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Executive Summary

Project Code: RDG55H0006

Project title: The Interaction between Prehistoric Populations and Environments in
Highland Pang Mapha, Mae Hong Son province

Principal investigation: Associate Professor Rasmi Shoocongdej
Department of Archaeology,

Faculty of Archaeology, Silpakorn University

Email: rasmi@su.ac.th
Project duration: 1 September 2012-31 August 2015
(3 years)

First extension: 1 January 2013-1 December 2015

Second extension: 1 January 2013-30 April 2016

This research investigates the presence of prehistoric humans in Pang Maphadistrict in Mae Hong Son
province, Thailand. This project integrates archaeology, Physical anthropology, Dendrochronology, and
geology. The objectives of this project are: 1) to study the palacoenvironment in the highlands of Pang Mapha,
2) to study the characteristics of prehistoric human populations and its relations, 3) to examine the relationships
between changes in environments and cultures in the highlands of Pang Mapha, and 4) to develop a new
generation of researchers who specializes in prehistoric archeology, anthropology, and dendrochronology in
Thailand. These specialists are currently scarce in Thailand.

The operations of this project are divided into three major operations. First is the excavation of the
archaeological site of Tham Phi Man Long Long Rak. Second is the survey of archaeological sites and the
environments of the vicinity. Third is the analysis of data an evidentiary objects in the laboratory.

The results from our research project are summarized as follows:

First, the analysis related to historical environment. The analysis of animal teeth, river clam shells,
and sediments from archaeological site of Tham Lod rockshelter shows the cycle of climate change between
35,000 to 10,000 years ago. During the late Pleistocene period there was a tropical climate interchangeably with
cooling climate, and dry and arid climate. During Holocene period the climate change to more warm and
humid. While during late Holocene period the climate was continuously variable. The climate was mostly drier.
This change in the environment is probably due to human actions in an effort to survive and create habitat.

Second, the characteristics and relations of the prehistoric population. The study from Physical
anthropology and Dental anthropology show that human from late Pleistocene, early Holocene, and late
Holocene have different characteristics. That is humans from late Pleistocene from Tham Lod rockshelter and
early Holocene from Ban Rai rockshelter have skulls, facial shape, and teeth similar to humans from the

Australoid-Malanesoid group. On the other hand, population from late Holocene in the era of Log Coffin


mailto:rasmi@su.ac.th

culture had the characteristic of mongoloid group. In addition, teeth analysis shows characteristics that belong
in South-east Asian population.

Third, the relationship between humans and the environment in highland. The cultures and societies of the
late Pleistocene and early Holocene periods have similar characteristics in that they gather in small groups; they
appear to have egalitarian society. They have frequent mobility according to natural resources and seasonality.
They use rockshelter close to water source and hill side plains as temporary habitat. They make tools for daily
use from river cobbles and use the direct percussion technology. They hunt large to small animals for food.
They honor death by burying their dead and their belongings such as stone tool and freshwater clam in everyday
dwelling areas. However, the culture of late Holocene differs significantly from the culture of early Holocene
and late Pleistocene. During late Holocene period because of more variability in the climate, the populations
had to adapt to significant environmental changes. Even though the habitat remains in the same vicinity area as
early Holocene, the population settlements are larger with higher population density. This is evidence from
human remains discovered. The analysis of the archaeological site also indicates that there was division of labor
among different specialties in society. On the other hand, the settlements are still located in plain area in the
form of villages. They use caves and rock shelters as burial sites. Late Holocene human daily survival still
depends on hunting and usage of natural resources. Specifically, analysis shows that this people have developed
better use of wood and flora in general from the forest for their daily lives and ceremonial events. This is
evident from the use of teak for coffin, lacquer for covering the coffin and wooden ware, hemp for making
clothes, bamboo for baskets, etc. Further evidence emanates from the prominent point in the late Holocene
culture on their belief of death. They make coffins, select location for burial ground and place inside the cave.
The stylistic variability of coffin head imply more the socio-cultural complexity than the pebble tool culture of
the Late Pleistocene-Early Holocene periods. There is also evidence of exchange and communication among
outside villages such as the discovery of cowrie shell, iron implements, glass beads, etc. This shows that the log
coffin culture is distinctively different from the pebble tool culture.

Fourth, development of next generation researchers. During the course of the project participating
researchers have written a total of 13 theses. There are three PhD theses composing of one in archaeology from
University Rovira I Virgili, Spain, one on the environment from the Faculty of Earth Science, China University
of Geosciences (Wuhan), Hubei, The Republic of China, and one on faunal analysis from Mahasarakham
University. A MA level includes one thesis from Faculty of Environment and Natural Resource, Mahidol
University. As for BA level, a total of nine theses including four from Faculty of Archaeology, Silpakorn
University, four from Faculty of Science, Srinakharinwirot University, and one from Faculty of Environment
and Natural Resource, Mahidol University.

Fifth, dissemination of information and benefits to the public. The dissemination of information for
the use of research to benefit the public totals 144 items 1) organization of arena and community meetings for
discussion of the current issues relating to the project : 3 items, 2) youth and community camps : 4 items,

3) organized archeological site visits : 13 items, 4) public lecture : 5 items, 5) present the research works and



brain-storming with the international archeological communities : 23 items, 6) academic publications : 16 items,
7) student internship in the archeological field trips : 11 items, 8) coordinated and collaborated with Thai and
foreign researchers and experts in related fields : 18 items, 9) academic conference organized by this project : 2
items, 10) working papers, thesis, and dissertations : 13 items, 11) supported data and information for the

exhibition : 4 items, 12) public media : 27 items and 13) books : 5 items
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Haan Armavesnisiean guvvveamsilaan nagylunuiiTasvesnnusoy
(Buikstra and Beck, 2006; Goldstein, 2006)
Y v Fa v
1.2.5 MIVATIZHIFINUN (spatial analysis) Voam3 lnunameluuvaslusiananinms
N3£918A2U99 11U 19309 (Evans, 2003)
a d Aa o o o Y]
1.2.6 ﬂ”li’JLﬂiWﬁQJJ‘I/lﬁuLLﬁziziJ‘]Jﬁﬂluﬂﬂ‘lsltﬁ' (landscape and symbolic system) Tag
Vv v
UATILHIAMINTENBF VO A TUTIUARYTZANA199 Mgl NITE(Evans, 2003)
1.2.7 MIMHUADIgAI T MIINeNaas (Renfrew and Bahn, 2012)
1.2.7.1 M5VoU-14
o a o
1.2.7.2 03 lugiiuensua
4
1.3 mydannziailszanananangiunia Tunandnaue

=S @ =S
1.4 Glﬂ’ﬂllﬁﬁﬂ§1u1/l'lxﬂﬂﬁ"lmﬂﬂ

Ay o o ' ) va dou A % X 4
Iﬂi\?ﬂ15ﬂ15ﬂ§]ﬁﬂ‘wuﬁ§$‘ﬁ'JN?J‘LAHﬂﬂﬂuﬂi?ﬂ@]ﬁTﬁ@]iﬂUﬁ\unﬂﬁGNUUWUWQQ"I 7
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2. MuanypEINeNnmamn (Jasanszgnam)

2.1 mﬁﬁmgﬁmswvﬁﬂﬂnsz@,ﬂuazcﬁudmnsz@,ﬂ
2.1.1. mydunauaz)TsuioDanyazN1anIen INUeINIzn (physical appearance) Wit
I 14 (metric traits) 1oz 313’18 (non-metric traits) Tasdnslualszifudian Sail
2.1.1.1 mﬁmﬁmauﬂuadnﬂ'aﬂﬁqa (minimum number of individual) Taens
ﬁ’mwmmz%munﬂszﬂﬂudazcﬁu wdrfuiauyanaiens oy
Uszmnseddesiiqa $181989mn$muvesnszgnindiudumuyanania
2.1.12 Usznsmans (Demography) ﬁamiﬁﬂyﬁmawﬁ%’agmﬁm&'umm
Tn3anTzqn dail
- 10t (sex) T¥anNBUZVOINTZRNITFINT U (pelvis) naznz Tnanfsby
(skull) gl mamne mags (awzlulasanszqndlug) Taoly
sl oufioudn98991n Buikstra&Ubelaker (1994)
- 011il0A18 (age at death) W Tnsanszgnidn Iinasinisnsadula

