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Project Code: RDG5000003

Project Title: The identification of historic roadway and human settlement of Khmer
empire and the development of historical, archaeological and cultural
multi-media database Phrase II

Investigators: Surat, L.l, Panjai, T.z, Surapol, N.z, Warawutti, L.3, Pongdhan S.4, Im, S/
1Department of Mathematics and Computer Science, Chulachomklao
Royal Military Academy, Nakon-Nayok, Thailand
2Department of Computer, Faculty of Science, Silpakorn University,
Nakorn Pathom, Thailand
3Department of Physics, Faculty of Science, Prince of Songkla
University, Songkhla, Thailand
“The Fine Arts Department, Bangkok, Thailand
*APSARA Authority, Siem Reap, Cambodia

E-mail Address: surat@ait.ac.th

Project Duration: 1 April 2007 — 30 September 2008

Currently, there are research studies that demonstrate the usage of integrated
technologies for archaeological studies that made new discoveries around the world. In addition,
Geo-informatics technology is utilized in the cultural heritage conservation, reservation,
management, and research studies in various cases. For example, remote sensing and GIS was
utilized as tools for archaeological analysis together with conventional archaeological analysis
methods. There are various cases around the world that remote sensing and GIS was used to assist
archaeologists to pin point and help to identify archaeological sites. For example, the discovery of
the city of Ubar in Sahara desert from the analysis of remote sensing data, ground data and field
survey data, or the case of missing China wall that was buried under the ground by analyzing SIR
C radar data from space shuttle. From the study of these samples, we had come up with the
concept of integrated studies for archaeological study in Thailand and nearby countries. In this
project, the archaeological knowledge, anthropological knowledge together with geo-informatics
technology, information technology, and geo-physic technology were utilized for the study to
identify and pin point the ancient road from Angkor to Phimai that was mentioned in the

inscription by the Jayavarman VII, the great king of Cambodia. From archaeological and



viii

historical studies, we had learnt that during his period, the Khmer empire was expanded to cover
most of the area of the Southeast Asia.

In this project, we study the detailed of this ancient road, its utilization, the people who
lived and used this ancient road, the ancient industries along this ancient road, and the culture that
had disappeared, and the one that has been continue to flourish along the royal road until today.
The most advance technologies were applied in the field of remote sensing, GIS, archaeology,
anthropology, geo-physics. The information systems were developed to gather all information
from this study for the scholars to use. In addition, the data that was developed from this project
can be further utilized by the other related works in the fields of lanc
cultural management, tourism, etc.

From the studies of this research project, we had discovered evident about the ancient

road along this ancient road. The most important items are as follow:

1. Two missing Dharmashalas (chapel of rest house)
2. Ancient laterite bridges along the ancient road in Cambodia side
3. Ancient industry sites along the ancient road in Cambodia a:

4. Ancient communities along the ancient road in Cambodia and T'hailand sides

We had also developed the information servers (larp.crma.ac.th and larp.su.ac.th) to
contain all the information from this research project that any scholars can access the information
from our research projects. In addition, we had developed 3D models of Dharmashala (chapel of
rest house), Arogyashalas (chapel of hospitals), and ancient bridges that will be utilized in the
simulation of ancient life along this ancient road. This simulation will be used as a learning tool
for younger generation in the near future.

In the second phase of this project, we had studied the detail of ancient communities and
ancient industry sites along the royal road, which the result can be utilized for eco-tourism
purposes in the area along the royal road, especially, in the area at the border of Thailand and

Cambodia. In summary, the results from the second phase of this study are as follow:

1. The multi-disciplinary study on the ancient communities and ancient industry sites
along the royal road in Ban Krud, Burirum. Thailand, which results in the understanding of the

ancient communities and ancient industries in the studied area.



X

2. The study on group of ancient sites along the royal road in Cambodia side in Kol
Village area, Siem Reap Province, Cambodia. This study is also in the form of multi-disciplinary
study, which includes the remote sensing/GIS, archaeological excavation, civil engineering

analysis, and ancthopological study.

3. The detail cultural study on Kuy communities in Cambodia and Thailand.

Keywords: Archaeology, Cultural Database, Multi-disciplinary, Remote Sensing/GIS, Royal

Road from Angkor to Phimai
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Interview about the bridge
Mr. Noi Pi rak sa Age 67 yrs old
7 Mu 4
Name: Mr. Tawee Pasano Age 60 yrs old
Address: Tambon Chopaka Amphoe Chamni
1. Was there the ancient bridge?

Yes, there was. We used the bridge about 50 years ago. When I was young about 8 years
old, I moved to live in this village with my family, the first time I saw, this bridge was too old.
People could pass but not for the ox-cart.

2. How was the size of the bridge?

About 16 meters wide, built with a big pieces of wood (name; Jik / or Ton Jik) and the
pillars at both sides were the frame of this bridge. What was the maximum water level? Sometime
the bridge was flooded. How did you passed when the bridge was out of use? We drove the cart to
cross the stream nearby here whereas the water still high and our cart floated like a boat.

3. Is the name of village original name?

Absolutely yes, in the past when we used this way to travel by walk and the village was
located nearby the spirit house but the villager moved out to present place after the new road was
constructed and the old road was disserted.

4. Please tell me where were the places that you walked pass to Samrong Kao or to Nang Rong.

I walked along the way through the villages, Ban Nong Hua Chang nearby Ban Samrong
Kao. How many people had joined your trip? 2-3 people. Because at that time, this area covered
with forest and wild animals such as wild monkeys, small deers. How did you pass the stream?
We walked across that stream. How did you travel to Nang Rong? I woke up about 02.00 A.M.
and started to traveled by foot passed Kok Kwei, Laluad, Ban Singha and every people usually
stopped at Ban Tak Dad, I reached there on the morning about 06.00 AM, we had spent about 4

Hrs to get there and took about 1.30 hr. to Nang Rong.
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Archaeological Sites

No NAME VILLGE DIST PROV TYPE DATE _
1 Prasat Phimai Phimai NR Temple 11 AD.
2 Men Promtat Phimai NR Stupa Ayudhya
Ancient
3 Ban Suai Ban Suai Phimai NR Village Iron Age
4 South gate Phimai NR City Gate 12-13 A.D.
5 Kauti Risi Phimai NR Arogayasala 13 A.D.
6 Traces of Temple Phimai NR Disturbed ND
7 Traces of Temple Phimai NR Disturbed ND
8 Tanang Sapom Phimai NR Port 12-13 A.D.
9 kusila Huei Talang NR Rest House 13 A.D.
Ban Muang Ancient 2000-1300
10 Muang Plabpla Plabpla Huei Talang NR Village BP.
Ban Muang
11 Sim Watplabtong  Plabpla Huei Talang NR Temple Lao style
12 Prasat Hueikan Ban Huai Kan Huei Talang NR Rest House 13 A.D.
13 1401 Mound Patailin Lamplymas Burirum Potsherd area  Prehistoric
14 Moat of Patailin Patailin Lamplymas Burirum Moat Site Prehistoric
15 Moat of Patailin Patailin Lamplymas Burirum Moat Site Prehistoric
Prasat Samrong
16 Kao Samrong Kao Lamplymas Burirum Rest House 13 A.D.
17 Samrong Kao Samrong Kao Lamplymas Burirum Moat Site Prehistoric
Moat of Mueng
18 Fai Muang Fai Lamplymas Burirum Moat Site Prehistoric
19 Ban Prasat Tong Ban Prasattong ~ Nong hong Burirum Moat Site Prehistoric
20 Prasat Kutanob Muang Fai Nong hong Burirum Temple 11-12 A.D.
21 Prasat Klang Ban ~ Ku Muang Muang Fai Burirum Brick Temple  11-12 A.D.
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Archaeological Sites

No. NAME VILLGE DIST PROV TYPE DATE_

22 Prasat Tong Prasat Tong Muang Fai Burirum Brick Temple  12-13 A.D.
Trace of

23 Kok Prasat Kok Prasat Nong Hong Burirum Temple ND

24 Prasat Thepsatit Thepsatit Chamni Burirum Resthouse 13 A.D.

25 Sapan Hua Sapan Chamni Burirum Old Bridge 70 BP

Prasat Nong

26 Plong Nong Plong Chamni Burirum Rest House 13 AD.

27 Moat of Prasat Prasat porn Chamni Burirum Part of Temple 11 A.D.

28 Prasat Porn Prasatporn Chamni Burirum Brick Temple  11-12 A.D.

29 Kok Prasat Nongjok Nang Rong Burirum Rest House 13 A.D.
Trace of

30 Prasat Prasat Tepsatit Chamni Burirum Temple unknown

31 Prasat Silium Nongtao Chamni Burirum Temple 12 A.D.
Pediment of

32 Kuti Risi Nongtao Chamni Burirum Temple 11 A.D.

33 Prasat Nongtao Chamni Burirum Brick Temple  11-12 A.D.

34 Bung Noi Ban Bung Noi Ban Kruad Burirum Burial Site Prehistoric

35 Kok Prasat Ban Prasat Ban Kruad Burirum Kiln 9-12 A.D.

Chalerm

36 Phnom Rung Prakiet Burirum Temple 10-12 A.D.

37 Kuti Risi Nong Bua Lai Prakon Chai Burirum  Arogayasala 13 AD.

38 Ban Bu Ban Bu Prakon Chai Burirum Rest house 13 A.D.

39 Kauti Risi Muang Tam Prakon Chai Burirum  Arogayasala 13 AD.

40 Prasat Muang Tam Jarakemak Prakon Chai Burirum Temple 11 AD

Lahansaikao,
41 Prasat Tamor Hinlad Bankruad Burirum Rest House 13 AD.
42 Prasat Tong Ban Kruad Bankruad Burirum Brick Temple  10-11 A.D.
Prasat,
43 Tamnoppra Ban Kok Raka ~ Bankruad Burirum Temple Ruin ND
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Archaeological Sites

No. NAME VILLGE DIST PROV TYPE DATE_
Phnom Dong
44 Prasat Tong Nong Kana Rak Surin Temple 11-12 AD.
Phnom Dong
45 Prasat Tameun Toj Nong Kana Rak Surin arogayasala 13 AD.
Phnom Dong
46 Prasat Tamuen Nong Kana Rak Surin Rest House 13 AD.
Prasat Tamuen Phnom Dong
47 Thom Nong Kana Rak Surin Temple 11 AD.
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Furnace Huai | Samrong Nong Nong Kok Ban Ta
Kukosi Tamor
No. Kan Kao Tapleng | Plong | Prasat | Bu Muen
0 89.92 74.26 67.92 53.71 42.87 31.63 | 17.47 4.55 19.02
1 89.96 74.31 67.97 53.75 4291 31.67 | 17.49 4.70 19.06
2 90.09 74.44 68.10 53.87 | 43.02 31.78 | 17.59 4.88 19.03
3 89.84 | 74.18 67.84 53.62 | 42.79 31.55 | 17.38 4.59 19.12
4 89.78 74.12 67.78 53.57 | 4274 | 31.50 | 17.34 4.56 19.15
5 89.78 74.12 67.78 53.56 | 42.73 31.49 | 17.33 4.55 19.15
6 89.73 74.07 67.73 53.52 | 42.69 31.45 | 17.29 4.53 19.18
7 89.69 74.03 67.69 53.48 | 42.65 31.41 | 17.26 4.47 19.19
8 89.59 73.92 67.58 5338 | 42.55 31.31 | 17.16 4.45 19.28
9 89.54 | 73.88 67.54 53.33 42.51 31.27 | 17.13 4.40 19.30
10 89.50 73.84 67.50 5330 | 4247 31.23 | 17.09 4.39 19.33
11 87.73 72.10 65.77 51.51 40.64 | 29.40 | 15.20 540 | 21.27
12 87.69 72.06 65.73 51.47 | 4059 | 29.35| 15.15 545 21.32
13 87.72 72.08 65.75 51.50 | 40.64 | 29.40 | 15.22 5.21 21.18
14 87.73 72.10 65.77 51.52 | 40.65 29.41 | 15.23 5.27 21.20
15 87.67 72.03 65.70 51.46 | 40.60 | 29.36 | 15.19 5.17 21.20
16 87.65 72.00 65.67 51.43 40.58 29.34 | 15.17 516 | 21.21
17 87.58 71.93 65.60 51.36 | 40.51 29.27 | 15.11 5.13 21.25
18 87.55 71.90 65.57 51.33 40.48 | 29.24 | 15.08 5.14 | 21.28
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Furnace Huai | Samrong Nong Nong Kok Ban Ta
Kukosi Tamor
No. Kan Kao Tapleng | Plong | Prasat | Bu Muen
19 87.22 | 71.53 65.18 51.02 | 40.25 29.01 | 14.99 430 | 21.11
20 87.30 | 71.61 65.26 51.11 40.35 29.11 | 15.12 4.11 20.96
21 87.37 | 71.67 65.32 51.17 | 4042 | 29.18 | 15.19 4.05 20.89
22 87.63 71.94 65.59 51.43 | 40.67 | 2943 | 1541 4.05 20.70
23 86.70 | 71.03 64.69 50.49 | 39.68 | 28.44 | 14.36 5.02 | 21.80
24 88.84 | 73.13 66.78 52.65| 4190 | 30.67 | 16.67 3.34 19.45
25 88.82 | 73.11 66.76 52.63 | 41.88| 30.65 | 16.65 3.39 19.48
26 88.80 | 73.09 66.74 52.61 41.86 | 30.63 | 16.63 3.37 19.49
27 89.02 | 73.31 66.96 52.83 | 42.07 | 30.84 | 16.82 3.42 19.32
28 89.05 73.35 67.00 52.86 | 42.09 | 30.86 | 16.83 3.53 19.34
29 86.89 | 71.11 64.75 50.76 | 40.17 | 28.97 | 15.37 2.88 | 20.65
30 86.87 | 71.10 64.74 50.74 | 40.15| 28.95| 15.34 292 | 20.68
31 86.92 | 71.15 64.79 50.78 | 40.16 | 28.95| 15.29 3.02 | 20.71
32 87.00 | 71.23 64.87 50.86 | 40.26 | 29.05 | 15.41 2.89 | 20.60
33 87.08 71.32 64.96 50.94 | 40.31 29.10 | 15.41 2.94 | 20.58
34 87.13 71.37 65.01 5098 | 4034 | 29.13 | 1541 2.99 | 20.58
35 89.03 73.31 66.96 52.84 | 42.11 30.88 | 16.90 3.14 19.20
36 89.08 73.36 67.01 52.89 | 42.16 | 30.93 | 16.96 3.10 19.14
37 89.07 | 73.36 67.01 52.89 | 42.16 | 30.92 | 16.95 3.15 19.16
38 89.10 | 73.39 67.03 5292 | 42.19 | 30.96 | 16.99 3.09 19.11
39 89.02 | 73.30 66.94 52.83 | 42.11 30.87 | 16.91 3.08 19.18
40 9436 | 78.76 72.44 58.13 | 47.19| 3597 | 21.67 7.98 16.39
41 9426 | 78.67 72.34 58.04 | 47.09 | 35.87 | 21.56 7.97 16.51
42 98.06 82.15 75.76 62.15 51.85 | 40.75| 27.42 9.21 8.83
43 98.05 82.15 75.75 62.14 | 51.86 | 40.76 | 27.44 9.23 8.83
44 97.99 82.09 75.70 62.09 | 51.81 40.71 | 27.40 9.19 8.88
45 97.96 82.05 75.66 62.05 51.77 | 40.67 | 27.35 9.14 8.92
46 97.96 82.05 75.66 62.05 51.76 | 40.65 | 27.33 9.12 8.93
47 97.99 82.09 75.70 62.08 | 51.79 | 40.69 | 27.36 9.15 8.89
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Furnace Huai | Samrong Nong Nong Kok Ban Ta
Kukosi Tamor
No. Kan Kao Tapleng | Plong | Prasat | Bu Muen
48 99.32 | 83.52 77.14 6322 | 52.62| 4141|2753 9.98 8.84
49 99.35 | 83.54 77.16 6324 | 52.65| 4143 27.55| 10.00 8.83
50 99.34 | 83.54 77.16 6323 | 52.63| 4142 27.53 10.00 8.86
51 99.34 | 83.54 77.17 63.24 | 52.63 | 4142|2752 | 10.01 8.89
52 99.40 | 83.60 77.22 6329 | 52.69| 4147|2757 | 10.07 8.86
53 99.44 | 83.64 77.26 63.33 | 5273 | 41.51 | 27.62| 10.10 8.81
54 99.41 | 83.60 77.23 6330 | 5270 | 41.49 | 27.60 | 10.07 8.80
55 98.59 | 82.79 76.42 6248 | 51.88 | 40.66 | 26.77 9.26 9.57
56 98.61 | 82.81 76.44 62.51 | 5190 | 40.69 | 26.80 9.28 9.53
57 98.66 | 82.86 76.48 62.55| 51.95| 40.73 | 26.85 9.33 9.49
58 98.77 | 82.97 76.60 62.66 | 52.06 | 40.84 | 26.95 9.44 9.41
59 98.73 | 82.93 76.56 62.62 | 52.02| 40.80 | 26.92 9.40 9.43
60 98.81 | 83.01 76.64 62.70 | 52.09 | 40.88 | 26.99 9.49 9.39
61 98.82 | 83.02 76.65 62.71 | 52.09 | 40.88 | 26.98 9.50 9.42
62 98.79 | 83.00 76.62 62.68 | 52.06 | 40.84 | 26.94 9.48 9.47
63 98.74 | 82.94 76.57 62.62 | 52.00| 40.79 | 26.88 9.42 9.53
64 98.66 | 82.87 76.49 62.54 | 5193 | 40.71 | 26.80 9.35 9.61
65 98.58 | 82.79 76.41 62.47 | 51.85| 40.63 | 26.73 9.27 9.65
66 98.56 | 82.77 76.39 62.45 | 51.84| 40.62 | 26.73 9.24 9.63
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a

madam e e Tuan1ig Oxidized guInNga

QU

k4
mmufﬁqmaqzﬁam%uzﬁ'@mem%meTu 5
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(208199 1.3 1389 Thlok A kong klin

Thiok Akaowkin

N N B
E B B

Stoneware (White ware)/ body

Surface MAUZITiBIN3 uAADY A A 10YR 9/1White

waeunda e 1131 0.2 Taawas

Inner surface a1 TEM 10YR 9/1 white misdmiluuaoundy dlunsiuglée
IFUAAU (coiling)

Cross-section surface 10YR 9/1 white

ANNHUIVOINTIAA 3.63-3.78 Taauas Unquuidvrivuianstonile 0.05-0.1
dadwas Uszuia 2-3 ediduduaiigaz@dvuia 0.05 Tadwas dsvauna 0.5-1
wlosidud

madam s luaun Tuan1ig Oxidized gungige

Y
ﬂ’J"I‘JJLL‘ﬁ\iEU’E)\‘]Lﬁ’E)ﬂ"IGISHZ ﬁ’aamm‘%mmﬁ’u 5
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M208197 2.1 1%ad Thlok Ktum Klin

Stoneware / neck
F

Surface MPULIUDUATUAADU T 10YR 2/1 black
AAOUUAIMVUAINUITI 0.2-1.0 HaduAI
Inner surface A1 AN 10YR 7/2-7/3 light gray — very pale brown

A 9 a A d’Q 9 ~ 9 [ 1A 9 9
AADUAIUNU 0.2 HAdIUAT NHINVFUTOVIGaaFoUNUMTANUAINIA11 1]

uflumnyu

Cross-section surface 10YR7/1 Light grey

ANURUIVDINUIAR 4.46-5.81 Hadwas wugadzdiiaradudr vu1a 0.05-0.1

a A J J
Haawasin 2-3 wWesiyua

a = v A

Y
madan s lum e luan1ie Oxidized UNHUEN LL@Lﬁﬂﬂu%@u“ﬂﬁﬂﬂﬂmu@ﬁ%Wﬂ

Y o ax o
UAUNANWUDINUIAANTLINIAN
9
Y

3 1 1w
ﬂ'ﬂlll!ﬁ]Nﬂl@QLﬁﬂﬂT‘lﬂ!% u@amm%mm‘u 5
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M208197 2.2 u¥iad Thlok Ktum Klin

Stoneware / base

Surface MBUIHBLNTUNTOUAI T 5GY 9/1 Light Green
IARBUNUITII 0.2-0.5 UAALUAT

Inner surface A1 AR 5GY 9/1 Light Green RO UHUININY

Cross-section surface 10YR8/1-7/1 White-Light gray

ANUMUIVBINTIAA 9.92-12.61 Haduas TyalzFdimidrvuia 0.5-1 Taawas 2-3

J I J A 1A [ 9, Aa A "3
Lﬂﬂil“ﬁu@ Lmzmuﬁmnﬂguﬁuummiwuﬂd 0.05-0.2 yaatuag ﬂﬁgfﬂ']f]'f)qﬂ'lllﬂﬁ']'ﬂ 1-2

L4

<3
lod1gud

Ao A

Y
matamsw luaus Tuan1e Oxidized Qmwguqmmﬁmuﬁaumﬂmmummﬂ

Q

(3

Y S o
UAUNAWUDINUIAANTLNIAN
9

<3 1 1w
ﬂ’ﬂlll,!,“’l]\isllﬂx‘]l,ﬁﬂﬂTGHHSfl}f‘JEJﬂTJTﬁ%@Wﬂﬂ‘U 5
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208199 3.1 11789 Kok Cheng Meng Klin

Stoneware / rim
d" J ] A a A = .

Surface M¥utounIa lndouAIZeY & 7.5YR 6/3 Light brown

Inner surface & 7.5YR 6/3 Light brown H1TaRAINUIFUT0UINT 8eFOUAUMITANLAS
i sululaelduilumgu

Cross-section surface 7.5YR 7/3Pink {1a¢ 10YR4/1 dark gray

ANMUHUIVDINTIAA 5.91-13.87 Haauas Unguusavvuranstonils 0.05-0.1
A a S I 4 =\ A o Aa A
Naawes sz 3-5 nlesiGuduaziyalzadivuia 0.02-0.05 Yaawas Ussuia 1-2

<3

wWosidud

A o A

Y
matamswn e luegn1ie Oxidized Qmwguqmmﬁaﬂuﬁaummmmmmn

Y v ag o
UAUNANUDINUINANTINIAN
<3 & 9 ' A Y
ANVLUIVDUUDNIBUSUDYNIINITBDININD 5
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M08199 3.2 u1ias Kok Cheng Meng Klin

Stoneware / shoulder
dy 1 1 A a a = % d'a 9

Surface M¥ULIHOUNTI NAROUAITEY & 10YR 5/1 gray WISRAINUIFUTOUI
=} 9 (Y 1T a9 Y Y
FosrounumsanuaiInululaglasuilunyy

Inner surface & 10YR 5/1 gray

v Aa o I A % ax a F) = 9 o 1

wiaNAanEAzE Ao uAaUN UL 1AeI5UAA LA WLLFUTOLINE SEDUAUANLAY
A luTagldudlunayu

Cross-section surface 10YR 6/1 gray

ANMUNUIUDINTIIAA 7.22-8.40 Hadmas Unquusduyuauiansiondls 0.05-0.1
A A L 4 =1 = %} o A a
Naawas dszum 2-5 wedikuduaziyallsaimamvuin 0.02-0.05 Jaawas Ussua 1

<3

nlodigud

matamswn e Tuan1ig Oxidized guInNga

<3 { 1 1w
mmmwmgﬁﬂﬂWuzﬁ'aﬂmm%mmu 5
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M08199 3.3 urias Kok Cheng Meng Klin

Stoneware / rim
9
Surface MBULLHBLNTAAADUAIYU FAI AN 5GY 5/1 Greenish grey
A Y = A a ] A oA
AADVLNINULAIHUITIY 0.2-1.0 Haamasveulinanuasalemssslolalsuranna
I J A a g ' Y Yy 9 J (%
HusosnanlunurueunyuiulagsounadudiuTaayuuay TauNvuaan1e nu
Inner surface U IUFINT 7.5YR 5/3 brown
v a Aa 9 = Y [ ' a 9 Y
ARINHINUITUIOVIT BT UNUMIANUAIEIA T U g T umvyu
Cross-section surface 7.5YRS5/1 gray
ANUMUIVBINIIAR 6.98-0.37 Hadmwas nugallzdd vuia 0.05-0.1 Haamwass 1-
J < 4 A oA 1 9, A a " O
2 wosidud nazlusdvrguauiansionils 0.05-0.1 Hadwas nszarwegina lilsg 12
<3
wWosidud
matamswn e Tuan1ig Oxidized guInnNga

3 { 1 1w
ﬂ’J111LL“’INEUQQLﬁﬂﬂTGHHSﬁ)ﬂEJﬂTJTVﬁFJWHﬂ‘U 5
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M08199 3.4 u1ias Kok Cheng Meng Klin

Kok Cheng Meng Kim

N BN =
E = B

=]

Stoneware (Cream ware) / body

Surface MAUIHOLNTUnADUE F71 2.5 7/4 Pale yellow

et laaIu 111517 0.1-0.2 Hadwas

Inner surface 811143 2.5Y 7/4 Pale yellow misdmluuaoundy Wunsiuglée
FFUAAU (coiling)

Cross-section surface 2.5Y 9/1 white L& 2.5Y7/1 light gray

AMUNUIVBININAR 4.36-5.70 Haawas Jyatlzdduuia 0.05-0.1 Tadwas Uszum
| wefifud iifeRunamiiznavvinaiin

matam e e Tuan1ig Oxidized guivniga

<3 4 ' 1w
mmmmmauﬁam%uz ﬁ}aﬂmm%mmu 5
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f19e137 4.1 11a9 Kok Yeay Deng

kek Yeay Deng

“E mm W |
m OB B .

