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CHAPTER |
INTRODUCTION

Sri Satchanalai is one of the most important ancient city of Thailand that is

prospered in accordance with Suk [ Heeglogical evidences showed that Sri

Satchanalai is in most devglonmient ' ' olitical culture and art.
Arachaeological study eQmyaHotSat :-' N %iteoture with reveal the
thought idea or precep! of ZE i . Fhi in the type of religious,

peen supported by

historical record whi i q [ht Y oF ! ‘ e tween the Sukhothai

indicated that Wat

Chom Chuen was congifuctef l Pre-Sy ;}p: ..'ﬁ.\ iftéen Mfiumation human burials

were firstly occupied durigl thdl 3 .f;-% Y }1'1.,’ ! ey Were continued up to

=

thai a"'a )d,¥8ri Satchanalai was an

\

important retinue city mo \ for nic ¢ L. can be notified by the fact
T . :

the11" century (Tvarvg@i pgfiod). !féi:' h

that produced Sangkalok were 5 (o : ree 0 kiln sites group i.e. Ban Kho Noi
group and Pa Yang group e ieological st ecamic kilns at Ban Kho Noi
clearly illustratgd the development of ancient . J earliest type of
this kilns site, derground bank
kilns. Two type o‘” iins i.e. . In this study, a

crossdraft type was C sen. Due to the fact that the data obtained from archaelogical

“Auy mmﬁwzmw:

Thermolmlnescence (TL) dating for archaeological materials were reported at Ban

ARIasAs Uy

Palaeomagnetlsm and K-Ar dating for basalts that lie over pebble tools at Mae Tha,

northern Thailand were reported .It was found that the orientation of some Khmer



temples such as Pra Sat Hin Phimai does not lie in the present N-S direction as if should.
So Palaeomagnetism might be a suitable method to answer this question.
1.1 Objectives

To develop an instrument to estimate the direction of remanent magnetization
(gradient of magnetic field) of old kifgs ‘r”rt a a_Iai without any damage on the
archaeological remains. \\k\\ //
1.2 Scope of research& : _‘Z;?
To investigat@_‘ ‘ @roup and correlate

1.3 The study a
Ban Kho Nai from the north wall

Edited from Hein, 1989

R4S

Figure 1 The kiln sites in Sri Satchanalai



1.4 Review literatures
In Buddhism it is believed that the Buddha (statue), accordingly the structure
of the temple, should face to the east. The orientation, however, varies in accordance

with the period of construction as observed in China and other places.

In Thailand, the northeasterq\repi sjdominated by Khmer kingdom and

influenced to the constructionsg S ' alns in Buddhism and Hindu.

The plan of the Khmer tegapie “Based on Hind —-_MThe wall represented the
earth, moats and pon(zw as__s_xm Bolize- 9 _ owers which designate the
peak of Mount Meru, the ho f @054 \ [Mégpical on a cruciform plan and
crowned by a lot b 'k Prasats frame the
central tower. The li th intricate carving
The temple is built wi* large @logks™ o-i ROStoRefaSsembled without mortar. Only

priests could accg#S to Jhte or TEF=Cef 3 Ml the Khmer kings
instituted the tradition af thegDe .‘ hthe object of worship.
After Buddhism waS adgffed, :. a were enshrined in the
sanctuary (lyemori, 20Q a

And the most i rta if i ctiefll the Buddhism or Hindu of
Khmer temples was campass. 'V o 8%had beén already invented in 6"
century in China. The comp : pRroved mostly by diviners or
geomancers. T& ore, it we s considered to the AReeofd of application
of compass to rkv' @8L @robably it should

et jm
had been used sdlﬂt time e as bro P t into Europe from

China around AD 1190 However, compass was not much popular until 1300. Therefore,

“HUBINNING 'Tt‘T“S““

Chlnese literature referred and said about the first purpose of magnetlc

iiif\ § utheast ia for nayigatio m 2" ce tuj
translated by Pelliot and others. By this time 1296, not merely mentions of the compass,

but actual compass bearing, have got in to the literature, as follows:



“Embarking at Wenchow (in Chekiang) and bearing the S.S.W., one passes
the ports of the coastal prefectures of Fukien and Kwangtung, as also those of the
overseas prefectures( of Hainan), then crossing the sea of the Seven Ises (Taya

Island) and the sea of Annam, one arrives at Champa (somewhere near Qui-nhon).

Then with a good wind one can arh 7 7 t Chen-Phu (somewhere near cape
St James),which is the fronti

the Khun - Lun Sea (n ' ) he river mouth.”

And at the y 1o t 6" century), there must
———— | " o,
have been quite an lantli ilingrdikeCtian: g compass-bearing.

Huang Sheng — T i, Pien (collection of

needle positions). At sa Vwpeen said about the
way in which the compg€s _' by-the ¢ 5 ‘-:L Lhlo’s time. Some idea of

i _7 d&jaya they laid their

course through the pr &nt r} ':';_E‘”, A1t Whidh W . \ydiscovered (or at least
not used) by the P en D8R, thOSe water for over the
century (Needham, 1965 |

In order to make. ' rstal Lhai history starting from Dvaravati

to Ayutthaya kingdom has been Summat M in table 1.

AUEANENINEINS
RN INUNINYIAY



Table1. Summary of Thai History (During the Dvaravati kingdom to Ayuthaya Kingdom)
(lyemori,2007)

The Dvaravati Kingdom (6m Century—12m Century)

Mid 6" century - 7" century Evidence of a Dvaravati kingdom in the central plain

7" century — g" century

9" century — 10" century #fpire under Jayavaraman Il and

11" century—13tho ! & of Dvar tony the Khmer empire

lghayan Buddhism as the

J fficialel "-_n"-l empige. Angkor reaches
P ,v

af ‘ 4 ,!
The Sukhothai Kingdan 1,3’ ehtu t-«ﬁﬁn

"

13" century _ ai leaders f allia II"-I and depose the Khmer
. Sri Intratit became the king.

Ram Kamheang. The Khmer

The Lanna Kingdom (‘ cﬂﬂf century — 1 6" centuu

“AUINUNTHYIRT-

Founﬁtlon of Chiang I\/Ia|

An ANTAMINEIRY

|\/|Id 16" century Lanna comes under Burmese supremacy which last

200 years.



The Ayuthaya Kingdom ( late 13" century — late 1 8" century)

1351 - 1369 Ramathibodi | (U-Thong) founds Ayuthaya.
1569 to late 16" century Ayuthaya falls to Burma.
1590 — 1605 tfrees Ayuthaya from Burmese

haya is re Kingdom of Siam.