' <3| @ [l @ 3 [y
Vo319 unan [y Wansmsvuvesily ANYIIVRINTEYN

A

HAU MIFOUAIVBIAIUUAUDINTZNIUVUYT (epiphysis) NiFOY
audraueeeny TasldnuailSoufiond198991n Schacfer er al.
' 1a @ 4
009) dalu  Tnsenszendlugdinsigd ldvinnsi@euanin

I o W " @ 4 1 o ]
yoanszgmiludiAny IsudaImsidendnmuesdenonszgni v
. . Y I a2 = Y a

(pubic symphysis) laald#inaaideuneus199991n Brooks &Suchey
(1994) g MYItaRansZgN 1ABIANIZDE1980ATINITITOUYDIVD
ABNIZANAUNAI¥INBT (lumbar vertebrae) UAL¥ U (knee joint)
(Buikstra&Ubelaker, 1994) 8031015 8n¥0aWUNI 1N (molar teeth)
(Brothwell, 1981)

- dIugN (stature) 13515 TAA1WE1INTZYNE1 Ao nTzgnAIUN

Y o ' o

sazuan wdnh lunumlugasdnuniugeveslasanszgn Tag
1o gasaunsNAnB191nA21W81I904 long bones voIAn Inoilagiiu
(Pureepatpong et al., 2012)
2.1.1.3 3amsdseFnvesnulueda Tasdeunainsesseonislyauves
v A '
NAUUBUUNITEAN (musculoskeletal stress markers) ﬂﬁﬂﬁﬂaﬁﬂﬁﬁ)ﬂﬂﬁmw
v v
YoInd o NFAUDUNTZN FIWITNOTUIBDIVDUNUNITAITIFIAV
9 A A v A 9 = 1 a o =
Wwealasanszgniwen Teanudunadenluedarunganssulunisdisaam
(Kennedy, 1989)

@ @ I 2
2.1.1.4 gunweusionaz 15nfo 19190 (health and pathology) vosaulupfa
Tsauazanuralnanetsnululasinszgnaulusiulvalsdnyue 15y

¥ v
N32ANHNNTOUAN (trauma) NTZYNBNITUITBININMTAMFOLUUATIS Y 15U T

Y 1 4 kg
157 (tuberculosis) UBABNTLANITBUANIN (osteoarthritis) 111090AVDINTLAN

Ay o o ' ) va dou A % X 4
8 Iﬂi\?ﬂ15ﬂ15ﬂ§]ﬁﬂ‘wuﬁ§$‘ﬁ'JN?J‘LAHﬂﬂﬂuﬂi?ﬂ@]ﬁTﬁ@]iﬂUﬁ\unﬂﬁGNUUWUWQQ"I
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(neoplastic disease or bone tumour) N1ILNTLYNNIU (osteoporosis) TsaTlaang
(deficiency anemia) Tsalusoarha iy ‘i‘/’\luvg (dental caries) MI0NONIETUNS 015U
(periodontitis) (Roberts & Manchester, 1995; Ortner&Putschar, 1985) 394508104
Tsauuedniisanguunszqauasilu evderansenuaemsnSydulanse
AN gIv09319n8 1@ (Larsen, 1997) Hdodunvainindminsvaleaunai?

ATITUI19A31A2 10D TUNITWUT09508 enamel hypoplasiastiaz lug Iuiluyeq

]
=

&% 9 1o A 4 1 U U
Iﬂﬁ\iﬂi&iﬂﬂﬁiJEJEJﬂVIL"’IﬂiIﬁQﬂiJLﬂ‘H@ISﬂiﬁllﬁlWllll'lﬂ%uﬂ'J'liuq@]ﬂﬁl’fNﬂ?ﬁ']

o = o o A ) ! R 4 A o
AR UTAINANUAUATIANTINANTENUADTAINT WNNIMNUFIVUIUD I

a a o 4 5 [l [ [l I @ 1 =
L%imL@]UIﬁLLﬂ%WU%ﬂuNWﬂ%H iJfﬂiE]Q@Wﬁﬂﬁ)ﬂ?ﬁlﬂuﬁﬁﬂl!ﬂﬂﬂﬂ?’li agy

=

Nuulszmns LAY (Cohen and Armelagos, 1984; Lukacs, 1989)

4
A o

1 [ v v
uennidlisessesveslsanlsinguunszgniiniuedratanulugaiy
Tni FaflugausmTuvesnsdunuasnisy u Tsansyansouiiioninns
a a A o <3
VIAINTUUY LU scurvy, rickets, N1IENITVIATIALMAN (iron-deficiency anemia)
Tagin@in1anssiviaa1se1n1seensznUaes 1unevesnws launuag
A [l A =< o R A 3 9
Ngalueieiy 6 1euInn 2-3 1 Failuszezina1ngameve uAnAvIN1g
1 4 4
msermsetaiuaiamsniapaulaediaun dariulusiseigiistanie
s Yo A2 o o A =
wywdaz ldsunansznuannannzhaunssadwnanmaasuuilasyes
a 2 ' 3 ' '
s35uALazdwIaden 1d061959A15 Az AIHANTENUTUUITIADTVNIN
4 o < o
(Stuart-Macadam, 1989) luiFeavealsase lddvvesnulusanusssuladld wy
= = = ' dyd <
soalsnlsnguuns Tvanfsye ¥9019U9FDI0MIv0IMIVIATIHEN 1Y
1 1 4 v
$19M10 182309508V UTRHUAINTZYNONIEY G508 15ANIA0IDE 19D ID]]
AUMANINNINTNAVDITUIAADUNTIHANTZNUADANINT 1N 10D 19D 99N
= v a 1 9 1 Y <3 1
MsAnEIveinIxINIsa1ee 1dnan1imsviasigmanlusieneen
4 A axaa 1 1o I~
iennnamaasunladiddiannnisnvesthardadliidumsmzilgn
a IS @
wazhunmiue1mIsndn (Kent, 1992; Stuart-Macadam, 1992; Robert &
Manchester, 1997)
2.2 M3 INTIEHN19F Tana (Biomolecular analysis) D N3UATIZHNIUAT (Chemical analysis)
a2 a 4 = Y v W '
2.2.1 Adwe (DNA) ions1udeyansaduanuduiusveinguauniaioidon (Brown
&Brown, 1992; Brown, 2001) 33shmsanaldflunswiiegluanimauysal hitisesuan
A ' ° <3| = Y o o Y
wioitlugninmsgnseu hinvavuiuwazidea udnih lladaTagldnszuaunisns
A k4 v a g [ Y KX o o A A, a s S =
ndl e Idasanamiouennmilundlvai 1 Per omus v e 91n1iuis
o ) . A o w a g . A o
111111 DNA sequencing ADN15MI81AVVOIRAIOWID (Lertrit er al, 2008) 11111l
= = o 9 4 Ao d Ay I 9 Yy 9 A
Weufeanugiudoyavos DNA Tunguanaiugaieg fldmnudoyaliuds enn
v o & ' A = = A o J o ' Ao
anuduiusvesnguauluedainzlinnunodesluFuiugmeans iunquandsiug la

Tuilgiiuthanse b Tasvearwewaszimsduivauluiemansmisinnmans

Ay o o ' ) va dou A % X 4
Iﬂi\?ﬂ15ﬂ15ﬂ§]ﬁﬂ‘wuﬁ§$‘ﬁ'JN?J‘LAHﬂﬂﬂuﬂi?ﬂ@]ﬁTﬁ@]iﬂUﬁ\unﬂﬁGNUUWUWQQ"I 9
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10

