Lo ) on
A MATEAN)
PREAH NOKOR

JouNpal pf Angkor Studies

12 9, §1boo& / Number 1,2019 / Numéro 1, 2019

6,000/

mﬁ‘ml‘ﬁt{}ﬂ
APSARA






o on
M)
PREAH NOKOR

JouNpal pf Angkor Studies

10N EN WU G N WHEN BIEN BH U
Published annually by The APSARA National Authority

U2 9, 0o« / Number 1,2019 / Numéro 1, 2019

145Ny / Siem Reap

60,000

mﬁmfﬁt{}ﬁ
APSARA

el g/? GINHH uin
APSARA National Authority



635,633

PREAH NOKOR

JouNgal pf Angkor Studies

[ﬁ@ﬁ:ﬁ CﬁLUm@[mwmgf?ﬁfm%Hq)fﬁ
Published annually by The APSARA National Authority

SOSSIWA / Edicor

d o
88 USAJ W / Tan Bunsuy, Former Deputy Director, APSARA National Authority

ANNA/YEMIEISEH] / Editorial Board

AY WNMS / Kim Samnang, APS.ARA National Authority
&8 F4WN / Tin Tina, APSARA National Authority

U 04N | Ly Vanna, APSARA National Authority

s tm / Hang Peou, APSARA National Authority

H) i1 § | Ea Darith, APSARA National Authority

I

Y W 21§ / Im Sokrithy, APSARA National Authority
Ms g fU1S / Ang Chouléan, Advisor, APSARA National Authority

ABUBIUIYAIF A / Technical Manager

o

H
=3
AY WNMS / Kim Samnang, APSARA National Authority

2 56), boe & / Volume 1, 2019

10NN WY IR N WEN BTN BEYID
tIJENU, (50T MOARY

COPYRIGHT © 2019 by Preah Né)kor, All Rights Reserved
ISBN: 9-789924-939405

9

7899247939

405

>



£NR AN / Contents

L i
1J

NN PR TEUST NI T GUEI I B T rrrerveeerrr s reereeessesssss s sssssss s 1
1 6,) — b a

A5 M0, WA GIEN, ANS AU, AY IUSAR, 18] 14T,

Angkor as a Cultural ContiNUUML..iiiiiiiiiiiii i e 25
Sachchidanand Sabai

aNIHRI] gwgméseﬁgtmgdtm@ﬁma D Lt < N 33
MS AR

Preliminary Research on the Royal Palace Bronze Workshop of Angkor Thom........ceceviiiienninns 49

Martin Polkinghorne and Brice 1 incent

The Microstructure and 2D-Element Analysis of Sandstone in Angkof......cvevivieiiiiiiiiiiiiinnne, 63
K. Kranda and V. Havrinek

From Aerial Photos to Lidar: New Developments in the Mapping of Angkorian Sites.............. 69
Dansian EVANS, TAN Boun Sny, HENG Kamsan

= égmmf@%mmmi’;ﬁﬁg ....................................................................................... 79
Deconstructing a Reconstruction at ANGKOL...uiiiiiiiiiiiiiiii e, 91
Christophe Pottier

Numerical Simulations of Static Behaviour of Stone Temples in ANgKOfu..iiviiiiiiiiiiiiiiiiiennn, 103

Jan Pasek, Hansley Pravin Gaya and Karel Kranda

[SAGENAN[AERGRNLHET o 113
¢ « «a
i 1en
A Y A
[EAgeman(te(S1dn@(APEMI 121
<$ 3]
i wen






L OISR SR
1 4

NMN pay :)d SN o~ 3 ")nJ P 2

1S SN IUA FY W Uy mmmmmmgmamujm{pwsfsﬁgmfuawmmﬁnwmﬁ
HAUIARBIGISAmipanisht ;msSwonfes s YA A FATINNINAIS) i8I UTANSEH
nnfasscmwmmmmrwﬁgsbﬁrg}wmmqusmwmﬁﬁnumswmﬂunmmn[%1 Ba&I
wwailginanary

’e)M oy bt U ~ ~ : ) MN :

HEUS g MATE SIS AMAEAIANIEhItE g21¢)afngIN n'ﬂiDLUanLU“?SUQ
a o Y a o a P2 o
HNAISIGSIuY AthersHaUMIACAM GIFITmIligISisntmSHSl, ywossms

o ~ onon o S ? o I SNVOUN TOUR ool

UBNN:ENULGRISAS JOMIEsIES sunnnanseimSkaiyss shwrundSmuegswgy
yAtg)aldunseafuilmmatune) LDAR, midnpAsaunumalsgitnigiynnn
WALARANS[ANG, NS S aisaEaISInnthSuging spuegsthutgntewli ls oA ed
SSmitoaps ASmigugugot mildAsUoNAGARSSOMANWHAGIIGIUAIFIE)H
NN WESMBUFNIANGSIES YA WISIHG:, MIgufuannSIfasys HSHaUeyw
Umm@ﬁnmswmmnvnmmmgrgjsmvmﬁmmmmmrwﬁmswg NIENISTES19)
MAWQSWAYAJUGEAMARBIIN U ANIASNY HpUepSagRsiepAnsiigsius
1SN S S UNWHAUNNAIAFSS S a7 IumHﬁLﬁJﬁmem[STﬁﬁUn[LnﬁnS BN WANTGISISN G
wpLUmB T aSITwmn Ayl oy nsmIAp AT ywAHARUSHS W
r@nmngﬁsﬁ(/mm%n ftmig

TS AR SS SN SMITANWASMIZ NSNS I GINN:E8701HE 5 MU
55 33apsmals (nrear iGSnUpygssEay

1

s e
HBEIWA
3]

i



ONANTHIAIINS I 1
1 5,) — b a

A5 M0, A AEN, ANS AU, AL IUSAR, 18] AT
taf)S i S, djon Tanseus, wd inm 88 s afuns*
HQPEIth 5 HUIN

e

susrgi SuwasSwenignnw puwsatheanusuiaismamsisignsia. i
WiwgRSihtmEngasia.l fods tleustas st g)aAuSAERMIA SN U UNUAIUI T
1nGs[aElaUgs NI an ¢ SEaAnSigiTaanSisia i §6-diamere (iighn sapsuiyse
szfnmeusmj 539 Aalatiimere) HTS@ o WM WoNso688ynAniali s A
BSOS U UHEINMY 1S9 8mnmSasqns [nmS[u“?fmemesﬁijﬁuﬁjum
memﬁfﬁpsﬁsffﬁm@sv 5O EAAMININTINSTRUST MiHitss IS?’[?ﬁﬁﬁm[U
m@asﬁrpwm@‘nam gasinfo &ho-do UGolys leusUuAIBATALAL vomitoiBss
MRSy oysTenig aSteamugIss nHIA NGO SUS S BINYINITYIUINMS) §
ts:ﬁﬁ@ﬁwrgn?smﬁgéggwﬁmﬁrrﬁms:tm’m]mH@U?tszémwfﬁﬁmftvgzttz?@,gf
qminfns;mnfs%sﬁaﬁfm”fmm v

805 b0 B AEAFNIANIISS D1SYNANIROGStEbA0U TaumaNssIGHf
gak v (e kA ainn wis) SSoT ynnni &619715 HAISISSTS ﬁﬁvmm:mnrm
UFIoINWY U[S[S?’nﬁf-fntfﬂs fn['L/T][uﬂjfﬁS[@JSl QfH?Sfo?ﬁnS“')nLUtﬁ?nLU[iﬂﬂj
A Easwnanvﬁmmﬁﬁmgwmwﬁ[j)srm(ymrmffvnmawrummu9nmanm5
GIAERSYUGNST OGNS fﬁtummmuvmmmmamaw TS WAYAUD NS ATWUIET
PTHAIS S rwﬁvﬁvm:mmwmsmmsmmwgmnvmm 7 hyugsgaldund S wit

§1SANIAT S 1N WANIMURDENAESITA NS QN UNBUTUN WEJGISIAN SAN WT ASSUSNA

*

gy

-G

SUMAES WUNNNIGN, SIWINSHAIAJ AN sadagpsagi Sdynnnigpuhi



A8 o) et al.

pfsusngi mangsmssadAnmwasmipsaisanisuiiny
5 ks wmms:]ﬁmsgﬁnmfgm i hwioH A nmAmAS
SSmuRmaymagSig)sgotidy mmmvnmm@fng WIGENEARETT 5IFIS TS A
s e A=Y ENGMIS Y

=2,
167}
=@ Ua~

JUNU29

1J

ﬁﬁé’mmamﬁmﬁt”mfﬁnﬂw HISJUCHIAMN G S NS AN AN EM[HUT [NANFIS S

c’
] ] o

HnﬁjannUSHﬁf[nﬁuﬁlg) U AYSHA m’ HIUE SMIG AL UG WY UGN A

B’?SL(I)MQHCUUSSIS‘/QU sudifaumsasmaundwlnug gommanegsds 54

USIWAMIFET gnSig)aiSunwiigpan eituanSE9Ss 1 wisHUTHoRISI AN S
FandsmStssigls)sy  igsHABUBSHAIRIHS ISR SYS fﬁmmsﬁmﬁmmegéﬁ
REPIBISIN W hGIgAIG AN eman g aIsias amaqAlus miwesITemuss
shitwatdegy St uts S syalgaidapsy nmmtmﬁmmrm ASGS §AGIHA FAIS)
nsmigniogsgaisigivimmayan ywigs snvindisia.i 96)&’0‘77[“8’;1]’ 1.§bo

[LJ[ULZII‘?HE@SHS@[??’?@S?N[U?IS? ‘7ﬁ859[97’[8 Uff?]ﬁJ[mCUQMLﬂuth{jf?[uﬂJH)S



VNANTHIRIT G I58T57895

@m§@é@ﬁfa§wgn.8ﬁ§fwn3m§smﬁgﬁﬁﬁﬁjmms:ﬁm:@ms I
HluGergaySALs iSitomouhSamsiyuyiws mufgidbook nsifyiyw
s QAIEATIES MmiuHmonigagpanessgapiumaiiin gpathsinsmi
96085191859 ‘vmmﬁmﬂ5nafumnzﬁnu@jﬁmﬁamrs 15 LGS N WA MIth g
LﬁHi—fﬁDﬁ[&’ﬁfﬁ[LmtSﬁnUSArchaeologlcalSurveyofIndla(ASI)7ﬁi9’7’[S [LUﬁdeUfhme?:‘?
My gsnsmimwnds Sy uidsinggush wis |Sma (Jutnge) 9

=4

JUNU26m

o, [:mwfsw[immaéwi’?c%%sﬂ

) o

u&ﬂﬁf:ftf.f[u[UIN@JfﬁH?Sﬂf“?UMfHI[W??ﬁfﬂfUUfﬁfﬁﬂﬁH?SEﬂ2ﬁfﬁ.§ﬁﬁjmﬁﬁ5ﬁ[8

(S

1 a
)

o

2

r%wamﬂmﬁgs srmﬁwmsms mnﬁfntfﬁmﬁﬁ GISIUANIU AR $150i0¢ §RY94JU

Cr

Q
]

) o

8SANIGSUSE B ﬁﬁmmvummm fULUU??nLU[U?[USﬁIU[S rﬁmmw@rsﬁgmﬁmgjﬁ

4



A8 o) et al.

K e smid AN UYIRNIG M EEA[ANIENIG th 1 LAS SN A George Coedés I MIATAN $15
b1 BB ISNSNNUI NS WSERY  JUASIN BN SIANTISIATSSIgIT98)

G A
srstimmis s (FRjisgis) US?CIJQ’?“?S(J@MQnH?CU(UGi{[S[S?’mSQ gt asfo g8y g

g1S(61e [nﬁJHLUIQJﬁ[uﬂJ‘InﬁJSL/)StthQ [nﬁ)‘fSLF):mQL“SJCUJ)ISQFIHLJNWLUILJ[UMLUn[??’

J 1

sYUMSISIAniEsT Guimet ISHASHIdsEugly Ulslinmgouanopa ($hs

o [ 2]

'L/

o

ﬁfﬁjwm@mmmmsanm@mﬂgﬂwm JU25)7 181819 &by [ﬁﬁfﬂU[UfFﬁfUﬁﬁ?S

v§AHg WS ¢pywhi jutugn) B nwiumiggwhdungae WAAHSMAUY qjs

ﬁffﬁ?S;ﬁﬁtS?’nw Wiy wassigie i s rﬁmfmmtm’tmmﬁngfts f@ﬁwmmmm
rfﬁrs?nrsﬁmmjﬁﬁrs 19! 1OSwSwpsamaie ASHAISS m[ﬁn[wjﬁ“?[SfU[nHw7
(AEG IS sy lgs 95U sk uu mishuigsc-go ((Hemw) S51U209-0b
(912588 SS10:019) 19AN EAISIFANAMIMNBIHUININUIYN SN AISAIS T

2

Jjutnigeo JUtiu2ee jUutig2eob JUliu2eom



VNANTHIRIT G I58T57895

NmwidsySywdsinggumuaRboebyoMSSuNWISINS Y thwanifs
Lvﬁt'f?ﬁﬁ}m"ath"ﬁmsvtmnwbdﬁf v ¢G50 Hgﬁﬁ[/&mﬁ‘s)bﬁj H(jUNU29m) I§U
WTSARD 1ENSINENAMII U SIURUEUNSIS:? 1UARIFIN:0g SSRSINIAAIATS
s smwimiains g uw 1ot a5 IA8 s SMWwimigors skdi i S AR S [y D
K708 2 (URNUEN 6N 0 SN I AT 8 WS § ) D W ANIHA SN GIS WA ST (1S
imath (9:kas pemw SpsnyAthglagwT MIBsISSUNAYOM B WUSIASHHEA
QEYWEgSMUAaS wysItii i uast mujutsiiamiuem (penagmoedwisén
SMWImIAiNg §a)s o SEANGIGSI8)a Wit 3RS SMWIMIAnG eI gy
UAPA MUAYSYANMUTY S NTENURUIIGUNSH01S2169

= =

-3
§
=
5’

AU AR US WHIUN = AN UIGY ISTGIAN $MHUIISS IA[Y §SNITENY
JUONA:6 JURIAISS sy WIS S)AnSthUSS AN i (JUIi9eb, 0 8) sﬁawmjmm’

NSIFIANVIG (JUNU29b-90)T [UMIBHEISS fﬁ@J?Sﬁ[wm[m’umLF} £ FURSIA TN
“Jwngsmarior mip: Sﬁmﬁmrsv’(g)mgmwsmwmmqﬁywawswn 9H7ﬁ[0’7[ljﬁ15
HANSIAN 1812 N WANIIOIS S FoiisAMSOUEN AN I WILw: 1617 nﬁﬁmmam
mﬁmrtunjﬁUﬁﬁu[SYmeg“?mefS°f—f7ﬁfth[LmtufU[S?’LﬁﬁJdﬂSMIQﬁﬁJ??S??ﬁIS
[DANEM[HY] §ANSFUG MNUARYATL.mEY. A5 AISONENIa0AR 0 ATIG N WANT
QBN WY

Jutnugels Jjutnuges JUlu295 Jutuge



A8 o) et al.

. Ls. HOSETE B

MIU ST ES 98 ASGIES0126 $HS N WORTEN[N NS BIENGIHATANI LIS
Aamwateng)ats BamSUes R AoonnSigiw bigmsguigigsis: inmAn

IGHONAATNUARES A (JUIU298)°Y rwﬁmspnnjﬁmgwgﬁtsommmgfmnm

BIOENIEYIAN §AY

jutugeae Jutiuae &

b, [anamadg

MUAZI090 TSN SIGAMMWIANIEHIISIGIAN §915 68 KN WG SITAINUMGSSLs
iSIgImats AT T SiRaUIthim NEESAIMK NS gAML 8595
UOITNITIHT 1M H shatnmifiue sis r@jsmﬁ 159 1S BTN 1 QIS{UFNIENSI

o

fﬁmjﬁ@awussg i ¢ {MHEH0Y U[[L/?ﬁu[u[UEﬂSLf)Uﬁ.T?HU?ﬁJ[UﬁJﬁ?Jﬁ:UHL?&?E?ﬁH?&nSn

1g

sﬁunﬁtsrfﬁnﬁﬁ;“v oSt mrwﬁmﬁdwmﬁmrmumsrm SIBAPINNUET Frgsws
USRI UNUMSEN IS U 1]t g P181859

ly. o, d’jé

mﬁﬁmmswsbmﬁ f s sukSntames b na.u.g masnssukishin

1

Gsyom (U egluwasAIGUS SIS AgiSamine theralosasmaunainm

4
D NUANSNSyuIgHIh NSosimnSnuiogsmuaomSIsiga s MU NG Smo

fuStonid aSisssbaeT Ay folsutsinimommgngmatsumsmitaly hiavébons

4

%y

P4

© gARIANIEAUT AN oYU UHURIS SI U 90 & B U U AlISTigI AN SUS WA



DNANIGIFIT G IE8T578

Risigistshaymah bekassagmsiaipinwads (nefomse s ndw)Sigpun
WM SUSo SUNSAE, 8 /1.6 197 bk A1, sﬁmsmﬂmm b,o ALY, HUM, & W.5.9JU
rmgbommﬁnﬁmnn@w@ NNWRDEN § S ehgnga kG snsmilales 718567 10
[H[UHnnyNU?bG)f@ IS NTEN N ATNAUMEGIANYSUSE UNAFOEISAIYOLSISIN W
gy WaAn 6 g7 )
wiasfbmnsobindyglisidigmanfgipndgmssuigo ssSmidgfummnie
AS5YW (jutuebb) gsigamsimethiginSistn sy mrwﬁaswmammn(mrm%m)
h‘}g Uf rm%b gfﬁmunﬁ'gummsmumm@ J:ﬁ HISINULHYW UL BT
518N HOMBISBAINIGS TS NTSWINNWAS G/ I§]WIia I NI IM W
1S Qsﬁmmfj 6ejoNSaymnaY | |

JUUZbo JUNU2bo

Jutuablb Jjutugbm

Jjutuabls jutnuebs



At o) et al.

by, Ly, mé;f%ﬁ

JUIU2Lb UTEAUINNAGE W SINUANSUAIUAIH
nos J = ! Y
UL AN Sy wie)alduss N8 WAL MAN
g519159

J ;‘JHLQL?F)anSn (Ammonite ) 7
Efmwmmmgg&nsmggwm

e JUtU9b6)

m.?;%[fssm%fétﬁjs

Mig ob f2 645 g boom 1s1y2n§ily NigISimanspwins (feEmSws)
Q;ﬁ‘ﬁffnmvmmﬁf&fwm(yg fwmmﬁvmﬁvmmawuma ANATLE WY, §65 mb b,
(:;Umj%d ¥ nﬁmﬁfs §18INUSE o[ UNIGIomARNNALY rwﬁmmswnfnmﬁ

Hmtu@anrmtsﬁg;w (JUIU2b&mo) M WANMNATICENHA H?u[wmmSﬁﬁfm[wJﬁ
ts{]msmﬁgﬁ‘j HQUAS I N [UA $RNUMESCS S WSy

Jutgbe Jutugb e jutiugmo



VNANTHIRIT G I58T5785

L. [rana(med st

L”}mlaoobumbogbmSn[LmaImemesﬁﬁjfLﬁﬁ 559100 WIEN AN S AL ¢ Tnstitut
National de Recherches Archéologiques Préventives (INRAP) ﬁ ﬁmmm:mawmmumtgn
thwanissmianSwsSSnSahwsiunsagitalsnu- f-fﬁf‘j nﬁummag‘vﬁnnmw
mﬁvmsmsanﬁawmﬁmgnﬁﬁjmsﬂ(ﬁwtmdng@mﬁmﬁ w.1590) lutagsin
wes fwmfp‘:mmﬁmmrmmawLvrfﬁs)a’mH 018150 OUBNSINWANINSASIATT 1T
ramnumjﬁ FImsmnsndtms u[ﬂﬂnﬁﬁ[S?’??ﬁH?ﬁ[{]ﬁUSu runjmu@fwﬁﬁfsmsms
NNUAMABIAAD (JUIUIMS)T [URNUMITA FG Wi Wi AU § S NT ) QUATAAIS S
1S8R MW ISR A {YAMALS A IDE) §OYWIGH A TH RIS ( JUt2mb) tajitannuns
msnfmns?nﬁ m‘wvmnéjﬁsmqﬁmm:‘nmﬁmwmmmmmnmdﬁmvmmﬁam
mmmﬁmmvmv

JUIU2m o (OINRAP) JUNU2mb (OINRAP)

¢ [ranamBasys

AUTYITH D $ABY WISTRJI AN §18 sMUA IS WYN AN ITHINSME AN OIAGH
NUIERI(41.1.§90) T HAIAAUEIGIUNIG AN §ISS N [1AN 8L [u[Uﬁ.fﬁiS?’?:Un?ﬁﬁSﬁﬁJS
#S1ts oH wvmnnmooaI AN §18s msz/mﬁussmmwnvamnma?m:ﬁmmﬁg
nSysgSg mwmsmnnﬁgwm]nnﬁuqummﬁ foitelnSio [gé’)gﬁ?[ﬁ[@]&’[uﬂj
oUW

181811509 6) TS IS IGA LM WANEh ST AN 818 8 ﬁf}f“?mt;ﬁﬂﬁtffm]ﬁfgntum
mtmmgrsimmmmmsrnjﬁmnv WIS s antiulgs 2 SIF80s R SUls g an e1dgg
AOMW INWANSHUIU S SSITS #[601 1GAGAR mm&nsaﬁmmwmnm%ﬁtﬁﬁmuamv



A8 o) et al.