17" cent ﬁw - th ofhe pORTar f the kingdom.
century P— wth o ep@ageo e kingdom

-',.,..Li
al‘ el

- i=|l|--|-rpr
.‘:-""‘:L '4“1{

ﬂuEJ’JVIEWIﬁWEHﬂﬁ
RIAINTUUMIINYIAY



Chapter I
HISTORY OF SRI SATCHANALAI

2.1 Background
Sri Satchanalai is an impe

i is an impertdnt hibigrigh
‘ |
earlier known as Muang ChaliaRgiodey 1t i
Sri Satchanalai has W Tox an be found in legends
S —— -
and stories related 10 ermi ) g oQuad cities, it is also related to

ity since the Sukhothai era. It was
logical monuments, located in

i Chaliang, an old city of

In the are ehistoric metal age
communities that conti It is possible that this
area was an old tr, e of Suriyavarman |
of Khmer kingdom. C 0 13" century, during

the time of King Jayavarméin \l 6f Kimetkin 4% 3 Ring Promoted and spread
7 that time L avo kingdom became an
important centre for eco iCS, rad politic eligigldls in the Chao Phraya river
basin after the glorious period ' vV 7' as 3¥kingdom was also a centre for art
and architecture style which sk Wi as 1Lof gpburi art had spread cultural
influence to i .:-'.; _ munication land

route and theslc'll w as Chaliang.
During the 12" to'm'i " cen gion ' '.' hailand developed

comtemporaneously vvlth Sukhothai and Sri Satchanalai and the development of Sri

AW TN NEAnS -

Chan |ang is situated on a limited space of the meandering bank on both sides of
the Yom river that contributes to the na ovvln of the land. e to this phenomenon
QARSI RN AR Y
q coincides with the political expansion of the royal Pha I\/Iuang family and finally, Sri

Satchanalai became an important city of the Sukhothai kingdom during the reign of the



royal Bang Klang How family which is later know as Phra Ruang family of the Sukhothai

kingdom (see Fig.2).

(th.Wikipedi&

. = |
Pho Khun Bang¥fKlagt He/gand B ‘, e ahg are the persons who
4 {| - ’ ‘l LI— \\

combined their forces” and@firove glip<the <K abad nla phong” or Khom, the

savages. It is hypothesized t f?i":: DLUOE waSi composed “Kha Phra” or

“Silbal” (donated laborers) Who i ieus sanctuaries and the leader of
| (2T

. * s ; .
the group is k a situa on a strategic
lacation. The Strorieancsiable-cithac-eacounterea-severawats<since Sukhothai

period. The foun [ d mé%l";')’lorated it with the

city and the mountul surround the city like the outer wall and thﬂifom river serves as

the city moat. The mty@ﬁong gates and wall.

mﬁmmwamwmni

EXIS record are imprecise conce nlng exactly when and how Sukhothai and Sri

ARIAIAT VT ato) " Ta v 0]

pass in a sweeping big bend around the city. Yom river flows through a strike ridge

where it is broken into unnavigable rapid name “Khaeng Luang” and below the city it



continues almost due south fifty kilometres to Sukhothai which its course is southeast

until it meets the Nan river at Nakon Sawan province.

::...Gnnglc

f

Figure3 e@Qraph S city(@®ogle Earth).

s b 3
The broad terrace t ‘--v*"r"’?:_,,# ows is largely flat with some

hills, low undu@ _f he surface. The

terrace is broadk/ &d metres deep of

weakly mottled to"ﬁ mog andﬁ overlying a much
|| i

thicker layer of gre and buff mottled clay (Bishop,et al 1992:160Y. The environment is

subtroplci with an an A}fall of 1040mm thatwm the ralnl season between May

eI WE 1N

2.3 Sangkalok Meaning (Ancient ceram'% or Celadons)

R RINTUUATING IR

green pale green, bluish-green, sky bluish-green. From archaeological evidences,

and O

found various pots, spitchers, tiles and architectural decorations.
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The Sri Satchanalai ancient ceramic or Sangkalok had been range between
200-250 years (around mid 13" century to mid 17" century). From many evidences,
sangkalok was most popular in domestic area and international regions because many

shipwrecks (Pra Sare, Pattaya, Kram) and many Sangkalok were found in the Gulf of

\WZ

Sangkalok for the impor hee Chon *__Mbeen a Japanese word “

Sunkoroku” or “SonkoroEwE!oEﬁ' 9 iginated word of Sangkalok.
—— .

This word Sunkoroku appe I ptiape Gature in the early 16" century

Thailand. In Southeast Asia, the Sa digcovered at Santa Ana, Calatagon in

Philippnes; Indragiri, Djambi i Japan, the Japanese used the

ipate@erea that had been many

2.4 Archaeolo LAKi
At theE

quality kiln so the ;@
the ground and ma
can be found in some aﬁea of Africa. From doMuc fired method, the

CHUBTNENTNEART

hole typ“ater on, the low kiln wall was constructed for keeping heat. Finally, the high

not build a high

hat take pottery on

L]
the fire around its or put the pottery near thﬂnace This method

kiln wall made of bricks for strong and ;’T’manent was establi§ied. It was higher qual

QRIANNIRANIING Y

not|f|ed by a large number of ancient kilns that were discovered. From archaeological
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evidences, there are many ancient kiln sites in Northern of Thailand. Accordingly, six
large kilns group were suggested that are:

1. Turiang Group kiln, Sukhothai province

2. Ban Pa Yang Group kiln, Sri Satchanalai

. g w rovince
6. BOW
st—"—ﬁ'—F -
From archaeologi i@entces, anci mi ound in many countries

around the Sukhothe® o/ fofn Tl [Pis NS MBMhai and Ban Kho Noi

Kiln site in Sri Sat i ISyl Satchidhalaiy mare e ®Q0nancient kilns were
discovered along_ Yomiver goverir g'.uj‘il ORIl Agyand 250 metres wide.

They were groupegiifito 1w agfasfl.c. BEFRAD Noi'dhdBaniRa Vally. Ban Kho Noi kiln

Ban Kho Noi. There ere, B

Ban Kho Noi, ae‘ - -,_' 21 ' POuUt 65—-70 metres above
mean sea level, about 5 eS T : : alai. ffAere was a six metres width
canal, south of the kiln site run o west-g d Ban Pé Yang to Yom river (Klong

Nong Kam). Ancient cer"a produced fron
and the produc@; Il exists e
for aILo )

There We:mj\hree Ki uced:@rﬂ Ban Kho Noi kiln

site i.e.
(e} fired
at theﬂﬁﬁh [ wﬂwgr wgw@ﬁhie rim,

pitcher, erpot and tiles were examples of the earthenware type.

ol _kiln site were high quality

Stoneware, they were coar e and_fine ralneda fired at the em eraty
ARARATUURVINE TR
examples were jar, pot. :
3. Glaze ware, it was most distinguished ancient ceramics in Sri Satchanalai. It

was better looking and higher quality than the others. The typical colour was green, dark
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green, sky-bluish green. This was called as Sangkalok. However, the quantity of
Sangkalok was not as good as that of Chinese ceramics of the Sung and Ming dynasty.
Significant characteristic from this kiln were manufactured by white soil that

firing finish was seem texture of rock, higher quality than internal kin site. In addition, the

cy-bluish green. It was different from
es, some types to glaze
,200-1,250 degree
n, sky-bluish white.

B, roofing tiles, lantern,

Sdhce celcious. This type

cup; tray that exported.
2.5 Kiln types in Sri Satc Ia|
1. Crossdraft klln typ Pt vinant @ in Sri Satchanalai, located on
surface and underground. Thi f"" as OV e, opaque located on slope

during 10-30 ({{.& 7777777 _ S seem egg or

metime, it was

found that they uﬁ‘j the part "‘I damaged kiln. For

underground or in=gfound construction used clay slab. Some kilff$ showed mix bricks

and clay glab techniqg &iileh used clay to wip trutake bricks cover at the chimney
techmqﬂfor manufactured the ancient ceramics of Sri Satchanalai very well. Kiln

outside especially located on hill to*ﬂled soil around 48R because stronger

QIR TAINAN IR

width and height depend on purpose for firing with type of ceramics. Fire box was using

for putting in the fuel and was chance to put in ceramics into the firing chamber. Fire box
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have area for put into the fuel backside of fire box and have a upper level located

between fire box and fire chamber.