4 o a = a aa
1IN MAATINGG Wy, AT, WAE 1AAgNT MAIMTuAT Aazuwnemans A331¥ne111a
UMINdeuaa
' . A4 9 o a4 o
2.2.2 M3a529¥181 1o Tas Tn1l (isotope) 910n5ZQN tlDAUMIAIADUINEINY TATUINTS
1 ' 9 '
(nutrition) 1o TeaanuduiusvosnuiUFUIAdON AADAIUMIAIDUTIULAZDNEN
Tonéevosdanluoda (Evershed er al., 1995) msananiatle Ty Tnildidlunswai 1
¥ A A A s A = o = ' ' s

NIENAUVINTOF s aNUANIMANYTalNBINo NIZHINITHIA1 15U ANTUOY

(Carbon) TuTas19% (Nitrogen) 00N%1U (Oxygen) UazanToULAeN (Strontium) A181u

nizggnuazilwer 13 1dneissivzananiarle TaIndeonula TasldimaianiSonin

irm-GC/MS (isotope Ratio Monitoring/Gas Chromatography/mass Spectrometry) (Stott et al.,

1999) 1l ¥ IMIAB UINEINUTLUV IN¥UINNT (210 Carbon isotope) tazanwidnaen Iy

4 9 '

@7 (110 Strontium isotope) UONMNTHEIBIINTZANTA THeRNY Tuura TuIUARLAz

nszgndaithpiulutesdulafamaraasowiionlo TaTnddae iievzanunsaiwa

sy v 2 v a vy v o = ¢

nldnvenenmvesdunadouluedaldnisviwazFanuinulasvonnuoynsiz v

mssuiiuauluiesnaaessmainnmansan as. luseu Aaledu (Brian Chisholm)

WHMINeaeUTas Inaude Uszimeninuna
2.3 MIATIABUTOIANUFNITUT luFanenmvesnguau Anu Taniwsdiuvesnz Tnan
= A '3 v VY = a o 9 a ' o o = = o
Asvzhauysoinazda ldunlSeudiisuiudeyaduainlasanmsneu saunai lunlSeuieuny
Joyavesnz Tnandsvzoinuvacous Tudszmalne wu nlSeuienduiausssutazsiaam

v Y Y ' F
weanuiuvasdiladlfthuhgrudenazdignidinain sunethwed Saniamidesaou
Wis UM uAUFIIAUASINULAA I TAUTITY 13U urasTuaaaiug lan Tuuda 391ia
unsFaY uFes 39 iagassti thudele dandadimu dszau andadie eounana
darndadeslil Tanwuud saniarals vioornlTouiounuuvasiausssunazsIaa1im

Y

9 4 1
aglunaniu wu wasTusmaadmse dune Insloa sanianmgauys dmueden sanianszd
v
o @ @ [ | o = a [ a
f1a11n Jandanss nSemmilu 'l 1dewhdeyalufnyulSsuieusudeyans Tnandsuzain
uvasTusnd lulszmendoauny Nadtlud uaziuaeuld
=2 S A A o v o =2 o
2.4 msfnm Insansegnlulsafunesuteanvlsgmal Tausssunsdan Anvi lasdunauay
3 9 ) a LAl o av 9 = 3 o dy
nudeyannmsyanu TasdinsizisauiunuidsaTunana lulsydudi
2.4.1 MIBEIAMALNIINIAIVBIINTINTEGN
v 4 ' 1
2.4.2 Snnuyaaainuluiuiiviie vearquyady
a s A IS LY 1 @ @ 1
2.43 Mywnsziisea)szmamsthans iy Tusadagilszinnedin
9
2.5 MIduATIEHIEUTEUIaNanaNTIUN ALY BIINGINENINTIINA

2.6 ANWHANTIUNNATUNIYHEINGINEAN

Ay o o ' ) va dou A % X 4
Iﬂi\?ﬂ15ﬂ15ﬂ§]ﬁﬂ‘wuﬁ§$‘ﬁ'JN?J‘LAHﬂﬂﬂuﬂi?ﬂ@]ﬁTﬁ@]iﬂUﬁ\unﬂﬁGNUUWUWQQ"I
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3. ANy BEINNMEMN (W)

= Ly 1] = I ] A
msanufuiamsdnyieoondu 2 a8y Ao
= v
3.1 m3fanu1 laald CT-Scan
< I 9 3 LY A = =} =1 [
3.1 iflumanudoyanemenmnenmluiaznisuenvesilu e fnylssuieuny
[y 1 = [ £ :’ A A Y= '
unnuvasTusiund lugadausisuladldanswun lddnynnou
g o o g s 9 o A o
3.1.2 wen9nHN3H CT-Scan dutlumsinudeyavesilunszgniarvasluvuiuns
v Y

Any1 DNA wazmsnigiuun o TasTny (isotopic signature) Nazinludunoude 11 ua
) g g ny o & Py Wy
doyanmenmilvzgminu Buazansoiuninszidluila

32 m3auaed lo T TndiflunismigduuyleTa Tni dnvaznsnszaevesle Telnliaios

9
v A

(stable isotopes) 1INAIUA1Y VoeiluTasmanzanNsTnInTIzHvoya lARil
3.2.1 ANYAUZVDI0 NS INOMIHAIINIVOID 115
3.2.2 5¥AUNINUBINIS (trophic level) T10gaulavadriaalso1ms (Auirnsoda’)
3.2.3 mansyau Tanagianms jUuuuvesemsiulaeu luawaserglunaazau
1 ] (< 1 = [ dy A a o A ]
3.2.4 awuanaslunydszannsiuiuaulunquideriu waniui@eadunie
(population heterogeneity)
1 dy A Y AA A ] . . =} =1 @
3.2.5 Uszannsnguilindeudionninnounie I (rack migration) Tasnl3euieuny
stuyule TaIndviniir iy uagdunadeuluninalndifos msAnugdunuves
ToTa Inlluiluiive ldnSsunnmsdnyinnauoug vess1ame fe
o S| @ A g A 1 o ' a
- fuflueSoziudausenanuiigalusriamenysd JafanulunvasTusiund
' [l A ' <
Negluanmwiauyssininndn wu vu 1Y W3 enszeN
ST A a1 o A ' o =
- fluidluszuvila lidadenudunadeunisuen d1luuanin Tomanazgn
~ 9 Vo &
Yutlouvztooninedonzonug
1 9
- msadvesilulugiaie dgduuumiven wodiiu1dadaludez b
] 9 @ ] [ = A A A v
Fouasnau Tl v liadrwuvyuBsumiiounszgniivannlasunuszuy
A ' = ' = Y =] = ' '
oapgiaue Fanueanunmsansiluszuenlandninaueigmils
sinvvvesleTaTnilTuawdsanu

= o y Al &
A, MIANHIHUNTIWUNVUTAN

' 9
= Y

v = a A Iy 3 = a
- anmusnaaasuiluszilumsnyinyanatiuiony
sz 6 1hoU

Y =K a [ I = ~ 3 =
- Menwsnalaeinilueztlumsanyinyanaiiuiieny
sz 2.5

= o 9 A

¥, MIANEIHUAT N DUT AN

Y = a A Iy 3 = A S a
- MAnvuFnandsuuazdlumsAnyinyanatiuiieny
szaan 12-16 9

Y K a Y I = ~ :;‘ =
- mnwusnalaesinilueztlumsanyinyanatiuiieny

sz 18-25 3

Ay o o ' ) va dou A % X 4
Iﬂi\?ﬂ15ﬂ15ﬂ§]ﬁﬂ‘wuﬁ§$‘ﬁ'JN?J‘LAHﬂﬂﬂuﬂi?ﬂ@]ﬁTﬁ@]iﬂUﬁ\unﬂﬁGNUUWUWQQ"I 11
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v aa
ATUTIUING

