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THE CONSTRUCTION PROCESS OF THE ANGKOR
MONUMENTS ELUCIDATED BY THE MAGNETIC
SUSCEPTIBILITY OF SANDSTONE*

E. UCHIDA!, O. CUNIN?, I. SHIMODA?®, C. SUDA' and T. NAKAGAWA’

'Department of Resources and Environmental Engineering, Waseda University,
Ohkubo 3-4-1, Shinjuku, Tokyo 169-8555, Japan
*C R.AL, Ecole & Architecture de Nancy, 2, rue Bastien Lepage BP435 54001, Nancy Cedex, France
*Department of Architecture, Waseda University, Ohkubo 3-4-1, Shinjuku, Tokyo 169-8555, Japan

The Angkor monuments in Cambodia are mainly constructed of grey to yellowish-brown
sandstones. No differences in the constituent minerals and in the chemical composition of
the sandstones have been confirmed among the monuments. However, we have found their
magnetic susceptibility a useful parameter by which to distinguish them. The principal
monuments of Angkor Wat, Ta Prohm, Preah Khan, Banteay Kdei and Bayon, constructed
from the Angkor Wat period to the Bayon period (from the beginning of the 12th century to
the beginning of the 13th century Ap), were investigated in detail using a portable magnetic
susceptibility meter. We succeeded in dividing the periods of construction into stages. This
elucidated the enlargement process of the monuments and correlated their construction
stages.

KEYWORDS: ANGKOR MONUMENTS, SANDSTONE, MAGNETIC SUSCEPTIBILITY,
ANGKOR WAT, TA PROHM, PREAH KHAN, BANTEAY KDEI, BAYON,
WORLD CULTURAL HERITAGE, CAMBODIA

INTRODUCTION

The Khmer people constructed the Angkor monuments, which are widely distributed in
Cambodia and Thailand, between the ninth and the 13th centuries Ap. The main monuments are
concentrated around Siem Reap City, Cambodia (Fig. 1), and in 1992 UNESCO registered
them on the World Cultural Heritage List. Since construction, the monuments have had to resist
decay caused by the tropical climate. The Ecole Francaise d’Extréme-Orient (EFEO) of France
initiated the restoration of the Angkor monuments in 1907. Many teams from different coun-
tries, including the USA, Italy, Germany, India and the Republic of China, are contributing to
the restoration and conservation works. The Japanese government created the Japanese Govern-
ment Team for Safeguarding Angkor (JSA) in 1994. JSA finished the restoration of the North-
ern Library of Bayon in 1999 (Nakagawa 2000), and the restoration of Prasat Suor Prat and
the Northern Library of Angkor Wat is now in progress. In a fundamental investigation of the
Angkor monuments, a petrological study of the stone materials, based on detailed measure-
ments of the magnetic susceptibility of sandstones, has succeeded in elucidating the enlarge-
ment process of the monuments that were constructed from the Angkor period to the Bayon
period (from the beginning of the 12th century to the beginning of the 13th century), especially
Ta Prohm, Preah Khan, Banteay Kdei and Bayon. Previous studies, based on epigraphy, art and

* Received 9 April 2002; accepted 17 October 2002.
© University of Oxford, 2003
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Figure 1 A map of the Angkor monuments, showing the distribution of the monuments investigated.

architectural history, have revealed that the monuments were constructed in the order of Ta
Prohm, Preah Khan, Banteay Kdei and Bayon (Stern 1965; Dumarcay and Groslier 1973). The
usefulness of magnetic susceptibility in the provenancing of Roman granite columns has already
been shown by Williams-Thorpe and Thorpe (1993) and Williams-Thorpe et al. (1996).

THE STONE MATERIALS

The stone materials used for the Angkor monuments are sandstone and laterite. Brick is also
used in the relatively old monuments constructed in the ninth and tenth centuries. We dis-
tinguished three types of sandstone on the basis of colour and constituent minerals: grey to
yellowish-brown sandstone, red sandstone and greenish greywacke (Uchida et al. 1998). These
correspond to the grey sandstone, red sandstone and green sandstone, respectively, of the
classification by Delvert (1963). Red sandstone is used only for Banteay Srei and for a part of
North and South Khleangs, and greenish greywacke only for the sanctuaries on the top of
Ta Keo. Grey to yellowish-brown sandstone, consisting mainly of quartz, plagioclase, alkali
feldspar, biotite, muscovite and rock fragments, is the main sandstone used for almost all of the
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monuments. No differences in the constituent minerals, and also in the bulk chemical composi-
tion for 50 elements, were recognized among the grey to yellowish-brown sandstones used for
the Angkor monuments (Uchida et al. 1998).

As for laterite, two types can be distinguished: porous laterite and pisolitic laterite. Both
types of laterite consist of the same minerals: kaolinite, quartz, hematite and goethite. However,
differences in the contents of the minor elements As, Sb, V and Sr were observed between them
(Uchida et al. 1999). Based on their contents and on their pore size, the investigated 30 main
monuments were classified into five groups. This suggests that there were at least five quarries
for laterites, and that the quarries changed over time (Uchida et al. 1999).

THE MAGNETIC PROPERTIES OF THE SANDSTONES

The grey to yellowish-brown sandstone is a primary stone material in the Angkor monuments
and is used for almost all of the monuments. This sandstone shows no variation in the constituent
minerals and in its bulk chemical composition. However, we found significant differences in
the magnetic susceptibility of the sandstone. Biotite is one of the main constituent minerals of
the sandstone, but because biotite shows extremely low magnetic susceptibility compared with
magnetite (Carmichael 1982), magnetite—in spite of its small quantity—is considered to be the
main reason for the magnetic susceptibility of the sandstone. The magnetic susceptibility can be
measured rapidly and non-destructively using a portable magnetic susceptibility meter (Geofyzika
Model KT-5 and SM-20, Czech). The principle of the magnetic susceptibility measurement and
the instrumentation were described in detail in Williams-Thorpe and Thorpe (1993) and Williams-
Thorpe et al. (1996, 2000). The sandstone blocks showed a considerable variation in magnetic
susceptibility from block to block, so an average value for 50 blocks was obtained at each
location. For accuracy of measurement, the measurements were carried out selectively on the
flat surface of the sandstone blocks. No correction was made for magnetic susceptibility,
because the sandstone blocks are large (in general, larger than 25 x 40 x 70 cm). On the basis
of magnetic susceptibility, Uchida et al. (1998) had already classified the 30 main Angkor
monuments into eight groups and revealed that the sandstones were supplied from seven
quarries. The sandstones of the monuments in group six are thought to have been quarried from
the same two quarries as those used for the monuments in groups five and seven. Angkor Wat
is a representative monument of group five, and Bayon of group seven (Fig. 1). The sandstone
blocks used for the group five monuments showed an average magnetic susceptibility of more
than 3.1 x 107 ST units. Those in group seven showed a lower average magnetic susceptibility,
being less than 1.3 X 10-% ST units. Ta Prohm, Preah Khan and Banteay Kdei (Fig. 1), in group
six, all showed magnetic susceptibilities between these two values. The present detailed study
of magnetic susceptibility for the sandstones used for the monuments in groups five, six and
seven elucidated the enlargement process of Ta Prohm, Preah Khan, Banteay Kdei and Bayon
and correlated the construction stages among them. However, we do not have enough informa-
tion on the quarries, due to landmines buried during the civil war.

THE CONSTRUCTION PROCESS ELUCIDATED BY THE MAGNETIC
SUSCEPTIBILITY OF THE SANDSTONE BLOCKS

The previous study revealed that the sandstone blocks used for the monuments of group six, Ta
Prohm, Preah Kahn and Banteay Kdei, were supplied from at least two different quarries, and
that the average magnetic susceptibility changes systematically from group five to group seven
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Figure 3 The construction sequence of Ta Prohm deduced from the magnetic susceptibilities of the sandstones.
Four stages can be distinguished (drawn using the same colours as in Table 1).

(Uchida et al. 1998). These results indicate the possibility that the magnetic susceptibility is a
useful parameter for elucidating the construction process of these monuments. Thus the detailed
measurements of the magnetic susceptibility of the grey to yellowish-brown sandstone blocks
were carried out for Angkor Wat, Ta Prohm, Preah Kahn, Banteay Kdei and Bayon. The
measurements were performed at each of 28 locations in Angkor Wat, 83 locations in Ta
Prohm, 128 locations in Preah Khan, 36 locations in Banteay Kdei and 77 locations in Bayon
(Fig. 2). Fifty stone blocks were measured at each location and the average magnetic suscept-
ibility was obtained for each location. The results of the stage division based on the magnetic
susceptibility for Angkor Wat, Ta Prohm, Preah Khan, Banteay Kdei and Bayon are as follows.

Angkor Wat, in spite of its large scale, has a homogeneous average magnetic susceptibility
(3.1-4.0 x 107 ST units), except for the small extension in the central part (2.3 X 107 ST units),
and no systematic difference was observed. This suggests that the sandstone/blocks of Angkor
Wat were almost all supplied from just one quarry.

Ta Prohm differs from Angkor Wat. In Ta Prohm, the average magnetic susceptibility of the
sandstone blocks showed a distinct variation from place to place. On the basis of the average
magnetic susceptibility, and also taking into account architectural and ornamental evidence, it
is considered that Ta Prohm was constructed in four stages (Fig. 3). The average magnetic
susceptibility for 50 blocks at each location ranges from 2.7 x 107 to 3.2 x 107 ST units for the
first stage, from 3.0 x 107 to 4.1 x 107 SI units for the second, from 1.0 x 107 to 2.1 x 107 SI
units for the third, and from 2.1 x 107 to 3.1 x 107 SI units for the fourth stage. The average
magnetic susceptibility generally decreases with time, except in the fourth stage. The Central
Tower, the Inner Gate Towers, the Inner Gallery and ponds inside the Inner Enclosure were built
in the first stage. The Outer Gallery and the two small galleries connected to it were constructed
in the second stage. Several small towers distributed between the Middle Gallery and the Outer
Gallery were built in the second or third stage. The Middle Gallery, the Dancing Hall, the Outer
Gate Towers and many connecting parts are considered to belong to the third stage. The fourth
stage is restricted to the House of Fire near the east Inner Gate.

Preah Khan (Fig. 4) is complex, and four stages were distinguished on the basis of the
average magnetic susceptibility, taking into account architectural and ornamental evidence. The
average magnetic susceptibility ranges from 2.5 X 107 to 3.3 x 107 ST units for the first stage,
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Figure 4 The construction sequence of Preah Khan deduced from the magnetic susceptibilities of the sandstones.
Four stages can be distinguished (drawn using the same colours as in Table 1).

from 1.5 x 107 to 2.5 x 107 ST units for the second, from 0.7 x 107 to 1.4 x 107 SI units for
the third and from 1.3 x 107 to 2.9 x 10°* SI units for the fourth. As at Ta Prohm, the magnetic
susceptibility decreases with time, but increases in the fourth stage. Decorations on the stone
surface of Preah Khan were taken into account for its classification of stages, because the
second stage had the same average magnetic susceptibility range as that of the fourth stage.
Figure 5 is a frequency diagram of the magnetic susceptibility for each stage. The sandstones
of the first stage have a peak between 2.5 X 107 and 3.0 x 107 SI units, and those of the third
stage between 0.5 X 1072 and 1.0 x 10 ST units. On the other hand, the second stage shows two
peaks between 0.5 x 107 and 1.0 x 10 SI units and between 2.5 X 107 and 3.0 x 107 SI units.
This suggests that the sandstone blocks of the second stage were supplied from two different
quarries. The sandstones used for the first stage are homogeneous in colour (almost grey) and
have almost no lamina texture, whereas those for the third and fourth stages show a colour
variation from grey to yellowish-brown and frequently have lamina. The sandstones of the first
stage are similar to those used for Angkor Wat. The first stage covered the Central Tower,
the Inner Gallery and the two big towers inside the Inner Gallery, and the tower on the east
side of the Outer Gallery. The second stage included the Inner Gate Towers and three central
towers of the three small galleries between the Outer Gallery and the Inner Enclosure. The third
stage included many small buildings inside the Inner Gallery, the Outer Gate Towers, the
Causeways connecting the Outer Gallery to the east Inner Gate Tower, and three small galleries
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Figure 6 The construction sequence of Banteay Kdei deduced from the magnetic susceptibilities of the sandstones.
Three stages can be distinguished (drawn using the same colours as in Table 1).

between the Outer Gallery and the Inner Enclosure. The Dancing Hall, the Outer Gallery and
the connecting parts between the Inner Gallery and the Outer Gallery were built in the fourth
stage.

Banteay Kdei is a simple case. It seems to have been constructed in three stages (Fig. 6). The
Central Tower, the Inner Gallery and the Inner Gate Towers were built in the first stage (0.9
1.3 x 1072 SI units). The east and west Gate Towers of the Outer Gallery and the Causeways
were built in the second stage (1.4-1.9 x 107 SI units). The third stage included the Outer
Gallery, the Dancing Hall and the Library (2.4-2.9 X 107* SI units). The magnetic susceptibility
increases with time.

Dumarcay and Groslier (1973) recognized four stages for Bayon. That does not basically
contradict the present study, but our magnetic measurement revealed just three stages (Fig. 7).
Except for some extended parts and the Inner Gallery, the Central Tower was built in the first
stage (0.8-1.3 x 107 SI units), which corresponds to Dumargay and Groslier’s (1973) first and
second stages. The Inner Gallery seems to show a slightly higher magnetic susceptibility
compared with other locations (Fig. 2). The five Gate Towers and the four Comer Towers of
Angkor Thom also belongs to the first stage. The Outer Gallery, including the extended parts of
the Central Tower, was built in the second stage (1.3-2.1 X 107 ST units). The Northern and
Southern Libraries and the central part of the Eastern Terrace can be assigned to the third stage
(2.2-2.3 x 107 SI unit). The magnetic susceptibility for Bayon increases with time in the same
way as at Banteay Kdei.

THE CORRELATION OF THE CONSTRUCTION STAGES AMONG
THE MONUMENTS CONSTRUCTED IN THE BAYON PERIOD

The enlargement process of the monuments had not previously been established—except
for Bayon, on the basis of architectural evidence, by Dumarcay and Groslier (1973)—and
the correlation of the construction stages among the monuments had remained unresolved. The
present study, however, has succeeded in elucidating the enlargement process, and also the
correlation of the construction stages among the monuments investigated. The correlation of
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Figure 7 The construction sequence of Bayon deduced from the magnetic susceptibilities of the sandstones. Three
stages can be distinguished (drawn using the same colours as in Table 1).

the construction stages based on the present study is shown in Table 1, where the same colours
as those used in Figs 3, 4, 6 and 7 are employed. The results suggest, for example, that the third
stage of Preah Khan corresponds to the third stage of Ta Prohm and also to the first stage of
Banteay Kdei and Bayon, and that Banteay Kdei was constructed in approximately the same
period as Bayon. From the Angkor Wat period to the Bayon period, the magnetic susceptibility
of the sandstones generally decreases from 4 X 107 ST units to 1 x 107 ST units, but then increases
to 3 % 107 ST units. Table 1 also shows the results of the magnetic susceptibility measurements
for other monuments with a Bayon style: Neak Pean, Ta Nei, Banteay Prei, Banteay Thom, Ta
Som, Krol Ko, Prasat Prei, Prei Prasat, the Terrace of the Leper King and the Terrace of the
Elephants. The construction period of their simple and small-scale structures was deduced from
the magnetic susceptibility of the sandstones on the assumption that the central part was
constructed first, and by taking into account architectural and decorative styles. In Neak Pean,
the Central Sanctuary has an average magnetic susceptibility of 3.0 X 107* ST units except for
some later additions, but the other surrounding buildings show an average magnetic susceptibil-
ity ranging from 1.2 X 107 to 2.0 x 107 ST units. In the case of Ta Nei, the average magnetic
susceptibility is slightly dispersed from 1.1 x 107 to 1.7 x 107 ST units. The average magnetic
susceptibility of the Central Sanctuary of Banteay Prei is 1.5 x 107 SI units, but those for the
Gallery and the Gate Towers range from 0.7 X 107 to 1.0 x 107 SI units. In Banteay Thom, the
two Main Towers show an average magnetic susceptibility of 1.6 X 107* ST units, but the other
locations, such as the Libraries, the Gallery and the Gate Tower, range from 0.8 X 10%t0 1.3 %
10°® ST units. In Ta Som, all structures such as the Central Tower, the Gallery and the Gate
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Towers show a narrow range of average magnetic values, from 0.7 x 107 to 1.2 x 107 ST units.
Prasat Prei and Prei Prasat show 0.7 X 107 and 1.0 x 107 SI units, respectively, in the average
magnetic susceptibility. In the case of the Terrace of the Elephants, the central part has an
average magnetic susceptibility of 1.4—1.7 x 107 SI units, whereas the other parts have values
in the range 1.7-2.3 x 107 SI units. On the other hand, the Terrace of the Leper King is
homogeneous (1.9 X 107® SI units). Almost all of the monuments except for Neak Pean, the
Terrace of the Leper King and the Terrace of the Elephants have sandstone blocks with an
average magnetic susceptibility of between 0.7 x 107 and 1.3 x 107 SI units. These values are
representative for the Bayon-style monuments. No other monuments constructed before the
Angkor Wat period used sandstone blocks with such a low average magnetic susceptibility
(Uchida et al. 1998).