SUREACEERE !(1{!%"’1‘ _1> M C (ﬁ; o
il AN [
M s s B R} e Kot
i Mﬂ% ' '- Loy =g 1mney
R N Y

P

Seu of Kilns
4 on Mounds

P s

Central part was i he lang@st area. The width of firing

chamber depend on kiln size" md was faded by sand about 10
centimetres thick for holdln, L_,,f;,,i ‘ e ceramics. Beside part was
chimney, circlg shgpe e

ey, e Mg 5

Jﬁve from fire box

This part was

passed firing Chjﬁer re maged about 1,300
l' ] |
degree celcious whi€h produced many high quality ceramics. In case, heat moved

horizontally inside the ‘rﬂsrl et.al.,1992).

HHINENINEING -
circle a he checker work or grate which part of underline the ceramics. Diameter of
the checker work was about 160 Centwétres and was ma om clay and brlcks

IRINIUH WINYIAE

checker work. Upper part of checker part built by clay wall about 20-30 centimetres

high. There were no roof covering all three kilns.
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All of kilns development at Sri Satchanalai for the production of stoneware
were of the crossdraft type with an inclined firing chamber. They can be devided into
two broad groups i.e. those contained in the ground and built on the surface, called in-

ground and surface kilns. In-ground crossdraft kilns can be sub-divided into a number

of type depending on the context an o\
a bank or sloping ground aremt Al }

earth formed the walls aggzin-greund®kiins requ it outside the firebox and
these are called firi

i 'ng—g_plr !ns. Eﬁ in= iIn"Is defined as transitional
because it has charac eris' 0 in-g "1, e iln. Some part of the

chimney and fireh

thod. Those made by tunneling into

s. The untreated surrounding

per was made of clay
slab. _ - \ - N

The first surf ' Ay sal o) St MUt more than half was
above ground lev ; i Al e ve been found with
slab clay walls, most ' ?"r' '* e late u "-..Ih' had sections of wall
made of re-cycle pi€ces r support (il idre) \

The Kiln typ' ay dicates ‘,; ;r‘_'- 2 pme | in which change were
introduced slowly. For exa A-Kh 3 iesw@l stages are evident which

demonstrate the introduction of | ewall-to-offse iring chamber from the fire. In the

early in-ground kilns type.th

step firing cha@ er kilns had deliberate : £
wares. They hat g 0

= -
air and better tenm rature ce kilnI | rought three main

but build up of slag on the

e fires from the

re even flow of
advantages. The first w s that new kilns could be built over the ruins of the earlier ones,

AR AN %’wm 7

that Wa he most important advantage permitted more convenient repair and

maintenance and encouraied changes uch as increase m& new stacklng meth(y

q improvements toward greater temperature control (Barbetti and Hien,1989). The pattem

of kiln location also changes with time, in the initial phase kilns appear to have been

independent units, perhaps operated on the family basis. The need to locate new kilns in
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fresh ground caused their spread along many kilometres of river bank. In-ground kilns
account for the large spatial dimentions of the Ban Kho Noi and Ban Nong O sites, and
are more numerous than the surface kilns (Hien and Barbetti,1988). Later on more

contralised management seem to have been imposed and the Sri Satchanalai kilns

pecame organized as p§ ’ ////

2.6 Ceramic typology

The earliest ce lled MON. These are

characterized by th slip, olive glaze and
the use of sgraffi ociated with the in-
ground kilns commo 7 5. This type of wares
were produced for alo ' o A c I,ol' \ oo J ,___- with the introduction

of the fine white leyj imgry Bocy etaymi¥is nely tley\lse Mllich finer incised and

under-glaze pained d i A& thes VAl fiks Ao Ul together with to MON

wares they were called Associated -Stonwa AS - BarBetti and Hein,1989).
MASW wares represen - \ : third phase consists of
higher quality wares with S 3 f[Qeihs and designs, they were

call as Later Stoneware ( LASW) SW ware g excluSiver associated with the

v -
surface kilns were exported EﬂW«

Y ve

2.7 Trade Rout{a

There were tﬁlines ai ﬁj i.e. toward south
to the Gulf of Thail@dd and toward west passing Tak to the Mua ‘ a Bay of Mynmar.
Archaeolqggical wares,'()“from the shipwrecks Mutheast Asian sea indicated that
the w c figmfl Sri Sat I3 Sukiiofhai, Ch ietndmff Il Phillipines,

Indones“nd Malaysia, a large amount of ancient ceramics were discovered in the

graveS|tes The data of shipwrecks W‘e the mid 14" cepfiyy which were based

RSN IVINEIAY

f|rst one might be the effect of Burmese invasion in the mid 15" century (around 1584-

1592 A.D.) during the reigne of King Naresuan the great. The Burmese military
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destroyed northern cities of Thailand. Accordingly, potters in Sukhothai, Sri Satchanalai
and another cities were destroyed. This causes the artisans migration to Ayutthaya and
Northern city. Discovering the ancient kilns sites and wares near Phayao, Sankamphang,
Chiang Mai and Phan which reflected the styles and traditions of Sri Satchanalai could
be significant evidences. Particularnly, & produced from Phan were similar to
those of later phase of Sri Sa ale / se wares at Bogo and Twante

ala| ware

(in-ground and surface KIM type the s.nuth nalai and Sukhothai potters

and artisans might moved t e Nam Noi kilns group.

Flooding of of Sri Satchanalai

ceramic industry, p ; mthe 1w NG -i jon site of inner city

Sri Satchan _ Ufe : Rbita Wlenire to export the
oduction was droped
during that time. T'e re WB s the war-and foy allore o._ aQainst private foreign
i 15" OB (Brown 1997,Ho and
Smith1999). It was clear o371 A cig@ Hongwu to the mid 15"
century, the proportion of Chinesé :,g.;;.;?_..; 1east Asiarn trade area declined. The
shortage of Chinese ce .

productions ( ¢ £199. ter the mid 15" cen so€ramics returned to
dominate thek { .Adf China has high

of Sri Satchanalai ceramis

| | =] - - S
quality kaolin clay ﬁll‘l highe a h|gh uction of fine, thin,

white stoneware and t nslucent porcelain. Gu(1985) estimated that each of 200 Song

G e (T

Moreov he quality of Sri Satchanalai ceramics were lower than those of Chlnese

ceramics. It could not compare with thg roduces in_Sri &hanaleu where each
SN IHN A 1VIE 18 e
Disadvantages of Sri Satchanalai ancient ceramics were the lacked of technical

sophlstlcatlon and labour saving processes. The product depend on handmade which

the rate of manufacture was slow and it was also difficult to control quality. In addition,
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Sri Satchanalai city was located about 500 kilometres north of the Gulf of Thailand. This

was undoubtedly increase the cost of the product.
2.8 Palaeomagnetic Study in Sri Satchanalai

Hein (1989) studied the
ﬁaxonomy of kilns by attributes

sed in relation to dating.