Stoneware / rim
9

Surface m%umﬁmmmmﬁ&m o 7.5YR 8/4 Pink
A - A g 9 ~ P ) Y 9 - A
mauﬂmuazﬂ@mmmmrﬂumuiaumiﬂwauﬂuiﬂﬂ“lﬁmﬂumgummmqm
Inner surface ﬁ'mclu'?f 7.5YR 8/4 Pink
v A Aa 9 = 9 Y ' a 9 Y 9
ﬂN’J‘VIW?WULﬁuﬁ’ﬂ‘UQ\‘llﬁEN“B’[’)L!ﬂ‘Llﬂ"Ii@ﬂLWNW?@"IuGluGlGD'LL‘]JuﬁHu

Cross-section surface & 7.5YR 8/4 Pink

Y
ﬂﬂﬁJﬁuT‘UfNﬁﬁWﬂﬂ 6.81-11.98 UaqaLtuag Wugﬂﬂzﬁmma VUIA 0.05-0.2 Uaatung
< <3 4 1 1 dy Aa I

317 5-7 Ll]@il,"]m@ W‘U%@Q’JNGLHLH’EJ@]HLTJHLLH’JEJYJ

matamawn e luaniiz Oxidized gungiiga

<3 { 1 1w
ﬂ’ﬂlll,!,“’ll\isllﬂfilﬁ@ﬂT%HSﬁ)ﬂﬂﬂﬁiﬁéﬂlﬂTﬂﬂ 5
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M19e137 4.2 1189 Kok Yeay Deng

Kok Yecay Dewag

Stoneware / body
2
Surface MFULIHBLATUADOU & 10YR 3/1 Very dark gray
A Y =X A A Aa "9 a2 Y Y Ax
AADVLAINUKUITII 0.5 VaAUATHIANUAIAI8A1UA UITUUUIU (ITUNTALIN)
Y ' A =
Inner surface a4 11 lARBUE 10YR 5/1 gray
v Aa @ I A kA ad a F) ~ 9 [
pilanFanyaziduasunaumsdulaedsuaauuasnuduso U 89FoUN Y
anuasiaa I Taelfudlunyu
Cross-section surface 10R5/1-6/1Reddish gray
ANUNUIVBINTIIAR 8.20-8.54 Haamas Husavvinansienils 0.05-0.1 iadwas
" @ <
nsz1eagna 11in 2-5 nesidud
matamswn e Tuan1ig Oxidized guInnNga

3 4 ' 1w
ﬂ:n:u!,!fuqsuauﬁam%uzﬁ}aﬂmm%mmu 5
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f19e137 4.3 11a9 Kok Yeay Deng

Stoneware / body
9

Surface MyULIUBUATIAADY & 10YR 2.5/1 reddish black

A Y =X A Aa Aa Ty a2 g Y Y Ax
AADULNINVYIUITII 0.5 Uaalung mmﬂummamﬂmmﬂumummu (AUNVAVN)
Inner surface 11114 110IAADVF 10YR 5/3-6/4 weak red — peal red

o Aa 9 >~ 9 o 1A g Y 9
NHINAINULTUIDUINLTYIEDUNU ﬁﬂLWNN’mTuiuIﬂEJGI,GD'LUJMWHH
Cross-section surface 7.5YR6/4 Pale red 1182 10YRS5/1Weak red
ANUMUIVBINTNAA 11.17-15.49 Haaiuas

= [

k4
matiansw luan Tuan1iz Oxidized guivigiiguiioauiiduvseingilue

e® .

3 4 1 1w
ﬂ’J111LL“’UQEUQ\‘]Lﬁ’ﬂﬂﬁﬂ!%ﬁf‘]ﬂﬂ??ﬁ%ﬂ!'ﬂ?ﬂ‘ﬂ 5
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M19e137 4.4 11a9 Kok Yeay Deng

Stoneware / shoulder
9

Surface MFULIUBLUNTUAADU A 10YR 7/6 Yellow ag 10YR2/1 Black

A Y =X Aa a Aa T Y = I 9
NADVLNINUYUITI 0.5 Haaluas AIANUAIAIAIBUALL UIFUYUIU
Inner surface a1 11 11ROV 10YR 8/2 Very peal brown

% I 4 a3 3 a
missuluiuaounau iumsiugidreisuadu (coiling)
Cross-section surface 10YR7/1Light gray
ANUNUIVDININAR 11.57-14.59 Haaag

=) go’ o a A 4 4 =\ 1 1

nugadzaiiaaludr ¥u1a 0.05-0.1 Haawnss1d 1 esisud uazlnsaviiyuy

= 9| A a Y = 4

AN 1wl 0.05-5.10 Hadwas nzneegn 11511 2-3 nlosigud

mAuAnN T 11w 1uan122 Oxidized

3 4 ' 1w
ﬂ'JHJLL“INEIJﬂQLﬁi’Jﬂ”IGHHSfJJf‘Jﬂﬂ??ﬂ%ﬂl‘ﬂTﬂ‘U 5



82

M19e137 4.5 a9 Kok Yeay Deng

Stoneware / body
9
Surface MFULIUBLNTUAADY T 10YR 5/3 brown 1azd 10YR2/1 black
A Y =X A a A Y A o Y A
A ULNINUT LTI 0.8 UALUAT maemmaﬁm”lwammmLmeuazumuau
Inner surface AU IUIAROUAIUT SYR 7/3 pink
v Aa @ I A kA ad a F ~ 9 [
W‘LN1’1W’Jaﬂ‘klﬂ!$L1J1Ja@uﬂauﬂ'lﬁﬂuiﬂEJ”J‘E‘U@’I@IL!LL&ZWULﬁui@‘ﬂﬂﬂliﬂﬂ“ﬁﬂuﬂu
anuasiaaIuTaeldudlunyu
Cross-section surface 10YR7/1Light gray
a a %)‘ o
ANNHUIVDIHIIAR 5.88-6.93 Hadwas Uyadzdiiaaludivuin 0.05-0.1
a A J 2 o = U= [} = Y| a A
Haawas Yszua 2-3 1Wosigua !,Lﬁ253JLL§ﬁGUTJ“U‘HGIJlHﬂTITIEJfNLL‘]JQ 0.05-0.1 ¥aaLuag
" O J 2 J dy a v A <
ﬂigfﬂ"lflﬂg‘ﬂ’llklﬂﬁ’l 1 Lﬂaimumuaﬂuwﬂmugﬂammmaﬂ

£l
a =

matamawnTumsn luaniz Oxidized gungiiguilodAuldunIsingueg

u

3 4 ' 1w
ﬂ’ﬂlll!,“’ll\isll@\‘]l,ﬁﬂﬂTGHHSﬁ}f‘JEJﬂTJTVﬁFJWHﬂ‘]J 5
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M9e137 4.6 11189 Kok Yeay Deng

Kok Yecay Dewng

H N W |
B mm = o

Stoneware / body

Surface MIULITIOUNTUNTOUAM 7D 5GY §/1 Light Greenish gray

INADVHUITI 0.2-0.5 HadaLung

Inner surface MU 1WA 5GY 8/1 Light Greenish gray IAADUNUUMNY

Cross-section surface 10Y8/1 Light Greenish gray

AMUNUIVDINTIIAA 6.00-6.12 adiuas Hyadzf@imidivuina 0.5-1 Jaawas 1
wlediFud uazlinidvaquvuansoutls 0.05-0.2 Tadwas nizaisegialisn 12
wosidud
misduluiuasuniu L?Jumﬁeﬁugﬂﬁ'aﬂﬁwﬁu (coiling)
matamawrn Tua i luaniiz Oxidized gungiiga

< g [ [y}
ANV UL ONMF UL DINTIHI DAY 5
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M19e137 4.7 11a9 Kok Yeay Deng

Kek Yeay Deng

T

Stoneware / body
9
Surface MFULIHBLATUATOUAIU TR 10Y 8/1 Light Greenish gray
IARBUNUITII 0.2-0.5 UAALUAT
Inner surface A1 AR 10Y 8/1 Light Greenish gray AADUNUININY
Cross-section surface 10Y8/1 Light Greenish gray
ANNHUIVOINT AR 7.8-6.9 Tadiuas HyadzTimid1auin 0.2-0.3 adiuas 1
J 2 4 A 1A ' 9, A A T
wediduduazinsavinguayuianitenile 0.05-0.2 Hadwas nszarvegnalilsin 1-2
3
wWofidud
v Aa 9 = 9 o " a 9 Y Y
HINFHINUEUI 0B B UNY Aanuaarmdau Ty Taelsuilumyu

a

matan s lwaum Tueannne Oxidized UNHUE

G

3 4 1 1w
ﬂ’ﬂlll!fll\ﬁl@\‘]lﬁﬂﬂTGHHSf!}ﬂEJﬂTJT?ﬁFJWHﬂ‘]J 5
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M208197 5.1 11489 Kok Treas Klin

Stoneware / shoulder
1 v
Surface NFULIUBUNTUATOUATUAIT 2.5Y 3/1Very dark gray wilshnamuiduyu
J = 9 @ Y~ A I dy Y an a

ANLIANTDVNITBIFDUNUMIN (Huaounau Jumsvugialedisuaau

Inner surface & 2.5Y 3/ 1Very dark gray

] d‘a [ I d’ A as a

wiaNAanyaziluasunaumsu lasIsvaay

Cross-section surface N 8/1white

ANMUHUIVOIHIIAR 9.23-11.92 Hadwas Tnguusduryuvuianstenil 0.1-1.95
Aa A < 3 4 =\ A o Aa A
Naawas Uszuia 2-3 tWedtdud uazigalz@divnia 0.02-0.05 Vaawas Uszuia 1

s 3 o 1 1 49’ Aa 1

nosudnuyeaneluiiodugilsenanuazen?

matamawrn Tue s Tuan1iz Oxidized guniga

< { 1 1w
‘ﬂ’ﬂllLL“]J\isllﬂﬂl,ﬁ’ﬂﬂT%u%ﬁﬂﬂﬂﬁTﬂ%@mTﬂ‘U 5
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M208197 5.2 1489 Kok Treas Klin

Kek Treas Kiln

Stoneware / body
9
Surface MFULIHBLATUATOUAIU TR 10Y 8/1 Light Greenish gray
IARBUNUITII 0.2-0.5 UAALUAT
Inner surface A1 AR 10Y 8/1 Light Greenish gray AADUNUININY
Cross-section surface 10Y8/1 Light Greenish gray
AMUNUIVDINTIAR 7.8-6.9 Hadiuas Tyadz@imidrvuia 0.05 Tadwas 1
J 2 4 A 1A [ 9, A A v
wediduduazinsdvinguayuianiienile 0.05-0.1 Hadwas nszareegnalilsin 1-2
<
wWofidud
v Aa o I A A Aasy Aa
nilanAanvaziuasuaaumstulasisuaau
matamawrn Tua s luaniiz Oxidized gungiiga

3 4 1 1w
ﬂ’J111LL“’UQEUQ\‘]Lﬁ’ﬂﬂﬁﬂ!%ﬁf‘]ﬂﬂ??ﬁ%ﬂ!'ﬂ?ﬂ‘ﬂ 5
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08199 6.1 11ia9 Kok Kjeay Kiln

kok L;__\ta;{ Kiln

"

Stoneware / rim
¥
Surface MFULIHOLUNIIHITOU T 7.5YR 8/3 Pink
~ T 9 <2 Yy XK a % 1T A I 9
nveuihnanuasdremanatluduaninaasunalgasy taznovaALAIRI)WITUTD
[ @ 1A ' I - < 1%
vniosdounu laglduilumyudauasin lnanaduduanuazdueniudu
Inner surface A1U U 7.5YR 8/4 Pink
v A Aa 9 = Y [ ' a 9 Y
AINAIMUITUI DU NITEIFRUAUMIANUA IR T g uryu
Cross-section surface & 7.5YR 8/4 Pink tiag 7.5YR7/1 light gray
ANUNUIVOININAR 6.85-15.78 Haamwas nualedd v 0.05-0.4 aawas 512
L 4 ] [ dy Aa I
3-5 wlosiFua nuredIlulieauiluunle

v Y

matiansenTumusn Tuan1ig oxidized guugigalivaud@megiununaluiionu

= %

UdUNIBINY

3 4 ' 1w
ﬂ’ﬂll!,!,“’ll\isllﬂx‘llﬁﬂﬂT%Hzﬁ}ﬂﬂﬂfﬂﬁéﬂl'ﬂTﬂ‘U 5
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08199 6.2 11ia9 Kok Kjeay Kiln

Stoneware / body ALY,
k4

Surface MFULIUBLNTUAADVAIN T 10Y 8/1 Light Greenish gray

INADUNUITI 0.2-0.5 Hadunas

Inner surface AU TR 10Y 8/1 Light Greenish gray RO UNUUNINY

Cross-section surface 10Y8/1 Light Greenish gray

ANUHUIVDINTIAA 6.70-8.32 Faaas Hyalz@mid1vuia 0.05 Hadwas 1-2

s I I A 1A [ 9| A A [
o didua uazlinidvyuvuiansionils 0.05-0.1 Hadmas nizawegnalisin 12
<
o idud
v Aa o I A kA axy a

nilanianvaziuasuaaumstulasisvaau
matiam e lua s Tuan1ag Oxidized guingiiga

Y
ﬂ’J"I‘JJLL%\?EU’ENLﬁ’f)ﬂ1%u$ﬁ}®ﬂﬂ311/ﬁﬂm"lﬁﬂ 5



M131391 3-10 HAAININAFUTNHUENNNMINNVBIAIDH

&9

Sample | Thickness COLOUR TEXTURE
Outter Inner very
No. mm. surface surface Core fine fine medium
1.1 7.17 2.5Y8/1 2.5Y6/1 2.5Y6/6 * \/ *
1.2 14.71 10YR2/1 7.5YR6/1 7.5YRS/1 * \/ *
1.3 3.63-3.78 10Y9/1 10Y9/1 10Y9/1 \/ * *
10YR7/2-
2.1 4.46-5.81 10YR2/1 7/3 10YR7/1 \/ * *
9.92-
2.2 12.61 5GY9/1 5GY9/1 10YRS8/1-7/1 \/ * *
7.5YR7/3-
3.1 591 7.5YR6/3 7.5YR6/3 10YR4/1 \/ * *
3.2 7.22-8.40 10YRS/1 10YRS5/1 10YR6/1 \/ * *
33 6.98-9.37 5GYS5/1 7.5YR5/3 7.5YRS/1 \/ * *
3.4 4.36-5.70 2.5Y7/2 2.5Y7/4 2.5Y9/1 \/ * *
4.1 6.81 7.5YR8/4 7.5YR8/4 7.5YR8/4 \/ * *
4.2 8.20-8.54 10YR3/1 10YRS/1 10R5/1-6/1 \/ * *
11.17- 10YRS/3- 7.5YR6/4-
4.3 15.49 10YR2.5/1 6/4 10YRS5/1 \/ * *
11.57- 10YRS/3-
4.4 14.59 10YR7/1-2/1 6/4 10YR7/1 \/ * *
4.5 5.88-6.93 | 10YR5/3-2/1 SYR7/3 10YR7/1 \/ * *
4.6 6.00-6.12 5GY8/1 5GY8/1 10Y8/1 * \/ *
4.7 6.90-7.80 10Y &/1 10Y8/1 10Y8/1 * \/ *
9.23-
5.1 11.92 2.5Y3/1 2.5YR3/1 N8/1 * \/ *
52 6.90-7.80 10Y 8/1 10Y8/1 10Y8/1 \/ * *
6.1 6.85 7.5YR&/3 7.5YR8/4 7.5YR8/4-7/1 \/ * *
6.2 6.70-8.32 10Y 8/1 10Y8/1 10Y8/1 \/ * *
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a d
WaN1IAUNITH

o 1A
717398191 1.1

A1UT381Y

Basic mineral components

C/ flimit at 10 pm. , ¢/f ratio 25:75

Coarse fraction: The mineral grains are mainly single quartz grains, silt size to medium
sand size almost angular and few grains are sub round. Chert fragment are frequent fine sand to
medium sand size, few pedorelicts (probably artifacts) sized 500 um, brown to dark brown in
color, rare zircon; poorly sorted the iron oxide nodules, various size, present about 5- 7 %.

Fine fraction: Grayish brown, clay to fine silt size material, dotted appear under
transmitted light.

Basic organic components: none present.

Ground mass: the c/f related distribution pattern is opened to close porphyric,

The b- fabric of the micro mass is undifferentiated.

Void patterns: Vughs and channel are dominant and generally show parallel orientation.

Estimated total void spaces 40 % of the area of thin section.
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0819 1.2

Basic mineral components

C/ f limit at 10 pum. , ¢/f ratio 30:70

Coarse fraction: The mineral grains are dominant in single quartz grains, sized up to 700
um very fine sand to coarse sand size and usually are angular, few pedorelicts sized up to
1500um, the iron oxide nodules generally are manganiferous nodules and present about 5- 7 %.

Fine fraction: Dark brown, clay size material, under transmitted light.

Basic organic components: none present.

Ground mass: The c/f related distribution pattern is open to close porphyric, The b-
fabric of the micro mass is undifferentiated.

Void patterns: Vughs and channel are dominant and generally show parallel orientation.

The voids spaces are slightly decrease to cover about 30% of the area of the thin section.
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0819 1.3

Basic mineral components

C/ f limit at 10 pm., ¢/f ratio 90:10

Coarse fraction: The mineral grains mostly are single quartz grains, generally are fine
sand size to silt size and usually angular, a few chert fragments which are in fine sand size, few
magnetite and very few leucoxene rare broken quartz sized 2000 pm.

Fine fraction: Pale grayish brown, clay to fine silt size, dotted appear under transmitted
light.

Basic organic components: none present.

Ground mass: The c/f related distribution pattern is close porphyric, The b- fabric of the
micro mass is weakly stipple speckled to undifferentiated.

Void patterns: Nearly massive, few vughs and not interconnected. Estimated total about

5-7% of the area of the thin section.
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0814 2.1

Basic mineral components

C/ f limit at 10 pm, c/f ratio 25:75

Coarse fraction: The mineral grains are almost in single quartz grains, silt size to
medium sand size and usually are angular to sub round. Chert fragment are few, fine sand to
medium sand size, rare polycrystalline quartz and zircon; poorly sorted. The iron oxide nodules,
various size, present about 10 %.

Fine fraction: Pale grayish brown. Clay to fine silt size material, dotted appear under
transmitted light.

Basic organic components: none present.

Ground mass: The c/f related distribution pattern is close porphyric, the b- fabric of the
micro mass is weakly stipple speckled to undifferentiated.

Void patterns: A few vughs and not interconnected. Estimated total about 5-7% of the

area of the thin section.
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M08 2.2

Basic mineral components

C/ f limit at 10 pm., c/f ratio 40:60

Coarse fraction: The mineral grains almost are in single quartz grains, silt size to
medium sand size and usually are angular to sub rounded, chert fragment are few, fine sand to
medium sand size, rare polycrystalline quartz and zircon; poorly sorted. The iron oxide nodules,
various sizes, present about 10 %.

Fine fraction: Pale grayish brown, clay to fine silt size material, dotted appear under
transmitted light.

Basic organic components: none present.

Ground mass: The c/f related distribution pattern is close porphyric, the b- fabric of the
micro mass is weakly stipple speckled to undifferentiated.

Void patterns: Estimated total void space about 10-15 % of the area of the thin section,

generally are short planar voids and vughs.
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0814 3.1

Basic mineral components

C/ f limit at 10 pm., c/f ratio 20:80

Coarse fraction: The mineral grains dominant in single quartz grains, silt to medium
sand size, angular to sub rounded. Common iron oxide nodules, sized 50-250 um. Chert fragment
are frequent few polycrystalline quartz and metamorphic quartz rare biotite; and iron oxide
impregnative nodules sized 2500 pm with sharp boundaries.

Fine fraction: Brown, clay to fine silt size material, cloudy appear under transmitted
light.

Basic organic components: none present.

Ground mass: The c/f related distribution pattern is open to close porphyric, The b-
fabric of the micro mass is undifferentiated.

Void patterns: Generally are channel (100-200 um width) and short planar voids

usually show parallel orientation. Estimated total void spaces 15% of the area of thin section.
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0819 3.2

Basic mineral components

C/ f limit at 10 pm., c/f ratio 15:85

Coarse fraction: The mineral grains mostly are single quartz grains, generally are silt
size to medium sand size and angular. The iron oxide nodules, sized 100- 200 um are frequents
(10%), chert fragment are frequent poorly sorted.

Fine fraction: Dark brown, clay sized material, cloudy appear under transmitted light.

Basic organic components: none present.

Ground mass: The c/f related distribution pattern is open porphyric, The b- fabric of the
micro mass is undifferentiated.

Void patterns: Vughs and channels are dominant estimated total void space 20 %.
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M108139 3.3

Basic mineral components

C/ f limit at 10 um., c/f ratio 15:85

Coarse fraction: The mineral grains are mostly single quartz grains, generally are silt
size to medium sand size and angular. The iron oxide nodules, sized 1500 pm are frequents
(10%), chert fragment are frequent poorly sorted.

Fine fraction: Dark brown, clay sized material, cloudy appear under transmitted light.

Basic organic components: none present.

Ground mass: The c/f related distribution pattern is open porphyric,The b- fabric of the
micro mass is undifferentiated.

Void patterns: Vughs and channels are dominant estimated total void space 20% .
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0814 3.4
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Basic mineral components

C/ f limit at 10 um., c/f ratio 25:75

Coarse fraction: The mineral grains almost are angular in single quartz grains, silt size
to very coarse sand size, few polycrystalline quartz, chert fragment very few and rare zircon;
poorly sorted. The iron oxide nodules could not be observed.

Fine fraction: Pale grayish brown. Clay to fine silt size material, limpid appear under
transmitted light.

Basic organic components: none present.

Ground mass: The c/f related distribution pattern is close porphyric, the b- fabric of the
micro mass is undifferentiated .

Void patterns: The material is nearly massive, very few vughs. Estimated total void

space is about 2-5% of the area of the thin section.



99

M0814 4.1

Basic mineral components

C/ f limit at 10 pm., c/f ratio 25:75

Coarse fraction : The mineral grains are dominant in single quartz grains, silt size to
medium sand size and usually are angular to sub rounded frequent polycrystalline quartz which
are in medium sand size, highly weathered biotite, iron oxide nodules sized 50-500 um, very
few granite rock fragments sized 500 um; poorly sorted.

Fine fraction: Pale brown, clay to fine silt size material, speckled appear under
transmitted light.

Basic organic components: none present.

Ground mass: The c/f related distribution pattern is open to close porphyric, the b-
fabric of the micromass is stipple speckled grading to parallel striated.

Void patterns: A few vughs, estimated total void space about 2-5% of the area of the

thin section.
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0819 4.2

Basic mineral components

C/ f limit at 10 pm., c/f ratio 35:65

Coarse fraction: The mineral grains are dominant in single quartz grains, silt size to
medium sand size and usually are angular to sub angular, few metamorphic quartz,
polycrystalline quartz and zircon. The broken quartz is very few and is in very coarse sand size.
The manganese oxide nodules, various size and shape, present about 15-20%.

Fine fraction: Pale grayish brown, grading to dark brown and locally grading to olive
green and show fibrous aggregates of chlorite, sometime associated with magnetite. Clay to fine
silt size material, limpid appear under transmitted light.

Basic organic components: none present.

Ground mass: The c/f related distribution pattern is close porphyric, the b- fabric of the
micromass is undifferentiated, locally show stipple speckled b- fabric.

Void patterns: voids generally are vesicles (100-200 um in diameter) and cover about

5% of the area of the thin section.
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08139 4.3

Basic mineral components

C/ f limit at 10 pm., c/f ratio 20:80

Coarse fraction: The mineral grains generally are angular single quartz grains, silt size
to medium sand size, rare polycrystalline quartz, which are quartz sand size. The iron oxide typic
nodules, and manganese oxide nodules, size 50-200 pm, present about 2-5%, rare zircon.

Fine fraction: Brown .grading to dark brown, clay sized material, cloudy appear under
transmitted light.

Basic organic components: none present.

Ground mass: The c/f related distribution pattern is open to close porphyric, the b-
fabric of the micromass is generally show parallel striated b- fabric.

Void patterns: voids generally are short planer voids and usually have orientation, few

vughs. Estimated void space in total is about 30 % of the area of the thin section.
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M0819 4.4

Basic mineral components

C/ flimit at 10 pm. , c¢/fratio 25:75

Coarse fraction: The mineral grains generally are angular single quartz grains, silt size
to medium sand size, few chert frequents and metamorphic quartz. The broken quartz, coarse to
very coarse sand size, and very few, rare tourmaline. The iron oxide nodule, sized 50-1000 pum,
present about 5-7%.

Fine fraction: Pale grayish brown, clay to fine silt size material, dotted appear under
transmitted light.

Basic organic components: none present.

Ground mass: The c/f related distribution pattern is open to close porphyric, the b-
fabric of the micro mass is parallel striated b- fabric.

Void patterns: voids generally are vesicles (100-200 um in diameter) and cover about
5% of the area of the thin section Iron oxide mottle 1-2%, Quartz very fine and fine-medium,

Feldspar, Chert.
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0819 4.5

Basic mineral components

C/ f limit at 10 pm., c/f ratio 25:75

Coarse fraction : The mineral grains are dominant in single quartz grains, silt size to
medium sand size and usually are angular to sub angular, few metamorphic quartz,
polycrystalline quartz and zircon. The broken quartz are very few and are in very coarse sand
The manganese oxide nodules, various size and shape, present about 15% and mainly are vughs,
few vesicles.

Fine fraction: Pale grayish brown, grading to dark brown and locally grading to olive
green and show fibrous aggregates of chlorite, sometime associated with magnetite. Clay to fine
silt size material, limpid appear under transmitted light.

Basic organic components: none present.

Ground mass: The c/f related distribution pattern is close to open porphyric, the b-
fabric of the micro mass is undifferentiated, locally show stipple speckled b- fabric.

