FNgNUHEUNIRUUENY IR

UA1529LaZUS LU UANYNAINNSTWNEINSGLLS

5IANIYINUALTINNUNUA T WA

n

n

an
>
o]
4
i}
=
=
«=
=
aA-
D
c
c
)}
b=3
c
v
2

Kl

(SLAUSI9ATLIYN) VINRIALTYISTY

SENFETCLELEMLY

n <

n

b

b

BLUILIEREUBLEREIIULRLUBLELI1EULBMEMLURBUBILIE

™

n

22) BN

¢ (UREIZEALENY

n

RLEBRRIGLUBE

A1UNNSWYINTLLS
ASUNSWEINTSTEU



FPMURELNIRTUENYTAL

N15815298asUsSLIUANYATNNSNENS
SMINENNUALTINNBILRS Eusk (ST eavd o)

QININLVEISY

SAUYVY LWANAIINUY
SUY VUL
aufn lyavuy

o £
LAY gUdEN

A1UNNSNYINTWS

ASUNSNYINTSITU

NENIIMSNYINTSTITUVIRLALRIUINADY



DS UANTUNINEINTSTEU

ATNANT YYDUIA

Y o

HOUYNITATUNNTWYINT LS

Y

WBNURT LndeddInLen

Ho1ulenIsduLslane WYIYR I5TUNTY

InNUN LAY FUANSWEINTUS NTUNSNEINTTT
aUUNTEIT 6 lwasITW NN 10400
INSANA 0-2621-9782

Auviadedi 1 Aug18Y 2559

37U 100 Lay

493aN13AITIBIUNITUTIUIYNTY
sty oy sify Tusile audn lyovuy uaziedy quavan
senuatuanysal nudnakazyssiiudnenmmingnssnmenwas s fudunSaduns
(srAuTIgaziden) Jminlessy ngevme : ddnmdneinsus nsuninensssdl. 2559.
127 i : pmUTENOU : UHUT - 119795 30 B,

enuatuauysel




niI

BVTO ii
AU T e v
BTN vi
UNAR O Vii
AVUDURR e ix
YT LU e 1
L A 1
V20U 2

13 AN TSNNSO 2

LA G UFSRONS 2

1.5 s ornaanasdnwasnendenans 3

1.6 psANunANASMSWNRST 5

unil 2 evdilessudnfuusndnuassomen 7
2 TN 7

22 W 10

T 3 SO 17
3 RUS AT Y OU 17

3.2 WUBATN e 20

3.3 SN AT AN 20

UNT B STERVEWIBIT o 23
4.1 ssemenwawsialy 23

4.2 ST AR W AR 24

unit 5 MsdIessanNe eI was B 37
5.1 MSENTASSINANG 39

5.2 NSYAQUNANOY . 42

5.3 NAIASIZMANIUNUNARNESS a4



#1508y (#i0)

nuI
UNT 6 NITUSETUUTIN S NENNTES o 47
6.1 MIUSEEIWUTINUNINGNTTWMNGN 47
6.2 NIIWUNUTLLANUASULINNWEN UNFC-2009 50
6.3 NMSUISILUMAS TMUNUAWARNNS 52
undl 7 agUiasdelaenuy 55
1 AT e 55
1 UMY 56
7.3 fufuvdusdwiunmsasuiaionsvesneenty 57
DN NTO N D 59
U S 60
AMANLAN N: ANSLERIHATATEALnTnAnAslufetamznounsiuaslufegis
fu/fuy nduidanedesdu 61
ANANUIN U AITNLEAIHATIATIRATIS I8N TInTufIeE19hu/unuas fuan 910
Nudmanedeadu 73

AAKRUIN A: HANIIANYIAAIITIEUUN 81



AR A

10.

11.