= AL o qy v a v o =
Namﬁﬁn‘mﬁ]1ﬂWuﬁmGﬁuﬁ)xm"lwmm?ﬂaﬂum:miﬂummﬁlmgguu!,ﬂaﬂu

' ' o ' g < 9 ' oMYy A '
f‘)Eﬂﬂ‘liﬂﬁf’)ﬂﬂf')%')ﬂWﬁ\‘]!Lﬂ!ﬂuﬂ"ﬁﬂ 1N !Lﬂgﬁfl‘ﬂfg 33117]31@8187]@@1“%3\1@1@

1 ;‘ A 1
ma1tvse 1y

9
o ¢ o a o
33 ﬂ1§ﬁﬁ£ﬂ§1$ﬁl£ﬁ$ﬂi$h?ﬁwﬁﬁ’ﬁﬂjlu‘i/lNﬁHull'li{HEJ’J‘VIEJ']ﬂ']EJﬂ1W‘VI\TH1Jﬂ

3.4 AANMUHANFIUNAIUIIYBEINGINEN N

~ @ v 5 S
15199 1 mqnumﬁaﬁwﬁuumummaq

Maxillary (upper) teeth

Primary teeth Central incisor | Lateral incisor Canine First molar | Second molar

Initial calcification | 14 wk L.U. 16 wk L.U. 17wk LU. | 155wk LU. | 19 wk LU.

Crown completed 1.5 mo 2.5 mo 9 mo 6 mo 11 mo

Root completed 1.5yr 2yr 325yr 2.5yr 3yr

Mandibular (lower) teeth

Initial calcification | 14 wk L.U. 16 wk L.U. 17wk LU. | 155wk LU. | 18 wk L.U.

Crown completed | 2.5 mo 3 mo 9 mo 5.5 mo 10 mo

Root completed 1.5yr 1.5yr 3.25yr 2.5yr 3yr

M3197 2 2 1g UM sad 1 ailiFa1ag

Maxillary (upper) teeth
Central Lateral First Second First Second Third
Permanent teeth Canine
incisor incisor premolar premolar molar molar molar
Initial calcification 3—4 mo 10-12mo | 4-5mo 1.5-1.75 yr 2-225yr at birth 2.5-3yr 7-9 yr
Crown completed 4-5yr 4-5yr 67 yr 5-6 yr 67 yr 2.5-3yr | 7-8yr 12-16 yr
Root completed 10 yr 11 yr 13-15yr 12-13 yr 12-14 yr 9-10 yr 14-16 yr 18-25 yr
Mandibular (lower) teeth

Initial calcification 3—4 mo 3—4 mo 4-5 mo 1.52yr 2.25-2.5yr at birth 2.5-3yr 8-10 yr
Crown completed 4-5yr 4-5yr 67 yr 5-6 yr 67 yr 2.5-3yr | 7-8yr 12-16 yr
Root completed 9yr 10 yr 12-14 yr 12-13 yr 1314 yr 9-10 yr 14-15 yr 18-25 yr

12

Ay o o ' ) va dou A % X 4
Iﬂi\?ﬂ15ﬂ15ﬂ§]ﬁﬂwuﬁﬁgﬁﬁ'ﬂ\1ﬂuyﬂﬂ@uﬂi?ﬂ@]ﬁTﬁ@]iﬂUﬁ\unﬂﬁGNUUWUWQQ"I




5109 en ANyl 1aui 8 AMUTIAING

% AQ' %
4. MUAUNINAN

msfngaudunadeulsznoudlsdoya 3 Uszian Ao 1) Arederiusen 2) Aedlacld uaz
o (] £ [} & A = A Y 1 ] ) v ad <
3) A19819a00Ia) FIzFIeaol landiseamsnlasuulasdunaasuluudazsianal d1msuITMany
Y
f0819 1958UEI0E19 HAZMINAIIEH Naraziden Tasduvildaedl
4111900
A Y Vo I ' A 4 o= A o oy &2
4.1.1120nH1f08193 14U 2 61 Feded lunungudanusssumanazdaithdniaea
[ @ LA 1 o’l o Y @ @ T
Tuasnymiugdaaithquinhe suneihawedn v iauigosdon
v 1
4.1.2 nufedniiusens i 2 doude 1 61 Tasinsaniuieniidaiizineglasdana
a 1 do & 9 J A & ' 2 o P
NAUTNUEINDUgANgIFUaI0I g 1eruAsITugUune nazihuded1aTagnis 1y
P ~ a a A Y= a A g o a Y v
ApUFIAIAIZUTIUF MY UIon Tassouie TndauTnandugaduilauazau
v v v ¥
¥gARRNIINNUTNNZIA 1INTUTLYFOVDIAI10619
Vo VY A A o a A A ' A v o
4.1.3 MidegaianIealedanu luunias mndarsseavoaiuseningyiu e vy
Tasear1aveansnafuUe i LIeALAzINAN D 1AAI9E19A e N
o A Y A ] A o Vo
4.1.4 Tarvu e AN 0T U0 E19TA U
9 A A Y/ @ a a o 1 a a
4.1.5 lmaTolonIoWUHIRIZYHIA 0.9 HABINAT 101ZAIDINHUANLULIN TaglTuna
@ l a a o 1 d' 1 o A
Ae81915z0nw 100 Jaan5uaeds e liwiare1glaonesisen-230 (230Th)
1 Ja 4
4.1.6 mA01y Iaonesison-230 (230Th) Taol9iATo9 Magnetic sector inductively coupled
plasma mass spectrometer (ICP-MS, Finnigan Element) ('3%'mmsina:x§amzu“l%"lu
MIANYIVBY Caiet al., 2010)
o A Ao 9 v A s ~ .
4.1.7 hiusenidaud llaunudreniesaunuiuesninuazideags (microtek) Tng
AIAINNaZI08AN RGB/3200 dpi
4.1.8 i Idnnmsaunuinszydwmisve vasiunaziusmauiiulaons 19
T15unsu Adobe Photoshop (381508 19az1Boas21y 131Uun15AnY1V0 Caier al. (2010)
119 Muangsong et al. (2011))
4.1.9 Jamsanmaan Tauazseavdim Iagld 1151051 Image-Pro Plus 5.1 (33150614
az1den521) 13 1unMsANY1UD3 Cai ef al. (2010) 112 Muangsong et al. (2011))
o 1 I = = @ 1 Ay v o o A Y
4.1.10 1hm101g910M05 5 88-230 WS euisuiuaiogh ldanmsiuswauiaive 14
NIVADIGYDINUIDN
¥y A oA o A a o " A a
4.1.11 1aToauenT o WUH 1912 UUIA 0.3 HaANAT 191LAIDE1NHUAULUAAD TAUD
A & a a o 1 a a A a a
Awiluiadwas Auauinuguaudlasuugavesiuiennng 1 Jaawas H1Usuw
sz 150 luTasnsuaeniledind1s e l1/anszvineondiou-18
4.1.12 In31zviaeondiou-18 IaaldiaTea MAT-253 Mass spectrometer (3301308614
azidoaszy 13 lumsAnyiue Cai er al. (2010))
@ 1 a 4 g 2 4 A = Ao o 8 o & =
4.1.13 fpderinsenita s dunsomaenInMsany139e aziih linusauuemsdnen

Tugrduse lnaazdunadsutaznsnensmans urIneaeuioa

Ay o o ' ) va dou A % X 4
Iﬂi\?ﬂ15ﬂ15ﬂ§]ﬁﬂ‘wuﬁ§$‘ﬁ'JN?J‘LAHﬂﬂﬂuﬂi?ﬂ@]ﬁTﬁ@]iﬂUﬁ\unﬂﬁGNUUWUWQQ"I 13
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4.1.14 1911990 F19u-18 oas1m A Tanazseaudimiveariuaen TlnlSsuiiey

(calibration) ﬁ'u%’am@ﬁmmﬁimzﬁuﬁmﬁu (local-scale climate data) NnaNil

o A a v o A 4 v .
AIIVIANNYAUININYT uamaua5111mmﬁ1mmuﬁuﬁmw (large-scale climate data)

