuala Berang, Syed Hussin noticed that the stone he was standing on had been inscribed
with Jawi words. He was curious and immediately got the penghulu (chief)'s permission to
take the stone back to Kuala Terengganu. He was then presented the stone to the sultan
(Zainal Abidin Ill). The sultan had it placed in the fort on Bukit Puteri, and there it remained
until 1922 when a British colonial official had it sent to the Raffles Museum in Singapore for
examination.The inscription turned out to be a proclamation issued by the "Sri Paduka Tuan"
of Terengganu, urging his subjects to "extend and uphold" Islam and providing 10 basic laws
for their guidance. Four of the laws are either missing or illegible. The other six deal with
debtors' obligations, sexual offences, the bearing of false witness, and types of penalties in
default of payment of fines. The significant is the date on the first face of the inscription,
which is given as the year 1303 AD.
The stone on which the inscription was chiseled is unpolished. It is 84 cm in height and
weighs 214.8 kg. The stone was probably chosen because of its convenient shape. It is slightly
wider at the top with flat faces on the front, back, and sides. This gave sufficient space for the
edict. The top part has long since been broken off (most writers assume that there are writings
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on the missing part), thus affecting the inscriptions on the lateral sides, Figure 1. These appear
to run up one side, over the (missing) top, and down the opposite side. Efforts to locate the
missing part of the stone have been unsuccessful.
The stone itself is still shrouded in historical mysteries. Was the inscribed stone made of stone
from local deposit? And if the stone was made locally, where was it made on the Terengganu
site? There is no scientific data or reports available in opened literatures up to now. Due to
high historical values, the stone is now gazetted as a world heritage by the UNESCO and it is
being displayed in a cubicle at Terengganu State Museum, Kuala Terengganu, Malaysia, as
given in Figure 2.
Many types of research have been conducted by scientists, archaeologists and historians to
study different aspects of the inscribed stone. Among others, these include topics on history of
Terengganu and Nusantara, specific mathematical calculations on the date written on the
stone, the Jawi letters, basic laws issued by the "Sri Paduka Tuan" etc. For this IAEA
coordinated research project, the prime aim is to develop an advanced non-intrusive technique
based on nuclear techniques. Neutron activation analysis is a well established nuclear
technique, which is ideally suited to investigate the microstructural or elemental composition
and can be applied to studies of a large variety of samples. Indeed, it may be used to address
the above-mentioned questions. Neutrons are useful as probes for non-destructive
examination of extended media because neutrons can travel relatively long distances before
interacting with the nuclei of the media. It is for this reason that neutrons in conjunction with
gamma-ray spectroscopy are being developed at the Malaysian Nuclear Agency for in-situ
quantitative elemental analysis and finally for provenance study of the Terengganu’s
inscribed stone.

FIG. 1. Terengganu Inscribed Stone.

FIG. 2. It is displayed in Terengganu state Museum.

2. EXPERIMENTAL AND METHOD
2.1. NEUTRON INDUCED PROMPT GAMMA-RAY TECHNIQUES
Neutron induced prompt gamma-ray technique (NIPGAT) is a powerful non-destructive
technique to identify elements and determine their concentration in an object by using
neutron. The method is based on the detection of capture gamma rays emitted by the sample
during neutron irradiation. Then, the elemental concentration is retrieved for the identified
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elements. This method is useful as an analytical technique for both qualitative and
quantitative multi-elements identification of major, minor and trace elements present in the
sample (Khelifi et al, 1999, Alfassi, Chung, 1995). For many elements and applications, this
technique offers more sensitivity, accuracy and reliability compared to other conventional
methods. Furthermore, NIPGAT may be applied to a large and inhomogeneous sample and
requires no special preparations of the sample.
In NIPGAT, neutrons can interact with nuclei of materials in two ways to yield characteristic
prompt gamma-ray emission (see Fig. 3). First, fast neutron (> 1 MeV) can scatter
inelastically from a nucleus, losing energy in the process and exciting the nucleus to a higher
energy state. Immediate de-excitation of the nucleus produces a gamma-ray characteristic of
the excited nucleus. Second, neutrons with energy around the thermal value (0.025 eV) can be
captured by a nucleus. Then, a compound nucleus is formed in an excited state and the prompt
de-excitation of this capture nucleus causes the emission of a characteristic capture gammaray.
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FIG. 3. Illustration diagram for the process of neutron capture by target nucleus followed by the
emission of prompt gamma ray.

