& g

UNAAGIEIHS VRIS

lumsdutivandivves Iasanismsdindazmsiaiiszuugmudeyainoaindr Janda

' 4 o o @ o aw < 1
wigesaeu Faiveayulas dnindunsmumivayumsive (@na) Waaar 2 U (nw 2541 - an 2543)
< as & o ae o o 2 = ' ' a &oayr o aw
1 meanzddesadszneudininITeinnumady 7 au Mnnnmienuaeg Inibalifeininide

o
i d i

o = o cav a a1 o ¥ o ° ' : ad o
Swudsznm 20 au ihaddeduilswdu Tdhnsdisasdeyaluniyusig fihodesauildon

o & & s a4 Yy w Y aw & dy o < Y
Yszaumrwdusuiunhiinudhmmeidusunn  datluamdsesuiidesmsdmainusiusmdeya

¥
' o '

Augnudowdusinazideasndinuviluiuigunbaruazginives luwadunediswazdunelauz
Y o o (3K} -q’: vy A A Y o aae Y« wawn’: <& v o Y
A Tmdamigesdou iy uAAIIANUNITARIBINYBNINITBLAzATININITeRaMua Raldimainude
a v a v Yy o o a o I P ' - ¥ o @ o 1Y
yaiunhiinania 13 uenawnildaihnmsuaseiardunsizinauisdiy e imuanuduiuive o
o Y o« & ae yy d ) & a -
yananuada  Astusanuveslasamstivs ldmunms wwvesnsuldsunaesituiivasuuafiaves
a Y : o ¥ ' Y o 4 o @ o @ - a o a @
MIIAMINIneInstudosaunsudetaan seazitudse loxiaenisautiumside lumeswan oty

NSNS SwaznSwensNneIve el
hvanouee1asanisa

o @ o ¥ o o : o [ 1 Ao o
Iﬂ'i\'iﬂ'l'iﬂﬁﬁﬁ')ﬂLLaZﬂTiﬂﬂﬂ?izﬂﬂﬁ?u“l}@l‘]‘ﬂmﬂﬁlﬂ‘UQW WHIALNIITADU nmqﬂs:ﬁmmz

¥ 1 v . ' 14
505 mdeyaiug Wi lansninmisdisnuazainenaisaeg mfeadesiud Tudmsstiine gnninn

a o o sda S o i o v Ao g
Tustond Tl dadth msldss Teninau vazasuiiegindifos iMorhdeyamaidadussungmde

° o @ o o e’/’ o nv ' qy a
yadmiumanuduiuivesdeyaimualumsiwundsuandr vaznisusdieansnldenwfosdoi
mnwessalueda Jegiu nazewna lasrumihmuiovesinsanisy fe quiwewazgimiians luwe
dunaiiioanazdunethausdn Yavdawidesaeu Riineanziselatmuadhrunovesnmsdrsiadnie,

& A 2 K% ' S
ﬁlﬂﬂwu'ﬂﬂﬁﬁﬂU'ﬂuuaUﬂa’l 250

ac 2
ATMIANEN

' = o ° < < aw o o o
nau‘nﬂz‘mmsmimmm’fmgaiumﬂaumuu ﬂmzTli)U%Z‘Vl’lﬂTi‘VI“UV]’JuL'E‘Jﬂﬂﬁ‘mﬂﬂ’.}‘{l}'ﬂﬂﬂﬂ

o J . . “ y pu aw a o P aw
nInonIt luudyuR1a9 ma“lﬁ'"lﬁ’%’auaﬁugmmazﬁauﬁmumwmsnEn Fusdvieou &ealuniside

v v

v
o A -]

g Y da s e v
ﬂsauuﬂ15ﬂumuﬁimnssuiumwmwawmmﬂm%mnﬂnmu‘luwuwqnmamm:quuwaﬂﬂﬂg
aw o o o A e s LA a . o A
ai]tjmm'iﬁnuuanmiv‘l‘mumﬁutlumﬂ’ﬂ 50 U Futhianuonlunewilsameneun sy
=) 9/ slu’;’ (=1 =3 n:'i < o < a =2 e
ﬁUﬂu"lﬂNLm'ﬂﬂ.ﬁ.lWO NIBN.H.2513 LiE)Uiﬂi]umﬂi)i]UU LAGLTUNUNIUNIUMTIANE INWTIUINGT-

a 4 o a 4 v o S & @ w P o aw
an’mm muﬂuamﬂﬂmmmuﬂmmm'iwmmmrﬂuaumJuimm:nﬂﬁummumsmiwuamwmn
a o & g 2 S A a A a ' a
'Vlf!ﬂ mﬂuuwﬂuammiﬁn‘y1‘1uﬁ1ﬂmmnhmm'iaqamﬂumﬂuﬂmmmﬂ PIINUT NITNDAUNUIULAS

o o o @ ﬂw 4 ' . l&
U wazms s zuugdeyansnns s sunAvet e W Idnmsawediendeg aevianiaun