Void patterns: voids mainly are vughs, few vesicles and cover about15% of the area of

the thin section.
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M10819 4.6

Basic mineral components

C/ f limit at 10 um., c/f ratio 50:50

Coarse fraction: The grains mostly are single quartz grains, silt size to medium sand
size, poorly sorted.

Fine fraction: Grayish brown, clay to fine silt size material, cloudy appear under
transmitted light.

Basic organic components: none present.

Ground mass: The c/f related distribution pattern is close porphyric, the b- fabric of the
micro mass is undifferentiated.

Void patterns: generally are short planar voids which show parallel orientation.
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0819 4.7

Basic mineral components

C/ f limit at 10 pm., c/f ratio 80:20

Coarse fraction: The grains almost are angular quartz grains, silt size to medium sand
size, poorly sorted; few broken quartz which are in coarse sand size, very few chert fragments and
rare zircon, and metamorphic quartz.

Fine fraction: Pale grayish brown, fine silt size material, limpid appear under
transmitted light.

Basic organic components: none present.

Ground mass: The c/f related distribution pattern is close porphyric, the b- fabric of the
micro mass is stipple speckled b- fabric.

Void patterns: Generally are vughs, not interconnected, and occupy about 10% of the

area of the thin section.
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0814 5.1

Basic mineral components

C/ f limit at 10 pum., c/f ratio 60:40

Coarse fraction: The grains mainly are angular quartz grains, silt size to medium sand
size, few broken quartz which are in coarse sand size, poorly sorted; very few metamorphic
quartz and chert frequents. The manganeses nodules, sized 50-300 pm, present about 2%.

Fine fraction: Grayish brown, clay to fine silt size material, limpid appear under
transmitted light.

Basic organic component: none present.

Ground mass: The c/f related distribution pattern is close porphyric, the b- fabric of the
micro mass is weakly stipple speckled b- fabric.

Void patterns: Generally are vughs and vesicles (diameter up to 300 um) cover about

10% of the area of the thin section.
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08139 5.2

Basic mineral components

C/ f limit at 10 pm., c/f ratio 60:40

Coarse fraction: The grains mainly are angular quartz grains, silt size to medium sand
size, few broken quartz which are in coarse sand size, poorly sorted; very few metamorphic
quartz and chert frequents. The manganeses nodules, sized 50-300 pm, present about 2%.

Fine fraction: Grayish brown, clay to fine silt size material, limpid appear under
transmitted light.

Basic organic component: none present.

Ground mass: The c/f related distribution pattern is close porphyric, the b- fabric of the
micro mass is weakly stipple speckled b- fabric.

Void patterns: Generally are vughs and vesicles (diameter up to 300 pm) cover about

10% of the area of the thin section.
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M20814 6.1

Basic mineral components

C/ f limit at 10 pm., c/f ratio 30:70

Coarse fraction: The mineral grains are dominant in angular quartz grains, silt size to
medium sand size, few broken quartz grains are in coarse sand size, and chert frequents (sized &
700 um); poorly sorted the manganiferous nodules, various shape and size, present about 25%.

Fine fraction: Brown, clay to fine silt size material, speckled appear under transmitted
light.

Basic organic components: none present.

Ground mass: The c/f related distribution pattern is close porphyric, the b- fabric of the
micro mass is undifferentiated, locally show stipple speckled b- fabric.

Void patterns: Generally are short planar voids, usually have parallel orientation, few

vughs; Estimated total void space 20%.
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0819 6.2

Basic mineral components

C/ f limit at 10 pum., c/f ratio 60:40

Coarse fraction: The grains mainly are angular quartz grains, silt size to medium sand
size, few broken quartz which are in coarse sand size, poorly sorted; very few metamorphic
quartz and chert frequents. The manganeses nodules, sized 50-300 pm, present about 2%.

Fine fraction: Grayish brown, clay to fine silt size material, limpid appear under
transmitted light.

Basic organic component: none present.

Ground mass: The c/f related distribution pattern is close porphyric, the b- fabric of the
micro mass is weakly stipple speckled b- fabric.

Void patterns: Generally are vughs and vesicles (diameter up to 300 pm) cover about

10% of the area of the thin section.
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Wet chemical analysis (ICP) Ceramic samples from Cambodia

Sample No. Sio, | ALO, | Fe, 0, | CaO | Na,O | K,O | MgO, | TiO, | MnO,
1.1 69.7 | 174 5.1 0.15 | 0.51 2.0 0.61 0.43 0.03
1.2 69.9 | 16.7 5.3 1.0 0.29 1.8 0.59 | 0.55 0.02
1.3 75.8 | 14.8 1.4 1.1 036 | 2.0 0.46 | 0.48 ND
2.1 70.2 | 155 3.6 096 | 033 | 23 0.60 | 0.55 ND
2.2 81.6 | 11.2 0.73 | 032 | 0.08 1.0 0.24 | 0.55 ND
3.1 652 | 16.2 5.7 0.11 | 0.16 | 2.8 1.1 0.45 ND
3.2 64.1 | 17.9 5.4 0.10 | 025 | 2.9 1.1 0.54 | 0.01
3.3 61.7 | 154 5.9 037 | 035 | 3.5 1.1 0.57 0.01
3.4 75.7 | 11.5 092 | 0.64 | 0.12 1.5 0.43 0.55 0.03
4.1 75.5 | 11.6 4.5 0.61 | 057 | 025 | 020 | 0.89 0.37
4.2 71.4 | 16.5 4.3 0.29 | 0.30 1.9 0.65 0.47 0.03
4.3 69.7 | 18.6 3.7 0.63 | 0.48 1.5 0.53 0.42 0.02
4.4 73.0 | 14.6 33 1.5 034 | 2.1 0.65 0.48 0.04
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Sample No. Sio, | ALO, | Fe,O, | CaO | Na,O | K,O0 | MgO, | TiO, | MnO,
4.5 69.5 | 18.7 3.7 0.85 | 043 1.6 0.55 | 050 | 0.02
4.6 753 | 14.0 1.2 2.9 0.14 | 1.0 045 | 0.53 ND
4.7 80.3 | 9.7 0.72 1.5 017 | 13 044 | 045 ND
5.1 733 | 14.0 2.7 1.5 0.19 | 22 0.82 | 057 | 0.01
5.2 783 | 144 1.3 1.2 032 | 1.9 039 | 049 ND
6.1 66.2 | 194 43 0.06 | 0.15 1.7 0.66 | 0.40 ND
6.2 722 | 142 1.2 0.85 | 0.19 1.7 0.47 | 0.55 0.02
2.1 526 | 9.7 11.2 | 21.3 1.0 1.3 0.81 048 | 0.01

(Glaze)

3.4 MsAnMIMInIzEmtazimalulagnsagelanzveanraINanlanzmunu?

umalunamazifSuama

¥ ]
A A

] @ { o 9
msanyviaslanenssuais Tusiannunszateaimuuunduniauaz lunun

I v Y
Wvanavesuundunn lunannioudouiFsudaiosnuie Aduiunslunsteasail

Y

o A ) ' 3 @ ¥ & 1 o A {
"lﬁ'mmumimi’mmamqﬁmaﬂﬁmJIUﬁm‘immﬁu 67 UraN Llazllﬁ'mmumiﬂgﬂﬂuﬁ

=

1 < @ a o o @ [ 4
!lWaQQQQLWaﬂﬁNUI‘iJﬁ']mﬁI']uHﬂﬂuc‘lg]j GH‘]JafﬁLlﬂﬂﬂ 'E-]']!ﬂf]ﬁj']uﬂijﬂ WNINUYITINY

E]

9
[

F198LDIAVDINANITAUUUNT UAaTl

3.4.1 MymIWHAIDUHANAII LTI

A o

) 9y ' o 9 [ Y 4 1 [ o
Waﬂ’lia’l53%1@Wﬂ311u1m@@“ﬂ@ﬂ1uﬂi’Jﬂ WHINYITNY ﬁl!ﬂaQﬂQQLwaﬂﬁuﬂiﬂi’]m

"y "o ' 4
DYNUDY 67 LW mmiwmhlﬂu



._.
—
~

WA iin L TATR] duna dauia Uszian G
1 [ wouge  anlsyiau T1UATIR Ban Kmad Burimun | Iron Fumnace sits ND
2 | wnauweyd aalsyiau U1UnNT IR Ban Kmad Burinun | Iron Fumace site ND
3 | wagissdl  Smwygada drungie Ban Kmad Burirum | Iron Fumace site ND
4 | wadu 11ungIe Ban Kmad Burinim | Iron Fumacs site ND
3 | wowe vignduiu 1unsIR Ban Kmad Burirum | Iron Fumace site ND
6 | wioume uiguduRy TunTim Ban Kmad Burirum | Iron Fumace site ND
7wy wsudselau 11U IR Ban Kmad Burirum | Iron Fumnace sits ND
8 | wiewvn  waudselau 11unTIe Ban Krad Burirum | Iron Fumace site ND
0 [ wewy  aawadiu 11U IR Ban Kmad Burirun | Iron Fumace sits ND
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® Shared Object
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® [ive Stream Publishing

® Remoting (AMF)
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<div id="container"><a href="http://www.macromedia.com/go/getflashplayer">Get
Flash Player</a> to see this player.</div>
<script type="text/javascript" src="swfobject.js"></script>

<script type="text/javascript">

var sl = new SWFObject("mediaplayer.swf","mediaplayer","350","300","8");

sl.addParam("allowfullscreen","true");
sl.addVariable("width","350");
sl.addVariable("height","300");

the

sl . addVariable("file","rtmp://localhost/oflaDemo/larp video/<?=$ REQUEST[videotyp

e id];?>/&id=<?=$ REQUEST[video id];?>.flv");

s1.write("container");

<script>
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yollan yiiavoya vinadoya | AesLe
lang_id char 2 SHANYINUEA
lang_name varchar 255 Fou1nuaad

M5190 52 M3 1uaaIIaziveaguTeyalszime (Country)

voilac yiiatoya vinadoya | Aesue
country id char 2 sHalseme
lang_id char 2 sitanfiuaag
country name varchar 255 ‘?5 ollszing
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voilac yiatowa vinadoya | Aedune
country id char 2 sAaUszne
lang_id char 2 sitamfiuaa
province_id char 2 TN IA
province name varchar 255 G?f GENI(RL3
5197 54 mimmmiwazL%ﬂﬂgm%gaﬁuﬂa (District)

Toilad ¥iiavoya vinadoya | AesL
country_id char 2 sHaszme
lang_id char 2 samfinans
province id char 2 TN IR
district_id char 2 FSHEADUND
district name varchar 255 ‘?5 001N
minﬁ 5-5 @1ﬁmmﬂﬁwaz@&mgm%’egaﬁma (Commune)

voilac yiiatoya vinadoya | Aesu
country_id char 2 sadszne
lang_id char 2 sitamfiuaa
province_id char 2 TN IA
district id char 2 SHADUND
commune _id char 2 snaaIua
commune_name varchar 255 yomvua
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A a d a v Y 13 a
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A 9 v
¥915219NV0IVDYAIUUTT TN
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voilac yRTIORTGPYS vinadoya | Moeue

country id char 2 svadszme

lang_id char 2 sitamfinaaa
province_id char 2 NI

culture_type char 2 sialszindoyaimusssy
culture_id char 2 siadoya TmuEITY
culture_name varchar 255 %a ﬁlal}’fJiJ“a’SJ AUTTTY
culture_detail text T10azdoaToya TMUsITU
culture ref varchar 255 814994

minﬁ 5-8 mﬁmmm%gamw (Filelist)

voilac ¥iialoya vinadeya | A1eBL

country id char 2 saUszne

lang_id char 2 sitamfiuaag
province_id char 2 TN IA

culture_type char 2 sialszinndoya sy
culture_id char 3 srddoya TmuEITY

file_id char 2 sHagnm

file filename varchar 255 G?f o'lwld

file detail text fMosue s
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country id char 2 svadseme

lang_id char 2 sitamfinaa
culture_type char 2 sWalszinndoyaimusssu
culture_id char 3 siadoyaiausITy
culture_name varchar 255 %’E)‘lglj ayjai’mmim

culture detail text ﬂﬂ@&%ﬂﬂﬂ?@gﬁ’i@lu‘ﬁﬁu
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yotlan

Yiavoya vinadoya | Mt
culture ref varchar 255 RGN
madi 510 MIaaIeazideagudeyanyig (Village)

Toilad yiindoya vnadeya | Medue
country_id char 2 svadseimne
lang_id char 2 syanminan
province id char 2 AN I
district_id char 2 INAOUND
commune_id char 2 svaua
village id char 2 TUANYUIU
village name varchar 255 “]'f@ﬁy:‘fll”lu
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village name varchar 255 %awyjﬂﬁu
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voilac ¥iiavoya vinadoya | Mesue

country id char 2 sadseme
province_id char 2 AN IR

district_id char 2 INAOUND

commune _id char 2 sHaaua

village_id char 2 siangu
culture_id char 3 siadoya TmuEIIY
file_id char 2 sHaItelumsdsdn
filename name varchar 255 ‘?)’ o'lud; | Unw
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6.1 Introduction

It is a study on historic roadway, communication links and human settlement of Khmer
Empire from Angkor to Phimai. The research work had been conducted along the axes in
Cambodian side for more than hundred kilometers. The archaeological and ethnographical are
systematically surveyed by the Cambodian team. The cultural data collection from the study is
certainly the most valuable information for the current study and for future research work on the
region. The Advance Technologies are also applied in the field research for collecting and

analyzing archaeological and cultural information.

6.1.1 Objectives

The research work aims to identify communication network, human settlement structures
along the ancient road and ancient manmade structures along the axes: stone bridges, rest-houses
which Louis Finot (1925) supposed to be called Dharmashala, hospitals written in Ta Phrom’s
inscription as Arogyashala, ancient agglomerations/communities, water structures, water works,
etc. The results from this integrated studies revealed the knowledge about this ancient road in the
form of physical evident, geographic property, and archaeological information of the ancient road

and its surrounding area.

6.1.2 Data Resources

The studies based on existing resources as following:

- Ancient written texts: inscriptions mainly Sdok Kak Thom, 1" century and Preah
Khan, 12" century. The first one has also written about the territory and public infrastructure
development to west region of Angkor. The second is most important information which
mentioned about the "rest-houses" built along the roads from capital city Angkor linked to
provincial cities and neighboring kingdoms, particularly, the building along the royal road from

Angkor to Phimai.
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- Chinese records of Tcheou Ta-Kouan: a Chinese envoy to Angkor Royal Court in late
13" century who recorded Khmer daily life, royal court, infrastructure, etc.

- Archaeological remains are the most important resources of the study: vestige of roads
which are mostly still visible in Cambodian side, stone bridges, water structures, building of rest-
houses, chapel of hospitals, temples, ancient agglomerations, etc...

- Old maps: different old maps drawn by French dated from late 19" century (Bastian,
Aymonier, etc.), early 20" century (Lunet de Lajonquére) and following until current date (see
more detail at Remote Sensing and GIS survey).

- Remote Sensing: old aerial photos taken by French in 1930's, 1940's, 1950's, 1990's
and 2000's. Satellite images (Spot, Landsat, Ikonos, etc...) are also used for this study. This will

develop in detail at Remote Sensing and GIS study as below.

6.1.3 Methodology/Research Approach

The study is primarily based on three main approaches: archaeological survey,
anthropological survey and remote sensing and GIS survey. The archaeological and
anthropological surveys are based on data-collection form that was developed out of earlier
studies conducted by the APSARA Research Unit. The APSARA team has developed this survey
form and trained its members in its use to collect archaeological and cultural data from the fields.
Four local people from each village are selected for interviewing: the village's chief or his deputy,

a senior citizen, a monk or a spiritual leader of the village.

The Archaeological Research Form consists of five main points:
- Location of the site: its UTM and where is it located in village, commune, district and
province; and its orientation?
- Archaeological Typology: Was it a temple, water structure, dike, ceramic kiln,
metallic site, mound, road, bridge?
- Archaeological Structure, its layout, its art style
- Inventory number: old and new number will be marked on each site

- Current Status: Is it in good, fair, threat, looting, and vandalism condition?
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The Cultural Research Form consists of five main points:

- Geography and Statistics: the location of the village, its UTM, heritage protected
zone, data collection date and a brief description.

- Village Location and its Structure: for example, whether on an ancient man-made
structure, a dike of a water reservoir, a road or an ancient site. Some villages preserve a traditional
layout, concentrated around a central point.

- Village Infrastructures: the village may be characterised by its own infrastructures
which could be classified as: Familial; Public; Ancient; Religious; Education and Health.

- Customs and Belief: This is a significant component of the data form and aims to
collect comprehensive information about the traditions associated with each of the Khmer
villages. We are surveying two main aspects: the first is concerned with rites of passage, and with
rituals associated with a fixed annual calendar or with special occasions (which can occur at any
time). Rites of passage are special events in an individual’s life and are an ancient tradition of the
region (Ang 2007). Rituals that are associated with particular set dates encompass a series of
ceremonies that occur throughout the traditional yearly calendar. These are complemented by
rituals that can be performed at any time of the year — they are usually held to coincide with an
auspicious time, as identified by the officiant. The second aspect is concerned with customs and
performing arts, which are also considered to have a ritual component, and which contribute as
part of collective events such as dances and theatre.

- Economic Resources: we did a very quick survey regarding the economic activities
within each village. The resources can be traditional crafts and handicraft production; agricultural
production; basket, mat and broom dressing; weaving; alcohol production from rice or sugar

palm, and foods.

6.1.4 Task Works

For the phase I, we designed a working zone for the field research which is covered 2km
away to each side from the supposed axes. That field survey covered on area of 4km wide by
125km long from Angkor to the current borders of both countries. This zoning preliminarily
includes 54 villages of the 8 districts and of the 2 provinces, Siem Reap and Uddor Meanchey.

Four phase works of the ground operation have been successively taken place in the field due to
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geographical condition of regions and seasons (Fig. 6-1). The ground operation has been taken

from its departure of road at Angkor Thom to Prasat Ta Mean at border for more than 18 months.

Following up the previous phase, the Phase II of the Project is formally designed into six
step works as below:

- Continuing the ground survey at the border region, Prey Veng village, Udor Meanchey
Province. The survey will be used archaeological and cultural anthropological approaches.

- Mapping of an ancient provincial city which presently named "Kol Village" where
situated close to the Royal Road. This is a study of an ancient city structure which composed
ancient temples dated different periods, chapel of hospital, rest-house, stone bridges and water
structures.

- Cross Section of Royal Road and Analyzing its Structure

- Ceramic Studies, physical and scientific analyzing

- Archaeological and Cultural studies and Analysis the data collected

- GIS Analysis from data collection for better understanding the ancient structures

situated along the road axis.
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Fig. 6-1 Field Work Plan



222

6.2 Cultural Study

This is a Socio historic study conducted on communities living along the Royal Road in
Cambodia and Thailand sides. The ethnographic survey has consisted of two sub-phases:
Location of all communities living along royal road, and field survey to each community that has
relation with the royal road, i.e. the community that has exist for long period of time, not newly
established, with the buffer zone of 2 km. from each side of the predicted location of the royal

road (4 km. buffer zone).

6.2.1 Development on Existing Cultural Research Form

LARP has developed from the existing Cultural Research Form which created by
APSARA's Cultural Studies Unit, and translated it into English. The summary of the Research

Form's Structure:

a- Location & Statistics:
- Village code #; Village; Commune; District; Province
- UTM; Data collected / Updated
- Location (Map)
- Statistics: Year; Houses; Families; Population; Males; Females

- Location’s brief description

b- Infrastructures:
- Familial: Well; Pond and other water reservoir; Pipe; rivulet
- Public: Road, trail, path; Bridge; Well; Pond and other water reservoir; Pipe;
rivulet
- Ancient: Temples; Ancient structure; Road, trail, path; Bridge; Pond and other
water reservoir; Pipe, rivulet
- Religious: Buddhist monastery; Rest-house; Spirit’s hut
- Education: Nursery, primary school; Secondary school; Junior high school;

Monastery school
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- Health: Health center; Mobile health unit; Medium (spirit possession);

(Traditional) midwife; (Traditional) healer

c- Resources:
- Agriculture:
. Rice-field:
. Irrigated rice-field
. Dry season rice-field
. Slash-and-burnt rice-field
. Receding rice-field
.Water-mounting rice-field
. Other cultures:
. Sugar-palm trees
. Fruit trees
. Vegetables
. Plantation, orchard
. Animal breeding:
. Familial consumption
. Commercial
- Fishing: Fishing concession; Fishermen community; other
- Services: Labour; Commerce; Public administration; Private sector; personnel;
Other

- Supplementary incomes: Natural resources; Crafts; Other

d- Traditions and Beliefs:
- Types of ceremonies:
. With fixed dates
. With no fixed dates
. Rites of passage
. Other Customs

- Ceremony code #
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- Number of images
- Ceremony’s name ; Data collected in
- Short description; Recording

- Detailed description

6.2.2 Field Survey on Villages situated along the Royal Road

The survey has been done during nearly two years on communities living within the
zoning along royal road. There are 54 villages found situated in the zoning study along the axes
where located in eight different districts of two provinces, Siem Reap and Udor Meanchey. 39
villages situated in 5 different districts in Siem Reap province where there are 4 villages located
in World Heritage site Angkor. 15 villages situated in 3 different districts in Uddor Meanchey

province.

6.2.2.1 Findings of the Survey

* Village Location and Structure

Most of the village settlements are often associated with ancient occupancies that date
back to different periods of Cambodian history. As a result, the structure of each village has
accrued its own character and value. Some villages reflect the discernible ancient landscape along
the historic road, and continue to use the road as a central feature and communication arterial.
Some villages exist harmoniously with nearby ancient temples or Buddhist monasteries, for
example Nokor Krao, Nokor Pheas, Kol, Kok Spean villages. Several villages are significant for
their relationship with ancient water structures or irrigation systems. These include Kandol, Srah,
Loboek, Tonle Sar villages, etc. Others are distinguished as a result of their settlement within
Angkorian industry nodes, such as the ceramics production centre: for example Khnar, Srah
Srang, Prei, Prey Veng villages.

These villages have gradually developed in a cluster around a central Buddhist
monastery, most of them built on an ancient temple or ancient structure. The villages are

surrounded by rice fields, vegetation or the forest of their communities. Some villages are isolated
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from other by rice fields. The seasonal changes reflected in the surrounding landscape also act to
create a changing environment.

The settlement histories and stories of the villages are often reflected in their names.
Several villages share a popular tale, which they consider to be a common history that creates a
linkage between their communities. Another historical theme relates to the first man who came
and cleared land for developing that community (e.g. Tasom, Don miev, etc). Other villages have
histories relating to natural, cultural or historical events of the region (Nokor Krao, Nokor Pheas,
Chum Nom Reach, etc). Most stories of this type relate to nature and are concerned with a specific
plant grown in the area (Ta Trao, Kok Beng, Khchas, Makak). Most of these histories can
probably be dated to after the fall of Angkor. They have been told from one generation to the next

and exist primarily as oral traditions, although a few stories have been published.

* Village Landscape

A variety of village landscapes have been identified on the basis of their settlement
structure and environment. Many villages are situated on ancient infrastructure (for example,
dikes, water structures, ancient roads), and reflect one set of changing environments. Other
villages are found close to ancient temples or clustered around a temple, which gives a different
character to the village landscape.

The village landscape reflects the different seasonal changes. The rainy season in
particular can give much beauty to villages surrounded by rice paddy and seasonal vegetation. At
this time of year the villagers are all busy with agricultural work, and their activities can be
observed from dawn until night during half the year.

The traditional house is built on stilts, where people live upstairs and animals (such as a
cow) are stabled underneath with an ox-cart. Houses are surrounded by a natural fence of small
trees (sometimes fruit trees or medicinal trees) or different kinds of flowering plants. The roof is
covered by traditional ceramic tiles, usually in a brown colour. Some households have a small
garden around the house; a water pond is often found in front of the house. In some places, rice

fields are situated next to or in front of the house.
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* Tradition and belief

Some main traditional and ceremonial events have been identified in most of 54 villages
in Cambodia and some villages investigated during short survey in Buriram and Surin, Thailand.
As mentioned above, there are two main categories of ceremony. The first is concerned with Rites
of Passage, and with rituals associated with either the fixed ceremonial calendar or with special
occasions (which can occur at any time). The second aspect is concerned with customs and
performing arts, which are also considered to have a ritual component, and which contribute as
part of collective events (Ang 2007 & Im 2008b).

