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Abstract

Project Code: TRG4680004

Project Title: Petrogenesis of Siamese Ruby and Corundum-related Xenoliths:
In Relation to their Basaltic Host

Investigator: Mr. Tawatchai Chualaowanich
Bureau of Mineral Resources, Department of Mineral Resources

E-mail Address: tc_chaeng@yahoo.com

Project Period: 1 July 2003 — 30 September 2010

Alkali basalts exposed in the vicinity of Borai area, Trat province are classified
as basanites. These basalts patches are proof be a corundum carrier taking ruby from
existing ruby-bearing strata formed at depth up to the earth’s surface in a form of
xenoliths.

The ruby-bearing xenoliths are classified as a “plagioclase-bearing garnet pyroxenite”
displaying an equilibrium mosaic texture among main mineral phase (which is diopsidic
pyroxene) and subordinate phases (which are corundum and garnet). Plagioclase and
rarer spinel occur as associated phases. According to petrological and petrochemical
studies, these xenoliths were formed under a high grade metamorphic condition of
granulite facies, i.e. 1,100 - 1,20000 and 1.5 - 1.8 GPa, within the upper mantle-lower
crust transitional zone, or at depth of about 50 - 80 km., and ruby was most-likely
generated by following reactions:

Plagioclase + Spinel = 2Corundum + Diopside @~ ......... (1)

3Plagioclase + 3Spinel = 4Corundum + Pyrope + Grossular ~  .......... (2)

Additional new 40Ar/sgAr ages imply that the ruby-related basaltic eruption events in this
vicinity had intermittently been occurred at least 4 times, i.e., 2.38+0.16, 1.58+0.05,
1.33+0.09 and 0.69+0.01 Ma, during the Late Cenozoic times.

This study provides some constraints ensuring that the genetic conditions of
the Siamese ruby somewhat differ on the aspects of parental rock type as well as parental

source material, from those of sapphire found elsewhere in Thailand.

Keywords: ruby, corundum-bearing xenolith, alkali basalt, A Ar ages, Trat
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A A A v a . . A (Y [ a . = '
laonun waziinaunafin (inclusions) G9Usznavdianeniuutantaas (xenoliths) WANWS
aanuuIalngl (megacrysts) wazusudandaau (xenocrysts) BWaangg Watszidundau g
v o X oA, e L X &4 ¢ N .
LRZABAN LRGN wIZR I NN D wUzTaae (basalt matrix) NULHaVBILHAEN
@ A o o v o a @ o v a A { A o A
Aauuafinnuldsnsuziuglasaudadonuiiiiduthue qUn 6n-) Safauuadin
wlandaenitdzwiadiuddindt 2 ou. 89091 25 @, uaziizuioun sieduudandaen
daulmy’Lﬂuﬁué'ﬂﬁmmmm”uﬁﬂluﬂéjuﬁam%”’n,uﬂﬂ (ultramafic) wazuNIn oWl D WAL
\n30§9 Bila plagioclase-bearing granulitic rocks NdasALsznaunIuIAsUIAslanUAR
% ' . a aaa . % a & o
8afl nguiuin (mafic) lasUndunudjizoniad (reaction band) sinwulfindudausauuaz
Awdn I luiievesnauruudandaay fautiaanulandaey uaznawusaanswialngvia
| o o A ! A Ao A A A & A & ' 'Y A
d149 laglawiznunawniduuslwsanduddidaidon (fGaiiow) Tadausursnawnuds
gnwldaniflauwsauduninue quiAngadoitafAuduaiuioaninuounansg sadunad
Wandisennmsuanilfswlass (metasomatism) nuuunu dwnsuiawusulaniaow
dunszanudlui&idy (phlogopite?) wuliuinslddessin wuwdoinuusudandaesui
Wunmsiuwn amausaanudantaaunwuiniamaadue 1-5 ou. suAsudandaaunidu
AUALNauaIN 11 AunonIdiig uasAnduaiu srursanulatszine Sslunuisoi
azlianudaynvAuudandaeuniduiudailzdudn uazAuudsinsags undn
dganwmemIdaITTmlesdn awntantsRuudandasusiainani

VIANaTEAUAN 11 3 SAIWINKAN baln

Aa

(1) wnalalad (herzolite; U7 6n) luAudaasuudnnifidurounios dus
ada 1 5 A IS) 1 & a ] v o dql/ a
loddniduaiutsznaunanuazdinsanduduussed TIRULARLADULRAIAN B MLIaAY
=3 1 a . =1 1 o e = Ai’ a = <& 1 dqlJ
WUUNBNUSVWIALALD (equigranular) tdausinizainwlaidnn lasiilaAuduwiaasud tile
A =3 1 2
AzLBHG (~1 WA.) DIABUTNRENY (~4 W)

(2) lwsandlud (pyroxenite; 3U7 62) duAudaaiiuinniuiasdiznay
naniduusinsanduuaziloddwduusses danwmsihaRuasionuiiwiInusn wadidu
aanlUneddadsn Suwadauslugisazidaatsthunas (~1-3 u.) iunan lapuns
Aandusnsiwntduusiasy (accessory mineral)

(3) wSaanlad (pyriclasite; 3N 6a-) iduAnlungaunAnunsyladnius

& [ a A Ao a Vo v A o
asflsznaunaniduunad lanas waz Insandu lagdsasiuuad lwsandu ludinintasasfurd
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1 % a % a a a 6
gﬂﬁ 6 aunuiwnlandaansaasuaiNnuazainluiinuzsadn:

a ¢ & = a . & '
n) ‘Iﬂ%tﬂﬂt‘ﬁiaﬁ LWaNaNIWIALAEI (equigranular) LN@]LL?“II%’]@]‘]J']%I’IR'N;
a o) ¢ & = a . < ! <
) ﬁ%iﬂ?ﬂﬂ‘ﬁ\l‘%@l LHDNANVUIALALD (equigranular) LNALLIIWIALAN;
a a ¢ A = a & o a a ¢ & & . < 1
A) ‘Iﬂ%IW?E]ﬂ‘ﬁl%ﬂ LWaHANAWIALA T LL“?ﬂ?ﬁ%ﬂﬂﬁ%iW?ﬂa'll‘ﬁﬂ L1397 (floriated) LNALLT
AUIAUIBNANNIARLY;

a a ¢ & =< a (=1 1 [
J) 1&%17!50-16’117561 WANANTRIALA D LNALLITWIALAN

(@uffe1uan Sutthirat, 2001) uslwsenGuarnlngilnuidoadu (pastel green) fi9
We0INe ANTUINITIUNAATINGLY LA 881 TNITIUNUINNINTo IR AL RUIININGA
& A dAa & ' a . . ' \ A da & )
nirhaninaiduiiamaidsinaznainawe (inequigranular) wadwlwgidwsieniiious
RANNUUIN LRZANLFAINITLISHINIaILdaus AN luszaunuasdruadsuaznieole
ﬂﬁ@dﬁ;ﬂﬂﬁﬂﬁ dwiuaadwiauiuulaniaaudunass (ruby-bearing xenolith; 3U7 7)
n?: d‘v v Qs v 1 1 = Q a a 6 dl a o a 1
wn lwdasdudaliaglunguideinuinlniaoalod ihesnniidnwuzdang uazsiiaus
6 3 “ A a 6 A L 1 a a A [

g9fUsznauaaanuAnlnsaan bod Nusznaudisus wsendulnuiidorzaidunan (lag
onilifFinmgationda fasaz 90) duinasudusiiavufiuduuisesnan uazanaiiuinsiun

A a’ 1 a ¢:§ >3 1 d' 1 = d? a ffl/ = 1
waz/m3auwadlalass Luusseassu Gearadunnuimulngisnwusiiafuiduwioninus

a a a = : A ) o (% \ %
PUIALAINVVUIALAALIYUTZNH 1.5-3 JW. (3"].]“(] 7N-9) LAUINNaWAIDYILRAIAN TS
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iandnna1nuie Nuwalduingudnasvedauiviufivenalngfafiou 1 ou. diuaas

Iugﬂﬁ' 79 ldsunn

3 Y] a a I3
gﬂ'ﬁ 7 ml,mwnw,l.ﬂanﬂaaué’uwaau‘luwunwaam:

v
' a 4
n) TrBRc 2 uaz 2) TrBRc 3 dikbanauintwnans dsznaualsusinsandn sialaaaullad
a

v
@Iealuld) aasuan sdaniuia (Fuassan) unadlawaas (a1 ua) waza3nan

N3N (Fu1Unanzan);

A) TrBRc 4 fiitananzunahunansfisneny fidsznaudrsuslasaylod uasvivfia Aslvey
Unseu19 9 ﬁ:maunﬁnﬁ'uﬁu;

3) TrBRe 1 fliftanenufidsznaudrsuslaaaulud unasloinas HALLIALINADAWIA WD)

& A @ ¥ ¢ a < ' .
l%aﬁﬂ"lﬂﬂﬂigﬂaﬂﬂ'ﬁElLLivlﬂaE]ﬂvl"ﬁﬂ Ltwaafa Laad Ltazmmtiwaaﬂ‘ﬂuﬂm‘lmy

o 2 % 6 a 6 a gl/ a ~ % 1
sneazmuldndasgansiadvasiuuzsend Wuiwiesndoandzdious

= X . & X & 2 o i A Aa
ADNVUBIALAN (microporphyritic) laodanwdwilonanan (holocrystalline; Eﬂ‘ﬂ 8N) NI
unadlatasa Luitewu uslediuuazlaalulnsenduduusaanvualanNuaasvauniin
HanuaEIniviinauy ol (subhedral to euhedral) laifuwid fATensznitniteAunuus
AONAANHLAAUTALIUND LTULATRNBIULNNINTBU (corroded) HBNINNRHAINVBLLIABNE

v = ' a A & 6 e o o =) ' = a e
1 FABUN ﬁ’)ui%ﬂﬂ’)m‘m%ﬂﬂz‘ﬁﬂﬂ@ﬁ&mﬁﬂ‘]JNﬂﬂLL?%W?Bﬂ‘ﬁ%I%%%LLﬂaﬂﬂﬂ'PJNSJT’]‘W‘]J’NLLQU

Jiaennaaa1awain (spongy-textured reaction rind; 3UN 81) AUNA1 LTWALINL UM

=



a

A & a ¢ v @ ¢ Lo o
sifi 8 anwmzainuzmaadnglanaasganssel malaiiasuans 4ox:

& & Aa = 1 [ aa -~ 1 =S 1
n) uaz ) et NAkANLIAanIRIALAnDaIladI® (OI) Hellszuazinlaninnanuns
(laths) unwadlatasa (Pl) n159a2 ld lunanadaan,
‘2‘ ‘2‘ dld =) J 1 = Qs = 1 a
A) ihawnzuinazidsannuazlhuanin1siSsearvasndnuniunadlaiass;
J) pauilpnsen 2 %’uwautﬂﬂafﬂwsan%unaﬂg?J (Cpx Il) saundnuslaalulnsandn
Ugandl (Cpx ) Ndaranuuzzoas Ingraulisezuluuaasansmaitonsianamn;
1 a { A a A { [ ' a
9) wanuslaaluwlwsandu Ugund (Cpx|) ‘ﬁmmﬂgﬂimmﬁﬂmﬂumvlﬂafuvlwsan%uvmﬂ
0 (Cpx I) novina Inafibandndruluudasanvasitanaraasii;
aaa [ Qy 1 a { & o a A
) 2auln3ensaunanusans 9 lurudrwaasiunlanilaaniiiuwainainnisind)n3en

NUYzBDAR
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vaundnuazay sosuanneluwus wsanduluRuudantson uazurassuaasvauljize
< v & o L e A o Aaa { Y ¥ & [y
2 7u WiAudoisuiu Sanvuzunulfismnfgasonastiiil Taylor and Neal (1989) ld
a ' A ' A . a
denwindunavainzuiumawanasulessluszniefinesaguuunin lasdinsszazay
59 Na usz Al sanldanlassaiswinuslaalulwiandudsund ifaduuaudjised
naoduuslaalulwsendundond lilevsafonanuiluinmaindnddianasanas
a J 1 1 o v i 1 a A
Nadusasuandumeluninud livhldguaud@neussszniaununaenuauuiiiants
wWasuulasld wazsnwumgvavdfAssuwouhaanswulaluiuudanyasuaalaladan
Uszineauigunn
dgmivansuenoldndaansaivesiuulandaevdiulnginuaas
anwuzidaLsrmat unasisneny WiiendnusuuunasIadan (polygonal texture) lagd
midaudizeaninuinanlugUiuuuved mosaic NyNHANGari (dihedral angle) Uizanos
0 ¢, & @ A A a & o & A
120 Fesfanmwnisnadizesnulantaannaitit iiadunisldauganiiziagaad
waztiena lusminAuiae o ladnidusloddin laalulnsandu uazeaslslnsandu Juus
& [ P I A Ao w A A & Y
aadilsznaunan uazlusadiwaiduusiaiunddny U 9n-v) lusnizAusnsiundnwy
1 a A o o A a A a a 6 a 6 =3 6 1 1
WuwsisSundandnaianisluinlnsend luduazlniaalod lasuinnisiun daulng
anfadfitedasusnmaniteusiaa lidunszanusiduundoni Kalyphite fanauad
A o o 2 a & ) A A a a & !
ngsasinmlassgundniduvaimiunld Ui 9a-1) uananiludnlwiandludursain
uazdwlngvasAniniaa lodgsmaunsonuanwmeiaRuluy  porphyroblastic texture
\iAALANUAN B UL UDIUBIINENY (crude floriated texture) NLEAILDUNNIIBIABIUTIT L
ULaUd (mineral banding lens) vaswiFiduasuAULIFdauudLauT liuaaIaNBIUZIAUTR
la gntsnieduiinanineldnnizusinion (stress texture) LAENTUTZRIUAIVBINANULS
sulngdinsansmzanuiiu mosaic ot
1 Q v v 6 =) U dl Qq//
sauansuznoldndasnanimivasiuulandaaudunasy (3UN 10) wu
funlnafidauizwialiunatd Nuaasanemeiduiondnusuuunaana e (polygonal
texture) 3T WULIANANUIABTUAN (corundum) Fzuwanaiae (W3afiTundn wassviufin) @au
A = | i . & a A o v & A =]
Inajifadundnuns (prismatic) 2waLdn fuuia 0.1-3 aw. NNUAAIRTRANNIFNLITEN
e A a 1% \ v & A a \ ) v o a
auuyaidstazluitofin uazdn iusasninandadvwnalng lasusaasuduiiadauluniig
o |dl a a A Aaa A 6 al 1
auqanuwidusg 8n 5 vila Ae lasauddniwiandu adiua niiun uaz uwadlainas ud
Qs L% 1 va L e 1 1 Qs A 1 Qs 4 A 1 aa
uEAIANNFNAUT oI lNATan LS InsanduannINALLIIAATINGIAU g TIuT laaalFan
= o o epege ¥ =2 v o a o '
wsandu azusasanwsue poikiitic #uHAnAaTuaNENa LazluuIuTIMYBIAI8ENY TiBre2
(@31 lumwnuin) wuasTuauuaasnsanuinludnsmzad u3Uuuuued crescumulatic
texture uananwuiwinsiuniifeswdmlnginenassmwliidunszgnusiFoun fon
. a ' A A v aaA s v @ & % o
(kalyphite) Fug uanmuy luitafin (il Firamnameldndasgansed) laodansinsanmlass

=S 6 a ¥
NRNVNMTIEUNER MVL'J E]%
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sifie  anvazBefnulandasamalanaasgansyent laglatiasugs 40x Nustsanizanaaln

nmMInaazasusilsznauinnsaam:
n) uaz 2) hannalwa taalylsa (TrBr5);
A) HaRWNTIWN - d1ina TWsand lwd (TrBro-3) uaz ¥) Iibafinailuwa Iwsand lwe (TrBr20);

?) uaz a) ihannindaanlud (TrBr31 waz N8) NTuanIa B adlhaI ML
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1l 10 wWiauisuansmnitaiuwulandaasndanaaamalanaasgansset (Masuene 40x) Tagls

usInzaHIw (Bnge) uazuaeaziaw (Tnu) %;aLﬁaﬁuﬂaﬁaam'zmuqa‘lumsﬁaéi"maaui'

UsznavRufizan:

n) UaE 2) @20819 TrBRe 2 WAAIAMAFNNE 32WIUIABTWAN (Tua: Cm) nulnaadlsd
(Cpx);

A) WAL J) 720819 TrBRe 2 WAAIANNANNHE SznIuIAasnad tnaadlad waz n1siwn
(AW k.Grt)

) WAz 2) A29819 TrBRe 3 WAAIAMNANNKEILWIN UIAdswaN diliwa (Spl) laoaullae

wazunadlatasd (Pl);
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3.2 Aa1Lad

Tuns@nsnis@anadiiasen lddadandaagne s1u1m 13 dradn e
ﬁ'mﬁmﬁ:ﬁl,%aqmmw MEAT X-ray mapping la8NNIANATIFLENTRILUAILNUARULN
PANH AINLILITHEAN yaatitafinuantaeu LLa:ﬁuLLﬂaﬂﬂaawﬁuwaaﬂ@mmaﬁaaﬂ’m
I 2 7a 9 wsndwin 7 unualadng M yieineldia3as SEM (Scanning Electron
Microscope) T quﬁm%iadﬁa IaInIntunIInenan lasnslienzdnnnessfidnd
mauﬂﬁgwﬁuﬁﬂuﬁnmﬁﬂe} ANNIT 1 USImAS 1 LAKA28E19 330 31 USImILATER
Lﬁ"amgﬂqumim:mw‘ﬁLLazﬂmwﬁwﬁuL%aqmmwmaaLﬂﬁﬁﬁ@;%é’ﬂ'ﬁwmu 6 319 ldur
Al, Si, Mg, Fe, Ca uaz Na anniwinmunadensianfansansoudou Tasldlysunsy
IAMINN (image processing program) LLiJaavaa‘gﬂIwuﬁmwmLL@ia:ﬁwaﬁLﬂugﬂﬁﬁIﬂuﬁ
dan [Al @alnudoam), Si @alnuiini), Mg (qm‘[muﬁﬁ%’ﬁuﬂw), Fe (3lnufxa4), Ca (1@
Inuidien) uaz Na (Ralnudindes)] mnﬁ?uﬁ’@Lﬁaﬂmqmsfauﬁuﬁ'uuﬁasmmw CeRKITINY
mwansduanlnal LLéTaﬂﬂmwﬁmmmﬁﬁmmLLﬂﬂLWaLLﬂ@mﬂ?ﬂmﬁymmgmmums
NIZNHMATANUTNTUVEITG (MWHATLATIZAUINTIHTIG @ NANWIN N) UAZ TARDI
ﬁwmﬁmsw:ﬁﬁaasmﬁul,l,ﬂanﬂaamjuwaam"m’m 2 udnsragreneldin3as EPMA
(Electron  Probe  Micro-Analyzer) th MA3TITTAINGT AL INIIAEAT IW1AINTDE
YA Inenay lagyinmadenzinnaiduusiomning 2 vSmds 1 WHuA28819 57 4
USAATEA (gﬂﬁ' 11)
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31]‘?'1 11 Lﬂ%ﬂmﬁmJé’numzl,i':aﬁ%mﬂ‘lé‘fné‘aaqaﬂssﬁﬁmaoﬁuuﬂanﬂaaué’uwaaﬂ TrBRc2-1 (eT'a
%8) ﬁ'fumwﬁmmuam;zijLmumsnszmsJGT'mmmquaxﬂ%mmmﬁmﬁ'uifm%aqmmwﬁ
Tanmsiaauuunnesed (Jen) Aaansagiesunwngiausssnavivaananiule
BALI:

) waz 2) A2a819 TrBRe3 (Aunid 1) wuusaaswaa (P0) lnaadlsd (P1) uaz unadlataaa
(P2);

A) WAz ) 728819 TrBRc3 (AU 2) nuusaaswan (P0) laaadlsd (P1) uaz a1alnd
(P5) fsasfiunuitanifiun (P4) iR BaELNIEI;

) Uaz @) A28 TrBRe2 (Auwis 1) nuusaasuan (Po) lnaadlud (P1) uaz nsiwn (P4)
fifvoudjAsenaalg (P5) aausey;

%) Uaz 77) A20819 TrBRc2 (AUnke 2) wuusatwma (P3) uas taaaulsd (P1)

NANIIILATIEALEA AR UAN VRN RS LR RN TR UUNTRALIIAB LLAS 9
28NIMNNUAILMNAUTHUNIUAN TN TULILAN B IR NINTZINAIVDIUA T TIAAINGT
320 Iefidn 8 1aus (mineral phases) asugasluan19f 1 lasausaulng 0 s
PO ﬁLLamﬂ’]sm:mw‘T’maam@;aaﬁﬂi:nau (119 Al IRB9maiAe) Wsudsdldniuuiae
5uen (corundum) tWa P1 iiinuidnslanvuslasedlod/lasadganlnsandu
(diopside/diopsidic pyroxene) ﬁ]zLLﬁ@dﬂ’Jﬂ&lLﬁT&JﬂT‘l«L“ﬂE}dﬁ’]@J Ca LAz Mg Mdwniusinaan

wa P3 MifisuiAsaldriuusadiug (spinel) 1zuaainnuLduTusedIsig Al uaz Mg Mildu
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wa P4 Mifpuidsalanuuimiiun (gamet) WUFAIANULTNTUVBITNG Mg, Si Uaz Al i
seautunans uaziia Pe Mitwudsslenuusladin (olivine) TUFAIANNTNTUVDITG
Mg e uaz Si authunans Gseansauenasnanusngdwlds uaswsiiuna Pe (lodin)
g Tnuenuezusaanidunade 9 la udmaanulnsifssnwmdandszninglefin (Pe)
Ausaslsiwsandu (P7) vnliusnuazannuennluusaiathalasamziniuanulantaay
nduneilalng wazdsznauiuanududauwdadvasuingulnsandu (pyroxene) vld
m‘sahLLumWaLL‘s'ﬂ'awamﬂumjuﬁ U19a88nNNNUYN L6 LAsin
NNMIIATERMNLEAIMINTZNLAIVBITG LABTINUF WU iafiuusmand
TuuSmisuianufnudantaey fTinmsg Al Fe, Na g9nidn uedl Mg fninitafiu
wiandaayu (30 TrBr 5-P3 waz TrBr 20-P3) LL@iLfiaLﬁﬂuﬁ'uLf':aﬁmmaﬂﬂaauﬁé”uwaaﬂ
(TrBrc 1-P7) LL&T’JWMWLﬁaﬁuuwaaﬁﬁﬂ%mmm@; Al, Fe, Na é1n71 udidl Ca uas Mg g9nin
LLazwud%d@a%’u@”ﬂuﬁmmanﬂaam@”&lwaasJ (TrBrc 2 uaz 3) 3IUNLUIEN 5 T%a Ao

laaailod ailiwa NN LAz unadlanas athaauqgaLadl
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A ~ a
UNN 4: SbLlAN

Tugrsradnsnasmnlaiinmsfiuaregrsfimioiandneniiaseias
AUFULAN19LAL d21875 X-ray Fluorescence Spectrometry (XRF) WownUSumenaanlod
wan (major oxides) u8z3% Induced Couple Plasma Mass Spectrometry (ICPMS) Lﬁiam
U301mA1919389 (minor  elements) Laz519389388 (trace  elements) Tufin Sedrae9
vanuafiunnusnamimissasndasfiudanes a.dowasy .uals 2.a5a Tagldify
fathsfuuzTaadlasassnniwiiwile fingadimandasszidadansn 'l vinmsiole
wadadutaeg sxtlszanm 1 LumﬁlumﬂLLmﬁﬁ'Mw”aﬂ”udauﬁl,ﬂmf:au:Sﬁaa@{@'mmauﬁo
LLma%'zm"'aa'nwaafuu:maaﬁaw?aﬁw%nma’wq@maamnﬂwﬁwﬁu sz lddaianuie
MIIATIER 3 aadunie (30 15 drathe) Aaduni P2 (Rna 235177aziuaan
139229611 Ha) WU 6 2819 AWK P3  (Wna 2351770z 1%aan 13923241nita)
WU 5 628819 WATEILNIN P4 (WNa 235070az1%aan 13923221%Ha) 41U 4 a1aed
AU LRTNsAN IS Annuaad oS auio uluiwaTEuny §1uaa0g9R W
wlandaau(11eraine) ldifuamuniwniiaslaansenudaidanianizfoundiitofdauds

8A TINTIWIUAI LAY 26 ADENILAZHHNATILATIZRAILFAIIAITIN 1 UL 2 ATNAIAL

wa A 1 ¢ o
4.1 qmauummmaaﬂleﬁﬂﬂan

PNNANBMLNILAL lasRasnanansan lasia(total alkali (TAS) =

a a ¥ o [ ! o . A
%Na,0 +%K,0) Auuzsandluuiiimi dnagngudanilazand (akali basalt) G3a1U
\N8732n 319 NLD % alkalic NU strongly alkalic 1361 nepheline (Ne) Waz olivine (Ol)

. ° (% & [ ' = A Ao

normative (f1uimdanluunIy NewPet) dunnadatng deuadvagitosas 11.21 uaz
19.43 lassiwnin awd1ay lasdnansiuunoiafuaiunann1sves Cox et al. (1979)
AMuLneTEnIgsiaannled (Hawaiite) wae uzTaad (Basalt) NdantUn1d v lug-in
Il (Basanite-Tephite) (U7 12)  udilaldnann1ssuunved Le Maitre et al. (1979)

. o A e & ' , & . & 2
wuhnaladuuzseaddaiaidlsznauanaglutasnas v lud (Basanite) Nadu (31

A A a 1 . oA & A rf{’ = ] &

1 13) waRanvandn Sio, wuiRuuzaaasusimbuny lidtrsanuuandsdanngnalu
WALz UITEWIY wazdatdufAnnddranuidueng (basic) geantnauidueranin
(ultrabasic) lasiSauifisuddienzidiinudan lananldanfuulandasunndiatng
ﬁ]:@hﬂ’jwaaﬁuuzmaa@?I@Uaglumwad Asaanla (subalkaline) 3@ tholeite series Laidl
T9UBIANULANANNNAUTALIN LTWALINLTIIAT SiO, 1NT19N3191N ultrabasic DatNa
\J% intermediate  &uf1 CIPW  Norms 2a4fullanlasunuiinnunainnaiy udnn
arae1981dw olivine (Ol) normative wazdl 1 @188719(BR-R-4) @1 corundum (C) normative

X o 4 o A v a = a A a
YWIDRNE 3.47 I@ﬂu’]ﬂuﬂ Tﬁﬁ]z@]a@mﬂqiﬂﬂﬂqluiqUazLaﬂ@LWNL@]N@]a‘lﬂ



90 ¢t o LLE LI'E LL'E SL'E SL'E ¥8'C SLC T LVE 68'C oL LLE e ¥BC dy

9T g ESS 8E'S 82°C 9g'g 8926 zes 88¥ gl'g glg £Fg 28% 80'g ELg 6+ 80'g Il
ggz 85T et F i 95 zZ9Z 162 ¥z ECZ 3T gz 18z PPE %z 8tz el w
£¥ 6L 198l | #2681 | £L'8L L EL gE8L | 1202 | 288l gLl 9FLZ 818l z1'6) Zo Ll 6Ll | 8ELL 8GLL 10

g he 4 BO'ZL |.®EL | BOCL | B¥EL ¥Z¥L 9L | LOG) ogeL | goTl 9ETL €921 oLel gggl PTLL £2'9) ia
VT L 829 16 89ZL M0 8Lk | SFLL | €9TL Bl'SL | 6P 0L LEB T8 rd! 0Ivl | wLEL LTl BN
zeF) g9'8L  GE9L  STEL 18FL 98TV LEEL  STEL BYEL LE9L 9KilL | LL0T 08 bl SLEL PEEL 8Z'Cl uy
$€ 02 I8'1Z | 9F6lL | 6L8L | 0TOZ ZEVZ | 120 8L1Z gg8L | €802 QBZZ 696} 680Z | AZTOEZ | 6.l6L 291z ay
PG - 518 z99 16°g 6.5 95 ZLE EFE [ 9% &r€ 08'€ gre £LE bEZ 10

(2630 swuoy

oG PE #EBZE | L9FE OBEE  ELHE 8ZEE LOGE OE9E  BEEE  ELLE 00'VE GEGE (ZLEE  vPEE  (9TEE ZLEE Is
LE'G IZG GGG 620 08°C A" €00 ZLo gzo Zos ZLG ZL'G 209 BED 20 06°G SYL
£5°66 2566 Z566 | £566 | £556 2566 G566 | £566 | FE66 | E£566 2666  $566 $6°66  E£566 | #5766 £5°66 g0y
09°0 €00 40 200 2.0 £0°0 A LE'D 20 0L'0 LLO 610 820 #0L ELD 820 -0OZH
£9°E Ty e 6EE 8LE aLg 0SE ¥ZE 0zE coE =1} k> 90°€ LEZ 66T gE'e 1071
1 YL ZE'l Xl ZE'L L LEL a1l tvLL ZL ZElL 0z'L ZLl GLL UL BL'L S0Zd
a2'0 880 20l oLk 660 050 ZE'D zZo0 LG70 820 8.0 850 o0 za'0 zZso Zo'0 oz
LL¥ ¥ (EF 06+ 85 ¥ 66 F == g EF'C 8% 20%F 6CF LG 6'G oG oL’ 0ozeN
i0's ZF'e  EES 08 co's 842 ce'L 06°L €E'8 6L cLEg oS8 BE'S g0's €c8 ec's (a0’
a0's L8 L6'g €68 B8 88 €6 ¥06 =7 236 £8L as'e B3'8 i0'e =l iE'8 OB
LD 0z oL0 aLo aLo LD LD GLD gLo aLo ZL0 L0 oL o aLo ZL0 ZLD Oun
ZoLL ZLLL ¥ELL LFLL | 8GLL €8°LL  ¥OLL  GOLL  eFLL  EFLL B6LL |[ZELL | 0O0LL [SLLL | #ELL £CLL leoz=4
zLtL Ob+¥L. OBEL EOtL BB EL LBEL S8BEL TLYL BFYL  ZZPL BOFL  LLGL  EGPL  SOFL 85Vl E bl g0z
€LT =t 6LT ¥LT UZ ELE LLZ [t g0Z 02 182 Z6T +o0zT o'z g2 zZoz zZow
€LY IGTF GZTH 08Ty | 1OTH 8Ler T8TF SrEr | E6FTH QETH 9.2+ €ZTF LEEr GBTF 66TH Gi'Zr zZ0$s
abmiaay  $+d  E¥d Z+d L+d ced +£d etd zed L€d o-2d gzd +2d £cd z2d L-2d #ET

(pazijew.ou aauy

-O¢H _.\_&S—WJ IS 2111 SV1) BLEW'E .Wﬁ@.?.@ o@S_(Ewﬁ_memR$A_égwﬂm$ﬁ&6®9n;$$c®_ﬁ ACM_,_\_,_.\wa_wSH n@am\mv SWLION 2811 C\wwSuGFWC@m % IM LY T UeLeLy

0¢



= z = T = = S60 2 = = i2°1 dy

- - ZED BED sL'o zZeo gc'0 sz'o LZo ZED LoD [
p1- 38 - BE L EE°L =T ELL 190 a8l g5 £Z'L 60°L Wi
65+°05 6CT zog LLtL PLEL LLAL o9l 9.°0Z 968l £6°6 £E'EL o
EELE LS'ES P EL SOZL R-3-TH IS'E - 2122 S6'S1 19701 - A
ez L ocoz 08+ Ll zZs'c cs'2 (-18 - =13 ZL'D 6.'0Z Cal

- L2+ - - = o 8l'F - - o €EC =M
22 bEL =3=rd 4 +E OF SELF 20°0F [y -4 SLLE S85°6E ZL#S gLER 4

- - =1= 0z &z oS = 08’z zZoL LE'SL LE'BL zZe'LL ay

- - LLO £2°0 - BT L BLE Lo oL 301 ot O

- - - - - - - LE'E - - - o

{2630 suuopy

i o ag'8L LOEG LI°LG L 60 0L PG £0705 2,99 0500 O OF +0°0C s

- - LLZ £0°E SLL 0ZE ZLE 060 ELE 8c T gLE SviL

@ 3766 0L°66 £5°66 £5°66 3566 #5666 #3566 Z5EE 566 L5EE £5°6E oL m

Lo'L ge’o 50 gF0 0 620 650 SF0 Q990 0L°0 SO0 -OzZH
Z¥F'L 0E'L 0L0 0L 6+ 0 €ELE 62T 6470 WL zZe'L OLZ 107

a . - E . = oF 0 = . = 240 sozd

5 = ZL'0 +1L0 = LZ0 v0 ZL0 ZZ0 8L0 o6z 0 o™

5 g €GT €8T £LL 88 C =i Z280 o8°'L vET ce'L ozZeN
680 €0°C ZL6 166 ZS oL +Z 0L +oOEL LG L Z0'6 26°0L 6Tl O=D
P £8°8E c8'8 20°6 le°GL LOOL oL'8 oL 8L €0l E0°L LZ8 OBy
EL0 L0 LLO oLo 0L0 600 600 €L 0 €L0 600 LLO o
£0°L L+ oL go0'9 +0'0 €LC gLG CEE 608 80°L 8cC R 1I=0E=d
£0°L o8z c/ 6L £F BL 0Z 6L LS 6L +L0Z 0s 8l £0°LL 00 €2 LZBL soTIV

S 5 LLOD 8L 0 800 L0 oz 0 €L 0 LL0 L0 ZED zOw
86"t £6°ZF 0c 6t £0°6F S ot €2 8k ZLoF Z8'tt 6E I Ity ELCk zO!S
o=l on-=e £Z-N-ug s =1 gd-ug ou-dg (=e ==l g £-u-ug fate= = 1= | L-edg $1ET

(pazijewuiou LY

S_M.-S IS 2811 SV1) vLEW' & .WH,Q_H.@ v.wS,_.\Em.:,_m?wR_\Fdéﬂawnﬁf_&GQP»Q#@#HZ@G?C@?S‘@@O@R ACHFS_.\“—.@EG“_. n@am\mv SWLION 2811 C\%S,MGEAFC@@ % IM LY € UeLeLy

L€



32

I T T T T I [ | T T T T '| T T T
i ULTRABASKK BASIK INTERMEDIATE
15 [— g
L Phonolite ¥
o =
: P-H — Trachyte | =
£ 10 |- & Benmorite =
2 Mugearite 'l'. | SiTE |~
i Hawaiite rachyandesite |
+ i ”.—’ B -"E:‘-\
= Nephelin B - L=y ==
@ 4 Vil R =
S 5| g S =
B+T L . S5
il s Andesite ==
: g @ 7
ffl,i_.-rs"d'lt S g B-A
N ’,’. s @ <
— ’/’/ & &
0 | I I I L |/ | L | L L L L L L I
40 50 60

Si02 (wt.%)

U7 12 unnIN TAS FunnsRaRRULTOAE ANARANNI9VDI Cox et al., 1979 (FUWABWALAN);

1@ndszdinn 1aa1n Irvine and Baragar (1971) uazidnidszFuasl@aain Kuno (1968)

o [

[fa

3
Ny

3 “ 1 a
P3, ﬂ']’JL‘?lEJ’J=§]"IﬂQﬂLﬂUP4 way aladvhnnilanilaan =

o a1 a < i o o
mmim’aamwum*namf AN =nyatny P2, ANIRIBNAINAVT UAI= NN

v >
21IMANNAATLINT]

I | I
ULTRABASIK BASIC INTERMEDIATE
15 |- o
Phonolite -
R
Basaltic . 1-.»\“4“ '
oy - trachy—andesite
£ 10| Vs =
= Foldite Trachybasalt ’_J_f’ Trachy- \"N‘l,u
@ 77 = i andesite
= o a e
- e ,-“‘1‘.“‘
: Tk ”’ ' B
- i =
o~ Tephrite ”._,Vﬁf‘i' ’/,"’
[~ -
Z2 5 (oL<10%) /.-~ ety —
— T o
Basanite -~ T
.f/’ & L t =
(01>10%) e e _
~“Picro- Basaltic
77 basalt | ¢ Basalt andesite Andesite —
5 1] r gl SRR | L il S (R
35 45 55
Si02 (wt.% )
4 ° a _a '4 o . o o 4
Eﬂﬁ 13 LLHWATIN TAS LB NBTUWARBULTDAN AMNKRANNIIVDI Le Maitre et al., 1979 [ yanym

GredwRnuzraad a3 12]