GURVGTPT

wHuLanNwriiUsEna Lazlwanisunaseanegludmingese 4
WNUNINANT SN UAAIALNUIYBINGNTINMEIN 12

LA UNTTAINYIUSLIUIN AT L5 18

nausesdouimaslusTadiaGese. 21
uHuTUsEIMA WansUNATEs NieNveuANIINTENEfYesuLnTiauaz
neoufuifeAnnfveseudufuiiunddsameen (Th) Aldnmsudana
nsfudrsessdiandnisernia vinudmindessis wiounsoudiud
Hvane 3 fudl uagnseuiiuiidnassuioua 25

KA TInAAUNiNTun ST anes ey (Th) Tuduu/iuy 27

wTikamssan R an U R 28
() Enwnsgivsamaiid “widu - witmes Guilruadudusigedu

() dnvasionululelmdunsindionen wanvnaUunans

() Enunuiofuguil/Aunsangiin SdiduRwfupmnn

(9) wag () AnVENIAaITIULVRALNDULTLNTEA (88 19une@ay CRO19RK)
Usznaunae Wlaslaat (Micr), toaantug (Aln), Inmlud (Titn) wazezmlng (Apat)

s

@ melsuasdossinusssum ) melduasdosieomlawes 30
() Snvngiivssweiiud “Gosldudans” Sdnvausdugugduadudun

e 9 (@) Shwasieiilulelng dalaldunsin sEnuueuunandd ey

@) é’ﬂwmzl,ﬁjaﬁugimtmﬁm (9) Uag (2) SnwazNAanITUWITeAUNsUlgLNle
(fr9819MHneay CRO30RK USHIUNAR 542439 / 2177736N 8.ula578 2.4584578)
Usznoumiemend (Qz), unadlawnad (Plag), lulelns (Biot), wasmau (Zirc) waz

s

pewlve (Apat) (@) Melauasdosinuessum @) meldladosinueunlswes 32
() Snuniznfvssmeudl “GoumnTonesGoaioss Tnvaunduiunie 1
aduTisu (v) Snvaridloululelnd -sesuuausunsia nnuuaUiunansdmeny
(A) Snwaidorululelndunsindenen uanvuiaUiunans (1) wae (1) dnuaiEms
Aanssauvesiuunsiulaeslss (aeg1aaneiay CRO34RK USHaANA 614895E /
2239282N .FeuaU 2.1389518) Usenausme wesaew/luwles (Zic) uazeynlng
(Apat) Tululelua (1) neldlasdosinusssun @) Mmeldulasdasueinlaees 34

A a o & Ao « ”
LLN‘UV]Q@JUiZLVIﬂ NIBUNIBUNUNARNATT ~UNELA 38



12.

13.

14.

15.

16.

Vi

d15UnysU (si0)

Wi
(n) dnvarglivszmanuiidnass “urua’ Wuilsvadaiuildgedy
(4) uag (r) Snvasiefululelndunsinidonon wdnouatiunans 38
s iadfusiunsiduagsuiuunsusinsz v fusunsidve sy
MOIEY e 39
fumidsdrsratadaudumliuouvdedn 40
AMEnae 3 SRuandlassadreduiu/AunnsiagildannnisUssaananis
dmntamanindumuliiwuundsdnluuiion (uu) Rufidesvonas (hana)
fufigonusidnndu uas (@) dufldessiieng 41
mawFsuifsusuiuunsustuiu/Ausnstingfifugdmsldesniuutuunls
fumswdstupu/Augeadfldial a4

#15U5A1319
Wi

Tayanugu wazawauysal (ppm) vessigmenidegludiusiig  vadan (Bulk

Farth) waglutuaanian

mslduUsglenivany vewmmennusazsiin
a3 S UM UNad 75Tl I e TN euva etk eiailuiuiid g

& v & & 4
LUBDIAUNG 3 WUN

[ 1

USinnsvastudn/iuunstinguast A mmensalusiasiundnasse oy

USinamsnennssmmensailuisiasiundnasse oy

MAmarya e nsTmenilewuluiunAnasseey

15

26

43
a8
49
50



UA5AZUSSIUANTAINNTNENT IS

snmenuarsanuiundeduels (sEauTanden) IMIATETY

UNANED

¥ '
=] )

& 4 & v ° & oA o = ! |
nyeuNuilivuneileswu 39uiu 3 Wu A Aul (1) Besdndr-udasie
(2) NunwalFu-wdvaig (3) NulFeaves-Wesau-Igudesss @a1 Th anran1sdud15i9en