dmivianudn s luaomnwvesmsissiinuade i usnandfdmsmuniuassunssuludu
I3 P [} 1 i q‘: c‘: o o [ : 1
vosrnaaimwizdmmlangegludazdmamniu - nmiuieiimssiusawdoyadumisieeg oz
1 ov P a 4 < { o oy o v @
vouaginhasluumuiuanilsema weldtiunisimenduiasmisnsy nofvesdwianun wieudu
o 4 Y v ' &4 z:yslo 'av Ve 4 e” < o e 5w
mssanuuuiunndeyalumuang dsvastl lddumisii’hisinh 170 61 Tesusmithudatanud i
v v ' ¥ v
nwsIaanesznm 90 61 wazdiivundng e lusadvszanm 80 61 devimiuvzdudiedungy
J ama . pry ' Y oo o Y v e - Y
dwmianyuziuiteslsziangeegindifvaiugmdszina 17 wijthu Tassumaiiiszgnidenlsd
nszaoIRuRgIIWanua [y nquiuie s ndud s wazngusuniazin Wi Aituamuasy
. < . { o ' =
uiaiuauzieniedsndeyammizdnarsiuswdeyanslunuuiiuiin foufiszasivasunny
¥ Vv o o R v a o & a ' ¥
gnABdvBIvBYANINIALazUNNasTTUUT MTeYa TuRBuIRsae 1Y FeT10aziBunvesnuudasdiu

ANWITOAUDAI 7D
55013081

ﬂmﬁ%ﬂdaﬂmamn“ﬁmUn?uﬁuﬁuﬂuIﬂamsﬁwsni’l’agmﬁaaﬁ'ummanmsdwq fuimdos
U 00UMIEI8 1Rz EINeA1e im*ffamnuwuﬁgﬁﬂszmﬁ wenafissding nm
SNz maea R ouve suAins AN WA mmfu%‘aﬁwmﬁmswﬁ%gammaﬂmi oy
dinsuannumnoninusfinaz e e n s R aRey e s uundnyazias Insiadag
yfinnaeg 1Wun dssinnaesiiuiidsing sesdeu uazsesunnvestuiiu Shudy Taommizns$uun
anuaizniiUsmemiuunsen e (Karst topography) wazdwaufidmiunsd1sae Wuiinisoluma
GATRIY ﬁiail1mfu$aﬁmn613351%'@3@115iﬁ%mmadnaz@miuﬂmaum woufudisaesiunmisthng

a9 TaoldinSoeiio GPS (Geographic positioning system) uazshnmsdrsrenolud uiteriiadne 14
gnNING1

uenmilevinnsnunindeyavasswsmignninoudy anzdivsunsdisnnmaylaing
dmuadmmislunisdadasinis ravesdnhanang  Wnszneisfiungnimewasginiateswon

4 g o daa o oo ¥ i o o a { o
23 39 canuﬂ15ﬁ1'§3i}ﬂ15'11/1amaaum'mummmﬂaumz"lwah’fmm Lﬁammsmnwsﬂuﬁuw AN

¥

o

vl

° [

v & 4 o o o < J o o o
'lﬂ']'i]ﬂﬁ1JVl111’hﬂﬂ‘Ua\'la']u'luﬁ&’?ﬂﬂ'ﬂlﬂs'J"U'ﬂﬂﬂ'ﬁmlﬁ"lﬂ uf’{ﬁammammuamammﬁ"lﬂn‘um

Lol

v v
o

[ 1 =) Aw o o oy ° aa a @ w
iihignuaiaseewd uenvniifeiadasins nave s o 0 laoldimsiRoiuiums

¥
¥
v o

v v
animiimifude  danhuimay Wdeyaninmisisaumsdissvesnesianntninia nsuless
< o au o Y ya 4 e o o o ¥ A 1 Yo e o
mathiman - meanedieddldTinnzimluaiseaiozawhnhawdwheieglndifvsiud 13 1a
o 4 ) o 4 oW o oo o
uazmelud 16 A0 Feazfousnnunsziaveniiuandefun uannRlidwmMInTiaana
s huFadanadeuamihndwazios 6 wis 15U gumgil eenduazarsluri wew Tudio uazms

o & v 4 i v &l da a “ J
ﬂi}u&*{ﬂgﬁ‘n ey rﬁas?faomimmﬁaman?wumJadﬂ‘vuummﬂmrm‘ﬂﬂﬁmamuuéwagmauaﬂm

'



thilduazdanith

aew

U v Iy Ao a o ' Qe
anzItvdovimih liuasdalthiidnuuz i suaundofuasenguisudeousn fe sausaw

a ' Y @ ody ' o
JeyanAvgiivesiuiimsdnynnssandndh Wuazdafihfinsuih Wiaeh13 uazms 8deyana

CH

Wonmei Pineunthil sauiamsudannumusainueui mwiieniseimauaznmasaifion lugas

. o A - a d dgny 4 4 0 o o 4 o o 4 a
e fu mennsannsdounlawesiunih liuazdufiegofovesdaith  ndwmmiudading

° )