33

INUNWANTIN variation diagrams AMNARNNIIVEY Kuno (1968) NAna A
e o . yeg . . t
Marin13udee (solidification index: SI = %MgO x 100 / %MgO+%Fe,05 +%Na,0+%K,0)
=) [ ] 6 [ ] % dl c?/’ dl v & oA 6
LN LA LLNLANN MIGRANLARZ AL LN (3L 14) LRAI AU AL TaRA
& a =< A & o v A o A Y & o A A
ninualuusiidneddreanloananinaidsanuiasdsrdrasinisudeainuay (S0
1 ‘ﬁi 1 1 d' a s&’ =} = % s 6 ,&’ £ >3 [
luga9nszanm 31-37) G9729v096n SI Nineduanilauszdanuaunus Josduluanu oty
ATIFDANURUIVITURULZTARA NAANUIIIMAUIAATWAULLTARARA GILRII P2
%’uﬁuﬁm'}wmmmj@ (~6 LuA3) SI 9296 SI ﬁﬂ'i”wmﬂﬁﬁg@ (Uszunow 33-37)  nadn
T@niks P3 NTWARTAMNAYY ~5 LUAT 9202961 SI Uszunns 32-36.5 Uaz ludunig P4
ﬁﬁ'uﬁuﬁmmmaﬁq@ (~4 LUOT) LURAITIIAT S ﬁLmuﬁq@ (Uszunos 31-33) @eLTun
tﬂl 1 % 1 a d'd s ] @ =3 Qs d' £ 1
lummzﬂﬂqumasmmuwﬂanﬂaasmﬂﬂma:mmam@mummmm (Sl) N9 uazganin
~ { o z ] v
(46.5-85) VRIRULTARGNINIUNN0ENIAL LATR
LA NI AN B ANV FUNWINLATTENINIAaan loaRanLeaaz AL AL
AUANATRNTUT 969 wudwmjm”'saﬂwaﬁuu:sﬁaaﬁﬁmﬁlﬁam:"l,ajLmﬂ@mﬁ'uﬁ’m%'uaaﬂvl,sm’
PANUGARZE LAZEAILRAIAMNFNANBTLTILF WA TILUITEWILALAT S Iumm:ﬁmjmﬁama
AutlanUaaundne Az aALaNEINWNFNAITRNWIUA 2N lTARANLAase Lazasel
ANMURNNWS Ll 09duea N LaLlaNIZIzR I AU IUN IWT AR Laie AuLunad lataTs
wsSaan e LLazﬁu"meﬂé‘ﬁ"Lu@Tajuwaaﬂ (3UN 14) TauaaInwI NIl As w9 nFuUNwE N
f1 SI NaNABAN SiO,, TiO,, MnO, Ca0, Na,O, K,0 ey TAS JANUFNWUELEINNHNUALM
H 1 > > a > > 1 { t
Sl luagueNen MgO wae Cr,05 UANNFNNUWTLTINWATIAUM SI luutas AlLO; Was Fe,O,
URAILWIANUFNNUTNAUM Sl NTALIW E%m%'umjm”aashaﬁuuﬂanﬂaamﬁmaaIsﬁ"La@TrTu
AuilaonUaausnadwnwus N U OLALING LTI LRAIANNFUN WS LTILAN TN
AW LBUNRIREIRITUAI20N LTARANLIIA LL@iﬂ”@ﬁmmé'ww”uﬂmmuU”d"l,ajagﬂvlﬁ%mw
LLaze‘im%’ummé’uw‘"uﬁimﬁammﬁslaaﬂ"leﬁﬁﬂa”ﬂmaaﬁuumaaﬁﬁwaamjmﬁasi’mﬁu
A AR o ' o A ' A > >
LLﬂaﬂﬂaauvgnmmmnmm‘lwﬂsmgmL?m u,a:@Lauamwzvl,uummauwuﬂm ganih
m\hﬂ@m;ﬂﬁnﬂa”ﬂwmzmdmﬁmaamaaﬂvl,m@?m”ﬂmadﬁuﬁavl,@ﬁ'nmﬂmﬁ
é/ £ (=3 Q 09’/ a a =} a = dq’ = Qs 1
ﬂ:nmumumwumﬂmwuu:maa@ﬂumnmmu IR nE AN T WL el EIN® LNLEa
ANWIALVAINNT differentiation NTALIU LLava&i@ﬂagjmslﬁﬁw%wamaoﬂszmums@mwﬁﬂ
N , a4 v, X A
81AUFIW (fractional crystallization) smma’uwmw'lvl,@ﬂznmumiﬂsmammmawumau
U o a 1A = L 1 09// a? 2( U L 1 s s 6 a dl
azmﬂ@ummmqmiaﬂimsl"lwmiwr]ma NI 13T a9 A eI LN LA VRN NI NI LA N

IduTadanwiznivAiunilauzraadnuAuwilandasndinlngndns vsuaniduiedn

v

a 6 v A dl o é/ ] a dl tZ Lt 1 1 a
%umﬁnaa@mwuuﬂaﬂﬂaawgnmmum"lumawmwmmmaaﬂu‘luuwaaLmaa%u@u
o a a A {d‘y L o g @ <K Y o a & A
AAe laoRuraUsTaad®h lanaa1UnlnIzauanuaz ladataAnulaantaayuged e
o a [ v s { & 1 a 5 1A v 1 In 4 o g 1
mm@agﬂauLLaﬂmmuﬁﬁumw@@mumgmiaﬂmUluizmwﬁ%u%ﬁﬂLﬂﬁaummmu

TUVIRULUFNURDNLARZTRAAINET?



34

31 32 33 34 35 36 37 38 39 U 40 20 %0 10 0
T T T T T T T T T l_ -I O O O 0 ¥ " 1 1 [ 1 [ _l
Sio, L 5%, 1 56
L 4 Foa 1.,
44 . Yo E . o : Ag 3 4
¥ + ) ) $ I
43t A S A S 1 F e e 17
F N A 0" a @ 1w
L 2 R
a2r 7 L Py " 1
H .
r % 1 ..
4+ . C 74
L 4 a0
1 1 1 1 1 1 1 1 1 !— . . . L L . . . . L . . —!
T T T T T T T T T | |
L TiO i Tin,
45 2 L - 130
40} 4 |
35} R i IL 4| 25
30 yv¥ Yvr -ty |
= 420
25 4 |
201 i I— -I 15
151 1 ¢ 41.0
10 b 4 |
05| |1 F s W ‘ 405
1 1 1 1 1 1 1 1 1 ! L L " L L ¢ L (’? %ors%@*‘ L X ﬁv L !
T T T T T T T T T ¥ ' ¥ . . ' N ' 1 ' 1 '
18 [ AlLOs ] ll: 2,2, i 2n
16 | 4 F R 4 26
C ] o %
14 C + % + Y¥ Yo +y 7 Il: ¢ v o0 09' {\&vc %‘ L
12 1 L = MAARRCE d 12
10 4 L * § 4
o [ 1 F e 114
L 1 r 1
6 1 T T
4t 1 L ) 1e
- 4 L 2
2r 1+ T, 42
L 1 L L 1 L L L 1 L 1 1 1 1 1 1 1 1 1 1 1= 1 |
T T T T T T T T T L T T T T T T T T T T T T J
Fe,0! L rezust 4 18
25 1 1
t p
20 | .
S B
15 r * ¥+ T¥ vy, T C o * e, W
L . o + ¥
10 1 & om0 0? 04 1 .
L b et R 1
51 1 o f vafoR T 7
C 1 s
1 1 1 1 1 1 1 1 1 |_ _I
31 32 33 34 35 36 37 38 39 22 22 = 22 s oo
- t
S =MgO x 100 / MgO + Fe,0,' + Na,0 + K,0
¥ Baocoltc from P2 ooction <L Bacalic from D2 cactinn Racalte from DA cactinn
gt Avarana haealt (Silathann arnet pvriclasite agioclase-rich pvriclasite
Avarana haealt (Silathann) O Garnet pyriclasit A Plagiocl h pvriclasit
O Spinel lhezolite (Plovwaen) * Lhezolitic neridotite # Pyroxenitic peridotite

= 1 ¢ o a ] a [ [ | [ a 3
sin 14 u,wumwu,amqﬂmaa nlﬁmma NIWBAA ) INSUNUAIATUHNIIULDIAYS]) VaIinUsHaan

u

uazdnudandasunnulwusnonfsnn( o= Anulanlasnlvnasszialnsandlud)



35

31 32 33 34 35 3 37 38 39 30 40 30 o0 70 ov
T T T T T T T T T t T T T T j
MnO uas
035} - £ i
[: j U.22
030 F - £ ]
F - . dJox
025+ . E A * ?l
L - & * .45
0.20 wx oXE F 0 N+
+ Yy Y I_ o e _I
0.15F _ as s
F 0 & J0 1 0.10
0.10 F - £ o0 0o - ]
E W Yy VR .| ans
0.05F - = ]
1 1 1 1 1 1 1 1 1 t j
L T T T T T T T T T i T T
18 [ MO ] I Man } L
16 ] | P AT
14 C ] Il: * % j‘ 49
12r . ] F * 435
0r o st YR YYY . F * .
ol ] t j 25
[ 1 N L 2
6 : : L sood J 1R
4+ . | i A a0 CooR |
o ] I_ - ST 7‘ 5
Il I| I| I| I| I| I| I| I| I: - - -
[ b Nran d
14 [ €20 1 [ oae ]
12 + i |ﬁ E 20
10 i +X® + TE LYY ] C A I -
L . (s o o 3 % a0 15
8t . i I (L e i i
r § F I bW il .o
6 I - |_ - th _ 1w
i ] F ! -
ar ] F F .
2k : i * & ]
i B £ " i}
1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1
T T T T T T T T T L 1 ' 1 1 ' ' N 1 [ 1 1 [ .
55 Na,0 - DR 17
50 , i i}
45 + . F & - 6
Y Y
40 + r + Y Y +Y ) I : 3
35+ . lF il
30 e /]
25| 1o -,
& A ~ - =
20 1k o % & . -
15 . F AT 205E % -2
10 7 I— anl T .
05 - r il 1 1!
1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 ki 1 1 o
31 32 33 34 35 36 37 38 39 20 40 50 &0 70 20

SI=MgO x 100 / MgO + Fe,0,' + Na,0 + K,0

 Rasalte fram P2 sertinn

1r Averacae basalt (Silathona)

+ Rasalts from P3 section

¢ Garnet pyriciasite

© dpinei inezoiite (Fioywaen) * Lnezoiitic peridotite

u

s a = a =3 o
UsBaac u,ammu]anﬂaauwwu‘l%nsnmmmnu (e

Twsanglud)

Basalts from P4 section
£ Plagiociase-ricn pyriciasite

% Fy1uxeniiv peruviile

1ovoa

{ ] ' o a 1 o & o a
51]ﬁ 14 (GIE]) LLN%I]’I‘WLlﬁﬂd?‘ﬂﬂ’laaﬂlﬁﬁﬂaﬂﬁ%ﬂﬁl’lﬂ 9 Lﬁﬂﬂﬂﬂﬂ’lﬂ‘ﬁ%ﬂ’liu‘ﬂd@l’) (SI) VBINW

= Anndandasulvnasssha



32 33 34 35 36 37

38

39

36

v (] [ ov

o
«©

1
- T T T T T 1 T T

%Y R *

—_ L

25

2.0

15

1.0

05

TTTTTTTTT T T T T T T T T TTTTTITTITITITTT

[T T T 1 1T 1T 7T T 1717717 7T

LYol

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

rrrrrrrrrrrrrrrrorrT

Y ¥ Y¥Y +YvY

- A = @;;
Lo MO0 900 I 1 % 1 1

T
-
>
(%2}

1

T 17— T T T 11— T T T ] 17— T 1T 1T ~— T
=
[74

1% 1

u

31

32 33 34

35 36 37

38

b bl
I8

S |y N [ N | N N —

39

30

40

%

30 60 70

=]
(=]

S1=MgO x 100 / MgO + Fe,0," + Na,0 +K,0

Y DBasalts trom PZ section

o

A Qe fea
~

Average Lasail (Sliationy)

fre al Tl am
VNIV HTvevi

PN

a iMlasnssmawml
W\l IVy YTV

-+ Basalts rrom F3 section

A
A4

w

wal

I e

" el I

TRUY Sy Py PRoRs-T PN
oL pyliviaons

il e meiaadida
VIV Vel IMVLIL.

I>

Basalts Trom r4 section

Diuravanitin naridatita
Sy emena T eSS

s
«

<
=1

<
(%]

>
(]

>
a

-
o

b
o

¢
<

w
o

[
¢n

[ g
o

-
13}

-
o

o
3}

'y

(1%

3 1 [ a ' w o & o a
4 (A9) Lmumwmeqﬂmaanlbm‘wanﬁuﬂma 9 LN UAIATRNITUTIA (SI) DOIRAK

Twsang lud)

& a P a a o
vzraan AnudandasunnulunuSionfelns ( <

guwndandaanlvnasszsha



t:i IS a a 6
UNN 5: DIMNNIAINYIRNUSBTIARN

5.1 m‘i‘nu,aﬁ%mimﬁ'ﬂmqﬁuuwaaﬁ

0/ 6

[ o a 40 39 & A o
nTanianga1ods A Ar lalalnd duiduinnsianiengduysol
a 1 a a ad d! dl Y dld
(absolute age) YIAULAZULST IUNIBIANRANEN (Geochronology) Anisnaclidndanu
| A A A o \ 'Y &~ ) ad A o , aa
wndafiegs uaziduisanivadiinivrneludeytiu duitavauwdesaauiainis
. 40 40 . . ) 4 o o o A
potassium-argon ( K /" Ar) isotopic dating G4aNAERANNITUBINITRANLAIANUTITNT 1AV
519 balalnunuaiueda s (parental radiogenic isotope) Tfialwunaidun-40 (K) liduse
. o A @ 40
lalolnilan (daughter isotopes) wan<) 2 wila leun 519215nau-40 (" Ar) uaz uaaLFuu-40
40 { A [ 40 o 40 [y o
("'Ca) NR@doTA W Teszanauserar 11 289 K azaansalliidu T Ar dhenns  AnuAu
agm’]ﬂal,aﬂmau (electron capture) Ltﬁfaﬂamﬂdaﬁagmﬂiwﬁmau (positron emission) 4
P e oA | & o 40 o
warhnudinanseuudilzginwhuinaanan uazdndszanmiooar 89 284 T K azaa 6
40 [y ' o o - o @ ' ¥
\Ju " Ca dsmsdaausesaumaiifiue (B decay) ataunitnesnait

M
LCa=" K (e 1)

40 * 40
1ArF +

! 40
lasf A = total decay constant 83 K
o 1 A [} d' > o 6 >
t = a1gvadaiadn (D) wiegrnaning lalalndiududaaoe
a & A V2 . o X { o a
1a8ISNAILARURIBUSHUARAIUY AUDIINNTINNTAATIZA
o M o o 40 v & o
YArs = udzersnaufildinmisasdives K wazgninifivlilulasaing
= L o & A AN V] o o 40 W @ v = ) \ Aa
Wanus suuiaersnauduglaldannmisaisdives K wdldgniniivienlisznihndu
& o a ! o A v a o e, o &
@89 158070 Trapped  argon lasvinldazianlnalfssnudrsagiunizarsnanlu
. 4 . 40, 36 e _
UIIYINA (atmospheric argon) P91 A/ Ar 1innu 295.5 (Steiger and Jeger, 1977)
Noasidualurannshausadnsiuenldan McDougall and Harrison (1999)
fmsemIed laltuslulalng (biotite) LP-6 1uar0e19016937% (standard
sample) (Odin et al., 1982) LAZAIBENAULLTAARNIRNA LA IARMTNATILANUTeNna lan I
laodnatainldiunsenunszdudiuTadfianteu (Neutron-activated irradiation) N1 INeat
A o . . . o o A ' o ' o ' '
$9W1 (Tsing Hua University) WSaany G9usaz@aagng (~200 ¥n.) Tuiiaioousanasginly
lalnd LP-6 azusnumy lilusasegdiiion udrdansludansae VI-C position luta3asujnanl
Tsing-Hua Open-Pool Reactor (THOR) anusd&tduiian 30 12lus ansiudassliiduaiduim
adhatlay 2 1aau neunazhuimsilenziniety o veslfjuanmsssdnmauizenines
(Ar/Ar  Geochronology Laboratory) n1a3 TIFIHANTNT (Department of Geosciences)
NMINENABUAIT@ IdnI% (National Taiwan University) lasld38makninugunndiazdu
(incremental step heating technique) mﬂmmmﬂwLwLﬁﬂwizuquurgﬁﬂﬁﬂ qOITH (double

_ ad 2 X & a - o
vacuum Tifurnace) lasgmunndniisduluudazunsiknazaluzag 50-100°C uazdIanawuia
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4 1 o v ~ Qfg 1 1 ] v 4
fdantdasaanunanmann azgnyilAuTagniuneuazdii1uidia3Ias VG1200 mass
spectrometer LN @IAUSUN LRI N TV ILARD1TNaundas balainy A ntuindaaTEIn
40 39 { & ) { o LY { L) { o a 40 39

Ar/” Ar 170 16a1nLa389 mass spectrometer NNUsULARNBLA laA1AURSI (A Ar)

ANNRNUNII

—295.5 (“Ar/*°Ar)

do v
nmata

40Ar*/wArK = (4°Arl39Ar) :

nala
¢, 40 39 d ' & ° °
TIA Ar*/ Arg ﬁvl,@ul,ul,mawumﬂm ﬁ]$%']&l']ﬂ’]%')f%%']€]']£!ﬂ'§’]ﬂ£] (apparent age) Va3

| \ a o a & { ] 39
uwdazg9gmnn i isuiudIanuuiaeninau-39 Nanddanaanun (CAr released) Ay
RUNIT

t=1AIn (“Ar Ar)" "

loofl t = angdang
A = total decay constant 783 40K

J = irradiation parameter YIAIaEN

nnuwief lduuaadlugdnam Age spectrum laslgangunngnlaluudas

& a o a 39 { ' .
TUgMRNANILEN (UN% Y) WsunuadIunmszanves - Ar Ndaatsassanun (% cumulative
39 ° o o ' § { {

Arg released: wni X) LLazmmmmmqauuﬂstﬁmaamamamﬂuﬁaﬂmﬁm age spectra Nz

U o v s [ Q Qs dl A dl 1
TEeuam avdadiSsadanuauuITzMY (flat pattern) TuszauaNNLTaiiafn 95% lasdnaiy
@mizmﬁw”umqﬂﬁﬂgﬁ agﬁﬂﬂ”mzéfaaaqsluma 20 URzALAA £U898NEI7N flat pattern Azeas

o & A ' A ' o <& o a 39 A '
Vl,ﬂmﬂmumqﬂﬂﬂg‘nmm@amaaamauaﬂ 3 9% uazlwantSanmazauvad - Ar naaisas
ANNIIINNWIINNINTALRL 50 I@ﬂmmﬂm@mﬁamaammsqlﬂsﬂﬂgl,wiaw”mzvlzjl,ﬁu 10
WIUNUABIRNAN Ca/K hazdn CIK mﬂmsmwmuﬂn”u"l,ﬂﬁw sj: URINNIDAN TR LA 11
fuduaawMIIeNeARILGEN AN Lo et al. (2002) uazseasidaa luainraInanmdssiiin
818 91N McDougall and Harrison (1999)

A ¢ a (3
5.2 Naﬂ’]‘nLﬂi’]x%ﬁﬂﬁ)ﬂﬁgﬁ%ﬂx‘ﬁaa@l

a 6 o 1 ai o 3 aa 40 39 a 6
NNMTATEREMBINNIINE1Y 83D Al Ar lalalnivasRuuzsoad
F1UI% 10 A188N9 wudm‘”aashadmlmy’mem”umaa@hmqﬂimg (apparent age) NAa4
@iaLﬁadluLLmi:@ﬁJa, anLIn TrBro7 ¥inlwen plateau age, integrated age WAz isochron age
YDILARZAIALNITANUROAARDIINRLALIN W ﬂwaﬂdﬂ@hmqé’uyirﬂﬁvlﬁﬁi:@”umm
VoA oA o A v a o . ) & o cd oV o
wgatiavesdayanaaunanic lauldaydnadaryduysalauysoiiialduaasliluamg
N4 LLazﬁﬁmLLamNalugﬂmaaLLNu{]ﬁ@m 9 leun age spectrum diagrams, Ca/K plots a2