1S gy P8 niagesiRisUsNSIFS (Jutuamm-md)T ASAIssnsunms[gaHwSS
o o 1 c) - 1 o o 1 e) o 1 <2 o
suluunAlnug mAsIgluTANNgO wisslsywy 138y wsithtSadaps
tmAnmw hywig)asicanmungmisgd gsesummuwiuls b8 wy. (o aLs. 10
o aa o <« o @ “ a 1 o o

mﬁfUﬁﬁmﬁﬁnggmﬁfgﬁ??ﬁm}) §¢3bo .0, SSAYAILE W89 ISIG NS IS §(o1S 8
SIS NISANUAIA N AS IS YUTNFYWIISS1 NSNS OHIM NN 1 11w
IRENEAEI AN S MY

UfUNU?mm

v . E = oy M s
- x \" |
P = - X - y
3 & . i v
» 1 a3 h - | e
Z S i 5.
’ 2 7’ d p o S l
G Pa— - ) . ¥ y ok
-~ g -
e, A o, . AR b

Jutuemls Jjutuems

10



VNANTHIRIT G I58T5785

1N NMuIs et s s lgrimo 2 6 Wl S nY
g UI[LJHILUL/) NSy wabinis: judigifidgjumsigigiSagwuretaensrs)
WEWS e (Jurtueme)9

0 0.5m (1:20)

" J jutiuems
ISINSMEITS §[E1Se 1AOSTANINYTE O Y WNAL grq,rﬁ‘?mnjmmsvm My
Ui wmBLs)ijuteme, m&, bo, &s@)vfﬁmnftjs'g ms'gj shs UnSINNUI(ANS?)
msnﬁam@rfﬁfmwmsmnmw(yffﬁmmmasﬁsm ﬁﬁg?“ b, Bo W.H 1§76m, 00 ALY
sﬁngﬁm(ymmb w7 undmnuss @fmsrﬁvmnvmlf@ﬁ SAMUNMEIES ¢y
(O10A n[uﬁ?@iﬁé’&'ﬁ[[ﬁ?ﬁ fU]ﬁt—fﬁQ[USf)fw[SUS (har) w9 UnS L8 &1
wmamAthmAms SSAAEWHSY zmﬁnq?ms Lmaéﬁmé'ﬁmm NISANOSSMH I
AGUGISIARDEN 1 AN A Henti Marchal MU Ao b s 1515 8GO WA o 157 Jﬁ FS{hang
AGUgHSmuigwmindivamay  Iawaissagigrsssg Sfﬁtw@tsv’ﬁmagmﬁ
U BN S S[osh B RSN (ANS? ) GWNSNS Y, UMM Wen m ALY,
Hgéﬁﬁmlg,éoﬁj.a bl .., AN b .. (JUtU2m i) T ORsstat]umAuie s
SenSteIenicAnMUSENgSNEIg)agsuR #USSUghug Wy SIG AN U Ho8
(BBUNAYON S NTMADYEN I UMIGIW (JUIUZME) T BN WANIAG W NS 1WA
omATEA UASISSAtmALMAY

'Z’("v Nw
2~9

-~

11



A8 o) et al.

DUSINUL NI SHESFH L B, A{NABS LU S AU NNE0I AL .8, (JUIUZm &) T

</ N o ) = o o~ 2 o~ by : 2 g2 py) :\’ 29 oS

HNWANITRUS IS S SINAS ARG W NIRS 1FUIUIGA M WISIAIUAMIGSUINAG O
2B SEovinng (Jutgbo) 9

foeme s st e i)

Jutuamel

jutuems& jutiualso

ISUMENA G6NNOANIV ISHIMNUL:§0yWE (AAN?) NSgUso fums
HEBRBIUN AN b, EALY. (JUNUZL0)Y ISIFINISI NSEMB03SLEfIumsSsuIotRs

]

£10,0840.8.1¢10,001.5. (JUIUZLL)Y bnﬁtmmégj)&éﬁamrs: IBRTENEIS USRI AI
wﬁ‘?mr@smsmm’mwngnrsﬁnﬁu@vuv ﬁJSn2°H’7ﬁ[S7n15ﬁj“7£”}qu BtnsIss

=4

m’mjmumm HNOISTIIM W ( ftfmf%m)

U

ATHUANATIBUEDS[UA §1S S 1N A HenriMarchal 90U 8 AUENHS 1) wrmn gAnmw

w [
° 1

gk [U“?n[ﬁ?[ﬁ’fm@&’lﬂb[SfﬂUUUG?&f[LJH??ﬁnJﬁ[SmeQnU[UUfLJ[LJ[UfS '7:‘9975:.90
(’ cJ

wplgEsassthnmigiwy 1man s wisaln muhgeSbe A Bernard- Philippe

Groslier () S1ANTENUNSiY)ULS2firs ywensnd RS augsysigSaitla (jurualbls) 58

12



VNANTHIRIT G I58T5785

faqnimmUm Wi gIw (JUIUSLE)T IFRISISE IBIRPSAISIANIBSIthAAINM'T

=

Z
ek} ﬁ[Lﬁ?H[ﬁﬁ?LHIS?’C‘?mgﬁU[UUHS ﬁfmsmmmmv NOSE AN Sy

(3

DOUIBHAN WO S yUTn B s gruties) st el 6 yin NFYWIND AN UAGIS) S
grFmehweSMemeUas s g nﬁgnﬂmwmvm wAwu i mmeir

%pﬁ' ﬁm@ﬁrmomsf§0@,mjﬁmummsrmmaﬁttﬁwv

3
QS J-(I:

- S

jutiuale jutuelm

JUU 2L (© Brice Vincent) JUIU 2058 (© Brice incent)

b.am
4
rsv’wasvmbooa’ﬁn(ﬁfnrsina@mﬁnmﬁnﬁmﬁmﬂanvmsmg NN gAY WAY
asEasdneiynnne, moy. Uk UEAGIG A Osms BT gl SuliSEelo 86. 175

13



A8 o) et al.

PGS AMINSITE T NS YUY WIS §SSNSOMATIGSHIUY (JUluglb)valgdfinin
NS ISIgESUYNANY W Fiuaglghtsin oS wiom ¢suliida sl 90 narANGST
m&mnfsivnmmmmsfwﬁﬁﬁawmmmmﬁngSmeQﬁﬁn‘nmnrm’stsmu NN MG
ﬂmqpumnrpa'm%mftmfuﬁmﬁnmmﬁmn(j}mﬁmmsmmsfnﬁmﬂamgnsmﬁ
cansywisindiipatssiaysy tssnmitingendsugfwn gatssnsonmas giats
Wwesnmmsighnatsi sty sy ['UaUmSUfl’Lnn[ﬂﬂﬁﬁ&'[ﬂ[m’msnj[S?’B‘SIEHdI?uSHCU[S’)’
e QBE Andmothiniasitamsoamanbsiweiwit Aistorizai fol 58
W.1.G9b9

10§AGRISISIONUISTAYNIUNIUIGS NTE) DU TSI 26 NHHATT TS AL

S

BWAYANSO Iﬁﬁ?n[S?’nﬁﬁdeHﬁffﬁ[Un??ﬁﬂju ISTg2aRMNG (JUINUILE))Y

(YWRIHANS &fﬁmjﬁ ﬁﬁ@bog& HALAISIASUMNNY WANSH Aqsygsgn
wig)suhwioisyhas (jumisla) fumms;vnﬁsﬁtvffﬁLvanUfmmsﬁgnzvﬁmffmv
SN WANISIGINS TS AR N GAMAIABO NS IT AP UM S IS IS A WA A 8
Qﬁﬁﬁjgﬁgﬁﬁgﬁﬁjsmﬂ

'srg_, &Q:',

JUluobe

JUtabLe Jutiugals

14



VNANTHIRIT G I58T5785
WARANTTENE

y = = s J
SIWANSHAIR AN AT ENSHIT SSUNANIgHUDY, mt@ﬁéimwmfm,
MMNDiEYN boomd

ynu 8t 85 th s, (nsorssnseadatingel 1060, booby

< ) s s N NV K
A8 M0, JUONAIAIWMEISTOANENIY], DARMMAINLIYIRSIYS, §hAL, .
WUt {7 b ® http:/ /www.yosothor.org/publications/khmer-renaissance/ chapter-four/roub-jomlak-rok-

khernh-thmey-nov-prasat-taprohm.html

U9 4], (aneS1a6g Sﬁu[Sjﬁﬁﬁ?mﬁ QULY, m@éﬁmo@méammmmeﬁe

1

ru1e i, gg, dnb gs) grsjygmm

03 §Ns, 1HIA NUNNIRS, MATEAIS, HET HE® UGUIL- HRS MPNLIHYIN 98867
04 0 1 a {-. ot ~

HS AMA, GROAY ST ISIAUSHEI, sammadonetujedies dgab,miai)sle

174

http:/ /www.yosothot.org/publications/khmet-renaissance/ chapter-four/ tuk-jas-proteas-khernh-nov-
domban-angkor.html)

BAPTISTE Pierre et ZEPHIR Tirierry, 2008, L art kbmer dans les collections du Musée Guimret, RMN Réunion des
Musées Nationaux.

Christophe POTTIER, 2015, Le Roi dans le temple: le cas de Jayavarman VII, de Phimai a Angkor, Bulletin d’études
indiennes, no. 33, p. 446-447.

Louis Finot, 1925, Inscriptions d’Angkor, BEFEO, 25/3-4, p. 297-407.

Le Conseil International des Musées (ICOM), 1993, Cent Objects Disparus | One Hundred Missing Objects.

International Council of Museums, 1993, One hundred missing objects : looting in Angkor, ICOM : Ecole francaise
d’Extréme-Orient, Paris.

MARCHAL, Henri, 1923, Journal de fouilles, vol. 4, juillet, P.194-195.

POTTIER, Christophe, 1997, Tableau des dépots de fondation mis au jour par la conservation d’Angkor, BEFEO,
84, Paris, p.400-401.

Pierre, Baty, 2011, Aéroport de Siem Reap Tertre E a Prasat Trapeang Ropou, V1. Analyse des données et synthese de
Loccupation du site, Cambodge, Rapport, p.106-112.

Phoeung Dara, 2010, Neak Poan temple and Archaeological Research, Cultural Asia-Pacific Centre for UNESCO (ACCU)
office, Nara.

Rapport de la Conservaion d’Angkor, juillet 1924.

15



16

A8 o) et al.

m[gaé;oﬁ}mégtsﬁét@:]a



DNANIGIFITE)E TEST578

tuns- 8o 8
— A v

U 9U 61+ AADCMA.2008.4

tupe-iSgsni

n

Wwan- pEAISH

IﬂJ?UFZ?'— AA.DCMA2009.5

o o -
AHWM U= IT5A.0E

)
15087
a-g

Q8(UB)-9 memxoxso

gm(msy@&m box9od

tune- wagsienuiuw
—t < v 1

172U}~ AA.DCMA2009.47

e SAIM

wan-[.030nan

172U €]}~ AA.DCMA.2008.11

o = -
AUH WMIU- T 5ALTIG o b?

UAR-[ANSWSIUNS

ig-0ah

wwm-gdaifob

QH(UY)+ 1 8x0 888

216(Ub)- bbxmExom

i

Mup e HYp YLt

U U1+ AADCMA2009.44

WAR-[G.MEY

I 9U]}~AA.DCMA.2008.6

J o
WEWMU-G3 .o b?

WAR-[Anga:5s

in-gan

J N
WEWMU-GIaLIFo b?

?ﬁ(m8)+lj@x6)n)x6)b

)
18-0AA
a=-g

D5(AWY)=Lhxmbxod

17




18

At o) et al.

e AIUASIA

tups-Aomms

IHJQU@— AA.DCMA2009.50

[ﬂj?UEfIf AA.DCMA2009.49

Wwan-[mangmied

AR an gt

) o o
ﬁfHLD‘r‘T?ﬂkﬁJHLUQ ?

s o
AWE WM .76 ?

,
5-0A0
a8

:
i8-gan
g =

DH(AWY)=moxoBxdl

gvﬁ(:v&mba&m)& b

IN = (12N

[{U?Uéﬁ— AA.DCMA2009.54

wan-2

fﬂf?Uéf?— AA.DCMA2009.50

WS wmn-a.i§d 2

Wwan-[angp:ss

wwm-gSa.ifel

:
i6-0an
a7 =

DB(WY)= b lbx bax b

D= [N2AGUANA

rmzvsfz- AA.DCMA2009.54

wan-

IU9UE- AA.DCMA2009.63

o I~
UBWwm-g3a.ifol

ARG AN SUSIWAT

ip-gan

J -
WHWMIU- .90

g]ﬁ(df&')+b0><l:70xo£7)

:
i6-0an
a4

275(&8)+mede95'




DNANIGIFIT G IE8T578

mf?Ué'Z?'— AA.DCMA2009.67

tupe-gamich s

[UAO-[NANFUSIW [T

NU?UQ?— AA.DCMA2009.68

wSwmus 44§00

[UAO-[NANFUSI W[

wiwm- i §eo

H(WY)-baxbbixo &

in-ganpY

26(UE)-blbxEaxo s

tup e 1012 GraniA gl

[[U?UQ??; AA.DCMA2009.75

une-8ame
= 7

[[U?Uéf)* AA.DCMA2010.112

wan=?

Wan-1gan s ad

Wi wm- giaifol?

wSwm-a.ifd

,
i8-gan
8-g

(W) boxblxols

PN 3+ (61347 TR IR AJT
= b2

IAU2Uf)- AADCMA2010.114

'

IS [AOGUASA

[UAR-[ANEM AL

IAU2UE])- AADCMA2010.116

wiwm-gSa.ifob?

[UAn- AEHISES
9%

.
in-gan
-4

wiwm-gSa.ifob?

16(A)-9bxboxo ¥

.
in-gan
§=g

28(8)-9 bxo fIx&

Pl
tpe-lod Qg

LU U]}~ AADCMAZ011.127

I S APWRAY

WA N-uSSsaIOAIIUAAA NN

IAUQUEJ)- AADCMA2011.128

wiwmm-gSa.ifob?

wan-1ps gudw
ELE:

in-gan
;

wiwm-gSa.ifob?

DH(WY)-9dxb@x90

in-gan
;

216(Y)- Box boxad

19



20

At o) et al.

ran - Fi
215

tup e-gra

[IUQUKZI; AA.DCMA2009.72

Iﬂj?Uﬂf?v AA.DCMA2009.79

{UBE-[IANG[H A

wAn-gutmaal

wdwm-gdaifolbe

wwm-gdai folbe

LU - APAURS

NU?UQ?L AA.DCMA2011.129

g s-AUA

[/Uﬁﬁ—SﬁlmlUIUgﬁﬁfLﬁ

[ﬂ]?Ufz‘?f AA.DCMA2011.130

04 =
wHwmU-g8 .l folb?

LUﬁH—SEiiG?IUIUﬁﬁﬁ(&[)

in-gan

4 N
wSwmMU-gIat fol?

Q6(UY)-max 86

in-gan

DE(UY)-98x &

=2 dinngUhas

NU?UK;):"F AA.DCMA2012.146

D= (02 GURSIA

[UAR- (AN FMAY]

NUZ’UEZ:"F AA.DCMA2012.145

J N
WBWMU-GIa §ob?

AR [N $MN Y

wwm-gSa.i fob?

in-gan

2’73‘7+G}Ox ba

LU2UET}- AADCMAZ012.159

tap s enaglg S 4

{UAE- [ ANEM O]

I 2UE]}- AADCMA2012.148

4 N
wswmU-gIat fol?

WA= angmay

in-gan

wiwm-gdai ol

n(WY)-bexbexom

in-gan

DH(WY)-boxo &




DNANIGIFITE)E TEST578

138§y

I 9UEJ)- AA.DCMA2012.161

IUQU6f)+ AA.DCMAZ012.166

WAR- (AN FM Y]

w-gdatfol?

WA= AN gmMnY)

wwmu-gSatfob?

o
WY Wm
in-gah i5-gan
1 1
D6 mbxbbxd 6(WE)-mexbo,Ex
tns-osfasintnag ?

2

v

§}- AA.DCMA2012.181

tup - GINARN USIA

IU2UE])~ AA.DCMA2013.195

a6-58nSh

[UAR=[1ANEM AL

wfwm-giartfobr

W
o o
WG WMU-GIULFol?
fﬁ+§ﬁf§ féj—_qﬁﬁ’
5(WY)= bbxmmx b H(WY)-mOxmmxbo
e QUG

Iﬂ_‘m§+L£7:ﬁ?f[[U7[ﬁ‘ﬁJf

[T 2UE])~ AA.DCMA2013.198

AR angmis

wwm-gSat fob?