CONCLUSIONS AND FURTHER WORK

The magnetic susceptibility of the grey to yellowish-brown sandstone, which is the most
popular sandstone used for the Angkor monuments, has been shown to be a suitable parameter
for the elucidation of the construction process and the correlation of the construction stages of
the monuments. The sandstone blocks of Angkor Wat show a homogeneous magnetic suscept-
ibility in spite of its large scale. This may suggest that the sandstone blocks were supplied from
one quarry. On the other hand, the sandstone blocks of Ta Prohm, Preah Khan, Banteay Kdei
and Bayon show a variation in the magnetic susceptibility from place to place. On the basis of
the magnetic susceptibilities, their construction process was divided into four stages for Ta
Prohm and Preah Khan and into three stages for Banteay Kdei and Bayon. We succeeded in
correlating the construction stages among the various monuments, including other monuments
with a Bayon style.

The information obtained on magnetic susceptibility will be indispensable in identifying the
quarries. The sandstone blocks are said to be derived from the south-east foot of Mt Koulen,
situated 40 km to the north-east of Siem Reap City (Boulbet 1979). Unfortunately, we could
not get enough information about the quarries, because of the danger due to landmines buried
during the civil war. However, there were probably multiple quarries for the investigated
monuments. Future investigation of the quarries is expected to clarify the number of quarries
as well as the reason for the changes in magnetic susceptibility.
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Abstract

Prasat Suor Prat in the Angkor monuments, Cambodia, is situated at the east end
of the Royal Plaza and consists of 12 towers numbered N1 to N6 and S1 to S6 that are
mainly made of laterite. Sandstone is also used for pediments, door and window frames,
and balusters, etc. Until now, it was thought that Prasat Suor Prat was constructed in the
Bayon period. However, the characteristics of the stone materials used for the Angkor
monuments suggest that Prasat Suor Prat was constructed in the Angkor Wat period.
This is supported by the radioactive carbon age obtained for charcoal fragments
collected from the soil between the laterite blocks in the N1 tower and also from the

stucco on the inner wall of the N2 tower.

Keywords: Angkor monument; Prasat Suor Prat; Sandstone; Laterite, Radioactive

carbon age; Cambodia



1. Preface

The Royal Plaza spreads to the north of Bayon, situated in the center of Angkor
Thom, which is one of the representative Angkor monuments. The 12 towers of Prasat
Suor Prat are arranged in a row at the east end of the Royal Plaza and face the Terrace of
the Elephants at the west end of the Royal Plaza (Fig. 1). The Royal Road leading to the
Gate of Victory separates the towers into north and south groups. The six towers of the
north group are called NI to N6, from south to north, and the six towers of the south
group are called Sl to S6, from north to south. The stacking of the stone blocks was
completed, but their decoration was left incomplete. The North and South Khleangs are
situated to the east of the N4, N5, and N6 towers and the S4, S5, and S6 towers,
respectively. Bathing ponds are located to the south of the North Khleang and to the
north of the South Khleang. The N1, N2, N3, S1, S2, and N3 towers, which are adjacent
to the bathing ponds, slightly incline toward the ponds. The clearance of the towers was
carried out by J. Commaille in 1908 and by H. Marchal from 1919 to 1920. The N3
tower was repaired in the 1950s by Ecole Francaise d’Exréme-Orient (EFEO), but its
inclination toward the pond continued afterwards. Restoration of the entire N1 tower
and the antechamber of the N2 tower (Fig. 2-a) was carried out from 2000 to 2005 by
the Japanese Government Team for Safeguarding Angkor (JSA). Prasat Suor Prat is
made almost entirely of laterite. This is a rare case among the Angkor monuments.
Sandstone is also used, but only for pediments, door and window frames, and balusters,
etc.

There are differing theories regarding the original purpose of Prasat Suor Prat,
and thus this issue still causes controversy. Due to the fact that buildings made mostly of
laterite are rare among buildings constructed before the Bayon period, it has generally
been believed that Prasat Suor Prat was constructed in the Bayon period. Regarding
possible builders of Prasat Suor Prat, Glaize [1] has suggested Jayavarman VI, while
Jacques [2] has suggested his successor, Indravarman II. Based on the fragments of
Chinese ceramics excavated from the inside of the foundation of the antechamber of the
N2 tower, Shimizu [4] has concluded that Prasat Suor Prat was constructed after the
latter half of the 12th century. Thus Prasat Suor Prat has been thought of as a structure
of the Bayon period. Further, due to the presence of a description of Prasat Suor Prat in
“The Customs of Cambodia,” written by Zhou Daguan in 1296, we know that it existed
when he visited the Angkor region in 1296. Thus it is evident that Prasat Suor Prat was

constructed before the end of the 13th century at the latest.



However, based on our investigations of stone materials used for the
construction of the Angkor monuments, we have reached the conclusion that Prasat
Suor Prat was actually constructed during the Angkor Wat period. The evidence for this
conclusion will be shown in this paper. In addition, radioactive carbon age dating by
accelerator mass spectrometry was carried out for charcoal fragments collected from the
N1 and N2 towers of Prasat Suor Prat.

2. Estimation of the construction period of Prasat Suor Prat based on the

characteristics of its stone materials

Prasat Suor Prat is made of laterite and sandstone. Laterite is the chief
construction material, and sandstone was used only for door and window frames,
pediments, and balusters, etc. In this study the period that Prasat Suor Prat was
constructed will be estimated based on the quality, magnetic susceptibility, stacking
method, shape, size, and orientation of the bedding planes of the sandstone and laterite
blocks. Table 1 shows a chronological table of the principal Angkor monuments based
of the characteristics of their two main stone materials (sandstone and laterite) [7, 8, 10].
Remusat’s [3] chronological table of the order of the construction of the Angkor
monuments was used as a reference in the creation of the table, but there was no
contradiction found between the change in characteristics of the stone materials

elucidated in this study and Remusat’s chronological table.
2.1 Quality of the sandstone

The sandstone used for the construction of Prasat Suor Prat can be classified as
gray to yellowish brown sandstone (feldsparthic arenite) according to Uchida’s
classification [7]. The main constituent particles are fine- to medium-grained quartz,
feldspar, mica, and rock fragments. This kind of sandstone was commonly used as a
main construction material for the Angkor monuments. Until the early Bayon period (VI
¢ in Table 1) the sandstone was generally gray in color and homogeneous, rarely showed
a lamina structure, and was of relatively good quality, whereas afterward the sandstone
was frequently yellowish-brown in color, was of low quality, and frequently showed a
lamina structure. The gray color, homogeneity, and lack of lamina structure of the
sandstone used in Prasat Suor Prat suggest that it was constructed before the early

Bayon period (VIc).



2.2 Magnetic susceptibility of the sandstone

Systematic measurement of magnetic susceptibility was carried out for the
sandstone blocks used for the main Angkor monuments. Results confirmed that the
average magnetic susceptibility of the sandstone blocks has changed over time [7]. The
investigation revealed that the magnetic susceptibility changed six or seven times during
the Angkor period, suggesting that there were six or seven different quarries from which
the gray to yellowish-brown sandstone was taken.

The average magnetic susceptibility of the sandstone blocks used for the door
and window frames and pediments of Prasat Suor Prat ranged from 3.3 to 3.6 107 SI
units, and no remarkable difference in average magnetic susceptibility was observed
among the towers. The values of the average magnetic susceptibility for Prasat Suor
Prat correspond to those of the monuments of the carly Angkor Wat period (IVb) to the
early Bayon period (VIc). Further, taking homogeneity into account with regard to
magnetic susceptibility, it is highly probable that Prasat Suor Prat was constructed in the
main Angkor Wat period (V).

2.3 Quality of the laterite

Laterite can be classified roughly into porous laterite and pisolitic laterite based
on its texture. Porous laterite has large holes of several cm in diameter on its surface and
is of low quality. Pisolitic laterite, on the other hand, consists mainly of pisolites of
5.10mm in diameter and is comparatively homogeneous. Small holes are also observed
on the surface of pisolitic laterite. In addition, there is also an intermediate type of
laterite. Thus, the size of the holes on the surface of laterite is a good index for its
classification. Uchida et al. [8] divided the main Angkor monuments into five groups
based on the average pore size of their laterite blocks. The laterite blocks used for Prasat
Suor Prat have relatively large holes averaging 15.5mm in diameter (Fig. 2-b). This
suggests that Prasat Suor Prat was constructed sometime during the Bakheng period
(1) to the transition period (III) or sometime during the early Angkor Wat period (IVb)
to the late Bayon period (Vlla).

2.4 Magnetic susceptibility of the laterite

Magnetic susceptibility measurements were performed on the laterite blocks,

and their average magnetic susceptibility was obtained. As a result, a value of 0.44 X



10 SI units was obtained for Prasat Suor Prat. Based on this average magnetic
susceptibility value of the laterite blocks, Uchida et al. [8] divided the main Angkor
monuments into five groups. These results suggest that Prasat Suor Prat was constructed
sometime during the Bakheng period (II) to the transition period (1) or sometime
during the early Angkor Wat period (IVD) to the late Bayon period (Vlla).

2.5 Stacking method of the laterite blocks

Until the early Bayon period (VIc), the stone blocks of monuments were stacked
so that they were of uniform height and had a successive bed joint. This style of
stacking is known as range ashlar masonry. Stone blocks from after this period, however,
have different shapes and sizes, and they show a non-successive bed joint. This style of
stacking is known as random range ashlar masonry. In Prasat Suor Prat, the laterite
blocks show a successive bed joint, and their shapes and sizes are comparatively
uniform (Fig. 2-b). These facts suggest that Prasat Suor Prat was constructed sometime

before the early Bayon period (VIc).
2.6 Shape of the laterite block

Except for the Roluos monuments, the sandstone and laterite blocks of the
relatively older monuments have square ends, whereas relatively new monuments have
rectangular ends [9]. In Banteay Samre, both types of laterite blocks are present.
Therefore the transition between them seems to have occurred during the Angkor Wat
period (IVb to V). Regarding sandstone, Phimai in Thailand, which was constructed in
the Angkor Wat period (AD1108), seems to be the last monument constructed with
sandstone blocks having square ends.

The laterite blocks of Prasat Suor Prat have square ends (Fig. 2-b). This fact
suggests that Prasat Suor Prat was constructed sometime before the main Angkor Wat
period (V).

2.7 Size of the laterite blocks

As mentioned above, the shape of the stone blocks has changed over time.
However, except for the large sandstone blocks in Angkor Wat, Boeng Mea Lea, and
Wat Athvea, all of which were constructed in the Angkor Wat period (IVb to V), the
stone blocks of the Angkor monuments have a nearly constant width of 40 to 50 cm and



length of 80 to 100 c¢m [9]. The laterite blocks of Prasat Suor Prat are relatively large,
averaging 120cm in length. This is evidence supporting the theory that Prasat Suor Prat
was constructed in the Angkor Wat period (IVbto V).

2.8 Orientation of the bedding planes of the laterite blocks

Regarding both the sandstone and the laterite blocks, the ratio of stone blocks
with vertical bedding planes is high (30 to 50%) in monuments constructed before the
Baphuon period (IVa). On the other hand, in monuments constructed after the Angkor
Wat period (IVb), the ratio is lower and the stone blocks are stacked so that the bedding
planes are almost horizontal [8]. In other words, after the Angkor Wat period (IVb),
stone blocks were stacked so as to take into consideration the orientation of the bedding
planes. As mentioned above, the stone blocks have nearly square ends before the
Baphuon period (IVa) but rectangular ends after the Angkor Wat period (IVb). In Prasat
Suor Prat, though the laterite blocks have square ends, the orientation of the bedding
plane is basically horizontal. Banteay Samre (the Outer Gallery; Fig. 2-¢) and Wat
Athvea (Enclosure; Fig. 2-d) can be noted as monuments using laterite blocks with
square ends but horizontal bedding planes. It is certain that Banteay Samre and Wat
Athvea were constructed in the Angkor Wat period, and we can therefore deduce that
Prasat Suor Prat was also constructed in the Angkor Wat period (IVb to V). As for the
sandstone blocks, there is no monument made of sandstone blocks with square ends and
horizontal bedding planes in the Angkor region. However, in Phimai, which is one of
the Khmer monuments in Thailand, the sandstone blocks have square ends but are
settled so that their bedding planes are horizontal. Phimai is generally thought to have
been constructed around AD1108, which was during the Angkor Wat period. Thus, the
use of stone blocks with square ends but horizontal bedding planes was a transitional

phenomenon in the Angkor Wat period.

Taking into consideration the common features of the above results obtained
based on the characteristics of the stone materials, it can be concluded that Prasat Suor
Prat was constructed in the Angkor Wat period (IVb to V). Moreover, based on the
color, quality, and magnetic susceptibility of the sandstone blocks and also the shape,
orientation of the bedding planes, and stacking method of the laterite blocks, it is
impossible to conclude that Prasat Suor Prat was constructed in the Bayon period.

3. Radioactive carbon age of charcoal fragments from Prasat Suor Prat



Stucco of pale yellowish brown color remains on the inner wall of Prasat Suor
Prat and seems to have been used as an indoor finishing material. Its thickness differs
from tower to tower and from place to place but is at most about 1em thick. The stucco
consists mainly of quartz grains (with a diameter of around 1mm) and soil (mainly
kaolinite), and it contains small amounts of laterite and sandstone fragments. Charcoal
fragments of several mm to lem in diameter are also often found in the stucco.
Moreover, when the N1 and N2 towers were dismantled, charcoal fragments were
discovered in the soil that was put in the interstices of the laterite blocks.

It is not clear why such charcoal fragments were put into the stucco and the soil,
but the charcoal provides a clue for estimating the period of the construction of Prasat
Suor Prat. Thus radioactive carbon dating was carried out for 3 pieces of the charcoal
fragments, that is, two fragments (No. 1624, No. 1625) from the soil between the
laterite blocks of the N1 tower and one fragment (No. 1615) from the stucco on the inner
wall of the N2 tower (Fig. 2-¢ and -f). The weight of the charcoal fragments ranged
from 65 to 124mg. The radioactive carbon age determination was carried out by Paleo
Labo Co., Ltd., using an accelerator mass spectrometer (AMS). The result is shown in
Table 2.

The obtained *C ages were calibrated using the INTCAL98 calibration curve
[6]. The calibration was carried out using the program CALIB 4.3 [5]. Because the
INTCAL9S calibration curve shows fluctuation around the obtained C ages, five
calibrated ages ranging from AD1040 to AD1160 were obtained for the analyzed
samples. The 1o ranges for the obtained calibrated ages were calculated using the same
program. The 1o ranges for the three charcoal fragments are distributed from AD1030
to AD1185, but the probability of their ranging from AD1040 to AD1125, which was a
common result for all three samples, is high.

The differences in the radioactive carbon ages for the three charcoal fragments
fall within the range of measuremental error. Thus the obtained radioactive carbon ages
of the charcoal fragments seem to indicate the approximate construction age of Prasat
Suor Prat. The obtained age range of AD1040 to AD1125 corresponds to the Baphuon
period to the Angkor Wat period. This result does not contradict the results of the
estimation of the construction period of Prasat Suor Prat based on the characteristics of

the stone materials.

4, Conclusion



Based on the characteristics of the stone materials used for the construction of
Prasat Suor Prat, it can be deduced that Prasat Suor Prat was constructed in the Angkor
Wat period (IVb to V). In addition, the radioactive carbon ages of the charcoal
fragments found in Prasat Suor Prat indicate that the period of construction was from
the Baphuon period to the Angkor Wat period, and this result does not contradict the
conclusion obtained through the analysis of the characteristics of the stone materials of
the monuments. Thus it is concluded that Prasat Suor Prat was constructed in the

Angkor Wat period and not in the Bayon period, as is commonly believed.
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Fig. 1. Location map of Prasat Suor Prat in the Angkor region.



Fig. 2. (a) The N1 (right) and N2 (left) towers of Prasat Suor Prat, (b) north face of the
N2 tower of Prasat Suor Prat, (¢) Outer Gallery of Banteay Samre, (d) enclosure of Wat
Athvea, (¢) occurrence of charcoal fragments in the stucco on the inner wall of the N2
tower of Prasat Suor Prat and (f) charcoal fragment (sample No.1615) from the stucco
on the inner wall of the N2 tower of Prasat Suor Prat.