At Sri Satchanalai ancient.

palaeomagnetic in the ancie

Kiln size and const 2|} : _ ch as a cross-section of
the firing chamber,

For palaeo lly oriented in situ
that it is necessary. t foroeed « ™~ Opget a good average
direction for the struct i et possidle 2 , fleasurement of remanent

L

magnetization wern ‘ '7 SPImne jnetor at Australian National
University and on a 0 tometen e - it of Sydney. Magnetic
direction are expre‘ ed inatior ca sast o."-._! tfrue™north and inclination
downwards from the h ? L coma ne pIi \ »-.' een done two purpose.
Firstly, past changes at th" ¥ --»-—:-----:--- of great] interest to geophysics and
to studies of the earth’s interio .' - ield is generated by convection
currents in the molten corggil “the-earth.. petic techniques are the only
way that char@ ,,,,,,,,,,, : bre the earliest
direction measxte : iff the 16" century
and in Thailand in tﬁ‘ 17"°C

S maﬂ’etlc field in different
L]
regions are not the Same, and the results from Thailand are different from those obtained

ARSI NOANS-

to be ch ing rapidly at that partlcular time in the past.

QW’]Mﬂ’iﬂJﬁJW]'JVIFJ’]ﬂEJ
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|
.\.
1 ]
N s
T |

cumney "

magnetization; declinations are

ards from the horizontal. The

ol ¢

present day di@ rlier seventeen

century instrurrth

measured. Fig (a)ﬁﬂd)

stratigraphic sequétfces (KN42, KN123, KN54 and PY5 sequenc

lination are not

ctlor‘l ith time for the four

. Fig (c) shows the
directionsgfrom the otgr“ and metal furnacesuch are not related to each other

CHUBINERINEANG

curves |m;at|ng the sequence of Changes in magnetic direction. (Hein: Barbetti, 1989)

RhBUAT TR ANEINY

KN187 KN61, KN58 and KN59 (in-ground kilns). Kiln KN187, however, predates the

KN123 loop and this might also be the case for the other in-ground Kilns; if so, the
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overlap is fortuitous and does not indicate that in-ground kilns were operating at the
same time as surface kilns. There is sufficient stratigraphic and typological information
for the surface kilns to allow a tentative reconstruction of the path of magnetic direction
change. The earliest surface kilns on kiln typological grounds are KN190, KN139,

KN116, KN109 and KN55, with inclinat iflg from about +25°to +15°. We choose

.'
|
to start with KN116, followed OyiKINGEE K ' KN109.
The KN123 sequengasQliiRsE" ounger (HEae0gam the typological ground,

and is followed by V ’I'UB‘RNP—’I KN&. Ther : ; the younger part of the
amE— =
KN42 sequence, with a tre allowerli ':, ‘aftgn. (S€e-fig.0). The palaeomagnetic

direction show a ratigpfoepeén’ the | : iin. This separation

accords well with thegg¥idenge fgom P0logYy Holo and stragigraphy of

kiln Ban Kho Noi and B#h Néng iM@iound kilns predate the

",

surface kiln.

1" L '_. ) )
eeCliRation measurement in

L’

In 2007, it had @€en
ancient temples in l ailagl. E cason, if ofe )iS \ it i"-,.‘w- ed that the Buddha
statue or the main builg g qlfB Dl ould 00l »]l d the east. The results
had been the trend of th‘. } i pe - of ¢ : atic @eclination did not change in

the past but it drifted westward ar® oot prec/year (see Fig.6) (lyemori,2007).

O

]
o

-
w

astward)

—_
o

cli&@sitive E

De

2
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Figure 6 Thai declinations measured at old temples that are modified in the scale of
geographic longitude with an assumption that the global pattern of geomagnetic
declination did not change in the past and it drifted westward at the rate of 0.2
degrees/year. Longitudinal variation of declination at constant latitudes for western

Japan (N15Lat.) and the central Jj | at.) calculated with the International

Geomagnetic Reference Fiel ' ether(lyemori, 2007).

It should be mentiene : ] $om Sri Satchanalai were

dated by radiocarbon”and.ih

-~

.

ab e_«2

slipwn In table 2 (Barbetti and

i

Hein, 1989). Fro 3_;1" pon"@8iting are concordant

with those of thermgjifningg it ingHi I aSatChghglai kins had been
operated during 13" - 168 ceniling

In addition, Loch 19).-5

was carried out at
Songkram river, Sakogf Naifon nee. ar ng aficichthkiin site in Sukhothai

¥

province. The resultS showied o :.=f.-];|fi' fp’ ieat kils INMiSukhothai province and 2
F ,f L “:—i = & f Il L -‘
crossdraft kilns in Sakq, KRoN pro ',-: I \
/ Vaver \

- r
r,.:".ﬁ.
F N e o e
i .

= _J‘-]n ‘:
=t ﬂjrt:.l::y E;

AUINENINYINS
ARIAINTUNRINYINY
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Table2 Radiocarbon and Thermoluminescence dates of Sri Satchanalai kilns (Barbetti

and Hien, 1989)

In-ground kilns
Radi on Radiocarbon
Kiln-material Lab Qode ! n'. Calibrated Thermoluminescence Comments
n J IAge yr. b.p. Age yr. AD.
1 ‘ spurious
K 130 charcoal 210+/-120 : ‘ -260 sample
K61 charcoal 4 | so0WPs0 —
K61 - -6! 4904/-80
K61 firebox el - 0H4/-10 -110
K61 charcoal - -3 504490} +]°
K61 bone #¥ 0Agf 77, 660-+/4 30 i 2
K61 bone AERET 7 4 0 /-1
K61 weighted mean I 5 36! 1240+/-70
K176 bone AERF69 -+ +/-3
K110 firehole . SUBFo74F 321 0 220+/-80**
k59 between chimney floors slA-2086 +
k59 between chimney floors | U 96 [ 1 -90
K59 weighted mean 5
K110 ground surface A -2192 i -_ 0
K187 upper fill outside | A-269 /-80
K187 middle fill outside SUA 133@4/-80
K187 basal fill outside SUA-26 = - 1340+/-80
K118 firing chamber floor Sy 64 { : 1440+/-60
K120 firing chamberfdl lIO+/»7O
)
Transitional Kiln
- T
Kiln-material H| La Calibrated i || Thermoluminescence Comments
Age yr. b.p. Age yr. b.p.
SW sherd
C7812
Qadiocarbon
Lab Code onventional
K111 1650+/-60
K109 ground surface SUA-2193




Chapter llI
INSTRUMENTS AND METHODOLOGY

3.1 Introduction

The geomagnetic field is onethg jng aspects of the earth and is also

' b
one of it earliest geophysiogip B | / scientifically (Gilbert,1600).
Understanding of the origin.aftekkeha M y'eld is therefore crucial to

any understanding of e=itse! anoglso the-interaetion”between the core and
e - .
mantle. Apart from in , ag ies, the hypothetical

models for the na

miental to most of the
geological interpretaf] Volutieni ze € ging of the tectonic
processes that have an ' perate 6ithe, o Bycarth’s surface.
Geomagnetis ifle Fui -7 - to the interior and
exterior of the earth of, l:' d the : : @fisists of several distinct
parts with particula ‘ ig8| pf : T ' ! dlogical observations.
The chemical compong ? X | \ %) together with minor
element. The physical o' nner core is ng Outer core is molten in
accordance with the seisolo o Waves do not penetrate the Outer
core. The geomagnetic field js&e arcing in the Outer core called