@ o o ' a P . - y o,
fmuagadmiviunasiedinfufll 27 90 Fnszneaudszanvesh i lacianunseunquituil
y v l
N o L4 )

v o 4 o gy ' ' ] <y &
AUUITNM LA LW'O?\'ENﬂTiﬂTﬁEUﬁJ@QSWﬁ‘F@WUQ‘lN ﬂ'J'llJ"Hu’lllu’lﬂlENﬂW 404 Vlﬁ]ﬂ?iﬂtﬂu‘\)ﬂuﬂWUﬁWN

a

. . v ¥

Woulve lugmanasuuasaonmeeadide 118 Tuvnzertunasisotooti dvinisdisaesesos
o o . 3 oy o & Y I~ N R J o

vosdaithamlsziamh’ll Tavezjaniufnumnuazdaiiosgndouuiiundniiofvegnoludwas i

v y v v .
[} o a 1 v o o o awv v Y o "
agmouendmiovinulndifvaiud MUANITIIWNDINIINTTOUDWUT W HUA I RUTUAIIY A28 LD

=]

Wlddeyaildefivonsnlasunasvesinnu anwdlumswy nazanminadontuduiieguesdaiih

£

lusiuna

v
o

o o ' a v 2 A o = y
nisAuiuaueangy luswadiu Jisunnmsnumnienmsfinodesiuns lusranilui

<4 <2

fnsdmni Feansonisatawesnsing 3 ionmindnns Tnouassalsemeeonih 3 $r00a1
Ao fausihee2509-2524 Tl.7.2525-2530 waziiv e 253 suilailogtiu Taosauaarfidreduil 8z oy
nduin3fuuazidmnovesmsiniuanaisiu - edilsiinm msdss s wdeyadsugiinniug
wosnnizIonguiintu 2 Thiu s afunm 166 5u waznafimde 18 lifunts fundeya

m3AnsIziuazduns i deya AnenvuMsBous 091U
v sda
ms 195 lowiviauuas yuru

ﬂmﬁ%”a‘lunfjnmﬂ%’ﬂixTwﬁw%"wmnmaz‘xgumuﬁv Tavimmunanssunssuazifudoya
mmmif‘hsammﬂﬁumﬁ'wn1'5ﬁuﬂmaiﬁa11ﬁ1ﬂ%"aﬁauﬁtﬂu‘tgwmﬁaadwﬁwmmmmmaumu uay
mmsdumveinuunzaniufigueu CANmmsmmmwaﬁﬁﬁnﬁm‘qwumaq fiquiedanld 17
N TﬂﬂnﬁmwéhﬂmﬁuivmwwmEjnﬂvmmmzfjmfwm Tumyjeneg vouvadwathazd 10 wy

v

o ° ' o ) . o . . 4 s Sda 19 o
1hu Muadnen 3 wyjthu fwacutes 3 wythu uazdan)ten 1 it sehwanedilegludune

v
- thauzd Famdauisesaouiiaiun

syygITeya

angitolunguszvugudeyaldiimsnuniudouuzaudmifinoiindouvening s

. v
YIIROMARAULATATUAT  ARRATUMTEIUNINAIMT MIouasdeInsvenindTelu lnsenis iy



P v A g Ly o v o J Yoo 1 ¥
AMAAILATTA U rwasﬂmm:mwmamu‘lumsaammvuazwmu133uu§1umagaw51'm1ﬂiﬂ1 IﬂUI’;{ii]Uhlﬂ

v

' o o aa a a o
mJamswmmnuugm%’agaaamﬂu 5 U ﬁ'é) NUTTUMNBUDZYNNIN QWUIUszﬂﬂ UMW
R o o v daa Y oy o o d v
ﬂuﬂﬂmmzﬂmm Llﬁz\‘1TLlﬂTi(l‘lﬂJ'i51U‘Hu1’|ﬂutm§f‘lj“‘§u WS@NﬂUﬁS"NH'U‘Uﬁ15’H]ﬁ’]'HTUﬂWSLﬂ‘U“UE]lIVa

Tumamnuuazs muagafnyvewRas U vdINnssIswdeyasnanmuuudgIsonnngy

-

¥V . v
wihnsasledeuaugndsaazaImninsefievedeyadnaia deuniihdeyaimuaasszuugude

Y] .

o o o A2 g o 4
ua w%’mmumiﬂiuuﬁ'uazwssumi:uuyumamamwmﬂm ms:ngm%’waui]z"l@’fsunﬁaammmﬁa

Y
v

@ ad o o o o o Yy '
iﬂQSU%’aHaﬂlﬂuﬂma‘U AUIIV LLHURNINT uazgﬂm‘w ﬂi:‘,ﬂ@uﬂ‘ﬂfﬂiE)’t)an‘U‘I‘H"Uﬁngamﬁf] REVRFR