Tasldmsnszinaada
Y Y o A A = a IR U @ A
4.1.15 arduawiigiormaluedauazimszvnegduuunazilidevesmslaounlas

giomalulszmelng (Bradley, 1999)

4.2 feanalianTaqld

2 '
o A ) o g

o ' 9 o A o ' 9=
4.2.1 imegnTadlfvindiruuuTasassn iesnindied liinhuii Tasszgndaun
Aou waz lunswilndadu sl duiundnmslumsmaududl a5 hiidia
A [ & 9 =) o 9 1 % 1 9 %
Ao N3 Tauaziuvuianiuningd vaziihiniduveaudazdiedraudoui
Taem ldnTdnesgauTanananmdunadeudsinunielndifestuaziigduun
msnsydnla GUuuuvesnswhiduadl) indendaaiu
4.2.2 feenalasldiau
o ' Yya Ao g ' o ' ° ~a a
- e Tadlduniailunquaadiodisergacs viwnasuiieufog iy
a a @ @ 1 d’ 9 09‘ '
mssaa Tadudediei ldving1lmi
- a1 ldan lugadoyaniisuaueigaeudianin (1nna1 150 291) a2
o § a J a 7
Aardeniionaszyial le T Inlleendiau-18 uag msueu-16

Y v Y
-Wwanmsnanztazenilsesuiialad liauuas Taaldn 1dond lnw

3 o 1 A 4
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Symbol Formation/Group Lithology Age
t - terrace deposits: gravel, sand, silt, clay, and Quaternary
laterite.
Trgr - biotite granite, tourmaline granite, granodiorite, Triassic

biotite-muscovite granite, muscovite-tourmaline

granite, and biotite-tourmaline granite.

Png2 PhaHuat Fm., Ngao limestone, bedded and massive, grey, black, Middle Permian
Group interbedded with shale and sandstone
C - conglomerate, sandstone, shale, slate, chert, and Carboniferous
limestone.
SDCtp Thong PhaPhum Group  black shale, chert, and silt stone, dark gray, Silurian-Devonian-
calcareous; limestone, thin-bedded and nodular; Carboniferous

locally with graptolite, tentaculite, nautiloid,
trilobite and brachiopod.
SD - phyllite, carbonaceous phyllite, and quartzitic Silurian-Devonian

phyllite.
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2.3.1.4 IAUNHI (Rejuvenated cave)
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2.6 AZNOUDIMAZITIN
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5199 2.2 ¥HAVBINTNOUI TUUAMNUKAININ (Goldberg and Macphail, 2006) (AD)
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M3 4.6 Snvaaznoudimamiisiududufianz Tioon (East profile) veanguyadui 33 lugm A1 voumasTunanidifumlasassn
Depth
(cm.) at Thickness (cm.),
Observation under a binocular
Layer left at left-right Color pH Observation in the field . Interpretation Sample No.
microscope
corner of corners
profile
1 0-10 10-20 Dark brown, 7.5  disturbed and loose soil, floated speleothems, clay, stiff clay; quartz grains, D=06- slack water and LLRAI-1
(Top soil) 7.5YR 3/4 bone- shell- and wood fragments 0.7 mm. (fine sand); plant roots. airfall*
2 10-20 10-5 Dark brown, 7 silt, clay, white mottles, rock fragments, bone clay; quartz grains, @ =0.8-0.9 mm. slack water and LLRA1-2
7.5YR 3/4 fragments, charcoal (5x0.3 cm.) (medium sand); rock fragments; bone airfall
fragments; charcoal.
3.1 20-32 12-20 Dark reddish 7.5  loose soil, silty clay, bone, shell- fragments, clay, stiff clay; quartz grains, =08 slack water and LLRAI1-3
brown, 5YR 3/3 charcoal, very well round nodules at the 0.9 mm. (medium sand); charcoal airfall
bottom, pottery fragments fragments.
3A 32-36 4-4 Dark brown, 7 thin seam, loose yellow soil, dry clay, - slack water and Soil 3A
7.5YR 3/4 airfall (upper)
3 36-42.5 6.5-7 Dark brown, 7 dark brown and loose soil. well round, - slack water and Soil 3A
7.5YR 3/4 granular nodules, shell fragments, fibrous airfall (lower)
calcite crystals (1 cm. across), lens of loose
and dry yellow clay at the bottom
3 42.5-63.5 21-8.5 Dark brown, 7 horizontal thin laminas (~0.1-1 cm. thick for ~ upper zone: clay, stiff clay; quartz slack water and LLRA1-3.1
7.5YR 3/4 each), dark brow to yellow brown soil, loose, grains, & =0.3-0.5 mm. (fine sand, airfall

silty clay, tiny white spots, patches of
polycrystalline calcite, shell fragments,
charcoal fragments (0.5x1 cm.), granular

Mn-nodules (@ =0.3-0.5 cm.) at the bottom

moderate sphericity), wood fragments.
lower zone: clay; quartz grains, -
0.3-0.5 mm. (fine sand, moderate

sphericity).
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M31971 4.6 ANBULAZNOUMMMNHITUAUMUAANZ THoDN (East profile) Vo ariguyanuh 33 Tugr A1 voauradlusanadEunulagassh (o)

Depth
(cm.) at Thickness (cm.),
Observation under a binocular
Layer left at left-right Color pH Observation in the field . Interpretation Sample No.
microscope
corner of corners
profile
3-4 63.5-66 2.5-2 Dark brown, 7 loose dark brown thin bed, very well round - slack water and LLRAI-3.2
7.5YR 3/4 Mn-nodules (@ =0.2x0.3 cm.), break airfall
between layers 3.1 and 4.
Discontinuity
4A 66-74 8-9 Dark yellowish 7 cross bedding, yellow brown, loose silty clay,  clay; quartz grains, & =0.5-0.7 mm. flow of water and LLRAI1-4
brown, white spots, white acicular-fibrous calcite (fine sand, sub-angular, moderate airfall
10YR 3/6 crystals, very thin bed of sand particles (D= sphericity).
1.0-2.0 mm.)
4B1 74-81 7-7 Dark yellowish 7 reddish brown, granular grains (%] up to - flow of water and -
brown, 0.7x0.9 cm.), black nodules (@ up to 0.9x0.5 airfall
10YR 3/6 cm., 0.7x0.5 cm.), white patches of calcite?
(powder)
4B 81-87 6-9 Dark reddish 7 resemble that of layer 6, termite nest (9x11 clay; quartz grains, & =0.5-0.7 mm. flow of waterand ~ LLRA1-4B

brown, 5YR 3/4

cm.), loose brown laterite-like soil, black

spots, white spots, calcretes (@ =2x2.5cm.)

(fine sand, sub-rounded, moderate
sphericity); wood- and charcoal-

fragments.

airfall
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M31971 4.6 ANBUZAZNOUMMMNHITUAUMUNANZ THoDN (East profile) Yo ariguyanui 33 Tugr A1 veauradlunanaddunulasasshn (o)

Depth

(cm.) at Thickness (cm.),
Observation under a binocular

Layer left at left-right Color pH Observation in the field Interpretation Sample No.
microscope
corner of corners
profile
5 87-116 29-8 Dark reddish 7 brown-earthy and loose silty clay, yellow clay; quartz grains, & =0.8-0.9 mm. flow of water LLRAI-5
brown, 5YR 3/3 nodules (limonite?) with D =17x1 cm., (coarse sand).

white polycrystalline calcite (0.5x6.5 cm.),

Termite nests (@ =7x7 cm and 6x11 cm.).