“Dynamo” anc{h — : rﬁ\t'

thermo-hydro c{n

n induced by

is to solve the

non linear different@uatio ic p:ﬁneters of properties
L]
of materials and apBropriate boundary conditions between Outer Cbre and inner core as

well as O er core an S0 you can applyin to_ meteorology, the electro-
magng ter %I ﬂ ﬂ ﬁ ﬁantl clone

convect% resultlng in magnetic dlpole as observed on the earth The dipole directs

north and south although it is not exac‘/’ symmetrical whelilig observed geomagn

LRI IRARTIREIAE
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Figure 7 Three diffengfonComponEntef { (Iyemori,2006)

L)

When we use the astronomical north and

geomagnetic nort dis 1 de ‘*"'r" it ation of contemporary
geomagnetic field, in - ti? "F" gl fi lh‘,li ). ast will give important
constraint to the dynamo | eomagnetic reversal that is
one of the phenomena ant|C|pa d=in—the dy ¥theory but the sequence and the
transitions needs further stue J'-'m ﬁ"

In the pas g

magnetic prop&ti

i |
thousand years for” Chin agnetlI l ompass which was

simply a piece of Iod stone suspended on a string. In fourteenth century, travelers

AU ANETINEIAY-

the age xploratlon In Southeast Asia, the magnetic compass influenced by Chinese

o P —— P -—————
ARARIASHIRAINEAR Y

surroundlng the tower which designate the peaks of Mount Meru that is the home of god.

A prasat, a tall central tower on a cruciform plan and crowned by lotus bud.
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The earth’s magnetic field can be well described by postulating a small but
powerful permanent bar magnet located near the centre of the earth and inclined about
11 degree from the geographic axis. A magnetic needle that is free to swing under the

influence of this magnetic force rotates into a position parallel to the local line of force
approximately in the north-south di ' ’ h end of the needle points to the
magnetic north pole and a /‘ g/to swing in a horizontal plane
i graphiesaorth but deV|
where the observer is;_fi‘—azm_1I
declination for exaﬁy

geographic north

st or west, depending on

east.ar we n rrom true north is call the

about 10 degree west of

s&Siever,1974). A

magnetized needle inclination” of the
magnetic field that is, i vialion e horiz AL the magnetic poles,
the dip needle swiglS | ighl P SHERWhich it o s located these two
points on the earth’s r c I"". ation is zero, the dip
needle takes a horfzonta ifiof .:;...-r_ nf § give the direction of
geomagnetic field. To @haradleri ” : ' ( & M casure the intensity or
strength with a device call : tome c : somegiersions of this instruments
simply measures the force exerteaoy by-the-earth’ agnetic fierld.

Because the magnetie .

magnetic ob@ ions h ade  sinc oA i]ry.The historic

documentation t)f _, show that the

in navigation, as the result,

|
declination, mclmalﬂ n an y aroul the world over a

phenomenon called s ular variation for example in London the compass needle has

A wginun %fwm (el

Press ver 1974). This amounts to a drift of about 0.1 degree per year, a rapid rate

ange compared to most geolodical processes. B&centl , the declinaty
hundred years and generally recognized that the pattern of the geographical variation of

geomagnetlc declination drift westward with 0.2 degrees per year (lyemori, 2006) The

solid parts of the earth, even when they creep plastically change much more slowly
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because fluid motions can occur this fast , again we resort to the fluid core as the likely
source of the secular variation.
In addition, the increase temperature is influences the ferromagnetic material

that have a magnetic property to not have magnetizing call * Curie temperature”. Each

specific components of magnetic Nine | unique curie temperature for example

cobalt, iron, nickel, gadoliniumianeREINLOs /51 1131°c, 770°c, 354-358°c,
17-19°c and -185"c. In inQELee -— itis hlgh tem ;_;;M-Mthan 770°¢ that the atom
of magnetic moment car. Bu

the atom of magnetlc momep /7] ent i \ gmetic line at that time (see Fig.8).

Sfilanent

yagnetization
Rock or soil’
with Fe;0,

AU Inanswyang:

appear murope at the end of the 12" century Actually, the Chinese that were the first

QRIRASAINRINE A Y

q The history of the magnetic compass in China has been revolutionized by the
contributions of Wang-Chen-To, who has been able to explain a fundamental text in Lun-

Heng (1St century) and to reveal a connection between the magnetic compass and the
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diviner's board of the Han people and the first text clearly describing the magnetic
needle compass is undeniably of about 1080 A.D. It is a century earlier than the first
European mentioned of this instrument that mentioned the declination directively the

failure of the magnetic needle to point to the astronomical north. The declination was

discovered in China sometime betwgal the |7 ntwry and the 10" century and the use
of needle which permitted thesg ., | 11t /ﬁte pointer reading instrument,
was limit factor for discayeny-an 1e -{i' ong to therDaeioigga this period. The original
Chinese compass WVMHHITW carngly C@one and revolving on
the smooth surface o a divi f I\ e

been established that the

lodestone attract -pi ' 3t irQ . gnet, the magnet

iron and some magne soie_Pie Ao asWWell as attract them. The

earliest observatio ghet PPOSEC g haVeloceh, madé oy Thales in the 6"

3.2 Instruments
For this study, three ' | gk ical-if ents arg use for measuring
magnetic susceptibility, strengt gradient of magnetic field i.e.

Fluxgate magnetometer, ProtQmiim

respectively. Q e

agnetic gradiometer,

3.2.1 Fluxgate maﬂto
Principle , ”

The sensor of a ‘x magnetometer con&@f two parallel strips of the special

- AU ANENINAINT -

directions.” A secondary coil wound WOut the primary p detects the change

ammmmumwmﬁﬂ

mduced in the secondary coil. If there is no external magnetic field, the signal due to the

changing flux are equal and opposite and no output signal is recorded. When the axis of
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the sensor is aligned with the Earth’s magnetic field. The latter is added to the primary

field in one strip and subtracted from it in the other (see Fig.9).

The phase of magg€tic e,iﬂ'- 0

before the other. The u>§-" anges" ‘

A W, different; one saturates

oy s \\ 5 dfe no longer equal and

opposite. An output voltagdPis g roducel ua.- *r.-_ ary 60l that is proportional to the
“ i- e '
strength of the component of the EGRRS-Maghe eld along the axis of the sensor.
_,J"W'
The fluxgate magne s a gbecausg it measures the

strength of the .‘ E.‘,:;:-:',:-—::-::-—:'—'—-:':",:-:'::*:"”' : the axis of the

sensor. This reqeires d the direction of

| —
the el eomPORent 10 De measur‘@ For the total field

measurements three sensors are employed. These are

VNI NYINT.

of the sens rs detect zero field. The magnetic field to be

mwﬁwmﬁ’a

Figure 10 Fluxgate magnetometer
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The fluxgate magnetometer does not yield absolute field values. This output is
a voltage, which must be calibrated in term of magnetic field. However, the instrument
provides a continuous record of field strength. Its sensitivity of about 1 nT makes it
capable of measuring most magnetic anomalles of geophysical interest. It is robust and

ed behind it. The instrument was
tor After the war it was use

adaptable to being mounted in a

developed during Word Wa

extensively in air borne

Procedures

1. Check the e (height) from
ground to get correct : it i hape and direction
of the kiln (to confirm wh ‘ fire which the heRibe temperature was
highest) :