& @ Y Y o Y v o 2y
L‘Uauimﬂu‘lﬂiuanumwa@mmau‘,aﬂuwuﬁma

<
HONTIANEN

ar

Tumsdtinammsdisasislumaau yingh augdteldhauiuniuhmuend Bua

¥y o
aa

o wye o 2 . 22 . NP . as 4
usn Ao ldiimsdsiadilasazidoaniadu 46 wis lasdwuniluiidanuddymaessiiine hides
: o o a o o - o PN 4 . S e
119 §1 nazdmanddgnelunamalszina 37 duas | e Fedeyanieg Atuiinassyuugu

v

°

Foyaiu auzidoldhinisnaasananudiniuivesdoyadiuaieg lunnitausuuminisians

v
v

v v
NFWo IS ulBIRUAIl Aaseazidoane liil

mynunaenms lummwsw
ya o YYr o e A Y o 4 s &4 o o o o
AIdumusoagilnansnunaenas 1A 1in3Inms Inelémmsanuisuneanudmdsind
v a ' < ' ] ] o t 4 g A a t ' o
dnanneaalszmalduaunewien 30 9 Seliiuanled maswisingdludeiuid i inaidy
< v aw ' o & g = . A o vq ¥
NuMsAnEIveuinIdssdalsamaisidluaufsnazaungudny Taskasus i ldhia

°o v w

< by aa a A w1 [ d o
dfyiudsziaun s fiInuazgnnImor aaensulusundatoneutlseidmans suaznould

y o
=] A4 o«

v ny ' ov T a o _ o qyd C A 1<)
munwesRuiguiwewazguihanhia gt wiituedts  fasfeiinsnuimanug
AFIner msvisaiiod uazmansamduegthe uanudn 1l hismin venaniinissEuiszu
gudeyavemsnonsdilanindnmsamalszmain. Goiuienumuluawizngininissluudaz Inse

4y oia 4 o S o o 4 S d o J =
made e gruiiuiuey uazniannuaseuAgueIniwnnsRdRYIu Nifeadesdudidae vneh
" a . W dd oy o qy o 4 o o 'Y
nguinInns euazmitsume s gimeades dalinnudidy lunsdnuiseamnswonsdnionnn
b4 1 v . .
TuaoamMNMsITuTemsnonsdweninimnms lnedsien dalidulawihfians  wazmildasduiiu
o o ' ' ' R o 4 a v aw
auludmmsianninens hudyueieg vesmizaiinoidedfesiisisssuug mdoyaveninido
. v

3 aao = = b3 =1 ° o ©
anlszmeandinanuasauRquASANYIBAMaIsd . Aaoimqil lassmsmsdistaazmsiais s
v 4 v ¢ o e ‘a A o 1 Ao ¥ 2
gndeyaisafiud favdawidesaeu Iniuiniulasimsusnvesdsameanefiiszuugudeyariie
< 1 v a o v . P o a v ks e ¥l
sz Teniaerinnnsuazauia W lunsmanudieg denlesfuninnnsd venvndinmin

v =< o o . @ - o o J o - A Yy ¥
ulﬂﬂ1ﬂﬂ15ﬂﬂﬂTLlfJ\']'lnthqﬂWi‘l’lﬂlu’lLW@ﬂ’]ﬁi)ﬂﬂ'ﬁ‘ﬂ'iWU']ﬂiﬂ']llﬁz'ﬂS'WU']ﬂ'if]u"] NINIUDIANE



bl
BiINGT

nnmsdsteyalguginasyagineun Mldnswedndanui aamsstiinovesguni
. v ¥ L d
ypanazguiiaadsznoudloiusu Audadl wazvuuds Tusanmdieg dwduniganale ladn
(Paleozoic era) WDIYANIOIABIUTS (Quaternary period) TammizAuuvzaseunquituiilsziudovay
4:’ a‘n’/’ A U 1 g d o . ) v =3 b4 3 q’;l dy a e : A:"
50 ypanunnanue sadulngeylugamesiiou (Permian) ¥30 230-280 amtuual Aniunuhguyii
=< o = . ‘e s . o Qv o v o o
s ingdnuuziieeang lunestud vauguunadieg uasiim Wudu lunisdisededniu aue
aw Yo o o J - a Ly 1o bs
Wo'lddrsasrdmau 9 &1 sawaruonidszum 8,660 was (38 8.6 filawns) Feldun d1hans 61
v ¥ ¥ ¥ y ¥ v v v v ¥y ¥
uas fIHuAen Sy fnsana duigues dnisu dnhg vazdwaesthust Tumsiidediiszyims
¥ v
Munndeyadwmising vurataziamemsneiiveslosi1 dnvazuazInseadiessdiine sndnd

¢ S A ‘e & a a v - \  a & W
Vs uazAznoutmaua19q Tunesidluiusen dudos v wazimdu dudu
gnAINe

v v

HAYRIN1SETI98A5INS InaveathimAumaNAeg Wy dUTuans naseutates fAe
HAumde 36.1 auuani wesnnnaweinsdisndiuingazeglusigauds wensntisasims lvad

"y ' oo < Y < = Jy <4 o , da oA
IAntesndt 5 auaaniiu snthsnnadnuaesinsi lvatiuing  dwganing Inavinnhiise
o W ] Al a ) v o J .
Wludnsvuadwnassudsnnalng i lvanaeel!  daumsiadasinisinavening wuh
Auriavonimind15139z8g luF9ANNTITTNIN 352-800 tims NnszAvtimzmiunas lasliAmag
o & : Y 3 ¢ oo A o
V9IBRIINTI 1Ma 1.82 avwanii dwmanunszdnvenilugdvedlumsvea wud Aumfeveni
o Qv S é r . ‘:; 0“ oy . li' as ﬂu
mud i euentiilag 84.02 u/a FadesnNAURALYRNININGIRIG NsTAY 278.49 un/a UeNIINI