These prompt processes provide immediate results during the irradiation, and require lower
strength neutron sources which leave negligible residual radioactivity in the materials after the
measurement. The presence of a gamma-ray line with a particular energy is used for
qualitative analysis and the intensity of the line is used for quantitative analysis.
2.2. MONTE CARLO SIMULATION
In this work, Monte Carlo simulation using Monte Carlo N-Particle code (MCNP5) was
carried out to optimise the design of NIPGAT experimental set-up. Monte Carlo simulation is
a computerized mathematical technique that allows to model a variety of physical and
conceptual systems, where the mathematical problems are developed to simulate the
characteristics and behaviour of a real system. This technique derives its name from the
casinos in Monte Carlo - a Monte Carlo simulation uses random numbers to model some sort
of a process. It was first used by scientists working on the atom bomb as a mathematical tool
during the Manhattan project (Sima and Dirk, 2009). The Monte Carlo simulation method
was preferentially applied for solving various problems concerning radiation transport and it
is relatively simple but very useful application in this field. Monte Carlo methods are applied
88

nowadays for the simulation of all kinds of applications based on gamma-ray spectrometry
either it’s a reactor or isotopic neutron source base, and one of its especially useful for the
calibration of the spectrometers used in low-level radioactivity measurements.
MCNP5 is a well-known and widely used for neutron, photon, and electron or coupled
neutron/photon/electron transport simulations. The areas of application for this code including
radiation protection and dosimetry, radiation shielding, radiography, medical physics, nuclear
criticality safety, detector design and analysis, nuclear oil well logging, accelerator target
design, fission and fusion reactor design, decontamination and decommissioning. This code
was developed and maintained by Los Alamos National Laboratory (LANL) and the current
version available in the market is MCNP5. The first version released in the mid-1970s for
neutron and photon transport, but was enhanced over the years such as general sources and
tallies, volume calculations, electron physics and coupled electron-photon calculations,
interactive plotting of geometry and tallies, cross-section plotting, statistical convergence
tests, and many other user-requested features. All this important features make MCNP code
one of very useful simulation tools to study neutron and photon transport phenomena in the
materials.
In using an MCNP5 code, the first step is to define the 3D geometry of the NIPGAT setup
including the elemental composition and density of all materials including the sample and
radiation detector as well as the sample container (if any). The geometry of modelled
NIPGAT setup consists of the neutron source, moderator, sample, detector and shielding. The
source is enclosed in a high-density polyethylene cylindrical moderator (ρ=0.92 g/cm3) and
the moderator is placed inside rubberised boron carbide (B4C) moderator (ρ=2.396 g/cm3)
which plays a role as a neutron shielding by absorbing the undesired neutron flux from the
source. A 2 cm thick lead covers the source and moderators to attenuate gamma-ray
background from the neutron source and spurious gamma rays resulting from the interaction
of neutrons with moderator materials. The detector is also enclosed in a lead cylinder, and the
thickness of the cylindrical wall is 3.5 cm. The sample is a 27 x 53 x 84 cm rectangular block,
having the shape and geometry almost similar to the Terengganu’s inscribed stone. The
geometry and the configuration of the simulated system set-up are given in Figure 4.
The neutron source of the NIPGAT setup was defined as a point source. The initial energy for
all neutron emissions was set to 2.3 MeV, which is the average emission energy of the Cf-252
source. In addition, the characteristic 0.2-1.8 MeV gamma-ray emission of the Cf-252 source
was also defined.
Prior to this Monte Carlo simulation, elemental composition analysis of two types of stones,
namely Dolerite and Granite by using X-ray fluorescence techniques was carried out. These
types of stones were chosen because they are most likely the river boulders used for making
the Terengganu inscribed stone, and this was confirmed by visual and geological
investigation. The X-ray fluorescence results are tabulated in Table 1.
Next, the number of primary photon emissions, N, in each simulation is specified sufficiently
high so that all ten statistical checks carried out by the MCNP5 code, are satisfactory. These
statistical checks are performed for each result with a pass yes/no criterion by the code which
include estimated mean, relative error, variance of the variance, and history score probability
density function. Finally, the output data is defined by so-called output tallies. In this work,
the required information is the distribution of the energy deposited in the active volume of the
Hyper Pure Germanium (HPGe) detector.
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TABLE 1. MAJOR
CHEMICAL
COMPOSITION
IN (A) DOLERITE
AND (B)
GRANITE
SAMPLESElement
Si
Ca
Al
Ti
K