2. Use fluxgate ‘ : ' Se€ 1..;- the point close to the
wall then move bae _' 0 }{:;f ery jive e ers until leaching 25
centimetres. If the strer _.' agne --q:?*- peasu enti@an not be measured, it

\

indicate that the place is §.11-

Strength of magnetic field™

Formular

|
Il |l
L]
Fs Id be Change depending on the location in &kiln

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂi
QW’]Mﬂ?ﬂJﬂJW]’JVIFJ’]ﬂEJ
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Figure 11 The fluxgaiesm8nolgmels _ qurs2 [ 1%eatesmagnetometer

measureme SuEment (close look)

3.2.2 Proton mag
Principle

A proton ma i " fent G padsureline strength of magnetic

operates on the princ ONSs N ) ¥8pinning on an axis aligned
with the magnetic field. : e eafth’s magnetic field. When
pton will align themselves with the

ceror wobble, much

as a spinning {On Coes-as-i=slow=clow:n freguen Lwhich-tl oton precess is

subjected to an artificial mduce me L.aw
new field. As thﬁh 0

directly proport !_a_}_ t0 Ig'_.-'r.‘}his is the proton
1
.gll

Gyromagnetic Ratig'g¢qual to 0.042576 hertz/nano Tesla for exa , in an area with a

field strength of 57 78‘rhhe frequency of prec sipn would be approximately 2460

ﬂumﬂﬂmwmm
ammnmumwmaﬂ
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Crystal Display
Oscillator
&
2"
Frequency
Gate ™ counter

Proton
Sensor

Ll ey

[l'n'n'l'n'n' T

magnetic momeniof pgdtonfand't VE-an e i§ GN . cut the electric
current ‘ N F
(j=0) — suddencu ? oher -ﬁ?‘; of f all 1"\! *o' precession of proton
e \
generate p - !
macroscopic magnetic ﬂeld ‘- illation is induced in the coll

carried out reversé

Proton magnetomj’j
0

ints as many as possible at the same higr‘w om the ground. If it
does not work, let's usgi“putting at a point to Mtor temporal variation of strength
of mag c field, the lme ef omaly ib ‘shipu e d@ne by
quxgateﬂgnetometer Because the height of proton magnetometer is shorter than one

metre, the spacing between two points ‘ould be less than (g

ATANN AR NLAY

proton magnetometer.
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2. Measuring magnetic intensity around the kiln using only step two of proton
magnetometer.
3. Measuring along the present magnetic north starting from the kiln toward the

north for 50 metres and measure every 5 metres using step two of proton magnetometer.

4. Measuring along the line Iar to the present magnetic north

starting from the kiln toward the, St f | asure every 5 metres using

------

measurement (j}j no. entﬁ
|
"

3.2.3 Vector magnetlc‘r eter

Qum NUNITNING..

measuring the magnetic gradient. The vament consists o , Y and Z sensors on

q RIAINTUNRIINYINY

The magnetic gradient can be obtained from the different values between X and Y

agnetometer

tside kiln no.1

sensors (see Fig.16).
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A prototype of vectg
sencors disk

Y-sensor

Measur- mé/it »f prag .
takll"i’ the dif.erance betwesn h and By
ori 200 1)

T 1| -

"\

16 ecrmag :ﬂ‘( or 006)
* Ll B r

J
In addition, Z sensor I glveg C nsofiflihe disk can be rotated, so

Fig

the z sensor lie in the ma gnet @' erved' magnetic field is equal to

geomagnetic field plus artificia

in angle of geo@n

I\/Iagnetic&

driginand : g be noticed that small changes

-

1
h' Artificial origin
(10— @98 nT , we need this)

Wummmwm na
qWIANTS AAMIANYINY

outS|de the kiln( west of kiln ). They are 10 positions .

r 452300 nT)

= (natural origin 40,000 j.i% 000 nT)
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2. Measured each vertical and horizontal at 0 degree and 180 degree that
located near the kiln no.1, distance about 50 metres. To turn the x knob ( x parameter )
that show the value ( red line) near the y parameter (green line ) in the software.

3. Used the sensor disk measured inside the kiln and measured each in

.

or disk an ‘_ﬂe ground and to turn the

disk go and back (that TROW Cur the saftware or; .2 was seem the first kiln
ﬁ )

that start measuring outside tee ki (2t ' kil ), the X and y sensor to turn

(10 positions in the chimney). The

horizontal and vertical at 10 positi
positions started on the left t e the chimney. Measured the

distance from the kiln w

at the true magnetie®orth. > Ki 5 o ¥at measured around

the kiln (at the fire hgand , bsiion, StageMalithe loft to right hand
. .,.: 1% \
(e gLl

and have a one centre pBsitiQ

i J l g
From a preligiiharg@nalysis ofigalif
] P

sl
N L "’:
" | Y

that is the red line shoylff be @oout 1881ATNS

., we need to adjust x

and y sensor direction to K¢

EvenifH =10 (i
Formular I i I;

Sources of error‘;ensmwty and offset of fluxgate magnetometer

@mﬁmmﬁwmm

Bx (observed) - By( observ = [Bx(real) - By (real)]+ Bz x sin(

q W’I’ﬂ N ﬁ‘iﬁlm& gk mm g

meant|me Z was the direction of sensor and B was the magnetic field. The values has

been plus and minus.
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e ctor magnetic

\easurement in vertical

|
|
Figure 19 Measur nt a high level Figure 20 The vect&‘uﬁagnetic
of gradmmeteﬁ NO. 1 eter measurement in kiln no.2
=3

qmmmmum INYIQ Y



Chapter IV
RESULTS, CONCLUSIONS AND DISCUSSIONS

4.1 Fluxgate magnetometer investigation

Magnetic susceptibility of th

]a d no.2 were investigated by fluxgate

' / P7 and P8 and four positions
i.e. P1, P2, P3 and P4 were, 11t -‘- $see Fig )A The results are shown in
Table 3. the data, mvesWHmh no. #om TMIIustrated in Figure 23-

30 whereas the dat ho nl.q:x 0

readd-34.
A
Determination of ravi@éts g % 0 K\"‘

Fﬂ‘." - T e g - ,.....El:.lh-.r.-. Mc v b A NG,

Figure “’L itions in ki : etometer

e T

AR

Figure 22 The positions in kiln no.2 to measured by fluxgate magnetometer

- e

} - = Wi
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Table 3 Fluxgate magnetometer data

Kiln no.1

positions | distance (cm) nT

p1 0 | 43352+(-36.5) 43315

10| A9 ' 43319

"H-.:"" 47.5)

5 | s33s2 M | /) 4 43327

1 43304

0
..I//lﬂ \

20
20

43292

43277

p2 43109

43122

43187

43219

43222

43197

p3 43307

43387

43449

A

: r 43579
i

-E'.'J’ 20 | 43352+282.5 ‘ﬂ 43634

& ogmh 33504320 Qs 43672

; | ‘E ‘ 3 ‘ : 43315

Lﬁhl 1317 & ‘5]

20 | 43352+(-55) 43297

25 | 43352+(-100) 43252
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5 0 | 43352+(-45) 43307
5| 43352+(-770) 42582
10 | 43352+(-815) 42537