Rites of Passage encompass a series of ritual practices performed through a circle of an
individual’s life, from the stage of new birth to death: they are manifest in eight different rituals
(Ang 2007 & Im 2008b). This series of rituals can be summarised and literally translated in

English as the following:

a- Ritual concerning Birth Kat Sak Bankok Chmob or Sray Khsae Tanlak Chankran is
performed a few days after delivery, and aims for the recognition by the community of the
newborn, to pass on the family’s gratitude to the midwife, and to drive away any misfortunes in
that future that may be caused by the mother’s blood during delivery, which is considered to be
unclean. The Midwife has ritually shaped the newborn to make the baby into a new human being
of our world. This ritual is performed throughout all along the Royal Road villages in Cambodia,

and some Buriam and Surin villages situated close to the border.

b- Keeping and Cutting of the Topknot Kor Chuk or Kat Sak marks the human age of
pre-adolescence. Traditionally a child in a family is made to grow a long central tuft of hair, often
from birth. Around the age of 13, and always at an odd-numbered age, a ceremony is performed
symbolising the passage into puberty — and rivalling the marriage ceremony in importance —
during which the tuft is removed. The ritual is still practised in a large number of Royal Road

villages and very few found in Buriram and Surin within the zoning study.

c- Buddhist monk Ordination Bous Neak for a male celebrates a new step of life to the
study age. Young adult men prepare for ordination as novices in the Buddhist order. These events

are also observed commonly in the Royal Road villages, but not for all young men. For a girl of
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this life stage, there is a ritual called Mlob (literally meaning ‘entering to shadow’). The girl stays
inside her room for a period of time and is banned from talking with strangers or with a man. She
learns from an old woman sage how to be a good housewife. This ceremony is no longer practised
in the villages inside zoning study, but it still survives in a few villages of the Siem Reap region,

Kompong Thom, Kompong Cham, Koh Kong.

d- Marriage Reap Kar is a conjugal step between a man and a girl who has passed
through the adolescence step of life. There is a diversity of ritual during marriage events noted in
the Royal Road villages. While the concept and objective of the ceremony is the same from one
village to another, the form of the ritual is usually slightly different. We have no information from

Buriram and Surin.

e- Ritual concerning delivery which marks the transition from a housewife to being a

mother. The ritual is practised across the whole Royal Road villages.

f- The ceremony of Prolongation of Life has several names: Chansok Kiri Sout, Chhark
Toch, Chhark Thom or Chhark Maha Bangsakol, Tor Ayuk, etc. The ritual practices are
associated with elderly people. The ceremony aims to prolong the life of the person concerned, by
simulating a cycle of death—gestation—rebirth. Meditation is practised by the elderly, notably older
women, to assist the mediator to envisage his or her own self as a corpse, presumably in

preparation for death. The ritual is widely practised in the Royal Road villages.

g- Funerary rite Bochea Sap or Chamroeun Phloeung or Banches Bukul is composed of
three major ceremonial components: First burial, Exhumation and Definitive burial. The two
major ritual components are exhumation followed by cremation of the remains. The rite is still

practised in many Royal Road villages, mostly in the villages situated in Siem Reap province.

h- Burying of the ashes from incineration Banchus Theat is the final stage of the
human life circle. This is a testimony to the continuation of an ancient tradition in the villages of

Siem Reap province.



228

The Ceremonies of the fixed annual calendar can be observed as the following:
Traditional Ceremonies over twelve months as written in the traditional calendar; Agrarian rites,
and Practices of Animism — a homage to Neak Ta, an important spiritual village protector (see
detail Ang 2000).

The traditional ceremonies over the calendar period are performed similarly elsewhere in
the Kingdom. The difference lies in the way the ceremony is practised from one place to another.

The Ceremony of homage to Neak Ta is widely performed in every village along the
Royal Road and in Buriram and Surin within the zoning study.

Agrarian rites are the most practised in the Royal Road villages. This reflects the
importance of agriculture as the main economic activity of the region. A series of rituals
concerning rice paddy celebrates the beginning of the agriculture season through to the time the
rice is stored. The agriculture season commences after the Royal Ploughing Ceremony, which is
conducted by the King or his representative.

Ceremonies that are not tied into specific calendar events include those that are observed
in the ritual of inauguration of a Vihara, Buddhist monastery, or any public building; rituals
relating to the asking for rain; rituals to divert misfortune in a family or village or community;
rituals at the beginning of house construction and house warming. This series of ceremonies is
also widely performed throughout the region. Any ritual of this type can be performed on an

auspicious date, determined by the officiant.

* Customs:

The kinds of performing arts that are considered to be of a ritual nature have contributed
as a part to various collective events. Popular dances are indigenous forms relating to the chasing
of evil, bad spirits and wild animals that can provoke misfortune over the communities. Trot is
performed only during the New Year celebration for chasing away bad luck, misfortune and for
begging the rain. Tug-of-war is also played during the New Year Day celebrations. The aim of the

latter is to ensure rain for the coming agriculture season (Im 2008b).
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* Economic Resources:

The Royal Road villages stretch along the road from the downstream plain on the south
toward the Dang Rek Range on the north, which covers an area of several thousand square
kilometres. Based on geographical and environmental factors in the context of a long history of
human occupancy, the region can be distinguished by several types of village community. Each
type occupies one of the main ecological sub-zones of the region and is differentiated by socio-
cultural characteristics (Ang 1995).

These communities consist basically of traditional subsistence rice farmers whose
livelihood principally depends on one crop a year of rain-fed or irrigated rice paddy. In addition
to the paddy, the population cultivates fields prepared by slash and burn techniques where they
grow rice and other vegetables.

Typically, a number of traditional varieties of rice are grown. Each variety is adapted to
different soil types and, particularly, to differing water conditions. Traditional farming techniques
are used, such as the swing plow pulled by oxen or buffalo. Up to the north region, each family
generally cultivates a field prepared by slash and burn techniques, where rice and many
vegetables are grown.

The daily life of the Khmer villages has not changed considerably. Traditional crafts,
such as weaving, are still practised in the village. Other activities include basket, mat and natural

broom dressing; weaving silk or cotton; ox-cart production, and alcohol making.

6.2.2.2 Discussion on Cultural Study

Most of the village settlements are often associated with ancient occupancies that date
back to different periods of Cambodian history. These villages have always been a spiritual
landscape, inhabited by protector spirits, Neak Ta who live in temples and villages. The
veneration of a god, Buddha or Neak Ta is a central element in the retention of village identity
and memory of the Khmer people. Hindu gods and other element of ancient structures all also
have spiritual power. Natural stones and Hindu or Buddhist icons have been appropriated as the
embodiment of certain Neak Ta (Ang 2000 & Im 2008b).

Praying to the Hindu or Buddhist gods and the Neak Ta, and organising ceremonies and

rituals is a continuing practice that reinforces both the sacred landscape and community identity.
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Within the landscape, certain ‘special’ places are commemorated through ritual, and their
importance remembered and passed on within and between village communities (Im 2008b).

Myths and legends and oral histories commonly reflect collective knowledge and can be
derived from historical memory, myth, legends, folktales and beliefs. Through these surveys,
there are a number of myths that serve to reinforce our understanding for the future studies, and of
course, elaborate local understandings of the sacredness of certain sites, linking elements in the
stories to local practices (Im 2008b).

Royal Road communities are continuing of living in the same spaces, within which there
are inherited memories of ancestors’ experiences and beliefs, overlain with the new generation’s
memories and experiences — and these all remain closely associated with particular places and
localities within the wider landscape. Continuing practices also include story-telling, playing New
Year games, dances, music and theatre.

Temples, ancient roads, bridges, forests, and the rice fields, lakes and ponds, have the
names of ancestors attached to them or are surrounded by legends remains as important
landmarks for local people. The names of villages are similarly reflective of local and natural
elements and markers, or of shared history with other Villagesl.

A word to confirm that, what we found from Cultural Studies, is well matching with the
title given to this research project as "Living Angkor Road". A significant outcome of this project
is that it reinforces the research from a number of other projects supporting a historical continuity
in various community traditions and practices. This is important in understanding the wider
heritage significance of Ankorian Civilization. While contemporary practices and ways of life are
themselves an important component of the heritage of the region, it is equally significant that
these maintain connectivity with the past and with the Khmer civilisation. Preah Kunlong is the
home of multiple village communities which are considered also as living heritage in the sense
that the village way of life itself — although constantly evolving and changing — reflects a

continuation of practices, beliefs and traditions.

"see Im 2008b
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6.2.3 Kuy Study

During the intensive cultural survey in both sides Cambodia and Thailand, we have
found a huge interesting information regarding a strong connection between Khmer and ethnic
Kuy communities. But this is not a new discovery. The relationship was generally studied by
scholars on the field of Khmer Study. For LARP, this is extremely important information and new
perspective for studying on a culture which is on the way to lose for ever: Elephant Hunting and
Iron Smelting.

Of course, there are many ethnic Kuy communities settled in Cambodia and Thailand.
But this study has mainly made on two communities: Hunting Elephant and Metallic production
communities which their settlement some situated along the road and other parts of the countries.
The survey is not focus only to the subjects regarding Hunting Elephant or Iron Smelting stories,

but their tradition and customs are very important information to be studied as well.

6.2.3.1 Findings of the Survey

a. Hunting Elephant Communitiesz, Kuy Damrei

Several surveys have been conducted inside Cambodia at Srae Noy in Siem Reap
province and at Samrong, Udor Meanchey province, and others inside Thailand at Ban Taklang
and Ban Dong Bang, Surin. We found these communities are relative and still in contact each
others. The great elephant hunter, Mho Kamloung named Mho Mak, great elephant hunter at Ban
Taklang is cousin of the Mho Kamloung named Mho Tha, 92 years old (at the date of interview
2007), living here in Srae Noy. And Mho Tha is close friend with Mho Kamloung named Mho
Keo at Ban Dong Bang.

Kuy communities at Samrong, Uddor Meanchey province, and at Srae Noy are
recognized by authority as Cambodian nationality and legally settled on their land. Through

interview with old generation, we are told that they were migrated down from Surin and Burirum

? Actually, there was not only ethnic Kuy who was skill in hunting elephant and was an
ethnic group of elephant hunter. But Laotian, Khmer and many other ethnics settled in Cambodia,
Laos, Vietnam and Thailand were also known as elephant hunter. Here the study aims to find

relationship between this ethnic and Khmer regarding the Royal Road.
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to Cambodia roughly in second quarter of 20" century for seeking land for agriculture and
elephants.

Through several interviews conducted in Cambodia and Thailand, we learnt that
previously, there was no administrative boundary. They could freely go down and go up beyond
the chain of Dangrek range. And even in our modern day, from time to time, they pass through
the current administrative border for seeing their relatives here and there. This means the
circulation space of these communities are free of limit. Their destinies are linked, certainly lasted

very long time ago (Fig. 6-2).

b- Metallic Making Communities, Kuy Dek’

Eight iron smelting sites are found along the axis and at two huge sites situated close to
road at Uddor Meanchey. And 67 sites are identified in Thailand. None of local people living on
sites or close to the sites remembered about this work. Once we asked Khmer at Ban Kruad and
here in Cambodia, they said: It was Kuy who was skill to smelt and to produce the metal. With
this reason and based on the previous studies, leading us to go further in search on Iron Smelting
history.

With kindly supporting from our Thai partner, we went to Chomprak. We met with an
Kuy family who is a black smith. When we asked him about the smelting history. He said, the
ancient time was Khmer and Kuy who did the smelting. No body remembers how to smelt any
more. But, he knows how to produce different kind of tools from metal/iron. Two kinds of tools
which he is currently still producing are: a kind of sword and knives (such cutting tools using in
daily life). This is very important thing to learn. The forms of these tools supposedly look similar
to what sculpted on temple walls. But, this needs to do check and more work.

We conducted seven field researches into four different Kuy settlements located in
Cambodia. These settlements situated near the iron mine, natural hill, called Phnom Dek, litteraly
means "Hill of Iron".

First at Bakan temple complex, called Preah Khan Kompong Svay , a city of Jayavarman
VII, where many Iron smelting sites found inside. Local people still remembered the stories told

from generation to next about Kuy who produced the metal.

* For information see Dupaigne 1992.
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Second we did survey at Prey Sanlong site was a former ethnic minority Kuy settlement,
located in Srei Snom district, Siem Reap province. And in the same time, we also did survey at
Chhok situated in Chong Kal district, Uddor Meanchey province, where we found about five
remained furnaces. Third the survey is conducted at Chanrot where was a former Kuy village,
Kompong Thom province. We found here more than 10 sites. Fourth was Phnom Dek area where
was the fame of Kuy settlement of iron smelting, currently situated in Preah Vihear province (see
Dupaigne 1992 for more detail). We surveyed three different sites: O Por village, Rumchek
Village and Boeng village. The first two villages are descendant from iron smelting family. We
did in deep interview with the old men and women, aged 75 to 90 year olds, who
participated/involved to the daily smelting activities. No more Kuy lives at Boeng village. But,
here are very important sites where about twenty sites have been identified.

There is important information, found at Kuy Dek living in current Cambodia, which
should be thinking to develop this topic further. Firstly, it is about a kind of "dance of war" called
Pravay4 Khaelj, which performed by Kuy during the New Year Day or sometime after just the
harvest. Even within Khmer communities, living at Thalaporivat, Stun Treng province, has also
invited Kuy for performing Pravay Khael inside the compound of Preah Ko temple, Pre-
Angkorian brick temple, during the New Year Day. Of course, this perform consists art of war,
magic and using warrior tools.

Second evident has been found within these Kuy communities as well. It is a ritual
concerning iron tools, Iron Tools Oblation. During three days of ritual, all kind of metal tools
using in everyday life are displayed on the altar of their houses. These tools are considered as the
sacred objects for them. We don't know exactly the ritual date which have been performed
previously. But, we observed within out survey that it is performed during the festival of death

(Fig 6-3A and B, 6-4, 6-5).

*To fight
> Shield
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Fig. 6.3B Kuy Dek at Phnom Dek, Preah Vihear province



Fig 6-5 Iron Oblation at Kuy Veng, Kompong Thom



236

6.2.3.2 Discussion on Kuy Study

- Sanlong, a Kuy dialect define iron smelting site. This term found using in any Kuy Dek
communities.

- We observe that these two communities worship their different divinities. Sacred object
of Kuy Damrei, Hunting Elephant, is certainly Prakam, a kind of buffalo hid rope used for
hunting and tying elephant. For Kuy Dek, their own divinity is Sanlong.

- According to cultural point of view, Kuy was and is an ethnic minority close to Khmer.
They know and well performed Khmer traditions and beliefs for their daily life.

- Relative abundance of literature related to Kuy people because of their production the
metallic quality and their genius on elephant hunting. They were masters of Iron and Fires; and
master of Elephant Hunting.

- Observing the sculptures of Angkorian temple walls, we find elephants, scene of
combats, war tools. This is not mean that were from Kuy, but at least Kuy has paid their
contributions to Royal Services.

- Khmer words abundantly loaned by Kuy for using in all aspects of rituals, tradition and
customs

- And the function of Royal Road linked also to the development of Iron smelting and
Elephant use.

- The study on Kuy communities is given more values to the fold of Cultural Studies

which is well matching to the research project entitled "Living Angkor Road".

6.2.4 Initiate Cultural Database

We developed the Excel format for cultural information from field survey collection. The

structure is designed as following:

- Village Code: LARP code and national code

- Village name: Khmer and Romanisation

- Village location: Administration location and its UTM
- Date of Registration

- Statistic: Family and Population
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- Public Infrastructure: Road (ancient and new); Bridge (ancient and new); Water
structure (ancient and new); Water way

- Religious Infrastructure: Temple (ancient and new); Rest-houses (ancient and new);
Spiritual protector, Neak Ta

- Health infrastructure: Health Center; Home cure

- Resources: Agriculture; Farming; Livestock; Fishing; Services; Craft

- Traditions and Beliefs: Rite of Passage; Fixed date rituals; unfixed date

rituals; minor rituals.

6.3 Archaeological Survey

6.3.1 Royal Road

This is the identification on road's vestige remained on spot and its orbit from the
departure point till Dangrek. Road is all visible within Siem Reap province and mostly seen in
Uddor Meanchey province. Generally, Royal Road was a straight line, but it was deviated in some

areas on its orbit. For example:

- It was deviated its direction when it was reach to a temple called Preah Khan
located about 20km on the northwestern of Angkor Thom.

- It was turned its direction to East about 20 degrees when it was reach Kol
village situated about 35 km on the northwest of Angkor.

- It was deviated its direction again when it arrived to a village named Kok

Spean, etc.

- Royal Road was often crosscut with local roads where were linked to ancient
agglomerations, provincial city and temples, for example at about Skm on the north from Angkor
Thom, Kol village and some other places at Uddor Meanchey.

- Road was built up with high elevation, as dike, when it runs on lower plain and
becomes lower when it passes through on upper plain.

- It was structured by water draining and shoulder at each side and covered by a large
crown from 6 meters to 14.50 meters wide. Water draining was canal flanked the road, average

measuring about 6 meters.
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- Generally, Royal Road measures about 30 meters wide (included crown, shoulder, edge
and water draining)

- Total distance of Royal Road from Angkor to Dangrek is about 125 km long which is
around 65 km in Siem Reap province and 60 km in Uddor Meanchey province.

- It was built up by different five compact soil layers (see detail work at Cross-section
point)

- Road was rehabilitated from time to time in ancient period (see detail below).

6.3.2 Passage through Dangrek

Two passages have been identified through Dangrek: Ox-cart passage called "Phlov
Prahok" (literally means "Road of fish-paste or fermented fish) and a walking passage through a
laterite stairway structure called "Phlove Romkel Sap" (literally means "Road of moving royal
dead body"). Phlov Prohok was used for Ox-cart, elephant and heavy transportation. Phlov Rokel

Sap, a laterite stairway was used for pedestrians and palanquins means (Fig. 6-6, 6-7, 6-8).
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Fig. 6.7 Ox-cart passage

6.3.3 Cross-Section on Royal Road

The work is taken place within the Kol village situated on the Royal Road 40km away
from Angkor. The Road is clearly visible in the area where three ancient stone bridges remained.
Two operations have been conducted: Excavation the main section of road and Hand augering to

the both side of road extension (Fig. 6-9 Kol Village).
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Pr.8man Tengfeng
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Fig. 6-9 Kol village Cross-section Location

6.3.3.1 Objective

The excavation aims to study about: Road's Structure; Construction Technique of Road;
History of Road's use and making a comparative study to the road's structure which has been

previously done in Thailand by the Thai partner.

6.3.3.2 Excavation

- Excavation pit is selected at the most damage part of road structure because it's better to
avoid more cut. The original level of road might be higher than current level about one meter
high.

- Setting up work plan for excavating and recording.
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6.3.3.3 Stratigraphy (Soil Texture)

Road's Structures were thoroughly compacted by clay, sand and coarse laterite/granular

laterite (?). Four soil layers have been identified (Fig. 6-10, 6-11, 6-12 and 6-13):

- Layer I: A sandy loam; fine; organic soil because of common roots; slightly hard; light
gray at central pit and becomes dark at extremities pits.

- Layer II: A loamy sand; Light brown; Granular and coarse soil composed with sand and
clay are identified by red spot when they absorbed water; slightly hard soil layer; Tree roots
found.

- Layer Illa: A mixed clay with coarse sand layer; Light brownish gray at dry area and
becomes dark brown at wetting area; Very coarse and granular; Hard; clay's composition is much
more than Layer II but it not well stuff as previous layer; big tree roots found in some parts of the
layer.

- Layer IIIb: Similar to previous layer but it's more wetting, softer and browner than layer
IIIa.

- Layer IV: A mixed clay and coarse sand layer; clay's composition is less stuff than
Layer IIla (sandy loam); light brown; It's flaking when it's grated; less sticky than layer Illa;

Coarse sand became dark red spot at wetted area, considered as manganese layer (Mg).

Fig. 6-10 Cross-Section Pit
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6.3.3.4 Object found

4 small ceramic pieces discovered during the excavation which could be identified as 3

Chinese pieces and 1 Khmer piece (see detail report below).

6.3.3.5 Hand Coring

We extended the research work into the both side of extremities pits. Coring work into
each side was covering into 10m away from the excavation pit. We did a coring hole in every 1m

for seeking the edge and drainage canal of the road.

A- Soil recording at Eastern part (E + number = coring hole location and number):

- E-1 is a coring hole 1m away from excavation pit to East side. Here's below the
soil description:

* 0cm-30cm: A sandy loam, gray, sediment soil, Fine, soft and well stuffed

* 30cm-70cm: A loamy sand, light gray, sediment, soft, coarse sand found and
ground water infiltrated at this level

* 70cm-100cm: Loamy sand, light gray, sediment, hard, coarse sand and its
grains became dark red spots due to ground water infiltrated in this level, a small piece of
charcoal found

* 100cm-110cm: Loamy sand, grayish mixed with dark red spots, harder, much

more coarse sand, natural sediment.

- E-2 is 1m away from E-1 coring hole:

* Ocm-20cm: Sandy loam, light gray, Fine, soft and well stuffed, sediment

* 20-80cm: Loamy sand, light gray, sediment, soft, coarse sand found and
ground water infiltrated.

* 80cm-110cm: Loamy sand, light gray, sediment, hard, coarse sand and its
grains became dark red spots due to ground water infiltrated in this level.

* 110cm-120cm: Loamy sand, grayish mixed with dark red, harder, much more

coarse sand, natural sediment.
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- E-3 is 1m away from E-2 coring hole:

* Ocm-20cm: Sandy loam, light gray, Fine, soft and well stuff, sediment

* 30-50cm: Loamy sand, light gray, sediment, soft, coarse sand found and
ground water infiltrated.

* 50cm-60cm: Loamy sand, light gray, sediment, hard, ground water infiltrated
in this level.

* 60cm-100cm: Loamy sand, light gray, harder, coarse sand, natural sediment.

* 100cm-120cm: Loamy sand grayish mixed with dark red spots, harder, much

more coarse sand, natural sediment.

- E-4 is Im away from E-3 hole:

* 0cm-20cm: Sandy loam, light gray, Fine, soft and well stuff, sediment

* 20-50cm: Loamy sand, light gray, sediment, soft, coarse sand found and
ground water infiltrated.

* 50cm-60cm: Loamy sand, light gray, sediment, hard, coarse sand with dark
red

* 60cm-110cm: Loamy sand, grayish mixed with dark red spots, harder, much

more coarse sand, natural sediment.

- E-5 is 2m away from E-4 hole (6m away from excavation pit):

* Ocm-20cm: Sandy loam, light gray, Fine, soft and well stuff, sediment

* 20-50cm: Loamy sand, grayish mixed with dark red spots, sediment, hard,
coarse sand found and ground water infiltrated.

* 50cm-60cm: Loamy sand, gray mixed with dark red, sediment, hard, coarse
sand with dark red

* 60cm-110cm: Loamy sand, grayish mixed with dark red spots, harder, much

more coarse sand, natural sediment.

- E-6 is 7m away from excavation pit and has a similar soil texture to E-5

- E-7 is 8m away from excavation pit and its textures are:
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* Ocm-20cm: Sandy loam, light gray, Fine, soft and well stuff, sediment

* 20cm-50cm: Loamy sand grayish mixed with dark red spots, coarse sand, hard,
natural sediment

* 50cm-60cm: Loamy sand, grayish mixed with big dark red spots, coarse sand,
hard, natural sediment

* 60cm-100cm: same texture as layer above

- E-8 is 10m away from excavation pit and here the soil texture:

* Ocm-20cm: Sandy loam, light gray, soft and well stuffed

* 20cm-50cm: Loamy sand, grayish mixed with dark red spots, coarse sand,
hard, natural sediment

* 50cm-60cm: Loamy sand, grayish mixed with big dark red spots, coarse sand,
hard, natural sediment

* 60cm-100cm: same texture as layer above

B - Soil recording at Western part (W + number = coring hole location and number):

- W-1 is a coring hole 1m away from excavation pit to West side. Here's below
the soil description:

* 0cm-30cm: Sandy loam, gray, sediment soil, Fine, soft and well stuffed

* 30cm-60cm: Loamy sand, grayish mixed with dark red spots, coarse sand,
hard, sediment soil

* 60cm-70cm: Loamy sand, grayish mixed with dark red spots, coarse sand,
harder, natural sediment

* 70cm-90cm: Loamy sand, grayish mixed with dark red spots, coarse sand,

harder, natural sediment

- W-2 is Im away from W-1 hole:
* Ocm-20cm: Sandy loam, gray, sediment soil, Fine, soft and well stuffed
* 20cm-50cm: Loamy sand, grayish mixed with dark red spots, coarse sand,

hard, sediment soil
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* 50cm-60cm: Loamy sand, grayish mixed with dark red spots, coarse sand,
harder, natural sediment
* 60cm-100cm: Loamy sand, grayish mixed with dark red spots, coarse sand,

harder, natural sediment

- W-3 is Im away from W-2 hole and has the same texture as W-2

- W-4 is 5m away from excavation pit and has the same texture as W-3

- W-5 is 1m away from W-4 and has the same texture as W-4

- W-6 is 1m away from W-5 hole:

* Ocm-20cm: Sandy loam, dark gray, sediment soil, Fine, Soft and well stuffed

* 20cm-50cm: Loamy sand, light grayish mixed with dark red spots, coarse
sand, hard, sediment soil

* 50cm-60cm: Loamy sand, grayish mixed with dark red spots, coarse sand,
harder, natural sediment

* 60cm-100cm: Loamy sand, grayish mixed with dark red spots, coarse sand,

harder, natural sediment

- W-7 is 1m away from W-6 and has the same texture as W-6.

- W-8 and W-9 have the same textures as W-6.

C- Soil recording at the inside excavation pits (S + number = coring hole location and
number). The work is looking the soil structures underneath of excavation pit where we could not

go deeper because of infiltrating of underground water.

- S-1is a coring hole 0.5m away from the Eastern bank of excavation pit:

* Ocm-20cm: Sandy loam, light gray, Fine, Soft, coarse sand found, sediment

* 20cm-50cm: Loamy sand, light gray mixed with dark red spots, coarse sand
found more than previous layer, hard, natural sediment

* 50cm-90cm: Loamy sand, grayish mixed with dark red spost, coarse sand

found much more that previous layer, harder, natural sediment

- S-2 is 13m away from the Eastern bank of excavation pit:
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* Ocm-20cm: Sandy loam, grayish mixed with dark red spot, coarse sand, hard,
natural sediment

* 20cm-110cm: Loamy sand, light gray mixed with dark red spots, more coarse
sand than previous layer, harder, natural sediment

- S-3 is Im away from Western bank of excavation pit:

* 0cm-50cm: Loamy sand, grayish mixed with dark red spots, hard, natural
sediment

* 50cm-110cm: Loamy sand, grayish mixed with dark red spots, harder, natural

sediment.