CI/K plots (ggaﬂu MANKIN ) WIBUNUANITHURAIINEAZLBIAMALATIZAA § (MANWIN )
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Gﬁﬂumwmma’imﬁ:ﬁmma;naaLL@iaz@T'sazmﬁmmaa@ﬂﬁaaﬂ”ummqmaaﬁuumaa@ﬂu
vSalndifeenud ldanmatiereienisau (e 5)
Naﬁwmmmmqﬁ'&lgmimam”’aashwgmumia%'jw AUVTORA LNAUTIIH
sunangiene lwaedsmiadasny ﬁma@hmqﬁwu‘]srﬁtmﬁq@ fa 9.85 + 0.05 (CrPm0?7)
£19 10.61 + 0.08 (CrPm04) 8wl uazndaufiuunizlas lwaadinaiiies Jindayisud &
mammqéauﬁq@ fi 0.32 + 0.01 (BrMu03) 914 0.43 + 0.02 (BrMu04) aui Fruntau
AuUzTaaFUSIIMEN NN EW (UbNYO05) Faniaguansmitliuadiany (3.14 + 0.03 a1ud)
ggaﬂ'jmﬂ'auﬁuG]sl,unuﬁmﬂma”uaamq’immﬁal,l,azmﬂm’s”uaaﬂ fRTUAIDENRULLTORG
mﬂnmm’i’uaaﬂﬁ"ﬁmmqm‘%Lwi 0.69 + 0.01 (TrNb07) 19 1.94 + 0.02 (CbKIO1) aud

a

{ a 3 s 6 o 1 a 6 a 1 ¥
A1319N 4 zﬁg]Namﬁmﬁwmmqauyﬁmmaa@namwuumjaammnusnmma ) A5

“Ar/Ar lalalny

nanaey  Usanm Plateau age Integrated age Isochron Age %39ArK
A28819 (mg) (Ma) (Ma) (Ma) release
CrPmo1 203.5 9.85 + 0.05 10.07 *+ 0.06 9.67 + 01 66.80
CrPmo4 201.6 10.61 + 0.08 1041 * 0.1 1170 * 0.58 64.00
PbWc02 201.7 9.84 + 0.06 9.60 + 0.07 9.58 * 0.26 79.88
CbKI01 2001 1.94 + 0.02 2.20 + 0.03 1.46 *+ 030 67.30
TrNbO1 204.7 0.69 * 0.01 0.65 + 0.01 0.72 + 0.07 87.10
TrBro4 202.9 1.33 * 0.09 1.59 + 0.08 1.40 + 0.09 58.10
TrBro7 201.6 1.60 * 0.05 1.44 * 0.05 3.08 + 028 62.20
BrMu03 200.0 0.32 * 0.01 0.22 + 0.02 0.73 +  0.07 71.10
BrMu04 201.2 0.43 *  0.02 0.34 + 0.02 0.45 + 0.05 78.50
UbNy05 2001 3.14 + 0.03 3.04 + 0.03 3.07 + 02 64.20

UNnSIAI8EN9: (1) CrPm = nelauRubzTaad USMELNEWY LTI IIRIALTLI38

a 6

(2) PbWe = #laNAuuzmaas UInadunadiduTys Saniaiwssysol

(3) CbKI = eiaufAuuzTand UTIUARBIBAN S1navgd TIWTRTUNYS

(4) TrNb = neiauRuvzraas uSathwiiuainues sunetels 39iaasa
(5) TrBr = nelaaRAuUzTaad USMdLatanass dunatels 39wiIansa
(6) BrMu = weiaufiuuzsoad uTnkunszlas dunailes Jandayisug

(7) UbNy = neiaufAnusaas uSnméinaiinin a‘i’aw&”@qumwmmﬁ
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5.3 aaUIMaNIIIMNaRRUsTaaa

NNNMITNUTINAM IR AUz Toad luna JURSITNIZa HDgMULITIL
614 9 2a915zNd Ing Usznaudniunanmsinmnluassdi (gﬂﬁ' 5.1) WuIMItenBasa UL
maaﬁﬁugﬁ'ﬂaﬂlumaummqﬂéﬁuiéﬁﬁﬂ [ uasua Late Oligocene (~24 Ma) A9 Pleistocene
(~0.32 Ma) mmmé"@LLﬂdﬁﬁ@”ﬁJmam‘sﬂ:nmaaﬁuu:sﬁaa@ﬂuumqm‘f paniiu 6 WYY
(N7 5.2) a9il

Tuz74 (1) Late Oligocene (~25-23 Ma) a1 NULTaad bt L‘éuﬁuﬂ:nﬁmﬁaﬂs:mm
24 swiden uuSmd ool 3miaany3 (AvAr lag Intasopa, 1993) Soinazunaan
MINALA8E19L37 (rapid extension) °11a<1LﬂﬁaﬂIamﬁnmﬁﬁw”wmifmﬁmmiamg@@T’;awq%‘
(Lop Buri continental rift zone) 1M9@a1lszanansniia-1d (Intasopa, 1993) uaztiadwlugasiaa
1ﬂ§Lﬁﬂdﬂ°ﬁJm@mszﬁmsmﬁamﬂ‘mﬁ (displacement event) U84 Ailao-Shan/Red River
metamorphic belt luAan1aude (sinistral) mﬁthu’naﬂLﬁauLL&iﬁ’lLLm (Red River Fault) ﬁl
Aadwiionszanm 23 auinan (K-Ar age lag Tapponnier et al., 1990) &snnuatuna
?{mﬁaammﬂmﬂuﬂ”ummLmuwf‘;ﬂﬁmﬁmﬂhﬁuLmuwf‘sﬂglﬁlﬁj‘ﬂ

U9 (1) Early Miocene (~19-18 Ma) mglmszﬁmsﬂ:nmaa"g@mmﬁﬁ
asslsznausuduzsoad 49 tslaladlamfadudnluusmdmwrenl FIRIAANYT Audl9
Watlszanm 18 amdron (ArAr Tag Intasopa, 1993)

lug9 (1) Middle to Late Miocene (~12-7 Ma) dinaniininisdzyuaiga
suzraad-lslaladiAedusrlunsiiméwisoal Jmdaany’ uazldussaranive
daiftasdiwlinanile ﬁﬂﬁl,ﬁ@msﬂznm’nu:maaﬁlﬂuﬁ’m6] (~11-8.8 Ma) luuSiaméina
ABuyT 9InIaiwTIyIol (Ar/Ar lag Intasopa, 1993; Sutthirat et al., 1994 wazluauisoil)
luudsazanaznauRsmlan (Pissanulok basin) 33nianumlan Wadszanms 10.3 amdnan
(K/Ar 1at Knox and Wakefield, 1983) uazluuSiimdunangyudsney samiadesne Jaiy
9.8-10.6 suilnan (ArAr lag 9u3soil) vmedoanuwlugrsUaeluladu (-85 Ma)
megmifﬁx;]mw"LWﬂznlumamfuaaﬂvl,@ﬁéuLﬁ@ifu lagadarangIwMINITNUAI VI 0N
Awlslaladuazuzoas ‘ﬁllm:q@ IMI0aNA (K/Ar Llag Bignell and Snelling, 1977)

lug9 (IV) Early Pliocene (~6-4 Ma) vL@Tﬁm@ﬂﬂsfﬁmmuzmaaﬁﬂ:nifu‘lu
UTIIHENLNOLAWTY TIRIAUNT ﬁﬁmqagiwﬁmﬂs:mm 5.6-6 audniaw (K/Ar uas
paleomegnetic lag Barr and Macdonald, 1981) uazfiuSimuansuna snatanaay s9n3a
MuYIuY3 \adszanm 4.17 sudnan (AvAr Ty Sutthirat et al., 1994)

Tue39 (V) Late Pliocene (~3.6-1.8 Ma) anm:maaﬂﬁﬂznifuﬁmﬁa
Uszanm 3 audnen laghedunarsusnalugisnalndidestu endt lumaaziuand
USINARNY Snatanwaay WAIANYIBYI otszunm 3.4 Fudreu (KAr lag
Barr and Macdonald, 1981) luniaaziuaanidasinilanauand ﬁu’%nmqﬂm §nunauny
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ﬁ'a%i’@ﬂ?a:mw Wadseanm3.28 audnan (K/Ar las Barr and Macdonald, 1981) Waz

v

mnmmmau’m W 972 @aumwmmiwmm 3.14 aud (Ar/Ar I@]F_J NI Elﬂ

20°

18

13—

9§ 99 100 101" 102 103 104° 105°
I I I I I I I I
(CrPmO01) 1.05+-0.8(1V)
9.85+/-0.01** P
st
(CrPm04) P ko

10.61+/-0.08**

TR o’ {:
(' \\- ./\ 0\_' .
) L [0} 100 200
3 1.69+-1.15(V) 0.595/,-0.05(w1) —
"2 02+/-0.10(VIll) 0.6+/-0.2(V) k4 Kilometers
y 0.69-0295
s 2 2.3+/-0.13, vm 69-0¢95(1V)
\ ~ ( Tohos 9 .
‘\2 .38+/-0. 17(vm)>' : 0.8+ .3(v) S I w-“\
2.36+/-0.31(VIll) Phrae /1 i "
\I\ P } ) / \~~
)-8 N_,? ~
24 1¢<:1.0(VIII) 5626.05() .
L Tak 5.64+/-0.28(IV) .'J
4?‘ " 11.03+/-0.03(VIl) }
\ Phetchabun Y
7 8.82+-0.09(VI) ' 9.844/-0.06** (BrMu03) ‘-1
Wl PbWc02) 0.32+-0.01* e
§ 9.1+/-0.3(VI) (BrMu04, \
! 0.43+/-0.02** Ubon )
\  11.29+/-0.64(V)

Ne Nakhon
e 18.14/-0.07(VI) Ratchasima
$ 24.14/-1.0(V]) '

\ - Lop Buri
>, Q-

RN IR, '-’I
3.14+-0.17(IV)'s; . Kanchanaburi 0-92+/!6-3(IV) U
447+H-011(VI) 'y BANGKOK Sa ngw -
‘-‘ (TrNbO1) o. 69+‘/-.q.-_'o'1 - 3.28+/-0.48(1V)
EXPLANATION ' Priira
: 3 P YD PR 5 3.14+/-0.03*
# Basalt exposur e%‘ \=CbK/01) 1.94+/-0.02 . 1.31+/-0.17(IV) (UbNy05)
Provincial centefy :l < rc??ima@‘m. 7 2.38+/-0.16(VI) ..
v’ 1.33+-0.09*(TrBr
\ This study (@A) YL (M7“ TrK +£0.09"( )
|\ Ar/Ar dating method?, e 1&“"\‘1 1.60+-0.05*(TrBr07)
) N4 3.04/-0.19(VIl) .
\ K/Ar dating method‘. '/" Q\'k
N Other dating methods 2.57+-02(1) 8.84/1.500)
1 {__} 1 1 1 1 1 1
98 99° 100° 101° 102 103 104’ 105

§ 4 a I3 a y
317 15 unniinaasana ghnuzsaad IwuSimas guaslszindlne (fian: (1) Carbonnel

et al.,

1972; (1) Barr et al., 1976; (lll) Bignell and Snelling, 1977; (IV) Barr and Macdonald, 1981; (V)

Sasada et al., 1987; (VI) Intasopa, 1993; (VII) Sutthirat et al., 1994; (VIIl) Sutthirat et al.,

a g
uaz * Twanwia ol

1995;
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A1519N 5 s’mswmqﬁ%n:%aaﬁ%fu‘[ﬁ%niuﬂszmﬁlwﬂauﬁaﬂaqﬁu lagdsudsanananan

Sutthirat et al., (1994) (Lmdaﬁmmmmm@ﬂi@@mngﬂﬁ 15)

29IAINTINAVDY
Bnuznaac

a & o 1
-‘]J‘JL'Jm'ilﬂ tNUAIENN

a & , v =
ngrnUzrana (aul)

4°Arl3 9Ar

(Plateau age)

K/Ar

(Integrated age)

Paleomagnetic

Fission Track

I. Late Oligocene
(~25-23Ma)

-§nmoal (awyd)

24.1+1.0""

Il. Early Miocene
(~19-18Ma)

o 6 =
-V (AWLYI)

18.1+0.7""

Ill. Middle-Late Miocene
(~12-7Ma)
o 6 a
- (AWLI)
a a a 6
ATYILT (VWTIUTH)
o A #
U NRUBNDY
£ #
-U.luag
#
-U. LR
U
-ugsmmnlan (Rumlan)

v v 6 =
-LAEUNINIBT (+183318)

-lMEN@ (A319)

11.03+0.03 "

9.84+0.06

9.08+0.29 "

8.82+0.09 "

10.61+0.08
9.85+0.05

11.29+0.64

103%

(V)

D)

8.5+1.0

IV. Early Pliocene
(~6-4Ma)
' % W H#
-LAWTEY (LWT)
-NAWNY dLnatanaas

#
(Meyauy)3)

4174011 "

5.64+0.28

(V)

5.62-6.06 "

V. Late Pliocene
(~3.6-1.8Ma)

' a #
-Uawaay (MyIuny3)

M #
-y (AREziny)

Z’ A =)
-WEUU (QUATITIIN)

3.14+0.03

3.14+0.17
3.28+0.48

(V)

(V)

#

A A e o Y 1Y A ) ’~ Aa
= NaRuuzwaaaNTuwi linliwaosNlna Ui NaumInunNaay
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@151911 5(da) usInagRnwuzTaaaslwlrdnlulszimalnaaniodeyin lagdsulqonaaa

210 Sutthirat et al., 1994 (meﬁmmaqmm@ﬂm@mngﬂﬁ 15)

BN INIINAVDY angRuuzsaas (aul)
a 6
RRUSBOAG “Arl*Ar KIAr Paleomagnetic Fission
a [~ 1
-UINWIALNUAIDENY (Plateau age) | (Integrated age) Track
V. Late Pliocene(ia)
(~3.6-1.8Ma)
o o . Ve o # Vi)
-1 §navinlna (AunH) 3.00+0.19
o a #
U9 (IUNY3)
. e 0)
U nuavan snavals (@)’ 2.57+0.2
-imMza-uUIU (81U9) 2.38+0.16 v
2.41+0.17 ™"
2.38+0.17 "
2.30+0.13 "
¥ T o o # (Vi
031§ dunesudsy (§11h9) 2.02+0.10
-ARB98AN SUNBURI (IUNY3) 1.94+0.02
VI. Quaternary (<1.8Ma)
' a a (Iv)
-U. 9L A% (LT89318) 1.69+1.25
a ° A (Iv)
Sulad sLnaldosves 1.05+0.81
a (V)
(L”EUG?’]U) 0.69-0.95
. . (i
-uing (§1119) 0.59+0.05 " 0.8+0.3
0.6+0.2"
1o ' ' # **
-u.glng dunevals (aa) 1.58+0.05
-u.anadlan dnavels @3a)” 1.33+0.09
. . \ (Iv)
-uwuadvau swnavels (ama)” 1.31+0.17
wfuanuan (@3a) 0.69+0.01"
. , , (Iv)
“NaBLAIN s1Lnatinlral 0.44+0.11
o a #
(FWNL3)
. “ as )
-nnszlas dnatiias (137ud) 0.92+0.30
U ay §unailasuisug) 0.42+0.02
-undudnu dunailas (U3 0.32+0.01
3 50 9aA19819 (24 3@ (13 90A20819) | (2 IAGNBHN) | (130
A28819) A28819)

#

A A e A Y 1Y A ) A Aa
= NoRuvzooaanduwilinliwaos NlualuuSiuidnanumInunaay
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1 A a ‘3’ o =
Tugi9 (V1) Quaternary (<1.8 Ma) laglunainflaifaduwluuadinaifes
289 BRIALTEITe Watlszanm 1.05 audnien (K/Ar lag Barr and Macdonald, 1981) uae
lusSimdnauaing 39n3aatnslusi9tseanm 0.6-0.9 auiraw (Barr and Macdonald,

1981 uaz Sutthirat et al., 1994) lunmiaazikeanluusisiaIwassuwniu s1navinlna

a

39970 UNY7 (~0.44 Ma 1ag Barr and Macdonald, 1981) wazluusiimdsniaasialdiia

A

:’ l&’ Qq/’ =Y v L= QI { ) v ]
QREEIL RV ERHER sl,umnmlﬂmﬁmﬂmmﬂq@ lagSuannusinmiuwaselng 1A
Uszunm 1.58 fwil N uaaadlan tWatveuims 1.33 sawilnan N wnwasuan 1ila
Uszanm 1.31 audnan (ArAr las Sutthirat et al.,1994) waz AThuiuanuaa tatszanm
0.69 auilfian SMILNAAZIWIANLALILATH KONV TOAMUINTZ LA lumm‘”\im"'ﬂﬁfuﬁ
IweanglnaiAsani Aatszanm 0.92 (KAr lay Barr and Macdonald, 1981) 0.42 uaz 0.32
% [} ° % % a 6 d' U ca' 1 6
suwinan enudau wazndayaeng Auusmoad NUwNARING (BrMu03) TasntonuzTand

o A (% o Ao & 1 . & A a X
wAnIzlay snaciad eI mmwm@gmsmgm"lvmm@*’nuluﬂi:mﬂvlmma

a = A
auq@aam advzunmauuawdNHIwaN

o Q/ 1 o dg’ 1A
5.4 NAUBILIAINTITWINAD Elil%ﬁﬂ’)fﬁﬂ

u

U a £ AI &/

widingnissilenasanuzaesdluumgadlulodnludsnalny ldisadu

audiilatlszanm 24 Sudriou (Late Oligocene) udnangunayanuistaIMITNdULzY
» g o oA X 4 a £ e . .
PaIa NN (mﬂwmmumﬂw{) YU lanns agiumaa Late Miocene — Pleistocene
Qq/, 1 v 1 v i 1 & 1 a Q Q
Aaadudtszanas 11 dudnau 4 0.44 SudfriuangundanaesusyWiiige3 Jmwia
wTsyIakd Ty muAaunifige (11.037-8.82 Ma) lasfiniadszanm 2.2 awud amefiunas
wagsuallWsmeamntle luwadaniadihe-uns uszmanziuan lwwadanianmyauy3i Jey
mufiaaglugiinanis fia 6.06-5.62 uaz 4.17-3.14 sud lasfinmuszanm 0.4 uaz 1 fud
anuday dwnibundanassrivfisuazusdininaaziuesn luwadsniadunys-ana wu 4
ﬁadaﬁqmﬂﬁ@éauﬁq@ (3.14-0.44 Ma) LL@iﬁunmmaﬁq@ﬂi:mm 2.7 ﬁmﬂuauﬁ@miﬂ:neﬁﬁ
4‘1’ dl Qq: ni d' 1 o 1 a (d‘ o v A 1 a v
lwinfinnainge uazdunidsinadieyfuuzseadninassiufinazlaiifiu 3.3 dud
feugnatilznuasamiimsesluiune g sunnssdldlasssadle douaadlilu
A

N3N 6

lagagdenandnlddungnissilenvasamuzseadinnaeslutinalnyld
Aa J % & = ¢ a Ad 1 I ~ .
aduanustizinm 18 a33 lasdmanisalifadNgaluszwingrnasgalwaladu (Pliocene)
=< ¥ = o A a X w H ' & cda P &
fegatudsnaudu (3.3-0.4 Ma) Sufaduliinnzdindy 11 a3 uazmgnaaifiAunilauzsand
o v A J =) a J 04 {d‘ o 6 1 @ A a
iwaaerfindugilananfiaiumenaangnissinimwasousd g uazundansasrivfiud
PauianmInsznedmiieeganizlusinalnduauanino-nuns luneazineanuas

AWML A D UE
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P 1 Aa A ¢ o =< L4
MN13791N 6 a*gﬂmanmmsmmﬁuux?jaammwaaﬂ%ﬂszmcﬂ‘nmumﬂaquu

o y A o o { a { o ' A X
@]’]LL%uﬂﬁa’]\‘]ﬁfyaﬂjﬂ'fﬁ ﬁﬂ L']ﬂ’]ﬁl;ﬂ@ﬂ’]jllzqqmaﬂa’]’]qﬁuq‘waaﬂLL@]ﬂ:ﬁ%u@muN'}

& yyasuart)Ins ¥ = LREINUNY

® = uyasuentl IWs-nuna

v

o @ . @ o ' <] o a aad A
2= 1. JunIMnNuInNaauaIna? Lﬂ%ﬂ’]iakb&lﬁui(ﬂﬂﬂ’]ﬂﬂl NRUBINIIINBT Elq(ﬂ’] HITBUN

1ails Ar/Ar w38 K/Ar

o o % [ 1 I [ a (d' [l )
77 = Lﬂuﬂ’ﬁﬂ’]ﬂ‘l.l')']@]'lLaTﬂdﬂa'ﬂLﬂ%ﬂ’ﬁﬂ‘%&ﬂuIﬂﬂaﬂﬂﬂaﬂﬂqﬁ%utsﬁaa(ﬂﬂa’]"ﬂqﬂl“ﬁ

FRAEIWAY LANUIRUSII NI LARINGDE

1 a ¥ =
BIAINIINA (’AW1))

& 4
nin Miocene I Pliocene ! Pleist
- o I |
Anuztaaniinaas : i
>2 |11 |10 |9 |8 |7 |6 |5 4 |3 |j2|1
. ABay3 (wrryInh) LRI ! !
| |
Il tmzan-gudsy (81119) ! Zf_?
| |
e o X - 6.067:5.62 -
Il LAWTE-19T% (LWT) |
Y a L 447318 |
. Uawaay (Myauy?) il ‘e |
% % I - I
V. YUMQ-TUNIansg (A3azin) : e i
v - ! <3.1477 |.
uaz du (quan i) | o i
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1. M18819%% TrBrc 2: Corundum — plagioclase bearing pyroxenite

=l

gﬂﬁ 1-1 WAALATZH SEM 284628819%R% TrBre 2 Tuduniaf 1 Suunusle 2 phases

@wA corundum (crn) waz diopsidic clinopyroxene (di) [N1@5187% = 0.2 U4.]
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37U 1-2 waliaTed SEM pasdiatne@u Trere 2 ludunian 2 $1uunusle 3 phases
laur P1 (diopsidic pyroxene), PO (corundum) uaz P2 (plagioclase) [N1@31&% =
0.2 3u.]
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gﬂﬁ' 13 Wa3LAT1eH SEM pasarasnefin Trere 2 luduniisfl 3 suunusle 4 phases
laur P1 (diopsidic clinopyroxene), PO (corundum), P4 (kalyphitic garnet) L8 P5
(kalyphite rim) [#1@ &% = 0.2 WX.]