TP
W 16 BI#IE“MW! |
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Kiln no.2

positions | Distance (cm) nT

p1 0 | 43352+1320 44672

43802

43557

43484

43357

43472

p2 42532

42697

42822

42962

42969

43012

p3 42237

42567

42652

42672

-
F,
-
'
43352+(-677.5 il“ 42675

u 42612

s i Ig ii i s 42669
43352+(-620) o ‘2132

20 | 43352+500 43852

25 | 43352+540 43892
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Results

Magnetic Susceptibility ( 3-axis fluxgate magnetometer)

Kiln no.1

—— eyl

43,240 -
43,220 ,
43,200
43,180
43,160 - _ wdinyni
43,140 -
43,120

ﬂuﬂ?ﬂﬂﬂﬁmﬂﬂﬁ
RIRNTUUNIINYIA Y
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43,700

20

AU Ingningans
fi‘lﬁ’l &Nﬂiﬂ.l URIINYIAY
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43,400
43,200
43,000 -
42,800 - \ - : .

| e
42,600 - g A w
42,400 v

42,200

Figure 27 Fluxgate | J
/

a® 3 4 -i L
Zi BN L

43,400
43,300
43,200 H\=F
43,100 Pl
43,000 R T
a2,900 AN —

42,800 -
42,700 -

AU INERINGINT

|

—— oy

15

QMIAINIAUNNIINAE
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43,000
42,950

42,900

Figure 29 Fluxgate ma et
. ,f

:I" ¥ "'.r" i
- —P“;
i h-f':-: |

=
.-,.,..Li r
,c-a-; v

42,800

42,750

,-—,.r___,., .su t;.

42,900
42,800 _

42,700 i g
= H
42,600 - %l - M
42,500 i

EJ‘WEI?’I?W gIn%

Figure 30 Fluxgate magnetometer investigation at kiln no.1, position 8
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It can be seen from Figure 23-30 (see also Fig.21) that, there are two groups of
magnetic trend in the kiln no.1. The first group consisting of P1, P4, P5 and P6, the magnetic
susceptibility decreases when a fluxgate magnetometer moves away from the kiln wall (see

Fig. 23-30). Their magnetic intensity decrease from 43,320 nT to 43,280 nT, 43,310 to 43,250

/aog
susceptibility increase
magnetic intensity W , P2900 nT to 43,700 nT, 42,750 nT
to 42,950 T and 42,200 nJ, AT rbspBOLValy feee.also TG 31-34)

.

nT, 43,400 nT to 42,400 nT and 4 nT, respectively.

On the contrary, the P2, P3, P7 and P8, their magnetic

away from the kiln wall. Their

The result ey wall of the kiln no.1 is

regular.

Kiln no. 2

?.i-'- r'; .

” Rt S, ¥
,p t e U'

44,500,

§ A
f 1"{"*’

MIRININUNTINGAE
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43,100 -
43,000 -
42,900 -
42,800 -
42,700
42,600 -

42,500 -

, o _
Figure 32 Fluxgate magietq 1n'r OSition. 2

0 5

Figure 33 Fluxgate magnetometer investigation at kiln no.2, position 3

Hingnnenns
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44,200
44,000
43,800
43,600 —+
43,400 - _
43,200 - ' f [ A edioys
43,000

42,800
42,600

In the Kkiln no.2, fe ¢ ig.22) were measured.

P4 is located on the chimngy wheres Las ed'of the kiln wall. It can be that
f #

only location P1 which its magneties Tsifyed #8E where as the other increase. For

P1, magnetic susceptibilit 500 nT. For those of P2, P3

and P4, their , , 42,200 nT to
42,700 nT and 4@ 7\
It should be ntlone sal l ward the centre of
i

the kiln (firing cham er) (P2, P3 and P4). P1 which its magnetic inténsity decreases may

AU ANENINeNs

Proton r’“netometer investigation

Magnetic intensity of both kilns l‘n no.1, and kiln no Ziere also mvestlgated

RIRINTAUATINEIR

kiln, ten location along the present magnetic north and eleven locations along the west
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direction were measured using only step two of proton magnetometer. The study
locations is shown in Figure 35.
For the kiln no.2, only twenty-one locations inside the kiln were measured using

step two of proton magnetometer (see figure 36).

tion of kiln no.1 inside the kiln,

U!j;e/}on are shown in table 4, 5, 6

37 39, 40, 41 and 42,

The results of proton magn
around the kiln, north-south di
and 7, respectively. The
respectively.

Moreover, the m:ign

dtWigs,shown in table 8 can be
r '_‘- ‘--"-

illustrated in Figur

ﬂﬂﬂ’)ﬂ&lﬂﬁﬂﬂﬁﬂﬁ
QW’]Mﬂ'ﬁﬂJﬂJ‘W’]’JﬂEﬂﬂU



47

o~k

Pd10

Pd9

O Kiln

Pe1-pe7 along the present magnetic north, (Pe8-Pe10 t Sho

Pf1-Pf6 along the east-west direction ( Pf7-Pf11 not show '”.ﬁﬂ ictt
Hl '

Pa,b,c2

Pd1-Pd 13 around the kiln

[
I Pa,b,c3

0 = 100

RIANTUAM TN



Table 4a step two

Pg5 0 e 80

ON magnetometer

48

kiln no.1

positions y Z(nT)
pal 6 43026
pa2 359.5-43352 5 6 42992
pa3 43031

[ -
WP
U

90-

o
:

SN E

379—43352 (
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Table 4b step one

b1 295.5-43352 8 |6 |43056
pb2 300-43352 | If 5 |6 | 43052
b3 056 \ ﬁk\"’l/ 55 |45 |43096
pb4 __g..n_;_ ~ _ 6.5 |3.7 | 43024
pb5 8 |35 |42999
pb6 96 |38

pb7 1055 | 43049
pb8 11 |6 |43043

Table 4c step threg

pi 8 |6 | 42992
pc2 5 |6 | 42968
003 55 |45 | 42974
ocd 65 | 3.7 | 42959
005 8 |35 |42957
006 | 3694300 - 96 |38 | 42983
007 405 | 5 | 42087
008 b 6 | az074

Table 5  Proton magmetometer data around the

pmﬂLIEl ﬂ&ﬂiﬂﬂﬂﬂﬁ

390- 43352 4 42962

.ﬁ

658.5- 43352 4 | 10.5 | 42693

Pd6 561.5-43352 0.7 13.9 142790

Pd7 513.5-43352 2 17 | 42838
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Pd8 504-43352 55 |19.9 | 42848
Pd9 489.5-43352 9.3 |20.5 | 42862
pd10 428-43352 14 19 | 42924
Pd11 ' 15 14.5 | 42955
Pd12 15.2 | 11 42930
Pd13 16 9 42932
Table 6 on of kiln no.1
pe’l \ 49 |22 |43013
pe2 v 4P ﬂ ’ 'A\\\ 6.7 | 19.5| 42893

e3 # @ n\\ 83 |17 | 42860
’ i
ped 9.8 | 14.5 | 42858
pe5 11 12 | 42871
pe6 12.8 | 9.5 | 42851
pe’ 142 |7 42857
pe8 15.6 | 4.5 | 42843
pe9 L16.7 | 2 42919
pel10 ‘.!7.7 0 42853

iII il
Table 7 Proton magnetometer data along east- vvest direction of the kiln no.1
542.5- 43352 10.7 | 23.5