?ﬁ(my)vaggx&/

IUQU )+ AA.DCMAZ013.196

Wwan-a8an sk
8

W wmn-g8at fol?

,
i5-0An/
8-g

H(AUY)+mexp00xo &

21



22

At o) et al.

IJ 2]}~ AA.DCMA2014.565

[UA £~ CP526

wwmu-gSanifob?

SEIIN

D6(AY)+ 8 8x0,mxm

8(AY)-bbxmaxbd

saups-Gre)s

o '

- ANMS A0

LI 9U])+ AA.DCMA2014.567

[m?Uﬁf?f AA.DCMA2012.168

o
AR ANESIAES

WA= EMHNY]

wwmns- 2

wlwmm-odaifolbr

8+ 1
]

in-gan
,

QH(WY)+ 8, 8x0, mxm

QH(WE):moxmx9 &

g e[ v den

i e mGs?

12U}~ AADCMA2014.615

IU2UET}- AADCMA2014.618

WA (AN gREHS

A= gma i §

wwm-gdaifole

wwmm-gSal foan

,
i65-08A
a-g

g?ﬁ(iif&f)—@ﬂ)xaéxn'f,g

H(WY)-bmxb




DNANIGIFITE)E TEST578

tup e AT U

e HAR I

IU2U ]}~ AADCMA2014.620

I 2U )= AADCMA2014.619

(UAs= [ansmai§

[UAs= [ansmai§

J N
WG W= o2

wwmu-gSani foen

IR-8NA

QH(WE)+ b,bxbxo,0

QH(WY)+6,mxb,b

tgp -1 g 58S Ay

IU2U ]}~ AADCMA2014.623

tupe-nedineng

LUﬁ £+ ghan 9575.43;

LU 2U )= AADCMA2014.621

wiwmm-odaifolbr

[UARN+ gransima nlid

.
5-088
a2-q

wwmm-gdalfoan

H(AY)=Eaxmlxmd

:
8- gan
dr

QH(AUY)+90x8xm, &

S T

7

[J2U ]}~ AADCMA2014.633

[UAN-[rangmIng

wlwm-o8a.i§ e

23






ANGKOR AS A CULTURAL CONTINUUM

Sachchidanand Sahai

ABSTRACT

The paper questions the validity of the watertight tripartite division of Angkor civilization, imposed
by the nineteenth-twentieth century writings. The truth is that Angkor continues even in the 21* century by
embedded time-honored practices followed by the present-day Khmer.

Key words: tripartite division of Angkor Civilization.

The history of Angkor has been divided into a number of political segments such as Funan,
Pre-Angkor and Angkor. These segments may mark dynastic changes, political rupture; but hardly
there is any cultural rupture. The story of Angkor is a story of continued cultural refinement. The
thread of continuity was so strong that political upheavals were absorbed and changes were fine-
tuned. Pre-Angkor, Angkor and Post-Angkor represent a classification for convenience sake. In
Angkor exists a number of important pre-Angkor monuments and inscriptions. The situation is
of pre-Angkor in Angkor. The tripartite division of Angkor civilization gives the impression of
rupture, representing different watertight compartments. The truth is that Angkor continues even in
21* century by embedded time-honored practices. Exhausting this theme will be beyond the scope
of this short paper. Eric Bourdonneau has already begun this task by attempting to rehabilitate
Funan and positing Oc Eo as the first Angkor (Bourdonneau 2007: 111-158.) By placing the theme
of cultural continuum I do not mean to say that no change occurred through the course of the
Khmer history. There were important and very vital changes, but hey were assimilated by powerful

forces of cultural continuum, which is largely responsible for the survival of Khmer as a nation.

In this paper, I propose to see a small anecdote of cultural continuum in space and time from
Sambor Prei Kuk to Ak Yom within the time frame of 7™ century to 11" century. Prahasite$vara
(éiva) was the smiling god of Hindu pantheon, presiding over the south group of temples of
Sambor Prei Kuk in the 7" century. More setious, profound aspect of Siva is represented by the

god Gambhiredvara, the serious, profound lord, the presiding deity of the temples of north group.
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The following three inscriptions have been found from the archaeological site of Sambor
Prei Kuk (Isanapura) which relate to the Profound Lord (Gambhiresvara).

e K439 (Bhavavarman II, 639 A.D))
o K436 (10™ century)
e K 148 (10" century, temple N15)

K 439, inscribed on the doorjambs of Temple N 20 of Sambor Prei Kuk, mentions King
Bhavavarman (stanza III), supposed to be the second king of this name by Ccedes. The only
known date of this king is 639 A.D. This king is considered to be the immediate successor of
Ishanavarman.

The objective of this fragmentary inscription remains uncertain. It must relate to the god
Gambhiresvara, the main divinity of the temple of North Group. The name of this god appears

in the mutilated stanza II of this inscription.

K 436/ 10* century

The thirty-four-line Sanskrit language inscription (K 436), engraved at the entrance of the
North Group of temples, begins with invocation to éiva, Nilakantha, Visnu Pankajanabha and
the four-faced Brahma (I-IV), then mentions the ruling King Rajendravarman (A.D 944-967) and
Vikramasimha one of the royal servants during this regime (VI-XIII, XXII).

After his return from an expedition against Champa, Vikramasimha restored the cult
of Gambhire§vara which must have been the principal divinity of the north group of temples,
since the inscription is engraved at the entrance of this complex. He established a foundation at
Ishanapuri which led to the installation of this inscription. The above reconstruction has been

done from the verses of the inscriptions in which many words are missing:

XWVI: Used by the king...by his power, be ... the king of Champa... having attacked he ga of
Sri Gambh iresvara ve all to the king.

XX The worship of Sti Gambhirevara has been discontinued. ..

XXI: coof Sti Gambhiresvara. ..

XXII: This Shrimad Vikramasimba, who bas in the battle the allure of a lion, has made. ..
ISanapuri. ..

K 148, engraved on the south doorjamb of temple N15, belongs to the tenth century on
the paleographic grounds. The name of Gambhire$vara figures in one of the mutilated stanzas of

the inscription without giving any substantial information about this god.

26



Angkor as a Cultural Continunm

Ak Yom

The step-pyramid of Ak Yom traces the advancing steps of the Profound God from
Sambor Prei Kuk to the region of Angkor. The temple is about 12 miles southwest of the Bayon,
the central temple of the city of Angkor Thom in the province of Siem Reap. It is at a distance
of only 600 meters from the southwest angle of the West Baray. The monument must have been
partially buried when the axial road west from the first city of Angkor (Phnom Bakheng) was built
in the ninth century. It was perhaps completely engulfed in the 11™ century in the dikes of the
West Baray. The excavations carried out by Georges Trouvé in 1932 unearthed this monument
embedded in the south dike of the West Baray near its southwest corner.

As shown by Philippe Stern, Prasat Ak Yom is a temple central to the pre-Angkorean city
which stood once upon a time on the space which is occupied currently by the Lake of West Baray
(Glaize: 215). Groslier (1979: 197, map. 2) considers it as one of the principal monuments of the
city of Banteay Choeu in the region of Angkor. This city was enclosed by a moat whose northern
limit disappeared when the dike of the West Baray was built. The builders of the West Baray tried
to protect the temple from being engulfed by water by building a laterite wall between the vast
water body and the temple.

In 1933, a three-tiered pyramidal structure with a central tower at the summit emerged out
from the excavations of Georges Trouvé. The base of this pyramid descends on the site down to
the water level of the Western Baray of Angkor. Like the monuments in Sambor Prei Kuk, Prasat
Ak Yom is built entirely in brick with only door frames in sandstone.

The first or the lowermost terrace containing natural earth filling is enclosed by a very thick
supporting earthen wall. It is 100 meters square and 2.6 meters high. This terrace has no brick
pavement on its top except on the axial causeways. Traces of the stairways are still visible on the
north and south sides of this terrace.

The second terrace is accessible by an axial stairway with five steps at each side. It is
constituted by a structure lined with bricks, measuring 42 meters on each side and 2.40 meters in
height. Its retaining brick wall was seen by the early French explorers decorated with the motif
of miniature palaces similar to the early pre-Angkorean art. But they no longer survive due to the
vagaries of time. A total of 12 towers—four corner towers and two intermediary towers at each
side—were installed at this level according to Glaize (215). But recent plans drawn by Christo
shows only 10 towers (Jessup 2004: 63, Bruguier 1994: 273-296). This difference of numbers of
towers may be due to the disappearance of two towers as a result of natural vagaries in due course
of time after Glaize (12) is a sacred number obtained by the multiplication of cardinal points by
three.

The third tier is entire made in brick. The square platform is 17 meter on each side and 1.8
meter in height. At the center of this platform , a brick tower installed on an elevated base goes

back to the original lay out of the sanctuary. At the time of the construction of the southern dike
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of the West Baray, the central tower was protected by a supporting wall in laterite in the north and
by a building in laterite along the eastern side.

The central tower at the summit underwent at least two modifications. Originally it was
open to the east only. Later the openings were made in the northern, southern and western walls
of the tower and the walls were doubled at the interior and exterior by the supportive wall in
brick. The modifications carried out at the site are of uncertain date. Jean Boisselier thinks that the
absence of corner pilaster at the retaining wall of central tower suggests that they are not earlier
than the 10" century A.D. (Boisselier cited by Bruguier 1994: 273-296).

The cella of the central temple at the summit of the pyramid is a square chamber measuring
5.50 m at each side. A pedestal, provided with a channel to drain out water, must have served the
seat of the divinity which was not recovered from the site. The pedestal probably carried a linga.

Near the western door was found a bull, Nandin and a decorated piece of stone. A small
head (7 cm in height) was recovered from the southeast corner of the cella. Five Buddhist figures
in bronze (measuring between 35 and 9 cm) were hidden above the northern door of the central
cell behind the decorative lintel. The sixth found at the base of the door must have been concealed
at the same place. These images represent Maitreya and Avalokitesvara. The near total absence of
stone sculptures from the site seems to be due to the fact they were transferred to the neighboring
monastery of Wat Khnat. (Georges Trouvé, gp.ci.: 1130).

Majority of the lintels and colonnettes recovered from Ak Yom belong to the central tower.
The lintels of the northern and southern sides are decorated with a polylobed arch divided into
four segments. They are ornamented with pendants and garlands and belong to the style of Prei
Kmeng, a monument in the neighborhood of Prasat Ak Yom.

In the words of Maurice Glaize the ornamentation of Ak Yom provides some rare evidence
of pre-Angkor art, akin to Sambor Prei Kuk, described as the primitive art by the earlier generation
of French scholars. The lintels, often reused are slim in height and simplistic in composition. Some
incorporate medallions and pendants, others branches and terminal scrolls with an invasion of
foliage. The colonnettes are cylindrical with a relatively charged ornamentation of beads and leave
on the ring. The “hipped” devatas sculpted in brickwork are still visible on the southern sanctuary,
where there is also remarkable false door on the east side. On the panels, small lions in circular
medallions are set on band of leaves in a crossing motif (Glaize, gp.cit. p. 216).

Two pre-Angkorean Khmer inscriptions (K 749 and K 753) are inscribed on the doot-jambs,
reused in the central sanctuary of Ak Yom. K 749 is inscribed in big letters on the south door jamb
of the east door of the central temple. The text consists of 15 lines in Khmer language. The text
begins with a date X39, in which the first numeral figure, representing the digit for hundred is not
clear It may correspond to 539 or 639 $aka era (617 or 717 A.D.) according to Ceedés. According
to another supposition the date should correspond to A.D. 674 (Vickery: 128, fn 150). The date
of 539 saka (617 A.D.) is generally not retained since it would be much eatrlier than the first use
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of decimal numbering where the value is determined by the position of each numeral figure.
However, we do not have any evidence to clearly establish that the decimal figure was not used in
the first decade of seventh century. The text uses the title of #7atai which was prevalent in the time
of Ishanavarman. The concept of satra was also in vogue by this time. In fact the text mentions the

foundation (kalpita satra) of a certain Mratan Kirttigana at (the temple of) the god (vrah kamrater

aA) §t1 Gambhiresvara. It lists the slaves the founder offered to Harigana, Harivahana and Tan
Gay the caretakers of the temple. Finally the text states that all these means of subsistence (#paya)
and the children of Mratan Kirttigana are in the service of vrah kamrater as $r1 Gambhire$vara.

Yet another pre-Angkorean inscription (K 753) is engraved on the eastern doorjamb of
the south door of central temple of Ak Yom. The Khmer inscription of 25 lines bear the date 626
$aka (704 A.D.) and lists the donations of a number of mratazi to several gods. Names of the gods,
except Yuddhesvara are lost in the mutilated text. So are the names of donors whose title mratan
only survives.

An inscribed stone slab (K 752), bearing one line in Khmer language, was found in the
southeastern building. The text informs us that in 923 §aka (1001 A.D.), on a Sunday , the first day
of the waxing moon of Asvayuja in Chitra nakshatra this (sacred stone piece with figures of nine
planets) was given to vrah kamrateri an $r1 Gambhires$vara by Sten an who practices asceticism.

The transition from a single-chambered brick sanctuary to multiple towers on top of a
raised series of platforms probably took place at Ak Yom. The temple is a forerunner of a true
five towered pyramid. The relationship of the central tower to the towers at the sub-cardinal points
of the second level” observes Jessup, “ presages the five-tower quincunx form, with towers at the
corner enclosing a central tower, that was to be developed more dramatically during the next four
centuries in Bakheng, Pre Rup, Ta Keo and Angkor (Jessup 2004: 64).

The hypothesis that Jayavarman II commissioned Ak Yom as “a lesser prototype “ of
the temple mountain is based on the circumstantial evidence regarding coming of the king from
the island of Java where he is supposed to have been impressed by the mountain metaphor of
architecture and polity” (Rawson 1967: 50).

As Bruno Bruguier suggests there is absolutely no ground to subscribe to the view that Ak
Yom corresponds to one of the temples built by Jayavarman I on the site of Purandarapura (Jacques
1988: 28-32). Nor it is possible to confirm that it corresponds to one of the royal residences of
Jayavarman II mentioned in the inscription of Sdok Kak Thom: Indrapura or Amarendrapura as
proposed by George Trouvé and Philippe Stern. His analysis of Ak Yom leads Bruno Bruguier (gp.
cit.: 284) to conclude that “the architectural form known as the temple-mountain pre-dates the cult
of devaraja inaugurated by Jayavarman II on Mount Kulen at Prasat Rong Chen”

When the five-mile long water reservoir with its associated canals was built in in the 11
century to the west of Angkor, it submerged the pre-existing city under it and covered the old

Ak Yom with its dyke. A stone slab, bearing an inscription (KX 904), was virtually recovered from
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the depth of the water reservoir of the West Baray on 30™ July 1939 by Maurice Glaize. The
inscription was found deteriorated since the stone slab might have remained under water for a long
time. According to this text in 713 A.D. Queen Jayadevi was ruling in this area though she was
afflicted by the vagaries of the prevailing times(kzstapi kalikalena) She made donation to a temple
of Shiva Tripurantake$vara founded by an Indian Brahmin Sakrasvamin and his Khmer wife
Princess Sobhajaya (ICIV: 54). Bruno Bruguier places the construction of Ak Yom in eight century
before the establishment of Angkorean royalty in 802 at Phnom Kulen. However the chronological
indicators furnished by inscriptions (K 749 and K K 753 and the stylistic considerations of feminine
figures and ornamentation leads Glaize (215) to suggest that the monument started in the seventh
century, but did not take final form until the beginning of ninth century.

Two pre-Angkorean inscriptions from the site do not definitely date the present shape of
the temple to the time of these texts, since these pieces are re-used at a later date. However, Glaize
seems to be nearer to the truth while stating that the stylistic considerations of feminine figures and
ornaments suggest that the monument started in the 7™ century, but did not take final form until
the beginning of the ninth century.

An early date for K 749 is possible if we agree to read $aka year X39 as the 539 §aka ( 617
A.D.) which corresponds to the reign of Ishanavarman. Ruling out the possibility of the use of
decimal numbering in the beginning of the seventh century is arbitrary. The decimal number with
the use of zero was in use the Old Khmer inscription of Sambor (Trapeang Prei, K 127), giving us
the §aka year 605 corresponding to A.D. 683 (Ccedes 1931: 323-328). There is no reason to believe
that the decimal system had not reached Cambodia a few decades before K 749 in 617 A.D. The
testimony of Glaize clearly suggests that Ak Yom was a monument of early pre-Angkor era, so far
its ornamentations and motifs are concerned. At present the site is so deteriorated that what was
seen by the colonial French scholars are no longer visible.

It is also to be noted that the diffusion of the cult of Gambhiresvara. The foregoing
analysis suggests that the region between Sambor Prei Kuk and Ak Yom, representing the present-
day province of Kampong Thom and Siem Reap was part of cultural zone of Gambhire$vara.

Issued by the Adhyapura (Ba Phnom) family of royal officials, The Sanskrit inscriptions
K 53, dated 667 A.D. is one of the rare long family records of pre-Angkor Cambodia. The record
mentions four generations of officials who served five kings including Ishanavarman and his
successor Jayavarman 1. Referring to Bhavavarman I the text declares that the god Gambhire$vara
was “the fruit of his reign. The earliest known date of Bhavavarman I is 598 A.D. There is no
reason to believe that the Adhyapura family was not in a position to remember and record correctly
the religious situation of the country as part of recent history. On this basis of this record we can
postulate that the god Gambhires§vara was known up to the region of Ba Phnom in Southern
Cambodia. Certainly we are not dealing with a god localized in the region of Sambor Prei Kuk.

No inscription mentioning Gambhirshvara in relation to Ishanavarman has survived.
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However, as we have noted in the foregoing analysis, both his predecessor (Bhavavarman I) and
successor (Bhavavarman II) are mentioned in the context of Gambhire$vara. Therefore, patronage

of T§anavarman to the god Gambhire§vara could not be contested.

The Indian Sources for Gambhiresvara

The epithet of Gambhira “profound”, unfathomable is given to Shiva in the Mahabharata
(XIII, 1167) and Siva PuranaIV: 35, 46. The Mahabharata describes Shiva as gambhiraghosho gambhiro
gambhirabalavabanab; the one who has a profound voice, who is unfathomable and whose force and
mount are unfathomable. Commenting on this passage Nilakantha says that the mount of Siva, the
Bull is unfathomable because he symbolizes the Dharma, the Law or the Cosmic Order. In the light
of these citations, it is difficult to maintain with H.Q. Quaritch Wales that Gambhiresvara signifies
“Siva of the Depths” ( Quaritch Wales 1957: 130 cited by Bhattacharya Kamaleshwar).