Artihiug Anisgaaummiiondt 6 uva uaaslinsuinhawumaiiae sgluamwasudned s

wiranhswrsezinnan mMhHuNAANA NININMNATIF MAR L
Tusiuna

14 v
MsdMaauIue dawdziimswuuraslusiuaasouun uanansdislanigg
uaztiufindeyasinaziBoaiios 37 uianniu Taghnmsswaudumiindewmaslusiuad Uszinm
S A . o e - g VA e @ &
YRINNWY TMHYBIUHMal AasaIuMsialssianvewmalusmnd wu Wuurdsfiegedediai v iy
=t ' p=) a & & aa oo « ! o nv ' ay n”q [l - =
fflen viouunawnmdoud sudunurFunain Awunquihveazguiraniiuawnmidoud
o t A as * Ao dl -=v nﬂ a o o &£ 9 "
IUIY 8 urad mfammmmumanaiuﬂszmﬁ"hw‘um:u uﬁ)mnnuwNﬂmm%”lﬁuumwgamm
» a ' o e 'y A& yyva a o o o Y °
g Tusadngiinuswluunasaieg dao Faldinsins et lusadaguaniu 1dun Msdungluuy
tY @ P <o o de ' aw ¥ a Pg
Tadlduazsznnalas msinsiziaunisisvemallusmaddausssulasld msdiagigdins
. . 0 v
o = o t Y a ~ v ' 1 o
wauna lulagvesluswdagaieq wenms ldauuazmsuandoudavesssnianguauaiuguiia v

d1eq nsfine Insanszqnuypdh fsessesvosau lunaluiamsssylasiuazitnmsdsadin aaon



N

. o ad o o o 2 vo
nanmdeuds ldazneudnvauzdenutaz Sausssuveiaulusimeds  uammiiaanil 1dvins
Aoy Tusuing TasmwiznsfmuaeignszgnuesauTusiui ldannisdiee Tagioglszun

1,300-1,600 Uneuilvyiiu

a f ' o e o ° aw o o
HaveIns Inszideya luudyuaeg Aindrudaniu mideaeifvannsaduneiesdaid
tE e w Y o4 a A &4 4 o .

mifnfvansssulasld wu szuumsddug wvesau lunafideniuiigavauysoiuaz lilnasn
unaait wieszuumaluladaudnludwemsnsivvesdou Asuiimsuzauenlunsyduemas
< Se o a & ; o . o wa o
dhsu wenwindidsduinguiieduveinnudenloamelausssuveanguauaionoulss amans
Tudupathawzdt fwmdamigesaeu funauaulusumianmaauys wiesnnnwusessevveslasliii

o Y a Vv
anpae Indifoaiudae
th Tiuazdaith

4 a2 e @ o e v o v ' ¢ 1o
wuignhaaazguives Jiwmdauidosaeny dszaeulaeth ¢ Yszan 18un Yuuganssw

a

W o e oy o= "y e ' . ' 4 aa 4 - Y ' o
thiaess thavuds thavn Tl saztundun Salwgwssussiifuimaiigalugui edelsd
o a4 4. Sey v o o v & A A . o
A msuasuudasvearunthdszamiin 18sunisdsunldou I naadlufiunineasnssue6195705 2
Y d 4 < & 4 o . -
lﬂﬂﬂ1711‘1Jﬂ'.)ﬂIﬂULﬂ‘V‘HSWHV]ﬂaHﬂﬁ'N"UENfﬂﬁﬁfﬁ,ﬂ luaﬁﬂWﬂYﬂiL'VHJ"\]"I'H’Ju'l]5$‘U1ﬂ‘illa$ﬂ15ﬁ\1LﬁiUﬂ73

nyes  Astiumsaad waniuith Idasendwansenudetufiegordovesdnithlfaninouawashl

o o P

" o 4 o :l" Y o ] e 9 =y ' a
FUNU “INi]']ﬂﬂ—ﬁﬁTi'Jﬂiuﬂ']ﬂﬂlﬂnllé"ﬁiﬂlﬂujw ﬁﬂQlafNQﬂﬂ’)ﬂuﬂﬂlu1ﬂ1ﬂmﬂu@gﬂ1uﬁi§n‘ﬁ7ﬂ YU Lﬁa
¥ A o ooy < Y a4 Al Y ta o g . v a
YW HIDUN UU luﬁ_lll'ﬁﬂw‘ulﬂullﬂq']ﬂthlwuﬂu_ UNCIULURTAIVUIALAN LU A1IAT LRBIHT LASNINHD