.ﬁ

I[‘iLllﬁ’H'L”ll]lllﬂ |

q pf5 471.5-43352 16 | 42880
pf6 470-43352 6.6 | 13.5 | 42882
pf7 472.5-43352 55 | 11 42879
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pf8 467.5-43352 42 |85 |42884
pf9 469-43352 29 |6 |42883
pf10 465-43352 17 |35 | 42887
pf11 0.1 |09 |42884
Table 8
kiln no.2
positions X y Z(nT)
pg1 \ 8 24 42829
g2 Wi@ .\ \ 11 |23 42794
pg3 ii‘;ﬁ. \\\ 125 |21 42861
pg4 "B \\ N | 135 |19 42942
pg5 , M:E "&\ 14 16.5 | 42987
pgb6 _‘ : 2 “\ 135 | 14 42918
pg7 4 ' 13 12 42916
pg8 82543357 115 |97 42827
107 |8 42853
95 |55 42849
fffffffffffffff 5.5 42883
59 |79 42901
55 |95 42885
11 42902
3 | 42868
__ L _5_5 42875
pg17 L 1] 370.5-43352‘, 2 16.2 | 42981
: & 96
1
pg20 540-43352 57 233 |42812
pg21 428.5-43352 8 15 42923
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Strength or intensity of magnetic field ( Proton magnetometer)

< 1:60 cm

Kiln no.1 short or one part

Figure 37 The cont@lr ma@of ghagh Ceptibilityt “haagheticimliensity measuring

by proton magnetometgf usifi flc party ;"
J .ll'

i ,.rf .

ARIANN JU%

F|gure 38 The contour map of magnetic susceptibility or magnetic intensity measuring

by proton magnetometer using two part or second level.
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1:60 cm

Kilnno.1 three part

Figure 39 The contour

by proton magnetomg

Kilnno. 1 aroup® =;’;.£ ¥

- focadey ' 1:100 cm

q Pd5

Figure 40 The contour map of magnetic intensity around the kiln no.1
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Kiln no. 1 north-south to extend the magnetic north

< 1:200 cm

Figure 41 The con#ur .:' ' atic-inte ‘ ] magnetic north present

q p
1:200 cm@ _ B

Kiin no. 1

Outside the l.
measuring ea
west{forest) ‘ |

alignment.

9 AINTUUANINY T

Figure 42 The contour map of magnetic intensity aligned east-west or right the angle

of the magnetic north present
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ﬁ 130 cm

Kiln no.2 Inside the kiln

N "
L W \

H‘k.

Figure 43 Thgfconiur, 1 Jneti -"n, " the kiln no.2

Proton magnetoggeter, C ’ kilni®, 1'u8es all three steps of the

magnetometer in order to § -—-----4 . shi ana Ofithe total magnetic intensity
.!J pfr
within the kiln. Accordmgly the ether areas wer ed using step two of

magnetometer. It can be seen fron

43,095 nT OCC@ (r e A _o_ eter (see

, <
Fig.38), there arﬁ

hest magnetic intensity i.e.

hiis step three

Ieimney.
|

shows that the hig

he
It can be sﬁthat (see Fig.40) outside the kiln no.1, Pd3 zm'the west) has
highest magnetic mter(tﬂ.to 24,972 nT. ConseMly, area east (Pd11) and
northe u ﬂo@ ﬁrﬂ %ﬁ w ﬂ QnﬂN%show
strong n?tlve anomaly (42,69
Figure 41 and Figure 42 which sﬁw the magnetic mﬂty along north- south

IR ATIN HI8Y

The kiln no.2, proton magnetometer investigation was carried out the whole area

inside the kiln. Because, the kiln no.2 is still in perfect body while, the kiln no.1 consist
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only of the chimney. Figure 43 shows that two positive anomalies occur on the west and

east of the kiln where as two negative anomalies occur on the north and south.

ters and Z is a vertical

direction values. B i S
Hour minutes X ! z B
10 |43 026.3 39224 11064.2 1023.2 -285.7
10 |43 9223.3 11064.3 1023.7 -285.9
10 |43 '8 -39223.4 11064.4 1023.3 -285.7
10 |43 -39223.8 11064.3 1022.7 -285.6
10 |43 223.4 11064.2 1023.5 -285.8
10 |43 [11064.5 1023.4 -285.8
10 |43 25 it 1064.4 1023.2 -285.7
10 |43 O%L 11064.2 1023.4 -285.7
10 | 43 ,- 23022571 11064.4 1023.4 -285.8
10 |43 | 11.9 E}) 38591.9 | 15 1061.9 | -40025.4 -3922@ 11064.4 1022.8 -285.6
10 |43 |12 11 | 38592 15 1062.2 | -40025.6 -39223.4 11064.3 1023.1 -285.7
10 |43 ‘ 1062.6 -39223.6 11064.2 1023.5 -285.8
10 I‘]’_[’TI 1022.9 -285.6
10 ! ﬁ‘| j ( M | 1023 -285.6
10 4w 385924 | 15 1062.7 | -40026.5 -39223.8 | 11064.4 1023.5 -285.8
10 | 437] 125 16 | 385925 | 15 1062.2 | -40025.8 11064.6 -285.7
-40025
10 |43 | 129 20 | 385929 | 15 1062.4 | -40025.5 -39223.1 11064.5 1023.3 -285.7
10 |43 |13 21 | 38593 15 1062.1 | -40025.8 -39223.7 11064.5 1023 -285.6
10 |43 | 131 22 | 385931 |15 1062.2 | -40026.3 -39224.1 11064.5 1023.1 -285.7
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Measurement of B vector gradient by taking [ Bx — By ] for one rotation

If no instrumental distortions
(i.e., expected results in ideal

An example of actual measurement
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Figure 45 Actual measurement of B vector gradient of magnetic field

Offset=200. GRAD= 1000.06CL= X
ALIGH= 20 Ingide of Kin
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Figure 47 Measurement with some correction is not yet optimized

Original Data With some corrections
measured }
Inside of Kin y With some comection
501
'U “L‘b. L L]
- ,' r =
" J" 1J
R
=-1500 —% t
3 " ]
2000 l.* ' :
250 —N—— %,
200 'S e
-3500 '

= 2000 - 15001000 0 1

Figure §rindl adt

il

. . '- ‘l
Conclusion and discus: S

1. Sri Satchanalai an@lent ki : this Study.
2. The study was carrie a60 ' esis that the Knmer temple was
deviated from the present norts L Jec le.

find out the

3. Fluxg@

magnetic mtensg

%

4. Vector man etiC 0 mﬁure the magnetic
i
vector without da ing the ancient materials.

5. The results sfg\hﬂ the data from protot agnetlc grad|ometer had mis-
6. ﬂerefore more precise measurement ya dlng amec amsm to adjust the
alignment and by making a software for‘ptlmlzatlon of corrq@lign to the data are 7

ARIAND IR HATINEN g

thermolumlnescence is about 13"-16" century.
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8. If the Palaeomagnetism for archaeological material has to establish, several
archaeological data measuring by the precise magnetic gradiometer are needed in
order to set up palaeomagnetic references.

9. On the contrary, the constr. 3 h er temple may rely on astrological
north instead of using a com \\ / /

10. The direction of plesin T

on the direction towards

the Angkor Wat (Mr. Sriseehet=persohal comfmuni
—— T

11. The deviatm&m'/ caused

communication).

harusiri, personal

AUINENINGINg
RIAINTUURIINYIAY
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