55

gﬂﬁ' 1-4  Wa51A 2% SEM pasarasnefin Trere 2 luduniisfl 4 suunusle 4 phases
laur P1 (diopsidic clinopyroxene), PO (corundum), P2 (plagioclase) Lz P5
(kalyphite) [N1AT&IW = 0.2 V3]



56

!

N,

TrBrc2-P5  |[rar iR

715 wasaTzk SEM pasaragnafin TrBre 2 luduniisfl 5 s1uunuila 3 phases
l@wr P1 (diopsidic pyroxene), P3 (spinel) Waz P4 (kalyphitic garnet) [N1@3183%
= 0.2 u%]
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3UN 1-6  HAILATIEH SEM 2addiad9fin TrBre 2 ludunikafl 6 $uunuild 3 phases
laun P1 (diopsidic clinopyroxene), PO (corundum) wae P2 (plagioclase) [§1&31
% = 0.2 W]
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UM 21 waliaTed SEM vasdnadnedu Trr 5 Tudunikan 1 duunusle 3 phases laun

P6 (olivine), P7 (orthopyroxene) Lz P8 (clinopyroxene) [N1031&3% = 0.2 U]
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U7 22 Wl SEM vasdnadnedu Trr 5 Tudunikan 2 Sruunusld 3 phases laun

P6 (olivine), P7 (orthopyroxene) LLaz P8? (clinopyroxene?) [§1@31&% = 0.2 U]
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UM 2-3 WATATIZA SEM pa46aatn9Ru TrBr 5 ludunibif 3 $1uunusle 4 phases leiun
P6 (olivine), P7 (orthopyroxene) iaz P8 (clinopyroxene) LRZWWIRNHENUARLE

TAAG (Bs) [NNAT&EIW = 0.2 UL.]
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gﬂﬁ' 3-1 WAILAITIZH SEM 28962081971 TrBr 9-3 ludunisn 1 squunusle 4 phases
ldun P5 (kalyphitic garnet), P6 (olivine), P8 (clinopyroxene) ae P3 (spinel)

[NN9IN&IW = 0.2 Ja.]
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gﬂﬁ' 32 WadleT1eW SEM 289610819Ru TrBr 9-3 ludumiefl 2 $uunusle 3 phases
@ur P8 (clinopyroxene), P5 (kalyphitic garnet) waz P3 (spinel) [N1AT1&% = 0.2

VEV|
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gﬂﬁ' 33 WAAIZH SEM vaseaadnefiu TrBr 9-3 luduntied 3 s1uunuild 4 phases
laun P5 (kalyphitic garnet), P6 (olivine), P8 (clinopyroxene) Wiz P3 (spinel)
[NNAT&RIW = 0.2 U]
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gﬂﬁ' 3-4 Wa3leT1eW SEM 289670819Ru TrBr 9-3 luduwniefl 4 s1uunusle 4 phases
laun P5 (kalyphitic garnet), P6 (olivine), P8 (clinopyroxene) Wiz P3 (spinel)
[NNATN&IW = 0.2 U]
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4. @20819%w TrBr 20: Spinel peridotite

AN

P62/PT

gﬂﬁ' 4-1 WaILAIIEH SEM a9@20819%% TrBr 20 ludunikefn 1 s1uunusle 3 phases
laun Pe?/P7 (olivine?/orthopyroxene), P8 (clinopyrone) LLae P3 (spinel) [16131

% = 0.2 W]
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g'ﬂ‘ﬁ' 42 WRSATZH SEM waseaatnefin TrBr 20 luduniaf 2 shuwnusle 4 phases
laun P6 (olivine), P8 (clinopyroxene), P77? (orthopyroxene?) LLaz P3 (spinel)
[NA&IU = 0.2 W3]
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TrBr 20-P3 28kU 288m

3UN 4-3 walazd SEM vadenadnafin Trer 20 ludunikafl 3 Sruunusle 4 phases
ldun P6 (olivine), P8 (clinopyroxene), P3 (spinel) &g LRAILWIFUNRNU A
Uzaad (Bs) [W1AI1EIH = 0.2 Nu.]
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Tailaaaser

Ca

3UN 4-4  WATLATIEH SEM 289dnad9fin Trr 20 Tuduniaf 4 $uunusled 3 phases
@ur P72 (orthopyroxene?), P8 (clinopyroxene), Laz P3 (spinel) [N1@T&3% = 0.2
W]
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5. @28819%W TrBr 31: Pyriclasite

TrBr 31-P1 -

gﬂﬁ' 5-1 WaILAIIEH SEM 2a9628819%% TrBr 31 ludunisn 1 suunusle 3 phases
ldun P1 (diopsidic clinopyroxene), P2 (plagioclase) L8z P9 (2nd material) [¥7163

% = 0.2 ¥3l.]



TrBr 31-P2 -

UM 52 WallAT14 SEM Baadnatngiu TrBr 31 luduniaf 2 Swunusla 2 phases

l&uri P1 (diopsidic clinopyroxene) waz P9 (2™ material) [N1@ 71874 = 0.2 314 ]
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TrBr 31-P3 -

gﬂﬁ' 53 Wa3la31eW SEM 2a9da0enefin Trr 31 luduniisfl 3 $hunnusle 3 phases
laun P1 (diopsidic clinopyroxene), P2 (plagioclase) waz P5 (kalyphite) [1631
% = 0.2 W]
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TrBr 31-P4 -

gﬂﬁ' 5.4 Wa31e312W SEM waganagnefin Trer 31 ludunnied 4 sruunuslea 3 phases
laun P1 (diopsidic clinopyroxene), P2 (plagioclase) Liaz P5 (kalyphite) [816131
% = 0.2 W]
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TrBr 31-P5

3UN 55 WAz SEM vadeiadnafin Trer 31 ludunikafl 5 duunusle 2 phases

@A P1 (diopsidic clinopyroxene) uas P2 (plagioclase) [N1AT1&% = 0.2 W]
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6. A28819%n N 8: Pyriclasite

e

U 6-1 WATlATIEH SEM pasdnatefiu N 8 ludunien 1 $ruunusld 2 phases ldud

P8 (clinopyroxene) Las P5 (kalyphite) [N1931&8% = 0.2 U¥.]
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3UN 6-2 WATlATIEA SEM 2aseratein N 8 ludunibafl 2 $ruunusld 1 phase ldud

P87? (clinopyroxene?) [N1@31&% = 0.2 U]
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7. @28819%W TrBrc 1: Corundum — plagioclase bearing clinopyroxinite

TrBrcl1-P6

3UN 7-1 wadias1ed SEM vasdaatinediu TrBre 1 ludiunibifl 6 S1uunusle 1 phases fa

P1 (diopsitic pyroxene) [ #1a@71&3% = 0.2 44.]
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3UN 7-2 HaIAT1eA SEM 2a9dnad9fin TrBre 1 ludunibal 7 $uunuild 3 phases
laun P52/P2? (kalyphite? or plagioclase?) P7? (orthopyroxene?) LRZWWIFNNE
AURY  ULTEAR (Bs) [N1ATEIN = 0.2 W]
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750°C 1250°C
7 | CrPmo1 Integrated age: 10.07+0.06 Ma
6 | Isochron age:  9.667+0.111 Ma
:i | Reciprocal Y-intercept: 299.89 + 2.01
MSWD: 1.3335
= 13
— 12
ol
=N
= | ——
E —
S 3
- g - Plateau age: 9.85 + 0.05 Ma
7 | 4 4 steps (950-1100°C) —
B L
g I I 1 1 1 1 I L I
| CrPm01
0 F
6
o
> 12 .
3 3 <« Plateau: 4 steps (950-1100 C) —
d —
i F
0 I I L I I I I L I
CrPmo01
05
04
="t
= 03
=
02
0l <« Plateau: 4 steps (950-1100°C) —
l] | | | | | | | | |
0 1 2 3 4 o) b 1 8 9

Fraction of 39ArK Released

3N 21-1 UHRDAUAAIANHME (L) age spectra (NA19) CalK uaz (819) CIK tHauAL cumulative “Ar,

o 1 a 1 a ° < [ [
released madm’mmm%uwaa@f CrPm01 3Mnvigadi wdILNa N INIINg IRIALTEIIE
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600°C 1400°C
7 L CrPmoO4
" Integrated age: 10.41+0.10 Ma
5 Isochron age:  11.70+0.578 Ma
/ [ ] Reciprocal Y-intercept: 293.01 + 1.59
T o | MSWD: 1.0307
= 13
=
=L
a S
@ 0+
=
=< 9 F
g F Plateau age: 10.61 + 0.08 Ma
7k “ 6 steps (800-950°C) >
E -
g I I 1 L L 1 L I I
[ CrPmo04
ol r
40 |
o n
= 3t
o - . _050°
o0 b - Plateau: 6 steps (800-950 C) >
0 r |
[I r 1 1 1 1 1 1 1
035+ CrPmo4
03 r
025
=mt
o ]
05 k- - Plateau: 6 steps (800-950 C) >
o r |
005 ' —
: 1 1 1 1 1 1 1 1
0 I 2 3 4 3 b 7 8 9

Fraction of 894rK Released

31U 21-2 uHRDAUAAIANHME (L) age spectra (Na19) Ca/K uaz (819) CIK tHauAL cumulative “Ar,

o 1 a 14 1 a ° < [ o
released 209708 W UzBa’c CrPm04 INNKYDNHWDUNDWNNIINE INIALTLIIE
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600°C 1350°C
- POWc02
g r Integrated age: 9.60+0.07 Ma
I F Isochron age:  9.579+0.261 Ma
14 : Reciprocal Y-intercept: 303.69 + 10.137
=7 - MSWD: 1.9837
= 12 F
2 L
<= |0 F
E -
= 8t masl=
[~ L
L o
a =
i Plateau age: 9.84 + 0.06 Ma
i 12 steps (650-975°C) g
7 +
: [ 1 1 | 1 | | | 1 1
- POWec02
n
20 |+
6 F
- B
= 12 F
=2 -4— Plateau: 12 steps (650—975°C) —>
g
o |
l:l I 1 1 1 1 1 1 1 1 1
PbWec02
0075
-4 o
— [05 h<——— Plateau: 12 steps (650-975 C) .
Fs -
i —r
0025 |
[I 1 1 1 1 1 1 1 1

0 1 2 3 4 5 B N 8 9
Fraction of 39ArK Released

3N 21-3 uRBDAUAAIAN B (L) age spectra (NA19) Ca/K Uag (A1) CUK gy cumulative “Ar,

released 2990208 19RWULBOAG PbWC02 IMNULDNRWUNDINTYTYT IINIA mey,‘mi
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700°C 1450°C
BrMu03

9 Integrated age: 0.22+0.02 Ma

g F Isochron age:  0.727+0.068 Ma

7 F Reciprocal Y-intercept: 153.65 + 40.36
© Bk MSWD: 1.6065
=
& 5
-]
s 4T
= 37
= 2

| < Plateau age: 0.32 +0.01 Ma |

4 steps (850-1000°C)

BrMuo3

Ca/K

0« Plateau: 4 steps (850-1000°C) N

D t 1 t I I I 1 L L

008 + BrMuo3
007 |
006 |
005

004 Plateau: 4 steps (850-1000°C) ,

o

002 -
0o

] 1 1 1 1 1 1 1
I} 1 2 3 4 5 b N 8
Fraction of 39ArK Released

CI/K

=]

3N 21-4 unn)AUAAIAN L (L) age spectra (NA19) Ca/K Uag (A1) CUK gy cumulative “Ar,

a 1 a I3 1 a o -~ L o A €
released 2adMIdNRWULTDAE BrMu03 3nngaNinaitnatioag 'i]\‘i‘lﬂ')@]‘i,!ii&lﬂ
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800°C 1450 °C
: L BrMu04 Integrated age: 0.34+0.02 Ma
8 F Isochron age:  0.449+0.053 Ma
7 L Reciprocal Y-intercept: 294.36 + 2.89
— B L MSWD: 1.4287
=
= 9
2,
i q B
=
& 9 [
=
<€ ] | ¢—— Plateau age: 0.43 +0.02 Ma _
[ 5 steps (850-1050°C)
_] 1 ] 1 1 1 1 1 |4||:'l:]:h(
BrMu04
30 +
5+
s 20 [
-
m
&5k
0 | .
_ Plateau: 5 steps (850-1050 C)
g | < >
B I

g L BrMu04

006

CI/K

Plateau: 5 steps (850-1050°C)

004 :1— — 4_rj

002 +

[l 1 1 1 1 1 1 1 1 1

2 3 4 5 B N a -
Fraction of 39ArK Released

31U 21-5 UNRDAUAAIAN ML (L) age spectra (NA19) CalK Uaz (19) CUK inuny cumulative *Ar,

%) 1 a I3 ] a ) =1 > > S o &
released 229A9gNinUETaa® BrMu04annigaivinaitnaliiadg WHINLINE
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600°C 1450°C
LUbNy05
9+ ! Integrated age: 3.04+0.03 Ma
R L Isochron age:  3.072+0.204 Ma
___ n Reciprocal Y-intercept: 302.20 + 15.41
o [
= MSWD: 1.6954
e § F
cn
<< r
T 9|
vk ]
e
3 | — _-:.ZD::E
7 b
Plateau age: 3.14 + 0.03 Ma
|+ o —
6 steps (750-1000 C)
0 1 | 1 1 I 1 1 I |
30k UhN",‘DS
ar
=< 70 |
m
=5t
Il } <« Plateau: 6 steps (750—1000°C) >
5 B I
n ‘—'—l'_lI I 1 1 1 1 L 1
UbNy05
0075
% o5 h < Plateau: 6 steps (750-1000°C) N
= L
0025
[l 1 1 1 1 1 1 1 1 1

=

0 1 2 3 4 5 B ) 8
Fraction of 39ArK Release

311 21-6 UNRDAUAAIAN ML (L) age spectra (NA19) CalK Uaz (19) CUK inuny cumulative *Ar,

released 2096108 19ARU TR UbNy05 Mnwdaainatnani@ndininauaszasii



600°C

1250°C

CDKI01

| oo o

Apparent Age (Ma)
I

Integrated age: 2.20+0.03 Ma

Isochron age:

Reciprocal Y-intercept: 502.98 + 74.56

MSWD: 1.0541

1.457+0.296 Ma

Plateau age: 1.94 + 0.02 Ma
5 steps (700-825°C)

=2
I

4 CbK101

Ca/K

<

Plateau: 5 steps (700-825°C)

103 | CoK101

CI/K

Plateau: 5 steps (700-825°C)

1 1

a4

9

P

]

7 8

Fraction of 33ArK Released

3N 21-7 uHRDAUAAIAN ML (L) age spectra (NA19) Ca/K Uaz (19) CUK inuny cumulative *Ar,

=

released 299A20819AWUZBDA6 ChKIOT IMNUALDNENTUNDVRI WIWIAIUNYT
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600°C 1200°C
TrNbO1
9 F Integrated age: 0.65+0.01 Ma
g Isochron age:  0.715+0.073 Ma
. Reciprocal Y-intercept: 295.92 + 8.01
— ' r
<z _ MSWD: 1.7603
o ar
N
- -
“— J [
==
E I
e
=N
- 3 L
' Plateau age: 0.69 + 0.01 Ma
I 9 stens (600-925°C) —
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Fraction of 39ArK Release
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311 21-8 UHRDAUAAIAN ML (UMh) age spectra (NA19) Ca/K Uaz (19) CUK inuny cumulative *Ar,

released 2a9M20819RRUBOAG TrNb01 1N DNRWIIRHRWAIVDWONBUB LS WA
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600°C 1300°C
9+ IrBro4 Integrated age: 1.59+0.08 Ma
gL Isochron age:  1.396+0.09 Ma
- Reciprocal Y-intercept: 294.82 + 0.26
— ! I~
Em i MSWD: 1.1845
w I
=N oo
=C
= J
@
S %
=T
=T 3 ¢ Plateau age: 1.33 + 0.09 Ma >

6 steps (600-950°C)
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* Plateau: 6 steps (600-950°C) >
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Fraction of 39ArK Released

311 21-9 UHRDAUAAIAN ML (L) age spectra (NA19) Ca/K Uaz (19) CUK inunl cumulative *Ar,
released 2090208 19ABLBOAG TrBro4 NN aNRRIINAADIEK B 1tnalals 9KIA
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700°C
IrBrO7
= ntegrated age: 1.44+0. a
g Integrated 1.44+0.05 M
8 L Isochron age: 3.080+0.279 Ma
7 Reciprocal Y-intercept: 258.92 + 6.00
g 5 L MSWD: 1.8941
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n
=T 5 |
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m »
s 4 F
E Plateau age: 1.60 + 0.05 Ma
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1200°C
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Fraction of 39ArK Released
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31N 21-10 URBDAUFAIA NI (UK) age spectra (NA19) Ca/K WAz (319) CUK LN8UNU cumulative

o 1 '3 1 a o 1 1@ [
39AI'K released mam’mmaﬁ%uwaam TrBr07 ’\l’]ﬂﬁﬂﬂ&ﬁ%ﬁ'\%ﬂaﬂdtﬁ% altnay Elli INIA
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Ruby-bearing xenoliths: new evidence and another
possibility of Thai-corundum genesis
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b Department of Geology, Faculty of Science, Chulalongkorn University, Phayathai, Bangkok 10330
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Extended Abstract

Based on several field evidences, the alkali basaltic rock exposed in the
vicinity of Borai area in Trat province is proved to be a corundum-carrying type. The
newly-found corundum(ruby)-bearing xenoliths enclosed within the basalt, classified as
basanite with olivine and nepheline normative, are the most essential clue among them.
This discovery yields a rare opportunity to investigate the conditions under which Thai
ruby could have been formed underneath the earth crust.