4 o < v a o o [y ' 9 '
%QUQW‘ULWUVLW ﬁ?uuﬂ’ﬁfﬂﬂ'ﬂfﬂﬂ‘lﬂlﬂUQ"‘nJLWN"lﬂTIthhﬂJE:Lﬂ'ﬂﬁ%‘]r}
b4 7 a
na 7‘1)’1]53 TU“D'UWSWU7ﬂﬂ!ﬁ3‘IﬂI‘D’U

v Y a o o o % 4 aw 1 Y £y ¢  ar
PMNAPUUNNINIITAITIINUIY 17 MYuU CINﬂﬂlﬁﬁ]ﬂﬂ@ﬂiﬂﬂ?ﬂﬂﬁi‘ﬁﬂixIU‘])’U“V]SWUWHELLEW
v

a4 ' ' 4 a4 A &, K - o
guau wuh idemelnelng s mjthu dlinsdstugmiviuiigmivesuazgubarsiivndwjiu
dunanue Ao aflugaasznane 30 fs 200 N1 wazdug e smytunsz e llamguiiimaidig dau

v 9/ Yo Y o J ) 41”91 @ t Y =]
aulumdminldmiwonsandi laommznshinen 14 unsinyes uagmjthuoas dinsm

g S o p g a a S o o Vo oA
mmsmnmﬁ’hu 'iamnqm‘l%’ﬂiﬂuwmnﬂﬂm‘vmmmm 2N ‘ﬂ'mmaaﬂ mmaaﬂnhummmamm

drgrosimTawidosaen dmiunyihuniidemuysed uazvouns fiognauas 4 vyt fins

o

14
9

2 oy ' C 2 P R " o o
anugunundooniman nolng fie wiudszanm 3 8920 7 Famjthudnaeznszaivegi T luiy
a = ar v t:l’l Y o oy ] b4 4 o 1Y 1 v
frudniuwanlnelny  uenaniins ldminensandilinnundwadstuninnelvadn udmsly
¢ A o, 4 o ua o o . ' o 7 4 & =
Usglonhmemainiioads ilinnwdnngiin - dasnjiufimdeduveanguiemonszmsvaazdae

b o . 4 . e o o o A -
FABYNQUAL 2 wgﬁ'm g nyaregamhaiufeusisnue uaziinmedsdugmuulszano 26 tufen

v v
Yt Y °

oy v \Y ya a a ¥ B o b
40 ¥ Anulumdmiinldudannnd lunsinuasveseu wazisuanlvfivzldlse Teminndiluns

L1

' a v
NBAUNGINWY



¥
LUUFITOYAUAZNITIANITNTHOINT T

9 '

anzfisu Idvhnnateuszuug mdeyananua nuh szduaugnAeIvesnsduiudeyast

« G <

oSt - o ¥ & a o v o A a 7q ¥ o A o

TAUNA 1azInNUABARADIABTBINTITUTIUDE19A FIT1WITDUNTIZH 1Fau Ty 2 dnvus Ao anye

o a P ] o . I PPN A
usmdunsinsIzimmznquAnEve L 1B unen1s 1l leninAunasgua 1ieamna

aa a & W &4 a Y o Y '
ssfiInewazgnnInet Wuau esTuisaoummpaziud Ivvesnslasuudasnmzan dwu
o P <& a q ar 4 a
dnwarfiaes Wunsinsedarundenlvavesdoyaludnuuzysonms (Inegrated study) 1#Heatutn

L3 o" = Y 1 o 4

anumssivesiilaoiiyuussnindeyavesiudiuaig dsznoumsiinisan Farwmusalung
a P aw o o o s o
Jinsrzriaananye imeaazdsoriunmsmvesnisanunlasanunivemswons s wasnswens

i ] o o J . o e o Ve .
duq Wheades nazviimsiadsziandriddeudndamiiu 3 dszianndn 1dun Siidrdaldde (public

o da N . o ‘ 4 ‘ o o
access caves) it vanewiey (special purpose caves) Ha¥D1OU (other caves) Faluuatszinnuands

v
Ao

[ o ' ' Y vt [ ot Yo kY o @ :
wanusatiudiBidnyaizoesae 1l ldsn  vinndnnamimansditoldneaemndmeulunsianisd

. k4
oo Yo o

o w .4 . a ] &
Tasdeniidiedny 12 uve Fldldszuugwdeyaniieguazszannnufnszninedisoianualuns

- . . o o w J o b . et oo ! «
Wﬂ'ﬁﬂﬂﬂmﬂ‘]“?aizﬂ'i_lﬂ'.]']uﬁ'lﬂmuﬂla\iﬂ'l AOIUMNW HAZNTITINNITND E)UN“l’iﬂﬂ uu’mN‘ﬂﬂTﬁuﬂ"ﬁuLﬂu

a aw & a 4 o a
anufiammzvesnnzite Fwinazld Mnaniauyseiuasaseungulunsianmsuda asiiparea

Vs ' . Y a Yo v Y o Y 1o wa e @ < Y
‘U?NP;I VAIUTMWAFU AUNDINU AUIBUYU RINUINUDITF ua:rngumm‘luaaﬂﬂiwmmmﬂ‘vu uluﬂu

U a



U

Executive Summary

Between February 1998 and February 2000 Thailand Research Fund (TRF) supported
7 researchers and 20 assistants from various departments to proceed “An Exploration and
Data Base System of the Caves: Mae Hong Son Province”. The research team had met a
great success because the research outcomes surpassed the primary target. Moreover, the
team enthusiastically analyzed and synthesized data in order to examine relationship of data
reflecting holistic view of the area and initial cave management. This attempt certainly will
benefit for further development researches of cave and related resources.