An under-ground chamber below the sanctum sanctorum of Ak Yom was found 40 feet
below the surface level. At that level in a vaulted brick chamber sacred deposits such as two leaves
of beaten gold with figures elephant and five small pieces of polished stones were found deposited.
According to Bruno Dagens the idea of the depth expressed in the passage of the Mahabharata
should be placed in relation to the underground chamber found at the depth of the well in the
center of the pyramid of Ak Yom. This hypothesis is, however, not tenable since soon after this
discovery central pit was found in the temple of Bayon also. This practice is part of the ritual of
foundation of temple. The god Siva does not represent as Gambhiresvara the physical idea of
depth, length or width. He is simply Gambhira I§vara, the Profound (Gambhira) Lord (I§vara),
radiating his serious, profound nature (Bruguier 1994: 273).
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PRELIMINARY RESEARCH ON THE ROYAL PALACE BRONZE WORKSHOP
OF ANGKOR THOM

Martin Polkinghorne” and Brice Vincent

Abstract

Until recently sites of artistic production in the Khmer kingdom were unknown. For the first time in
Southeast Asia, a collaborative projectled by the APSARA National Authority has identified a historic bronze
workshop where both statues and objects were crafted, and has united this discovery with characterisation
of manufacturing debris. Preliminary results from surveys, excavations and material analyses, north of the
Royal Palace in Angkor Thom, reveal much about Angkorian copper-based metallurgy. The close proximity
to the Royal Palace complex suggests the atelier was of considerable importance to the political elite who
commissioned its products to furnish its palaces and temples with objects, and to legitimise its rule with
images of the gods. Complementary technical investigations into archaecometallurgical materials such as
technical ceramics (crucibles, moulds, remains of wall furnaces), copper objects and foundry waste, iron
objects, slags, and stone and ceramic tools can appraise the foundry practices privileged by pre-modern craft

specialists.
Keywords: Angkor, archacometallurgy, coppet-base alloy, foundry, craft production

Introduction

Research on the chronology, meaning and influence of Khmer sculpture has greatly
enhanced our understanding of the Angkorian kingdom. But studies that consider the methods of
manufacture and the individuals and teams responsible for crafting the images remain incomplete.
This archaeological research has remedied this deficiency and presents the discovery of a historic

bronze atelier at Angkor, the first known from this period in Southeast Asia.

* Flinders University

** Ecole francaise d’Extréme-Orient, France
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From the foundation of modest village shrines to the construction of gigantic royal
temples, the venture of building and furnishing temples entailed the employment of a variety
of specialists including architects, stonemasons, bricklayers, carpenters, metal workers, painters
and sculptors. Artisans were the ones who actively created, captured or redefined social meaning
and transformed it into material objects through artistic production. Among the most specialised
activities of artisans was the task of crafting images of the gods. Rendered in stone, metal and
wood, the sacred images were ancestors, deities, embodiments of spiritual and political authority,

the focus of communities, and in some cases, the centre of the entire kingdom.

From unfinished sculpture to bronze atelier

Located north of the Royal Palace, west of the Terrace of the Leper King, south of Tep
Pranam, and southeast of Preah Palilay, the site of the sculpture workshop was first revealed
to colonial scholarship in 1926 by EFEO Conservator Henri Marchal. During the clearing of
vegetation to record an unknown pond north of the Royal Palace enclosure, Marchal identified
two unfinished sandstone sculptures: one of a feminine divinity, and another of a male divinity
now identified as Visnu (Marchal JFCA, 5, July 1924—September 1926: 307, RCA February 1926;
clichés EFEQO, fonds Cambodge, réf. CAM 1229 and 1230). Later that year Marchal reported that:
“plus pres du Palais Royal on trouve des morceaux sculptés, fragments de bas-reliefs, statues de
personnages debout a peine ébauchés réunis dans la forét : peut-étre y eut-il la un ancien atelier de
sculpteurs.” (Marchal 1924-1926: 310). Marchal returned to this location in 1934 to find another
series of unfinished sandstone sculptures and repeated his hypothesis of a potential workshop,
but with considerable reservations about the ability to confirm it: “toujours ces sempiternelles
suppositions dont il est aussi impossible de prouver la véracité que la fausseté!” (Marchal, RCA
June 1934).

There is some evidence that metallurgical activity also took place within the Royal Palace
complex. During the two excavation seasons of 1952-1953 and 1957-1958 conducted by B. P.
Groslier, numerous bronze statues and objects were unearthed west of Phimeanakas temple (B. P.
Groslier 1957, B. P. Groslier 1958, B. P. Groslier 1997: 26, Pottier 2014, Vincent 2014). Groslier
interpreted the context of these Bayon style sculptures and objects as a kind of “store” or “atelier”
dating to the petiod of Jayavarman VII in the late 12" or early 13™ century. An assemblage of
artefacts from the same archaeological context or excavated nearby clearly attest the practice of
metallurgical activity: copper and lead ingots, clay moulds for ingots, miscast bronze sculptures,
iron tools and slags, and jewellery stone moulds (Vincent 2014).

This area was the focus of renewed research with the restoration of the Terrace of the
Elephants (1993-1996) led by Christophe Pottier (EFEO). In a corroboration of Angkor’s most
famous eyewitness account, that of Chinese emissary Zhou Daguan (Zhou Daguan, trans Harris
2007: 49), who recorded the roofs of the Angkorian Royal Palace to have been adorned with
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Figure 1. — Angkor Thom, location of the workshop area. 1.iDAR image conrtesy the Khmer Archaeological
LiDAR Consortinm.

lead roof tiles, Pottier (1997) revealed a set of lead tiles and the possible waste products of their
manufacture. Interpretation of excavation stratigraphy and fragments of lead, bronze, iron and
slags on the west side of the northern section of the Terrace of the Elephants led Pottier to
suggest activity of a metallurgical workshop between the 11™ and late 12" century (Pottier 1997:
207-208, 2014).

Our discovery of a bronze workshop directly north of the Royal Palace enclosure, and
west of the Terraces of the Elephants and Leper King connects the work of Marchal and Pottier,
and opens the way for new research on artistic production specifically attached to the political

administration.

Provisional date for the site

To investigate Marchal’s workshop hypothesis, the site north of the Palace enclosure was
surveyed in 2009, which led to the identification of over ten additional unfinished sandstone
sculptures and significant amounts of surface sandstone debitage, the waste of the carving process.
As patt of the Sculpture Workshops of Angkor Project, a collaborative APSARA National Authority /
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University of Sydney / EFEO excavation program was initiated with the expectation of revealing a
sandstone sculpture workshop. Excavations confirmed this location was utilised for the production
of sandstone sculptures, and very quickly the site was also identified as a metallurgical workshop.
Excavated artefacts are suggestive of every stage of the production process of bronze statues and
objects.

On the basis of ceramics finds and AMS "C analysis, the bronze workshop may be tentatively
dated between the mid 11" and 12" centuries. The workshop ground surface appears consistently
uneven with the creation of numerous small pits, whose function is unclear. Excavations revealed a
series of furnaces and other structures in wood. Above the metallurgical workshop ground surface
are related layers of up to two metres of production waste. At an unknown time, most likely in
the 12 century, the area was levelled for an alternative use. The furnaces, wooden structures, and
uneven ground surface were flattened through distribution of the workshop waste observed in all
excavation trenches. The two charcoal samples provided for AMS "C dates were located at the
top and bottom of a robust stratigraphic context of metallurgical waste in one excavation trench.
Significantly, this analysis yielded equivalent dates supporting the proposition that the site was

levelled in one event.

w E

R - Rhyolite
& - Sandstone
L - Laterite

Terrace of the Leper King
Sculpture Workshop
2012

Trench 5

North Wall

Figure 2. — Trench 5. Season 2012: Section (north wall)
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Material studies: a bronze workshop?

Fieldwork seasons excavated approximately 150m’ of soil and catalogued over two-
thousand individual artefacts relating to metallurgical activities, including technical ceramics
(crucibles, moulds, remains of wall furnaces), copper objects and foundry waste, iron objects, slags,

and stone and ceramic tools.

Technical ceramics and casting evidence

Excavations revealed the first known Angkorian crucibles. Over 1700 fragments were
revealed with many of them deposited in contexts consistent with being discarded in single events.
One especially large crucible has an upper diameter of more than 50 cm and walls 5 cm thick. Half-
filled with molten copper-based alloy, this crucible had an estimated useful volume of 2 litres or
18 kilograms of metal. Although exhibiting evidence of mild vitrification on its outer surface, and
with slag and inclusions of copper-based alloy around its rim, it seems to have been barely used.
Most crucibles were smaller and can be identified by extensive vitrification on the outer surface
that was in contact with the furnace fuel. These fragments indicate Angkorian bronze casters used
crucible-type furnaces. Visual examination suggests they were tempered with abundant rice husk
as well as quartz, and at least one crucible fragment shows signs of repair, demonstrating that they
could be used multiple times.

The most numerous artefacts from our excavations are the remains of clay moulds with
over 65 kg excavated. Comprising of oxidized and/or reduced clay, most fragments are eroded and
small; however, there are sufficient quantities of large remnants to indicate the casting of sizable

images or objects. The moulds are tempered with rice husk and occasionally quartz to increase

Figure 3. — Trench 5. Season 2012: workshop production waste. TRI.1205.015.
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their porosity and ability to withstand high
temperatures, helping the evacuation of
air and gas during the casting process. The
necessary destruction of moulds to release
the cast products means that discovery
of negative prints is rare, though there is
evidence of several flat impressions on
their inner surface. A fragmentary sprue
of a large mould replete with droplets of
copper-based alloy, with a diametre of
approximately 20 cm, suggests that sizable

moulds were crafted with at least one

sprue.

. : wltf A corresponding metal sprue with
Figure 4. — Deposit of individual crucible fragments.

a diametre of approximately 8 cm and a
TRI.1302B.010/ 1. Photo: Chunn Sambor.

conical shape was certainly removed from
a large sculpture likely weighing several hundred kilograms. The sprue includes the remains of an
inclined runner suggesting at least two sprues on the original mould. Other fragments in copper-
based alloy correspond with the size and shape of known runners and were also likely removed

from finished sculptures or objects.

Copper objects and foundry waste

No unfinished bronze sculptures were excavated, though a number of object fragments
were recovered. Confirmed items cast with the lost-wax process include the rim of a vase; another
a fragment of a mirror. In all stratigraphic levels we see foundry waste that are the remains of
molten alloy spilt during the casting process. There is additional evidence of hammered objects and
hammering waste, the latter identified by flashings likely distorted through an annealing process
with thicknesses between 1 and 3 mm.

Thus far, elemental analysis of workshop materials has been preliminary. 28 samples of
copper-based alloys have been examined in the laboratories of the C2RMF with Particle-Induced
X-Ray Emission Spectrometry (PIXE) (Experimental details may be found in Bourgarit and Thomas
2012: 3053-3054). Other artefacts were analysed with portable X-Ray Fluorescence spectrometry
(pXRF) in the offices of The University of Sydney Research Centre in Siem Reap. The three main
types of alloy identified at the Royal Palace atelier are unalloyed copper, bronze, and leaded bronze.
One sample of foundry waste was identified as red brass (For the nomenclature of copper-based
alloys, see Bourgarit and Thomas 2012: 3054, 3059).

One copper object fragment is gilded on one side. Significantly, gold and mercury were
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detected via PIXE analysis indicative of

employment of mercury or amalgam gilding

witrification,
{copper allay

in the workshop (On mercury gilding see
Bourgarit et al. 2003: 115, Bunker 2008,
Gerschheimer and Vincent 2010: 117-119,
Vincent 2012: 285-287).

outside r: 28 cry

Iron objects

_~copper alloy

Excavations revealed iron artefacts including

TRUI3 tools and chisels. Precise identification
03B07/9

635,163 of these artefacts is difficult as they are

Figure 6. — Large crucible (cat#1635, 1636). Vitrified clay fragmentary and often obscured by soil

with droplets of copper-based alloy, H. 26.5cm, D. 56cm, th.  concretion. The authors also note a range of
Sem. Tap view. Drawing: Tho Thon. iron rods with square section sizes analogous

to armatures of finished sculptures observed
on X-Ray radiographs and through visual examination (Vincent 2012: 270-273). One hypothesis is
that these iron rods were extensions of the armatures removed after casting. Another assemblage
of iron artefacts recovered from the workshop site may be consistent with core pins also observed
from finished sculptures (Vincent 2012: 279).

Slags

The manufacture of bronze sculptures and objects produced various waste products or
slags. Both copper and iron slags have been grouped by visual examination according to a five-
category typology. Iron slags were defined by structure and content of magnetic iron and charcoal.
There is evidence of iron forging attested by large plano-convex slags and hammerscales (Pryce
and Natapintu 2009: 253). Copper slags were also found in great abundance around the furnace

area.

Stone and ceramic tools

Excavations revealed a range of sandstone fragments and ceramic sherds with distinctive
smoothed edges and striation marks. Fragments were habitually discovered in collections of twenty
or more, suggestive of single dumping events. A logical deduction is that these fragments were
re-employed as finishing implements and discarded after use. They are of a size easily held and
managed with one hand and could have been used after casting to polish the metal surface, remove
the remains of protruding sprues and runners, and hide repairs. Further analysis is required to
determine if they incorporate relevant surface residues. However, pXRF analysis of one sandstone

tool surface detected a significant residue of copper when compared to an analogous sandstone
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-
T

Figure 7. (Left) — Fragment of repaired crucible (cat##1). 1 itrified clay with droplets of copper-based alloy and additional
¢lay. TRIL1204.021. Fignre 8. (Center) — Fragment of monld (cat#446). Oxydiged and reduced clay. TRI1205.015.
Figure 9. (Right) — Foundry waste (cattt1651). Bronze. TRIL1303B.008/ 9.

chip from stone carving debitage. Use of stone tools in the manufacturing process is consistent
with excavated materials from a sandstone production hub west of Bakong temple in Greater

Angkor and some techniques of contemporary Southeast Asian sculpture production.

Materials for inlays?

Some excavated artefacts may relate to
the process of inlaying (Vincent 2012: 290-292).
First among these are numerous pieces of quartz,
muscovite and unidentified semi-precious stones
possibly destined to adorn the jewellery of finished
sculptures and objects. Numerous excavation
contexts related to the bronze workshop contain resin

that may have been used as an adhesive for inlays.

Preliminary analysis conducted in the Department

of Conservation and Scientific Research of the  Figwre 10.— Furnace area. TRI1302B: Basin-

Sfurnace (top left) and crucible furnace (bottom right).
Photo: Chunn Sanmbor

Freer and Sackler Galleries identified one sample as a
dammar resin. Further analysis is needed to identify
the precise species of origin. Lead or lead-tin alloy fragments, including a possible bar ingot with a
triangular section and a regular series of marks on one edge, may also constitute materials destined
for inlay. Several examples of 11%-century sculptures have inlays made of lead or lead-tin alloy
(Strahan 1998: 101, also see Bunker and Latchford 2011: 219-273). These metals were commonly
used by Angkorian bronze casters to reinforce mechanical assembly (Vincent 2012: 283-284).

Metalworking structures

Among the most significant finds were the remains of one or more basin furnaces. In

addition to considerable quantities of crucibles with external vitrification demonstrative of crucible
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furnaces, this find confirms the use of a complementary technique for melting copper-based alloys.
One structure is a circular bowl or basin of fired clay approximately 50 cm in diametre. It is partially
preserved and equipped with one 7z-situ inclined tuyere on the western side. Copper-based alloy
appears as an inclusion in the tuyere, and droplets within the basin. Many fragments of wall furnace,
with red fired clay on one side and highly vitrified clay on the other, were found on the southern
side of the structure, perhaps the top of the furnace chamber discarded after its destruction.
Adjacent and northwest to the basin furnace another structure of fired clay with an oblong shape is
also partially preserved. A protruding clay support on the eastern side and the absence of copper-
based alloy remains might suggest a crucible furnace that utilised a clay grate. Similar furnace
technology was observed in the Udong region in the 1960s and 1970s (Mourer 1980: 3306, fig
2, Dupaigne 1987: 601-602). Two additional basin-like structures might constitute a battery of
furnaces simultaneously supplying metal for large castings, likely of sculptures. Consequently, this

location will be an excavation priority of future campaigns.

b

Figure 11. — APSARA Archaeologists at work on the Royal Palace bronze workshop
Angkor Thom.

Conclusions
Crafting for the Royal Palace
Preliminary excavations at a bronze workshop directly north of the Angkor Thom Royal

Palace reveal evidence for high-quality production of bronze images and objects. In addition

to small castings, large castings are attested by sizable crucibles and mould fragments, certainly
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the remains of sculpture casting. Rare products such as mercury, unknown in the region, were
necessarily imported. The presence of these costly commodities testifies to the commissions of
wealthy, elite patrons capable of accessing and supplying the raw materials needed. The close
proximity of the atelier to the Royal Palace implies that its products were commissioned by the
royal court and political administration. Additionally, specialised artisans like bronze casters were
of great significance to the King and his entourage who employed their outputs to authorise,
maintain and represent Royal power. The importance of this discovery is considerable: it is the first

pre-modern bronze workshop and the first royal workshop known in Southeast Asia.

Future research

In order to sufficiently appraise the scale, operational life, and supply network of the Royal
Palace bronze workshop additional research is necessary. Situated on a site with atleast five hundred
years of continuous occupation, the task of determining its extent and longevity is formidable.

Based on excavations to date, the workshop area is at least 2000 m* The southern limit
is clearly formed by the Royal Palace’s enclosure, but we have not yet identified the northern and
western extents. If the workshop includes the “lead” roof-tile atelier identified by Pottier at the
north-western edge of the Terrace of the Elephants (Pottier 1997), then it may have occupied
an area of more than 2 hectares. Future archaeological campaigns will accordingly investigate the
entire site north of the Royal Palace, with a priority for core sampling defining the limits of the
bronze workshop and understanding the soil pollution.

The specific position of an artisanal atelier north or north-east of the Royal Palace appears
to reproduce a tradition of urban planning observed throughout Cambodian history. For example,
a sandstone sculpture workshop responsible for production at Hariharalaya is located north of
the Prei Monti Royal Palace complex in south-west Angkor (Pottier ef al. 2012: 291-294, 305-300,
Polkinghorne, Douglas, & Caro 2015); a representation of the Royal Palace of Udong in the early
1860s denotes gold ateliers in the northern-eastern quadrant of the enclosure (Spooner 1864, also
see Vincent 2014); and the royal ateliers were situated close to the north-east angle of the Royal
Palace of Phnom Penh in the early 20" century (Moura 1883 (I): 247, G. Groslier 1921: fig. 168,
JFCA, 11, February 1934—May 1935: 119, Marchal 1939: 133 quoted in Pottier 1997: 208).

Another question relates to the provenance and acquisition of raw materials used in the
bronze workshop (e.g. non-ferrous and ferrous metals, clay, and wax). The collection, circulation
and use of wax in the Angkorian period are corroborated by epigraphy and Chinese sources.
We can envisage state organisation of wax trade through the royal treasury (Old khm. g/an, Skt.
rajakosa) that supplied temples and, logically, Royal bronze workshops (Vincent 2012: 267-268).
Similar issues have been partially considered for metals, however, no locations have been identified
as the sources of coppet, tin, lead, or zinc with any certainty. These metals and their ores are not

known in significant quantities in the territories of present-day Cambodia and it was likely that
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Angkorian artisans obtained them through long-distance trade (Bronson 1992: 78, 97-98, ill. 4.72,
also see Pottier 1997: 195-200, Vincent 2012: 324-327).