Petrologically, the ruby-bearing xenoliths have compositions ranging between
garnet clinopyroxenite and garnet-bearing pyriclasite (Figure 1A-1D). The xenoliths
exhibit metamorphic textures of granoblastic, equigranular and polygonal with 120° triple
junction grain boundaries (Figure 2A-B). They consist of green diopsidic clinopyroxene
(25-95%), plagioclase (0-45%), kalyphitic garnet (0-20%), purplish pink to magenta
corundum (5-50%), and spinel (0-2%). However, majority of the xenoliths observed
normally comprise only 2 phases-clinopyroxene and ruby. Ruby is textural equilibrium
with clinopyroxene and garnet and some grains are enclosed entirely within those
minerals (Figure 2C-D). Ruby gains are barely observed to have direct contacts with
plagioclase, except one specimen that found a large corundum grain mantling plagioclase.
Chemically, clinopyroxene contains high portion of Ca-Tschermax and plagioclase has
about Ang content. Garnet grains are wholly converted to kalyohite, but still retain high
Mg content suggesting pyropic origin. Spinel has high chrome content, 60-65%Cr,O3 by
average. By compilation with previous related studies, the formation of these xenoliths is
likely constrained to a high-pressure metamorphic process within the upper mantle-lower
crust transitional zone (Kornprobst et al., 1990; Sutthirat, 2001; Morishita and Arai, 2001;
Promprated et al., 2003; Morishita et al., 2004) and ruby possibly crystallized by the
reaction: plagioclase + spinel = 2 corundum + diopside, under an approximate P-T
ranges of 1.5-1.8 GPa and 1,100-1,200 °C, at equivalent depth of around 50-60 km.
beneath the surface and latterly was brought up by basaltic magma.

Significantly, this finding reveals parts of the long-been mystery of the true
origin of Thai corundum particularly of red variety, widely known as Siamese ruby;
although the figure of original parental rock type prior to transformation as well as the
actual process cannot be obtained at this point. The ruby-bearing xenoliths themselves,
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then, have ruled the once-favored idea proposed corundum directly crystallizing from the
corundum-carrying basaltic magma (Barr and Macdonald, 1977; Vichit et al., 1978) out of
a possible genesis model of the ruby from this area. They also put further constraints
ensuring that the genesis of the ruby could actually be somewhat different from those of
sapphire found elsewhere in Thailand, even that from Chantaburi in the same Eastern gem
field as suggested by some authors (e.g. Pisutha-Arnond et al., 1998; Sutthirat, 2001;
Promprated et al, 2003).

Fig. 1 Showing ruby-bearing xenoliths from Ban Muendan-Ban Klong Sano basaltic field.
A) A garnet clinopyroxinite (the specimen belongs to Rak Hansawek) show a good
reddish color of ruby grains scattering within green clinopyroxene matrix. B) The garnets
(Grt) were entirely kaltphitized. C) A clinopyroxinite specimen, the most commonly
found, comprises only clinopyroxene (Cpx) and ruby (Crn). D) A pyriclasite specimen,

containing large portions of both ruby (Crn) and plagioclase (PI), is enclosed in fresh
basalt.
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Fig. 2 Photomicrographs show rock textures of ruby-bearing xenoliths under PPL (left)
and XPL (right). The scale bars are 500 microns. A-B) The rock contains ruby (Crn),
clinopyroxene (Cpx), and plagioclase (PI) exhibiting polygonal texture. C-D) The rock,
comprising kalyphitic garnet (Grt), clinopyroxene (Cpx) and ruby (Crn), display prismatic
laths of corundum enclosed within Cpx grains and some those in turn wrapping Cpx
inside. All garnet grains are converted into katyphites. E-F) The rock is composed of
greenish brown spinel (Spl), clinopyroxene (Cpx) and kalyphitic garnet (Grt). Some
clinopyroxenes have reaction rinds around the grains.
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Fig. 3 Photomicrographs taken under reflected light (left) are compared to a suite of SEM
images (right) of 4 selected elements; i.e. alumina (Al), magnesium (Mg). Blue dashed
frames represent the scanned areas. A) 3 phases; corundum (P/), clinopyroxene (P2) and
plagioclase (P3), can be identified. Corundum is outstanding by its high Al, but nil in
other contents. Plagioclase can be differentiated from clinopyroxene by lower contents of
Al, Mg, and Ca. B) Kalyphitic garnet phase (P4) is distinguished by lower Si and Ca, but
slight higher in Al and Mg compared to clinopyroxene. The SEM images, particularly of
Ca, display closed textural relationship between corundum and clinopyroxene; of which
the clinopyroxene is both mantling and enveloping corundum. C) Spinel (P5) can be
noticed by its pronouncingly high Al and Mg content, but low in others.



madszguiTnsnsuniwensssi dazdnd 2548

Acknowledgements

The authors are grateful to Rak Hansawek for informing about the finding of
ruby-bearing xenoliths and Boonmee Maneerat and his family for letting us collect
specimens in their property, conveniently. We would like to extend our thanks to
Charoemwong Ingkasumphan and Phissanu Yingyaud for preparing polished thin sections
and Panjai Saraphanchotwitthaya for field assistances. We are also indebted to Geology
Department of Chulalongkorn University for the support on microprobe analyses. This
research was financially supported by the Department of Mineral Resources under the
fiscal budget of 2004 and 2005 and in part funded by Thailand Research Fund (TRF)-
TRG4680004.

Reference

Barr, S.M. and Macdonald, A.S., 1977, Geochemistry and Petrogenesis of Late Cenozoic Alkaline Basalts of

Thailand: Preprint-manuscript submitted to Bulletin of Geol. Soc. Malaysia., in April, 1977.

Coenraads, R.R., Vichit, P., and Sutherland, F.L., 1995, An unusual sapphire-zircon-magnetite xenoliths from the
Chanthaburi Gem Province, Thailand. Min. Mag. 59, 465-479.

Kornprobst, J., Piboule, M., Roden, M., and Tabit, A., 1990, Corundum-bearing garnet clinopyroxenites at Beni
Bousera (Morocco): Original plagioclase-rich gabbros recrystallized at depth within mantle. Jour. Petrol.
31, 717-745.

Morishita, T. & Arai, S., 2001, Petrogenesis of corundum-bearing mafic rock in the Horoman Peridotite Complex,
Japan. Jour. Petrol. 42, 1279-1299.

Morishita, T., Arai, S., and Green, D. H., 2004, Possible Non-melted Remnants of Subducted Lithosphere:
Experimental and Geochemical Evidence from Corundum-Bearing Mafic Rocks in the Horoman Peridotite

complex, Japan. Jour. Petrol. 45, 235-252.
Pisutha-Arnord, V., Wathanakul, P., Intasopa, S., and Griffin, W.L., 1998, Corsilzirspite, a corundum-silimanite-

zircon-hercynite rock: New evidence on the origin of Kanchanaburi sappire, Thailand: Proceedings of the 9
Regional Congress on Geology, Mineral and Energy Resources of Southeast Asia (GEOSEA 98), Kuala
Lumpur, Malaysia, 117(abstract).

Promprated, P., Taylor, L.A., and Neal, C.R., 2003, Petrochemistry of Mafic Granulite Xenoliths from the
Chantaburi Basaltic Field: Implications for the Nature of the Lower Crust beneath Thailand. Inter. Geol.
Rev. 45, 383-406.

Suttirat, C., Saminpanya, S., Droop, G.T.R., Henderson, C.M.B., and Manning, D.A.C., 2001, Clinopyroxene-
Corundum Assemblages from Alkali Basalt and Alluvium, Eastern Thailand: Constraints on the Origin of
Thai Rubies. Mineral. Mag. 65(2), 277-295.

Suttirat, C., 2001, Petrogenesis of Mantle and Crustal Xenoliths and Xenocrysts in Basaltic Rocks Associated with
Corundum Deposits in Thailand. Ph.D. thesis (unpublished), Department of Earth Sciences, Faculty of
Science and Engineering, University of Manchester, England, 445p.

Vichit, P., 1992, Gemstone in Thailand: in Proceedings of a National Conference on Geologic Resources of
Thailand, Potential for Future Development. Bangkok, Thailand, 17-24 November 1992, Dept. Min.
Res., Bangkok, Thailand, 126-134.

Vichit, P., Vudhichativanich, S., and Hansawek, R., 1978, The distribution and some Characteristics of corundum

bearing basalts in Thailand. Jour. Geol. Soc. Thailand 3, M4-1-M4-38.



(2 A

o A P o o = LA S

TUWBN 21 NULIUU% 2548 NFUNWY

nundanasudunuinu : nangaulnug
avannuvaduiduldldvoonisiiiiawassnasuaudaolng

80uds Womaday', InSHus andsmi™’ nadand mgnoemmum™’
1. doUNSWYINSUS 3 dMUANSHYINSUS NSUNSHYINSOSTU
A.WS=S1W 6 WASIWIND ASINNT 10400,
2. MAIIISSAIING1 AEINGUNAAS YHIaINSAIINIINg1aY
a. wewln waunuiu nsamm4 10330
3. AU EAHANNOAIIAIAS dIUSA VLI PrasnsaiImMINg1ay
a. weln waunudu ASanng 10330

UNGiaED

duwlanUaanduiviiniiwuilsluiofiuuzseadan flundngueddaaui fuvzeeadilug
Unngluvsnahueasddau-niluau a.dewass o.uals 2.0ma  Husiieiliwees wdlaldidudiudu
Mifiafiuiaiemaanans mﬂmiﬁﬂmmqﬁanssmmLLa:ﬁmLﬂﬁwudwﬁmmaﬂﬂaamQ"uﬁuﬁuﬁy JoduAinuls
insagsluasznaiiuunsylad AfesdUsznoumausenuiisssniniulusendlud uasiulndaalod faus
ﬂa%’ué’u(ﬁuﬁuﬂuLﬁaﬁuu,amamazauqammi'ﬁ’uLLﬂmaaﬂlm’ wazmsiun(lnww) lasdunadlawnad
wazatwa(Hansln) tasiu 114Lﬁaqﬁuaqﬂlﬁ'iwﬁuﬁuﬁwsﬁaé’aﬁumﬂﬂﬁﬁ%m:

LLWﬁﬁA)TE)LﬂaH(PIagioclase) + gthua(Spinel) = 2 NUMN(Corundum) + ZWBBUZWWJ(DiOpSidC)
meldieanuiy 15-18 Kb uazzgamnii ~1,100-1,200 °C fiszduamnadniszana 50-60 nu. lu
uinnesasdezasiuiialanduvufuiudanlandiuae wesmewdsldagnintumnginlanlaamatsy
apsiiuniia(uunih)usgaadifiukannmanasuazmesdusasiuilalonfiszdudnnh wavasmsdinm
Tuassilldmalianudlalunssnumstufiesssiviinamunszindatuluunawiyuuasinlilddaiudy
sfusyunenudeihviuinlnednssuumsnemdiauandslunnuaswassurulnsinulurinadmia
Funi3 wiaudnmdu qeaslsana  Sanssiunsasdaasasgiuuunszuiumaulssamwiuiuunyladly
wassTInBiauasinasiuduiiiiosuduildiuglidaaudesadonamsdnmniadndaly

Mmardny: Auwlantasnguwans viuiin uwdlws maduie a9

untn

Uszinalng fivszidmeimiiaawassnszga
aasudniduiissennuiudent Taammzadada
“Wapsuae” Nnmeaziusen Fuluiiddndluame
wanalanmelade “Hufingeny (Siamese Ruby)”  u@
nanun lalunszuiumsuassssumdnmsnaniiia
funaswawanelnaniiod  naudelidamuuiias

LAz M LA NSULFUDLUIAAYDINTEUIUMTAILILA

107

wanensznanasuanaadlnglinarssduuuusai
au naziunATeihundulwgisaiudnmly
Aunnliwanseasusuriiouallng Sedaaediung
wiyniidanaamunszinta uasdadimsinnglu
wneizInsiueg lagawizadiedsludiud
(Hengastunszurumsmsmiiiavariufislngi i
anuwtauvsaasnnzasusllnswsald athals
Tuunanuiiutaiaanuesniuaadiu
Tagduusnilumaiiguagluvuumndadie qaes



MM PVDINDDYADSUA NNFNWUSNUBUULTDAR N

.

WukannnsalfinsnITevaunaanasg usMEIe 9N
= o a Cd U 1 ld' v v
LAENNISANNWIRELWS (LIAwaazsIusInle) 1)
Toadad wazlusgruvasdumstiauanansdnsiu
Y v oa & vy 4 & A v i
wlandaangduriuiinluidasduzalunanladiunis
2991ASIMSANENIFEMSANTAUDINUNNFENNNTNWUS
AURUULEDAG NUREINADEUS UM ANLIUDBNY DY
Uszmalng gildsunian(adadae)dainlaiauaiiaz
MraltnaanNnlalunszuiunIsuassIsNIIANS
ABNILHANUNASIYDINADEABSUYDI LNY LagLane
“WaasLeN” Nladaudu suavazldilutaaasun
Frglinrsdrsramunaswanelui g dlanauazie
AnudIEIlumsAunUFIY

nu@GMSMIUAUIOWADIGISUG

Tugresuusninisefonuurfaniinaae
ngaﬂa%’uéi'u(ﬁy'qﬁuﬁuLL&]zLL‘ﬁﬂlef)ﬁwuazauéfﬂu
uinaiuifiunagudsiiugunld siefivusgaad
(‘?éﬁmﬁqLma'qwaazma%’uﬁunﬂLmzimmlwﬂ)ﬁy'uﬁws
AafmiiinduanmsanwdnlagasaanunnaiuzLaad
Uszamdamla ﬁﬂsnﬁumLLazLLﬁqé’fmﬂuﬁum%aaﬁﬁﬂ
waszluuinuainan lesardedadundgIuanmny
uanuzUlndilsluilofuvssaad ol Bar and
MacDonald (1978) MacNevin (1972) Vichit (1975)
Wae Vichit and others (1978) %ﬁ@lﬁﬂuswslwé'qlm“l,ﬁ'
seazidaaindnlunsdirasnassnssudurasinagdn
nsanudnzeswassaraiiumaarnmsiiinysun
ALO, Fuiilasainnszuiunisudndrdudiy
(fractionation) "7';Lﬁ(ﬂﬁumsﬂuﬂsmmmuﬂu'mx‘ziaas’f
Va9 LNNEIFUAAIINNITHABNALAIBUINEIY
(partial melting)"llB\‘1Lﬁlaiaﬂ(mamle)ﬁﬁiﬂﬂ)’mgﬂ
Uszann 65-95 ny. (20-30 Kb) 1ﬁ'mﬁlau§umﬁn
ffszeuanuanUszana 25-35 AN, 2 (7-10 Kb)
Hluszaznamia(udmnunsiinassazanwdn) uazaa
fimsuuilounnfiusauinadnainiiendasde daudiay
Uznuaxﬁwwaaaﬁuméﬁﬂaﬂ

AaNILUIAAYBINSILlaNABEADSUAN LA

YSupenauasinannvarezduuuinnau lesisnnsay

108

wnAansnfinunihuzsaadiilasam lafiliwaas
(corundum-bearing alkali basaltic magma)ﬁ?uud]u
Lm'Lﬁmé'anmqﬁwwaaﬂ?}’umgjﬁ'ﬂan Feonauun
nsauwwAaluaji Tatlusaengunsa o nguusnil
ANNLA BT IR UNSEUIUNSANKNE NUBIADTURNT
Fouleanufiusaiiviena(plutonic  crystallization)
219 Irving (1986 T Sutherland and others, 1998)
nanwessAanneyusiunaanazaaWadni
Iﬁéuﬁl(undersaturated fractionated felsic melts)
\%u i phonolite MsERUANNNARUFY IpNINTY
waanazansyiinlod lud (syenitic melts) Miuva
ﬁ'uﬁuﬁmmmnﬁuﬁagi"lwﬁwLﬂﬁafﬂaﬂ(crustal)ﬁa
Lﬁﬂiﬁﬂd’muu(upper mantle) aualoy Aspen
(1990 Ty Sutherland and others, 1998) was Garneir
and others (2005) &3U Coenraads and others (1990)
ez Oakes and others (1996 Tu Sutherland and others,
1998) @uai wansanKENNNAUMaDNATABT
Heannszunumswaanmaruduluszdudung
Lf‘z’a‘[aﬂ(low degrees of partial melting of mantle)
siiadam loviifianslasemegs(volatile-rich alkaline
melts) U6 Sutherland (1996) TanuiuN Hiuvaaw
ararsuiiasanladifuduiiioveswansiy
Wrazldurainnisuaanivalrzasiui iy
nszurunisudsaninuvuuantdasulass
(metasomatized rocks) ﬁLﬁﬂﬁuﬂ’lﬂluﬁ’iiﬁﬂ‘lﬂﬁzuuaﬂ
(lithosphere) &3 Guo et al., (1996a) WiaupgUluy
fReTasiumsnaNINYI iU aNaTaIBAS -
UBLU NG (carbonetitic melts)L2NNu silicic magmas
fszduanuantszanatienarteasiutdanlan
udhanwanliwassdiuan  weued Sutherland  and
others (1998) latauatiinfinhwassniiaunulng
ihazfemiienniivludiussaimaiuuaniidusuan
#Tua(amphibole-bearing) 1 uasdsznauiinasy
arangiiasnniie magmatic plume  §WTULUIAG
nq'uﬁ'amﬁﬂizmummﬂsamw(metammphism)
szeuan uthseiendasdid 29 Levinson and
Cook (1994) @z Barron and others (1996) Ldu®
wassfamaumEnszIUMsanuEn lniiduea



NNUUIINW(metamorphic  recrystallization) NZUATU
\ilopsgfiv(aluminous rocks)fignwasagldusuidan
991 (continental lithosphere) Iﬂﬂﬂﬁii\!ﬂﬁ’l(subduction)
2a9uNUdanlan  Sutherland and Coenraads (1996)
Tea wwued msanudnluisuiissnnarinnisuls
amw/udsilasulasmsuanuasulassveriiafiud
HargiiungeaianszuiunmsulsdudaaisnInTay
(contact thermal processes) Lﬂuﬁﬂgﬂuuuwﬁwmmi
ANOWaDs HULAYINY  Pisutha-Arnond and others
(1999) #auai mssuiievasaulnslngannunas
wapsMaaLyIHaNuRndaiunsTIUMsKUsamN
wuudnia/msulsamwuuunaniasuloss uazms
Yuidlavrasfiuvasuazansunulus(contaimination of
gabbroic melt) @#8X Sutthirat and others (2001) W@z
Sutthirat (2001) ladnmuseanulandasulnsandy
(pyroxene megacryst)Nananaasuauiuusuaiuiiny
TuvSnathuruesvay a.uals 2.057190 wasiauo
wfaNnuNNuazuUlus luusnadmannauas
Fumy3 fdudndefuandedu Tesviufiniazdad
Tasanudnagmealudiuilnunsylodiifazgiungs
(Al-rich mafic granulite) ﬁﬁaqmmﬁﬂ 45-65 Nu. %\1
Em)a§1u§utﬁaiandauuu(upper mantle) %38 lUUSIN
Frdeszwinaiialandruuuiuduildanlaniianu
W (thick
meluduildanlaniiszduanudniaunivasiuia

crust) wimsadanlWsihasfingy
yuEi Promprated and others (2003) H’a;ﬂ’j’lwﬁﬂl,lj'
uafunadudumnadniwuluiuuandasuunsylod
INUNSINDBEUTIAUUIUUBLIR-UIUUIIN B.293
Funyd tulusaan incongluent melting sovuwadlaiaad
fiszduanudnUszanas 50-60 nu. AauRnIEUIUMS
AMEFNNYBIRUAULUU (protolith) Tt uiumsiun