Table 1 Stage classification of the main Angkor monuments based on the

characteristics of the sandstone and laterite blocks used for the Angkor monuments

— Q
olw | D %} RPEICYS
g1z 8 <l 2|5 |55 818522
2 |®le |23 8 i3 2%/ 8 ig2|g e
e lg 1813188 %a|2E| 3 |52i%0
D w = %3 3 a5 & |8g|5¢E
L] © 2w e ERES 2 8l » |s8id g
ERR - T = I - B 2 e 1288|188
& a o ) © (3 Q |2 ERAER:
X & @ T g =2 X aos 2l e 1212
Style Period Monuments | Stage | § | & | 2 2lg |z &8 lags
® | 2 ) a o |§ZF|EZF
© ES ~ ~
N
Preah K Preah Ko n S bt o
eah RO 4 ond of 9thc, | Bakong I 2 5 Ll BN
style Lolei = & N 2
a‘ {
E
Bakheng end of 9th¢. | phnom Bakheng S
style to Phnom Krom II &
early 10th c. | Phnom Bok S -
) z @
o I =]
© = S
Prasat Kravan o N
i n
Transition |early to middle g:‘si{g\;‘?krong oI 2 L g &
style 10th c. Z B >
a % 13
Pre Rup Q § - 2 o
North Khieang o = Q [y <
Khieang & | late10thc. | ke e 12 UHE R LE =31 N B
neanakas IVa o3 ] = ] d KN
Baphuon to South Khieang & ?: 0{% 2 o] N -
style Jate 1lthc. | beERSon o = g 18 b
Preah Palila; o Q { {
=
4 Preah Phitu < ‘ |
Angkor Wat, end of 11thc. | Thommanon ? S
style to Boeng Mea Lea IVb . o3 &
middle 12th c. | Chau Say Teavoda 193 g o
Wat Athvea '5 Oé
— &
}Y) )
- —~
Banteay Samre G(g E g
Prasat Sour Prat v I" joxt S
Angkor Wat K RS
W
\9 {
Ta Prohm ISR Bid
Preah Khan VI a-c E S‘“ g
Neak Pean > ?; . f: Q
2 a s
LI T gl = = |18
EH B 2 g 5 g
Ta Nei 3 ks = 3 Z2ike (b=
Baneay Prei Vid = i ] = I & |y
; B 9 ~ e (I
anteay Thom 9] s 2 o |lz ilo
Bayon late 12th c. g 5 7 2
style to = Z ® 1
early 13thc. | T25om o ® g" ]
Krol Ko < 2 & 8] )
Prasat Prei & £ 5 N
vII = £ )
Prei Prasat 9 3 ) -
Banteay Kdei § vy —~ L
Bayon & { ] E {
.
e <HE|F
Terrace of Elephants | VITT g § g g. 5 5 o )l:&
Srah Srang h z i% 03 ~ 8. :
[y wn o I o«
o =] = =N
{ 21 2
- ~3
Terrace of Leper King w § =
Ta Prohm Kel VIII b 5 2 N
Hospitals }' = * E } r S L




Table 2 Radioactive carbon ages for the charcoal fragments collected from the N1 and

N2 towers of Prasat Suor Prat, determined by the accelerator mass spectrometry

block 3.3.1.27 of the
N1 tower
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Sample | g o ling Point 8°C | MCAge | Calibraed C Wcalibratefil“’c age
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Ch Lo th cal AD 1,040
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PRIE DB em oD D RBENEITL TS (PL 1-4), SEIERIZ BVCERE LD 3 em OE LA
&N R A SRR L (PL. 1-5; sample 1503A) o [RARIZ, SRAEEBEE T ER (PL 1-12, 13; samples 1508,
1509) $3 1 ONEER B AR O Pl 55 B Ib a1 (PLL 1-11; sample 1507) ZERHR L7,
7°/‘/-7DA@ﬂﬁ@%ﬂfjﬁ&hbﬁibf%&:iﬁiﬁfﬁtﬂ&Eié%‘M?ﬁ?ﬂ’%ZUﬁiﬁ&ﬁ’G%éo BEICEHAINLTHD



T OB RIS T T OIELAE BBEICERL, WOEEEZITOA(PL 1-14, 15; sample 1512), HEH
BB A R S BT O L ERICI IO U THMEE (PL 1416, 17; sample 1511), PEE(PL 1-18,
19; sample 1514) D THHL TVD, T TIREEEOLOOR SR EHILTT,

I LB D B DA REE D LT WO (BRI L AR E RHIETES IR T
XZ)LED, # 5~10 mm DES TEMOHBENRE > T\, TNENOBI»E A GO REI NV YT LD
W UL b AR B L 7= (PL. 1-20, 21; samples 1620, 1622),

(C) FRERD 24 7o m— b Ty MR RROEE AT ISA B7L LB R E LY H LI E (PL.
1-22; sample 1515), BLUEBIESEIZ AV BRIV T A ORER (PL 1-23; sample 1517) %4y Bt REE
LT, BB IR GLREETRL, BEESKICHEKAZRY, O HPBM 050
FBAVIRVY,

SR OEY, B R O RUL - FIBEEEE B4 60 em ETROAL(PL 14), HEOFTHIZEOTE 3 cm
BEITTHY, FIY FECIEBEICHBESETL TV 7O RIR TIIBIES /R (PLL 1-6; sample 15038,
BRI 30 em OEAY) . R, 77 0/ MEBFOAEMEE O FLEL (PL 1-15) I3 BRE LA AR
O IR BV (sample 1513) , DL EDBIRERIET 720, ZRBORBE LT

(D) Ffamhk: 7ra—n- Uy MEREOEE I JSA DL RATEBEIY H U B i, L
FEUISIE 1~5 mm BEOHFEEIRN A5 (PL 1-24), Bl VS AT ISR BB BT 175
Pl LT, AL AR | BRI L7z (PL. 1-24; sample 1613),

(B) o &) OHEM e OHRE T o 5 mm BEDOHEMEEZZL, BE~RETRERIILD, TV
LT MREERAL B A 2 3R SV RRED D 2 B, v snaoiEsD 1 EE K
EEL TV BB 10 g T-o8RERL 7= (Table 1; samples 1504, 1510, 1617, 1618, 1619).,

(F) Fizk: AL RS T AR E ~DREBOBEHEZ N L TRIBOT, 0T aE AL AT 5 L THAD
(VAR B B m LN EE L5, A0 — WL LBFIAKE ISA AT AAPRITENT 1 RUBHRIRL (2004 458 A ),
SRR T Lo — LV HS T AR DO FERRERL S H72 LTz (Table 1; sample 1637)

(G) B2 LB B L LT, Tra—L Uy hBIOT vra—b - bADREKREZLTNLI B OBREL
7= (Table 1; samples 1631, 1636)

(H) B o7-F0K: BB LT, T L Ty MEANEEERN B L OV I D E DK EZNEIL TR
$h4* DL ER L7~ (samples 1633, 1634),

DR EEEIL LT, AL T b B2 RND Y =0T v 7 JNORE 1 BHEE B 72 (Table 1;
sample 1635),

() Ik BB L LT, Rty DK 1 BB RE LA TERERL 72 (Table 1; sample 1632),

3. RMARBIURMARE

FTL KR, LT B L O R 1, SR KRB DS S RT A — A N E B R (R
H Herzog HSM-F36 %AV SRICL, Zha&ESIT AL, 2L, REE LS DI L AHS R AT
SUNTIE, 1999 425 2000 4E (JSA Tvial 8 21 BLUN 23 IRFAZE) ICERILL T 4 3P} (samples 809, 813, 820,
822) (B Y &2V,

Bl LD WE DL OOSIFETH BT, SERERLZS IS BLOFRAMRICOWT, Bk
FAV TSRS B A S LR A TR AR B L (BE 8), Sk St RfLR TR L LT,



KT DO S A B RER B R 2 38570, ZOW 0.5 g RZREE/K 100 mlITRIHL, 12 N
121 SRR, BRAHD T2 BB L. BB LA ER 02 um D7 L4 —TIRIAL, ZOOBEERS 5
HHRELT,

=B OHEIIE 100°CICRE LB T — B R ERSE, A/ VHSERVTIRICL, 2ihve S-St
B E BT B L Lo, &850, RIKICEBIEHRA &R BT, F A 056 LRROTTiEE AT
BRI EEoT,

kL (Ri7k, Bk, o= EVk, FHK, WA Wb ER0.2 um DT 4 NE—TIEBEL, —&
R E LT, E7-, TS HCL & BaCl, #1% TALSET: BaSO, iEEMZEIRL, 2 S R 4
WS & UTE, St R LS OIS BRI R BR E S TAELRERED AV

YRR I, B REE TA2EER B OB R X REYTERE (XRD) Rigaku RINT-ULTIMA3 58X T,
X @m0 7545 — (EPMA) Oxford INCAx-sight (SEM #B431% JOEL JSM-6360) Z £ A L7, 5%
ASHT, S+ Sr RIS ATIC B L T, LT R _ABEE LIS T T 2T 7 # @ Activation Laboratories Ltd.
WREE LT,

IR (RREHE - BSER) , 25U RbAEM, BB as, v B OHRIO St RALERKIZOWTHE, G N =
S 0 T EE PR B 45 HT4E T8 (TIMS) Finnigan MAT 262RPQ & IV THIEZAT 272 (RE 9, 10), 7S1/*Sr
DB FEEE BSrPSr=0.1194 OETHIEL, 447 51 B O sk NIST-SRM987 @ *'st/*Sr fE i
0.710240£0.000010 (25, n=4) T#-7=, XRD BL U EPMA IZ L DD RIERE R% Table 212, == ihows
T U8 S-St BSR4 M & %4 Tables 3, 4 127RT,

4, WHEREEBR
4.1, HrHES

KRD 5L EDS 1= XA HEEO R EERLY, 7ra— VBB 24T LIRSS (A,
S F A, ATAR), BEEE (=2 — T Ab, Ty v Ah), FIN T LR (I AR) DRE
QSRR AHT LA o7z (Table 2), FilEH S BARSLMIZT a1 — /LD v b, A8y, T
ra A BETRLIIE LAY 2 TOEE S EMREHI W TR ST, BAEEZINLOWTILOEG
CHEENTEY, oOEEL L~ TENIZEY (Table 2), TS A MRS T v — L Uy N TRD
NBM, T 7 TE Sy AR EEL TV D, —F5, BETFORBERPNATA ML OFBESEYIIE T
7, S e b A O B T D VRS B I LS T B ERERE (A 1) SRR AR S
L7 (Table 2) 6

2 FEMAE T TOBEB LU SEMBEIC LS, AEIIRE0.0150.2 mm OERIEREL THEE
I AEIEL TR0, 1849 0.05 235 0.2 mm DRE > BEEID TH5 (PL 2-1), KREDEFEERICEAL T
U LIS S s 2 T 5 (PL 2-2) , RHEBEGIT, 7 by i v A MIRBHEE TRIF A, 7Ly AE
L CH b A M EREICHEEL A (PL 2-3), R FANTI—RICHETORBLRFEL TRV /o
DITBWTCRLNS, £, NTANIEREF 0.01 mm DT ORI & S e L TUIZLIE S B ORI E %
N5 (PL 2-4), =2—~U T AMIABERLT Ly rA LT LTS, FNFAMTESH 0.1 mm OFE &
PLTEIRIC B L TR0, St o RIEEE 0> TIEAY 0.5 2°5 2 mm OFZRL THD (PL.2-5,6),

LU EOBLERERDD, Fome BB ORI — R A A T DEM SIS EL AL S LI ER
I (CaS0,2H,0) ThHEEZbIE, —F5, #/HAR(CaCOs) DOHF TN A SZAT DA FBEED
EbEERERERER>THD,

4.2, ZLEEH ORI R

S T O LI E R REHI R L, FTRER S (sample 1305B) THAS L L= TR BE D/ \F— % Fig.
1104, ST OTHREDEF (samples 1513, 1515, 1517) EZORICBWTT Ty Ma g —r%RL, Zhbh
SATLEMIIREE THAZEEBEHRL TN D, Tl — MR 2 7 ORBHIFEHIIZ Mn, Mg, Ca, P,
S, Cu, Zn, St, Ba, Pb @ 10 JTEITE %, Si, Ti, Al, Fe, Na, K72, WA RS T A e TR ICEL TED
LT aoh LUIELL T, — 37, ANV ASEATOREHE Ca, Cu, Sr, Ba © 4 TLEICBATND,



BER T LInE O BT D, Mg, Ca, P, S, Ba D= o— YT A+ (MgHPO,3H,0), BE
(CaS0,2H,0) , /337 Ak (CaS0,0.5H;0), 5 i %A b (CaPOs(OH)) , H1/vH A (CaCOs), /3T7A T
(BaSO,) 728 DB ARIC LD LR TE D, Mo T E TR O BT IR L L TEENTHND
s, LS EL TIHEEL TVHEE A BIVD,

Fig. 1 DI R T AT — Z b A URL TS, ER TSI, o =Y QP O KN
D AEE L BT 10 5725 1000 ff Mn, Mg, P, S, Cu, Zn DRBIZEATOBENIZETHD, Z0FE
BirzhbomRIZHEL, 3r?:EUODEF?’@’—F@7J§E’%’ﬁﬁ@@ﬁ&bf€%%{t@ﬁé:iﬁofb\é&b@%i(%‘f 2,
1) &% E35, LoL, et oxiRER Ca, Sr, Ba, Pb CEL T EREE RS, INbDIERIZHE
LTI DR B E DB 5135 2 b D, FIKPEREK, 70K, K, Wik E OMFRAKDOREHT,
F b a ey ORI OV RS D LR EE IRV 23, FEXTE9IT Ca, S, Cu, Sr, Ba DILRIZE ATV D,
Hi, :h&@fc%&iﬁﬂ“m:w%#ﬂé@c:@%ﬁ#%%mémé&%zghé@f(Fig. 1), B TERE
NTWAT AR AR KR8 LT, Y~ DTS LT TR ORI > TOD AR E X DI
Do

43 EEAERTIETROER

Fome LDy MBI ARIE D& K EHEND (B 2), B TREBK R B B2 E DRELEIT
HT%\7k@?%i%§-zi§%éw§ém&b@:oﬂ\é:kﬁ%ﬂﬁéﬂ’cwéo — i, BRSO BRI EEES
1T IAERRER B, BIICERTAILCEVITHL, SIIF T OBOREREICL- TREIDEE DI
TUB(EE12), To T S ESroRfEN — T —ICERL, BEKICEELZEE ZbNDMn, Mg, Ca, P,
S, Cu, Zn, Sr, Ba, Pb ® 10 JLHRIT2VT, %i%hé%%%g&mt@z-fﬁﬁ%ﬁbfc@m%c:owf%%%
T5,

FEEEE O E ERE R TR THD S ITOVWTEDRNLiF I E S DL (Fig. 2), Filibth — JERIR & 7 DHES
FOLEIER 0 5 1— > E (sample 1507; 3.8%0) Bl IR — T (6.1-7.7%0) , TRIFEHE D 8%S
RBBLFF OO EHE (64%) LT VI EETREL TN, “nbORME L, FEEREMORE
(8%48=0.6%0) L LN THEIIES, ifd@kﬁi)ﬁ%g%%<€@:@i&iﬁwﬁﬁn‘mﬁ(634s=15-21%o) (3 13)
L ARTHBITIE, LIS T, HEEHER TS S PEEFAD LUIBHEN AL HE S
7= &I Z ATy, Ak LT SN EM RS OFE ORGERIL, S BALEEC B DO RIR 257,
= DABA LA PEA T DHIEIEE A E BRI & D72 VEELFET D, HiFRAKEHE S REME
bVc@?ﬂﬂﬁ“(‘%f:@bi?‘/:w/lx-Uy%@fifgi?%i‘ﬂﬁéﬁrlbf:*%‘ﬁﬂ(634S=4.1%o)@?%’C‘%Zﬁﬁ, b S [FEIfL
RESIC O RBIR IRV AR,

5, BN BT ATy T ORI S RIALIELI, SIFLOEMR RLNAHM (6%8=5.3-10.0%0) , €
NSO IEHE (675=6.8%0) RS SO LR E M DEEE L, ZHASEET O S DHEETRE 8> TV D
TEEMEA L, VA NIAT DS IZEENDR # (CaS0,2H,0) BLUVITA K (BaSO,) FOREL S
DEEIEL LT, SRS RRADLDOFERBALNDN, SRS R T EEIED TSN ER
IS, BT, HEIEO T EBRITETHD P I, S LEREC S RERE A P B LY E E T (Table
3; P,0s=0.18-0.34 wt.%), S &t{:m“ﬂ;@%ﬁﬁ%@%‘:ﬁﬁ&i@:m:@\%%&f;of:(hbles 3,4), PHES &t
B0 ERBEKICh S ERN T (Table 4), Me— 5 B\ A e B ORI DY DN AT HEMEDS
(13N

AERIELEREOY S, FEEESO TSrsr I CELE< (0.71812-0.71886), MIZRAKDH DI
B (0.70915), MIEIZZOHIED Sr IR R 4 &7 > T 5 (Fig. 3). MIZKD $7Qr/A0Sr 1XIRIEDE
Kb D (FTSr/sr=0.70016) (5% 6) LRAZEDFLH T — T 5720, FAE D Sr 3T AT d o TS
BrasnBHEE L TR, B, R LTy T OWIRD 87G,/%Sr (0.70968) ST HDAEL TN ZERE, FIABLL
BN R LR DB ENE X DD, ZIT, D 81G/308r XA AT I b AR E LT FEHIC
s, kLA TROMBRICT ryhEn (Fig. 3; 0.71105-0.71196) , FDREIEAE D ¥'Sr/**Sr 2325
DO IEHE (0.71146) LN T EERBL TN D, FT, A B TR SRS DR 4 REGDRAEHTHD
ey, D PRI IE S 7 Y hEND (Fig. 3).