Research on a bronze workshop attached to the Royal Palace of Angkor Thom is the first
multi-disciplinary analysis of a historic metal production site in Southeast Asia related to copper-
based metallurgy. The royal commissions included large castings, likely of sacred idols, which are
attested by metallugical waste, furnace structures, and the use of imported mercury for gilding;
Uniting the discovery and characterisation of metallurgical techniques with finished sculptures and
objects, raw material sourcing and supply, and product distribution, will appraise the economic
and social contexts of pre-modern craft specialists befitting the universal value of the Angkorian

bronzes.
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THE MICROSTRUCTURE AND 2D-ELEMENT ANALYSIS OF SANDSTONE
IN ANGKOR

K. Kranda & V. Havranek
Nuclear Physics Institute, UJF, AVCR, Rez, Czech Republic

ABSTRACT

The aim of the investigation was to explore the efficacy of analytical methods, in particular macro-
and micro- Particle Induced X-ray Emission, in analysing the elements of sandstones used in temple
structures of Angkor. The scanning mode of the proton beam allowed the generation of two-dimensional
element (8, Cu, Sr, Fe, Mn, Sr, Ni, Ga, and Al) maps of the sandstone-microstructure target. The element
maps showed a clear spatial separation of quartz and aluminium in some locations, and an overlap in others.
These observations are indicative of quartz with no aluminium content. High Al content in the sample

points out to the presence of various feldspar minerals of the sandstone.

KEYWORDS

Sandstone, Chau Sey Tevoda, element composition, topography, macro- and micro-PIXE, proton
scanning, 2d-element mapping, spatial resolution, concentration gradients, emission spectrum, sandstone

microstructure, quartz, feldspar, Si, Cu, St, Fe, Mn, St, Ni, Ga, Al

INTRODUCTION

Here we describe a series of pilot measurements of sandstone structure and composition
that would, in our opinion, considerably augment the somewhat limited choice of currently available
analytical methods. Such methods have typically been applied to examining the microstructure and
element content of pigments in paintings and fine art, as well archacological artefacts, made of

various stones or metals.
Our principal objective was to examine the efficacy of advanced nuclear analytical methods,
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such as the micro-PIXE variant (cf. Watt F. 1997) of the Particle Induced X-ray Emission (PIXE)
method, to investigate the element content of sandstone found in Angkor. The main advantage
of this particular method is its ability to generate the topography of element concentrations by
scanning the surface of a sandstone sample. Apart from element mapping, the micro-PIXE offers
a considerably higher spatial resolution (down to about one micrometre) than the more commonly
used XRF or the Neutron Activation Analysis methods (e.g. Polkinghorne et al. 2013; Kucera et
al. 2008). Furthermore, the micro-PIXE method allows the detection of some rare elements that
may form inclusions within the single grains of the sandstone that may not be easily detected in
homogenized sandstone. Finally, super-positioning of several element maps allows the identification
of various minerals present in the sample.
In this pilot investigation, we aimed at

1. Testing the feasibility of detecting the distribution of individual elements by scanning the
surface of a sandstone sample consisting of a core with a diameter of 8 mm.

2. Assesing the relative concentration of elements within the scanned window of the
sample.

3. Searching for a concentration gradient of a particular element from the surface of the
sandstone block down to the depth of about 5 mm. The reason for this arrangement
was that, in our opinion, it was not sufficient to confine our measurements of element
composition to the surface of any particular stone block, as it mmay have become severely

contaminated and weathered during the many centuries of exposure to the environment.

The elements present in the samples could be measured in both the high-resolution mode
(micro-PIXE) and the low resolution mode (macro-PIXE). This effort should, in the long term,
enable the creation of a data bank containing element and mineral composition of sandstone
objects that can be cross-correlated, and also matched to any of the potential quarry locations where
the stone was actually extracted. The techniques described above can be universally implemented

to the element analysis of a wide range of stone artefacts.

METHODS

The experimental set up of the micro-PIXE beam detector chamber is depicted in Fig. 1.
that also shows the detector end of the microbeam line.

The samples (cores 8 mm in diameter and 50 mm long) were taken from the Chau Sey
Tevoda temple during the exploratory campaign undertaken in 2000.

The microstructure of the sandstone samples was first examined under a classical light
microscope to select a part of the core sample that would be most suitable for a subsequent
investigation with the proton beam of the micro-PIXE. The microstructure of the sandstone

sample is depicted below in Fig. 2.
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Fig. 1 This photo shows the terminal of the proton beam line with quadrupole magnets focussing the beam on the sandstone
sanmple, beam scanner and the cooling system of the guadrupoles. The target chamber, positioned at the end of the proton
beam line, was equipped with the X-ray Si(1i) and RBS detectors.

Fig. 2 shows the miicrostructure of the |
sandstone where the lower edge is the
surface of the block the core sample was
taken from.

After selecting the most suitable part of the sample for the subsequent analysis with
the micro-PIXE, the core was cut down to a small segment and attached to a holder that was
subsequently placed in the target chamber. A 1000 x 1000 micrometer window designated on the
sample surface was subsequently scanned with a proton beam focused down to an approximately
1 x 1 micrometer quadratic shape.
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RESULTS

A typical spectrum of the measured signals emitted by the sample after proton irradiation

of the sandstone surface is shown below.

Fig. 3 The spectrum of the PIXE analysis showing the representation of individual elements in the scanned sandstone
sample. The abscissa shows the energy of the recorded signals and the ordinate corresponds to the No. of counts detected at
each particular energy level. The individual peaks are marked with symbols designating each particular element (e.g. Fe) with

known emission energy.

The element distribution could be presented as a
map of the sandstone surface. The Fig. 4 below shows
an example of such a spatial distribution depicting maps
for six different elements (these were as follows: Fe, Mn,
Ni, Sr, Cu and Ga). The element maps depicta 1 x 1 mm
window, where the surface of the sandstone block is the
serrated edge at the top of each panel. Thus, it shows
a representation of the element distributions from the

surface down to the depth of 1 mm.

Fig. 4 The six panels show the element maps for Fe, Mn, Nz, S1, Cu
and Ga. The scale is depicted by the bar in each panel. The dots show
the locations of individnal counts and the colour scale depicts the count
density of photons emitted from each particular location. The redder the
colour, the bigher the frequency of the photons emitted by the activated
elements. The only prominent high concentration pattern appears in the two
middle panels for Nz and Sr. The peak concentration are not co-localised

either with each other or with the distributions detected for Fe and M.
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From Fig. 4, we can discern the different distribution patterns for each of the six elements
depicted. The concentration of Fe is very high in some locations but totally absent in others.
The concentration of Mn is as high as that observed for Fe but only in one particular location
(near the upper left corner of the panel). The distribution pattern otherwise approximates that of
Fe, indicating that these two elements are co-localized. The remaining two panels (shown at the
bottom of Fig.4) show rather diffused distributions for the two measured elements (Cu and Ga)
and a rather low density of the counts. This distribution indicates a rather low and nonspecific

concentration of the two elements in the analysed sandstone sample.

After resetting the energy of the proton to beam to 2 MeV and removing the gamma ray absorption
filter (0.5 mm polyethylene), we were able to measure the lighter elements of the sandstone samples.
We were particularly interested in the distribution of Si, as the sandstone may contain a high
concentration of this element. We also include here the element map for Al, as a relatively high
concentration would be expected in the various feldspar minerals of the sandstone. The results are

depicted in Fig. 5 shown below.

The grains of quartz are very prominent with sharp edges and high concentrations of Si.

There are no discernable traces of aluminum in the locations of the quartz grains. The intergrain

Fig. 5 A comparison of Al and Si seen under a light microscope. The surface of

the sandstone block is represented by the serrated edge on the top of each panel.

spaces are filled with both elements but it is apparent that their concentration patterns do not

always coincide.

DISCUSSION

Even at this early stage of our study, it is possible to conclude that the micro-PIXE method

can detect extremely low element concentrations, as well as resolve distributions of individual
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elements in the sample. The ability to generate maps of element concentrations may also reveal
small anomalies present within the sandstone microstructure and to detect minute changes in the
regional concentrations within the scanned sample window.

The maps show a clear spatial separation of some elements such as Si and Al in some
locations, and an overlap in others. The right panel of Fig. 5 shows clearly delineated grains of
quartz with no aluminium presence. Furthermore, there are no other elements that can be detected
within the spaces occupied by quartz grains, as can be seen in Fig.4. The edges of the quartz grains
are very sharp, which indicates that these grains have not migrated too far from their original
source. The inter-grain spaces, where both Al and Si are present, may correspond to the presence
of alumino-silicates, possibly feldspar. The distributions of other elements, such as Fe and Mn, on
the other hand largely overlap in the window scanned.

Rock samples can be characterized as soft-grained feldspathic sandstones. Brief examination
based on grain shapes and sizes, suggest their similarity to sandstones described by Caro & Sokrithy
(2012) from Kulen Mountain and Koh Ker areas. Rectangular shapes of the quartz grains reveal
the immature nature of source sediment, suggesting that these particles had taken a relatively short
path from their source rocks to the sedimentary basin where they were lithified.

Apart from the prominent quartz grains, Na- and K-type aluminosilicates can be also
recognized on the elemental maps. These are probably somewhat weathered feldspars. The
interstitial clay matrix is enriched in Mg. Iron enrichment, probably in form of oxide or hydroxide

phase, was found to be also present in our sandstone samples.
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FROM AERIAL PHOTOS TO LIDAR: NEW DEVELOPMENTS
IN THE MAPPING OF ANGKORIAN SITES

Damian EVANS', TAN Boun Suy”, HENG Kamsan™

In recent years the APSARA National Authority has become a world leader in the application of
airborne laser scanning (or “lidar”) technology to World Heritage sites. The Cambodian Archaeological Lidar
Initiative (CALI), a joint project between APSARA, the Ministry of Culture of Fine Arts and the Ecole
francaise d’Extréme-Orient is the latest instalment in a tradition of archaeological mapping in Cambodia
dating back neatly a century and a half.

The lineage of the lidar program can be traced directly back to the successful nomination of
Angkor as a World Heritage Site in 1992, which involved preparing landscape-scale maps of the urban
fabric of Angkor that stretched between and far beyond the temples. Even though the cities were made of
wood, traces could still cleatly be seen in the topography of the landscape, in the form of ponds, occupation
mounds, canals, reservoirs, roadways, neighbourhood temples, and even field patterns that had persisted
intact on the surface for a millennium or more.

During the 1990s a joint French-Cambodian program led by Christophe Pottier completed a very
detailed topographic map of the central and southern areas of Greater Angkor, and in 1998 the University
of Sydney joined with the EFEO and APSARA to continue these mapping activities in the framework of
the Greater Angkor Project (GAP). One of the core objectives of GAP was to map the extended urban
landscape of Angkor in order to evaluate various theories about the decline of Angkor as the centre of
gravity of Khmer power in the 14th to 15th centuries, in particular the role of the water management system
in the failure of the urban network.

This required a detailed understanding of the archacological landscape over a very wide scale of
time and space, and during the 1990s various remote sensing projects — focusing in particular on radar

imaging technology — were launched with a view to further elaborating Christophe Pottier’s map in the

* Fcole francaise d’Extréme-Orient, France
** APSARA National Authority, Cambodia

% Ministry of Culture and Fine Arts, Cambodia
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extended northern, eastern and southern reaches of the Greater Angkor Area.

The most fruitful of these projects was a radar acquisition conducted in 2000 by NASA for GAP
over an extended area from the Tonle Sap to the Phnom Kulen range, which formed the basis for many
years of ongoing mapping work and culminated in the publication of a new map of Angkor in 2007
incorporating the work of various members of the GAP, who combined the radar and various other image
sources to extend and complete a map of Greater Angkor.

The greatest deficiency of all of these maps was the inability of conventional sensors, including
radar, to ‘see through’ the dense vegetation that often covered the zones of archaeological interest. Airborne
laser scanning or ‘lidar’ technology had been on the horizon for many years as a potential solution to
this problem, but the technology was expensive, and until recently was not sufficiently advanced for our
purposes.

Inspired by the high-profile success of lidar at the Mayan site of Caracol in Belize in 2009, members
of GAP used seed money from the National Geographic to grow a consortium of eight international
teams (the Khmer Archaeology LIDAR Consortium or KALC) in order to carry out the first application
of lidar for archacology anywhere in Asia. APSARA was the lead administrative institution in KALC. This
was completed over Angkor, Phnom Kulen and Koh Ker in 2012. Since 2012 the lidar data has become
an extremely important tool across a range of different domains including heritage management, forestry,
water management and archaeology. There has also been a strong focus on training, and in 2014 twelve
APSARA staff successfully completed a specialised course on the practical applications of lidar.

The success of the 2012 KALC campaign formed the basis for an award by the European Research
Council of 1.5 million Euros to the EFEO for a second, greatly-expanded lidar campaign in 2015. This
program (CALI) once again has APSARA as the lead administrative institution, with Dr Tan Boun Suy of
APSARA, Dr Damian Evans of the EFEO, and Mr Hang Kamsan of the Cambodian Ministry of Culture
and Fine Arts managing the administrative and technical aspects of the mission. The data acquisition was
completed in April 2015 again with APSARA as the lead administrative institution, and at around 2000 km?
is the largest archaeological lidar acquisition ever completed anywhere in the world. The data will once again
be used for a very wide range of applications in partnership with many institutions across the world using
data-sharing and licensing agreements.

At the time of writing, post-processing of the 2015 data was incomplete and only limited areas
were available for analysis. Nonetheless, as with the 2012 ALS campaign completed by KALC, this subset
of new lidar data from CALI illustrate, confirm and expand upon a range of long-held and well-established
assumptions about archaeological landscapes from conventional studies. On the other hand, the new data
have once again produced a range of unexpected—and sometimes quite enigmatic—outcomes that call into
question various long-standing theories about the development of Khmer society, agriculture and urbanism.
Looking specifically at some of the major acquisition blocks in northwest Cambodia (Fig. 1), and the major

implications for Khmer history and archaeology:
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Fig. 1: Overview map of Cambodia showing the main coverage blocks for the 2012 and 2015 lidar acquisitions, and noting
features mentioned in the text. Background elevation courtesy of NASA SKITM.

Beng Mealea, Phnom Kulen & Northern Angkor

Conventionally, the classical Angkorian period begins with the 8th-9th century city of
Mahendraparvata, in the heavily-forested Phnom Kulen ranges to the north of Angkor. Until recently the
structure of this city was very poorly defined; however, the 2012 lidar mission suddenly brought the urban
network into very sharp relief, as well as adding insights into the level of Angkor-era deforestation and the
sustainability of its water management infrastructure. It was suspected, however, that the 2012 lidar mission
had captured only a subset of a very extensive urban network on Phnom Kulen. The 2015 data confirm this
suspicion and show that archaeological features continue well beyond the edges of the original lidar coverage
(Fig. 2). There is evidence that Angkor-period archaeological topography is to be found almost continuously
over an area of at least 40-50 km™*.

Much of this archaeological topography consists of linear or grid-like arrays of mounds (Fig. 3),
of the kind that were first identified in archaeological maps of Angkor in aerial and radar imagery by
Christophe Pottier and the author in the 1990s and early 2000s, and that have now also been identified at
the pre-Angkorian site of Sambor Prei Kuk using lidar data (see below). Surface surveys and excavations
of these mounds have revealed little of archaeological interest, and they remain among the most enigmatic

features of Khmer landscape archaeology. In lowland areas such as near Banteay Srey these gridded mounds
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Fig. 2: Detail map of northwest Cambodia in the Angkor region, showing the main coverage blocks for
the 2012 and 2015 lidar acquisitions, and noting features mentioned in the text. Background elevation
courtesy of NASA SKIM.

(sometimes referred to by archaeologists as ‘dome-fields’) seem to have an association with significant
water management features, but this association is difficult to establish in Phnom Kulen, where the gridded
mound-fields are most abundant and important elements of the ‘hydraulic city’ of Mahendraparvata are
ubiquitous.

Equally enigmatic are the geometric rectilinear patterns (Fig, 4) made from earthen embankments—
variously described as ‘coils’, ‘spirals’, ‘geoglyphs’ or ‘gardens’—first identified south of the moat of Angkor
Wat in the 2012 lidar data. These are now also cleatly visible in the 2015 lidar data at Beng Mealea, and can
be seen in particular abundance at Preah Khan of Kompong Svay (see below). Excavations of these linear
features at Angkor have similarly revealed little of archaeological interest, and their function remains unclear,
although they too seem to be located in close proximity to (what would have been) large standing bodies of
water.

The 2015 data also provide new insights into relatively well-known archaeological sites. The quarries
between Beng Mealea and Phnom Kulen, for example, have been the subject of inquiry since the 19th
century, and are generally recognised as the main source of sandstone for Angkor’s monuments. Canals have
been traced linking the quarries to central Angkor, and one recent study by the Japanese team reported the
‘discovery’ of ‘more than 50’ discrete quarries in the area, with distinct groupings of individual quarries with
different sandstone characteristics. In reality, as the lidar data cleatly show (Fig. 5), the area between Beng

Mealea and Phnom Kulen is essentially one enormous quarry field of ~500 ha with localised heterogeneity
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Fig. 3: ‘Mound fields’ across Cambodia. Top row: In the Phnom Kulen acquisition block (see Fig. 3) in an area covered by
modern development and forest (lef?) the lidar reveals a mound field (right). Second row: Immediately to the north of the

main temple complex: at Sambor Prei Kufk, vegetation (left) obscures a mound field and an ancient dam (right). Third

row: Immediately to the west of Banteay Srei temple ar Angkor, cultivated areas and vegetation (left) obscure — and

have partially erased — a mound field of ~8 ‘rows’ and ~12 ‘columns’. Bottom row: Near the exit of the East Baray
reservoir at Angkor, new archaeological mapping (left) from the 2012 lidar has added further detail to a ~10 x 10 grid

of mounds (right) and revealed a second monnd field to the south of the exit. Lidar imagery is composite elevation and

billshade models from the 2012 and 2015 datasets.
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Fig. 4: Unexplained,

| geometric linear patterns
associated with major temples
across northwest Cambodia.
Lidar imagery is composite
elevation and hillshade
models from the 2012 and
2015 datasets.

Fig. 5: Exctent of the vast
qguarry field between Beng
Mealea and Phnon Kulen
as revealed by the 2015
lidar imagery, compared

to the previous view of
discrete quarries as identified
by Uchida and Shinoda
(2013). Lidar imagery

is composite elevation and

billshade models.
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in sandstone characteristics, which—although it is mostly infilled—has occasional surface expressions. The
lidar signature of infilled pit quarries was first recognised in the 2012 data and was used to identify and
ground-verify the largest quarry at Koh Ker, and the same signature is clearly visible here. The 2015 data
show evidence of opportunistic quarrying in other areas around the foothills of the Kulen massif, but these
areas are very modest in size (~5 ha at most) and it remains clear that the main source of sandstone for the

temples of Angkor was a giant quarry field between Beng Mealea and Phnom Kulen.