I . < P
Lmiglam (garnet granuhte)%Lﬂiﬁ]ﬁNUuim

ssidngN3lU Kuu:saad na:kunvanuvaosuy
Jununu

wunnwuinulandassguiunini avagluwe
MmuneNsEINNUBN ULz uAaadlay a.uanaas

a.uals a.0m0 wuthegludlafiudaiiguenlwaiiousaaad

109

iwaunngiungoadng ﬂsamqwﬁaﬁﬂszmm
2 95.08. Aan1wnessadinginalulessau
Usznaudreiumiuiniluiuaznougalnsuaadn
(Triassic) waafulilnihdou ﬁzuGISﬂathﬂlﬁﬁ
(Cenozoic) e laiudiee wasuladiuusgeadany
gau (Gszwad augIsIn wasaulyn wula, 2542
WaWa EMIENSIA, 2535) Fufamnmsnasuazas
tilagarnniseatsusenaduaasildanlan
(decompressional melting) AB1AFNNUSAUMIULAN
yeeuruldonTaniitina1nn158 06 (extensional
rifting) lugUanewesgalusi(late  Cenozoic) (Bar
and Macdonald, 1978 8¢ Bunopas and Vella,
1992 Tu Promprated and others, 2003; Mukasa and
others, 1996) LLé’Jﬂsmﬂuanﬂwaﬂwﬂﬂﬂquﬁyuﬁa
mmam‘wmwugqﬁmmgﬁﬂizmmz«au (paleo-
topography)  legunaiuluallaviuaguunuiaiiy
Toahdau ussuuguasnaugalvaifdiunsindnium
(old terrace) 6‘2’50azauﬁaagiuuﬁugmﬁﬂwaﬂwﬁq
(gﬂ‘ﬁ' 1n) mﬂwamiéﬁ'mmﬂaumdmmj@ﬂuﬂmﬁﬂ)
wuhdunnaeldduusseadiinuiinazandar Tond
wnnillnd (Hadawman)uasasaau(inms) 1y
oS (gﬂ'ﬁ 12) wazwu(ls)nesdazanalsIng e

Snwazmaaiivasiinuzraadusmi
51'91L?Juﬁu{]LﬂﬂV\ILf‘Iaa‘"amla(alkali volcanic rock)
sHauIn Lue ﬁLLﬂﬂQﬂ"] olivine LLe¢ nepheline
normative 71311H U2 U1A@=L580¥1n (aphanetic
groundmass) 1@8KANLIABA(phenocrysts)AUIALAN
(<2 un)2aeladIu sy (Uaannsagasynlay
W) faseving g uafiAuudantaa(xenoliths )uay
aanusuanuaau(xenocrysts/megacrysts) AU
daaiu dadsemlflwilaadretuindluthy
wlanUasndrulvaduiusaiiviaraszaudnlu
N§Y ultramafic 84 mafic  Auwdandasuiizung
Gaudeéhnd 2 o, et 25 2. wasiigushanu i
AnwudauUfnientedi(reaction  band)iialagsau
Aouusulantasulnsenduuazseuiuuianlany

drudinuwdandasngunuin daduiuly

a 14 dgl = N
ngawmmmlam tathunandeavienu NFeNaa



dadieneu(pastal green)wauslwsandu delzaratile
WIABTUANTUAUTDIIETNYNWNN(purplish magenta) &
NNARAL 1-3 N, wazlvajgauszanns 1 o, Auguwaee
vnrpuiiuimsiuniignudsusamwiiiuusndeniivas /
wIausuwallatpadinsinme (gﬂ‘ﬁ' 2n-4) et
wlanUasndnwaidalimeisnasnuihwuluiuile
29U sEInANINDY

darassnuu/daail na:nasnmitiaudoiku
nJanuasudununu

Tuigedanssan (jUn 3) AuudanUasugy
Nuiin(ruby-bearing  xenolith) &ulvaiudasanueus
LU AUBUINLA 8 (equigranular) WUULUBNANYAE

o

SR (polygonal) %uﬁaﬁuqumuam 120
junction grain boundaries ‘ﬁﬁﬂmmﬁmtiﬂssmm 1.5-
3 NN, WAUNEIUUTAIENTME granoblastic 1LY il
Audsznaumsuslealulnsendu siialasaylud
(25-95%), (0-45%)

(kalyphitic) M35tun (0-20%) @aSUAN(IUNY) (5-

unailatnad AMandn
50%) wazatiua(lianzln) (0-2%) Fudauunmu
Fachunsdusznaumaus AudunasssiizaFandas
16 4 siia do Aulwsandlud(pyroxenite) AuUMS5LUN
Twsandlud(gamet  pyroxenite) AuuwailotAad-Luss
M3un lwsend lue (plagioclase-bearing gamet pyroxenite)
waziulwsaan e (pyriclasite: (Hufiudifiusasdsznau
dulualuunailownaauazlnseniu laafidadiu
yasuslwsandulaidinhiosas 15, ardafisuan
Sutthirat, 2001) wdnhipuRuguURNTWULTud L
Tnal sinUsznaumeiies 2 adelasauladuazuiia
Wity daudlanaslaenudidadiu “unailownad-
wu3e mium TwsenFlud ihasihudefimansiige
nanuwswansNnlausanmews laaaulyd (gﬂ‘ﬁ'
309 uaz 4n—9) leadiausaadudu(sudiy) fiflaue
naniatduuriandnanysal (euhedral  prismatic) @
wEMINIISEMTaliausuwn (gﬂﬁ 30, 39 Waz 4
n-1) mqﬂ%”'qwmﬂuLwiqwﬁnaginmiuwﬁﬂwmlmaaﬂ
ladusalumaildn  mMsun (gﬂ‘ﬁ 30, 32 WAL 4A-9)
vasanuhlasauladiiaduunurandnassuduy

110

MIBLTUNY (gﬂﬁ' 40-9) wazuslasalladurediu
TaSunansznuarndinservanidisulaas
( metasomatism) G’E';QLLam’lﬁLﬁufl.ugﬂwawau
Unnaen 2 %”'u(rind texture; ;nJ“?'; 39 (Lav43) Wae
INN15ILATILV A28 SEM(Scaning Electron
Microscope) wandlitiiugaiauiuslaalulnsandy
ﬁ'ﬁ'uﬁuﬁ’ﬁ’uwaaﬂﬁﬁ'ﬂdm Ca-Tsechermax Tu
1a59a3191331 8§93 Mg-Tsechermax 1@
Lﬂ'%ﬂmﬁﬂu(gﬂ‘ﬁ' 49) SWSUusuwailatmadainwy
agsinfulasavlyd atiuauasmsiun waazla
wuhiifndudalagasaiuuswany (U 3 1 uat 4
n-2)  waziien An9o wimsumluiladiuiuldgn
wasuamwluiduusndsgiilugiase kalyphite
udgansdnnlassandndumasmsumly (Ui 3
2, 39-2 WAL 4A—4) LATMNMNWHANTIATILHAE
SEM (51l 49) fifien Mg g Fuurhusmaumian
1hazdl pyropic composition duusaliua Awud 2
#ia # wunilFenatiua (Fhmaun; gﬂﬁ 3n)
warlasuatliua(Athamaunumans/ unuien; gﬂ‘ﬁ' 33
Woy 43-1) fie Cr,0, La?{ﬂagﬁluﬁw 60-65%
Mndnwasiisfudraduiludavediiiu
wlanusauduwaasildnadiwazimsliuauna
aMeaaladndwaresnszuiunisudsaniw
wenNniaNNFNRUFFWsTlannmsinwmda
255annuazdaail Usanuinaas lasadlsd uas
(MaRAN)MSuN NauganIIenausssninny
yazfinsunaidlatnaaianuduiuslnagotustua
TaeaUlad wazmsun wazdimhdaifiaasefilan
Jieszdifisuldseiunamdse sy wuivesiiy
wlandsanguiuini fdnvaslndidaedudiu
wilaniaan garnet-rich granulite ﬁﬁﬂa%'uﬁmﬂuus'
a8 (Promprated and others, 2003) azABULS
wlandasulnwsanduideasusuiodundnuafiu
(Sutthirat and others, 2001) Anunnuraswans
TnatAas wazhi corundum-bearing mafic rock 210
Horoman Peridotite Complex 28N iﬁ‘l.!u (Morishita
and Arai (2001) L‘ﬂuail"lxi’c’qllﬁ a9 Morishita and Arai
(2001) latauaniuwilnunsyladainaniinain



[:29)]
[

TELRRL

U7

anvauzmhaaduinuzyaad wass 1eatlanutunznaugalui vsnahuniusu-thusssday

a.
0. UaWans 8. Uals 2. 0910 anwayiuiin (adany-ues) uazusivaunass Nnuazanedluny
AN lATUULTRaRAINEN

72 anvazduwlandasnguiuiinwuua ginuluuinaiundnw n.-v. lia%iu gamet clinopyroxenite

NAUSMSLUN (Grt) Hinsw (50 135N Wwaameandnsuaanw) a. iaAu clinopyroxenit 1
Hiamzuslasadlyd (Cpx) washuhin(Crn) 1. iHahu pyriclasite NHusuwadlatrad (P1)

111



;nJ"?i 3 anwariuuwlanUsanguniuiinannnassganssad aamwmeald (ih#he) usa PPL wuaz (iean) XPL
n. iatiuiiusznausiouslaalulwsandu (Cpx) Wufis (Cr) uazalliua (Spl) Mhmauas 2. wana
Tyuildluwdnsiuiin (Cm) 2alng) a. Wadiuiusznausouslaalulwsandu (Cpx) aafldn me
wm (Grt) wazwyee@nsiufiy (Cm) fisimsEeedliidiv o, desiufiuszneudauslaalulnsandy
(Cpx) uwadlataad (P1) uaziiuiin (Crn) UasUEAIdnHaLE polyzonal REawulunsdy 1. (isfud
Usznaumeausatiua (Spl) fhansaumdss laalulwsaniy (Cpx) 'ﬁ'ﬁwauﬂﬁﬁ%m (reaction rind)
Aadu (USnadndheiioasmn) wazaadaildn msiun (Grt) a. Lﬁaﬁuﬁuamaﬂnzauqamqu,i'
seneuslealulwsandu (Cpx) Mafldn Mdun (Gr) waziuiin (Cm) Nenudnludnvusurad
melundnlealulwsendu

112



U 4 Wisuieudnuasiefiuulandssnduiviinmelduaasiauussndasganssed (Fnthe) Aumm
SEM (Znam) uammmLﬁuiuwmmQ(L%mmmw)miﬁﬂi:mﬂé’l’aag:’lmwiazu%nmwmLf‘raﬁu [n5BU
ulssathRuuaasusnaiiumsanaieneimaldiaias SEM ua: dusnasdiuemiiieuwh 0.5
Wi iemsuunmvuavauareriiouslautuiiu n.-v. udeemsTauiumwaas 3 519
(pzadiun:dyun; unndide:dinGy; uazueadew:Fide) Fanmnsouseaniiy 3 ld da rafudu
(P1) lealulwsandu (P2) wazuwadlataad (P3) panNNULATALAN A.-1. LEAIMSEIUNUMW
28N 3 510 (Brgiun:Fuaw; unnilBen:dihGy; wezueaBon:dds) Fanansousaaniiy 3 s de
aasuan (P1) laalulwsandu (P2) wacmaWfin Msiun (P4) waz 3.-2. WEMINSTOUNUMNYDI 2
516 (unnilBon:dh@y; ez 3an:dm) Fenmnsausesndly 3 wa ds atlwa (P5) laalulwsandy
(P2) uazmium (P4) (Rundsfluusnadevinedlifiilasiv)

113



msudsammneasiuguwuu(protolith)isznauludrous
Toddu  uwadlownad uazlaalulwsandu(Feiiosd
Usenaumausiieudealenuiuusgaaansaunulus)
Malad9anNuAUsEHIN 1.5-1.8 GPa UazUIABSUAN
Iuﬁuﬁaﬁaﬁuﬁwﬂﬁﬁ%m: plagioclase + spinel = 2
corundum + diopside F95ANNFIAASDINURNUHANS
@UIM P-T constraint DN Promprated and others
(2003) waz Sutthirat and others (2001) imhaniiiey
fudnuazilofiuwesnguusiwuluivulanuoaudu
Vuismaslnenwuihiienusandasdizuiy vannni uas
Morishita and others (2004) l@¥M5NABBILAZWUN

wasgansaagluauganiziunuiuiweilalnd

melugnmwuinsanvassuiialanduuule  aalulu
NANNLAEINUNANITNADDIUBY Hong-sen  and  others

(2002) wazwudN Komnprobst and others (1990 Tu
Morishita and others, 2004) WadEDASUNUINHULUNE
siavasiuulantvasuirwinwaslalndnmzuinles
uNNIUEBRad LS NUnLanUaanauwapaa
U
paruluzuauarananlannassnuiulng

ToglmznnurasnasamManziuaaniiaziafioy
s ULUUN HesdUssnaued eudeslanuiudanmla
UsHDaRIND1YNINANANgseauantszann 50-60 .
Tuvsnagnaeszuinguiialandiuvunudanlan
FIUAN(HgUMIANNAY  1.5-1.8  GPa)uazda
auugil 1,100-1,200 °C lasmsyadizaldanlan
o Ya a Id a 14 v
mliduiamsudsamwiuiuunsylad wazuswaas
Y K ‘!?I vV aaa
lanamaumedjisen:

plagioclase + spinel = 2 corundum + diopside
' Py a od o 9 v& & o
nauniaziiaUnngmsain lizuilalanluszaudnaane
Anunaauss  Zeenatlurannuanisel extensional
rifting  lugNUmeg@ Cenozoic  dualvitilalaniiams

1 < 1 ' -:3’ w d'

wasnazaguNaluunniusgeadiiladamlanlsy
Ehuguiuguwassinadagluszaunauninnsaniuay
massuazfiviialanuandumnginlanuedniy
Auvzgaamiwassuazyamaliunaswasaisgiily

4 [~ Y o a V=N dyd
menaa wazazulangluuumsiliowassiufing &

anuuanalinngluuumsiiiiowassuzUlns mly

114

pimsinaualy (Iﬂsm@Lﬁawﬂuﬁ’ﬁaumﬁ@ms
MitanapandsuaNUsznay)
sgnlsnanugluuumsiiievasiudialng
naualunseilduamsansrsrudarssaun
Usznaununandanaiiviediuluinasivanly
msaynuiisuidss Seiuiluedidasandadaya

HamsAnwEednnaTuayuEudulumenas

undsu

funvandasuduiviiniinu Safludiu
wisinsageluasznaiiuunsylad Aieedusznoy
mandanuiieszuieiivlusandlud uasiiulni
amlad wardofiundnguiifgaiiuduhiafiuus
gaadndandaUnngaguinaniu viludu-thu
Aaadlay a.uawase 9.uals 9.0910 uwaslviwaay
wuiia sazdensufisdhiivusseaduuliwassil
Tilddududuinianuiasweawany eluguduil
aytimassviuiin uasuzdluslnafiguuuuns
fudiafuaneiy Taswaasiufisnnunasuiom
a.uals 2.0910 ﬂwazﬁaé’aﬁumﬂﬂﬁﬁ%m:
unadlowmaa+athua = 2pa5uaN(MUnN+lnaalae
meladngungil ~1,100-1,200 °C  uazlugn
ANNGU ~15-18 Kb tHgunssauanuanlszann
50-60 nu. luuSmnsasdavastuiialan
duvusuruFanTandiuan wazmevaslagni
FuanginlanTasmszypasiuniio (uunin)us
goadiunannmsnasarmauNdTasiuie

TanNszauanni

GNUDUGIY

WL UDUDUA ISHINNN L9

u 9

AMIN

d' LY a v o I
ayalngInuMInUiuulanlaanaunany auly

v
a v

o
oGudurasITetuil Aoyl udiod uas
Asauns) Twdegaiiwel dgnonsal fisne
AINEZAIN UM UTBNATUINUAZAUAIDEN
warlidayaifsrfuuvdanansuaznmsinnia
woaeluiuiifuednd vovaunumainssdiineg
AULINENAENS  JUaINIalNINENaY  dmSu



anuayezilumsldiniasialaney EPMA uas
U3 Rushmore Precision 110 7 Laaiilaliduldny
naavanagUadinaad niuianaeeganssal wazd)
YBVAUAMANSUAMIRANNA  Bandunusuaznuiyn
feene  MideeIandioiauasdamiiuunedaiu o
hula ssiula@ing dmsuanudiewmaslunuasny
LLaxmuﬁﬂmxﬁluq wazamngee  Unanas  lunis
avIamusasUIuuasUiuuunaNu
mifeilogmeldunmuszinm U 2547 oy
2548  aansuNNENNsoIdl  warduwileldIuny
aruayun  Hipnunamuaiuayumsive  (an.)

e uraYUNTEAMIN o oY

1IoNaNsoN0d0

WA 1NIMNA, 2535, ENUNANMTIITIVNANNADLILDINI
§50NNNNUNMANIUBEN WIATIFIU 1:250,000: FIENU
M3§5195580NeN , NBIETANNEN, NSUNSNENNTFH, AUU

710187, 39 ¥ah.

Feewad augisIoe uaziaulye Nula, 2542, §191953009NEN
250,000
550N, NBNEIANNEN, NTUNTNENNTEIAL.

NeEIM 1: WHIANNN: NBNU 75EITR

Barron L.M., Lishmund, S.R., Oakes, G.M., Barron B.J., and
Sutherland, F.L., 1996, Subduction Model for the Origin of
some Diamonds in the Paleozoic of Eastern New SouthWales:
Aus. Jour. Earth Sci., Vol.43, p.257-267.

Bunopas, S., and Vella, P., 1992, Geotectonic and geologic
Evolution of Thailand in Proceedings of National Conference
on the Geological Resources of Thailand: Potential for Future
Development. Bangkok, Thailand, p.209-228.

Coenraads, R. R., Sutherland, F. L., and Kinney, P. D., 1990,
The Origin of Sapphires: U-Pb Dating of Zircon inclusions
Sheds New Light: Min. Mag., Vol.54, p.113-122.

Coenraads, R.R., Vichit, P., and Sutherland, F.L., 1995, An
unusual Sapphire-zircon-magnetite Xenoliths from the Chanthaburi
Gem Province, Thailand: Min. Mag., Vol.59, p.465-479.

Garneir, V., Ohnensteter, D., Giuliani, G., Fallick, A.E., Trong,
T. P., Quang, V., H., Van, L., P., and Schwarz, D., 2005,
Basalt Petrology, Zircon Ages and Sapphire genesis from
Dak Nong, Southern Veitnam: Min. Mag., Vol.69(1), p.21-38.

Guo, J.F., O’Reilly, S.Y., Griffin, W.L., 1996a, Corundum
from Basaltic Terrains: A Mineral Inclusion Approach to the
Enigma: Contrib. Mineral. Petrol., Vol.122, p.368-386.

Hong-sen, X., Wei-go, Z.,Wei, H., Wen-ge, Z., Jie, G., and
Ji-an, Xu, Discovery of Corundum in Alkali Basalt at High
Temperature and High Pressure: J. Phy.:Condens. Matter,
Vol.14, p.11,365-11,368.

115

Irving A.J., 1986, Polybaric Magma Mixing in Alkali
Basalts and Kimberites: Evidence from Corundum,
Zircon, Illmenite Megacrysts. 4th Int. Kimberlite Conf.
Perth: Geol. Soc. Aust. Abstr. Ser., Vol.16, p.262-
264.