6 116-146 30-26 Dark reddish 7 brown laterite-like soil, stiff soil, loose soil, clay; quartz grains, & = 0.8-0.9 mm. flow of water LLRA1-6
brown, speleothem fragment (0.7x9 cm), yellow (coarse sand).
2.5YR2.5/3 concretion (calcrete, - up to 2 cm.), shell

fragments, mottled white of tiny calcite
crystals (6x10 mm.), termite nest.
7 146-146 0-30 Dark reddish 7 yellow brown, silty clay, very well round clay; quartz grains, & =1.5-2.0 mm. flow of water LLRA1-6.1
brown, 5YR 3/4 quartz grain (@Nl cm.), white spots, termite  (coarse sand).
nest (@ =9x8 cm.).
Floor of Dark brown, 7.5 clay quartz grains, & = 1.5-2.0 mm. (coarse flow of water LLRA1-7
the pit 7.5YR 3/4 sand).

o
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M319N 4.7 EnAUZAZNOUNIMUNTITUAUMUTIIHIUG (North profile) YoanguyaRulugm A2 veaunasluniamadiAuiulasassn

Depth (cm.) at

Thickness (cm.),

Layer left corner of at left-right Color pH Observation in the field Observation under a binocular microscope Interpretation Sample
profile corners -

1 0-4 4-11 Dusky red, 7 loose sediment with sand particles, dead plant roots,  clay, lumped; quartz grains (J=0.6-0.7 mm., flow of water LLRA2
10R 3/3 abundant of leaf and bark/wood debris, as well as medium sand, sub-rounded, moderate sphericity); and airfall

shell fragments, white fine particles (bone calcite crystals (0.3-0.5 mm.); rock fragment.
fragments?).

2 4-17 13-10 Reddish 7.5  loose sediment with sand particles,wood fragments, clay, lumped; quartz grains (8=04-0.5mm., fine  flow of water LLRA2-
brown, limestone fragments (@ZZXZ cm.to 7x5 cm,, sand, sub-angular, moderate sphericity); calcite and airfall N2

2.5YR4/4 angular, low sphericity), shell fragment (& = 2x1 crystals (£=0.3-0.6 mm.); rock fragments.
cm.)

3 1740 23-31 Dark 7.5  loose sediments with sand particles, termite nest clay, lumped; quartz grains D=03-05 mm., fine  flow of water LLRA2-
reddish (D = 5x7 cm.), limestone fragments, shell sand, sub-rounded, moderate sphericity); calcite and airfall N3
brown, fragments. crystals (@:0.3-0.5 mm.); rock fragments.

2.5YR3/3

4 40-72 32-19 Dark 7 dry and loose sediments with sand particles, slightly clay, lumped; quartz grains (@20.9—1.1 mm., flow of water LLRA2-
reddish lumped sediment, abundant of dead plant roots, medium to coarse sand, sub-angular, moderate and airfall N4
brown, limestone fragments (6x2 cm., sub-angular, low sphericity); calcite crystals (@:0, 3 mm.).

2.5YR3/3 sphericity).

5 72-75 3-5 Dark 7.5  loose sediments with sand particles, abundant of clay, lumped; quartz grains D=08-12 mm., flow of water LLRA2-
reddish calcretes, limestone fragments (& up to 2x4x0.5 medium sand, sub-angular, moderate sphericity); and airfall N5
brown, cm., angular, low sphericity), shell (®=1.5 cm,), calcite crystals (@=0.4-0.5 mm.).

2.5YR 3/4

low moisture (dry).



M519N 4.7 ADHAULAZNOUINNTITUAUMUTIRIHHG (North profile) YoarguyARLIUg A2 vewunadlunamadANuTasassn (@)

Depth (cm.) at  Thickness (cm.),

left corner of at left-right Color pH Observation in the field Observation under a binocular microscope Interpretation Sample
profile corners -
75-91 16-35 Dark 7 lumped sediments of small crumbs with sand clay, lumped; quartz grains (J=04-0.6mm., fine  flow of water LLRA2-
reddish particles, limestone fragments (@ up to 3.5x0.5x0.6  sand, sub-angular, moderate sphericity); calcite and airfall N6
brown, cm. and 9x6 cm, angular, low sphericity), abundant crystals (8=0.35-0.5 mm.)
2.5YR3/3 of dead plant roots, moderately moisture content.

91-162 71-49 Dark 7 lumped sediments of small crumbs with sand clay, lumped; quartz grains (@ZOA—O.S mm., fine  flow of water LLRA2-
reddish particles, grey mottles in the upper part of layer, sand, sub-angular, moderate sphericity); calcite and airfall N7
brown, wood fragments, white limestone fragments crystals (@:0.4-0.9 mm.)

2.5YR 3/3 (&D=2x2 cm. and 4x2 cm, angular, low sphericity),
shell fragment (®:4x2 cm.)

162-196 34-73 Dark 7 stiff clay, lumped clay (%) up to 6x4x3 cm.), clay, lumped; quartz grains (8=03-0.5mm., fine  flow of water LLRA2-
reddish limestone fragments (D=13x7 em., angular, low sand, sub-rounded, moderate sphericity); calcite as ~ and airfall N8
brown, sphericity), abundant of living plant roots, high the very fine crystals crystallized in aggregates.

2.5YR3/3 moisture content.

WITINIRINAIHEA 8
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Symbol Formation/Group Lithology Age

Trgr - biotite granite, tourmaline granite, granodiorite, Triassic
biotite-muscovite granite, muscovite-tourmaline

granite and biotite-tourmaline granite.

Png2 Pha Huat Fm., Ngao limestone, bedded and massive, grey, black, Middle Permian
Group interbedded with shale and sandstone
C - conglomerate, sandstone, shale, slate, chert, and Carboniferous
limestone.
SD - phyllite, carbonaceous phyllite, and quartzitic Silurian-Devonian
phyllite.
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(Fuuuga)

Layer 6:

v o

Fuiegede 5

Layer 5:

v
o A

Fuiogode 4

Layer 4:

o

=S \ U
FuUnogoIre 3

a s . L a R g
31 Boulder Y04111A100 1A (quartzite, well rounded, low sphericity) Hitfioiiuduas 1lunvuia

Bnuniu

a 3 a = =5 =
WUN399 very angular , AU (limestone), 7 x 5 x 1.5 cm. 114 clay #1510 137 i lum §3agda
~ a ~ A a9 o & & a a '
YUIA 1.5 YU, llﬂi'\lﬂ"llﬂiﬁuﬂvu very angular VIAYYUIDNHUEDEY anvaslutioauiAynIu
@ @ =) a IS ] = v @ =) a
ﬂzﬂu WﬂﬂigﬂﬂﬁuﬂﬁﬂﬂlﬂQMHHEj NLﬂ‘Hﬁuﬂ"uLﬂuuWuLLUuLiU\W]'Jﬂu UNTIAVOINUNTY
v v
(sandstone) YH1A 10 x 20 x 30 cm. (upper ‘ﬁuﬁagmﬁa 5)
a 4

Boulder Y119 10x30x15 cm. YoHiuAlI0a lod (quartzite), rounded, low sphericity; Boulders of
limestone YU1A 10x20x15 cm., angular , low sphericity; 25x30x25 cm., angular, low sphericity, i

o =

Saqdvnvinadnifusham, Tagdne linsundusiale sudududumionlumsonds
WUDIUH concretion Lﬂﬁﬁ]’u:{ﬂi“li Irregular YH19 5x4x3 cm., 30x36x16 cm., wuﬁuﬂ"u, angular