Banteay Chhmar & Preah Khan of Kompong Svay

Moving forward in time, the CALI program also acquired lidar data for the two most important
provincial centres of the Khmer Empire: ~220 km? over Banteay Chhmar, a military centre of the 12th
to 13th centuries, located in an arid zone that shows evidence of an extensive water management system;
and ~150 km?* over the military-industrial complex of Preah Khan of Kompong Svay, both of which
have recently been the focus of studies using conventional remote sensing and ground survey techniques.
Preliminary results at the two locations are strikingly different.

At Banteay Chhmar, the new lidar data essentially confirms previous mapping work, and does not
significantly change the overall interpretation of the archaeological topography (Fig. 6). Among all the 11th
to 13th century CE temples of the Khmer, Banteay Chhmar is the only one so far mapped with lidar that
shows almost no evidence of a formal urban grid extending throughout any of its successive enclosures,
and represents a (so far) unique exception to the model of urban development proposed by many scholars
on the Greater Angkor Project, in which ‘open cities’ gradually evolve into urban complexes with formally-
planned urban cores by the 12th to 13th centuries CE. The reasons for this are unclear: was Banteay Chhmar
a ‘city’, or was it a ‘garrison-temple’ on the fringes of empire that was inhabited ephemerally or periodically?
Preah Khan of Kompong Svay, on the other hand, presents a different kind of problem: many years of
study using conventional sensors and ground survey had led to the conclusion that the enclosures were
sparsely inhabited, and yet the new lidar data clearly show an urban layout (Fig. 6) within the central moat
of the site that is analogous to the early-12th century grids of Angkor Wat and Beng Mealea—complete
with the enigmatic ‘coiled” embankments (Fig. 4)—surrounded by an extended, less-organised urban grid
that resembles the late-Angkorian urban centres of Jayavarman VII. Excavations recently completed at
Preah Khan in 2016 led by Mitch Hendrickson confirm the accuracy of interpretations of archaeological
topography visible within the lidar data.

The lidar data also underscores and confirms a point that was raised in relation to the water
management system of Banteay Chhmar in a report from 2011 published by the Global Heritage Fund: that
all three of the major canals attached to the site are designed to lead water away from the temple complex,
not towards it (Fig. 6). Two of those three canals do not terminate in water storage areas, which suggests
that evacuating water for flood mitigation was as important at the site as storing water for the dry season, in
spite of the 19th century cliché that Banteay Chhmar is anomalously located in an arid and desolate zone.

Almost certainly, in fact, the extremes of the wet and dry seasons presented equal challenges to whatever
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Fig. 6 Comparison of major ‘temple cities’ at the height of the Khmer Empire in the 12th to 13th centuries CE, all at
the same scale. Left column are developments associated with king Survayarman Il (first half of the 12th century), with
areas within the moat divided neatly into ~100 x 100m ‘city blocks’; right column are developments associated with king

Jayavarman VI (late 12th century to early 13th century), showing much greater variability in spatial patterning. Top left:
Angkor Wat. Center left: Beng Mealea. Bottom left: Preah Khan of Kompong Svay. Top right: Preah Kban of Angkor.
Center right: Ta Probm. Bottom right: Banteay Chhmar. Lidar imagery is composite elevation and hillshade models from the
2012 and 2015 datasets.

populations existed in the region, and the likely existence of a spring within the moat of Banteay Chhmar
would have been a crucial factor in the sustainability of the site during the dry season.

The results at these two sites speak directly to evolving debates about the decline of the classical
Angkorian Empire, in which it has been argued that increasing complexity and urbanisation in the 11th to
13th centuries generated large populations of non-rice-producing inhabitants who would have been heavily

reliant on elaborate state-sponsored water management systems for the production consistent yields of rice.
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From Aerial Photos to Lidar: New Developments in the Mapping of Angkorian Sites

Conclusion

The acquisition of landscape-scale ALS data allows us to generate incredibly detailed and informative
archaeological maps which, even in the preliminary stages of analysis and interpretation, can have important
implications for the understanding of socio-ecological dynamics over large scales of time and space. At its
height in the 12th to 13th centuries AD, the Khmer Empire stretched across much of mainland Southeast
Asia, with a network of highways connecting far-flung settlements to the Angkorian heartland in (what is
now) Cambodia. It becomes clear from the billions of topographic measurements in the new lidar data
that early Khmer societies profoundly, and repeatedly, transformed the landscapes in which they lived and
inherited from their predecessors, and that this was a process that took place over millennia at a regional
scale.

Beyond the borders of present-day Cambodia, the surface archaeological landscapes surrounding
those temple complexes have, by and large, been systematically destroyed through agricultural and urban
developments over the last hundred years, although the contours of most are known at least in general terms,
and these datasets will be included in future analyses. Fortunately, however, the majority of the significant
Khmer urban centres lie within the borders of present-day Cambodia; here, decades of conflict and relative
under-development have conspired to preserve the archaeological topography. Future projects will be
dedicated to expanding the existing lidar coverage, so that this unique archive of history and archaeology

can be recorded preserved.

77






~ ¢ A
t@Jéﬁmm 1t9mﬁﬁ9tm[g}ﬁdﬁ8fﬁi—im
ot p] Jd

<3
m
» U5

m\gﬁﬁfﬂ)ﬁﬁt{[ﬁ

aawdgds)iginsdis)ioba dislusisnm SSdts|dionswekiumdsfiua

At tssysmininiisanus fangy is)Habis:ns oA g thw Hiw
SEFNUNAASIYLE gamovnmuesfdis)ssisnm Sadisfiuagninniduéis:
msamgnsw/m’]ﬁ@ (M s 2004)9 HAANIINIWAHAS SSONAUSRHajiun y|utg)u
mig)aEsT fjanaSwisjuiansday SSEAMABASUIUGISMIESNUIGIIARIMALEI
5§08 (Ang 2006: 77-78)9 |

BhwANIRgh JAISIEUS (B Aol SIliApaSIw: g UpEAm WA
NIUﬁjHSﬁ{]nﬁ“?IiﬁQ’ hwommmitiuenafw B Sibiswiss mmummmmjﬁﬁgpéan

BOMSUURU ORI SIFSMUMOHUAGSMIUMG YT IES tmwm@ffﬁfScmﬁnm
S)

Z(a

3

[al

g q;mnmmsnfn]zianéijfL 7 YW1 1B[HINSITETT uasmsgunﬁuﬁmmakrs

ZC

J100SIpAASAGIIME NS IBIGFYWAUMANMAETIs T IpthanmSissaiaana
mfn«gﬁ'ﬁ VIHAMBISJUNS h {100 ﬁfggsmm&nsmnﬁuﬁas:tguw.fmas:tgﬁﬁn&)
JEEWEoA ;7ﬁ“’Lﬂ«[N@J&’-fﬂ“?H?SIUf?ﬁ»SﬁH?S& fgﬁm@fwmgafsv’ﬂwgmr(jvymamﬁ
g (sms tpmhy yioang wkiumoeusaaivnsss ndgsmomSwnmyw
HAmApdmitihe AN WY IES9Y |

[UMISHNWISUITSNTMAGAL I SAeISSETugmssusIlfadlsgss

O gAlANIENIAANESwESwon gAm AnSAMuAEhiUt Sy 2minA#ISSAAY SIAgMIth UG SIg)S
WA W G eI oA YU g S Mitm 0§08 g SMET (Pou et Ang 1987-90: 74)

79



7

a

AM BIAEAMBAMS G JANATS I AT I W SHEARE NEI NGNS GIHAS

1

NEAYS

» 42

ghalmie)s f-fn“?f-f?u[ﬁﬁe’nE?[Ifgijfﬁf&n?g?nfummSﬁn gRpwAYAL

inwisliudisizeimsiyindiAags (08 §ans booo)d

.y
3
<

3y

-
D}(

HUASES 290165 HAMMODISE FHUAMISWAAY IEnshesateiifgnm
Nk gSeSES U YRGS IES 9k 1SIas 178 y flugasisgn f{pnwﬁnzyrwm
GEnAsaSSarmamars thdnmbm 118 (aSatnmAnsarmibsaolis (msfiduim

mmnmmﬁm@wmnmm 19737 ASUIUGHARDI Hﬁmmmsswgmﬁnfﬁgtg]ﬁtg;w
sipEREnIASIS usgauy

TSR wAUIANIGISERMYRIGMINY) UG uS Sl Fsmiin iy Lﬁffrgvfnwwm

J
CY

Ath rnjﬁmwwamﬁnvﬁtm:?man% pdkatse ﬁﬁjﬁfmﬁl‘[ysmtﬂ‘wa’[f usgInwHiw
tsiRoideay [anRnd Ao I s ST W yseRE AeSA AR YAy (M uR By
ritsiosmaInAluSIon WA S8 ﬁvmgru@ﬁn}i’?ﬁm2%mﬁr§af§tﬁg:‘gw§
FagSig)aanigagias ninsesgnm yhindsumagisanmm Ayuuigisndngrssy

nﬁrgnmgnw [uﬂu[?jﬁf-«’n“?Uﬁf?n[rz?ﬁ‘J[S?’nﬁnUSHﬁfinf[yS[WLﬂG’]SLG’);U?Q
NSt S IR YANJISIF G AN Fh rmwmﬁmssas[p wdjgnugy (any 6811 boos
90)7 IS1582:ANNBINHAN N AN ATHOh A{UhA $S555WwEsstHcNs8jiaHmY
S eNU AEENNITS IpHN s S 1§51 gmiAs f25m2mmgsﬁvﬁﬁmrmunﬁummmm
Fsptigst gjnmummmmﬁﬁf Unw(ﬁnmmmnms anFﬁLﬁjaI[m“?meanUﬁJHn

msvswsw fS?’nUSﬁf&[[ﬂﬁ[Lﬁﬁﬁ[?ﬁﬁﬁﬁﬁﬁﬂjﬁ[?[S msmuawruﬁm Lﬁﬁ@) sﬁnﬁ
rnmtm’ﬁmrgjﬁﬁn‘w WAgInUalySUSSEAMMSYY 1BWANUSaivAsIY U
DHAgEHAS [Qﬂquﬁu[n&fﬁLﬁ[UﬁLﬁjffm’ﬁ: [U?LUuﬁ[uHﬁﬂ[LﬁﬁtL&?E??Hf-fﬁﬁ’?[?‘/[Mn
“78’1‘7&1[@] ANS AJGS bookl-08: bm; MS id] b0oe: 9&-bb)T 297zmrmawr9 5 151

& a o

rnjfnmjnﬁr 8RN HAAAFISIGARUNNIZU yuSwSalgnts)Sisifarda]Snigy

3]

b

§rss 1idnitustonmerndinSuam Sapeaty Mdanssaiyom Glsuamsnmiefumnsusndyn
hpasanmse datins (gums §s §nm booe-ob)Y MEFSywInsasywkinsamse iy
ISTNSIVAF SIS S t"fmm v/

o m@&g;ﬁ»srs A ﬁﬁmaﬁ“mmmﬁnmmmsms 20039 ﬁmnmmsrf?ﬁn”y BImMA mﬁb@f«rgﬁnrznﬂ
WIS UEAMBR RIS NS gAIhSITAhASAY GANSgA Hnrumtsfwn:maw@t@ﬁmmamwam
Ay @é?ﬁm?ﬁgmunp G2)GEAM FI0 TS (a8 ITE O SHUEAMY

4

1

80



1G]5PI8E 6N 8581 (0) N S5 HH

MuAIgSe

ISIGES1S 1B SIG]SHAM rmwvmnjmcmﬁﬁ nfmargj 9139 fnmmj@
7 boo&-9o: )8

nUS[wJﬁ‘?ﬁf}[S? mmmfraﬂummﬁnmmsmmt?g UAH(E (7
anis laool:z-@m)

JOAIS S 151G]S rgjmsﬂgmw‘j IBIUTIAGEIS SN 1G] SN Yrga eyt th gl
MUREMBNDSATAY g tnt@;srwwﬁtumtﬁﬁ Foenw 1gf|ucAfigiSow (m8
§Ans boob-9m)7 ko OIFNUANSITEYSISIUSOt th g sUHANYANJABIAANE
L/]Szf[NfUﬂj[ﬁﬁ@JLG)ﬁﬁ[? ILm hm@jwmj‘vmmanmnﬁnmum thAtnonma) tas
Rargesitemwisy sAdnifars: m:@gmwm@ﬁuzjmg)zﬁvjunm@m“v P S G ITET)
1A 8ainIAGIS:1g) “’5ﬁ‘15§’[1fﬁ18”"“’zf)LﬁffgﬁmSﬁnjmmtf;tffﬁjt&m'ﬁﬁfgw]ﬁ‘jﬁfﬂﬁ
rmwf@nrmnafLmUﬁn mmmﬁmSnLﬁjfmmuawnﬁwmwrs fdi (end grns, a8 T,
I AU bookl)d mrm’namﬁvﬁ [nH?SﬁufﬁLntS?’['ﬁmﬁtjﬁ??ﬁ[ﬁﬁnHS?m[U@?ﬁ[ﬁ'f}m
INSITY] ¢ RNUAIMYTES9S SﬁﬁfLH)U[uHUmm?f[S"Nuf{]ﬁ 1) 65 boom-ob)9 6AnA
mnaﬁﬁtuﬁﬁj%ﬁnﬁm{?anvmvsﬁﬁ%mnﬁm’mfﬁm?mwrﬁft"ffsmmSnumn9555
(eI HAPNEIS S meUf[wjﬁﬁ[SﬁﬂQLﬁﬁUﬁngﬁﬂULJIQ 15 905ts tSa%ﬁercngﬁﬁuw
e s U Na T IstuyInAfnaRIsim s sigiSaRmo Ayatsitenwkiy w
ms%m?mmuﬁﬁmmmﬁéﬁﬁ(ms 14] booo: bm-b&)7 siAnAsinAgiagmim ad
AySteeIws s 151G S MU MRS SS[AltAS NS st thinN8Y | |

ﬁﬁUﬂﬂJﬁf@?SHUﬂQJn9’71’7QﬁsﬁnﬁJnHJBﬁ[u@‘ﬂL“?wmum@ sg8USISigaTM

o

HENGOGESI0(8 Umﬁnswfu@‘jmmrs SNIUESOUIFEEN

2

Yuwig)s 8166810550 gUERiAan 93]S mANEY mungm pSAGES e IT U S

USDUJUEAMFOIIATEA IS S YIOIUY IR UIAIIGSjon IS ste Tgrsifa g sifage
4

'.) = a

HAM Umnﬁmsm§ur 19 AINNBEGA BWAAI)TERNARSSEHAMASINIGAY

HAm
a bo

HA
= o
SH

@

HeUSO NUAIOATHIG
1 an £’ -4

“ 330
m_

(-L,"
2
C:u

o

HSMEMBHOIGSIANFNSAGTAS|aiESINYYURTE 19:BTSMANT 1AWAINMUIENGAGALIS)
CRT °0 ¢ , ) Sos s
Fhalagd (Vogel 2 127- 1387 GiAnAAr ISR 1A S YNNI WS AN ORUHIR R g grum s S51dy]
Bl SENGSISIBIUNT ((NU 18NN bood-0b: ma)7 nﬁnmﬁfzrs sans AGYNNNA eSSt
NSHUBNOANSESA0R (a5EnS AS AAMS boos: F&-dH)T
8 Ishigang1alismnsomAblinsmAmusis|uHsly  HAYAFISIUTUOAISINSIAaIS N DU
W uthanmotgea zymmﬁvnﬁnemvmymsnmjﬁmmﬁvmmmnmrs MAWATNUYIS ST AU GRS 2]
2189 §15¢ :wﬁnmmmmummqj«mmgjm»v uESATTY 9 mBY 180 GROG UAIg Mg U

IOENUNAG OIS BIESAIAD (AJEHIS Ang 1992: 109)F

81



7

1 EMBANUIGAG PSS 9UMMUABSYWIY GHN G FIS e SS5516(5
1SR guHRA ﬁ’)LUmnHUmUmmmS[S“]ﬁﬁnH JUG9)T U2 IR IBESIGE N
InjiguEA m@ﬁﬁﬁmaﬁmsﬁmmmsnrmwrnmasrnﬁf SUUU?GfL/?UfL/?n[S’f?HH’n”?
[UORBIIIG WY AILISIABUINS Aysudwigipny gas atsjﬁmwmrnj@mﬁvﬁ
BIBISHUGSUUSIS s SEAMTNIFIMT GAMIMWn gﬁggaﬁtgﬁﬁﬁmmﬁﬁnam
(JuFb)Y tsihajisugAmISs 15 A MmSEN Ll UEARSYAGUSDISYANUTEEM S
(JUFM) T HNAE IS SN OGBS WS G NYNNIE AN UKIES gnsmyan e $kss
BISMIAIS: (020 NwaAIalaSSEg g m1896me mumsﬁm]ﬁtm@smm&fmms

ﬁffnLt}?ﬁﬂ?fm—fmLi}?ﬁﬂ?ﬁ’]nmsLG];’U?Q[LUIULG?MQIHUMJ N51R5) [ANFNASS

(NSFS5yR)° SSmansuswaikis thsissh 2matMn2mmfmawtq75 gRREMIH

o

0 & ao

shgntasue Qﬁmsﬁm]ﬁtsﬁ/mmsr@m WngiSow tssitg asitajpmsSynan
YWISINS 5580 BhwSESH A g s SywnAtm Y
Y

b

nmSUm[UIUIQUISIﬁEﬂSﬁfSJu[Kz‘fUﬁfﬁfﬁf[S?’ﬁﬁ?ﬁ[S?’ﬁﬂ?’)ﬁ[ﬁnH?mem9[1nn87157ﬁfﬁﬁnni‘f7nﬁmbos)b
IS¢ mesf(y”m (angu wark sﬁ@mngmnmﬁgnmsqmsrgqmyﬁ;snrgjﬁrsrmwmnmqﬁmqps

U

tnsy

82



1G]5PI8E 6N 8581 (0) N S5 HH

JUém
[uHJU[SHﬁﬁ[ﬁIuﬁ??ﬁmf?ﬁf&fmjﬁw'ﬁ2mmfnﬂmufgjﬁf-fﬁmﬁﬁ?ﬁm[g fofang
g

-4

o

5
rsﬁnﬁmnﬁmboobanvmmwmgrs BIGUAY NAFSSas|dmudgounmatiterd)s

biiA aStonw Potogs SaFehan ey

g

'r.sﬁfﬂﬁnmmﬁﬁrumtﬁﬁwmmg HATUACANIESigHm e Siag[SgnmoAiiyn
[:Bﬁﬁfgn[n]ﬁSﬁnﬁf?uLHﬁG[LB‘Sﬁ)‘LmUﬁftﬂnHS97158‘[7)‘ jUGL-8)106yANISGiatgw
Haf)uE N oM s GInRSMSIGAg AL SmALSSA tsigan ¢l grumig)d 59
grugstnT 1sguaig)s SSgugstnmsgum fmwivdgam? igman sigHmes
ﬁnﬂfmmr]ﬁasufanmg;wnjn@nmnvmn975:37 (BiEAAIUTIGEAm U AnEg)
PN 7 qpﬁrgjn fnfS?’nﬁLﬁfnf?ﬂnf)fnmSQHHn”ﬁ Hn")nﬁfnmSS?gﬁjfﬁn[HfU“?f

LUnUgHS@aLﬁfmma(Ang 1988: 36-37)9 HSMIV 18 tmgﬁmmafﬁm AN (10)9

JUGL JUGE
0
3

Gty G1ssonstaguystngwiiumey igdarss atgannnmsgy wisigrs shiry
mesmﬁtsgﬁmtmumsmsmmm nﬁmﬁnmm sSpwmanausd LU%H?LE’)"?;ﬁt.S‘?“mSﬁ?meﬁm

MUBUSINWEGUMIMINUIFNEA (Poree Maspéro 1962: 8-9; Ang 1995: 225-226)9 gQUIAS 1Ak8 S 1uEs

RJOATEIIYIHE O 11 INJOANUHAMY
83



7

sidusnguogidgammsyom 58apsini 3518)A a5amem SSaGpans

o~ ) ] ] o o I8 " =~
S ihgamidssmuRtg SISl dnmp wigis A wwnau§is s sigiwy
J

4
WS W gwERM ASIS NS 1B[HIMUUSIGANSHUINSysay SSHuSAAS
v
A

[Se!