Target

The research project aimed to collect primary and secondary data of cave and related
resources such as geology, hydrology, archaeology, wildlife, forestry, and land uses and
communities from the field survey of Lang and Khong river basins in Muang and Pangmapa
Districts, Mae Hong Son Province and from various sources of information respectively.
Afterwards, these data were formatted into the database system. The usefulness of the
database system helped indicate changing condition of caves in the past, present and future.
Initially, the team intended to investigate not less than 25 caves.

Research methods

Before collecting field data, the research team had reviewed more than 50 documents
which related to cave resources in the river basins of Nam Khong and Nam Lang revealing
condition of previous researches. Since 1970 till present, most of the documents were written
in English and French, few were in Thai. Prime interest of these researches was in geology
and hydrology. Archaeology, biology, tourism and community, and database system of cave
resource were respectively significant to the researchers’ attention. However, there had been
no attempt to link these fields of study in order to gain a holistic view. The team, then,
pinpointed more than 170 locations of cave entrances within Nam Khong and Nam Lang river
basins onto topographic maps as to consider cluster or dispersal of caves. Around 90 caves

“were significant in geology and 80 caves were important in archaeology. Meanwhile, the

team designed data forms for various data recording together with selected samples of caves
that were closed to 17 villages. These samples were well distributed the whole river basins.
The team divided itself into working groups in order to gather specific data into data sheets
before examining all data and transferring them into database system. The methods of each
field of studies can be shown as follow.

Geology

The geological working group commenced to collect secondary data of the Nam Lang
and Nam Khong river basins from cave exploration reports, geological maps, topographic
maps, aerial photographs, satellitc images and relevant documents. Researchers analyzed all
data and interpreted maps as to identify significant geological and geomorphological features
such as types of rock, folds, faults and karst topography. They also produced field maps for
primary data collection including locating cave entrances by geographical positioning system
(GPS) and drafting cave plans.

Hydrology
Apart from literature review of hydrology, the research wdrking group started to

locate 23 stations of water flow measurement that were well distributed the Nam Lang and
Nam Khong river basins. They measured all water inflows at the cave entrances in term of



cubic meter per minute (m*/min). Moreover, they measured water flows of 9 spring outlets.
In order to gain ground water data, Division of Deep-Well Drilling Development, Public
Works Department provided secondary data from its reports. The working group later
analyzed hardness in form of dissolved bicarbonate in 13 spots of subsequent streams (surface
water) and 16 spots in cave streams. In addition, water quality of the inlets and outlets of 6
caves were collected and analyzed in terms of environmental index such as temperature,
dissolved oxygen, and pesticides. These index indicated water quality change due to human
activities near caves.

Forestry and wildlife

The working group of forestry and wildlife initially coliected secondary data from
forestry and wildlife reports of Royal Forestry Department and previous research works of the
study area. Moreover, they interpreted maps, aerial photographs and satellite images in order
to consider land use changes in the river basins that affected wildlife habitats. Later the group
located 27 forest sampling plots which distributed throughout the river basins. Tlhe outcomes
of sampling plots’ interpretation, for example species list, forest density, etc, would further
clarify changing condition of caves. The working group also investigated clues of wildlife in
forest types especially avians and mammalians that had their habitats inside and outside the.
caves. Local people in communities were interviewed to help explain changing number,
frequency of observation, and habitats of wildlife.

Archaeology

The archaeological working group reviewed previous reports and researches and
found that there were 3 different periods of archacological study in Nam Lang and Nam
Khong river basins: 1966-1981, 1982-1987, and 1988-present. Each period reflected different
group of researchers and aims of study. However, within 2 years, the working group spent
166 days of primary data collection and the rest were time of data analysis and synthesis as
well as report writing.

Land uses and community

The working group of land uses and community reviewed concerned documents and
collected primary data in 17 villages locating in 4 Tambons of Amphoes Pangmapa, Mae
Hong Son province (10 villages in Tambon Pangmapa, 3 in Tambon Tam Lod, 3 in Tambon
Sop Pong and 1 in Tambon Na Pupom). In each village, the working group interviewed all
heads of household with questionnaires and did in-depth interview with all village heads.

Database system

The working group of database system reviewed previous works done by Australian
and French researchers. Later, they asked all researchers in this project about aims and needs’
of each field of study in order to initially design and develop database system which covered
5 aspects 1.e. geology and hydrology, archaeology, water quality, forestry and wildlife, and
land uses and community. Then they designed data forms and marked sample sites of each
field of studies for field survey. After collecting primary and secondary data all researchers
re-examined data accountability and reliability before transferring them into database system.
Essentially, the database system was designed to obtain various data formats such as numbers,

figures, photographs, description, cave plans, ctc. These data were finally proposed to be
relational data.