waglalduiusiuusaun) Muuaduainnisldseruatinunineiseudslaanuansiudimaina

v v v [y

Audunsad@neenie Wieuwia 35 ppm eqv. Juluiludadegiu mugivdnvazaruainduves

WU wagiamsinunungvane lun1smvuaveuliangauiuniiuwnsinnoeguaniunnising

a <

munguanenuReiidnenmsigmenn dmsudrsianinauny lag aesiunusniduiunuuma

v ¢ a

Huunsiauuinarealnsueadn wansnl Th 3nran1sTud1sIrawasduius AU UNLES

e

fun dudluiigaieduiiuiinunafuwnsiauuingiusonyalnswoatn feimunduiui
WhmsneilonsUisuiiiey wansin Th mnmanisTudmemuaghiduiusiunsyn 9nnnanis
dsrndosfunud fudl “uldu-udfimane” SUsuasameinsa (TREY) ludufu/duy
ABUT19EY 220.31-422.43 ppm \ade 351.13 ppm LLazsﬁzuﬁu/ﬁuqﬁm CIA Tu23 83-98% Viiu

anuazilofu/fiunidnsidiusamenviln (HREY) Aiasiamignniun (LREE) waglnalfesiu fe

13:87 waw 28:72 muaeiu TuvaueniUSinausminiddnanmilvisismenn staluwnled glulngd was
I3 - Yy v X A4 & v 1 1 a - v vy J a

\wosAoU NadviennANtaen LNy 9 WWudeustintinasigmeininsinialiaindunu/

HuniuuiliunganAnaranluzuresn1sgaduyeq (on adsorption) NdInENLsAUTUUTINMTES

X e

neglulaseasisveswininanais Jafeniiuniildunundmiunisdrsiauseludiunm

@ Y

n$neInss e Intuuvdsuuugsediud (n-situ deposit) Tngldimuanseuiiuiidnassgos
dufudmassdineuvawslafull 3 fufl Ao “Uoves” vuin 7 as.nu. dsogluian n.vhan
9.18199 21789518 2999A7 TREY 52 — 29,957 ppm “UiT1IAN” IUIA 6 R3.NL. é?aaeﬂulfum RINGE)
pAfl0e 24889318 fld29An TREY 42 - 23,565 ppm wag “siaowg” au1n 25 a3y, seogfluin
M.M1E0 9.1l Tee378 H939A7 TREY 230 - 133,675 ppm lnglUSuaumningInssnmens s
Desduuseuna 75,440 sulany, 59,450 sulane wag 336,580 dulane A Ua1FU AAAIY
auysaﬁmﬁa 350 ppm ﬁﬂ%mmﬁwmﬂiﬁmmaﬁwLLNﬂagLﬁaﬂﬁuUizmm 13,580 dulany,
10,700 siulave wag 60,570 Aulany ﬁﬁhmmamgiaim?{a 63 ppm wardUSINMINeINTS9
QLiLﬁHNLLNQ@QjLﬁI@QﬁuU‘JBNWN 4,120 sulavy, 3,250 sulavy wag 18,380 dulang finnAny
auysailade 19 ppm dedlszfuanuidesiuveanisuszidiuuTuiuminensaundnnisves

UNFC-2009 TUNUTNARET 80898 UWAIIN199U WBUWIN 333, 333 way 334 AUaIsU

Y [ 1

AEfRY: 519N REE snfusiunsad Huunsila uaswuursediuf ion adsorption uswiin 13eese

v Y






ANYBUAN

Nudsnazdseiiufngninning1nssigmiginuarsinfudunSeduels (seeu

a v v A

wasdun) e indesseiladnseasiied Jenausddisiavevevnulunuaduayuiasnis

U 9

=

Bewledueng 9 91nmane q v 017 AR 253Nitsy §EunendusTave finesifugua
waglimduugiiuusslond auolin a¥essn aundin seiufin wagame andninnalulad
536 dmsunisudannununedeyassaifldndiudunsedniteinia wagsudsiassalndnd
aaauwlufiufidisn Wivihiiennesinszsiuazasaaeuninensssd 017 aaiuga
AL wagaadetiu S1unaananyd dmdunuieneiied aaiey Iaug) andasiiin
alanuena wazAauaild @euluy dmsununsisaeuviiausnn
woniniinnefifouvevouamudminiluduslany 1Hun angdisameaun
feusenoudieg anUszniie ayg AnouoNdnd statignuAus uazauuoy indesds ldeudy
UfTRuawmauduiegas auiviund ageduns Maslunuginisuazienansdng q sauds
ADIUNS WEBY Aayyoy Audnng fdaslunisdnussyunouninadiig uazinoani