10TIAVUIA 12x9x6 cm., UAZVUIA 15x7x9 cm. (HUTUAI0A 9@ (quartzite), well round, low
spherity, J¥ 111, angular Hu11a 13x3x15 cm. 1182 10 x 15 x 5 cm. IABNTZHNNIN (NODINTZQN)

v oa =) A

a Y A & & oa X A Y Iz
vInIndmanilududu I Concretion (calerete) t¥oulszaunszandinuan, Jasiyeuily
. =y 9 ' . a v 1 Aw = o 4 '
Clay to silt, Tlunndesnn 1%, WU Concretion ¥NTLANNU Boulder ﬂauimyl, HINYAAINAYDIU
VYUIA 3 V.
a A a a . A a ' . . "o Vo
:Jmimaammﬁ,uamn 4 Concretion (calcrete) V]Lﬂﬂiuﬂf’N Diagenesis (ﬂ‘liﬂﬁ](ﬁ]’ﬂﬁuﬁ’dﬁnﬂ
ANAZABULAD), TIAETUYUIY (slate), INTIAMAN Low sphericity, very angular, 1.5x4x2.5 cm.,
A < . = . a A = uy A a
el clay-silt, 1 11A1U17 (Muscovite) YH1A <1 mm. (<1%), Hasweudiatlumass I
133A31ANI 80 % (angular), YVUIANTIAMAY 3x5x4 cm., | clay AT lunuiesnd 1%
o & . .. g
finsia angular ?f&n, 1Wu Secondary lime stone, augular, 8x5x4 cm., low sphericity, 3x0.5 cm., 1y

Fa 1 .
Funsaaiaon, 3 clay ifluasigon, iwnszgndvvuiadn, insiailu quartz, sub-angular,

2x1.5x2 cm, NTIAVUIA 3x1.5%2.5 cm., low sphericity, angular

v aa
ATUTIUINYT

Layer 1A: 111398 ~80% 1IUHANTIAVDITUITTA (Chert) FNIAT very angular YU1IA 2x1x0.5 cm. WeNT1¥RN
FuAUSITINA 19U Clay (JUFUN390 TNTIAVUIA 2.5x4x3 em., very well rounded, low sphericity, J7iHA00 Tset
YU 4.5x5x2 cm., very angular, low sphericity, fyuramae 2x1 cm. U clay waziiia quartz Lmiﬂ’ﬂé
YU1A 2mm. § Clay lense Y110 20x70 cm HA52 @111, T Quartz angular $1UIUWIN, WU marly
rock.
Layer 1: Fuaraiiduau Clay Idimaouuas 31umMv13 (Muscovite) vinadlszunas 1 Wy, § quartz ¥119
FuAUEISIIR  1ANTIA (rare), Angular, subrounded to rounded Y11A 2-1.5 Wy, FuAUTHU 52 n3mlesndi 2%
(Fuaraga) Funuiduniia nsiavinagaga 7x6x18 .3 Cement 1511 Clay U316 Quartz Hus lunnilu
nsadluiunsedim (el 80% voatu)
Y a a d' v g’J a a =
VYalaNAaHuneINVaANHUS T HAY (¥I86 V1IVYD, 2546)
:3 y 1y a Yy Y [ o
‘U‘Hauﬁ 1 ag@muua{ﬂ wmﬂizmm 10 (HUALNAT ﬁmﬂﬂmmqﬂzﬂu uaswuvangIUauy
@ ] Qy ] Y A = 4 A o @ U=’
{Iﬂﬂqllu IBU BUFIULUND LAYLIYDN Mgy 25 94NN LAzl @qhﬂmmzm&magmﬂuaﬂ
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a 1
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M31971 4.3 1gazneuunaz TUl unguYARUYE KA U IUNAITING1a00 (INTUDHAITHEAI)

120819 01gAZNOU fian

TLRS-7 ~12,100 60 1): Moy Tasilszum mﬂmiLﬁﬂmﬁmmqﬁ‘lﬁmﬂ%uau A0 V1UVY (2546)
(éi?yuuuqﬂ) 2b fiegdanriu

TLTS-6 13,422 £541 7 SA YNTUAY LazAUL (2550)
TLRS-5 24,920 £200 1] SA PNTUAT HazAL (2550)
TLRS-4 22,190 £160 1] ¥IAN V1AV (2546)

TL-2 ~12,100 £60 1): moglagilszanm mnnmﬁﬂmﬁmmqﬁ"lﬁ'mﬂ%uﬁu ¥I389 V1Y (2546)

o

2b NogAany

TL-3 13,422 £541 1 SA PNTUAT LazAL (2550)
TL-4 24,920 £200 1] ”
TL-5.2 13,599 £79 1] »
TLRS-3 32,380+292 1/ ”
TLRS-2 16,750 =701/ »
TLRS-1A 16,750 £70 1] ”
TLRS-1 ~16,750 £70 1 01g Tawszana nmaiiewnesan1e1gnaIeg ”

TLTS-1A hogluguauaniu dalieny 16,750 =70 7
TL-8 ~ 16,750 £70 1): 01 Tagszana 9nmsiieufen1e1gandiod ”

(Fuanagn) TLTS-1A fogluduaudediu aiiey 16,750 70 1)

4.2.2 530 NYUATUAZ IZAUMIHWINUATUDINZNOU (Chemical Index of

Alterations, CIA)
o ' ' o ' o a 7Y  aa s g A
Aredeaznousiu 11 10619 gnih lUanszidredifienmsdlgoosmaud (XRF) 1o

drulszneumualinasmszAUMIHNIMUATiveInznNoU (CIA) (Saminpanya ef al., 2014) A1AINA1

@ o @ o a L4 ' o a L4
ﬁ'lll']iﬂ‘ﬂ’f]ﬂi%ﬁﬂ'ﬂﬂ'ﬁ?ﬂ/‘lﬂﬂ]ﬁlﬂﬁ@uiﬂﬂﬁ']ll'lﬁﬂu’lvlﬂﬂié‘iﬂ’f]‘]Jﬂ']ﬁ’Jlﬂi'lgﬁﬁgﬂﬂui'flilﬂﬂwﬁﬂ'lﬁ'lmﬁ'lgﬁ

aad

v Y 1 (a 1a - v :
AYITOU 18ua Ysuausau HAZUUIADUNIAVDIAZND Y TagramsuATIzHMuALaa lua15199 4.4

FIWAVATZAUMIHNINIUATVOINZNDU (CIA value)

Ay o ¢ ' s wa so 2 ) L 4
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y a d o
A15199 4.4 HAVATITHNIEINANA Y X-Ray Fluorescence (XRF) Y0620813ATNOUINUHAI LT IMAA

(1000 HAZAISZAUMSHWIMUNTVIINZNOU (CIA value)

Major Elements  TLRS-

TL-8 TLRS-1A TLRS-2 TLRS-3 TLRS-4 TLRS-5 TL-4 TLRS-6 TL 3 TLRS-7
(wt%) 1
Al,0, 16.241  14.528 15.760 13.303 13.400 12.251 11.913 15.010 10.811 8.940 11.318
Fe,O, (total Fe) 7.501 7.249 7.479 6.875 6.969 7.026 6.805 10.170 5.849 5.085 6.017
K,O 2.617 2.469 2.246 1.778 1.731 1.456 1.509 2.123 1.715 1.609 3.030
M,0 1.012 0.830 0.977 1.082 1.114 1.170 1.162 1.530 1.052 0.849 1.265
MnO 0.552 0.522 0.842 0.731 0.810 0.868 0.874 1.404 0.787 0.678 0.757
Na,O 0.122 0.103 0.122 0.145 0.130 0.144 0.155 0.106 0.119 0.110 0.160
P,0; 0.402 0.462 0.870 1.862 2.026 2.749 2.339 3.730 2.575 3.480 2.394
Sio, 59.226  58.336 53.606 46.083 45238 37.716 36.739 31.140 35.922 34.817 41.578
TiO, 0.867 0.798 0.863 0.790 0.784 0.738 0.704 1.070 0.669 0.574 0.713
CaO 3.159 4.713 6.287 13.067 13.125 18.020 18.968 32.930 20.763 23.820 16.351
Loss on Ignition
(LOD + S0, 8.35 9.130 10.88 14.48 14.78 17.60 18.57 - 19.67 19.970 16.42
SO, 0.101
Total 100.05 99.64 99.93 100.20 100.11 99.74 99.76 99.31 99.93 99.93 100.00
CIA Value 73.359  66.602 64.550 47.019 47.206 38.439 36.605 29.919 32.361 25.929 36.676

a d a
4.2.3 NAMSIATISHUIAY (clay minerals)