[Fact findings
Broad view of cave study

In literature review of all research aspects relating to cave resource in Nam Lang and
Nam Khong river basins for almost 30 years ago, the research team found that foreign
researchers had paid attention to geology, hydrology, and archaeology in pre-historic period.
These fields of interest reflected the importance of the study area. Although some researchers
had investigated in biology and tourism, the gained knowledge was limited. Some created
database system, but the outcomes benefited only to the research team — not to the public
interest. For this reason each database system had no standard format and it did not cover
related natural resources. Whereas Thai researchers and the concerned Thai public agencies
had paid little attention to study cave resource, they heavily relied on the foreign database
system that did not cover essential studies. An Exploration and Data Base System of the
Caves: Mae Hong Son Province was then the first research project in Thailand that created
-database system to service all end users who wanted to gain knowledge relating to cave
resources and natural resources management.

Geology

The primary and secondary data mirrored the Nam Lang and Nam Khong river basins
that they consisted of sedimentary, igneous and metamorphic rocks in time span between
Paleozoic era and qauternary period. Obviously, limestone covered around 50 per cent of the
total area. Most of limestone emerged in Permian period or 230-280 million years ago.
Therefore, topography of the area comprised special features of doline, cave and spring. The
geological team produced cave plans that covered total length of 8,660 meters (or 8.6
kilometers) in 9 different caves namely Tham Pang Kham, Tham Pha Daeng, Tham Pha
Phuak, Tham Pha Mon, Tham Crystal, Tham Mae Umong, Tham Nam Rin, Tham Nam Hu
and Big Knob cave. The team also put details of cave location, size, position, geological
structure, fossils, and remarkable speleothems such as stalagmite, stalactite, column, etc in all
cave plans.

Hydrology

Average flow rates of surface water in main and subsequent streams was 36.1 m’/min
which was slow because most measurement were in dry season. Obviously, small streams
had average flow rate of less than S m*/min. In measuring average flow rate of springs with
their positions above mean sea level between 352-800 meters was much lower or about 1.82
m*/min. The team also analyzed hardness in form of dissolved bicarbonate in surface water
outside caves. It was apparent that their average value was 84.02 mg/| that was much lower
than the average value of cave water, 278.49 mg/l. Other water index in 6 caves that showed
water quality were fair although some index were different from the water standard.

Forestry and wildlife

There were 6 forest types in Nam Lang and Nam Khong river basins that consisted of
deciduous forest, mixed deciduous forest, hill evergreen forest, dry evergreen forest, bamboo
forest, and limestone hill forest. Clearly, mixed deciduous forest covered largest area of the
river basins and it was rapidly converted into agricultural practices because of rising
population number and agricultural development. This situation then affected lessening
wildlife habitats. Large mammalians such as elephant, tiger and bear could not easily find.
Several species of avians still existed in all types of forest.
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Archaeology

The archaeological working group discovered more than 50 archaeological sites.
However, the group could only collect primary data and draw 37 cave plans. Details of data
included location of sites, types and condition of archaeological caves, classification of
wooden coffins and types of coffin’s heads, analysis of technological development of
archaeological artifact, etc. 1t is noticeable that the river basins had 8 color painting sites that
currently showed highest density in one single area. The team also analyzed age of artifact
especially human bones that were 1,300-1,600 years old before present.

From the above analysis, the working group could synthesize new knowledge of
wooden coffin culture. For example, pre-historic people settled down near fertile land that
was not far from water bodies, or they developed new ways of living by using earthenware for
cooking. Apparently, the culture of pre-historic people in Amphoe Pangmapa, Mae Hong Son
province was familiar to the wooden coffin culture found in Kanchanaburi province.

Land uses and community

Within 17 villages, the working group found 5 Tai Yai villages that were first
established in Nam Lang and Nam Khong river basins or in the range of 30 and more than
200 years old. Tai Yai people had shown that they knew how to exploit resources from the
caves especially utilization of bat guano as fertilizer in agriculture. Some also found food in
the caves and made benefit from cave tourism such as a famous Tham Lod at Ban Tham Lod
in Tambon Pangmapa. For Lahu hill tribes, there were black and red Lahu who were the
major group in the river basins. Each group had 4 villages and their establishments were
between 3 and 20 years old or they were younger than the Tai Yai in comparison.
Apparently, the distribution of their villages and ways of cave resource exploitation were
similar to the Tai Yai. They still facked of tourism skill, Karen and Lisu occupied the rest of
villages in the river basins. Each hill tribe group had 2 villages and most of them were in
Nam Lang river basin. Time length of their village establishments was between 26 and 40
years old. They also knew how to use bat guano from caves and to do cave tourism.

Database system and cave management

The research team examined database system and found that data access was reliable
and accurate. The database system was useful in 2 analytical practices: first was for current
condition and trend analysis of specific field of study such as land uses and community or
geology and hydrology; and second was for relational data analysis which was comparable to
integrated study of cave condition. These usefulness helped researchers gain a holistic view
of cave and related resources condition and create 3 main cave categories - public access
caves, special purpose caves and other caves. Each category can be further divided into
subsets of cave. The team, then, tried finding guidelines of cave management of 12 selected
caves. They employed the database and brainstormed to consider actual values or importance
of caves, their conditions, and initial guidance of management. However, these trials were
researchers’ judgement. If we want to gain a better guideline of cave management, we have
to include other stakeholders’ consideration such as local people, head villages, public
officials, and non-governmental organization’s operators.