D.Sky1,%

DPch2,%

Element

G.Pch1,%

G.Pch2,%

84.11%
8.9
2.63
2.34
1.94

83.12
8.82
4.27
2.31
1.48

Si
K
P
Fe
Ca

90.63
6.77
1.15
0.85
0.60

89.30
6.53
1.84
1.77
0.56

Lead holder
Cf-252 neutron source

Lead

Detector
Sample

B4C moderator
density=2.396g/cm3
Parafin moderator
density=0.92 g/cm3

FIG. 4. Schematic diagram of the simulated NIPGAT for actual experimental setu

The MCNP5 package includes several types of tally cards to specify what type of information
the user wants to gain from simulation (MCNP5 User Manual, 2003). Tally type 8 allows to
record the energy distribution of pulses created in a detector, and it was set for modelling of
the detector operation. A total of 800 successive 10 keV wide energy bins between 0 and 8
MeV were used. To comply with all statistical checks for all detectors
N= 108 primary neutron emissions were used for all simulations. The implementation was
controlled and checked using the additional add-on module VisEd (visualisation editor), see
Figure 4.
The most intense peaks within each spectrum are labelled (see Figure 5). As can be seen in
the spectrum, various peaks obtained from full energy, single escape and double escape
energy, make the spectrum are complex and difficult to analyse. The intense background
continuum of scattered radiation creates another problem when weaker peaks have to be
considered. Thus, the energy peaks associated with potassium (K), titanium (Ti) and
phosphorous (P) cannot be recognised in the simulated prompt gamma-ray spectrum.
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Fortunately, the peaks associated with Ca and Si are well-defined and the intensities are easily
recognised.
100
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FIG. 5. A typical simulated spectrum of neutron-induced prompt gamma for two samples.

(Top View)

FIG. 6. Some of collected Dolerite and
Granite stone samples.

(3D Perspective View)

FIG. 7. Arrangement of detector and neutron source
inside howitzer in 90 degrees.

2.3. NIPGAT EXPERIMENTAL SET-UP
Instead of using thermal neutron from nuclear reactor, isotopic neutron source (Cf-252) with
an activity of around 2mCi has been used in this project. The size of this neutron source is
0.5cm in diameter and 5cm in length and its mass is about 5 microgram. This neutron source
produces flux at least 1x107n/s. During irradiation, neutron source is placed inside neutron
howitzer which is made of paraffin wax. Size of the howitzer is 40cm in diameter, 40cm in
height and it has 10cm deep hole. However for irradiation purpose, the neutron source is
arranged to be placed at only 2cm away from the howitzer opening window. High purity
germanium detector with 1.2 liter liquid nitrogen dewar was used to detect prompt gamma
that emit from the elements inside the sample. Irradiation time for each sample is set at one
hour. Large Dolerite and Granite stone samples which are around 40kg to 50kg have been
collected from 3 major areas Figure 6. The areas are Panchor, Lawit and Pangsun. The stone
sample then been irradiated in such arrangement of detector and neutron source as shown in
Figure 7. The distance between detector and source is 15cm in 90 degrees arrangement. About
6mm thickness of lead sheet is placed in front of the detector and source collimator window.
The most important experimental work is the irradiation at the original Terengganu Inscribed
Stone which is displayed at Terengganu State Museum. Arrangement has been made with the
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museum curator in order to get an access into the Inscribed stone cubicle and perform the
irradiation procedure Figure 8.

FIG. 8. Irradiation on Inscribed Stone at Terengganu State Museum.