OB EFLIRDL, FhleiE — e A 7 O HERRHIIL SI0, 2% 10 W% L FTIEEA L RED
BbieHh Mk (samples 15034, 1514), Si0; & 15-30 WLONTREE S b TR NLBERL T2 E LoD
(samples 1505, 1506, 1511) 23 {7 f£ 3 2 (Table 3) . oL EiE O TsyfSr BIEEICH T
(0.71105-0.71107), — 77, & D *'Sr/*Sr 13 876,858y ZEF O ER Y DIBAMIEV DTN EFL TS
(0.71176-0.71196) ZE b HABNTH S (Fig. 4)o E72, BN W EA T RO BIRIR Ry D TRE R %
L s, YO YSr/MSr T 0.71105-0.71139 LREELDND, Tra— VRIS E D O HIFIKIE,
JeEAICIEF D 8r/*Sr (0.71085-0.71209) B IR O R TR L B DT D, St AR ITERY)
FOFEFED, LL, V1A97y7°ﬂl%%@%ﬁ%%%ﬁ:?ynww-hAﬁﬁlJ@f;%?%*vk (sample 1636)13,
“nbHED TS/ S FOLBISAN B MEERT (0.71156-0.71209) , ZDTEAND, St DA RBREAK D
EELFDEINLEE LT, ©LA Sr R 9\ 1R B O 7= EO KSR O BIRE 7205 D, LL,
Ty T RS BATENE 65 m 43 MOESEEL, TN RT ) ya ME IO RIS
Atz LB OEH CHDHT0, ﬁ&ﬁ@k&ﬁ/ﬁ&:m\Tﬁ%m@fcim}mi%f‘é@%%azwaﬁczﬁi@#é:
LI R THD, Fi, B PO H A NRD 87q,/86Q; I HUE D EE K E< B2 (0.710956) , bEHLEEM H
A ERARN D SV DR IRIZ IR R,

) EE OB TR~ feIEtE kR L CRESBER LIS BRL, ary ) OHE X R AR
Rz &gk o R A A R (Fig. 3; 0.70915-0.7105) . F7=, BEEMEM VDO HK D Sr/fosr 1, B
Hjéﬂé@ﬁ%(ﬁﬁ’%%ﬂ%:%)%%@itm:;%é%%)ﬁrbgéﬁoﬁﬁ, YRR L FTRERD A M O R DIEE 7R
4 (Fig. 3; 0.71174-0.71398), L7z%32>7C, iz, a7 E) O, B D DT RS DI — RSV E
A7k A% E LT, 10 R R E MR R A B SR D RS LA RA T HZEDTTED, B DA
g RIc L aE (GE 11, 14), :ﬁ%u@#JFM%%%%iﬁ&bf:ﬁﬁﬁ@ﬁmm%ﬁ%@Hﬁ%@é&&:wmﬂ“@
v BRI ATENRESILTEY, EHR IR TRE R Y OEEBRIESMIE £15 Srid, ZHLIHA
%@?%@J%ﬁbf:)iminofﬁé‘%ﬁ'ﬁ%%mé%ék%i%ﬂéo —F5, BAAFANIAT DL ITEE=RY
FUOHE LER LI, B O Sr biﬁﬂﬁk&:J:V)?Eﬁ%bfz@%ﬁiﬁ#E%f:%éﬂf:&%i%ﬂéo s
PEATF DB SRR OEB A DT, FKHD Sr ¥ EE I O L R L TR 2 (Fig. 1),
Rl — PSR 2 A 7 & e~ CHIIE O & 3 LB/ MR T, AL DOEATIRR O EHERIEND,

LI bt SRR i — RS A 7 ORBE TH>TH, Sr o e OB LIRS E M D S
CHIEHENTWVDHIE, BB ANIAT DEERD St Liﬁ%kk@%#%%T:Eéﬂf:ﬂﬁéﬁzﬁ%bckb%%
&l I‘f‘mkG:JioTiﬁﬁ%%?ﬁ%?of::éLf:??%/ﬁ}?@???ﬂi, B I EE D O Rk EIRoTo T
MNTEE O Sr ALK OEEENLL RESND (Fig. 3). AL 7 HY 34 BIC BT Cak Bahs sr&fl
BB OLRETDE, BETO Ca, Sr, Ba e BV OHE AN, TR S EM Db bENT
FHEMRE N EE X DI, BT LIITLRIRE DR (Fig. 1) &EF JELZRV,

YO L OV LRk R IR T A B B4R 7T (Mn, Cu, Zn, Pb) ®5%, Mn, Cu, Zn DITFRITWA,
DB K, Bk S ORI RS TUCIRIEE AL & EN/2 T2 (Tables 2, 3), NBMIERZE R
BEEZIOIRD, Uﬁi-&%%&lé.iﬂéﬂ?%uODEF‘%‘I‘MW%E%)’/’:Eéﬂf:e%z%ﬂéo TR, TN
KoK A DFEFDIRIT, oY QPR BEELIRNEFTTH Cu LRI R E T BT (Fig. 1), — &b
R EMALERTAEALEZDND, — 77, Pb TR OEDEEYEICHE 0D (RHERST
LLF D7 FICIEEE TR, N&WEEia L BROEH AT ERESHDHE THENDN, FLUIHE
o Pb B I L AR E A oA, B fkiC Mg 1ZBL T, YRR L OB LIS R iR E T Don R EL
CHELEHEBEODRNTEETHY (Fig. 1), - A S BT E Ty B QPRI BEBINEIO /T
BN TEENDDLEEZ DD,

5 F&®H

AFRZEDEE RS, T a— VRO A ICEE T HKIE Mo, Mg, Ca, P, S, Cu, Zn, Sr, Ba, Pb @ 10
SEIE R, EEU BRI, HEEEIEINY, BeEe L LD SRESEOEBEI ST TSV A
HOLEPBE RSN ZENRH L2070, S-St BRI LA & e oo kD, B 0SS LICEbE
S E A 7 T A E T (CaS042H,0) D § DEUL, BN EE T Ao B O LL I LEN,



Ca 1F=avE)OHREMITINZ, NOFUT OEBC LVEHS B EM A DL E<bILEN TV DEE
2 BA, —F5, RO A I BRE f E M REEE BE BIE T LR (CaCO3) D Ca D, W
KEZ UL TSN EM AP ELIbENT LB BND, 2T EY DY AR R LD — K
BEBIORRER LS TOWDIEIEHLNT, PR R OTE R IR R S BB O AT D DR RS
BALELLN, SHLMETALERDDLV R D, AFFEEEL, EHRC BT AEEELDRRZ ML F
BADLUT, S+Sr LA B R FRERDIEWRENT, HENIZREELT, 51T Pb CIVALN > e
FBv Tz Pb DRZIRDFFHMAATO T E THD,

2r 1 Delvert J. (1963) Recherches sur I’érosion des grés des monuments d’ Angkor. Bull. Ecole Frangaise
d’Extréme-Orient 2, 453-534.

2% 2.  Uchida E., Ogawa Y., Maeda N., and Nakagawa T. (1999) Deterioration of stone materials in the Angkor
monuments, Cambodia. Engineering Geology 55, 101-112.

2430 5YS BRI M SIS — EEEEME O MSPIS) (RIEME O 8/78)]x 1000 LFEFESNTRY, BALIE%
(F4y58) Tivh, £i-, EHEME XIS (Canyon Diablo) IZ&EN DA T H(FeS) &AL, €
DIEIE #8/78=2222 LEN TV,

23X 4. Faure G (1986) Principles of isotope geology. John Wiley and Sons, New York, 589 pp.

25 5. Capo R.C., Stewart B.W., and Chadwick O.A. (1998) Strontium isotopes as tracer of ecosystem process:
theory and methods. Geodrema 82, 197-225.

£} 6:  Banner J.L. (2004) Radiogenic isotopes: systematics and applications to earth surface processes an
chemical stratigraphy. Earth-Science Reviews 65, 141-194.

st 7 N ZZEEAST (2001)2000 EEARERE. Tra— L EMHERSE, 195-214.

£x 8- Murakami H., Nakano T., and Morishita Y. (1999) Hydrothermal alteration of limestone and mineral
exploration of Zn-Pb skarn deposits in the Sako-nishi area of the Kamicka mine, central Japan. Resource
Geology 49, 259-280.

21 9.  Nakano T, Yin J., Kajiwara Y., and Fujii T. (1988) A method for the analysis of rock samples by
ICP-OES. Ann. Rep. Inst. Geosci. Univ. Tsukuba 14, 78-80.

£% 10: Na C., Nakano T., Tazawa K. Sakagawa M., and Tto T (1995) A systematic and practical method of
liquid chromatography for the determination of Sr and Nd isotopic ratios and REE concentrations in
geological samples. Chemical Geology 123, 225-237.

=f 11: Fusey P. (1991) Altération biologiques des grés Cambodgiens et recherche de moyens de protection.
Ecole Frangaise d Extréme-Orient, Paris, 91 pp.

= 12:  Goudie A. and Viles H. (1997) Salt weathering Hazards. John Wiley and Sons, New York, 241 pp.

=¥ 13: Rees C.E., Jenkins W.J., and Monster J. (1978) The sulfur isotopic composition of ocean water sulphate.
Geochim. Cosmochim. Acta 42, 377-381.

S o14 LEET T EA—-FHER (2003) RAFRERE Q) MAENFEIORE. 7o VRETEE
HE, 1734182

BEfRR

Pl 1: Photos of sampling sites and samples of salts, weathered sandstones, fresh sandstones, and calcite
vein. The circle in the figure indicates the sampling area.

Pl 2: Photomicrographs of salt minerals. (1) gypsum vein (crossed polars; sample 1502), (2) gypsum with

botryoidal structure (crossed polars; sample 1511), (3) brushite crystals (crossed polars; sample
1506), (4) barite crystals (SEM image; sample 1502), (5) calcite layer (stereoscope; sample 822), (6)
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Fig. 2:

Fig. 3:
Fig. 4:
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Table 1:

Table 2:
Table 3:

Table 4.

calcite crystals (crossed polars). Abbreviations: Qz=quartz, Gyp=gypsum, Bru=brushite, Bar=barite,
Cal=calcite, K-f=Potassium feldspar.

Fresh sandstone (sample 1503B)-normalized element concentrations for samples from the Angkor
area.

S isotopic compositions for samples from the Angkor area.

Sr isotopic compositions for samples from the Angkor area.

Sr isotopic composition for samples of salts and some water samples from the Angkor area.

Sample list of salt and deteriorated sandstone from the Angkor monuments and bat guano, fresh
sandstone, calcite vein, and water for comparison.
Mineral assamblage of salt and weathered sandstone from the Angkor monument, Cambodia.

Mejor and trace elements concentrations and S and Sr isotopic compositions of salt, weathered
sandstone, and calcite vein of the Angkor monuments.
Mejor and trace elements concentrations and S and St isotopic compositions of dissolved water and

surface water samples from the Angkor area.
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Sample / Fresh sandstone (sample 1503B)
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5754 b SREILE~E Y TA NETHD, RESHEEBLEDT, MEObDO~IE
EHO L OREET S, EFBOWEEZRTLOTHE, TOK 10% S B ER &2 R T,

#eprs - 0,389 10981 Unit (B b RRIOLESE, BIERHME : 30 @/, 5774 &L
TN VEVWERETH D,

Wi 2 15X 25~35X T0cm R

B . 9 FEEOWENED 6D, FAlhREOREEBR F A R 3R B~ YRR &
2REL. BETOERESAE?,
srpesz . 0.115X 10981 Unit (FPosfRgsy, MR E : 718)
Sample TH-4 : FJEERIEES

B &AL OB, KRB A, ARET, PRMRITH D, HILITR BN,
sRrsE - 0.013X 10381 Unit (FE{AIALIE & A0S, BEAME 8 (). O TED
R,



Sample TH-5 : A (FEABEL

LU B~ RRIE R

(6) Ta Muen Thom

2002 £ 9 B 3 H. 2004 4 12 A 25 HFRE
wafV%ﬁwTV:ww-Uy%%ﬁ@%
wrpr  REF: 14° 20.832° N, 103° 16.221 E

A

R & OREW T, BIEC & o THY HENLTWND, R P R AT AT & 1 D R
wasH D ZOIRAEEICREROENED, o s i 2 D BT S B R o T RS D RREM B
FET 5, EROLOIEREETH D rHEbHNS, Ta Muen Thom £{RIE, T4 MO
HI O BT STV D, BIEAIICERE Fe LT B B O bR O B GERAE) S LT
WA (BHE 6), BT, E£& L TR TR SN TV DD, I DO—ESTIET T T A B
FERENTNAS, FRAER i(ﬁ%@'ﬁﬁ%ﬂiﬁ”{f@%’@%ﬁiéﬂ’(b\é(gg 7). A
FEOEIIWE TTETVDD, NEICIE T 794 FREDN TV S, Hh i B R L AR
+7% 9 SOBEEMITT A MET, B IR AME DR TV D, 7T T4 bR
Wl IEFEWTE 2 Fos, BIUSK L., W OBIEEICE S, BEFROMELZET 5
DRETH Do

SFSA b EYTA NE~SILETHY . BEETH 38% MHEBER 2R LTV 5, Wil
TE BT b OSSN S, HEREEL L2 LD b DBHE EEEDST FA b TIREEDOT
FH5 4 N EEARTOIRRESDELDD Y BLAHFLETHETH D, HEBEOEAITIRIE
FILT30%< bW TH D,

HREEE ¢ 0.553X 10351 Unit (v s (R e . RUE R ML ¢ 40 (8D
BTG X : 41.5%X46.6cm (L W E AR 30 1)

Wi 55%@(%%:%@2EéN?&ﬁ%éf%ﬁ%@%q@m%@W‘ﬁﬁ“éo BEOIF-ZH L
ﬁ%@ﬁﬁ%ﬂéo@@m@@%Mm@ﬁW%%%@@%km&fmémo%-ﬁ%éw
QMﬁﬁ%<\%@%%w%wﬁ%w@ﬁﬁ%ﬂﬂm%ﬂﬂﬁﬁm%@aﬁﬁ%%@%ﬁ¢
%. EEROEOEA G KT ENHE Do TV,

HEREE - 0.040 X 10381 Unit (BAOER, BIEAHME : 35 &)
%@%47&Cﬁﬁ%mﬁw%@fmm&ummﬂmﬂ%wﬁgwo
Sample TH-6: FREDE



Sample TH-7 : &M

B (EAR) - BARE A SRR L TR, FEEN, PREICHZVER LTS, =
B~ BEETHY ., BEREISEE,
B - 0.040X 1038] Unit (BARES. WIEAME : 10 ). BEMICER S L TY
ARELEL., SRR, A, BEBEOZ LD, BEMOWEMITIEs LMY e
oo ERHERIES N D,

(7) Ta Muen Toch

200249 A 3 B, 20044 12 A 25 HiR&E
o34 3 URER

R R 14 21.137 N, 103° 15.909" E

WE R A

ﬁﬁwfi%ﬁ?%%%@$m¢%ﬁﬁk%%ﬁﬁ%ﬁwaéo%%m?%?4b@
C(BEHES8), BI—77 LT TEEBOMERNTTT 74 bEV 2D, rp i
HENT T T4 b, MR TP, ZLTEENTTIA LV RBERY), 2L,
B EEEmE XD 2D, s B0 T T T A FOWITEFEIEWEEZ L TEBY, 7
VAt Hﬁ/*‘%Ey,ﬁ;ﬁuﬁﬁ@%@fﬂbé&%iél}:Liﬁiﬂﬁ‘é’éﬁéo BRI T 7 A
NELTH B, BOEEME XI5,

5554 b BLE~RLEYTA METHD. WENEFDO LD EEFEDO S DN
BAET S (L~1:1.3 ), SMEEETIHE 31%245, BT —7 75 L URRH T 16%35E
BEZR LTV D,

arpes . (0,569 X 10881 Unit GRE—77. M FEME - 30 f8). Ta Muen Thom
D5F54 NEIRIERUHERETH D,

WA A - B &K 30~40cm

e . MEBaT, GoANY=—va L ERLNT. Ta Muen Thom DA ELILZ
DERERD (FEOLOERDBRRY), BREEDRD LD HOBEV, BROHD
T, SUBEIEL A (0%, ‘}

HEREER ¢ 0.041X 10381 Unit (BIDO%p. MERME 27 @), GO z—va il
BLCIxEZ2 55, Ta Muen Thom OFE L IZBRUEMEH Y, RLAEY B OE
WEN=Am el D,

Wit A 25~30cm DE S,



(8) Ta Muen

2002 £ 9 A 3 B, 2004 4 12 A 25 A&
A 3 AR

GrpE  SREE - 14° 21.243° N, 103° 15.735° E

SRR

S5 5. MUOFEOL LD RSH(EE 10 ; FALEEE), 7L, HREmEpE LY
teh. EEOHAD O LRSS EREDERTHS, W1 A TR
¢ HEOBEH LY 25, WEEOLOREL, BU%SHEETHD, T

SFES54 YT NE~RREZHLETHY EHG~LREFHOMEE ~T G
PR LTV D,

RIS ¢ (0.488 X 10381 Unit (=85, BEEME : 35 @), Ta Muen Thom(0.553)
B Yt Ta Muen Toch(0.569)D7 774 MLV EFEWMETH AP, AUATVIBICH
S g D RREMED B D,

WA A EX 40 % em

W . mEBATHY ., Ta Muen Toch DOLOEBPETND,
%@%ﬁo%xm%ﬂImn@mﬁ&MﬁEMﬁu%@LTahhm.ﬂmmﬂmm
BFOTa Muen Toch(0.04D)DH D& FEEUBRZETHY . R DR iz s HE
EIND,

(9) Prasat Ban Phluang

200249 A 4 A, 20054 12 A 25 A&
NT = R

GapE WL - 14° 36.505° N, 103° 25.679" E

WA

S50 Mo TEEEEO B0, 1 ERESET SN TWD, MEOREITDE LY 72
éﬁ\W%mm%%%%%%ﬁbnfwéﬁénﬁo%@m4%f\%T%mm5.m%
HOFD 2 3B EIERORE - EET, REBIIEER - BEETH D,

SFESL L EYTA NE~RREILEATHY HOERHEL TR, EHFEEEFED
%EHNL%dB\Ekbflwlﬁéﬁoﬁﬁﬁﬁﬁbfwéo%%@%@fﬁﬁ%@@
LONE, EE—EOE ST 50cm TH D,

sEREER - 1.680X 10381 Unit (B, WEAM % 35 (&)