Levinson A.A,, Cook, F.A.; 1994, Gem Corundum in Alkali
Basalt: Origin and Occurrence: Gem. Gemol., Vol.30,
p-253-262.

Limtrakul, P., Zaw, K., Ryyan, C.G., and Mernagh, T.P.,
2001, Formation of the Denchai Sapphires, Northern
Thailand: Evidence from Mineral
Fluid/Melt Inclusion
Vol.65, p.725-735.

Morishita, T. & Arai, S., 2001, Petrogenesis of Corundum-
bearing Mafic Rock in the Horoman Peridotite Complex,
Japan: Jour. Petrol., Vol.42, p.1279-1299.

Morishita, T., Arai, S., and Green, D. H., 2004, Possible

of Subducted Lithosphere:

Experimental and Geochemical Evidence from Corundum

Chemistry and

characteristics: Min. Mag.,

Non-melted Remnants

-bearing Mafic Rocks in the Horoman Peridotite Complex,
Japan: Jour. Petrol., Vol.45, p.235-252.

Pisutha-Arnord, V., Wathanakul, P., Intasopa, S., and Griffin,
W.L., 1998, Corsilzirspite, a Corundum-silimanite-
zircon-hercynite Rock: New Evidence on the Origin of
Kanchanaburi Sappire, Thailand: Proceedings of the 9"
Regional Congress on Geology, Mineral and Energy
Resources of Southeast Asia (GEOSEA 98), Kuala
Lumpur, Malaysia, p.117(abstract).

Promprated, P., Taylor, L.A., and Neal, C.R., 2003,
Petrochemistry of Mafic Granulite Xenoliths from the
Chantaburi Basaltic Field: Implications for the Nature of
the Lower Crust beneath Thailand: Inter. Geol. Rev.,
Vol.45, p.383-406.

Sutherland, F.L., and Coenraads, R.R., 1996, An Unusual
Ruby-sapphire-sappharine-spinel Assemblage from the
Berington Volcanic Province, New South Wales, Australia:
Min. Mag., Vol.60, p.623-638.

Sutherland, F.L., Hoskin, P.W.O., Fanning, C.M., Coenraads,
R.R., 1998, Model of Corundum Origin from Alkali
Basaltic Terrains: A Reappraisal: Contrib. Mineral. Petrol.,
Vol.133, p.356-372.

Sutthirat, C., Saminpanya, S., Droop, G.T.R., Henderson,
C.M.B., and Manning, D.A.C., 2001, Clinopyroxene-

from Alkali Basalt and
Alluvium, Eastern Thailand: Constraints on the Origin of
Thai Rubies: Min. Mag., Vol.65(2), p.277-295.

Sutthirat, C., 2001, Petrogenesis of Mantle and Crustal
Xenoliths and Xenocrysts in Basaltic Rocks Associated
with Corundum Deposits in Thailand: Ph.D. thesis
(unpublished), Department of Earth Sciences, Faculty

Corundum Assemblages

of Science and Engineering, University of Manchester,
England, 445p.

Vichit, P., Vudhichativanich, S., and Hansawek, R., 1978,
The Distribution and
Corundum-bearing Basalts in Thailand: Jour. Geol.
Soc. Thailand, Vol.3, p.M4-1-M4-38.

some Characteristics of



Al SOpd

=

Proceedings of the International Conference on

GEOLOGY, GEOTECHNOLOGY AND

o

a MINERAL RESOURCES OF INDOCHINA

N

28-30 November, 2005, Kosa Hotel, Khon Kaen Thailand

Organizer: The Department of Geotechnology

Faculty of Technology
Khon Kaen University (KKU)

Co-Organizer:

Somsak
Pakdi
Ruangsak
Nares

Kriengsak
Patchrasu
Ladda
Sarunya

Editors:

The Geological Society of Thailand (GST)

The Department of Geology, Chulalongkorn University (CU)

The Department of Geological Science, Chiang Mai University (CMU)
The Department of Mining and Materials Engineering, Prince of Songkhla (PSU)
The Institute of Engineering, Suranaree University of Technology (SUT)

The Department of Mineral Resources (DMR)

The Department of Mineral Fuels (DMF)

The Department of Groundwater Resources (DGR)

A
/ Y
o k ) -
vt el -l -
SUT DMF PsU
Conference committee
Advisory Board

Potisat, Pitsanu Wongpornchai,
Thanvarachorn Viroj Daorerk

Vajarapong Lek Sikong
Satlayarak Tara Lekuthai

Organizing Committee and Editorial Board

Srisuk (Chairman)
Wannakao (Vice-chairman) Rungruang Lertsirivorakul
Wannakao (Secretariat) Winit Youngme
Promkotra (Assistant-Secretariat) Peangta Sararugsa
Chalong Buaphan Thanuchai Silaratana
Laa Archwichai Surachai Sompadung
Montere Boonsener Kiatisak Sornpirom
Ladda Wannakao, Winit Youngme
Kriengsak Srisuk, Rungruang Lertsirivorakul

In commemoration of the 30™ Anniversary of the
Department of Geotechnology, KKL




Internal Conference on Geology, Geotechnology and Mineral Resources of Indochina (GEQINDO 2005)
28-30 November 2005, Khon Kaen, Thailand

Another Constraint on Thai-corundum Genesis:
New Evidence from Ruby-bearing Xenoliths from
the Eastern Gem Field, Thailand

Tawatchai Chualaowanich Chakkaphan Sutthirat
Geologist Assistant Professor
Dept. of Mineral Resources, Dept. of Geology, Faculty of Science, Chulalongkorn
Rama VI Rd., Ratchathewi, University, Phayathai, Bangkok 10330, Thailand
Bangkok 10400, Thailand. Telephone: (66-2) 218-5448
Telephone: (66-2) 202-3860 E-mail: c.sutthirat@gmail.com
E-mail: tc_chaeng@yahoo.com
Christoph Harzenberger Visut Pisutha-Arnond
Associate Professor Associate Professor
Dept. of Earth Sciences, Dept. of Geology, Faculty of Science, Chulalongkorn
Karlz-Fan University of Graz, University, Phayathai, Bangkok 10330, Thailand
Graz, Austria Telephone: (66-2) 218-5443

E-mail: pvisut@geo.sc.chula.ac.th

ABSTRACT

This paper reports initial investigation on the newly-discovered the corundum(ruby)-bearing xenoliths to
constrain the origin of the so-called “Siamese ruby.". These xenoliths are enclosed within a fresh alkali basaltic
flow of the eastern gem field of Thailand. The xenoliths are classified as “corundum-plagioclase-bearing garnet
clinopyroxenite.” They exhibit metamorphic textures, commonly with 120° triple junction grain boundaries. The
mineral assemblage is composed of diopsidic clinopyroxene, plagioclase, kalyphitic garnet, corundum (of ruby
variety), and spinel. The petrographical characteristics suggest the xenoliths were formed under a high-pressure
metamorphic process and the ruby was possibly generated by the reaction: Plagioclase + Spinel = 2 Corundum +
Diopside, within a possible P-T range of 1.5-1.8 GPa and 1,100-1,200 °C. Significantly, this finding confirms that
the formation of Thai ruby was pre-existed prior to the eruption of the basaltic magma, but not crystallized from the
magma. Additionally, the xenoliths yield genetic constraints ensuring the formation of the ruby is actually different
from that of the sapphire found elsewhere in Thailand. Nevertheless, further detail investigation on mineral
chemistry need to be undertaken to better quantify the genesis of the ruby.

Keywords : ruby -bearing xenolith, corundum genesis, alkali basalt, Thailand
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Genetic Constraints of Siamese Ruby: Evidence from
Ruby-bearing Xenoliths and a New YAr/ P Ar Age of the
Host Basalt from the Eastern Gem Field, Thailand

Tawatchai Chualaowanichl, Chakkaphan Sutthiratz, Visut Pisutha-Arnondz,
Christoph Hauzenberger’, and Punya Charusiri’
1 Dept. of Mineral Resources, Rama VI Rd., Ratchathewi, Bangkok, Thailand.
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Extended Abstract

Corundum-bearing xenoliths are very crucial for solving the enigmatic origin
of the basalt-related corundum, but they are rarely obtainable for detail
investigation until recently. This article is aim to report on investigation results
based upon field relationship evidences, petrographic study and multi-element
SEM scanning done on corundum(ruby)-bearing xenoliths collected from the
eastern gem field of Thailand in the vicinity of Amphoe Bo Rai, Trat province
(Figure 1). These xenoliths were found enclosed within a fresh alkali basaltic flow,
chemically classified as “foidite-basanite” with olivine and nepheline normative.
Additionally, a new “°Ar/’Ar age of the host basalt is provided to constrain the
time of eruption. As a suit these ruby-bearing xenoliths are classified as a
“corundum-bearing clinopyroxenite.” They exhibit granoblastic polygonal textures
and contain an assemblage of emerald-green clinopyroxene (25-95%), plagioclase

(0-45%), kalyphitite after garnet (0-20%), purplish pink-magenta-red corundum (5-
50%), and spinel (0-2%). The corundum is in equilibrium, both texturally and

chemically, with the clinopyroxenes and the kalyphited garnets and some
corundum grains are enclosed entirely within those minerals (Figure 2A-B).
However, the plagioclases are never been observed in direct contact with the ruby.
According to SEM images (Figure 2C-F), the clinopyroxenes display high portion
of Ca-Tschermark. All garnets are wholly converted to kalyphite, but still retain
high Mg content suggesting pyropic origin. The plagioclases contain high An-
content. By compilation with previous related studies, the formation of these
xenoliths is likely constrained to a high P-T metamorphic process (i.e. Kornprobst
et al.,, 1990; Morishita and Arai, 2001) within the upper mantle-lower crust
transitional zone (Sutthirat, 2001), within a possible P-T range of 15-18 kb and
1,100-1,200°C (Promprated et al., 2003), and the rubies likely crystallized under
subsolidus condition by two prograde reactions;

(1) Plagioclase + Spinel = 2Corundum + Diopsidic pyroxene and

(2) 3Plagioclase + 3Spinel = 4Corundum + Pyrope + Grossular
These ruby-bearing clinopyroxinites could possibly be transformed from an alkali
basaltic/gabbroic protolith that was brought down by subduction (Morishita et al.,
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2004) during the Shan-Thai-Indochina plate collision event.

Significantly, this finding confirms that the formation of Thai ruby was already
pre-existed prior to be involved with the host basaltic magmas, but not directly
crystallized from the hosts as previously proposed (i.e. Barr and Macdonald, 1977;
Vichit et al., 1978). These xenoliths yield an additional genetic constraint ensuring
that the formation of the ruby is actually different from that of the sapphire found
elsewhere (i.e. Coenraads, et al., 1990&1995; Pisutha-Arnond et al., 1998&1999;
Limtrakun et al., 2001; Sutthirat, 2001; Promprated et al, 2003; Sutherland et al,
2003). The new *"Ar/’Ar age, 1.33+0.09Ma, together with the other existing
radiogenic ages of nearby ruby-bearing basalt patches (Barr and Macdonald, 1977,
Sutthirat et al, 1994; Chualaowanich et al, 2008) all point out that the eruption
episode of these magmas was confined to Cenozoic, but periodically occurred at
least 3 times during Pleistocene. Nonetheless, more detail investigation on mineral
chemistry is needed to be undertaken to better quantify the genesis of the ruby.

Keywords: Siamese ruby, corundum-bearing xenolith, alkali basalt, “Ar/*’Ar Age,
Cenozoic.

102°00'E 15 102°45'E

13°00'N EXPLANATION

ﬁ Basalt

m zone boundary

CU Trpn; Triassic RKs.
£ at old terrace sediment
@Q recent alluvial sediment

Ruby-bearing xenolith

cccccccc

45'

[

(]

Pitting in weathered basalt;
ruby found

Pitting in Qt. gravel bed;
ruby & gold found

SYMBOLS

kilometers

Middle

Western \ zone

\
| . zone \

Bo Waly
3\0+I-019Ma(ll)
1.33+/-0.09 Ma (I
| sammn %
\131«101?Ma(|)

?\k CHANTHABURI 233+1-0.16 Ma (Il

Bang Kacha \ \
\
\ \

1>

“BO RAI

N

Amphoe (District)
e  Ban(Vilage)

o Province boundary
_/‘ Country boundary

—] Route

., stream

REFERENCES

| Barr and Macdonald (1981);
40K/39Ar Age

Il Sutthirat et al. (1994);

40Ar/39Ar Age

1l Chualaowanich et al. (2008);
40Ar/39Ar Age

IV* This study;

1 \
A TRAT \ ?(/‘\ 1.60+/-0.05 Ma (Il
) 1 Sa Yai
| 3 | ] | | 1 40Ar/39AT Age

12°30'N
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Figure 2 Photomicrographs taken under reflected light showing rock textures of the
ruby-bearing xenoliths (A-B) are compared to a suite of multi-element
SEM images (C-F) of 4 selected elements; i.e. alumina (Al, in pink),
magnesium (Mg, in blue), calcium (Ca, in green) and silicon (Si, in grey).
Blue dashed frames represent the scanned areas. E and D represent Al-Mg-
Ca color combination. The scale bars are 500 microns.
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Extended Abstract

The present study carried out geochemical analyses and *“’Ar/*’Ar incremental
heating experiments on 2 groups of whole-rock specimens taken from 5 discrete
patches of Cenozoic basalts in Thailand (Figure 1), in order to define their eruption
ages and to compare with the available radiogenic ages of basaltic bodies distributed
nearby. The first group specimens (TrNbO1, TrBr07, and CbKI01) were collected
from the Chanthaburi-Trat gem (corundum) field of the east. They unconformably
overlie Triassic clastic strata of Pong Nam Ron Formation (Chualaowanich, 2004).
Whereas, the second group specimens were collected from the northeast provinces,
which are Burirum (BrMu04) and Ubol Ratchthani (UbNy05). In the field, the
basaltic bodies of second groups are underlain by Cretaceous red-bed formations of
Khorat Group, namely Maha Sarakham and Khok Khruat Formation, respectively
(Department of Mineral Resources, 1987). Geochemically, basalts of the first group
are all plotted within “basanite” field and those of the second group are defined as
“trachybasalt” (Figure 2a). All the samples exhibit chemical composition of high
alkalic series, falling in the field of alkali basalt toward the foidite bound (Figure 2b).
Trace-element discrimination plots (Figure 3a-c) also suggest that all the samples are
of a within-plate alkali affinity, generated under a rifting environment. The chemical
compositions of all samples are shown in Table 1.

Geochronologically, all the samples, along with LP-6 biotite standards, were
irradiated at the VT-C position of Tsing-Hua Open-Pool Reactor (THOR), for 30hrs.
The irradiated samples were later heated stepwisely using a double vacuum Ta
furnace, and the gas was analyzed VG1200 mass spectrometer at the Department of
Geosciences, National Taiwan University. Detailed analysis procedure was outlined
by Lo et al. (2002). The experiments yield well defined plateaus for most samples,
except TrBr07. The plateau ages are 0.69+0.01, 1.60+0.05 and 1.94+0.02Ma for the
specimens from the east and 0.43+0.02 and 3.28+0.03 Ma for those from the
northeast. These ages are generally concordant with their respective total-fusion ages
(Figure 4).

These new Ar ages are generally consistent with the published K-Ar and
fission track ages obtained from nearby basaltic bodies, but all of the new ages appear
to be younger and better confined. The discrepancy of ages observed among the
specimens from different basalt patches implies that there were periodically eruption
events, but not voluminous at the time, during the Neogene Period. The age data
suggest the eruption began as early as Late Pliocene, starting in the eastern-most of
the NE region. It is also suggested that the Chanthaburi-Trat gem field was formed by
the eruptions of multiple corundum-bearing basalts during Pleistocene Times. In



addition, the age obtained from BrMu04 (0.43+0.02Ma) is the youngest one that has
ever been reported in Thailand, compared to Mae Tha basalt (0.59+0.05Ma in
Sutthirat et al., 1995) exposed in Lampang province of the north and Tha Mai basalt
(0.44+0.11Ma in Carbonnel et al., 1972) cropped out in the western part of
Chanthaburi. These Cenozoic eruptions are thought to be consequences of
Neotectonic activities (Bunopas and Vella, 1992 and Charusiri et al., 2002).

Key words: “’Ar/*’Ar ages, Alkali basalt, Corundum-bearing, Cenozoic, Thailand
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Table 1 Major (wWt%), selected trace
element and REE compositions
for the samples.

Sample CbKI01 TrNb01 TrBr07 BrMu04 UbNy05

Figure 1 Map showing available Ar-Ar ages of
basaltic bodies distributed in Thailand
and sample locations collected for this
investigation (modified after Sutthirat
et al., 2005).

SiO, 4460 4150 4180 49.20 46.90
TiO, 2.86 341 3.15 3.07 2.03
Al,O5 1290 1220 1260 14.00 1430
Fezos‘ 13.70 15.20 12.60 11.50 1240
MnO 0.22 0.21 0.17 0.14 0.16
MgO 857 824 941 695 798
CaO 936 10.30 9.93 749 797
Na,O 3.11 4.24 3.82 3.52 3.65
K;0 1.99 2.60 0.81 1.99 1.95
P05 089 128 128 059 057
Cry,03 0.03 0.00 0.02 0.03 0.03
LOI 2.66 1.50 5.32 2.03 1.57
Total " 100.89" 100.68" 100.91” 100.51" 99.51
zr 284.00 334.00 238.00 212.00 160.00
Nb 76.00 104.00 81.00 55.00 46.00
La 4820 7220 5640 20.70 26.70
Ce 9040 136.00 103.000 43.10 50.70
Pr 10.30 15.30 11.70 5.87 6.01
Nd 4190 60.80 4580 2740 24.30
Sm 8,50 11.80 9.10 7.20 5.70
Eu 3.00 3.87 3.08 2.59 1.96
Gd 9.01 11.70 9.05 6.86 6.25
Tb 1.23 1.50 1.30 0.90 0.81
Dy 6.06 7.20 5.72 4.77 446
Ho 1.03 1.21 0.97 0.74 0.76
Er 2.90 2.74 240 1.97 2.06
Tm 0.34 0.31 0.28 0.22 0.24
Yb 2.00 1.80 1.60 1.30 1.50
Lu 0.35 0.39 0.18 0.16 0.23
Y 2790 30,60 2450 20.00 20.50
Ta 4.90 6.20 4.40 3.70 3.60

Th 8.30 10.50 9.60 3.00 3.90
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Figure 2 (a) The chemical classification and nomenclature of the basaltic specimens
using the TAS diagram of Le Maitre et al. (1986) with line separating fields
of alkaline and subalkaline magma series of Irvine and Baragar (1971); (b)
the revised Nb/Y-Zr/Ti discrimination plot (after Winchester and Floyd,
1977 and Pearce, 1996).
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Figure 3 Discrimination diagrams for basalts based upon (a) Nb/Y-Ti/Y variation from
Pearce (1982); (b) Zr/117-Th-Nb/16 variation from Wood (1980); and (c)
Y/15-La/10-Nb/8 variation from Cabanis and Lacolle (1989).
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Figure 5 (a) Map showing available radiogenic ages of the basaltic bodies distributed
nearby, of which (I) are Ar-Ar ages from Sutthirat et al. (1994); (II)
represent K-Ar ages from Bar and Mcdonald (1981) and (III) is a fission-
track age from Carbonnel et al. (1972). (b)-(f) Diagrams showing “’Ar/*’Ar
age spectra for samples (In-age = total fusion age and Is-age = reversed

isochron age).
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