YDYDUNTEAM Wouwl UarA3e1R1sevnviny Meusudwaeuliivainug






1.1 anaduun

ndymanrunisalirsugiavesUsemalulagiu nsmnueaauyuLazw
men1sUImsdanmsiunineinsus fewsudulutuiiugulunsimunasssadeluly
awan MstmvuakInnsldingiuninensuslugnamnssusng q fanudndusgrann
souszmAlumsiaLIATyghe dsruuazmsmuaudsanden nslinsweinsusitligndes
lifuuszlemidunsgaydensweinsilifnumasmumawnlddn Ussneuduaninisal
Wasuudaweslanlusudng q 1wy mswasuulasanimgfionniaveslan anmadifey
Usgmanilafemstminensusuliusslovdlumsiiligndes edangainmsilaifvug
NINsUIIIAnsignaes
nsunEweInsssdl finnshandnlumsasiu aying Wuy wazuimsdanisiu
535803081 wagnInensssal laensdrmaniadeuan nsIilInearnSnenss sl Uiy
dnpamuvasynensssdl nisfmun uasiiuguaeiiuiiany uereuinuminenssed e
msHAMINGINIEIE AANMTIN Isughe uavdsaueg e By Tsmsusmsdansminennsssdl
fiftuseannimiu desendedoyagufiinnneiiios lasdemauiafuyudnonmisdmiy
UsznoumsUsediulufifisng q Miertes 019 drudeen uasdudunndon Wudu dofunis
daiutoyauiiiisdoniilusnuasmsmvesiiuiindlusuiuuresnisdisauuulnena
uardnuaizmsdsadluneaziBenvesuvaausiuudazunas Jadudsdndudosiuiunaie
NINAUAUATULLINIIMSUENSTAM NN INTUS
NudakarUsEliudAngnInIngINITINeNLar IR ANTun Saduss (Sedu
swaziBen) Ymiadesy Wununinililasimsisadaiuuiransldsglemnian
y§nensssdl Uszd Ueuuszann wa. 2559 vesdinnineinsus dadunsunuseilesnudina
wazdszdufiuiidneamuidusisazden W3ndn-5191181n) fEuduiunisundau
Dautsranm we. 2555 Usznauludreiuilddniunsluuga ded
Yaudszanas wel. 2558: wsvin-smgvienn Tuandminguns-gaug sl
Yaudszanas wel. 2557: uvtn-snavienn lunimingiusil-anssays
Yauuseanad we. 2556: Wsniin-smvienn luwndaninssues

=]

Yauuseanad w.e. 2555; Wsniin-smgvnenn luundsninngyauys

]



1.2 Inguszaen

Welnladayaiiugiuannisdrrauagnisussiudununingnsus (§19menn)

999UsemAd Ul luN1SUSINTINNNSNSWENTEI

1.3 NAINTSUNITANLUIU

1. 59U Anwvayaiiug1u wazUseaianatayafngn ML UNALNN 9
o oo i 1% 4 | A 1% & A 1
31N91ud1993N00 MY NieunIUszarunlguifgItesluiumdinung e tiag
a

YaTLIYn

2. Anwrssdinerunasusianizunadlagseuiluiidse wiauivuasy
1ATIIRIDE1

3. d199955003M81 5ININYWMMAUS LagsTalall FuTIwadun niay
WATEIRE1e Ussinanateya uaragunanisdrsiaiieAndeniiunlunisdisiatusely

4. 1909550 3neunawstifiu (ud1919ssalNENd uag/MSoyanqu/e
VIARBY Uar/M3BUR1EANTIR) LNBNTIABULAL MVUATDULYALVA LS

5. a5y3dsuiladuquandfivesdiegiauiiazriuainnisdisialy
el URn1s Uidaeg1eau/iudnede ldmiu a gudideusuariiu daninszees uag
o o/ « IS L3 L4 a wa
Ursinwiasesile gunsalvesiesufuifng

6. IANTILAUANIUAAAULALINELNTDIAAIINS

7. Uszaanan13di9 wasUsslluuTunadiseaus anuauysal wasyae

WIRALS NTRUTRIINToLAUBLNENITUTUITTANITNTNEINTUS kazTANIT18UATUNANS

ANAUITUNSDUIANUNLA DL NI HNAIUY

[
a va

1.4 @wtgu URN

v

AU UROUd T Aaun anelanisiiduauaves w1gsyn I53ATe
Heuien1sdiuLslang Usenaumeld vt 2 auy Ae
AMEANTITTAINYIUNAIUT UTZNUAIEIT1UUINANGIUANTHYINTUS