WrE A R B 1 BROE S 50cm

Wi {xﬁ%%ém*‘“ﬁ R ERICA-TND), BEACROND LODRH Y FIL,
BREIZR>ENAETR LD, FT. EHERICLAENRLRLOND, BMTOD
PICIFEIE L A E R B, L, BRI HEED Y. WENEFEOLD LR
FHO b OREELTWER, EFEOLDORLLE, WEBIOEIEIT 50% T, HEFEH
DHOILRENE RoND, EEMOBRARY,
B - 0.068% 10881 Unit (%, BIEGHME - 35 {#) . Prasat Sikhoraphum @
Lok BEE (0.066) BIUE?PETND
BT A 2 1 BB X 45cm (BARILHS)
Sample TH-509

(10) Bai Baek

20024 9 A 4 HFAE

NT—F U REE

grpE  RpE - 14° 20677 N, 103° 09.972 E

R
3 HEOE LD, BANICLYTETHL, HAY O ORCHEPMEA SN TND
HOBE T EER L FERE TL YA OBBRL ST D,

W BeE~REBETHY ., AEO/NEEZATN D, NI BER A S A TV S
(BHE 12),
BREZE - 0.002X10%81 Unit (B, BEEME : 16 ), B TRWEBESEZ R
R
Sample TH-8

i B LB L T D, BN A ENTVABEN EBDTELBETHD (5
H13),
BEREEE - 0.000% 103SI Unit GEBFEME, REAME 5 ). b TRV E 7R
L. HEBoRMERALbOLEEDND,

[PV I

WEETER REE~RFRBATHY ., LR T A%< E58 LTWAH(BH 14),
#ERpgE - 0.512X 10381 Unit (FREs, BERMEC: 25 1)
Sample TH-10



SLBE L RBE~EBAT, BORTFEZATN D,

#pis 0 1.763%108SI Unit (R, BIEAMEL: 25 @), FELy b&mnLnl
LARRBRLT, BRHENELRSTND Y,

Sample TH-9

NEE RE~HFRBET, —HIIFEE0bOVFET D,

(11) Ban Kruat (Quarry)
20024 9 A 4 BFRE
wapE LR - 14° 21779 N, 108 05.367 E

FMER

b2 0 PR SRS e i O LTWA(BE 15), BB ~KawsaTohh ., Fix
CERBEOMBEEET D, BEEDPEEL TV D, BN DX 9 RiE ORI O
10 SR B RE- TV AH(BHE 16, 5H 17). B OB 80cm < HNDHDBZE< |
E5em OO LIRS, EEIBLE (10~) 20cm <5, BRIZIL Prasat Phnom
Rung(0.024, 0.018)3 XU Prasat Muang Tam(0.030)DHELEIV FHTH S LB STV
AR, Tb & D ERRIIETEI 2o TS,

srpese 0,012 108SI Unit (RUERMEL : 22 {8)

Sample TH-11

Sample TH-12

(12) Prasat Ban Bu

2002 4£ 9 A 4 BFEE

A 3 R

wpr  gEF . 14° 31923 N, 102° 58.968" E

A

??54%%@5%@@&@%&éﬂ5@%1&0kﬁb\%ﬁmxbmﬁi6%M@
ﬁﬁﬁ&#é%%ﬂﬁ@%ﬁﬁ%éﬂfwéo%%%ﬁmmm&&ﬁofwék@77@
AT BH I EWTERPTL

S554 LY TA NE~RREIATH D, KE S T, WE L IEFB~RS
B0 b DONEET D, BERORE S 40X 50cm BRETH D, TEb Tl s 1:11~1:1.3
BETH LN, ST b O E  FEEIE 1:2 BETHY, £, BSEB LT
mMnfhéoit\T%f@%@@%%#ﬁﬁ@%%ﬁuawm%ﬁﬁf%éo



SRE - 184210981 Unit (LMD, BIEAM - 35 8)

B PREEBETH D, B ORI A TR < BEORM LV Inb, FE
~JR Ao~ YBE~BAa0 L ORFET D,
Heprs - (0,028 X 10381 Unit (BEO#6. BIEAM S : 35 &)

(13) Muang Tam

2002459 A 5 B, 2004 4 12 A 27 Bi#HE

5 LT B L OAT —F VRS T— A B - BB X D)
SEEEERFE . 14° 29.672° N, 102° 59.167 E

WA |

AT o — 7T B AR, PRI ALI 2 — 7T & F OB KU O
OB 5 EOMEL BRSNS, ARERTTTA P RO RN, EHLELS
HREETH D, F, TOA—TTEEENTTTA T RIS EETH D, AN
BRI, ST EEBTIFIA LTHY . TR O LIRS L) D. N
FIRN ORISR EER T 774 b, ERES L KO RD A, L OB R
SR STV B, Eio. b EOTE L PRI TRy, BERAT7 74 b, E
S L, BSOS KOS, FAITREIEEMEL TS,

SFSA b EYTA NE~RREIEATHY | 3% A HEEZ R LT 5 UEE)(5R
19). BEIZEHHOLOBRETH DM, LRHRO O LBERERIEL TV D,
BRESE - 1.683%103SI Unit GMAEER=S—7'F, MIEAME - 50 &), Prasat Ban
Phluang(1.680)# & U Prasat Ban Bu(1.842)0TFF 54 b & FEICEWERIRZ TR T,
Wi A X 45.8 X 48 2em(WEIESH = — 77 | WEAMEL : 13)

=g e o, () ~ I 8~ T B 8 ~ B (3 R I ARIB 03 2 2 T D) Th B (R 20),
F PR ST b DN, FREOLDEDHR, BERPETHD. jEEmEELIEL
EEE T 5, EROMENE < RENDBONRER T~ 45%, KRI—77 29%.
1 37%). BEERIE %Y LTWAAEMIED 2N ZOBIEII TR TH D, Witk
F I~ o0 BE 1.3 T B, SMABEDORMHEI TS LV 2503, PRI R O 2R MRS T
A b SMATEET D, tEEER B (FRLSMETT T A ) DEYER TIEN2Y
DHORESLL L RERTHY . BEEICE S I~ B ZURMEEN T E TH 5 (5HE 21),

#prer - 0.030X 10981 Unit GMVEBER=—7"5 WEAME : 50 )

W X 46.7X53.3cmGFEBE R 2 — 7 T FE TOEFBOFHM, BIEEMEL : 13)



Lo B E~SIREE, B S 58mm
Sample TH-510, TH-511

(14) Prasat Phnom Rung

200249 H5H. 20044 12 A 27 H

RF T ~T a—)- Ty MRE
SEPEIRFE - 14° 31.0217 N, 102° 56.623" E

HRCA M

SLIVERER D LREN b2 AKUOTRRIZEE SN TN D,

S AREEYT. EEEAC ST T LB EEOER L MEEHOTRFETH D,
@@\ﬁ@%@ﬁW7?Bi§@ﬁ\%ﬁ\%%@@%M@%%Tﬁéﬁ\@%%M\%
S B IO EREIES T T A LY 25, FROWEITRERAPETH LD
L\@ﬂ\@M@@%ﬁﬁﬁ%@%@ﬁﬁ%ﬂ\%@ﬁﬁiﬁ%ﬂf%ﬁwo:@:&#
b A EICEESL, BV THhOBREABESNEE B DND, FRETIEFEO
Wi ARt b ONEV, PRFAER L OFOMEIBEETH D, BN, iR B DR
BT T T4 NEORBAEET S, L. TOBRABEE LV RS, 7T T4 ~
@%#ﬁ\ﬁ%éﬁxﬁwf\#Oﬁﬁ\@E@T\K$E%%%%Mﬁ%<ﬂ4ayﬁ
DEETH D L B b, BEICIIEEDHE (Prasat Noi ; 10 B N — BFET D,
AL EEICIE. 8 SOREERE 2 NFE L, BRICT 7 74 MEOREY & T OE/IC L~
HYeDEYEY 2 SHEET D, WTNOBOMLIENbH S, TREORLE{R—TF
PIEOKE S oAy =—2 =203 Y, Ta Muan Thom O FRIEICE TN D, LEA
Binh e ORMIIA Y VT THD EBbND,

5554 R BT NE~LPZIETHY . K 60%(LHE 42%, HIE 819%) M HtER
bt LT B (ERRALED, Bhis X 0 bR/ h & < Bl TR TREUBE D b O EEIIC
%woﬁwﬁﬁfmmﬁ\@%@%@ﬁhb\ﬁ%ém%@ﬂuiwyayﬁ%éom%
HObLOBRE,

BT - 1.261x 10381 Unit (EUESALTEES, BIEAH % 50 {2)

B A 2 - 35.0 X 44. Tem(BEIERALTEE, WIEAMEK @ 40)

BT A X - 39.1%49.5cm(EIEALESE, WEAME : 50)

. RBE~KEBANLONET, BBHAOWELRET D, BEEmSEERLD
NE . BT, FBEDOLDOIEETHI(BE 99), Muang Tam O & D2 THRIH
M, INBEEEDLDRE, TR A NER S L DONRE L, TLITERICR



T, BEE—EICESETHY . STEENSK 40%CKER 35% 2L, RMIEE
LAEHAKERBE, FEEIE 42%. FHE 41%) TH D,
B - 0.024X1088I  Unit (BIEE=—7"7 . HIEARME : 50 &)
0.018 1038 Unit (Fshfiiis LU=, BIEAHE : 50 (&)
WS Muang  Tam OFE LD EFEWETS D,
MR X : 41.1X 45 Tem(EIERES = — 77 . JEAME : 40)
R A X 48.4X89.9cm(BEE = —7'F . &H . BEEHE : 50)
R %« 451X 53.0cm(BEERE = — 75 EHTH, MERMEL : 50)

Sample TH-13 : ¥ G S
Sample TH-14 : 7RGE) RS

(15) Prasat Phimai

900249 H 6 A. 20044 8 A 22 B, 2004 4F 12 A 28 AFHE
NPy ~TF v a— Uy MER(1108 4 2 ARE)

EEF R - 15° 13.148" N, 102° 29.838" E

A
E&Lk%%%m\ﬁ@@%@ﬁw7?%%okﬂﬁﬁx@%Kﬁwfi%%5W@%
&%@W%Kﬁ%%%ﬁ¢%ﬁﬁi@téo¢%Wﬁ®%ﬁk%ﬁm%m%m*%®%ﬁ
%50ik\ﬁiﬁﬂﬂﬁ@ﬁﬁﬁbfwéoW@ﬁ@ﬁ%%ﬂﬁﬂ@%%ﬁﬁﬁbfw
50%%%m%é@%%i@~%5%%4%v%ﬂéﬂ\%@ﬁwf?%ﬁxmm%é@
%ib&éﬁ\%D%%&ﬁemaéwﬁibaéoW@@ﬁ;@%@ﬁwfiﬁﬁ%ﬁ
FRRERE T B (B 23), 7272 L. WEKH D@ TOHAY )b THHICE L TR
ﬁé@%@ﬁﬁ%<ﬁ%éﬂ1wéoWE%@E@E%T@%ﬁ&%@@%@mwmmi%
EEVNER S, SAEBEOLDEREESHBUTHD, ZRUSMEITE S OWE % o, TR
Wﬁ%i@%imaé@%ﬁwb~%%§%é@%iDﬁéoﬁ@m%@ﬁ%é@%f\
@%%@ﬁ???%%\ﬁmﬂﬁéé@%iwﬁéo@ﬁ%@\???4F%f\%mﬁ
EARE YD, ATERHIZHE VR TR, KRES - BICBORA =S
Vﬁ%ﬂE\ﬂ45V%®@ﬁ?kEbﬂéo%E%ﬁ%é@%%f\%D%mgé@%
f%éoﬁiﬁ%@ﬁ§<\mﬁamﬁmofﬁgf\k%é-%@ﬂUIwyayﬁ%
Bx, A arviiogEs Bbnd, ) G 76 A0 00 S B 3 1 B s 1 OB RS AR
ERET, BEEIZTT T4 P TH D,
%%%m%@@%#%ﬁm\%égmEﬁ%m%@%ﬁﬁwxiké%%@%i@@%%@
20X40cm) L V720 RESHIRHNTH D,
%@%ﬁwf§W%mm%DE%$@@ﬁ&5ﬁ\k%&3o@fay7#6ﬁé(m



FEE).

SFES 4L EYTA MNE~RRELETH D, HEEDTH 32% DS EEE R B (A
% - 30.4% 45.8cm). M CIHATEREREZHFOBMNEBL TS HIBE  4%). FRE
1. 5 10% B A o (AN b 0), BEE L UREENOT T 74 MIEFEO
WriE 2 R, RS T - KX &ML T, BB ESB~EFHETL TN D,

BEREEE - 1.077X 1038 UnitGREE. MIEREL : 41 {8)

0.948 X 10381 Unit(FIHEE. BIEAEL : 50 {E)

BT A X ¢ 40.2 X 44.3cm (B, BIEAH % 40 )

IS =a

Sefapbi PRI OB EERICER SR TVD, RRRVFEEEEL. WH,
ME T NITh D, BEREEITRD bR, RN - TAZRNEMESIL TW
%, BEEICH - HBESEEIC RSN D (R L—% ), B, BEIEEE L USNERETE
Lo, NEE CIBRES 2RO CHEEESEAE T, BREATF(100%) TH 5.

BREEE - 0.133X1038I Unit (WEESER, BIEAHM K : 40 18)

VR A R ¢ 44.5 X 50.3cm(PIEIERR = — 7 5 . BIEAHEL : 30 )

20.0 X 46.5cm (48 BE R AR D)
Sample TH-15
Sample TH-301 (MNBEERD)

HERE He~REBEEET5(EH 29, HEECROM (7)) NBEE IR > T
Bohb, ORMK T, BEESEECRDOND, BEEICHE RN LAD LN
7. i IS & R T R CBBRE A TOI%BE) Th 5, WEDOHITIEP
TH AR, BEEFEEERSNL TS (REBELED T,

B - 0.038X 103SI Unit (fPdefiase, BZEE#EL : 50 ). Muang Tam DHLD L
HRERITT VA, BITETRR D,

BT A R : 49.1% 54.2em(F R, WEAME 30 fE)

Sample TH-16

Sample TH-402(= v &/ SEHEHIEE)

Sample TH-403(F s i B8 X HE)

Sample TH-404(NEERK=—7"7 DEMEETND)

Sample TH-405(PEIES & S8 B p BALTE # B SR AT 2 5)

(16) Phnom Wan
200249 H 6 H. 2004 £ 8 H 22 H. 2004 2 12 A 28 H R



S5 a— N AT—F (1082 ELRTICIHIE & A ETERD
@EE RREE . 15° 01.406° N, 102° 11.825" E

RERA

BRI O — 5 A p D [ & BIE A R D PR L VRSN D, PRI O
T AR E D EAEET D, BROEEIIST T4 by, SR E
BB OSEBEDE L5, HE L, BOBIRRHBEnE LRy, REpER
RSN TUV RV, B SO RMREONEIZI L U ARER ST D, v
ROERTTTIA FTHY ., B 1 BREEREDET, TRUSNOTEHEEE UTHRH
BEBE LV RAN, FHMTIHRAMERNRVEBEL TN D, A FIIREME LD 72
%, RRFAEOEELREN TFIA PR 0y, BB ITREDE CAEEREN I
A R RO T EBEREND RS, PRFAEOEEICHDHFERZEENRTT 71 b
. FERESE TR EBEIIE R L UREHE L V2 5(BR 25), EIENICHE 9 HD LV
TEDEHENEF L TWD,

SFS5A4h VT4 NE~ZHLETH D, EFFR LUORLEFBOMEZ T O
BBV, FA Rz T—1 g URBBND, 63%IMUEEELRT, Phmai ObOL
TR UEREE R T,

BEREER - 1.020% 10381 Unit(EIEREESE., BIERME : 50 @),

Wi X : 31.6X40.8cm(EIEEE , BIEAME - 40 {H)

= .