6.3.3.6 Result from the Analyzing

Based on the studies on soil layers found in excavation pits and soil textures found at

coring holes, we could summarize the result as below:

- Royal Road was flanked by two drainage canals, one at each side

- Royal Road measures at this excavation pit 23.50 meters (included crown and
its two edges/slopes)

- Road consisted by 4 different compacted soil layers

- Original level of Road was probably 1 meter higher than current situation

- Two drainage canals stand about 1.40m away from foot slope of Road

- Eastern drainage canal measures about 7m wide and more than 1m deep.

Current was not speedy flowing in this canal during the ancient time

- Western drainage canal was about 8 meters wide and 1 meter deep. Current was
not speedy flowing as well.

- Road might be rehabilitated during two different periods of times in this area.

The rehabilitation was done at central part of Road.
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6.3.4 Associated structures of the Royal Road

6.3.4.1 Chapel of Rest-houses, Dharmashala

17 chapel of rest-houses, Dharmashala, which mentioned in Preah Khan inscription, are

totally found: 8 chapel situated in side current Cambodia and 9 building in Thailand (Fig. 6-14)

Living Angkor Road Project

A Khmer-Thai Joint Project
Phase One: Aug 2005-Feb 2007

e

Legend
{1 Resthousehamasale
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Fig. 6-14 Trace of Royal Road from Angkor to Phimai
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Distance Calculation (walking speed) from Yashodharapura to Dangrek Range

Dhamarshala Distance (Km) Time (H) Total (d/h/m)
Angkor-Sampov 7 1.45
Sampov-Samanteng 18.71 4.40
Samanteng-Kok Ach Chroeng 17.36 4
Kok Ach Chroeng-Kok Mon 11.81 4
Kok Mon-Prohm Kel 10.36 2.50
Prohm Kel-Ampil 22.58 5.50
Ampil-Kok Phnau 18.61 4.45
Kok Phnau-Prasat Chan 14.61 3.50
Average distance/time 15.13 4
Total distance/time 123.2 31 1.7

Distance Calculation (walking speed) from Dangrek Range to Vim dyapura

Dhamarsala g])istance (Km) Time (H) Total (d/h/m)
Tamean-Thmor 17 4.25
Thmor-Ban Bu 17.6 4.4
Ban Bu-Kok Prasat 17.8 4.45
Kok Prasat-Nong Plong 9.5 2.37
Nong Plong-Samrong Kao 10.6 2.65
Samrong Kao-Hui Ken 20.4 5.1
Hui Ken-Kuk Sila 16.6 4.15
Kuk Sila-Phimay 19.4 4.85
Average distance/time 16.11 4.02
Total distance/time 128.9 32.22 1.8.22
Angkor-Dangrek 123.2 31 1.7
Yashodarapura-Vimdayapura 245 61.25 2.13.25




6.3.4.2 Ancient Stone Bridges, Spean Boran

a- General Findings
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Totally, there are 32 stone bridges have been identified and located along the axis in

present Cambodia side as following (fig. 6-15):

- 20 stone bridges found in Siem Reap province

- 18 stone bridges found in Uddor Meanchey province

- The first one located near the capital city Angkor currently named Spean

Prasat Sampov which measures 27m long x 9m wide.

12m long x 6m wide x 4 arches. Bridge was partly destroyed by mine in 1980's.

- The last one located close to Dangrek, named Spean Khmeng which measures

- The longest bridge named Spean Top situated in Chongl Kal district, Uddor

Meanchey, measures 150m long x 14.5 m wide x 28 arches.

- The shortest bridge named Spean Hal at Kol village measuring 7.5 x 6.10 x 3

arches. (see detail work below). Here is table demonstrating of calculation of distance from each

bridge, their size and location.

Distance Size Location
No. Name
(Km) M) (district and Province)
1 Spean Tmo (Pr Sampov) 7.5 27 x 9 x arches? Angkor Thom, Siem Reap
2 Spean Srah /Spean Stung 18 x 7 x 7 arches
Chkae Kon 8 Pouk, Siem Reap

3 Spean Phnak Dai 8.5 24 x 6.5 x12 arches Angkor Chum, Siem Reap
4 Spean Thmo (Kok Doung) 1.5 12 x 6.5 x 5 arches Angkor Chum, Siem Reap
5 Spean Klakon 1.5 20 x 6 x 8 arches Angkor Chum, Siem Reap
6 Spean Trapeang Spean 1 12 X 6.5 x 6 arches Angkor Chum, Siem Reap
7 Spean Prey Spean 2.50 10 x 6 x arches? Angkor Chum, Siem Reap
8 Spean Ta Liv/Ta Lev 3 18 x 6 x 7 arches Angkor Chum, Siem Reap
9 Spean Thmo Toch 1.60 11 x 6.5 x 5 arches Angkor Chum, Siem Reap
10 Spean Thmo 0.20 34 x 9 x 17 arches Angkor Chum, Siem Reap
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Distance Size Location
No. Name
(Km) M) (district and Province)
11 - Spean Thmo Trapeang Yeay 14 x 6 x 4 arches
Loem 1.30 Angkor Chum, Siem Reap
12 Spean Memay 2.50 32 x 6.5 x 6 arches Angkor Chum, Siem Reap
13 Spean Hal 1.35 7.5x6.10 x 3 arches Angkor Chum, Siem Reap
14 Spean Memay 0.20 32 x 6.5 x 6 arches Angkor Chum, Siem Reap
15 Spean Preah Chang E 0.30 34 x 8 x 13 arches Angkor Chum, Siem Reap
16 Spean O Krabao 13.50 25 x 7 x arches? Srei Snom, Siem Reap
17 Spean Tbong 4.50 25 x 6.5 x 9 arches Srei Snom, Siem Reap
18 Spean Choeng 0.50 51 x 10 x17 arches Srei Snom, Siem Reap
19 Spean Khmeng 2.60 40 x 9 x 11 arches Srei Snom, Siem Reap
20 Spean Memay 0.60 40 x 8.5 x11arches Srei Snom, Siem Reap
21 Spean Yeang 0.70 92 x 9.5 x15 arches Chong Kal, Uddor Meanchey
22 Spean Top 0.20 150 x 14.5 x28arches Chong Kal, Uddor Meanchey
23 Spean Tbong 0.18 43 x 9.5 x 11 arches Chong Kal, Uddor Meanchey
24 Spean O Thlok 6 46 x 9 x 14 arches Chong Kal, Uddor Meanchey
25 Spean Memay 0.60 20 x 7.5 x 9 arches Chong Kal, Uddor Meanchey
26 Spean Kantrip 0.50 15 x 6 x 7 arches Chong Kal, Uddor Meanchey
27 Spean Ta Nat 6.10 16 x 7 x 6 arches Chong Kal, Uddor Meanchey
28 Spean Chramos Spean 2.60 25x 7.5 x 8 arches Chong Kal, Uddor Meanchey
29 Spean Memay 1.30 40 x 8 x arches? Chong Kal, Uddor Meanchey
30 Spean Khmeng 11.30 22 x 7 x 4 arches? Samrong, Uddor Meanchey
31 18 x 6.5 x 5 arches Tonle Sar, Banteay Ampil,
Spean Khmeng 5.50 Uddor Meanchey
32 12 x 6 x 4 arches Prey Veng, Banteay Ampil,
Spean Khmeng 17.10 Uddor Meanchey
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Fig. 6-15 Spean Boran, Stone bridges Location

b- A study on an ancient bridge, Spean Hal at Kol Village6

b-1 Location

In Kol village, there are three ancient bridges which situated about 200 meters away from
each others. All these bridges were built by laterite of their whole structures. Spean Hal’ is the
smallest one located on the South-east of the other two bridges, and on the North of a huge water

reservoir, named Veal Roneam, ancient water structure (fig. 6-16).

° This report reworked on last LARP report by Srun Tech

" The local villagers called this ancient bridge as “Spean Hal or Hal Bridge”.
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Fig. 6-16 Archaeological map of Kol Village

b-2 Current Condition of the bridge

Nowadays, no any traffic held at Hal bridge, but it is still functioning as a drainage
system which water at up stream flows down to feed the community and the rice fields at the
down stream. The bridge’s condition is supposed in good condition about 55% . Its current status
found as following:

- Being covered by the vegetation
- Corbelled arches® were blocked by sediment about 70 cm thick

- Some movable laterite blocks are in the both side of the bridge

- One big tree grows on the bridge caused some block of its balustrade
moved at South-west corner

- West fagade’s structure is preserved in good condition

* The Siem Reap Villagers called bridge’s drainages “corbelled arch” as “Runtadev” (in

French technical terms called arche en encorbellement).
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- Middle part of east facade was fallen down from 2 to 3 layers of stones

- South-east wing wall is still in better condition. But some laterite stones at
embankment are moved from the original place, and some are fallen from their original places

- Other three wing walls are completely fallen down, except their basement (see
fig. 6-17, 6-18)

- 4 retaining walls are fallen remained only some of their structures

Fig. 6-18 View form North-east
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b-3 The bridge structure

b-3-1 Structural Material

The bridge was built from laterite stones. The average dimensions of each block for the
construction are: 40 centimeters in width, 60 meters in length and 30 meters in thick. And others

are from 190 to 240 centimeters in length.

b-3-2 Construction Technique

The size of the bridge is 6.10 meters by 7.35 meters and 2.50 meters high (from the lower
basement). The bridge’s body is standing on 2 pillars (1.30 meters wide by 1.57 meters high), 3
corbelled arches (1 meter wide). There are four wing walls and four retaining walls used as

stabilizer for the bridge and its foundation (see fig. 6-19).

Excavation pit
Pt

Fig. 6-19 Ground plan, Current status
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b-4 Assembling Structure

The bridge’s structure was constructed by 9 laterite block layers (from the top layer of
the base pavement to the top layer of the bridge body pavement “upper pavement”) and might be
two more layers for the foundation. The total structure is assembled by 11 layers of laterite stones

(see fig. 6-8).

b-4-1 Basement and Foundation

Basement and Foundation are not excavated during the last mission. But we did the
coring by using the metal stick at two sides, upstream and downstream close to the facades. This
test confirmed the existing laterite stones paved underneath. This laterite layer was paved on
compacted sand with rock”’. This is the foundation of the bridge.

The upstream basement is recorded about 3.50 meters long and the downstream basement
is about 5.00 meters long (measuring away from the pillars). This basement was paved through a

slope from upstream with 10 centimeters higher than to downstream.

b-4-2 “Bridge’s Head of Bridge Structure/Base of bridge Structure

In the ancient time, Khmer people were skillful in making the slope of the roads, dikes
and temple’s foundation. Referring to the excavation’s result at the “bridge’s head” showed that
there was also a present of slope’s structure which was formed by as staircases of 6 steps linked
directly to the road’s structure. It was a skillful technique for one supporting the bridge stability,
and second from the road’s pressure.

Moreover, the 6 steps of the staircase firmly linked with the road’s structures by 5
different layers of compacted soil. Some of this layers were composed by fine sand with small
stone, and other layers was composed by fine clay compacted with coarse laterite.

By studying on this “bridge’s head”, we found this is a strong structure which well made

bridge to be strong and stabilize (see fig. 6-23, 6-24 and 6-25).

” This is a common foundation structure of ancient stone bridges. We found the structure

during the 3 different excavations on ancient bridges situated along the National Road No 6.
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b-4-3 Pillars

Nowadays, we can see the bridge’s pillars on their upper part about 80 centimeters high.
The down part remained underneath of the current sediment about 70 centimeters thick. These

pillars were built by 5 layers of laterite blocks'” as following:

- 1" layer (down from the bridge’s body): all the blocks are parallel assembled
along the bridge. Their sizes are about 1.70 meters by 35 centimeters.

- layer: all the blocks are also assembled along with the bridge. They are
about 1.20 meters by 35 centimeters.

These two layers were formed as an architrave.

-3¢ layer was assembled along bridge’s width by three successive blocks. These
three blocks are same size of 35 centimeters wide by 35 centimeters thick.

-4" and 5" layers are currently underneath of sediment. All these layers might be

remained under water (see fig 6-21, 6-22 and 6-23).

b-4-4 Corbelled Arch

Corbelled arches were constructed by two pillars on each side and on the upper part
joined by two layers of laterite blocks of their architraves where the block moved toward about
1/3 of each. The dimension of opened arch is 100 centimeters which is large enough for flowing

water (see fig 6-20, 6-21 and 6-22).

b-4-5 Wing wall

There are 4 wing walls on the both bridge’s head is a slope with 9 tightened steps of
laterite block. The wing wall is plying an importance role to protect step bridge from water flow

and water erosion to bridge foundation (see fig 6-20 and 6-22).

 This 5 layers situated on the surface of pillars.
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b-4-6 Retaining wall

The 4 retaining walls were overlapped in square shape and paralleled with the both
bridge’s head. They were maybe the adding construction after the bridge was finished, in order to
add more support. There is no any special connecting point, which is confirmed to fix to the
bridge structure. Refer to this point, its function are playing role to protect water pressure and
water eroded. Therefore, in the ancient time, it might be strong current or might be bridge’s

structure was weak? (see fig 6-20, 6-22 and 6-23).

Fig. 6-21 West facade elevation view
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Fig. 6-24 bridge’s head structure Fig. 6-25 Compacted soil layers at bridge’s head
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b-4-7 Bridge’s body

The three layers of laterite were overlapped in crisscross for the bridge’s body. It was

laid on the step bridge, columns and drainages (see fig. 6-21, 6-22 and 6-23).

b-4-8 Balustrade

Generally, the bridge always has balustrade. This balustrade is short or high depends on
the type of structures. This bridge has short balustrade, but no supporter only put long laterite
blocks on the both edges of the bridge. The importance function of balustrade is pressing on small
stone, in order to stucks them to move from its original place and its function to protect the traffic

safety. Thus, all the blocks of balustrade are long (see fig. 6-21, 6-22 and 6-23).

b-5 Reflection to an original form of bridge and road

Referring to result of cross-section and bridge’s survey (107 meters away from the two
locations), we found the axis line of road and bridge were not standing on the same line. They are
standing 5 degree away from each other. If we measure from the bridge’s axis, the road’s axis
stays 5 degree on West. For reflecting the road and bridge use, we reconstructed the original form

of bridge and road, based on the studies above, as showing in fig. 6-26, 6-27 and 6-28 below.
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c- Excavation work at Bridge Site''

Two pits are opened: one at the Head of bridge on the south. We opened this for finding
the structure linked between bridge and road. This is the first study on bridge structure in

Cambodia. Second pit is done at extremity of south-western wing wall for finding its structure.

c-1 Bridge's Head Site

- Step1: Pit is opened 3m (E-W) x 2m (N-S)

- Step2: Pit is extended to East 50cm and to West 80cm

- Step3: Due to time limited, we reduced the pit's size into Im x 1.5m at the
Eastern corner and 80cm x 80cm at the Western corner. The Eastern pit had its deep 2m down
until ground water infiltrated. We dug down the Western pit just at 90cm deep (see fig. 6-29 and

6-30).

" This section contributed jointly with Ea Darith
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c-1-1 Soil Layer

- Layer 0: Ocm-40cm is upper layer of Royal Road. This layer was worn during last
thousand year remained just such thick: Sandy loam, light gray, fine, slightly hard

- Layer I: 40cm-85cm, sandy loam, grayish brown, organic soil, hard

- Layer IIa: 85cm-105cm, loamy sand, grayish brown, coarse laterite, sticky, very hard

- Layer IIb: 105cm-130cm, sandy loam, grayish dark red, coarse alterite, very weak

- Layer IIla: 130cm-170cm, loamy sand, dark red, coarse laterite, sticky and very hard

- Layer IIIb: 170cm-260cm, loamy sand, grayish dark red, sticky and very hard

- Layer IV: under 260cm, coarse laterite layer

c-1-2 Object Found

10 small ceramic pieces found at this site: 6 Khmer ceramic pieces and 4 Chinese

ceramic pieces (more detail see full report below).

c-2 Wing Wall Site

- Stepl: Pit is opened 3m (N-S) x 2m (E-W)

- Step2: Extension 1m to the North (see fig. 6-31 and 6-32).

c-2-1 Soil Layer

- Layer 0: Ocm-15cm, sandy loam, soft, sediment, fine

- Layer I: 15cm-35cm, sandy loam, grayish brown, fine, organic, sediment, soft

- Layer II: 35cm-55cm, loamy sand, grayish dark red, coarse laterite, slightly sticky
- Layer III: 55cm- 75¢m, loamy sand, grayish red, very sticky and well stuffed

- Layer IV: under 75cm, loamy sand, dark brown, coarse laterite, very hard.
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Fig. 6-31 and 6-32 Wing wall site

c-2-2 Object Found

4 small Khmer ceramic pieces found at 30 cm deep. They were pieces of earthen pot.

Base on decoration left on pieces, they probably were pre-historic ceramic.

d- Result from Analyzing

The bridge is small size. But laterite blocks are big size. This is important for
construction technique, i.e. making bridge strong because of its whole structure is big for
columns, arches and foundation. Moreover, the dimension of the basement is approximately 15 m

x 10 m which making strong enough for the bridge structure.
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So, this bridge structure was built for heavy load and supported the strong current in
rainy season. Furthermore, by the study on Hal bridge, we understand geographical formation of
Kol village where the slope runs down from North-east and the current flows down from the same
direction. Thus, it reflects to thinking the same situation in the ancient time.

On the other hand, there are three bridges in this community where given water flow
from the up North-east down to South-west, where the community settled. Hal bridge was one of
the three who was served, besides its fundamental function for transportation, as water drainage
system, an inlet where the water flows to feed Veal Roneam (an ancient water reservoir) for
supplying to the local community, Kol village. The functional system of Hal bridge is currently
using by local people.

Based on analyzing on stone samples and bridge structure done by Civil Engineering
Department, CRMA, Thailand, loading capacity of Spean Hal could be reachable 42 tons of

weight. A heavy loaded such as elephant could freely pass through the bridge (see fig. 6-27).

6.3.5 Archaeological sites: Temples

These are very important feature of the study. Most of the buildings are badly ruined and
seriously looted. These temples were built on plain mound which are covered on an area mostly
bigger than sq. 900 meters (30m x 30m). These temples faced east, surrounded by moat and some
plus with laterite wall (inside the moat). We always found a small or big water structure situated
on the east of the building. Some temples opened to the both sides: East and West. And some
opened only to the East. There are 87 temples found in the buffer zone which classified into three
categories (see fig. 6-33):

- 68 brick temples which some of them can be identified as Pre-Angkorian styles Some
of them had only one tower some had three towers and other with five towers.

- 13 sandstone temples

- 6 laterite temples

The last two types were certainly Angkorian styles which some can be identified a single

tower with a library and wall enclosure, and other were a complex.
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Fig. 6-33 Archaeological sites
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6.3.6 Arogyashala, Chapel of Hospital

Ta Prohm’s Inscription dated under reign of Jayavarman VII, listed 102 hospitals were
built in his Empire (see fig. 6-34). These building called Arogyashala which were situated in

capital city and in various provinces.

Fig. 6-34 Bas-relief at Bayon

Up to date, about 30 chapels are identified in current Thailand (see Muang Boran 2004)

and 20 structures found in Cambodia which identified below:

- There are 5 chapels found in capital city Angkor

- 4 buildings found in Banteay Chhmar, sister city of Angkor Thom "

- 2 chapels found along Angkor-Sambor Prei Kuk Road

- 1 chapel found along Angkor-Bakan road

- 1 found in Beng Mealea

- 1 found in Bakan, called Preah Khan Kompong Svay

- 1 found in Koh Ker

- 1 situated on the north of Phnom Dek region, Preah Vihear province; etc.

- There are 8 hospitals found along Preah Kunlong, Angkor-Phimay where 4 chapels
situated along the axis from Angkor to Dangrek. These chapels are: Prasat Prei Prasat situated

on Northwest corner of Angkor Thom, just about one kilometer outside city wall; Prasat Ta

" This is a new finding. The report on these four structures will be published soon by the

author.
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Koem situated in Kol village; Prasat Prei Nokor located in Chonkal, Uddor Meanchey; and
Prasat Tor (local name), called Ta Mean Toch situated on Dangrek.

If we do calculation the distance the four hospitals located along the road from Angkor to
Dangrek, so we got the average distance from one to other is roughly 40 km. This means taking

about half day walk, passing two relay stations, rest-houses.

6.3.7 Ancient Inhabitancy, Kok

We have identified 27 sites supposed as "ancient resident area" located along the axis.
These sites called "Kok" (literally means "plain mound"). Most of these sites are still living by
villagers. One of these communities has been studied in detail. That is Kol Village13 where
situated close to the Royal Road. This is an example of a study on an ancient agglomeration
structure (see detail report at LARP 2008, first semester: Sep 2007-Feb 2008). Archaeological

features found at the community as below (see fig. 6-35):

- 5 ancient temples dated different periods: a chapel of hospital, Arogyashala; a chapel of
rest-house, Dharmashala; a 1 " century temple and a pre-angkorian brick temple.

- 3 stone bridges which one is called Spean Hal as written above.

- 9 different types of water structures

- 2 ancient local roads linked to Royal Road

- 5 Kok Srok sites where 3 of them are identified as prehistoric site dated Stone Age.

" we called here in our study as Hospital Community or Arogyasala Community
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Fig. 6-35 Archaeological Map Kol village

6.3.8 Water Structures14

The study on typology of water structures is almost done, but we need more study on
other region, as a comparative study. For this project, there are 16 different types and names have
been identified such as: Thlok, Khou, Anlong, Srah, Kanhchan, Trapeang, Chok, Boeng, Santouk,
Khnar, Khnach, Rohal, Rolom, Loboek, Tonle, Baray. Each type designs a form, size, structure
and origin different from other. Almost of them are the ancient name found in different
inscription. For example: Trapeang, (Travan) written in inscription K.222; K.843; K. 207; Rolom
written in Sdok Kak Thom inscription and K. 257,352, 229, 235, 353; Chok written in K. 357,
257, 235, 523; Tonle in K.904, 598, 383; etc.

We can divide into three different type of size: Small, Medium and Large; and into two
type regarding their origin and form: Manmade with geometric form and Nature with no form but

modified later on.

" This work developed by Khieu Chan
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About the size:

- Small size: Thlok, Khou, Anlong, Srah, Kanhchan,

- Medium Size: Trapeang, Santouk, Khnar, Khnach

- Large Size: Chok, Boeng, Rohal, Rolom, Loboek, Tonle, Baray

About their Origins and Forms:

- Manmade: Khou, Srah, Kanhchan, Trapeang, Santouk, Khnar, Khnach, Loboek, Tonle,
Baray

- Nature: Thlok, Anlong, Chhok, Rohal, Rolom, Boeng

During the ground survey along the axis from Angkor till Dangrek, there are 385 water
structures have been identified as ancient structure based on remained of artifacts: ceramics, stone
sculptures on their dikes; associated structures to communities or temples and road. Generally, we
can determine these structures into three groups:

a- Most of theses structures are associated to communities situated in the buffer zone (4
km). At least one community had about three different sizes of water structures. They are mostly
still using and highly threat to lose.

b- Some of them are associated to the temple complex. Normally, each temple had at
least one water structure situated on the east (no included the temple moat).

c- And only 53 structures identified as associated to the Royal Road. These structures
located the further one around few hundred meters and on the both side of Royal Road. They are
mostly rectangular form built by four dikes, stretching east-west facing to the Royal Road. These
structures are differently typology as following: 1 Srah; 42 Trapeang; 1 Tonle; 1 Boeng; 2

Santouk; 2 Loboek; 2 Kou and 3 Rolom.
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Fig. 6-36 Water Structures

We got a lot of information regarding “Thmo Kol”, gol” (stone post) during the ground
survey which told by villages. Despite the landmine and time limited, we could not be reached to
all post, but we did mapping only 14 Thmo Kol which some located along the road and some
scattered in the rice fields situated in the buffer zone. There are two forms of post: one was
sculpted a lotus flower on top; and other one was curved on the top formed lotus petal or pyramid

(see fig. 6-37, 6-38 and  6-39). Some posts were sculpted on its faces into Buddha images.

. gol means “stake, post”, is written in many inscriptions such as: K.831; 521; 470; etc.
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Fig. 6-37 Lotus flower Fig. 6-38 Pyramid shape Fig. 6-39 Buddha image

* A reflection to the gol use

As mentioned about the inscriptions cited here, go/ was used for delimiting land, village
and specially delimited the sacred and the profane. The last role found everywhere used at temple
complex and in modern day at monasteries as well. Only one inscription remained on a door jamb
of northern Kleang temple (1 " century) in Angkor, drawn a plan of huge land offered to temples,

etc (see fig. 6-40 and 6-41).

Fig. 6-40 Rubbing at Kleang (Plan of Land)



273

gol zal
3 i B
| bhdmi reh)lgalpand dag vpam gn bhiami neh dau la |
Rl neh day -- {1 IREEEE
li‘urlhl ..... S &pm Lhizinl
‘ sPuE | Civall |
fida
| | L
bhdami neh  duu  ta weah  givali | :
- & *
F—-—-; fgz nmeb b weul) ek gl kbgenr Ghdmi ever samih =
| ki &
| kamiten athipand dni glkharesvara
WEAR Eh alkfiga |
I |
/ ErE
nely | vreb | = ryyaeli wroll Kamsten
stRdpand Kalpand o g dau- wnve denle
| lingapura
5 |
gal B3

Fig. 6-41 Translation by G. Coedes

6.3.10 General Discussion on Royal Road Yashodarapura-Vimayapura

a- Collective knowledge on this axis is still living. Villagers called this road as Preah’’
Kunlong” (vrah ganlo7i which at first was found in an inscription K.175, dated 10" century),
literally means Royal Road. In additions, local people still respect and worship to Preah Kunlong.
No local people dare to disturb the ancient road. Interesting information found nearly everywhere,
once we asked villagers, where this road comes from and leads to? They will be no hesitates reply
back: It's from Angkor and to Siam. Some local people still remember its terminus and said that
“it went to Nokor Reach in ancient time”. Phimai is not familiar within the local people. But

Nokor Reach, Korat, is still on their memories.

b- Villagers at the Dangrek region have an extraordinary knowledge concerning Preah
Kunlong, its origin and destination. Many local legends relating to ancient road are still talking
from generation to next. The most important one is a story regarding the Laterite steps called
Phlov Romkel Sap, Banteay Chhmar and Angkor. It was the story of the King named Yos Ker,
which was probably derived from the former name of Yashovarman (more study to be carried out

in the future).