The study began with observations of physical properties of external Inscribed Stone itself.
This was done at the Terengganu State Museum where it is displayed. This was followed by a
visit to the field of its discovery, Kampung Buloh in Kuala Berang, Figure 9. Discovery of
several old graves in the vicinity shows that the gravestones at the cemetery have the same
rock type with the Inscribed Stone. Information from the elderly in Kampong Buloh lead to an
early indication that the original gravestones are from Panchor. This information is important
because it indirectly guides the location of resources to the Inscribed Stone. Field study as
well as NIPGAT experimental work was conducted for samples from two locations in
Terenganu (Panchor and Lawit) and one location in Selangor (Pangsun).
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FIG. 9. Kampung Buloh in Terengganu, Malaysia.

Inscribed Stone body can be categorized as having a little weathered (grade II) and there are
signs of chemical weathering, hoops liesegang be visible on the top surface plane. Signs of
physical weathering also can be seen on its surface, Figure 10. Former flakiness or cleft
formed the cause of some the Jawi letters and words written on the surface are disappeared
and not readable. Geological structures such as joints and cracks are clearly seemed on this
stone. Crack plane of the top of the Inscribed Stone is characterized by the structure of
"plumose", Figure. 11. This clearly illustrates that the crack plane is propagated along the
plane of tectonic joints.

FIG. 10. Physical weathering effect.

FIG. 11. Plumose structure.

Plumose structure recorded the direction of cracks propagation in the rocks. The structure is
formed by a ridge and small grooves similar to the pattern of feathers on the surface cracks or
joints. It was formed under the influence of extension and when the fault is rapid as if the
stone exploded. Other structures, such as the impact of broken and chipped also found on the
stone, may be caused by disturbances during the transfer process from the original stone and
places of previous exhibitions.
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3. RESULTS AND DISCUSSION
Surface of rock samples collected were cleaned without using any special treatment. This was
to maintain the original sample. During irradiation with neutrons, gamma ray spectrums are
recorded. Typical gamma-ray spectrum of different set of samples is given in Figure 12. From
the measurement data, the peak energy for elements such as hydrogen (H), aluminum (Al),
silicon (Si), sodium (Na), titanium (Ti) and Iron (Fe) can be clearly detected. Other elements
was also detected, however they were not taken into account in this experiment because their
errors were too large as compared with the dominant elements. In all measurements using
NIPGAT, gamma ray of Al is the dominant compared with other elements which it gave the
highest reading on the graph. However, the Al content in the sample cannot be compared
directly because the large number of gamma ray is likely to influence by collimator on HPGe
detector which is also made with Al. All results were recorded by taking into account the
average result of six measurements for each sample. This provides more consistent results
with high accuracy and can represent the entire volume of the sample.
Prompt Gamma count of element vs energy
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Batu Bersurat Terengganu
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Fig. 12. Typical prompt gamma-ray spectrum from different sets of samples using NIPGAT.

3.1. COMPARISON BETWEEN INSCRIBED STONE WITH GRANITE
Graph profile (Figure 13) for the granite rock samples obtained from Panchor and Kenyir
Dam is very different from the Inscribed Stone. The total number of gamma rays for Si (3539
keV) and Si (4934 keV) for the granite rock is higher (2 times) than the inscribed stone, which
shows that the Si content is generally higher in granite. However, the total number of prompt
gamma ray for the Ti (6418 keV) and Ti (6760 keV) for the granite rock is very low
compared to Inscribed Stone and not be detected directly. Two elements are compared for, Si
is the highest element (72%) and Ti is the lowest element content (0.3%) in the granite rock
(http://en.wikipedia.org/wiki/Granite). Significant differences can be seen if these granite
rocks compared to the inscribed stone. The total number of gamma rays to Fe (7631 keV) and
Fe (7645 keV) for these granite rocks were also low when compared with the inscribed stone.
This difference clearly indicates that the granite rock is not from the same rock type of the
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inscribed stone. This strongly supports the conclusion made in previous geological studies
(Tajul Anuar Jamaluddin et al, 2010) in denying that this inscribed stone is made of granite as
indicated in the previous study (H.S. Peterson, 1924).

Fig. 13. Comparison of Prompt gamma between the inscribed stone with Granite.