P <

1912 (JUFD-0)T IYNUAIEOUSUNSAPUES 018 (an §A(A0 SEsA way 1§)s gu
08 Qwa §5mg]ﬁt}mf%i’ﬁm”mvmgm@7 HUS 8B GISHAMISIGO AN #IsHM BT

658 IGUUSIENGSHSUAISIgIESUAIBISIGN NS NoaEth UK wIcEAUMUISIE N
D N D n G e J . S
qu‘?ﬁmmmf@ngwrs:ummgg@m9@@7:‘@‘7

Y]

§182 AR S F WIS IR N[ AN $IpHI UIINNIEHM 85§ guas A
ISIGIEN IS N WU SING S FORIFIUS SN RGN, IRAINNAN, UMHS, ﬁ}wﬁyfgfﬁj,
BUNNG, SUNAY, MSANIS, MSAIQY, wund, msullin, $1a12)i, BHUIL, NSNS
oMYA, m@@”, M16)5 S35sUAY pSGIMEEAM NITISs BUNNE WEnNE SSEUNTENS
AENINO UL AIBHAGTARINAFAES I WeHAMPAIS1an GRS (JUFd-)T

HAM P18 s SUASUMAIAME MU IN W G Sm oA haRmAmywAnS
gnjufﬁ;yﬁmsmmw:mw?mwrg%?ﬁt}mﬁ'?’suftffyﬁ55573:(11:m:t§w§5mgw§ﬁm7ﬁ§?5ts:
018151551598 ldugsm s unts Seninj S wes (Jufeo) Y Uk uS hwns

84



1G]5FI8E 6N 8581 (0) N S5 HH

jomusigaudapsigenmigansuehisSussammidesgiiuginswpus)

mm:vmﬁvmmmamuaﬁnmﬁwfunmﬁugmcmf AUNUSUSN T LS fUHtmuH
nfﬁ“?tﬁf")ft.f][lf“?[m’fmfﬂéfnm&ftﬁf-fn[mf)&f)n[?jn[m ﬁﬁuﬁUﬁ’)Eﬂﬂ]?SfﬁSHﬂﬂ?qu}
RIS NSV AIE IFUGIGRIUMBANANISAN (JUF99)T OUAISS mmsam HAM AN
mvnm}i’nnsmsv?gf HNWHA QY crr’v‘“ISnB‘fuCIfni}’?CIjﬁfH ﬁnnﬁrmmm’mnrsmﬁagmﬁ

FUNSONANF(JUFOb)T JUHAMUNGHSL.. (JUFom)T USIUEA JUIGHUA SSIoTUM
MHEABIVNUNMWIBUIUASG[IAN G BSSSUSIENETISIGISUR (JUSo L)Y

(N

85



7

hngiht stnjg SUATE et SIEEA ISy WIg sthaRuSuESn (Jufed)T (FY

1

o
Fsngsithd sgIRAUMUIIWISSIM[H §UsAIGSIsIgrumig|Sim T tosdlanuydsiigpans
HEDEIBMIS ehA IS wSaRag)SySig)ay jugamidugisiguaig)dn sl Amig)s
samidustin (ju 5 5-96))9 1[5)SIMULGSEAM SIS SATS 2 fInMUIg SR ST

U
9[/&7:%’79[141'7

jufoeb jUGoR

HNWIUUCUAGAU tat §§gum3Hn‘ﬁ@er§ﬁi’msv IBIGINJURS §NS AN AT

1 L

Y] ISA T 1SSt UNSHS GIHAM RS1S)3 msmumnmmsvm“?ﬁﬂwmgi’ wltwstw
f-fn“?ﬁ['lﬂm’nﬁfu[pm;ﬁ[m 16 S NG NTITI I WAFMBAG 1 W ENAIO IS

g1 15U[L/715L/7Hn“75757m9ﬁ)‘2715[ﬁ15i88 JUG9d-9&)T thrusnn: nB‘dﬁLﬁjﬁﬁm}Sﬁ}ﬁ
[S?’??ﬁtﬁﬁ[?ﬁmﬁaﬁtj'ﬂU[S[Uumumfﬁﬁ[?tﬁwfm m@mmsr{ﬁmmgtsmwmmﬁnjﬁ

goktuns s 15Lf79[8df70[87’2’75q/'15f8 T IN§ISS In[uf:/S msnfmvgmmﬁrs Iﬁ@JNUﬁ
AR A ﬂmmgﬁ:rqjﬁm‘ﬁwmg]ﬁgn@jngcr:tm‘j BIUENAD o BAYAISTNEG]a0S
v§oighamuénegigidgss ensimeg)s 1ms Ugﬁmmmtﬁm@mmmmﬁﬁufmmm9

a o

o
1s2f Ufgts ﬁfvmsm,mmsmmmwfsv’mﬁtfmvmm gsmnta ruﬁmgnwsﬁgnsrgv

[2] ‘9’ =3 o 1 & o

&



19)45P DT80 AN 8IS (D) 6N 8IGHE)

jUbod jufos

ASasli e SEAUAUONI NTSMONTMAGNASSHAMASS WANAYISIAN
559 SrmsaBtintuumhangp gam S A IS T mmhUSSadingte)atgfws tssunma
UAAEAMMUAMNYWIGIAIM SN UIFERIN A8 IR IENNS WSS s S
wigdywig)sy miAatenans ﬁﬁﬁr“?nuqﬁmmfﬁmgﬁftﬁfﬁgvfgfmmt}fﬁagfnfbu U6
2 J

roemikd NS N AL giSERmAStars: TSmO WNIN S gAMEN B AIEITESA I AT
~ Cr a 1% 1

‘Ja [}
-4

q; J = = ° ~ " I J 1J g

ST WAUAYT ISTMEAE IS SIMUAIGUAJINSHaARGEIaISTMEAnMN® S I8AESIH0
lWwshwowagisigegamy asletw $50ane 1S SyAN g ULGINIE)
Huwoghnnedmy GlgIONTSASaIUAGAS ISSSNTM guHAMMEANSISAY

aao o

innsyny

-3 <X <

<+ giananA M iap ke Sgaidnnsanamindiyadigisnsiadavussgg

87



WARANTTENE

]
4

(AEAAPAISY, boob-ols, «550&@@78’@7&3%fn]zitsv’nat@mﬁﬁ» seasenred (ant
(v1dEyenpada, swsmsiysdismginiEyn, §.0-0b9

J A A
rzjf uS boom-9b «m&gmarsmmnas)m@aﬁnsamaa%m@mﬁmcw‘jasfgf,
U 2&, g ma-lmd

[NU 15810, bood- ob«LUf?[ﬂnLU»m[%aHﬁUGmQUOam@ em:qua 25,1020,
g ma-lo9g

a o J \ o =2
As winms, booo, (wimé(stnadies, Brapsigguapwssiig, somy
o <« o} 15

~b

o

a I~ a V] J A o
€S ¢nMm, booo-9b, «Lm:fjmm@rar—rgvamevr},m@mﬁmmagasm, lRI26), £.Lo-ls89

-4

183 4196, boo B-0b, MINFISN N AN ¢85 15, m@ér—rgaa n;évmmmmnaqujz: 25,
29, §.88-599

s 1 A
ﬁﬂSﬁjﬁS,bo05’))—0ca’,«[pﬁ[g)zsfflf»"nﬁ‘@éf-ﬁﬁiﬁ&ﬁ'ﬁévmm558‘72&{]& 95, tugm,
11 3] () Ct" (2] N
2 bb-blsY
o a o J A
maﬁj§ff“,boos’-@o,<<nﬁﬁj alts) ﬁ»m@mi—fn&famaﬁnﬁmg fﬁ&ﬂf:f&{ji: f, 28,
é.bo-bmﬁ

- ) o J A
s anis, boob-om,uints)Sislaintm(sinavembvammaametye&ier med
§.G)leg-6)&sm‘7
o~ 0 aa V) V] J A Ay °
18 18], booo-0o, AN m(pHavembuammaamneiyesier b, §melod
booo, () Esnrmpeig s Sy, S1pUUUigNUBYNANTEN, BT
#18 §ans, booo, s &) RELE, Igpanskiu, 51609
o J A Ay
, b090-99, HSIGH m@aﬁavaﬁgjaa%m@mﬁmmvjastga U9,
g i b-m &89

~ ° V] V] J A
,I:JOG)I:I-G)ETJ,«m[ﬁﬁ&f?lﬁﬁ»ﬁ’i[&}&f-ﬁfﬁ&faﬁjaﬁﬂam@ ﬁ&ﬂCff{]& f, nioa,
§.Lm-bay

88



1G]5FI8E 6N 8581 (0) N S5 HH

o £ f o o ) © J
ma L';foYS, ﬁlﬁ ff.‘, iU ﬁj?yﬁ, ook, «L:}SQL@J’[S'fﬁUSQgﬁ, [dﬁHnU», 28I, U 2.6, FOKCI,
§.l:ra’m-mobﬁ

1

Paul Mus, bools, «(dtsJgnm SSdtsuniynidsrsiogh, a8w, 1.8, Runhw ajdfs
d,fm?g, FOKCI, §.996)-989Y
IS A a 1 o as
Sylvian Vogel, ? &M n‘tnwjas@f‘m AT W ER NG IRTE AN (IR, Tukeuk editions
Ang Choulean, 1986, Les étres surnaturels dans la religion populaire Khmer, Paris: CEDORECK

, 1988, “The place of animism within popular Buddhism in Cambodia, The Example
of the monastery”, Asian Folklore Studies.XLVII-1, trans. by Milada Kalab, Nanzan
University, p.35-41.

, 1992, “Apports indiens a la medicine traditionmelle Khmer: considération

préliminaires” Journal of the European Ayurvedic Society, vol.2, p.101-114

, 2000, “The Linga in all its aspects”, Orientations.37:8, trans. by Helen Ibbitson
Jessup, Hong Kong, p.76-78.

Porée-Maspéro Eveline, 1962, Etude sur les rites agraires des Cambodgiens, vol.1, Paris: Mouton
& CO.

Pou Saveros et Ang Choulean, 1987-90, “Vocabulaire Khmer relatif au surnaturel”, Seksa
Khmer.10-13, Paris: CEDORECK, p.59-129

Ty Bun Hout, 1973, Les Neak Ta de Phnom Penh: Essai d’ordre statistique sur quelque pratiques

religieuses populaire en milieu urban, Mémoire d’Archéologie, Phnom Penh

89



90



DECONSTRUCTING A RECONSTRUCTION AT ANGKOR

Christophe Pottier

Abstract

A first version of this paper was published in French as ‘La quatricme dimension du puzzle’ in the
first and only issue of the short-lived ‘nouvelle série” of the Cambodian journal Seksa Khmer (Janvier 1999:
101-111). Aedeen Cremin’s recent English translation of that text provided an interesting opportunity to
update and complete the complex monumental chronology of the North Stairway of the Terrace of the
Elephants. Incidentally, it also contributes to reassess what may have happened in the centre of Angkor

Thom after the reign of Jayavarman VII.

Keywords: Angkor, Angkor Thom, archéologie, restauration, datation, iconoclasme, anastylose, réemploi

We carried out restoration work on the Royal Terraces of Angkor from 1996 to 1999 and
were confronted with an intriguing puzzle at the North Stairway of the Terrace of the Elephants.
We interpreted the history of the structure according to the information available at the time, but

new findings in the ensuing twenty years enable us to refine our understanding of this place.

What came after Jayavarman VII?

The interpretation of Angkor’s huge architectural complex is rife with stereotypes, which
inevitably oversimplify. For instance, the image of Jayavarman VII (r. 1181—c.1218/1220) as the
last great king, and the man who bankrupted the empire through massive expenditure on religious
buildings. What came after him ... oblivion? Twenty years ago, there was indeed not much to go
on: an ‘iconoclastic movement’, sometime in the 13™ century, which saw thousands of Buddhist
images hacked off reliefs, the ‘Monument 487’, the last epigraphically dated stone temple (renamed
as Mangalartha in 1925, and Prasat Top Fast since the 1990s), and a visit by the Chinese traveller
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Zhou Daguan at the end of the 13", the abandonment of the city in the 15", a brief resettlement
in the 16™, then nothing until 19™-century exploration. In other words, a 600-year long blank.
Today, however, there is an ever-increasing amount of information on the period (see partial list of

publications and theses in References, below).

The previous hundred years of research had shown that several sites were modified after
the reign of Jayavarman VII, though they were not precisely dated. Hardly surprising, since dates
were normally established through a combination of epigraphy and stylistic analysis. In 1975, given
the absence of inscriptions other than the 16™-century ones at Angkor Wat (Lewitz, 1970 and
1971) Madeleine Giteau had noted in her thesis on post-Angkorian iconography—then one of the
very few works on the period—that ‘a study of post-Angkorian art allows us to establish only a
relative chronology and we must honestly recognise that the dates are still very imprecise and often
uncertain’. There were at Angkor hardly any features demonstrably later than Jayavarman VII and
earlier than the 16™ century. For the 16" century, Giteau mentioned only reliefs at Angkor Wiat,
Preah Pithu X, Monument 486 (nowadays Prasat Top West) and the North Stairway of the Terrace
of the Elephants, the subject of this paper.

Our restoration work on the North Stairway confirmed that there was some later remodelling
and shed new light on the history of the Royal Terraces (Pottier 1999; technical details in Pottier
1997). The eastern face of this structure had four successive stages, which we called MO to M3,
MO being a laterite retaining wall covered by M1, M2 and M3, a series of sandstone walls with
spectacular carved reliefs (photos 1 to 3). M3 had to postdate the reign of Jayavarman VII because
it had been built with re-used stones which showed clear traces of the ‘iconoclastic movement’. In
1997, even though the evidence was largely hypothetical, the ‘iconoclastic movement’ was widely
accepted as dating to the start of the reign of Jayavarman VIII, whose reign was thought to have
lasted from 1243 to 1295. That period has now been considerably shortened, since new research
has shown that his predecessor, Indravarman II (r. from ¢.1218/20), died only in 1270 (Jacques
2007: 41).

Angkor’s first anastylosis

There were two additional features on the North Stairway: a carved-relief panel which we
designated M4 and the base of a rather unusual s#pa (photo 4). Anastylosis of M4 started in March
1997. As with most anastyloses, one of the more difficult tasks was to find the missing pieces from
this three-dimensional jigsaw puzzle. While the structure was relatively small and the carvings made
it easier to identify the stones, we had an unusually complex task for we had to address a fourth

dimension—that of time—since the stairway had undergone several modifications.

The reliefs on panel M4—incomplete on its southern part—centre on the demon Rahu

who is framed by the bases of two triple-headed elephants within an overall composition of dancers
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~ .3

Photo 1 : East facade of the North Stairway of the Terrace of the Elephants in 1997
during the restoration works. Note that M3 has been temporarily dismantled for complete
anastylosis, revealing entirely the east side of M2. (OEFEQ)

Fhind

Photo 2 : Southern half 0f M2 before restoration, during ang//om 0]-’ M3, ( ©]. Poncar)
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i ¢ il

If of M2 before restoration, during anastylosis of M3. (© J. Poncar)

Photo 3 : Northern ha.

and warriors strangely similar to those of M2 and M1, usually attributed to the reign of Jayavarman
VII. The northern corner is carved with devata where the panel would turn to the west. We were
at that time unaware of the existence of a symmetrical devata on the south corner. That devata, had
been removed by the Delaporte expedition in 1874 and remained in the store of the Musée Guimet
in Paris until its renovation in 2001 (see Baptiste and Zéphir 2008: 409—411, cat. 129a). Three other
stones were also taken from the site, the corner block on top of the northern devata (cat. 129b) and
one apsara from M2, may be reused in the southern part of M4 (see Baptiste and Zéphir 2008: 442,
cat. 258).

Giteau had noted that the Rahu and the corner-devata she knew of were of late manufacture
and suggested that ‘this panel was erected in the 16" century with re-used stones’ (1975: 116-
118). Our restoration confirmed her analysis: the wall was created re-using two lots of earlier
carved reliefs, with some new stones inserted to join them up and to mark the edges. Re-use was
common at Angkor: earlier buildings were used as quarries and their stones treated as construction
material, re-carved without any consideration of their original purpose (apart for some door-jambs
or columns re-used for similar functions). But in the Terrace’s North Stairway, entire panels were
re-used, not just individual stones (figures 1 & 2). As far as we know this panel re-use is unique and

also noteworthy, for it is in a sense the first use of anastylosis at Angkor.
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Photo 4 : Remains of M4 before anastylosis in 1996. (OEFEQ)
Date of the panels

We had originally dated M3 (the eastern edge of the Stairway) to after the reign of
Jayavarman VII because it had been built with re-used stones which showed clear traces of the
‘iconoclastic movement’, which, as noted above, was at the time attributed to Jayavarman VIIIL.
During restoration, we found under M3 an exceptional series of foundation deposits (Pottier
1997: 383-385) and in 2011 were able to obtain AMS-dates for three organic samples from these
deposits. The first (NZA 38315) produced an anomalous BC date; the second (NZA 37805) had
a very wide range, 877 £ 50 years BP, calibrated to 1037 to 1251 AD (with a 95% confidence
interval). However, the third sample (a sesame seed without in-built age, NZA 38002), 717 £ 20
BP, gives a much tighter calibrated dating, 1272 to 1286 AD with a 68% confidence interval and
1263 to 1294 AD with a 95% confidence interval (figure 5). It suggests that M3 was built during
the reign of Jayavarman VIII (1270-1295 AD) and also that the ‘iconoclastic movement’ must have
happened before that king’s reign.