A a a

1a ! 1 a { a o
L!iﬂu‘l’i%{ﬂlliﬂu’t‘)uﬂ1ﬂ%u1ﬂﬂu!ﬁﬂﬁﬂ’3 (Clay fraction) L‘]Jull'i'ﬂﬁElﬂllﬁ!ﬂﬂ%TﬂﬂTiPﬂN‘ﬂNﬂWﬂﬂWW

Q £
4

= T a I 9 = I " A ] ] o ] 1a
uazialivewsdguglinareiluaisazareudrannaniiunssialviegluduaznou 1y usau (clay
12 a 2 QSJI a 4 1 a 1 I
minerals) M3tlannuveusauluFwsineniu aunsainiziannaznounsdgugi wu lumnaaiy
[ 1A aa 4 1 Ia 4 a
leasalun (Hydrous mica) usnAenioalaq (illite) nazusiesin lad (vermiculite or beidelite) 1AAINNTS

a

= ' 2 ] ] ¢ . o a & 4 v v
ﬁﬂNaﬂGl,‘H115]1ﬂﬁ15ﬂ$ﬁ18ﬂﬂ1ﬂ1ﬂl!5ﬂ§ﬂ{]ﬂ ﬁ?ulliﬁlllﬂhlﬂ@l (smectite) dnnaduludunadou UL
4 = :‘ z; 1 EY an & A = Yy 9 42) A A
LALRSUNITIZUWUINTUIN ﬁQWﬁsh’ill@@ﬂuﬂl@ﬂ“ﬁﬁﬂ?“ﬁﬂllﬂigﬂﬂjﬂ UANWVUVHUTINUVUNIBUNITISUNY
:’ o o o g’ A . = I o @ [}
W1 dmsuluammneadeounuuiinnin1syzdna (leaching) 18a vztuiladovesmsannanvoaus
a ¢ . Yo ¥ a 7 1A o @ o
miaa‘lum (kaolinite) hlﬂﬂﬂ')ﬂ HANITAATIEHUIAUUBIATNDUITIUIU 13 AIDYWIINFUANC VOIHQUYA

kY a a :’ 9 an a ' Ia ) Y A
AUNN TUNUAANE a9 A183FMIAATIZHLDVeNas danuvs AT (XRD) uﬁm“lﬂumiww 4.5

a d
4.2.4 AAMITIANTHUYHINDYNANLNOU (grain size analysis)

a o 9 as a o 3| [ a
ﬂ?ﬁ’]!.ﬂi131’?"“”1@1@3ﬂ@uﬂ’]ﬂ')‘ﬁllﬂiﬂiﬂlﬁﬂi (Hydrometer method) Wunisasiadalsuaay

A & A a a v
mummamznaummm’amﬂu 3UUIN AD YUIANTY “1]141@1’]518&1%'\1 UAgUYUIAAUUHYD Iﬂﬂi‘]ﬁﬂ?ﬁ

Ay o ¢ ' s wa so 2 ) L 4
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a o Y a wa a 79 Y % g‘ o
N1z lue a1l §1iAn13 (laboratory methods) M3 A3 11 Igndnnisuenaznenlunii wazmsdiuimm
nlesidFudveusazuIneyNINUDILARZAIBI AL ADY
v
PUMAAZNOUNTIBTVIAAILA 2 Taduas D9 63 luasounse 50 lunsou suNIAALNOUNT Y
= g}‘ 1 A =1 a = = g)’ = ]
utls Hvwadaua 63 luasou 5o 50 luaseu 62 Tuasou uageymaaumiion Jvuedwaiannii 2
Tuasouaan ualidedvadivmsSuvIaaznoy Wisaanlanuuanaanulumsuayianznouoonal
VIAMUNANNTVDIVT LN
Y
HaN3AATIEHIVLIAAZNo U LA aZAI08190U LEAIDIANHUZNIIMINMNYBIAZNDY AIU1TD
] dyu/ A a A [ a 1 = Aa ] o =)
VIFanbaen1lgiane viowauinisvesau ludrumsaneissainer lusisganiomesug
A 9 a 1 =3 Qs}/ a ' 9 o v
(Quaternary geology) fiyjaiiuazneudnerluuvaslusiuadiiu msinsziymanznonlagnirlyld

A o

281903199219 Tasiiagiszasdiiiofnaudnyaugnianamansaznou 555uMAVBIAZNOU LAY
2 A o o o o
dunadeuiuiledorednymznisiuny (Courty et al., 1989)
a 1 @ 1 1 < '
nan1sanszivaeymaluagnouusazdods uaawwasglugiinlesidudveudazyuia
9 2 I Y
eymalagrariueduiesmludnyuzuoailofn (soil texture) Fwavesn1sinsizriioan Idgnuendes
3 Y =2 o ] A A 3 . -
poniuvinaeymaudriai hihiuiinasluusugiicwmaen (Triangular diagram) Twilesidudda1eg 91n
ad o I = 4 o ' ' o ' ° ' §
Tuuwugiimiu landedialsing fugaduas Faldunu 1 dred1e naasegludumialadumianiiaves

- 4 & ~d
UNUQUAM AN (UNUYUN 4.3)

Parcen! sand

UHUQTT 4.3 VHNABUNINAZNOUVDIAIDEINZNOUINHNYAAUMII U IUANIN NG00 Faaulney

iunznou sand-silt-clay AFumugiinisdwunitonsnouvo Shepard, 1954)

Ay o ¢ ' s wa so 2 ) L 4
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a I'd 9 @ a e [ @
HaNIIAATICHIUINDUNINASNDU o lfdseuneunulsnausau smumm‘wwnmﬁ

= Y ' v v 1 ~
UBIASNDU “]NG],‘lﬂslﬂ’J']lIﬁﬂﬂﬂuﬂﬁllﬁﬂﬁﬂgiu@ﬂi%ﬂ‘ﬂ 4.5

d‘ = v £ U =X ! Y \ U
3NN 4.5 msul?zmmﬂmzﬂumivg‘wwmmﬂw Gl‘]a!i%ﬂﬂ‘l.]]ﬂﬂﬁ]x‘iﬂﬂﬂﬂﬂﬁlﬂﬁq@ Iﬂﬂ!!ﬁﬂﬁﬂ]izﬂﬂﬂ]iﬁg
WIMuniiveanznou (CIA Value) YHIADYMAAZNDYU (particle Size) 1Az 5zaUUINAVBINTAUANDDIN

MoENIVDITUAZNOUTIULY (upper zone) HAzaIUAL (lower zone)

Udvea YSnamsinlodlud USnamsdalad MszauMsyHImani fionznou (Texture)
(Kaolinite) (Illite) VINZNBU (CIA value)

RN

TLRS - 4 1oy oy 38.439 ne-neuil-aumiion
(sand-silt-clay)

TL-5.2 1oy oy - ne-neuil-aumiion
(sand-silt-clay)

TLRS - 5 1oy oy 36.605 ne-neuil-aumiion
(sand-silt-clay)

TL- 4 1oy oy 29.919 ne-neuil-aumiion
(sand-silt-clay)

TLRS - 6 1oy oy 32.361 ne-neuil-aumiion
(sand-silt-clay)

TL 3 1oy - 25.929 nawdunseuil

(silty sand)
TLRS - 7 1oy oy 36.676 naedunseuil
(silty sand)

TL -2 oy oy - ne-neuil-aumiion
(sand-silt-clay)

Aauan

TLRS - 1 Jhunan 1thunas 73.359 n1tunsrentl Gilty sand)

TL -8 thunan thunan 66.602 n31w-neudl-aumiion
(sand-silt-clay)

TLRS - 1A thunawn thunan 64.55 nyeduAumtion

(clayey sand)

TLRS -2 thunan thunan 47.019 n3e-neuil- Aumilen
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PMP13-5 N/A N/A
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PMP13-8 1.53 2.06
Average 1.54 2.15

N/A = Not applicable due to too small samples
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