0 Glorious, illustrious, Sacred. A sacred being or object: god, king, statue, etc...

v Way, track, road
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c- In theory, Royal Road was straight where can be detected for some distances from
aerial view seen as a straight line. But for some area it was deviated accordingly its orbit. Here are
just only three cases to give as example::

- It was deviated its direction when it was be reached to a temple called Preah Khan
located about 20km on the northwestern of Angkor Thom. This means the Road might be existed
after the temple built

- It was turned its direction to East about 20 degrees when it was reach Kol village
situated about 35 km on the northwest of Angkor. Here is exactly the case. Based on the
archaeological mapping on the village, we found human settlement here dated back to Stone Age,
the present of Pre-Angkorian temple style, and some early Angkorian temple style. This is proved
that Kol was settled for long time and became a huge agglomeration before building the current
Royal Road.

- It was deviated its direction again when it arrived to a village named Kok Spean at
Chongkal. This village is a prehistoric site, a mound moat site. Two stone bridges found at each
side of the village: one at the southeast when road was be reached at the moat. Then, Royal Road
was overlapped on the ring road of the village. And, Road linked to second stone bridge situated

on northwest when it was passed through the moat of village again.

d- The integration of this multi-disciplinary research project has projected the history of
Royal Road and its use. The evident issued from analyzing on ceramics found at excavation site
in Kol village and found at different sites along the ancient road (see LARP 2008), from remote
sending and GIS, from excavation work and historic context, can be used to propose some

hypothesis as following:

- Royal Road and bridge were not built before 9" 10" C
- Road might be entirely became an axis linked from Angkor to Phimai from 1" century

- Stone bridges were built between 1 1" - 15" centuries

e- Based on the study on Cross-section, Royal Road was built by four compact soil layers

and rehabilitated from time to time.

f- At Present Preah Kunlong is being in use for some parts, and highly threat from new

rural development plan and land grabbing from new settlements, the outsiders.
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6.4 Ceramic Study18

The entire article on this study has been specifically done a part from this report. It has

attached along with this main report (see APPENDIX E).

6.5 Prehistoric Study19

Initially, this study was not included into the fold of the framework. But, during the
course of the ground survey, we have accidentally found a lot of prehistoric remains such as stone
tools, metal tools, ceramics and skeleton of human remains. These evident found at sites where
some of them are presently occupied by local people living as their villages; and most of these

sites are looted. We can identify these sites and classify them into four typologies:

- Plain mound
- Circular mound
- Circular mound moat

- Normal plain.

Along the Royal Road stretching in side Cambodia, 23 prehistoric sites are identified
located in district of Pouk, Angkor Chum and Srei Snom in Siem Reap, and in the district of

Chongkal in Uddor Meanchey. These sites are listed in the table below:

Location Number of Site Typology Artifacts found
Siem Reap 18 - 14 Mound moat Stone tools, metal tools,
- 2 Circular mound litho phone, Ceramics and
- 1 Circulra mound moat Skeletons
Uddor Meanchey 5 - 4 Mound Stone tools, metal tools,
- 1 Circular mound moat Ceramics and Skeletons

All the sites situated close to water way: stream, creek or natural water structure. Some of

them are villages where people are still living and also remained ruined temples which some

** This entire section contributed by Ea Darith

It is contributed by Heng Than
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dated Pre-Angkorian period, and some Angkorian period. Some sites called Kok Srok situated

near by the village.

6.6 Initiate Archaeological Database

We also developed the Excel format for Archaeological information collected from field

survey. The structure is designed as following:

- Inventory Code by LARP

- Old Inventory Code done by Ministry of Culture and Fine Arts

- Archaeological site's name: Khmer and Romanization

- Date of Survey

- Site Location: Administrative location and its UTM

- Current Status: Threat, Looting, Vandalism, Nature (high, medium, low)

- Archaeological Typology: Temple, Arogyasala, Dharmasal, Road, Bridge, water
structure, etc

- Archaeological Structure

- Art Styles; Date

- Dimension

- Remark/description

For detail information see Annex V_Archaeological database.

6.7 Application of Remote Sensing and GIS™

6.7.1 Objective:

- Identification the archaeological data information along the ancient road: temples, water
structures, road traces, ancient industries, human settlements, and man made structures, etc.
- Surveying and analyzing the lost part of road traces, laterite step and ox-cart passage at

Dangrek Mnt. Cliff near Tamean temple

* This section contributed by Kim Samnang.
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- Mapping and Analyzing the complexities of the Ancient settlement, Arogayasala
communities, at Kol Village (40km on the North-west of Angkor)
- Development of basic Geo-Informatics information resources for the further study

- Development of Internet Geo-Spatial Database Server

6.7.2 Methodology

6.7.2.1 Resources

- Old maps: different old maps drawn by French dated from late 19" century (Bastian,
Aymonier, etc.), early 20" century (Lunet de Lajonqueére) and following until current date.

- Topographic Map 1960, scale 1:50,000

- Topographic Map 1972, scale 1:250,000

- Topographic Map 2003 (JICA), scale 1:100,000

- Aerial photos dated 1945, 1957, 1997 and 2004, scale 1:40,000

- Landsat ETM 2002 with 15m resolution

- Spot 2003 with 15m resolution

- Ikonos 2005 with 1m resolution

- SRTM with 90m resolution

- Hand Drawing Map local chief authority



278

Fig. 6-43 Topographic Map 1972, scale 1:250,000
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Fig. 6-45 Topographic Map 2003 (JICA), scale 1:100,000
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Fig. 6-46 Aerial photo 1945

Fig. 6-47 Aerial photo 1957
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Fig. 6-49 Spot 2003 with 15m resolution
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Fig. 6-51 Quickbird 2005 with 60 cm resolution
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Fig. 6-52 SRTM with 90m resolution

6.7.2.2 Software and Materials for Application

- Software application for GIS and RS: ArcGIS Desktop 9.2 application & Envi 4.0
application

- Ground operations by using GPS, Garmin M5 IQue, Digital Camera...

6.7.3 Application for Research Work

- Making the geo-referencing of old aerial photograph on the study areas

- Digitization and classification layers from the old and new aerial photographs.

- Analyzing of Remote Sensing and GIS for field survey planning

- Designing buffer zone for the field research which is covered 2km away to each side
from the supposed axes. That field survey covered on area of 4km wide by 125km long from
Angkor to the current borders of both countries.

- Collecting the Archaeological and Cultural data information
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- Pinpointing the all data collected along the ancient road: existing road structures,
temples, water structures, road traces, ancient industries, human settlements, and man made
structures, etc.

- Plot the location of archaeological data information along the ancient road.

- Modification and re-location the Royal Road traces on the maps based on the latest data
survey

- Modification the buffer zone in map according to Royal Road traces found in some part
of its axis

- Verification data collection on field surveys

- Detail mapping of Kol and Bat villages which included such as archaeological sites, old
structures, houses, road networks, hydrological networks, and so on.

- Comparison and analyzing on the current collection data and the existing data in the
past and present

- Producing a new archaeological map of the Kol and Bat villages (see attached map)

- Producing various field survey maps and various maps for using in communication

- Developing Archaeological and Cultural Database.

LIVING ANGKOR ROAD PROJECT
P T '

Cam ’

Qidor Maan Chay

! Pfigkn 4 S'.l-.r.?'u'-li?:‘ghn‘x-.w Armpi
B

1 * — iy

il

£ | \Pr_sanPoy
‘ T 'h Pr_PescahiPhies
Al
e iy S Arighiar Val
S e 5 1} ¥ M
b4 E a LR
[T R

Fig. 6-53 Design work plan for the field survey
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Fig. 6-54 Pinpointing and Plotting Archaeological data collection from the field survey
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Fig. 6-55 Analyzing the lost part of road traces, Identification the Laterite steps

and Ox-cart passages at Dangrek
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Fig. 6-57 Analyzing Archaeological Features of Kol village on aerial photo 1957

Archaeological Mapping Zoning at Kol village, an Arogyashala community
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Fig. 6-59 Analyzing Archaeological Features of Kol village on SRTM



Fig. 6-60 Developing Archaeological and Cultural Database

6.7.4 Main Result

- Identification of Royal Road axis from Angkor to Phimai

- Identification of Archaeological Features along the Royal Road

- Identification of human settlement and ancient industries along the Road.
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LIVING ANGKOR ROAD PROJECT
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Fig. 6-61 Royal Road and Dharmashala
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Fig. 6-63 Archaeological Map of Kol village

6.8 Communication

During the ongoing research work within the phase I and Phase II, APSARA team had
opportunity presenting the joint research project in various themes issued from the field work to
public, national and international conferences. Those communications are cited as following:

a- Annual meeting of Technical Committee, International Co-ordinating Committee for
the Safeguarding and Development of the Historic Site of Angkor (ICC), June 5-7, 2006

b- International Conference on "Cultural Heritage: Thais and their Neighbours" at
Silpakorn University in June 22-23, 2006; and "Ancient Cultures, New Technologies" at Maha
Chakrei Sirindhorn Anthropology Center, June 24, 2006

c- Presenting the work in progress within International Conference on "Southeast Asian
Cultural Values: Exchange and Cooperation", Siem Reap, December 12-13, 2006.

d- Dissemination an abridge of its first phase result for APSARA Authority on May 2nd,
2007. Director General and his deputies, seven Technical Department heads, staffs and

representative from Unesco Phnom Penh office are attended the presentation.
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e- Joint presentation in Live VDO broadcast Lecture from Ban Khao Din Tai, Ban Kruat,
Iron Smelting Excavation Site, May 18, 2007. APSARA Team presented two topics for the
lectures which themes one was "In search of ancient industry: Iron Smelting in Cambodia" and
second was "Kilns and ceramics along the Angkor Royal Road".

f- Joint presentation in 5" meeting of TRF forum, Bangkok May 22, 2007. APSARA
team presented an overall result of first phase work in Cambodia side.

g- Presented the result of the first phase work and next work plan for second phase at / 6"
Technical Committee of the ICC, Siem Reap, July 5-6, 2007. We got a great success and greatly
interested from this International forum.

h- Joint presentation in International Conference on Technology and Culture, New
approach for local collaborations in GMS sub-region, Princess Maha Chakri Sirindhon
Anthropology Centre, organized by Silpakorn Universty, Aug 20-21, 2007.

i- Joint Presentation in Workshop entitled Science and Cultural Activity for the Next
Generation Khmer-Thai at Phanom Roong Historical Park, Oct. 3, 2007.

j- “Ancient Khmer Road Network: A Case Study of a Royal Road from Angkor to
Phimai”, International Conference on Archaeology in Vietnam-Laos-Cambodia: Towards
Sustainable Cooperation, Vietnamese Academy of Social Sciences, Institute of Archaeology,
Hanoi, December 11-13, 2007

k- Presented the Progress Report of LARP to / 7" Technical Committee of the ICC, Siem

Reap, June 2008.

6.9 Field Research to Thailand

a- August 2004, the Thai partner has organized for the APSARA’s team a field survey in
Thailand, after the first successful survey, in May 2004, conducted in Cambodia by Dr Surat
Lertlum in partnership with APSARA's team who had made a survey trip to the Angkor Area to
identify the numerous ancient bridges and rest-houses (dharmasala) as well as hospital’s chapels
dated back to the reign of Jayavarman VII. Theses vestiges are located along two main ancient
roads, departing both from Angkor and leading one to the area of Sdok Kak Thom Temple, the
second one to the area of Phimai. This two-fold survey trips concerning one single topic proved
very successful. After several exchanges of idea with the APSARA’s team, we plan to elaborate a

joint project on these ancient Angkor roads focusing on sociological and cultural research on the
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different ancient settlements as well as the present day local communities living along this axis.
We provisionally call this project Living Angkor Road.

b- Jan 2005, APSARA team along with Thai partner have conducted a field survey at the
region of Sdok Kak Thom, Ta Mean, Muang Tam and Kiln sites in Buriram.

c- Aug 3-5 2005, Living Angkor Road is a join research project Khmer- Thai which has
been giving birth one year ago. Since that time many field surveys have been done in Thailand
and Cambodia. The main objective of this field trip is to make the initial survey for Living Angkor
Road Project as supported by Thailand Research Fund (TRF).

d- February 2006, APSARA's team joint with Thai partner conducted a mainly cultural
research on ancient settlements situated in the region of Ta Mean and Muang Tam.

e- March 28 — April 1, 2006, conducted a research on the field of anthropology along
with Thai partner surveying the communities living along the royal road in the regions of Buriram
and Surin.

f- May 2007, we have attended the important events:

. Excavation on Iron Smelting Site and the Tele Lecture at Ban Khao Din Tai,
Ban Kruad, Buriram

. Joined Reporter and TRF Trip for visiting Dharmasalas along the road in
Thailand side and in Cambodia at Prasat Chan and Laterite Step

. Field survey at Ban Kruad area

. Joined presentation in the 5" TRF Meeting at Bangkok

g- August 2007, a member of APSARA team is invited by Silpakorn University to attend

the International Conference on Technology and Culture, New approach for Local

Collaboration in GMS sub-region, SAC, Bangkok. During the stays at Bangkok, we have

had a field trip to Ayuthaya, World Heritage Site.

6.10 Reporter Trip

APSARA Team has companied the Reporter Trip in July, 26-30, 2007. The Trip has
conducted by Dr Surat Lertlum for "Traveling along the Royal Road from Phimai to Angkor".
July 27" at afternoon, Reporters and LARP team have had an opportunity to meet and welcomed
by Deputy Governor of Uddor Meanchey province at provincial town hall. Three topics have

been discussed at the meeting.
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- Introduction to LARP and purpose of the reporter trip

- Briefed report of first phase

- Future local collaboration project which will be an exchange of culture and
relationship between the local people living close to border of both countries. The

first exchange will be organized in coming October 2007.

6.11 General Conclusion

This is a Socio Historic Study on historic roadway, communication links and human
settlement along the Royal Road from Angkor to Phimai. The research work had been conducted
along the axis in Cambodian side for more than hundred kilometers by Cambodian team. And on
the other side was conducted by Thai team. The exchange for field survey and discussion are
being held some time in Cambodia and some time in Thailand. The Archaeology and
Anthropology are systematically surveyed by the both teams. The Cultural Data Collection from
the study is certainly the most valuable information for the current study and for future research
work on the region.

This is the first time for such successful study taken place across the border of the
countries after the French had done such study almost 100 years ago; and of course it will be a
wealth to enhance the relationship between the countries in region as well. Culture knows no
boundary. Culture is a crucial means to link people to people and developed beyond border in the
region through out the history of Southeast Asian. Road makes people communicate between one
community to others, a country to their neighbors.

Bearing on the existing collaboration of the two countries, it's time for us to write our
own history based on the integration of multi-disciplinary research, local collaboration, local

knowledge, local understanding and most advanced technologies.
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<htmI>
<head>
<title>OpenLayers Example</title>
<script src="http://openlayers.org/api/OpenLayers.js"></script>
<script defer="defer" type=""text/javascript'>
function init() {
var map = new OpenLayers.Map('map');
}
</script>
</head>
<body onload=init()>
<div style="width: 100%; height: 100%" id="map"></div>
</body>

</html>
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<htmI>
<head>
<title>OpenLayers Example</title>
<script src="http://openlayers.org/api/OpenLayers.js"></script>
<script defer="defer" type="text/javascript">
function init() {
var map = new OpenLayers.Map(‘map");
var wms = new OpenLayers.Layer.WMS( "OpenLayers WMS",
"http://labs.metacarta.com/wms/vmap0",
{layers: 'basic'} );
map.addLayer(wms);
map.zoomToMaxExtent();
}
</script>
</head>
<body onload=init()>
<div style="width: 100%; height: 100%" id="map"></div>
</body>

</html>

¥
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<htmI>
<head>
<title>OpenLayers Example</title>
<script src="http://openlayers.org/api/OpenLayers.js"></script>
<script defer="defer" type="text/javascript">
var lon = 100;
var lat = 14;
var zoom = 5;
function init() {
var map = new OpenLayers.Map('map');
var wms = new OpenLayers.Layer. WMS( "OpenLayers WMS",
"http://labs.metacarta.com/wms/vmapQ",
{layers: 'basic'} );
map.addLayer(wms);
map.setCenter(new OpenLayers.LonLat(lon, lat), zoom);
}
</script>
</head>
<body onload=init()>
<div style="width: 100%; height: 100%" id="map"></div>
</body>

</html>
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LERR Layer Switcher

. < A A Y A 'y 9
LaymﬁSwﬁchmﬁlhuﬂiﬂQM61Nﬂ15ﬂ?ﬂﬂﬂ?1ﬁ®ﬂﬂ1iﬁi@1ﬂﬂﬂﬂﬂWiuﬁﬂQWQMQHﬁmﬂﬂ

u@az Layer NHogluumuf #3m5e319 Layer Switcher Y99 OpenLayers 19 aifiodussia

=S A
RYIND

map.addControl(new OpenLayers.Control.LayerSwitcher() );

ase Layer
© DpenLayers WMS
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@319 Overview Map

. I A <] v A o I A Y
Overview Map Lﬂugﬂllwuﬂmu']ﬂlaﬂ Gl"]ﬂW'E]’U'E]ﬂﬂ’]!lﬂu\?ﬂ'ﬁllﬁﬂ\iwaﬂlﬂ\ulwuﬂﬁaﬂ

nuusHa lagsou

map.addControl(new OpenLayers.Control.OverviewMap());

4. 3an)¥NuT93a1N Goolgle Maps

9 =

) 1
m3isenl990ya91n Google Maps 1iu {149z Aosainzibouiovoiy API key 41151

1 ' = = L= 1 E Bld'
iaag URL N "lfxiﬁ"lﬂJ"liﬂﬁQ‘VIm,‘UﬂuTﬂfJblil!,ﬁEJﬂﬂGD'ﬁ]"llelﬂ‘VI

http://code.google.com/apis/maps/signup.html
And get an API key for your web-site.

However, we will not explain how to sign up in this training
For further information, refer to the following site,

http://code.google.com/apis/maps/index.html
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<htmI>
<head>
<title>OpenLayers Example</title>
<script src="http://openlayers.org/api/OpenLayers.js"></script>
<script src=""http://maps.google.com/maps?file=api&v=2
&key=ABQIAAAAhSel2e-uaLsMHMsRaL41sxQMRv3u6BnmjLFPiLNNcMg82Zw
WaxTiDNyXUQfy3miBE6XJ3PyDkcIHOQ"
type='"text/javascript''></script>
<script defer="defer" type="text/javascript">
var lon = 100;
var lat = 14,
var zoom = 5;
function init() {
var map = new OpenLayers.Map('map');
var wms = new OpenLayers.Layer. WMS( "OpenLayers WMS",
"http://labs.metacarta.com/wms/vmap0",
{layers: 'basic'} );
var gstlite = new OpenLayers.Layer.Google('Google Satellite’,
{'type': G_SATELLITE_MAP } );
var gvector = new OpenLayers.Layer.Google('Google Vector',
{'type': G NORMAL_MAP });
var ghybrid = new OpenLayers.Layer.Google('Google Hybrid',
{'type': G_HYBRID MAP });
map.addLayer(wms);
map.addLayers([gsatellite, gvector, ghybrid]);

map.setCenter(new OpenLayers.LonLat(lon, lat), zoom);

map.addControl(new OpenLayers.Control.LayerSwitcher() );

map.addControl(new OpenLayers.Control.OverviewMap());
}

</script>
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</head>

<body onload=init()>

<div style="width: 100%; height: 100%" id="map"></div>

</body>

</html>
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Base Layer

@ OpenlLayers WMS
: s ; @ Google Satellite
Tripura [ . Y e @ Google Vector
© Google Hybrid

Mizoram

Spratly
Islands

Malaysia

5. M3I3an]1TU0YaNNENILINAIN WMS

] 9
11199910 OpenLayers HanwawsalumsiBonldaudeyavnainvaregiuuy auiv
A I o ] ~ 9 A = o w 1 =2 9 1
metludiegalumsiFenldnuziuunoue 3veihdiedamsasdeyaninaienisens
910 “TATIMIAUN AL NAIET FUMAVDITIFNTTAT ANONTLToITTUN 77 vuiead1a

9 = Y9 4 '
anuanlalumsiFenlddoyasiiuudug ¥e9 OpenLayers H1U WMS Protocol

EUET)

var larp_aerial = new OpenLayers.Layer. WMS( "LARP Aerial Photo",
"http://larp.crma.ac.th/cgi-bin/larp.wms",

{transparent: 'true', layers: 'Aerial Photo'} );

map.addLayers(larp_aerial);
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Civil Engineering Department, CALCULATION SHEET
CRMA

HAL Bridge check.med / 1/4
Project: Hal Bridge, Cambodia Sheet No: ........cccoevivnn
Subject: Loading capacity check Project No: -
Designer: CC Chk by: CC Drawing No:.. -..............
Approved by: Date: March 2008

HAL BRIDGE: Capacity Check

The design check procedures outlined below are in accordance with BS 5628: Part 1: Structural
Use of Unreinforced Masonry which is based on the limit state principles.

Unit coversion: kN := 1000N ton == 10kN

Given: Bridge details i.e. width, length, spans and dimensions as shown on the attached drawings.

Bridge span 1 approximate length: s1:= 1.7m
Bridge span 2 approximate length: 5= 2.4m
Bridge span 3 approximate length: s3:= 1.9m
i §1+5+53
Average bridge span length: 5= —-—~ s = 2000 mm
Total bridge width: Wd = 6m

Loading will be calculated per unit width of bridge; therefore, the unit width is
wi= Im

1. ULTIMATE DESIGN MOMENT (M)

Assume the critical plane of bending will be parallel o the bed joint and the ultimate design moment at
mid-span of the panel, M, is given by (clause 36.4.2 of BS 5628)

M e Ultimate _load-span_length
- 8

Ultimate load on the panel per unit kength of bridge equals to uniform load times loaded area.

In which, Characteristic uniform load is Wi
Partial safety factor for load is vei= 1.2
Therefor, Ult_load = uniform load x area
Ult_load := yp Wi-s-w Ult_load := f}- Wi
In which: B g b fy = 2.40 x 10° mm>
Therefore, Ult_load := f1- Wy N per unit length of bridge
Hence
f1- Wy-s
= M := fo- Wy
8
50 fi-s 8 3
In which: fi= g f5 = 6.00 x 10" mm

Therefore, M:= - Wy per unit length of bridge




Civil Engineering Department,
CRMA

Project: Hal Bridge, Cambodia
Subject: Loading capacity check
Designer..CC Chk by: CC
Approved by:

CALCULATION SHEET

HAL Bridge check.med / 2 /4.
Sheat No: .........oocovviienn
Project No: -

Drawing No:. -
Date: March 2008

2. MOMENT OF RESISTANCE, M,

[

Section modulus (Z) 7= ﬂ
6
In which, width of the block = 1m b:=Im
thickness of the block, d = 700mm
b-d
Therefore, section modulus is Z:=

2 |¢

Z=81.67x 1!}6mm3

Moment of resistance

per unit length of bridge

The design moment of resistance, Md, is equal to the moment of resistance when the plane of failure

is parallel to the bed joint, Mycpar

Hence,
Mg = Mgpar

In which, the characteristic flexural strength (Table 3, BS 5628) is

the partial safety factor for materials (Table 4, BS 5628) is

the section modulus is

Therefore, the desgn moment of resistance is

DETERMINATION OF MAXIMUM UNIFORM LOAD (Wk)

For structural stability:

fkxparZ
My = —Rar
lm
N
fixpar = 0.25 e
mm
tm= 3.5

Z=8167x 1061‘:1m3

kap:,,-z
Mgi=——
Tm

Mg = 5.83 x 10°N-mm

M =My

M= f- Wy < My

Hence the maximum uniform load that the bridge can resist is

kN

N
Or Wi =9722— or Wi =972—

My
Wii= —
f
-3
Wi = 9.722 % 10
mm
1
or Wi = 0.97 —
o2
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APPENDIX E
Living Angkor Road Project

Final Report on Ceramic Study

Ea Darith

During our survey along an ancient road from Angkor to Phimai, the ceramics shards
were found and distributed at many places near by monuments, water structures, ancient roads,
hospitals, bridges and habitation sites. The ceramics can be divided into two categories: the local
ceramics and imported ceramics. The local ceramics are green glaze and brown glaze wares with
the shapes of covered box, cylindrical box, bottle, dish, basin, storage jar, baluster jar, animal
shaped jar, and roof-tiles. On the other hand, the imported ceramics are the ceramics came from
China and Thailand. The ceramics from China are mostly blue and white bowl and some pieces of
porcelain and celadon bowls. The fragment from Thailand is a celadon bowl produced probably at
Sukhothai.

Beside of ceramics, we also found two groups of kiln site along the road from Angkor to
Phimai. They are located at Uddor Meanchey and Buriram provinces. Moreover, other kiln sites

are also found at Banteay Meanchey, Siem Reap and Kandal provinces.