FERbsE Phimai & FE (PRELZROFK) RVLEVWE BV TE] FEG)
2245, FEERENIES BEND A, FHUFPHEE TIEA2<, Phimal L3RR D, &
7~ Phimai OFREHEL VHEET, BERORLNLDBDOBE,

Beprsm - 0.081X 103S] Unit (PRESF TR, BIEAME : 50 &)

Sample TH-17

B EIbE  EEEOEZEO L%, Phimai O X 9 2BOEHIITEY, SMEEOR
sy g A B A T, BEAHE VR OARVAS, PRI - < XS0 B D
VIR G~ SLEIER & 0 O EB A D L oA T T, BEELLCEE T, BEEICR BN
L& RbND,

Bpesx . (0.202% 1088I Unit (s, MIEAME : 50 )

Sample TH-18

Sample TH-406(EERALAD



b RRESCIE, WEIE, EAE~SRRERARERL, BHhE K& s, B
BN T - g VRELND, EREORGEIHET S IHEELFL, LEEORG
T 63%NHUBEE A o, EE T, BMEMMPE L. £, REMbALND, fMEH
DEE b HEIE < . face bedding %< H 6N A HEBHEOEIA  44%),

Wi 4 X : 37.9X46.3cm(PRE, BIEAME : 40 {E)

(17) Prasat Non Ku

200249 A 7 HFAE

o — 4 AAEE(10 HHASATHE)

WBRE RREF - 14° 54.398' N, 101° 50.247" E

WRLaEM

WL ST EEOEEE L OPRENC R RIE & RS RLE SN TS, FEED
B R T LU AE T, BEITEES LAY OABE T, BRIV A TTE T
7%, th i 0 BT S & OV D DR T ORI L TR ST B (BE 26),
REITEH I BAY OBPBAETTETBY, KEE VI TETH D,

W EBEDEANET, KEMEEEHR, RICABRKE (E8F) bALND, 89
R a— MRICERE LEEREZ RONB(EER 27), RPKRELRT oy 7 ThbH, WHE
DFITPREFE (1:1.3) Thd, BEE EH) ORAZLONE, BAZKRNTE
KT BEE AT T, BEEICH-TAENCRLEALND, Rl AR 2 BE L
RO EEIIEEZ =T,

WREE © 0.121X103ST Unit (PR, BIEAHE @ 50 &)

Wi X 45.5X 66.6em(P iR B A, BIEAMEC: 30)

Sample TH-19: [KE&WE
Sample TH-20: HBEDE

Voo RS

(18) Prasat Muang Khaek

20024 9 H 7 Hifi&

= — g LR

GBEE R . 14° 547017 N, 101° 50.232" E

HE R
SIS B AL DI F— 75 g S SN EBE JLICBRVRRE, dbT— T B4 D R EE,



s LRTERZEHE T 2T I 2ABLVNL 200 L T 2 BEM» LD, SHE
BEZALRER D OARFEFE L, BEE LU X DR a s, AR -7 51, EEB X
OBOEIIME LD, TOENILV I TETH D, NEBIIEANICL HTETH Y,
BOEICE, BB T 94 ME—HAGND 2, TFHET I AIWE LV 25, HEH
EEEICAMEHHZ BT T MATEY, MECHEAWESEL S, EROMESIT
HIIZ LV M ET, BECImEsMER SN TWS, 77 20k L odbEiziT L~
HEREYDPEB SN TND 2,

Wa . TF7T 7 AREHRERGEE 28) BEBE~RE (Yr7) W8 FEaicHR
T, EOPMPVEIENESEO L DNRE L, KEBEIETH D,

WREE £ 0.097x108ST Unit GREaWE REAEEWN, BEa#%: 7). Phoom
Wan OFRERE EFVEEZRT,

0.334x 10331 Unit (BHBEWE FHEEEEAL, MERHE : 17#)
WY A X : 48.1X51.2emCEEEEEMIEE, EHE REAME : 10)
48.9x63.3cmCRFEAEIGNELE, BEHFFM REAME 9
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H4-1 oS—FEBEEERTIWEQ S B PRI TTIER

Huai No. TH-137 TH-138 TH-139 |Phu
Hin , Huai Hin Lat Huai Hin Lat Huai Hin Lat| 20278
Lat Sampling point Formation
Formation SiO, % 80.61 78.56 46.98
TiO, % 0.158 0.287 0.100
AlLOs5 % 9.75 10.85 6.09
Fe,Os % 1.16 1.69 0.33
MnO % 0.026 0.018 0.125
MgO % 0.50 0.75 0.24
Cal % 1.26 0.74 24.01
Na,O % 2.66 312 1.71
K0 % 1.22 1.62 1.56
P,0s % 0.02 0.02 0.05
LOI % 2.59 2.42 18.95
TOTAL % 99.85 100.07 100.13
S % >0.001 0.002 0.013
Ag ppm >03 >03 >03
As ppm 4 5 >2
Au ppm >8 >5 >5
Ba ppm 200 276 3
Be ppm 1 1 1
Bi ppm >2 >2 >2
Br ppm >1 >1 >1
Cd ppm >03 0.4 0.6
Ce ppm 30 34 29
Cr ppm 8 11 6
Cs ppm 1.1 2.7 1.4
Cu ppm 21 20 12
Eu ppm 0.5 0.8 0.7
Hf ppm >05 >05 >05
Ir ppm >5 >5 >5
La ppm 20.3 226 22.7
Lu ppm 0.29 0.41 0.26
Mo ppm >5 >5 >5
Nd ppm 16 17 17
Ni ppm 6 11 7
Pb ppm 8 12 >3
Rb ppm 40 58 47
Sb ppm 0.7 1.0 0.2
Sc ppm 2.7 4.2 1.8
Se ppm >3 >3 >3
Sm ppm 29 3.1 33
Sr ppm 362 367 290
Ta ppm >1 >1 >1
Tb ppm >05 1.1 0.6
Th ppm 8.1 111 1.0
U ppm 1.9 1.8 2.1
vl ppm 16 24 35
Y ppm 13 20 17
Yb ppm 2 3 2
Zn ppm 20 29 >1
Zr ppm 73 160 56

TH-109 TH-110
Phu Phu
Kradung Kradung

71.89 70.87
0.353 0.490
12.15 11.19
3.16 2.72
0.042 0.067
1.97 1.75
1.17 3.19
297 2.73
1.43 1.14
0.09 0.13
3.7 4.68
98.95 98.96
0.017 0.032
>03 >03
>2 >2
>5 5
958 158
2 1
>2 >2
>1 >1
0.7 0.5
60 60
43 54
2 1.8
21 14

0.9 1.1
>0.5 2.8
>5 >5
33.0 33.6
0.22 0.26
>5 >5
25 26

27 21

14 3

50 40
03 >0.2
6.5 8.6
>3 >3
4.1 45
167 159
>1 >1
0.7 >0.5
53 8.0
1.3 1.9
43 47

14 18

1 2

58 57

94 141




£4-2 25—F T ARBEDE B FEEBSTIER
No. TH-111 TH-134 TH-135 TH 301 TH 302 TH 303 TH-309 TH-310
Phu Phu Phu Phu Kradung Phu KradungPhu Kradung Phu Phu
Sampling point Kradung Kradung Kradung  (Wat Phu) (Wat Phu)  (Wat Phu) Kradung Kradung
SiO, % 64.09 67.86 67.64 75.06 73.31 78.09 80.28 79.32
TiO, % 0.481 0.520 0.572 0.280 0.487 0.395 0.245 0.284
Al,Os % 11.43 12.67 12.63 12.38 13.34 11.51 10.58 11.19
Fe,0s % 3.35 3.46 4.22 2.40 3.17 2.59 1.90 2.10
MnO % 0.097 0.099 0.051 0.023 0.131 0.093 0.010 0.028
MgO % 1.91 2.42 2.56 0.94 IRE 0.70 0.66 0.61
CaO % 6.05 3.07 3.01 0.53 0.26 0.20 0.15 0.1
Na,O % 2.16 2.08 2.59 423 3.95 4.1 3.00 3.83
Ky0 % 1.17 1.10 0.71 0.94 1.40 0.91 0.60 0.75
P,0¢ % 0.13 0.13 0.16 0.08 0.12 0.09 0.03 0.03
LOI % 7.84 6.10 5.99 1.97 2.38 1.55 2.29 1.82
TOTAL % 98.71 99.51 100.12 98.84 99.66 100.23 99.76 100.06
S % 0.044 0.017 0.020 0.015 0.004 0.001 0.002 0.004
Ag ppm >03 >03 >03 >03 0.4 0.7 >03 >03
As ppm 2 4 >2 >2 3 5 3 3
Au ppm 5 >3 >5 >5 >5 17 7 >5
Ba ppm 1680 773 1017 781 257 169 89 125
Be ppm 2 2 2 2 2 2 2 2
Bi ppm >2 >2 >2 >2 >2 >2 >2 >2
Br ppm >1 >1 >1 >1 >1 >1 >1 >1
Cd ppm 0.6 0.5 0.7 1.2 0.8 >03 >03 0.7
Ce ppm 59 69 65 50 60 64 46 32
Cr ppm 50 40 46 211 26.4 343 19.4 255
Cs ppm 2 2.7 1.5 25 27 >05 >05 1.4
Cu ppm 31 24 15 6 10 38 13 9
Eu ppm 1.1 1.1 1 1.0 1.2 1.1 0.8 0.6
Hf ppm >05 4.9 5.2 >0.5 >05 >0.55 >0.5 >05
Irl  ppm >5 >5 >5 >5 >5 >5 >5 >5
La ppm 335 36.1 36.5 31.8 383 34.6 26.9 21.0
Lu ppm 0.26 0.33 0.34 0.28 0.31 0.23 0.19 0.19
Mo ppm >5 >5 >5 7 8 17 18 11
Nd ppm 30 30 29 22 29 27 22 13
Ni ppm 29 24 26 15 28 14 12 14
Pb ppm 11 11 8 >3 8 6 4 7
Rb ppm 46 41 39 54 32 47 29 >20
Sb ppm 03 0.8 0.3 >0.2 0.7 0.3 >02 0.5
Sc ppm 9.0 8.5 9.3 49 6.5 6.2 3.9 4.5
Se ppm >3 >3 >3 >3 >3 >3 >3 >3
Sm ppm 4.9 5.7 5.3 33 4.9 42 2.8 2.0
Sr ppm 203 114 129 106 112 89 70 14
Ta ppm >1 >1 >1 2 2 >1 2 2
Tb ppm >0.5 0.8 >05 >05 1.2 0.8 1.3 1.1
Th ppm 8.2 9.0 8.4 6.2 6.6 7.4 58 38
U ppm 2.2 1.1 15 2.8 1.4 1.2 1.3 1.9
\ ppm 75 54 60 36 44 34 24 28
Y ppm 18 20 17 13 19 11 10 8
Yb ppm 2 2 2 2 2 2 1 1
Zn ppm 55 65 60 46 67 39 39 35
Zr ppm 146 204 236 104 251 176 106 97




£4-3 OS—rBHEEER

Phra
Wihan
Formation

No.

TH-101A

TH-101B

ABENEE RS TER

TH-101C

TH-102

TH-103

TH-104

TH-105

Sampling point

Phra Wihan Phra Wihan Phra Wihan Phra Wihan Phra Wihan Phra Wihan Phra Wihan

Si0O,
TiO,
Al,O3
Fe,O4
MnO
MgO
Ca0
Na,O
KO
P05
LO!
TOTAL
S

Ag
As
Au
Ba
Be
Bi

Br
Cd
Ce
Cr
Cs
Cu
Eu
Hf

Ir

La
Lu
Mo
Nd
Ni
Pb
Rb
Sb
Sc
Se
Sm
Sr
Ta
Tb
Th

U

\Y

Y

Yb
Zn
Zr

%

%

%

%

%

%

%

%

%

%

%

%

%
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

96.26
0.110
1.20
0.14
>0.001
0.02
0.02
0.01
0.05
0.02
0.68
98.51
0.007
>03
>2
7
21
>1
>2
>1
>03
22
19
>05
35
03
>05
>5
12.6
0.14
10
11

16
>20
0.3
0.9
>3
1.3
25
>1
0.5
286
1.4
>5

17
178

88.52
0.464
6.29
1.33
0.009
0.10
0.03
0.02
038
0.03
245
99.62
0.005
0.4
3
>5
96
1
>2
>1
04
82
38
13
22
1.2
16.3
>5
412
0.42
15
36
17
17
>20
0.6
5.0
>3
5.7
33

1.3
12.9
3.2
32
20

42
617

85.46
0.193
8.46
1.98
0.002
0.11
0.04
>0.01
0.50
0.02
3.28
100.05
0.004

>03

>2

>5
59
1

>2
>1

>03

30

23

1.9

18

0.3

>05

>5
24.2
0.19

17

11
27
0.8
2.7
>3
18
14
>1
>05
6.9
1.6
32

22
90

94.09
0.226
3.35
0.24
>0.001
0.05
0.02
0.01
0.20
0.02
1.32
99.52
0.004
>03
5
12
45
>1
>2
>1
>03
39
22
1.4
19
0.4
>05
>5
210
0.28
13
28

18
>20
04
1.8
>3
2.7
33

>05
5.6
18
20
14

12
144

85.69
0.400
6.78
1.59
0.148
0.32
0.11
0.54
0.69
0.05
3.08
99.40
0.228

>03
9

>5
10510
1

>2
>1
0.5

60

34

35

20

0.8

9.3

>5
356
0.37

24

42
0.7
3.6
>3
43
143
>1
>05
10.4
23
29
20

29
356

96.10
0.123
2.67
0.14
0.002
0.03
>0.01
0.02
0.16
0.01
1.13
100.40
0.005
>03
>2
>5
37
>1
>2
>1
>03
29
8
>05
20
0.4
>05
>5
17.3
0.15
15
14

>20
0.4
13
>3
1.8
14
>1
>05

>05

—t - D OO

94.83
0.295
3.18
0.18
0.002
0.04
0.01
>0.01
0.16
0.02
1.27
100.07
0.003
>03
2
>5
41
>1
>2
>1
>03
33
21
>05
20
0.5
>05
>5
21.0
0.18
14
17

>20
04
1.7
>3
2.1
16
>1
>05
5.1
0.9
12

i1
83




F4-4 OS5 BREBBITANEDES I EHE RO ITIER

No. TH-106

TH-107

TH-112

TH-113

TH-114

TH-118

TH-214

TH-215

Sampling point

Phra Wihan Phra W

ihan Phra Wihan Phra Wihan Phra Wihan Phra Wihan Phra Wihan Phra Wihan

SiO,
TiO,
Al,O4
Fe,0s
MnO
MgO
CaO
Na,O
Ky,O
P,05
LOI
TOTAL
S

Ag
As
Au
Ba
Be
Bi

Br
Cd
Ce
Cr
Cs
Cu
Eu
Hf

ir

La
Lu
Mo
Nd
Ni
Pb
Rb
Sb
Sc
Se
Sm
Sr
Ta
Tb
Th

U

\Y

Y

Yb
Zn
Zr

%

%

%

%

%

%

%

%

%

%

%

%

%
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

93.51
0.247
3.88
0.62
0.002
0.06
0.01
>0.01
0.16
0.02
1.57
100.07
0.003

>03
2

>5
54
>1

>2
>1

>0.3

30

18

0.9

20

0.6

6.7

>5
16.3
0.21
10

14

>20
04
2.4

>3
2.4
17
>1
0.7
5.0
1.2
26
10

15
238

90.30
0.109
4.33
0.97
0.002
0.28
0.06
0.37
0.31
0.03
2.06
98.80
0.004
>03
>2
>5
44
>1
>2
>1
>03
43
>1
1.5
24
038
>0.5
>5
258
0.13
11
23

>20
04
1.7

>3
3.5
15
>1
09
3.9
1.5
14

32
53

87.31
0.189
6.64
1.62
0.002
0.32
0.01
0.05
0.99
0.04
2.76
99.93
0.005
>03
4
5
78
2
>2
>1
0.4
48
14
2.8
33
0.8
>05
>5
23.1
0.24
>5
24
10
>3
34
0.7
3.2
>3
45
14
>1
>05
6.2
3.2
32
13

19
86

92.78
0.102
410
0.46
0.002
0.27
0.03
0.02
0.40
0.02
1.97
100.15
0.007

>03

>2

>5
67
1

>2
>1

>03

33

4

1.3

18

0.5

>05

>5
15.7
0.20
16
17

>3
31
04
1.5
>3
3.0

>1
1.3
5.2
19
10
12

20
78

96.58
0.037
0.65
1.69
0.002
0.01
>0.01
>0.01
0.03
0.06
1.10
100.18
0.004
>03
4
6
18
>1
>2
>1
>03
16
4
>05
21
0.2
>05

>0.5
20
>0.5

19
31

97.94

0.025

1.33

0.11
>0.001
>0.01

0.04
>0.01

0.02

0.01

0.61

100.08

0.003
>03
4
>5

19
>1
>2
>1
>03
13

>1
>05
18
0.3
>05
>5

8.1
0.12

18

9

2

10
>20
0.4

0.6
>3

1.1

2
>1
>05
20

1.1
>5

6

1

5

37

87.89
0.179
6.26
1.37
0.010
0.77
0.06
>0.01
0.93
0.05
2.34
99.86
0.003

>03
2

>5
139
1

>2
>1
0.3

44

14

2.55

0.7

45

>5
245
0.19

18
15
>3
42
0.8
25
>3
33
12
>1
0.6
6.9
25
14

50
126

89.31
0.179
6.22
0.94
0.002
0.14
0.02
>0.01
0.74
0.03
2.29
99.87
0.004
>03
3
6
115

>2
>1
>03
38
15
1.55

0.5
>05
>5
238
0.20
>5
15

>3
49
0.6
3.1
>3
26
10

06
8.0
1.7
16
1

11
101




zx4-5 35—k

No.