3.2. COMPARISON OF THE INSCRIBED STONE WITH DOLERITE
In theory, the number of gamma rays induced by fast neutrons is dependent on water content
(moisture) of a sample, because the hydrogen atoms in water molecules are the main agents
that can slow down the high-energy neutrons to low energy neutron or thermal neutron (R.
Khelifi et al 1999; ZB Alfassi and C. Chung, 1995). Thermal neutron is great potential for
activating element in the sample to produce prompt gamma. Profile of the graph (Figure 14)
for dolerite rock samples from the upper river of Lawit and Panchor is similar to the inscribed
stone. However, the total prompt gamma ray for Si (3539 keV), Si (4934 keV), Na (6395
keV), Ti (6418 keV), Ti (6760 keV), Fe (7631 keV) and Fe (7645 keV) is slightly higher
compared to readings obtained from the inscribed stone. This is because the inscribed stone
has been exposed to a dry environment where it is placed in a controlled area air-conditioned
and illuminated with infrared light, resulting in lower moisture content. When the hydrogen
content is low, the number of elements can be activated is less due to the lack of thermal
neutrons present in the samples. This situation is very different from the dolerite rock samples
obtained from the aqueous environment of the area exposed to the rain, which typically
contains high moisture content. This answered the question why the Si content is low in the
inscribed stone over Dolerite derived from the upper river of Lawit and Panchor.
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Fig. 14. Comparison between prompt gamma from the Inscribed Stone with the Panchor and Lawit
Dolerite.

Fig. 15. Comparison between prompt gamma-rays from the inscribed stone with Pangsun Dolerite.

According to the geological study, dolerite rocks can also be found in several areas in
peninsular Malaysia, including at the Pangsun in Selangor and Lembah Bujang at Kedah
(MO Schwartz, 1995). To support the results obtained, a number of dolerite samples from
outside the Hulu Terengganu were analyzed using NIPGAT system. For this purpose, several
samples of Dolerite from Pangsun has been taken for comparison in terms of the composition
of the dominant element. Results showed that samples obtained from Pangsun has almost a
same number of prompt gamma rays from Hulu Sungai Lawit and Panchor for all the
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dominant elements of Si (3539 keV), Si (4934 keV), Na (6395 keV), Fe (7631 keV) and Fe
(7645 keV), except for the elements Ti (6418 keV) and Ti (6760 keV), which is very different
from the inscribed stone (Figure 15). These results conclude that the composition of Dolerite
elements is different between the one at Terengganu and Selangor.
3.3. COMPARISON BETWEEN THE INSCRIBED STONE WITH ALL SAMPLES
Referring to Figure 16, the total prompt gamma ray counts of inscribed stone for Si (3539
keV) and Si (4934 keV) is almost identical to dolerite samples from the Panchor, Lawit and
Pangsun. This clearly shows that they indeed from the same family as the Si content is the
dominant element in the composition of these rocks. However, prompt gamma rays for Ti
(6418 keV), Ti (6760 keV) and Na (6395 keV), there are quite different from Dolerite
samples taken from Pangsun as compared to Lawit and Panchor. Ti and Na are two minor
elements in the dolerite rocks and their contents are quite different from one area to another.
This is visible on the profile graph in Figure 16. If the moisture in all samples is equal, it is
predicted that the graph in Figure 16 for the inscribed stone should has a profile that most
closely matches the graph profile of the Dolerite from Panchor and Lawit.

Fig. 16. Comparison between prompt gamma of the inscribed stone with all Dolerite samples from
Panchor, Lawit, and Pangsun together with Granite.

4. CONCLUSION
Based on these results, a portable system based on neutron-induced prompt gamma-ray
technique has been successfully developed. This will allow for the stone to be investigated
non-destructively in a volumetric manner on the site. For now, the elemental composition of
the inscribed stone found to be very identical to dolerite stone samples collected from Lawit
and Panchor. More samples from other place are needed to determine the provenance of this
inscribed stone. The inscribed stone is definitely not a Granite stone as reported in many
literatures earlier in its history. The scientific data or technical evidence obtained from this
project will be of great benefits not only to curators and archaeologists but also to scientists,
historians and many others in the future.
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