1. Ceramics
1.1. Ceramics Along the Road from Angkor to Banteay Ampil

The pieces of ceramics were found at 66 sites, 37 villages, 19 communes, 9 districts, and
2 provinces along the road from Angkor of Siem Reap province to Kok Man commune of Uddor
Meanchey province. Some pieces of ceramics were also found at Buriram area, but we do not
have time to detail those sites as in Cambodia. Below is the list of ceramics type found at those

sites.
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No. | Name of sites village Commune District Province | Type of ceramics
1 Trapeang Krasang Kok Beng Kok Beng Siem Reap | Siem Blue and White
Reap (B&W)
2 Prasat Prei Prasat Nokor Krao - - - Brown and
Unglazed wares
3 Trapeang Khnar Trapeang Peak Sneng Angkor - B&W and Brown
Thom Thom glazed wares
4 Trapeang Chambak Kandol Svay Chek - - B &W and
Unglazed wares
5 Trapeang Donlev Kandol - - - B &W and
Unglazed wares
6 Prasat Kok Kdey Kandol - - - Unglazed roof-tiles
7 Trapeang Khcav Kandol - - - B &W
8 Kagnchan Kralagn Tatrao - - - Brown glazed ware
9 Prasat Kok Pongra Tatrao - - - Brown glazed wares
10 | Prasat Tamoch Tatrao - - - B &W , Porcelain
wares, Green glazed
wares
11 | Trapeang Preah Ko Preah Ko | - - - B &W , Brown and
Chas Green glazed wares
12 | Kagnchan  Srakum | Preah Ko | - - - Celadon wares
Thom Chas
13 Prasat Kbal Khla Preah Ko | - - - B &W, Brown
Chas glazed wares
14 | Trapeang Kbal Khla | Preah Ko | - - - B &W
Chas
15 | Prasat Trapeang | Svay Chek - - - B &W, Unglazed
Chambak wares
16 | Prasat Kampork Svay Chek - - - Green glazed wares

and roof-tiles
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No. | Name of sites village Commune District Province | Type of ceramics

17 | Kok Krus Kok Kroel Leang Dai - - Brown glazed
wares

18 | Trapeang Tkov Phum Srah Reul Pourk - Brown glazed
wares

19 | Trapeang Chkekon Phum Sreah | - - - Brown, B&W

20 | Prasat Sralau Prasat Char | Don Keo - - Brown, Green
glazed wares,
Green glazed roof-
tiles

21 | Spean Kon Khla Loboek Nokor Pheas | Angkor Chum | - B&W

22 | Trapeang Khtum Loboek - - - Unglazed wares

23 | Prasat Svay Loboek - - - Unglazed wares

24 | Trapeang Lbeuk Loboek - - - Brown, Green, and
Unglazed wares

25 | Salarean Lbeuk Loboek - - - B&W, Green
glazed wares

26 | Trapeang Prei Kok Thmei | - - - Porcelain

27 | Kok Tamkrasar Sambour - - - B&W

28 | Trapeang Kvan Sambour - - - Green, Porcelain,
and Unglaze wares

29 | Trapeang Run Sambour - - - B&W, Green

30 | Kok Krol Kok Krol Kok Dong - - Green, Brown

31 | Tanam Kok Krol - - - B&W, Green,
Porcelain wares

32 | Kou - - - - Green, Unglazed
wares

33 | Prasat Tatrav - - - - Thai celadon,
Green, Brown

34 | Kok Areak Rokar - - - B&W

35 | Trapeang Tachi - - - - Brown
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No. | Name of sites village Commune District Province | Type of ceramics

36 | Kok Singha Ka Phdeak - - - Green

37 | Kok Kho Bat - - - Unglazed

38 | Kok Samrong Kok Thmei | Nokor Pheas | - - Brown, Unglazed
wares

39 | Kok Kou Bat Don Peng - - Brown, Unglazed
wares

40 | Kuk Kros Don Meiv Kol - - Green, Unglazed
wares

41 | Kuk Tamrang - - - - B&W, Porcelain

42 | Kuk Yeay Tuch Kol - - - Green, unglaze
and porcelain

43 | Trapeang Kuk | Kok Khnang | Srae khvav - - B&W

Pongro

44 | Kuk Andek Slab Sleng Spean | Sleng Spean | Srei Snom - Green, Unglazed
wares

45 | Spean Memay Chranieng - - - Unglazed basin

46 | Spean Khmeng - - - - Unglazed wares

47 | Kuk Ampil Trom Chroy Neang | - - B&W, Brown, and

Nourn Green glazed

wares

48 | Kuk Kapkam - - - - B&W

49 | Kuk Ach Dek Chok Krasang Chong Kal Uddor Unglazed wares

Meanchey

50 | Kuk Prasat Khnar - - - Unglazed wares

51 | Kuk Yeay Degn - - - - Brown, Green, and
unglazed  wares,
kiln walls

52 | Kok Bantat Bosh Kok - - - Brown, unglazed

Samrech
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No. | Name of sites village Commune District Province | Type of ceramics
53 | Prasat Kok Moeung | O Preal Bos Sbov Samrong - Brown, Green, and
Celadon wares
54 | Spean Khmeng Krasang - - - kiln wall
55 | Kok Mkak - - - - Brown and Green
glazed wares
56 | Kok Treas - - - - Brown and Green
glazed wares
57 | Kuk Prasat Tatan Kuk Spean Krasang Chong Kal - Brown, Green, and
unglazed wares
58 | Kuk Kroeul Keab Kok Khpos Banteay - B&W, Brown,
Ampil Green glazed
wares
59 | Kuk Khjeay Srah Srang - - - Brown, porcelain
wares
60 | Kuk Trapeang Pring | - - - - Brown and Green
glazed wares
61 | Kok Samrong | Tonle Sar - - - Brown and Green
Cheung glazed wares
62 | Monorom village Monorom Kok Man - - Brown and
Unglazed wares
63 | Khreus Prei Veng - - - Brown Green and
unglazed  wares.
Part of kiln walls
64 | Kuk Trapeang Prei - - - - Brown and Green
glazed wares
65 | Trapeang Tbal - - - - Brown Green and
Unglazed wares
66 | Prei Samlong Ato - - - Brown and
Earthenwares

(tuyéres)
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1.2. Ceramics from Kol village

After finishing a survey of infrastructure along the ancient road from Angkor to Banteay
Ampil district, we have selected an interresting structure for a detail study. Finally, Kol village
has been selected as an interresting place for studying because the place composed of a very high
potential archaeological complexes such as prehistory mound, stone tool and earthenwares,
ancient roads, water structures, ancient bridges, hospital chapel, and rest house. The whole

complexes structure seem a set of an Angkorian community.

Then, the systematic survey and excavation was conducted from 26 November to 5
December 2007 for studying the structure of ancient road connected with bridge and the territory
management plan in that area. The research team of LARP project was divided into two groups:
one group conducted an excavation at two places on a section of ancient road and on a Spean Hal
bridge, Another group collected a data of ancient infrastructure in Kol village.

The result from the survey shows us that in Kol village, there are many pieces of
ceramics and mounds around the village where probably, people lived there in ancient time. The
ceramics from surface collection are earthenwares and stonewares which dated back to prehistory
and Angkorian period. There are also Chinese blue and white ceramics which dated
approximately from 14 to 16 century. The ceramics that we presented here are the pieces of
ceramics from 7 places at Kol village where 5 of them from habitation sites and 2 from the

excavation trench.

1.2.1. Ceramics from Habitation Sites

- Kok Preah Chang E

38 pieces of shards from this site were collected above the ground
including Khmer and Chanese ceramics. The Khmer ceramics have 24 pieces in which 5 of them
are stonewares and 19 are earthenwares. Among the 5 pieces of stonewares, 4 of them are pieces
of brown glazed jars and a piece of unglazed ware. On the other hand, the 19 pieces of
earthenwares are prehistory ceramics that decorated with impressed patterns. Moreover, the 14

pieces of Chinese ceramics are blue and white bowl and dish.
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- Kok Chas

13 pieces of Khmer and Chinese ceramics were collected on the ground.
Only one Chinese piece of bowl with gray glaze was collected. The Khmer ceramics are unglazed
and brown glazed wares. The unglazed wares are piece of roof-tile and storage jar. The pieces of

brown glazed are storage jar.

- On the road at Kol village, location named GPS 277

8 pieces of Khmer stonewares were collected. 2 of them are just burn

clay, one piece is roof-tile, and 5 others are pieces of jar.

- Andong Kok

4 pieces of Khmer and Chinese were collected. A piece of Chinese
ceramic is a gray glazed bowl. The Khmer ceramics are pieces of brown glazed jar and a piece of

base of earthenware.

- Kok Rokar

13 pieces of Khmer ceramics were collected at Bat village. Among
them, 10 pieces of stonewares are brown glazed jars and burned clay fragment. Other 3 pieces are

earthenware and cooking pots.

1.2.2. Ceramics from Excavation

The excavation was conducted at two places: On the ancient road and in front of

Spean Hal. Number of Khmer and Chinese ceramics were excavated from both places.

- Ceramics from the Ancient Road

We found 4 pieces of Khmer and Chinese wares from the depth

approximately 20cm down. There are 3 pieces of chinese ceramics which we can not know the
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shape well, but the glazes are white, green and dark brown. Only one piece of Khmer brown

glazed jar was found.

- Ceramics from Spean Hal

We found 15 pieces of Khmer and Chinese ceramics from Spean Hal
excavation. In the first layer about 40 cm down, we found one piece of Chinese celadon that we
can not know the shape. Then, in layer 2, about 60 cm down, we found 8 pieces of Khmer and
Chinese ceramics. 5 of them are Khmer brown glazed jar which dated approximately from 11 to
13 century. 3 other pieces are Chinese celadon that we can not identify the shape. They are
probably dated back to Yuan period. In layer 3, about 100 cm down, we found one unglazed
stonewares where probably produced at the kiln in Angkor area from 9 to 10 century. Other 5
pieces of earthenwares were found at an excavation trench on the west of Spean Hal. They are

pieces of cooking pot with “ XXX pattern.

1.3. Analysing of Ceramics

20 pieces of ceramics from 6 kiln sites in Uddor Meanchey were selected to analyse in
Thailand. 5 kinds of analysis were applied: wet chemical, thin section, porosity, temperature and
chemical composition analysis. The samples from those 6 kiln sites were divided into 6
categories. Category 1 is Thlok Akaong kiln has 3 samples, category 2 is Thlok Khtom kiln has 2
samples, category 3 is Kok Cheng Meng kiln has 4 samples, category 4 is Kok Yeay Degn kiln
has 7 samples, category 5 is Kok Treas kiln has 2 samples, and finally category 6 is Kok Kjeay
kiln has 2 samples. Below are the results of analysis (see fig.1, 2, 3, 4, 5 and 6: Ceramics found

on sites).



Samples from 6 kiln sites
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No. Name of Kiln Sites Sample No. Type of Glazes
1 Thlok Akaong 1.1 Unglaze

2 Thlok Akaong 1.2 Unglaze

3 Thlok Akaong 1.3 Green Glaze
4 Thlok Khtom 2.1 Brown Glaze
5 Thlok Khtom 2.2 Green Glaze
6 Kok Cheng Meng 3.1 Unglaze

7 Kok Cheng Meng 3.2 Unglaze

8 Kok Cheng Meng 33 Unglaze

9 Kok Cheng Meng 34 Green Glaze
10 Kok Yeay Degn 4.1 Unglaze

11 Kok Yeay Degn 4.2 Brown Glaze
12 Kok Yeay Degn 43 Brown Glaze
13 Kok Yeay Degn 4.4 Brown Glaze
14 Kok Yeay Degn 4.5 Brown Glaze
15 Kok Yeay Degn 4.6 Brown Glaze
16 Kok Yeay Degn 4.7 Green Glaze
17 Kok Treas 5.1 Brown Glaze
18 Kok Treas 52 Green Glaze
19 Kok Kjeay 6.1 Unglaze

20 Kok Kjeay 6.2 Green Glaze




Result of Wet Chemical Analysis
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Sample

No. W1 W2

1.1 20.6389 21.6132 9.4 10.3
1.2 24.6166 24.8188 11.8 1.7
1.3 5.1879 5.3629 24 7.2
2.1 4.8621 4.9413 1.8 4.4
2.2 11.6191 12.1585 6.1 8.8
3.1 11.6393 11.9288 5.0 5.7
3.2 19.9411 20.4124 11.9 3.9
33 7.9824 8.0842 4.2 2.4
3.4 13.8443 14.1792 6.3 53
4.1 21.9226 23.6093 11.5 14.6
4.2 21.3011 22.1538 11.6 7.3
43 11.2087 11.6703 6.4 7.2
4.4 9.7884 10.0493 3.6 7.2
4.5 8.2054 8.4108 52 3.9
4.6 1.2285 1.3533 6.7 6.6
4.7 3.6363 3.8620 2.1 10.75
5.1 13.6531 13.8310 6.8 2.6
52 18.4102 18.6513 9.2 2.6
6.1 16.2746 17.3134 7.6 13.6
6.2 13.0083 13.2373 5.6 4.0




359

Result of Thin Section

The artifacts have almost mineral grains mainly single quartz grains, silt size to medium
and size. The shapes are almost angular and few grains are sub round. Chert fragment are
frequently fine. Some artifacts have few pedorelicts (probably artifacts). The iron oxide nodules
of brown and unglazed wares are almost the similar, the size rang from 50 to 500 pm and present
about 5 to 25%. However, the iron oxide nodules of green glazed wares almost could not be
observed. Beside of iron oxide nodules, two kiln sites at Kok Treas and Kok Kjeay have
manganese nodules with the size range from 50 to 300 um and present about 2%. Moreover, the
void pattern of green, grown and unglazed wares are different. The estimation of void spaces in
green glaze wares range from 2 to 10% while the void spaces of brown and unglazed wares range
from 10 to 40% of the area of the thin section. The following are the detail results of thin section

description from sample No.1.1 to 6.2.
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No. 1.1

Basic mineral components

C/ f limit at 10 pm., c/f ratio 25:75

Coarse fraction : The mineral grains are mainly are single quartz grains ,silt size
to medium sand size almost angular and few grains are sub round. Chert fragment are frequent
fine sand to medium sand size, few pedorelicts (probady artifacts) sized 500 wm, brow to dark
brown in color, rare zircon; poorly sorted the iron oxide nodules, various size, present about
5-7%.

Fine fraction : Grayish brown, clay to fine silt size material, dotted appear under
transmitted light.

Basic organic components : none present .

Ground mass : the ¢/f related distribution pattern is open to close porphyric,

The b- fabric of the micro mass is undifferentiated.

Void patterns : Vughs and channel are dominant and generally show parallel

orientation. Estimated total void spaces 40% of the area of thin section.
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No. 1.2

Basic mineral components

C/ f limit at 10 pm. , c¢/fratio 30:70

Coarse fraction : The mineral grains are dominant in single quartz grains, sized
up to 700 um very fine sand to coarse sand size and usually are angular, few pedorelicts sized up
to 1500um, the iron oxide nodules generally are manganiferous nodules and present about 5- 7%.

Fine fraction : Dark brown ,clay size material ,under transmitted light .

Basic organic components : none present .

Ground mass : The c/f related distribution pattern is open to close porphyric,

The b- fabric of the micro mass is undifferentiated.

Void patterns : Vughs and channel are dominant and generally show parallel

orientation. The voids spaces are slightly decrease to cover about 30% of the area of the thin

section.
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No. 1.3

Basic mineral components

C/ f limit at 10 pm., ¢/f ratio 90:10

Coarse fraction : The mineral grains mostly are single quartz grains, generally
are fine sand size to silt size and usually angular, a few chert fragments which are in fine sand
size, few magnetite and very few leucoxene rare broken quartz sized 2000 um .

Fine fraction : Pale grayish brown, clay to fine silt size, dotted appear under
transmitted light.

Basic organic components : none present.

Ground mass : The c/f related distribution pattern is close porphyric,

The b- fabric of the micro mass is weakly stipple speckled to undifferentiated.

Void patterns : Nearly massive, few Vughs and not interconnected. Estimated

total about 5-7% of the area of the thin section.
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No. 2.1

Basic mineral components

C/ f limit at 10 pm, c/f ratio 25:75

Coarse fraction : The mineral grains almost are in single quartz grains, silt size
to medium sand size and usually are angular to sub round . Chert fragment are few, fine sand to
medium sand size, rare polycrystalline quartz and zircon ; poorly sorted . The iron oxide nodules,
various size, present about 10%.

Fine fraction : Pale grayish brown. Clay to fine silt size material, dotted appear
under transmitted light.

Basic organic components : none present.

Ground mass : The c/f related distribution pattern is close porphyric, the b-
fabric of the micro mass is weakly stipple speckled to undifferentiated

Void patterns : A faw Vughs and not interconnected .Estimated total about 5-7%

of the area of the thin section.
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No. 2.2

Basic mineral components

C/ f limit at 10 pm., c/f ratio 40:60

Coarse fraction : The mineral grains almost are in single quartz grains, silt size
to medium sand size and usually are angular to sub rounded, chert fragment are few, fine sand to
medium sand size, rare polycrystalline quartz and zircon; poorly sorted. The iron oxide nodules,
various size, present about 10%.

Fine fraction : Pale grayish brown , clay to fine silt size material, dotted appear
under transmitted light .

Basic organic components : none present.

Ground mass : The c/f related distribution pattern is close porphyric, the b-
fabric of the micro mass is weakly stipple speckled to undifferentiated

Void patterns : Estimated total void space about 10-15% of the area of the thin

section, generally are short planar voids and vughs.
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No. 3.1

Basic mineral components

C/ f limit at 10 pm., c/f ratio 20:80

Coarse fraction : The mineral grains dominant in single quartz grains , silt to
medium sand size , angular to sub rounded . Common iron oxide nodules, sized 50 — 250 pm.
Chert fragment are frequent few polycrystalline quartz and metamorphic quartz rare biotite; and
iron oxide imprgnative nodules sized 2500 pm with sharp boundaries.

Fine fraction : Brown, clay to fine silt size material, cloudy appear under
transmitted light.

Basic organic components : none present .

Ground mass : The c/f related distribution pattern is open to close porphyric, The
b- fabric of the micro mass is undifferentiated.

Void patterns : Generally are channel (100 -200 pm width ) and short planar

voids usually show parallel orientation. Estimated total void spaces 15% of the area of thin

section.
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No. 3.2

Basic mineral components

C/ flimit at 10 pm. , c¢/fratio 15:85

Coarse fraction : The mineral grains mostly are single quartz grains, generally
are silt size to medium sand size and angular . The iron oxide nodules, sized 100 — 200 um are
frequents (10 %), chert fragment are frequent poorly sorted. Fine fraction : Dark brown ,clay
sized material, cloudy appear under transmitted light.

Basic organic components : none present.

Ground mass : The c/f related distribution pattern is open porphyric, The b-

fabric of the micro mass is undifferentiated.

Void patterns : Vughs and channels are dominant estimated total void space

20%.
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No. 3.3

Basic mineral components

C/ f limit at 10 pm., c/f ratio 15:85

Coarse fraction : The mineral grains mostly are single quartz grains, generally
are silt size to medium sand size and angular. The iron oxide nodules, sized 1500 um are
frequents (10%), chert fragment are frequent poorly sorted.

Fine fraction : Dark brown ,clay sized material, cloudy appear under transmitted
light.

Basic organic components : none present.

Ground mass : The c/f related distribution pattern is open porphyric, The b-

fabric of the micro mass is undifferentiated.

Void patterns : Vughs and channels are dominant estimated total void space

20%.




368

No. 3.4

Basic mineral components

C/ f limit at 10 pm., ¢/f ratio 25:75

Coarse fraction : The mineral grains almost are angular in single quartz grains,
silt size to very coarse sand size, few polycrystalline quartz, chert fragment very few and rare
zircon; poorly sorted. The iron oxide nodules could not be observed.

Fine fraction : Pale grayish brown. Clay to fine silt size material, limpid appear
under transmitted light.

Basic organic components : none present .

Ground mass : The c/f related distribution pattern is close porphyric, the b-
fabric of the micro mass is undifferentiated.

Void patterns : The material is nearly massive, very few vughs. Estimated total

void space about 2-5% of the area of the thin section.
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No. 4.1
Basic mineral components
C/ f limit at 10 pm. c/f ratio 25:75
Coarse fraction : The mineral grains are dominant in single quartz grains, silt
size to medium sand size and usually are angular to sub rounded frequent polycrystalline quartz
which are in medium sand size , highly weathered biotite, iron oxide nodules sized 50- 500 pm,
very few granite rock fragments sized 500 pm; poorly sorted.
Fine fraction : Pale brown, clay to fine silt size material, speckled appear under
transmitted light.
Basic organic components : none present.
Ground mass : The c/f related distribution pattern is open to close porphyric,
the b- fabric of the micromass is stipple speckled grading to parallel striated.

Void patterns : A few vughs, estimated total void space about 2-5% of the area

of the thin section.
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No. 4.2

Basic mineral components

C/ f limit at 10 pm., c/f ratio 35:65

Coarse fraction : The mineral grains are dominant in single quartz grains, silt
size to medium sand size and usually are angular to sub angular, few metamorphic quartz,
polycrystalline quartz and zircon. The broken quartz are very few and are in very coarse sand
size. The manganese oxide nodules, various size and shape, present about 15-20%.

Fine fraction : Pale grayish brown, grading to dark brown and locally grading to
olive green and show fibrous aggregates of chlorite, sometime associated with magnetite. Clay to
fine silt size material, limpid appear under transmitted light.

Basic organic components : none present.

Ground mass : The c/f related distribution pattern is close porphyric, the b-
fabric of the micromass is undifferentiated , locally show stipple speckled b- fabric.

Void patterns : voids generally are vesicles (100-200 pm in diameter) and cover

about 5% of the area of the thin section.
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No. 4.3

Basic mineral components

C/ f limit at 10 pm. , c¢/f ratio 20:80

Coarse fraction : The mineral grains generally are angular single quartz grains,
silt size to medium sand size, rare polycrystalline quartz, which are quartz sand size. The iron
oxide typic nodules, and manganese oxide nodules, size 50-200 um, present about 2-5%, rare
zircon.

Fine fraction : Brown. grading to dark brown, clay sized material, cloudy appear
under transmitted light.

Basic organic components : none present.

Ground mass : The c/f related distribution pattern is open to close porphyric, the
b- fabric of the micromass is generally show parallel striated b-fabric.

Void patterns : voids generally are short planer voids and usually have

orientation, few vughs. Estimated total void space about 30% of the area of the thin section.
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No. 4.4
Basic mineral components
C/f limit at 10 pm. , c/f ratio 25:75
Coarse fraction : The mineral grains generally are angular single quartz grains,
silt size to medium sand size, few chert frequents and metamorphic quartz. The broken quartz,
coarse to very coarse sand size, and very few., rare tourmaline. The iron oxide nodule, sized 50 —

1000 pm, present about 5-7%.

Fine fraction : Pale grayish brown , clay to fine silt size material , dotted appear
under transmitted light .

Basic organic components : none present .
Ground mass : The c/f related distribution pattern is open to close porphyric,
the b- fabric of the micro mass is parallel striated b- fabric .

Void patterns : voids generally are vesicles (100-200 pm in diameter) and cover

about 5% of the area of the thin section Iron oxide mottle 1-2%, Quartz very fine and fine-

medium, Feldspar, Chert.
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No. 4.5

Basic mineral components

C/ f limit at 10 pm., c/f ratio 25:75

Coarse fraction : The mineral grains are dominant in single quartz grains, silt
size to medium sand size and usually are angular to sub angular, few metamorphic quartz,
polycrystalline quartz and zircon. The broken quartz are very few and are in very coarse sand
The manganese oxide nodules, various size and shape, present about 15% and mainly are vughs,
few vesicles.

Fine fraction : Pale grayish brown ,grading to dark brown and locally grading to
olive green and show fibrous aggregates of chlorite, sometime associated with magnetite. Clay to
fine silt size material, limpid appear under transmitted light.

Basic organic components : none present.

Ground mass : The c/f related distribution pattern is close to open porphyric,

the b- fabric of the micro mass is undifferentiated, locally show stipple speckled
b- fabric.

Void patterns : voids mainly are vughs, few vesicles and cover about 15% of the

area of the thin section.
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No. 4.6

Basic mineral components

C/ f limit at 10 pm., ¢/f ratio 50:50

Coarse fraction : The grains mostly are single quartz grains, silt size to medium
sand size, poorly sorted.

Fine fraction : Grayish brown, clay to fine silt size material, cloudy appear under
transmitted light.

Basic organic components : none present.

Ground mass : The c/f related distribution pattern is close porphyric,

the b- fabric of the micro mass is undifferentiated.

Void patterns : generally are short planar voids which show parallel orientation.
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No. 4.7

Basic mineral components

C/ f limit at 10 pm., c/f ratio 80:20

Coarse fraction : The grains almost are angular quartz grains ,silt size to medium
sand size, poorly sorted; few broken quartz which are in coarse sand size., very few chert
fragments and rare zircon, and metamorphic quartz.

Fine fraction : Pale grayish brown, fine silt size material, limpid appear under
transmitted light.

Basic organic components : none present.

Ground mass : The c/f related distribution pattern is close porphyric,

the b- fabric of the micro mass is stipple speckled b- fabric.

Void patterns : Generally are vughs, not interconnected, and occupy about 10%

of the area of the thin section.
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No. 5.1

Basic mineral components

C/ f limit at 10 pm., c/f ratio 60:40

Coarse fraction : The grains mainly are angular quartz grains, silt size to medium
sand size, few broken quartz which are in coarse sand size, poorly sorted; very few metamorphic
quartz and chert frequents. The manganeses nodules, sized 50 — 300 um, present about 2%.

Fine fraction : Grayish brown, clay to fine silt size material, limpid appear under
transmitted light.

Basic organic component : none present.

Ground mass : The c/f related distribution pattern is close porphyric,

the b- fabric of the micro mass is weakly stipple speckled b- fabric.

Void patterns : Generally are vughs and vesicles (diameter up to 300 um) cover

about 10% of the area of the thin section.
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No. 5.2

Basic mineral components

C/ f limit at 10 pm., ¢/f ratio 60:40

Coarse fraction : The grains mainly are angular quartz grains, silt size to medium

sand size, few broken quartz which are in coarse sand size, poorly sorted; very few metamorphic

quartz and chert frequents. The manganeses nodules, sized 50 — 300 um, present about 2%.