Sampling point

Si0O,
TiO,
AlL,O3
Fe,Os
MnO
MgO
CaO
Na,O
K0
P,0s
LOI
TOTAL
S

Ag
As
Au
Ba
Be
Bi

Br
Cd
Ce
Cr
Cs
Cu
Eu
Hf

Ir

La
Lu
Mo
Nd
Ni
Pb
Rb
Sb
Sc
Se
Sm
Sr
Ta
Th
Th

U

Y

Y

Yb
Zn
Zr

%

%

%

%

%

%

%

%

%

%

%

%

%
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppra
ppm
ppm

BHFERTANEDSELFHBOITHER
TH-216 [ TH-218 |Sao
Phra Wihan Phra Wihan Khua .
Formation
87.05 89.72
0.118 0.237
5.42 4.83
3.73 1.29
>0.001 0.006
0.11 0.24
0.02 0.03
0.02 >0.0t
0.84 0.78
0.02 0.05
2.03 1.90
99.37 99.07
0.007 0.003
>03 >03
8 3
>5 8
72 96
1 1
>2 >2
>1 >1
>03 >0.3
23 48
9 22
2.05 1.3
6 5
0.3 0.7
>0.5 6.3
>5 >5
15.8 29.6
0.14 0.22
7 >5
11 20
6 7
8 8
52 47
0.8 0.6
2.4 3.2
>3 >3
1.4 3.6
7 13
>1 >1
>05 0.6
6.2 7.3
2.1 1.0
19 19
7 10
1 1.4
5 8
60 148

TH-119 TH-120 TH-121 TH-122 TH-123
Sao Khua Sao Khua Sao Khua  Sao Khua  Sao Khua
88.34 92.95 91.02 82.02 82.41
0.397 0.161 0415 0.150 0.264
4.64 3.93 3.62 594 3.25
2.54 0.70 1.17 1.06 0.53
0.025 0.018 0.108 0.055 0.071
0.65 0.16 0.16 0.26 0.19
0.19 0.07 0.18 433 6.56
0.10 >0.01 0.40 0.39 0.23
0.49 0.29 0.28 0.39 0.28
0.07 0.05 0.07 0.07 0.06
2.49 1.76 2.80 533 6.21
99.93 100.01 100.21 99.99 100.07
0.002 0.003 0.002 0.002 0.027
>03 >03 >03 >03 >03
7 6 16 13 11
>5 >5 >5 >5 >5
254 137 186 180 1046
1 >1 1 >1 >1
>2 >2 2 >2 >2
>1 >1 >1 >1 >1
>03 0.3 >03 >03 >03
37 36 40 30 36
29 12 25 12 13
1.9 0.9 0.7 1.3 0.7
22 39 32 19 16
0.7 0.7 0.7 0.7 0.7
3 >05 4.8 >05 3.7
>5 >5 >5 >5 >5
18.7 203 20.9 18.3 19.9
0.25 0.11 0.25 0.21 0.23
7 7 7 >5 5
17 19 15 16 18
20 6 14 9 7
4 69 7 7 3
32 >20 >20 >20 >20
0.6 03 0.4 0.5 04
4.0 21 2.7 2.4 2.3
>3 >3 >3 >3 >3
3.3 2.8 3.8 3.0 3.0
18 14 17 26 55
>1 >1 >1 >1 >1
0.7 0.7 0.8 1.0 >05
5.8 34 5.0 4.9 53
1.7 1.4 1.1 1.3 1.8
33 21 20 24 30
13 5 15 13 12
2 1 2 1 2
56 11 25 19 13
194 67 151 68 122




#4-6 O5—h

ABENEELEHBATIER

No. TH~124 | TH-219 [Phu TH-108 TH-115 TH-125 TH-132 TH-133
) . Sao Khua  Sao Khua Phan : Phu Phan PhuPhan PhuPhan PhuPhan Phu Phan
Sampling point Formation
SiO, % 75.27 93.13 92.49 96.03 92.98 97.29 94.11
TiO, % 0.160 0.142 0.064 0.028 0.102 0.038 0.080
AlLO, % 4.89 3.50 3.57 2.40 3.90 1.23 3.51
Fe,0s % 0.78 1.03 0.43 0.21 0.35 0.31 0.23
MnO % 0.145 0.032 0.039 >0.001 0.005 0.002 0.002
MgO % 0.82 0.39 0.23 0.03 0.14 0.02 0.07
Ca0o % 8.72 0.02 0.05 0.01 0.04 0.02 0.03
Na,O % 0.50 >0.01 0.06 >0.01 0.01 0.05 0.02
K0 % 0.57 0.59 1.14 0.1 1.36 0.09 0.37
P,Os % 0.04 0.03 0.03 0.02 0.02 0.02 0.02
LOI % 8.33 1.28 1.79 1.07 117 0.62 1.49
TOTAL % 100.22 100.14 99.89 99.91 100.08 99.68 99.94
S % 0.003 0.003 0.003 0.003 0.003 0.002 0.003
Ag ppm >03 >03 >03 >03 >03 >0.3 >03
As ppm 14 4 >2 7 21 >2 4
Au ppm >5 >5 6 >5 >5 >5 >5
Ba ppm 124 107 215 19 213 18 45
Be ppm 1 >1 1 >1 >1 >1 >1
Bi ppm >2 >2 >2 >2 >2 >2 >2
Br ppm >1 >1 >1 >1 >1 >1 >1
Cd ppm >03 >03 >0.3 >03 >03 >03 >03
cel ppm 35 40 217 22 29 16 22
Cr ppm 9 12.5 4 >1 6 5 3
Cs| ppm 16 13 15 1 11 >05 1
Cu ppm 19 7 23 20 20 24 22
Eu| ppm 0.7 0.4 0.9 0.2 0.7 0.5 0.5
Hf ppm >0.5 >0.5 >05 >05 >0.5 >05 >05
Ir ppm >5 >5 >5 >5 >5 >5 >5
La ppm 18.8 220 16.7 13.5 15.2 8.5 13.1
Lu ppm 0.24 0.12 0.15 0.12 0.15 0.21 0.21
Mo ppm 7 8 12 15 21 30 24
Nd ppm 18 13 20 12 19 8 10
Ni ppm 4 14 6 2 3 2 3
Pb ppm 6 12 8 >3 7 >3 5
Rb ppm 23 30 46 >20 64 >20 >20
Sb|  ppm 0.5 05 0.3 >0.2 0.6 0.6 0.5
Sc| ppm 23 2.3 1.0 0.5 12 0.7 0.9
Se ppm >3 >3 >3 >3 >3 >3 >3
Sm ppm 3.1 1.8 33 21 26 1.0 1.6
Sr ppm 41 8 16 7 25 4 9
Ta ppm >1 >1 >1 >1 >1 1 >1
Tb ppm 0.8 >05 >05 1.1 >05 >05 >05
Th ppm 4.1 4.9 3.2 2.6 4.2 2.4 3.9
U ppm 1.4 >05 >05 >05 1.5 >05 >05
\ ppm 13 13 12 >5 9 >5 >5
Y ppm 17 6 10 5 7 4 5
Yb ppm 2 1 i 1 1 1 1
Zn ppm 9 16 15 12 9 3 6
Zr ppm 77 64 49 32 12 31 65




£4-1 IS IEREERIINEOS B FHRHMER
No. TH-212 TH-213 TH-217 |Khok
PhuPhan  PhuPhan  Phu Phan |48
Sampling point Formation
SIiO; % 91.69 94.53 99.26
TiO, % 0.116 0.045 0.092
AlL,O, % 475 2.68 0.28
Fe,0s % 0.59 0.46 0.02
MnO % 0.002 0.003 >0.001
MgO % 0.33 0.47 >0.01
Cal % 0.01 0.06 >0.01
Na,O % >0.01 >0.01 >0.01
K0 % 1.03 0.50 0.02
P,05 % 0.02 0.03 0.02
LO} % 1.54 1.14 0.23
TOTAL % 100.09 99.93 99.90
S % >0.001 0.002 >0.001
Ag ppm >03 >03 >03
As ppm >2 >2 >2
Au ppm 7 6 7
Ba ppm 28 93 22
Be ppm >1 >1 >1
Bi ppm >2 >2 >2
Br ppm >1 >1 >1
Cd ppm >03 >03 >03
Ce ppm 22 33 13.5
Cr ppm 4.5 1.5 10
Cs ppm 0.65 >0.5 >0.5
Cu ppm 4 3 2
Eu ppm 0.2 0.6 >0.1
Hf ppm 4.7 >0.5 9.4
Ir ppm >5 >5 >5
La ppm 13.8 19.8 8.9
Lu ppm 0.12 0.10 0.12
Mo ppm 9 7 6
Nd ppm 8 17 6
Ni ppm 4 8 3
Pb ppm 4 >3 >3
Rb ppm 38 48 >20
Sb ppm 0.5 0.3 0.3
Sc ppm 1.0 0.9 0.7
Se ppm >3 >3 >3
Sm ppm 1.6 2.6 1.0
Sr ppm 4 10 2
Ta ppm >1 >1 >1
Tb ppm >0.5 >0.5 >0.5
Th ppm 6.2 3.0 2.7
U ppm >05 >0.55 1.4
\ ppm 5 >5 >5
Y ppm 6 7 6
Yb ppm 1 1 1
Zn ppm 4 10 5
Zr ppm 145 35 181

TH-116

TH-117

TH-126

TH-127

Khok Kruat Khok Kruat Khok Kruat Khok Kruat

76.54
0.522
9.21
2.82
0.042
1.21
1.95
2.18
0.79
0.11
4.37
99.74
0.002
0.4
18

>5
164
1

>2
>1

>03

49

37

3

21

1

7.2

>5
25.6
0.32

22
18
11
47
0.7
7.1
>3
42
76

>05
6.7
1.7
58
19

47

282

30.29
0.278
4.69
1.96
0.297
0.82
33.12
0.78
0.63
0.10
27.03
99.99
0.059
0.4
33

>5
443
>1

>2
1
1.1

36

23

1.7

038
4.2
>5
24.2
0.28
>5
15
1
10
>20
09
43
>3
3.3
21
>1
>05
4.8
1.8
36
19

168

68.00
0.296
5.01
1.00
0.106
0.49
11.79
0.74
0.78
0.07
10.39
98.67
0.111

>03
21
5
3834

>1

>2

>1
0.5

32

23

09

17

0.8

>05

>5
16.8
0.21

17
11
>3
32
0.5
4.0
>3
3.3
103
>1
0.8
3.3
1.1
29
16

11
103

67.18
0.319
574
1.73
0.097
0.74
11.77
0.69
1.00
0.07
10.72
100.05
0.003
>03
18
>5
219
i
>2
>1
>03
40
26
1.1
209
18
1.7
>5
414
0.49
>5
33
15
>3
29
0.6
4.3
>3
63
78
>1
1.0
3.9
13
31
35

18
110
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No.

BRAEATIDEOEEILFRBAHTIER

TH-130

TH-128

TH-129

TH-131

Sampling point

Khok Kruat Khok Kruat Khok Kruat Khok Kruat

SiO,
TiO,
Al,O4
Fe, O3
MnO
MgO
Cal
Na,O
K,O
P20s
LOI
TOTAL
S

Ag
As
Au
Ba
Be
Bi

Br
Cd
Ce
Cr
Cs
Cu
Eu
Hf

ir

La
Lu
Mo
Nd
Ni
Pb
Rb
Sh
Sc
Se
Sm
Sr
Ta
Tb
Th

U

\Y

Y

Yb
Zn
Zr

%

%

%

%

%

%

%

%

%

%

%

%

%
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

75.48
0.255
12.65
1.97
0.014
0.19
0.29
546
1.11
0.02
1.26
98.66
0.002
>03
20
5
195

>2
>1
04
44
13
3.8
17
0.6
>05
>5
216
0.30

15

15
>20
09
5.1

>3
3.0
167
>1
>05
9.3
>0.5
16
17

20

100

81.34
0.485
9.55
2.17
0.044
0.33
0.69
3.47
0.65
0.10
1.50
100.34
0.002

>03
19

>5
172
2

>2
>1

>03

85

20

3

23

1.9

9.6

>5
51.2
0.53

>5
42

10
>20
0.5
5.2
>3
8.0
109

11
104
2.1
36
45

27
367

82.12
0.366
9.23
1.74
0.028
0.28
0.42
3.46
0.63
0.05
1.29
99.61
0.003

>03
7

>5
143
2

>2
>1

>03

83

24

3.4

17

1.8

10

>5
60.3
0.45
13
39

15
>20
0.6
4.5
>3
8.7
99

2.3
1.2
1.7
32
33

23
351

78.97
0.242
10.38
1.67
0.016
0.83
0.37
3.08
1.03
0.07
2.26
98.92
0.012

>03

>2

9
191
2

>2
>1
0.6

55

9

26

17

1

5

>5
21.7
0.26

>5
23

10
>20
0.7
39
>3

48
88

>05
8.2
20
26
19

33
112




Group1

F5-1_ BABEUSTARDIA— )L AZMhEMNeE{cFEi e
No. TH-1 TH-2 TH-3 TH-15 TH-16 TH-17 TH-18
KamphaengKamphaeng Prasat Yai . . Phnom Phnom
Sampling point Noi Yai Ngao Phimai Phimai Wan Wan
Sio, % 77.84 77.63 74.63 78.63 85.74 79.20 80.75
TiO, % 0.377 0.316 0.532 0.502 0.312 0.638 0.132
Al,O, % 10.82 10.61 11.30 8.86 6.38 7.98 7.82
Fe,0; % 2.03 1.88 2.58 2.45 1.53 2.78 1.24
MnO % 0.028 0.020 0.030 0.040 0.009 0.016 0.016
MgO % 0.44 0.45 0.37 1.43 0.95 0.63 0.72
Ca0 % 1.28 1.09 1.69 0.39 0.20 0.36 0.35
Na,O % 2.88 3.20 3.15 1.79 0.21 217 1.87
K,0 % 1.16 1.07 1.24 0.89 1.77 1.13 1.75
P,05 % 0.08 0.07 0.09 0.1 0.10 0.72 0.08
LOI % 3.39 3.65 4.66 488 2.33 4.31 3.63
TOTAL % 100.33 99.98 100.28 99.97 99.51 99.93 98.35
S % 0.004 0.002 0.005 0.010 0.019 0.003 0.043
Ag ppm >0.3 >0.3 >0.3 04 >03 1.5 >0.3
As ppm 3 >2 >2 10 8 9 2
Au ppm 6 >5 >5 >5 >5 18 >5
Ba ppm 206 168 200 412 764 233 1991
Be ppm 2 2 2 1 1 1 2
Bil  ppm 2 >2 2 2 >2 >2 >2
Br ppm >1 3 4 >1 >1 >1 >1
Cd ppm >0.3 >0.3 >0.3 >0.3 >0.3 >0.3 >0.3
Ce ppm 272 95 87 37 48 41 49
Cr ppm 12 13 13 43 19 37 7
Cs ppm 2 2.8 45 3.1 3.7 1.8 1.8
Cu ppm 5 5 5 9 7 18 3
Eu ppm 8.7 3 2.8 0.8 0.8 0.9 0.9
Hf ppm 4.2 4.8 8.9 8.5 9.8 9.1 2.8
Ir ppm >5 >5 >5 >5 >5 >5 >5
La ppm 297.0 161.0 130.0 27.8 31.2 235 31.7
Lu ppm 1.63 0.67 0.70 0.31 0.28 0.26 0.20
Mo ppm >5 >5 5 >5 >5 >5 >5
Nd ppm 198 73 86 18 21 22 24
Ni ppm 3 2 7 10 9 >1 2
Pb ppm 8 7 10 11 4 13 6
Rb ppm 48 53 56 45 51 >20 90
Sb ppm 0.6 0.5 0.6 0.8 0.7 0.8 0.6
Sc ppm 50 4.7 6.6 6.5 3.3 6.9 23
Se ppm >3 >3 >3 >3 >3 >3 >3
Sm ppm 36.8 12.9 13.8 3.7 42 4.1 43
Sr ppm 154 156 168 51 30 83 101
Ta ppm >1 >1 2 >1 >1 >1 1
Th ppm 44 2.4 2.0 >05 2.0 >0.5 >05
Th ppm 10.6 13.1 17.1 9.2 12.7 94 8.0
U ppm 2.3 2.3 2.3 2.2 2.8 2.2 2.3
vV ppm 37 34 54 53 22 119 16
Y ppm 162 70 60 20 20 12 13
Yb ppm 13 5 5 2 2 2 2
Zn ppm 30 30 28 32 22 30 37
Zr ppm 225 166 378 323 368 364 71