We also obtained AMS-date for a large shell found close to the base of M4 (NZA 37840)
and interpreted as likely a foundation deposit (Pottier 1997: 390). The date had a wide range and
fall within the Angkorian period, 1289 * 15 years BP, i.e. 962 to 1259 AD (with a 95% confidence
interval). Considering the expected 16™ century date of the reliefs on that wall, the result looks at
first too old and inconclusive, suggesting that the object was either re-used or that the stratigraphy
was incorrectly interpreted. But the in-built age of shell and difficulties of dating such probable
marine material do not preclude a late-Angkorian date. Additionally, Giteau’s attempt to date

the reliefs is solely based on comparison with a restricted iconographic corpus, mainly limited
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to the bas-relief sculpted in Angkor Vat dated from the mid 16™ century. Considering the poor
knowledge of the sculpture of the 14™ and 15" centuries in Angkor, and the existence of significant
occupations in the area of the royal terraces during that period (Polkinghorne et al. 2018; Leroy et
al. 2015), we cannot reject that the construction of M4 and its reliefs could have taken place before
the abandonment of Angkor in the mid 15" century. Hence the difficulty of continuing to refer
to this wall as a 16™-century construction. In what follows, we shall continue to use the term ‘16™
century’ for that phase in the terrace chronology, but for convenience only and with italics in order
to undetline the uncertainty of its date and association with the 16™-century royal resettlement in

Angkor.

" Figure 1 : Overview of
the different features and
modifications at the North
Stairway of the Terrace of the
4/ Elephants. (©EFEO)

=74
\ £ 1

Figure 2 : M4 after restoration. Origin of the stones: pale blue from M2; dark biue misplaced from M2y pale green from
M1, dark green misplaced from M1, orange are re-used stones from unidentified location and sculpted during the

construction of M4, dark orange are stones from M1 central panel but re-sculpted during the construction of M4, white
are new stones. (OEFEO)
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Differing techniques

The 16"century stones and the re-used ones differ clearly both in their style and in the
skill of the carvers. But they also differ in approach and craftsmanship. Tool size is different: the
16"-century carver preferred a 7-mm-wide chisel and did not polish after carving while the earlier
craftsman used a pointed implement and polished away all traces of the work (see Polkinghorne et
al. 2013: 596-597 for more detailed discussion, and its revision Polkinghorne et al. 2018 : 120). We
can therefore assert that several re-used reliefs were retouched in the 76” century, partly to match up
old and new work, and partly to remove the desquamation which had probably already started to
damage the carved surfaces (figure 2).

The placing of the 76”-century stones also shows a different way of building: the stones
are of distinctive form, often shallow and placed as a cladding, and so crudely cut that they left
significant gaps, which were probably filled in with mortar when a coating was applied to the reliefs;
during this period, metal staples were also inserted into both the new and the re-used stones. The
latter were re-assembled in their original order, except for a few stones from the lowest level, which

were placed at random, taking no account either of their cutting or of the logic of the carvings.

Provenance of the re-used reliefs

On-site research during our anastylosis of the M4 panel enabled us to precisely determine
the original location of the re-used reliefs: the southern half of M4 comes from the centre of the
eastern panel of M2, while the northern half of M4 (between the Rahu and the corner devata) was
originally the centre of M1’s eastern panel (figures 2 to 4). Furthermore, a demolished relief panel
found in the early 1900s on top of the Terrace of the Leper King, and now re-erected to the north
of that Terrace, also comes from the eastern facade of M1 and would exactly fit into the vacant
space in its southern half (photo 5 and figure 4).

These findings enabled us to completely reconstruct the eastern fagades of M1 and M2 (and

incidentally to show that there was never a direct stairway access): each consisted of a projecting
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Figure 4 : Reconstruction of M1. Pale green : stones existing before restoration ; Plain green : newly identified stones from M4,
darker plain green: stones identified at the Terrace of the Leper King; dark green: other newly identified stones. (OEFEOQO)

-~ e =

N

Photo 5 : Relief panel reconstructed in 1996 on the north of the Terrace of the Leper King. (OEFEO)

three-headed elephant flanked on either side by multi-headed horses (five-headed on M2, seven-
headed on M1), framed by warriors, dancers, musicians and singers on two registers.

But how could those reliefs have been re-used in the 76” century when M1 was buried under
M2, which was itself covered by M3? It is implausible that M3 could have been created as late as
the 76" century, because its reliefs are Angkorian-period in style. In fact, there are several indications

that the 76”-century project consisted initially only of revealing and clearing the surfaces of the
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Terrace platforms, which involved demolishing the remains of earlier structures; at that time the
upper portions of panels and M1 and M2 could have been found by accident in the embankment.
The profile of the re-used sections and traces of chiselling on some blocs indicate that it may then
have been decided to dig up and re-use some relief-panels (the ones that were easiest to find in the
embankment which were those from the centre) to ‘decorate’ the surface of the Terrace of the
Elephants’ North Stairway and that of the Terrace of the Leper King (figure 1).

After the 16™ century

The history of the site did not end in the 76" century, for a stupa was built partly on top of
the M4 panel re-using lotus-bud finials from local towers. The szupa’s lower portion and probably
its upper portion were built of laterite blocks covered with a lime coating, sitting on a carelessly
assembled heap of stones and earth. At that same time, or maybe later, there was some ‘restoration’
on the Royal Terraces, especially on the North Stairway where parts of the facing had been
breached; they were roughly patched up with whatever stones came to hand, without any concern
for the integrity of the reliefs. To top it all, the sequence was further confused by numerous works

of consolidation and partial reconstruction since 1908.

Many stones have travelled a lot since they were first put in place at the end of the 12
century. Take, for instance, a piece of newly-cut sandstone, first used in M1, a wall which was
already partly made up of re-used sandstone blocks; some years later it is re-carved and re-used
in the reliefs of M2. Buried towards the end of the 13" century under M3, it is unearthed some
centuries later (14" — 16™ century?) and placed in the southern half of M4, cither with its former
neighbours from M2, or recut to fit in with the ‘new’ stones of M4. Later on, this stone is displaced
by the partial collapse of M4 and is re-used, later again, to fill the breach. In mid-20" century it is
removed once more and placed within the reliefs of M3; in 1989 it breaks when a large tree falls
on it. Finally, in 1997, a restoration team picks up its pieces, re-assembles them and wonders where

this travelling stone has come from.

The standard three-dimensional identification of the various stones thus had to be
augmented by research on their successive positions during the various stages of the structure.
After a great deal of trial and error, significant groups of reliefs were eventually reconstituted and
placed in their correct order. We were able to reconstruct the M4 panel with both of its three-
headed elephants to their full height, with each stone in its exact location. It was more difficult to
determine the position of the 76”-century stones: they were so pootly assembled that we had an

incomplete two-dimensional jigsaw, with pieces that didn’t join and with no image to go on.

The complex interlocking of the various stages of the monument forced us to make
significant choices in restoration: since we had most of the pieces from the 12% and 13™ centuries

(M1 and M2), should we reconstruct them in their original location, thus destroying the later

99



Christophe Pottier

modifications? Faced with this old dilemma, common wotldwide, EFEO has since 1960 observed
the conservation principle of preserving the integrity of monuments while presenting all aspects
of their history. We therefore decided to retain the later work, so as to display the turbulent history
of the Terrace of the Elephants’ North Stairway. There, as at the Terrace of the Leper King and
at the Baphuon, respect for history leads us to create contemporary and artificial spaces, ‘spatio-
temporal intersectices’, so as to present the visitor with a more sophisticated interpretation of

Angkot’s complex past.
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NUMERICAL SIMULATIONS OF STATIC BEHAVIOUR
OF STONE TEMPLES IN ANGKOR

Jan Pasek’, Hansley Pravin Gaya™ and Karel Kranda™

Abstract

The medieval stone temples at the Angkor archaeological site have been exposed for
centuries to many external detrimental effects of various intensity such as e.g. temperature changes
causing specific failures of the structures. Such failures are caused by partly irreversible and gradually
increasing cyclical micro-movements of individual stone blocks. The total sum of all movements
that have occurred after the erecting of the temples have reached such as state sufficient to cause
stone blocks falling out of the structures. Processes of cyclical shrinking and expansion of stone
structures represents significant contribution to their eventual disintegration. Here we present
results of theoretical numerical simulations focused on static behaviour (stress, deformations and
failures) of few selected temple structures in response to temperature variations. This work was
performed within the framework of the Czech National Project at Angkor (CNPA).
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Sandstone monuments in Angkor; disintegration of sandstone structures; temperature
changes; theoretical model; nonlinear analysis; simulation of static behaviour; structural integrity;
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1. Introduction — descriptions of structural solutions

Most of Angkor structures (pyramids, galleries, libraries, bartier walls, gates, bridges, moats etc.)
are constructed from dry-assembled stone blocks. From static point of view, the blocks interact
through friction on the areas of contact. According to the current knowledge of theory of
construction and materials, it is possible to detect numerous faults of such stone constructions.
Those construction faults decrease resistance to the influence of forced and non-forced external
influences. Among the most hazardous defects are incorrectly assembled walls with poor joint
binding of each sandstone block, unsuitable combination of sandstone and laterite i.e. materials
with different physical parameters, unstable constructions of the galleries roofed with false vaults etc.

The principal structural problem of these structural deterioration is the combination of
influences such as leaning of the partial structures, delamination of the laterite casing and sandstone
cover of the pyramidal structures and fragmentation of the masonry to individual blocks (Pasek et
al. 2012). As a result of the movements of the stone elements, the vertical joints gradually open; the
blocks keep sliding out of their original positions leading to further detachment of construction
segments from the whole massive wall and eventually to its collapse. These failures appear the
most significantly at the end sections of the large constructions and in the places with structural
defects (Fig. 1). Research and analyses performed by CNPA focus mainly on effects of temperature

changes on the stone structures, with respect to the other important factors.

Fig. 1: Dypical examples of the structural failures of the corner or end parts of monuments.
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2. Methods and measurements

During the research performed by CNPA at the Angkor archaeological site we performed
numerous 7 sifu temperature measurements and subsequent laboratory tests to obtain data
necessary for creating theoretical models of few select structures. Then we performed numerical
simulations and eventually verified the results thus obtained. The representative structures were the
pyramid, the gallery, the tower, and the wall. The measurements in Angkor Vat, Bayon, and Ta Keo
were focused on documenting layout and parameters of the researched constructions and on the
quantification of the external influences affecting these constructions.

The dimensions, geometry including deformed shape, material composition, and layout
of the incorporated stone blocks were measured and documented at the select constructions. The
attention was mainly paid to the poor quality binding of the stone blocks on the walls and pyramidal
structures (Fig, 2). The builders of the temples probably considered that the unbound masonry
would be advantageous as it decreases the stiffness of these large structures and thus reducing
the negative static consequences of their dilations. Contrary to these presumptions, it is known
from contemporary level of knowledge that such layout of the masonry significantly decreases the
stability and resistance of the structures against external influences such as: temperature variations,

anisotropic subsidence and rise of foundation base, forced loads caused by gravity.

Fig. 2: Examples of composition types of the stone

masonry — column, random and with partial binding.
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From the character of structural defects, identified in the temples, we presumed that the
influence of the surrounding temperature was a significant cause of formation and development of
structural failures and disintegration. Potential stresses of the stone constructions caused by diurnal
temperature variation were monitored with infrared thermography (Fig. 3). These measurement
were supplemented by contact measurements of the surface temperatures of the structures and
inside of representative stone blocks (Kranda et al. 2009). The aim was to determine the maximum
and minimum temperatures to which the constructions are exposed during the year cycle, the
range and dynamics of the temperature cycles during one day, the range and dynamics of the
temperature shocks, and the temperature differences on the opposite surfaces of the constructions.
The reactions of the structures (deformations, movements) were monitored with sensors attached
to the stone.

T T JL L L I I L I L L L L & AL TR 1 TS TR
14 T 40 13 48 13 2 3% 31 34 A 40 43 48 43 4r 89 48 61 04 F0 T3 FA TR aEr &7 &8 @1 94 47 {00 0E 10A 108 11z 115 148

Fig. 3: The daily cycle temperature field on the surface of the monitored stone structures determined
by thermagraphic monitoring.

The performed laboratory tests of physical material parameters of Angkor sandstone were
complemented findings presented in publications of other authors (Uchida et al. 1999, Siedel et al.
2010, Uchida, et al. 2007).

3. Simulations and analyses

The most complex problem encountered during preparation of the theoretical models for
the simulations was the actual modelling of the interface of the contact area between the individual
stone blocks. Its characteristics depend on mutual interaction of the neighbouring blocks. In case
of a perfect interaction of the adjacent blocks the interface transmits pressure stress through the
contact and shear stress through friction on the contact area; the contact interface doesn’t have
ability to transmit tensile stress. A movement of one stone block towards another one or a change
of the structural stress state, fundamentally alters the characteristics of the stress transmission
through the interface of adjacent blocks as well as the extent of their interaction. The Dlubal RFEM
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5 (Dlubal Software Ltd 2012) system was chosen as a suitable software for the static behaviour
simulation for the constructions of the stone temples in Angkor. More detailed description of
modelling is presented at (Pasek & Gaya 2015).

Stone walls can be used to demonstrate some principles of the static behaviour that are
also applicable to other structure types. A fundamental influence on the static behaviour of the
stone structures, influenced by temperature, is caused by their construction technique, in particular
by using dry masonry with low quality binding of the stone blocks. Although there is no bonding
agent (e.g. mortar) between individual elements, the adjacent blocks were originally arranged with
almost perfect contact thus transmitting the pressure and shear stress.

With increasing temperature, the individual heated elements of the masonry expand, and
push on the neighbouring blocks. According to the intensity of the vertical load and value of the
friction coefficient on the contact with the lower and upper block they partly press and partly push
the adjacent blocks (Fig. 4 — left). After decreasing the outside temperature and subsequent cooling
of the construction the individual blocks shrink. The shifted blocks may, in many cases, have no
longer the ability to return to their original position as the contact joints cannot transmit the tensile
stress. Hence, this process is partly irreversible. As a consequence, the vertical joints between the

blocks stay partly open (Fig. 4 — right).

Fig. 4: Character of the deformation of the stone wall generated by heating and cooling.

Widths of the interblock gaps may keep increasing in time with the cyclicity of the above
mentioned phenomenon, also in combination with other factors. As in this phase of the failure
of the masonry there is also the absence of the pressure-stress transmission to the vertical areas.
The speed of the disintegration, in this particular case, depends on the degree of transmission of
shear in horizontal contacts between the blocks. If the open vertical joints become at least partly
filled with some ballast material (e.g. wind-blown dust or material brushed from the surface of the
blocks cyclically rubbing each other) during the cyclical temperature load the transmission of the
pressure stress between the blocks repeat itself and it speeds the described process of sliding out
of the blocks and disintegration of the masonry.

107



Jan Pase, Hansley Pravin Gaya and Karel Kranda

.

lu] [mm]
2908
2643
2379
2115
1850
1586
1322
1057
0793
0529
0264
0.000

Mn: 0000

Fig. 5: One of the Bayon temple towers on approximately square ground plan damaged by disintegration of the sandstone
masonry; simulation of the deformation and damage of the tower loaded by heating of the masonry on two sides.

If one half of the tower is directly exposed to solar radiation while the other side remains
in the shade (Fig. 5), the expansion takes place mainly at the sunlit area leading to an increasing
stress and movement of the blocks near the corner edges of the masonry. The highest values of
stress and displacement are near the top of the tower; however, the largest relative reshaping is
recorded at the base of the construction. The reason is that the pressure on the elements bellow
is mainly caused by the self-weight of the higher located elements and at the same time the lower
blocks have very limited possibilities to expand or move due to this stress and the interaction with
the subsoil.

Modelling of cooling of tower structure shows there is a contraction within the whole
construction as well as individual blocks of the masonry; the effect is again concentrated in the top
of the tower. Due to zero transmission of the tensile stress in vertical joints between the blocks the
joints keep opening (Fig. 0). In the extreme cases, this can mean a loss of stability of a part of the
structure and its further collapse.

The static behaviour of the pyramidal like structures is significantly similar to the static
behaviour of the tower. Fig. 7 shows a typical damage of a pyramid corner edges, i.c. a positions
from which the stone blocks are being pushed as a result of expanding masonry of the adjacent
walls.

Static reliability of the whole construction of the galleries or the corridors is in large extend
determined by the technical state and behaviour of the roofing — false vaults. During simulation
it was found that presence or absence of a row of top stone blocks has a significant influence on

the stability of the false vaults. Many vaults are up to hundreds of meters long and that is without
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Fig. 6: Character of the deformation of the tower on rectangular ground plan with stress caused by cooling of the structure.

Fig. 7: Character of typical damage of a temple pyramid corner, an example of stone blocks displacement of simple
model of the pyramid loaded by heating.

No tOp stone

Fig. 8: Character of progressive collapse of vault structure, deformation of uncompleted vanlt loaded by self-weight

and uneven warming
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any interruption by expansion gaps. The overall stability of the vaults is especially ensured by the
stability of the individual blocks and the friction in the contacts between them (Fig; 8).

In case of a complete yet undamaged vault, i.e. with top stones, the simulation indicated
thatitis very stable. However, as well as in other temple structures, the cyclical temperature changes
cause cyclical dilatation movements and slippage of the sandstone blocks and widening of the
spaces between them. This process further reduces or even eliminates the mutual contact between
the neighbouring blocks. The influence of gravity makes the top part of a damaged structure to
act as if it was several independent cantilevers. The individual blocks of the vault rotate and lean

towards the ground. Once the top row of the blocks disappears from the construction, the ensuing

disintegration proceeds much faster.

3-D view af the half of the vault

By jerm]

Crass section

Fig. 9: Character of reshaping of the false vault loaded with self-weight.

When comparing two varieties of modelled structure, the vaults with missing top row of the
blocks seem to be significantly less stable. During any displacement there are strong horizontal
forces, which cause opening of the supports and progressive collapse of the vault. As soon as the
construction loses the stability at one of its parts and collapses usually the affected part of the
temple gallery collapses too. A significant hazard for the loss of the stability of the galleries is also

the uneven decrease of the vertical supports caused by unstable subsoil of the temple.
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4. Conclusions

Results of the performed theoretical simulations, provided so far, may be fundamental
for understanding the principles of a structural behaviour of Angkor monuments. The study
documented that the temperature changes represent significant factor negatively affecting the
technical state of temple structures. Based on these results it was possible to describe some causes
and processes that may be responsible for the disintegration of temple structures. Theoretical
models can be used also in the future for studying reaction of the monuments to other types of
load effect and for forecasting possible development of their future structural and static reliability.
Moreover, with theoretical models, it will be possible to analyse in detail the consequences of
historical construction interventions and to test the future interventions focused on elimination or
more precisely remediation of structural lacks and defects of the monument structures or at least
to preserve the present state.

Given the results obtained so far in cooperation with the Apsara Authority it became
possible to formulate some recommendations for performing future reconstructive interventions
of the relevant structures. In cooperation with Apsara Authority, it is hoped that CNPA will be able

to further develop and test these models.
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