Fine fraction : Grayish brown, clay to fine silt size material, limpid appear under

transmitted light.

Basic organic component : none present.
Ground mass : The c/f related distribution pattern is close porphyric,
the b- fabric of the micro mass is weakly stipple speckled b- fabric.

Void patterns : Generally are vughs and vesicles (diameter up to 300 pm) cover

about 10% of the area of the thin section.
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No.6.1

Basic mineral components

C/ f limit at 10 pm., ¢/f ratio 30:70

Coarse fraction : The mineral grains are dominant in angular quartz grains ,silt
size to medium sand size, few broken quartz grains are in coarse sand size, and chert frequents

(sized = 700 pm); poorly sorted The manganiferous nodules, various shape and size, present

about 25%.

Fine fraction : Brown, clay to fine silt size material, speckled appear under
transmitted light.

Basic organic components : none present.

Ground mass : The c/f related distribution pattern is close porphyric,

the b- fabric of the micro mass is undifferentiated, locally show stipple speckled
b- fabric.

Void patterns : Generally are short planar voids, usually have parallel

orientation, few vughs; Estimated total void space 20%.
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No. 6.2

Basic mineral components

C/ f limit at 10 pm., c/f ratio 60:40

Coarse fraction : The grains mainly are angular quartz grains ,silt size to medium
sand size, few broken quartz which are in coarse sand size, poorly sorted; very few metamorphic
quartz and chert frequents. The manganeses nodules, sized 50 — 300 um, present about 2%.

Fine fraction : Grayish brown, clay to fine silt size material, limpid appear under
transmitted light.

Basic organic component : none present.

Ground mass : The c/f related distribution pattern is close porphyric,

the b- fabric of the micro mass is weakly stipple speckled b- fabric.

Void patterns : Generally are vughs and vesicles (diameter up to 300 pm) cover

about 10% of the area of the thin section.
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Result of Porosity and Temperature Analysis

The ceramics from the kiln in Uddor Meanchey were made between semi-stoneware and

stoneware with the temperature range from 1000 to 1350° C.

Result of Chemical Composition

The chemical composition analysis shows that the iron percentage in green, brown and
unglazed wares are different. The iron percentage in green glazed wares is lower that range from
0.72% to 1.4% while the brown glazed wares range from 2.7% to 4.3% and finally the unglazed
wares are higher than others that range from 4.3% to 5.9%. However, if we compare the iron
percentage of brown and unglazed wares in Uddor Meanchey kilns and Banteay Meanchey kilns,
the iron percentage of kiln in Banteay Meanchey are higher that range from 7 to 10 % (comparing
with the Banteay Meanchey kiln ceramics analyzed at Arizona Univeristy in 2004). The following

is the result of chemical composition analysis of those 6 kiln sites.

Sample

No. CaO | Fe203 | Na20 | K20 | AI203 | Sio2 | MgO2 | TiO2 | MnO2 | CuO | ZnO

1.1 0.15 5.1 0.51 2.0 174 | 69.7 | 0.61 0.43 0.03 ND | ND

1.2 1.0 5.3 0.29 1.8 16.7 | 699 | 0.59 0.55 0.02 | ND | ND

1.3 1.1 1.4 0.36 2.0 148 | 75.8 | 0.46 0.48 ND ND | ND

2.1 0.96 3.6 0.33 23 155 | 70.2 | 0.60 0.55 ND ND | ND

2.2 0.32 0.73 0.08 1.0 112 | 81.6 | 0.24 0.55 ND ND | ND

3.1 0.11 5.7 0.16 2.8 16.2 | 65.2 1.1 0.45 ND ND | ND

32 0.10 5.4 0.25 2.9 17.9 | 64.1 1.1 0.54 0.01 ND | ND

3.3 0.37 59 0.35 3.5 154 | 61.7 1.1 0.57 0.01 ND | ND

3.4 0.64 0.92 0.12 1.5 11.5 | 757 | 0.43 0.55 0.03 ND | ND

4.1 0.61 4.5 0.57 | 0.25 11.6 | 755 | 0.20 0.89 0.37 ND | ND

4.2 0.29 43 0.30 1.9 165 | 71.4 | 0.65 0.47 0.03 ND | ND

43 0.63 3.7 0.48 1.5 186 | 69.7 | 0.53 0.42 0.02 ND | ND

4.4 1.5 33 0.34 2.1 146 | 73.0 | 0.65 0.48 0.04 ND | ND

4.5 0.85 3.7 0.43 1.6 18.7 | 69.5 | 0.55 0.50 0.02 | ND | ND
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Sample
No. CaO | Fe203 | Na20 | K20 | A203 | Sio2 | MgO2 | TiO2 | MnO2 | CuO | ZnO
4.6 2.9 1.2 0.14 1.0 140 | 753 | 045 0.53 ND ND | ND
4.7 1.5 0.72 0.17 1.3 9.7 80.3 | 0.44 0.45 ND ND | ND
5.1 1.5 2.7 0.19 2.2 140 | 733 | 0.82 0.57 0.01 ND | ND
52 1.2 1.3 0.32 1.9 144 | 783 | 0.39 0.49 ND ND | ND
6.1 0.06 43 0.15 1.7 194 | 66.2 | 0.66 0.40 ND ND | ND
6.2 0.85 1.2 0.19 1.7 142 | 722 | 047 0.55 0.02 ND | ND
2.1 21.3 11.2 1.0 1.3 9.7 52.6 | 0.81 0.48 0.01 ND | ND
glaze

Non

Detected : ND

2. Kiln Sites

2 locations of Angkor period kiln sites were identified along the ancient road from
Angkor to Phimai. Location No. 1 is at Ban Kruat in Buriram province and location No. 2 is
located in Uddor Meanchey province where we just found during our servey in 2006. Up to date,
six royal roads network departed from Angkor capital to other areas were identified (Im 2005). To
the eastern area, there are two roads named “the east road or the Beng road” and “the southeast
road”. To the western area, there are also two roads named “the west road” and the northwest
road”. To the northern area, there is one road named “the north road”. And the last road to the
south until the Tonle Sap (lake). The two roads to the east are: one to the east departed from
Angkor passed by Beng Mealea and Koh Ker temples and finally to Vat Phou, and another one to
the southeast goes to Sambo Prei Kuk. Other two roads to west are: one departed from northwest
conner of western Baray (water reservoir) to Sdok Kak Thom, passed through the group of kilns
in Beanteay Meanchey province, and another road departed from the northern part of Angkor
Thom to Phimai temple passed through Tamean and Phnom Rung temples and kiln’s groups in
Uddor Meanchey and Buriram provinces. Along these roads, there are lots of infrastructure such

as narrow and large water reservoirs, monuments, rest houses, bridges, metallic and habitation
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sites, and especially ceramic kilns. All these infrastructures are very important network connected
between people in the west and in Angkor capital (see fig. 7 and 8: Map).
Other kiln sites were also found at the provinces of Baneaty Meanchey, Siem Reap and

Kandal.

2.1. Kilns at Buriram

The kiln sites in Buriram province are located along the ancient road from Angkor to
Phimai. Many groups of kilns in eight districts that amounted to hundreds of kilns were found.
The research on kiln sites in that area was earlier than Angkor area. In 1975, archaeologists from
the Fine Arts Department (FAD) in Thailand conducted excavations at Nai Jian and Sawai kilns
in Ban Kruat district. In 1984, they excavated other kilns at Khok Lin Fa in Lahan Sai district

(Natthapatra 1990).

From the archaeological survey and excavations at Ban Kruat, we know that the kilns are
located on a big mound which consists of kilns sharing the walls. The shape of kilns is oval
measuring approximately 1.5m wide and 15m long. The kiln can be divided into three parts:
combustion chamber, firing chamber, and chimney. The majority of ceramics produced in this
area are similar shaped wares such as pumpkin shaped wares, small boxes, bird-shaped boxes,
animal figurines, kendi, dishes, bowls, oil lamps, elongated water vessels with elaborated covers,
gourd-shaped water vessels, and jars with decoration along the shoulder. Two kilns excavated in

Ban Kruat district were preserved, covered with roofs and opened for public inspection.

2.2. Kilns at Uddor Meanchey

During our survey along the road in this province in 2006 and 2007, we found lots of
brown glazed, unglazed, green glazed shards and pieces of kiln walls on the dam of water
reservoir, and on the mounds. Unfortunately, the sites were looting, so the mounds were
disappeared. From the result of this survey, we considered that at least 7 places existed the kilns.
Among those, two places are very high potential of kilns. They are Kok Yeay Degn in Khnar
village, Krasang commune, Chong Kal district and Kok Treas at Prey Veng village, Kok Man
commune, Banteay Ampil district. Other places are: Tourl Trapeang Tbal and Thlok Akoang in

Prey Veng village and Thlok Khtom at Kou village, Kok Man commune, Banteay Ampil district.
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Other two sites at Kok Cheng Meng at Prei village and Kok Kjeay at Srah Srang village, Kok
Kpous commune, and Banteay Ampil district. The ceramics from these places are mainly brown
glazed, little green and unglazed wares with the shapes of baluster jars, big jars with ears, bowls,

basins, and animal shaped jar lets.

2.3. Kilns at Banteay Meanchey

In 2003, we conducted a survey in this province at four places: Lboek Svay, Lboek
Ampil, Torp Siem, and Svay Khmau. A great many ceramic shards and kiln’s walls were
scattered throughout, leading us to believe there are kilns in these areas. However, we can not
confirm the number of kilns in those places as the sites were looted and the kiln mounds were
disappeared. The ceramics collected from the sites are almost brown glazed wares, small number
of green glazed wares, and unglazed wares. The ceramic types include: bowls, water jars, large
storage jars with ears, basins, baluster jars, and zoomorphic jars. The location of these kiln sites
are standing closely to the ancient royal road network connected from Angkor to Sdok Kak Thom

temple.

- Lboek Svay Kilns

These kilns are located in the village of Lboek Svay, Svay Chek commune, Svay
Chek district, about 18km southwest of Svay Chek district head office. According to the ceramic
shards scattered to the south and to the east of the dyke near Lboek Svay temple, we believe kilns
existed there. The kilns on the southern dyke are at a distance of 60m from the moat of Lboek
Svay temple, lying over an area east-west measuring about 120m, north-south about 40m, and at a
height of about 1.5m.

The ceramics from this site include: bowls, basins, storage jars with ears,
zoomorphic wares, and baluster jars that are unglazed, brown glazed, and ash glazed. The number

of brown glazed wares is higher than other types (see fig. 9).

- Lboek Ampil Kilns

These kilns are located in the village of Loboek Ampil, Svay Chek commune,

Svay Chek district, about 14km southwest of Svay Chek district head office. We found two
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groups of kilns: one to the south, Skm from the moat of Loboek Ampil temple, and another to the
west about 40m from the Loboek Ampil temple. We don’t know the exact number of kilns to date
and how these kilns are distributed as many trees grow in this area. There were many ceramic
shards found on the ground that included: bowls, basins, water jars, jars with ears, and baluster
jars that were ash glazed, brown glazed, and unglazed. In addition to these ceramic types, we also

found some part of kiln walls (see fig. 10).

- Torp Siem Kilns

These kilns are located in the village of Torp Siem, Slar Kram commune, Svay
Chek district, about 16km northwest of Banteay Meanchey town. To the west of this village -
some 100m away, there is Ang Torp Siem (a water reservoir) measuring 100m by 50m. The kilns
can be divided into 4 groups: ‘A’ group is located 50m on the east of Ang Torp Siem, ‘B’ group
is located 100m to the southeast of Ang Torp Siem, ‘C’ group is located 200m to the southwest of
Ang Torp Siem, and ‘D’ group is located 1,000m to the east of this village. There are two types of
fired ceramics from this area, earthenware and stoneware: ‘A’ and ‘B’ groups are almost all
earthenware that includes: cooking pots, basins, and water jars. However, ‘C’ and ‘D’ groups are
mostly stoneware that includes: bowls, basins, cylindrical covered boxes, jars with ears, water

jars, and baluster jars. Additionally, we also found some part of kiln walls (see fig. 11).

- Svay Khmau Kilns

These kilns are located at the village of Svay Khmau, Ponlay commune, Phnom
Srok district, about 45km northeast of Banteay Meanchey town. The site is located about 1,000m
to the west of village and 100m to the north of the Banteay Meanchey main road. The site is very
small and on a hill measuring about 30m by 20m. A numbers of ceramic shards from this site
includes: cooking pots, unglazed water jars, small jars and brown glazed baluster jars. Additional
finds included prehistoric pottery similar to those excavated at Phum Snay. People were digging
these pots from the soil when I visited the site and selling the pottery and others finds. Among
these were two small Buddhist moulds made of clay. These moulds appear to date to the

Angkorian period (fig 12).
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2.4. Kilns at Siem Reap

Among the kiln sites found in Cambodia, only kiln sites in Siem Reap have been
extensively studied. In this area, there are ten groups of kiln sites: Anlong Thom, Sar Sey, Tani,
Khnar Po, Bang Kong, Teuk Lech, , Mouryroy Bei, Mouryrou Bourn, and Chan Hea. Among

them Tani, Anlong Thom, Sar Sey and Khnar Po kilns have been completely excavated.

- Anlong Thom kilns

The number of kilns at Anglong Thom is not clear because of illegal looting and
vegetation covered over the site. However, we considered that Anglong Thom site is a big
ceramic production centre in Angkor area due to the large numbers of ceramic shards scatted on
the site. The ceramic shards were identified both sides of a 7-8 m high dam which runs south-
north. In January 2007, we excavated two kilns: Kiln number 001 (ALK 001) was excavated by
APSARA National Authority and Tabata and the kiln number 002 (ALK 002) was excavated by
APSARA National Authority and National University of Singapore leaded by John Miksic. The
kiln structure remained only half of lower part, unfortunately the roof and chimney was
disappeared. The shapes of these kiln structures are oval and divided into three parts as kilns at
Tani site: combustion chamber, firing chamber, and chimney. The ALK 001 measures
approximately 1.8m wide and 5.6m long (Chhay et al. 2007). The floor of kiln is deep sloping and
rough because of using the ball of clay to make the floor and finally they did not polish it. Some
supports of wares were struck permanently on the floor probably as a result of a deep sloping
floor. In the combustion chamber, we found dark soil at the bottom and brick inner the chamber.
We also observed the both side of combustion chamber wall measuring approximately 50-120cm
high, 5-7cm thick, and found 3 or 4 lines which considered that the kiln were repaired many
times. On the other hand, the ALK 002 is located about 100m to the south of ALK 001 and the
kiln was constructed on each other. The last kiln was constructed on the half part (half part of
firing chamber) of previous kiln. The size of previous kiln is smaller measuring 2.9m wide and
unknown length, and the last kiln measures 3.6m wide and 5.7m long which is the largest wide of
kilns in Angkor area. The thickness of kiln walls of these two kilns are different: the previous kiln
is about 6-8cm and the last kiln is about 18 to 20cm. As the time was limited, we excavated only
the half right part of kiln until the floor, but the left part of kiln still remained. The floor of the

kiln is different from other kilns, sloping in a form of stair and on each step, we found a lots of
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supports which were stuck permanently on the steps. The condition of the steps are mostly
preserved, and we still confirmed 9 steps among probably the whole 13 steps. On the top of
supports, we see the print of small round base of ceramics approximately 8-12 cm in diameter that
put on the base during firing. The supports were arranged closely to each other on each steps.
Beside the round shaped supports, we also see the other supports in the form of solid cylindrical
shapes measuring approximately 10-15cm long and 3-5cm in diameter. These kind of supports
were found a lots on each steps. The ceramics from these kilns are mostly green glazed wares and
a few number of unglazed wares. The green glazed wares are cylindrical covered boxes, round
covered boxes, bottles, bowls, flower vase and roof-tiles. The unglazed wares are basins and
water jars. The quality of glaze from this kiln is better than other kilns: thicker, greener, and stick
on the body. The decoration is also beautiful and have more variety patterns than other kilns (see

fig. 13 and 14).

- Sar Sey Kkilns

The Sar Sey kiln site consisted approximately 28-29 kilns which divided into
three groups. The first group of Trapeang Neang Snay have 12 kilns, the second group have 9
kilns along the Or Neang Snay (Steam), and the last group have 7-8 kilns on a dike according to
the villager. We can not identify the number of the last group clearly by our self because of
security (Sok 2003). The Sar Sey kiln project was started from 2002 by a joint research between
APSARA National Authority and NRICPN, then we drew the map in 2003 and 12 kiln’s mounds
on the dikes of Trapeang Neang Snay were mapped. The excavation started little by little
according to the suitable time of NRICPN from 2004 to the end of 2007. The structure of kiln
looks similar to Tani kiln. The ceramics were found both green glaze and unglazed as Anlong

Thom kiln. The water jar seems produced a lots in this site (see fig. 15 and 16).

- Tani kilns

The Tani kiln site consisted of 26 kilns divided into 5 groups. This is the first
kiln in Cambodia which was conducted an excavation from 1996 to 2001 in a joint research
project between the APSARA National Authority, the NRICPN and Sophia University Angkor
International Mission. Three kilns were excavated, but unfortunately less than half of the kiln

structures remained. The shapes of these kiln structures are oval, made of clay, has the clay pillars



387

in the centre of kilns, and divided into three parts: combustion chamber, firing chamber, and
chimney, measuring 2.8m wide and 8.5m long for large A6 kiln (Sugiyama et al. 2005), and 2m
wide and 8m long for small B4 kiln (Tabata 2004). A number of ceramic shards and complete
shapes were found. The ceramics can be divided into two categories: green glazed wares and
unglazed stonewares. The shapes of green glazed wares are normally small in size: covered
boxes, bowls, bottles and small-size jars. The shapes of unglazed stonewares are large: basins,
large jars with ears, kendi, water jar with small neck and wide rim, and roof-tiles: round tiles, flat

tiles, eave tiles, and ridge ornament tiles (Sugiyama et al. 2005) .

- Khnar Po Kkilns

The Khnar Po kiln project was started in 2006 by a joint research project
between APSARA National Authority and Osaka Otani university with the support of NRICPN.
This site consisted of 19 kilns which divided into four groups (Em 2004). The “A” group on the
western dike of Tonle Bet (water reservoir) has 10 kilns, the “B” group has 3 kilns which are
located about 100m on the west of the first group.The “C” groups are located on the southern dike
which consisted of 3 kilns. The “D” group is located on the south of the Tonle Bet. One kiln
named B1 in “B” group was excavated half right part of the kiln. The structure of kiln looks
similar to Tani kiln, measuring approximately 2.7 by 6ém. The ceramics from this kiln are only

unglazed wares: water jars, basin, jars with four ears, and roof tiles (see fig. 18).

- Bang Kong Kilns

Bang Kong kiln site is located at Bang Kong village, Bang Kong commune,
Prasat Bakong district, Siem Reap province. It is approximately 20km northeast of the town of
Siem Reap and 4km from the northwest conner of the Baray Indradataka. The kilns are recently
identified and distributed approximately 1,000m along the western embankment of the Roluos
river and continue approximately 200m to the west of red soil road connected from Phnom Bok to
national road no. 6.

There are two group of kiln in this area: group 1 is located on the north of group
2 approximately 500m and concisted of 10 kiln mounds. The number of kiln at group 2 is unclear

because the mounds were destroyed and only some kiln walls remained on the ground.
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The ceramics from this kiln are mostly unglazed wares, but there are also some
green glazed wares with the shape of water jar, storage jar with ears, basin, bottle, and covered

boxes.

- Teuk Lech Kilns

This group of kilns are located in the village of Teuk Lech, Beng Mealea
commune, Svay Leu district, about 40km to the east of Angkor Thom. The kilns are located on
Toul Teuk Lech dike lying north-south, about 1km to the southwest of Beng Mealea temple. We
found a few kilns by chance on a dike because numbers of ceramic shards and kiln wall pieces
were scattered around the area. The ceramics are almost all unglazed roof tiles with a few brown
glazed wares. However, I am not sure these kilns made brown glazed wares or not because we
found very few shards and also its were on the surface.

Besides of kilns found on this dike, we also found many pieces of roof tiles and a
few brown glazed wares at the southern section of Tumnup Teuk Lech dike which is located some
200m from the Toul Teuk Lech dike. We can’t be sure whether the last location had kilns or not.

According to local villagers, many ceramic shards could also be found at Khnar
Mouy Dam, Beng Mealea commune, Svay Leu district. We haven’t visited this place to date as
this is the wet season and the area is flooded. I believe there may be more kilns to be discovered

in this area.

- Kantourt Kilns

This group of kilns is located in Kantourt village, Kantourt commune, Svay Leu
district. This kiln site is located on the North of Phnom Kulen, little bit far from other groups on
the southern part of Phnom Kulen. This kiln site was found in 22 July 2003 by chance by the
Inventory Team of the Department of Culture and Research, APSARA National Authority in
collaboration with the EFEO that was working to verify all ancient structures documented at the
end of 19th and early 20th century. The mounds of kilns were found in two places which are
separated by about 500m from each other, nearby Or Tahou (Tahou stream). However, the
detailed information is not completed to date as the field trip was limited. Moreover many trees
covered the site and it is difficult to count the exact number of kiln mounds. The ceramic shards

scattered around these kilns are almost all brown glazed and unglazed wares which are similar to



389

those found in the Banteay Meanchey, Uddor Meanchey and Buriram areas. There are large
storage jars with ears, baluster jars, water jars and other shapes. Besides these ceramics, the team
also found the fragments of the kiln roof which retain the imprint of bamboo or wood traces as is

the case in Buriram.

- Mouroy Bei (103) kilns

Mouroy Bei kiln was found early 2008 at Mouroy Bei village, Beng Mealea
commune, Svay Leu district, Siem Reap province. We found only one kiln mound that upper part
of kiln was decayed and the both sides wall of kiln appeared above the ground. The mound is oval
shape measuring approximately 10 by 20m and the size of kiln on the mound is 1.2 by 11m. The
ceramics from this kiln are storage jar with four ears and unglazed shards. We did not find any
green glazed shards.

- Mouroy Bourn (104) kilns

Mouroy Bourn kiln was found at the same time as Mouroy Bei kiln. It is located
in Mouroy Bourn village, Beng Mealea commune, Svay Leu district, Siem Reap province. We
found 10 kiln mounds and many ceramic shards appeared above the ground. The ceramics from
these kilns are almost brown glazed and unglazed wares with the shape of storage jar with four

ears, baluster jar, basin. The green glazed shards appeared only one fragment.

- Chan Hea kilns

Chan Hea kiln is located in Chan Hea village, Beng Mealea commune, Svay Leu
district, Siem Reap province, near by the Torp Chhey rest house along the road from Beng
Mealea to Bakan (know as Preah Khan of Kampong Svay). 5 kiln mounds in the area were
identified and many brown glazed shards with the shapes of storage jar with ears, baluster jar and
basin were scattered above the ground. The site just found in early 2008 and no scientific research

on the kiln yet.
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2.5. Kilns at Kandal

In Kandal province, about 10km to the south of Phnom Penh city, there is a large site
named Beung Cheung Ek that was found in 2001. This site is located on a high area (a circular
earthwork) and to the north, there is a huge water reservoir which is located between this site and
a dike to protect Phnom Penh city from floods. The kilns can be divided into four groups and
large numbers of ceramic shards were found at this site. The ceramics are almost all brown glazed
and unglazed stoneware. Some shapes looked very similar to ceramics found in the Angkor area
and northeast Thailand - such as basins, water jars, and jars with ears, but they may not date to the
Angkor period because of differing shapes and glazes. This site is under serious threat by people
who live there. They destroy the kiln mounds to make houses, grow vegetables, and built tombs.
Moreover, the most serious problem is the area has been dug by backhoes and the soil carted
away by trucks to be sold as fill in Phnom Penh. In 2001, Phon Kaseka, a postgraduate student at
the Royal Academy of Cambodia studied the ceramic production of this area for his master

degree thesis.

3. Conclusion

In Angkor period, many ceramics were produced for local demands from early to the end
of Angkor period. The kilns probably commanced from early Angkor period from Angkor area
and spreaded to other big communities when the Khmer empire became more powerfull from
around 11 century. The brown glazed ceramics were found all the Angkor period sites including
along the ancient road network.

At the beginning, some kilns in Angkor area such as Anlong Thom, Sar Sey, Tani, Bang
Kong and Khnar Po produced the ceramics very limited shapes and glaze. The shapes of unglazed
wares are big storage jar with ears, basin, water jar, and some roof-tile while the shapes of green
glazed wares are covered boxes, bottle, small jar with inflated body and short neck, some small
amount of roof-tile and water jar. We did not find those ceramics above the ground during our
survey along the road from Angkor to Banteay Ampil area. We found only one piece of ceramic
from a kiln in Angkor area in the trench of Spean Hal excavation in the depth approximately 1m
down. However, we found a lot of unglazed green and brown glazed wares associated Chinese
wares along the ancient road. The kilns of brown glazed wares were identified along the ancient

road from Angkor to Phimai at Uddor Meanchey and Buriram provinces. Other brown glazed kiln
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sites were also found along the road from Angkor to Sdok Kak Thom in Banteay Meanchey
province. And recently, we also found some brown glazed kiln sites located along the ancient
road from Angkor to Bakan. The brown glazed kilns were probably produced from 11 century
along the ancient road when Khmer empire became more powerfull and at the same time, many

more shapes were also invented for local demands.

4. Sample of Images

Fig. 1 Kok Ach Dek Fig. 2 Kok Cheng Meng

Fig. 3 Kok Kjeay Fig. 4 Kok Yeay Degn

Fig. 5 Kok Treas Fig. 6 Thlok Akong
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Fig. 17 Knar Po kiln Structure Fig. 18 Tani Kiln structure
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