£5-2 AABLUSARDIA—VEMEERT AHEMOEELEHMSTER

No. TH-19 TH-20 TH-21 TH-22 TH-401 TH-402 TH-403 TH-404

Non ku Non ku Muang Muang . L . L

Sampling point Khaek Khaek Phimai Phimai Phimai Phimai
SiO, % 73.97 84.79 72.56 78.80 79.76 85.16 83.64 87.25
TiO, % 0.258 0.069 0.396 0.115 0.536 0.452 0.291 0.227
AlLO, % 13.16 7.39 12.82 1.55 9.10 6.75 7.85 6.20
Fe,0, % 1.93 1.08 2.15 1.24 2.71 1.83 1.71 1.27
MnO % 0.020 0.011 0.044 0.0M 0.030 0.027 0.013 0.016
MgO % 1.16 0.67 0.84 0.85 1.48 1.15 1.16 0.82
CaO % 0.49 0.26 0.68 1.13 0.40 0.26 0.22 0.26
Na,0O % 3.19 1.63 3.64 1.72 1.66 0.02 >0.01 >0.01
K,0 % 217 1.74 1.92 1.72 0.98 1.74 1.98 1.76
P,0Os % 0.07 0.05 0.13 0.26 0.1 0.14 0.10 0.12
LOI % 3.16 2.37 408 6.03 3.15 2.46 2.70 2.19
TOTAL % 99.58 100.06 99.86 99.47 99.97 99.99 99.67 100.14
S % 0.012 0.037 0.004 0.047 0.006 0.019 0.005 0.030
Ag ppm >0.3 >0.3 >0.3 >0.3 >0.3 >0.3 >0.3 >0.3
As ppm 2 2 5 2 5 6 9 5
Au ppm >5 >5 >5 >5 >5 >5 35 >5
Ba ppm 672 1589 317 1978 188 790 264 1334
Be ppm 2 2 2 2 1 1 2 2
Bi ppm 3 2 >2 >2 >2 >2 >2 >2
Br ppm >1 >1 >1 >1 >1 >1 >1 >1
Cd ppm >0.3 >0.3 >03 >03 0.5 04 0.5 0.3
Ce ppm 61 35 70 42 35 48 47 56
Cr ppm 15 >1 20 >1 43 21 21 11
Cs ppm 3.5 2.8 6.3 2 4 4 5 3
Cu ppm 2 2 5 3 11 11 35 8
Eu ppm 1.1 0.9 1.2 0.7 0.8 0.8 0.8 1.5
Hf ppm 44 >0.5 6.4 2.9 9.3 >0.5 >05 6.2
Ir ppm >5 >5 >5 >5 >5 >5 >5 >5
La ppm 444 34.4 45.4 26.5 22.3 29.6 322 33.9
Lu ppm 0.31 0.19 0.42 0.22 0.30 0.29 0.30 0.26
Mo ppm >5 >5 >5 >5 >5 9 8 ]
Nd ppm 24 18 30 20 17 20 18 31
Ni ppm 1 3 8 2 24 19 23 22
Pb ppm 7 8 12 6 >3 149 7 >3
Rb ppm 87 75 81 61 >20 68 80 60
Sh ppm 05 0.4 0.7 0.4 0.6 0.8 0.8 0.7
Sc ppm 4.8 1.6 7.2 1.8 52 3.2 3.9 2.2
Se ppm >3 >3 >3 >3 >3 >3 >3 >3
Sm ppm 53 3.7 59 3.1 2.6 3.0 3.0 5.7
Sr ppm 143 90 124 122 48 31 27 35
Ta ppm >1 >1 >1 >1 >1 >1 1 >1
Tb ppm 1.1 0.8 0.7 >05 >0.5 >05 >0.5 1.4
Th ppm 125 58 15.2 8.2 8.8 10.3 10.1 8.5
u ppm 2.1 1.5 2.0 2.1 2.6 3.9 2.4 1.7
\Y ppm 27 12 40 16 48 25 28 16
Y ppm 20 14 26 12 15 13 14 21
Yb ppm 3 1 3 2 2.1 1.9 2.0 22
Zn ppm 44 29 42 33 42 35 33 21
Zr ppm 106 59 207 83 315 137 151 140




R5-3 FAB& 9’(3’3&U‘JTZO)D}‘—}LEH\E&%@T%E’J‘ DEFE{LEE
TH-405 TH-406 TH-5 TH-6 TH-7 TH-8 TH-11
. ' Phimai  Phnom Warl Group? |Phum Phon Ta Muen Ta Muen BaiBaek Ban kruat
Sampling point Thom Thom
Sio, % §7.88 84.46 94.34 92.99 93.32 96.61 95.67
TiO, % 0.263 0.135 0.453 0.120 0.176 0.023 0.047
Al,O, % 5.98 7.49 2.09 2,70 2.81 1.16 1.80
Fe,0, % 0.92 1.20 0.32 1.20 0.49 0.10 0.26
MnO % 0.013 0.013 0.002 0.002 0.005 >0.001 0.011
MgO % 0.69 0.67 0.06 0.11 0.11 0.02 0.02
Ca0 % 0.04 0.29 0.04 0.06 0.08 0.03 0.02
Na,0 % 0.01 1.68 0.17 >0.01 0.18 0.21 0.16
K,0 % 1.52 1.70 017 0.28 0.18 0.06 0.06
P,0s % 0.05 0.06 0.03 0.04 0.03 0.03 0.02
LOI % 1.90 1.85 1.25 1.65 2.40 1.91 1.99
TOTAL % 99.27 99.55 98.94 99.01 99.77 100.15 100.05
S % 0.004 0.025 0.002 0.004 0.003 0.003 0.003
Ag ppm >0.3 >0.3 >0.3 >0.3 >03 >0.3 >0.3
As ppm 3 >2 >2 2 >2 >2 >2
Au ppm >5 >5 >5 >5 11 >5 >5
Ba ppm 144 1359 30 54 44 17 21
Be ppm 1 1 >1 >1 >1 >1 >1
Bi ppm >2 >2 >2 >2 >2 >2 >2
Br ppm >1 >1 1 1 >1 >1 >1
Cd ppm 04 05 >0.3 >03 >03 >0.3 >03
Ce ppm 37 42 30 14 12 9 9
Cr ppm 14 5 37 16 15 2 8
Cs ppm 3 2 >05 >0.5 >05 >05 1.3
Cul  ppm 4 2 3 3 4 3 3
Eu ppm 0.7 0.9 04 >0.1 >0.1 0.2 >0.1
Hf ppm 9.1 >0.5 8.9 >0.5 >0.5 >0.5 >0.5
Ir ppm >5 >5 >5 >5 >5 >5 >5
La ppm 254 219 16.7 11.3 9.7 1.2 1.2
Lu ppm 0.29 0.20 0.18 0.09 0.08 0.07 >0.05
Mo ppm 9 6 >5 >5 >5 >5 >5
Nd ppm 14 16 14 >5 >5 >5 >5
Ni ppm 12 ) 2 3 >1 >1 2
Pb ppm >3 5 >3 >3 3 4 >3
Rb ppm 51 80 >20 >20 >20 >20 >20
Sb ppm 0.4 0.6 0.3 0.4 >0.2 0.3 >0.2
Sc ppm 1.8 1.6 1.3 1.2 1.3 0.3 0.6
Se ppm >3 >3 >3 >3 >3 >3 >3
Sm ppm 2.2 3.0 1.7 1.0 0.8 0.5 0.6
Sr ppm 16 86 6 10 7 4 5
Ta ppm >1 2 i >1 >1 >1 >1
Tb pom 1.3 >05 >05 >0.5 >05 >0.5 >0.5
Th ppm 11.3 6.8 6.0 2.8 2.6 1.9 2.2
U ppm 20 1.9 1.4 >05 >0.5 >0.5 1.3
v|  ppm 10 11 12 22 15 >5 >5
Y ppm 12 10 5 5 4 4 2
Yb ppm 1.7 1.4 1 1 1 1 1
Zn ppm 20 38 4 3 2 >1 1
Zr ppm 254 74 256 69 58 37 31




&5-4 BABEUSARDIA—ILEH AEEMDEEILEE fER
No. TH-12 TH-13 TH-14 TH-24 TH-140  TH-141 TH-201 TH-202
Ban kruat  Phnom Phnom Si Khiu Wat Prang Sam Khao Phra Khao Phra
Sampling point Rung Rung Mahathat Yod Wihan Wihan
Sio, % 95.71 95.50 96.36 90.61 88.25 89.92 86.57 94.80
TiO, % 0.047 0.054 0.080 0.047 0.130 0.134 0.255 0.085
Al,O4 % 1.95 2.29 2.10 2.33 6.25 4.61 6.61 2.98
Fe, 0, % 0.28 0.29 0.34 0.25 0.96 1.33 2.18 0.55
MnO % 0.005 0.002 0.002 0.015 0.005 0.023 0.006 0.002
MgO % 0.03 0.02 0.04 0.20 0.33 0.49 047 0.08
Ca0 % 0.03 0.02 0.02 0.05 0.15 0.16 0.03 0.02
Na,O % 0.20 0.17 0.16 0.17 0.52 0.33 0.03 >0.01
K,0 % 0.09 0.04 0.08 0.51 1.28 1.11 1.14 0.25
P,0¢ % 0.03 0.03 0.03 0.06 0.03 0.03 0.10 0.04
LOI % 0.99 1.85 1.17 497 2.18 1.80 2.1 1.19
TOTAL % 99.36 100.28 100.36 99.20 100.09 99.93 100.09 100.01
S % 0.003 0.002 0.001 0.002 0.002 0.002 0.006 0.003
Ag ppm >0.3 >0.3 >0.3 >0.3 >0.3 >0.3 1.6 >0.3
As ppm >2 2 >2 >2 >2 >2 5 3
Au ppm 18 >5 >5 >5 10 >5 9 9
Ba ppm 29 20 20 383 160 157 150 39
Be ppm >1 >1 >1 1 1 1 2 1
Bi ppm >2 >2 >2 >2 >2 >2 >2 >2
Br ppm >1 >1 >1 >1 >1 >1 >1 >1
Cd ppm >03 >03 >0.3 >0.3 >0.3 0.3 >0.3 >03
Ce ppm 16 18 28 27 48 48 48 25
Cr ppm 4 >1 4 3 12 8 24.5 55
Cs ppm 1 >0.5 >05 1.8 1.4 1.3 4.1 1.15
Cu ppm 2 1 4 4 19 19 21 20
Eu ppm 0.2 0.4 0.8 0.7 0.8 1 0.7 0.4
Hf ppm >05 >05 >05 >05 >0.5 >05 6.7 >05
Ir ppm >5 >5 >5 >5 >5 >5 >5 >5
La ppm 11.8 11.3 13.8 16.5 29.7 24.5 304 15.6
Lu ppm >0.05 0.06 0.14 0.11 0.21 0.20 0.26 012
Mo ppm >5 8 >5 >5 18 10 >5 >5
Nd ppm >5 9 18 18 25 23 20 8
Ni ppm >1 >1 2 5 6 11 20 4
Pb ppm >3 >3 >3 >3 1 3 24 4
Rb ppm >20 >20 >20 38 80 47 65 27
Sb ppm >0.2 0.3 0.3 0.3 0.5 0.6 0.6 0.3
Sc ppm 0.6 0.6 0.5 1.4 21 1.4 44 1.3
Se ppm >3 >3 >3 >3 >3 >3 >3 >3
Sm ppm 1.0 1.8 3.9 3.1 43 4.4 3.3 1.7
Sr ppm 10 5 5 13 37 25 16 7
Ta ppm >1 >1 >1 >1 >1 >1 2 >1
Tb ppm >0.5 >05 >0.5 1.1 >05 0.9 >0.5 0.6
Th ppm 3.3 3.8 5.6 52 5.1 45 8.8 3.6
U ppm >05 >05 >05 0.8 1.3 1.3 2.0 0.8
A% ppm 9 >5 >5 8 17 10 22 >5
Y ppm 4 5 12 7 12 12 15 9
Yb ppm 1 1 1 1 1 1 2 1
Zn ppm 1 1 3 4 35 59 42 7
Zr ppm 39 57 107 45 89 92 182 48




£5-5 AABEUTARD I A— )L LA EMDEE{LEHEROIER

No. TH-203  TH-204 TH-205 TH-206 TH-207
Khao Phra Khao Phra Khao Phra Khao Phra Khao Phra
Sampling point]  Wihan Wihan Wihan Wihan Wihan
Si0, % 83.90 86.34 92.26 92.10 87.30
TiO, % 0.464 0.262 0.127 0.135 0.211
Al,04 % 7.73 7.07 4.12 417 6.51
Fe,03 % 3.02 1.98 1.04 1.19 1.83
MnO % 0.005 0.003 0.002 0.003 0.008
MgO % 0.38 0.37 0.15 0.13 0.72
Ca0 % 0.03 0.03 0.02 0.02 0.06
Na,0 % 0.03 >0.01 0.01 >0.01 0.02
K,0 % 1.09 0.95 0.58 0.44 0.93
P,05 % 0.11 0.08 0.03 0.04 0.05
LOI % 3.10 2.89 1.68 1.69 248
TOTAL % 99.87 99.99 100.02 99.92 100.11
S % 0.007 0.007 0.003 0.004 0.018
Ag ppm >03 >0.3 >0.3 >0.3 >03
As ppm 6 5 5 5 7
Au ppm 9 7 >5 >5 >5
Ba ppm 133 112 67 60 121
Be ppm 2 1 1 1 2
Bi ppm >2 >2 >2 >2 >2
Br ppm >1 >1 >1 >1 >1
Cd ppm >0.3 >0.3 >0.3 >0.3 >03
Ce ppm 66.5 35.5 24 39.5 54,5
Cr ppm 32.5 25.5 15.5 9.5 19.5
Cs ppm 3.5 2.95 1.8 1.6 2.75
Cu ppm 16 10 8 21 4
Eu ppm 0.9 05 0.2 0.6 0.8
Hf ppm 14.4 5.1 >0.5 >0.5 45
Ir ppm >5 >5 >5 >5 >5h
La ppm 42.0 22.4 15.1 22.0 33.3
Lu ppm 0.52 0.20 0.16 0.23 0.28
Mo ppm 6 >5 >5 >5 >5
Nd ppm 26 14 9 14 21
Ni ppm 16 16 9 8 15
Pb ppm >3 >3 >3 16 5
Rb ppm Al 44 30 24 46
Sb ppm 0.8 0.7 0.6 0.6 0.8
Sc ppm 6.0 43 25 25 4.1
Se ppm >3 >3 >3 >3 >3
Sm ppm 4.6 2.4 1.4 25 4.1
Sr ppm 16 14 9 11 18
Ta ppm 2 1 >1 >1 >1
Th ppm >05 >05 0.8 >05 >05
Th ppm 16.4 8.9 4.7 6.4 8.8
U ppm 3.4 1.8 >0.55 1.8 1.9
Y ppm 37 20 12 10 24
Y ppm 22 12 8 12 15
Yb ppm 3 2 1 1 2
Zn ppm 38 22 14 9 25
Zr ppm 435 127 58 12 129

Group3

TH-304  TH-305
Wat Phu  Wat Phu
76.41 79.79
0.289 0.196
11.75 10.91
2.85 2.09
0.112 0.014
1.18 0.50
0.16 0.13
3.33 423
1.10 0.64
0.06 0.06
2.37 1.42
99.60 99.99
0.002 0.002
0.4 34
7 >2
25 10
188 89
2 2
>2 >2
>1 >1
>0.3 >0.3
52 48
17.6 9.7
24 >05
43 55
0.9 0.9
>0.5 >05
>5 >5
30.6 214
0.20 0.19
14 16
26 20
25 10
85 6
62 40
0.5 >0.2
50 3.0
>3 >3
3.7 3.0
73 75
>1 >1
>05 1.4
5.3 5.0
1.4 1.0
36 21
12 11
1 2
84 43
115 90




TH-306  TH-307 TH-308  TH-311 TH~312 TH-313  TH-314
. . Wat Phu  Wat Phu  Wat Phu Sida Sida Wat Phu  Wat Phu
Sampling point

Si0, % 78.95 77.19 75.73 7413 73.99 84.07 79.89
TiO, % 0.250 0.271 0.433 0.435 0.518 0.141 0.258
AlLO; % 11.38 12.04 12.05 12.07 12.00 8.88 10.70
Fe,0; % 2.02 2.43 3.14 3.15 3.80 1.31 1.71
MnO % 0.017 0.010 0.072 0.057 0.026 0.007 0.007
MgO % 0.51 0.65 0.87 1.88 1.56 0.33 0.48
Ca0 % 0.14 0.18 0.18 1.04 0.26 0.13 0.17
Na,O % 440 4.34 4.51 3.01 3.43 3.49 3.83
K,0 % 0.55 0.78 0.91 1.71 0.88 0.49 0.63
P,0s % 0.07 0.08 0.09 0.36 0.27 0.05 0.47
LOI % 1.56 1.68 1.75 232 2.49 1.18 1.96
TOTAL % 99.87 99.64 99.73 100.16 99.22 100.08 100.09
S % 0.002 0.001 0.001 >0.001 0.010 0.022 0.002
Ag ppm >0.3 >0.3 >0.3 >0.3 >0.3 >0.3 >03
As ppm >2 >2 >2 >2 3 3 3
Au ppm >5 8 >5 >5 >5 >5 ]
Ba ppm 108 115 187 372 248 1112 399
Be ppm 2 2 2 2 2 1 2
Bi ppm >2 >2 >2 >2 >2 >2 >2
Br ppm >1 >1 >1 >1 >1 >1 >1
Cd ppm >03 0.5 0.4 0.7 0.5 >0.3 >03
Ce ppm 37 44 35 57 59 41 54
Cr ppm 16.7 15.0 29.0 34.3 41.7 >0.85 17.0
Cs ppm >0.5 29 >0.5 >0.5 >05 1.7 >05
Cu ppm 8 8 12 5 52 8 13
Eu ppm 0.9 0.7 0.8 1.0 1.0 0.7 1.2
Hf ppm >0.5 >05 >05 >0.5 51 >05 >0.5
Ir ppm >5 >5 >5 >5 >5 >5 >5

La ppm 212 28.9 26.0 33.3 30.6 22.7 29.7
Lu ppm 0.23 0.17 0.22 0.25 0.34 >0.05 0.20
Mo ppm 11 7 6 >5 7 14 12
Nd ppm 19 19 19 26 25 21 27
Ni ppm 10 12 16 19 19 ] 6
Pb ppm 4 5 8 9 >3 >3 >3
Rb ppm >20 35 >20 60 68 40 >20
Sb ppm >0.2 0.7 >0.2 >0.2 >0.2 >02 0.5
Sc ppm 3.7 39 5.7 6.0 1.2 2.3 3.8
Se ppm >3 >3 >3 >3 >3 >3 >3
Sm ppm 2.7 3.2 2.8 4.1 46 25 45
Sr ppm 79 85 91 205 83 72 83
Ta ppm >1 >1 >1 >1 >1 >1 >1
Th ppm 1.4 >05 0.9 1.1 1.4 1.5 0.9
Th ppm 49 47 6.4 6.2 7.0 3.6 46
u ppm 1.3 1.0 2.5 6.0 2.4 1.1 >0.5

i ppm 24 22 48 49 52 18 21

Y ppm 14 14 13 16 20 8 27

Yb ppm 1 2 2 2 2 1 2
Zn ppm 35 42 50 46 63 23 34
Zr ppm 93 97 182 221 225 74 90