U 6 AU Tawn

1. s il Wewaie UnssaIneItIuIgyng
2. wgsiy Tyl Unssalinedans
3. WgauAn losuy U NEITITIUIYPU
4. unaeAY quaTan Unssalinen

5. ugauoNdnd Wagnvaus  91ed1ean



[

6. UNYLBU LNABIEY NINIUTUTOBURA

° Naa 6 9 1 v ° o a N o
AMLANITIUNENS Uizﬂ@U@'JEJLGU'TViU'WIGU']ﬂa']UﬂLVIﬂIUIaEJﬁiﬂJ 7UU 8 AU

Teiun
1. wegatn a5ese) UnssaIneItIIgyng
2. ugadnn sedudiesl HnssaneTIuIYnT
3. wwansedl audnd Unssaling1uuRnig
4. wednINuG AYLIed Unnenemansuinnig
5. WIEEDINT Ansun Unssaianen
6. UNEAINATAN LAIANG Unssalanen
7. Wwauwiy ki3 iw WINUTUIABUA
8. WILALA JUNTUM winUTUIAEUA

¥
%

1.5 199 B1UUUA WAZANBUENIDIAEAT

finuazatuiun
Siadesse megmamievesUssmelng Vinaasign 19 ssenuie s
20 99/ 30 dUAvile Laraasdyn 99 asm 15 aunwziueen fa 100 B 45 SUangiueen
visnngamuuasiunsiiamileyszaina 824 Alawms Siuiivszana 11,680 msailaiuns
fornnindeduuinlndifes deil

a A a !

fruile Ansiafvannmdeunns wazaisisnsgusessulaeuseansuan
el Ansiafudaning1une wagdamianeien
frngiusen fndefudmiangien wavassusgussysulnedssusuand

AEnziunn Aaranudariaedlnd wazannimieuuns

WuTaE Ly TuRn AzTueen wazneuldvasiania ﬁmmqﬂmﬂizﬁuﬁ"’mmmuﬂmﬂ 500-2,000
was WenwimsdunsSuanuazduldvesiuiluiieniadududeurneilunuaiou
wiledd drudionmeinunyusenvesituiineiluwuiny Susenidsavilo-ne Yunnideodd
dwduiisugussninmumuuInamoumile seunans uazayTusenuesiwin Wuilsug

1Y

wiiinnlazkitdudunfweiTanindese wazidiianenddue wivinn wiinann

o

Wit wazualtleg (U7 1)



9
i}

U

20°30'0"N

20°0'0"N

19°30'0"N

99°30'0"E

100°0'0"E

100°30'0"E

FITVTITGUITNN T

asr5ussUserising
Yszavua

A1asue

VN VI

20°30'0"N

20°0'0"N

19°30'0"N

19°0'0"N

® © feadmin dune
QW\FW{WS’;?UT\? \k’,\ —_— L‘ﬂmﬂﬂ']lnﬂa aﬁ]fﬁhzlﬂm)
z \Q —  wedwdn (agUszunm)
g e 3 Wurmeauuew
S —  uduAugs
flawms \l\/\ﬁ 7 :

99°30'0"E 100°0'0"E 100°30'0"E
d' d‘ LY a s LY =
n 1 LLN‘LI‘VILLﬂﬂ\?ﬁﬂUﬂJ%Q&I‘U‘J&’L‘VlﬁLLazL%ﬂﬂﬂiﬂﬂﬂiaﬂﬂqﬂluﬂﬂﬂ')ﬂL‘UEN‘J"IEI



o/

anwauznlan e

Smindeere Tenvargivsemawuuiinuguniiossduimeia Seudas
ganasndunuunsauandoulagldsudvinaninauusauny Sunnidesddlugisgeay wazay
nyiusendeuniielurasgauuny wiadu 3 gq fe qa%auﬁlué?qLLGiLﬁauqumﬁuﬁﬁmmmﬁau
nguaay WuthsinanauNsgudmaliiioniafounazieuignlutaiounuiou gy
Bududifeunguniaufisnarafeunaia fuflazldsudndnannausaung Junnideddds
i o1AufoutuinnuaymsduiRe dawalifilunnily wazggrun Budaud
Woungeinisuiafoununiius Nufleldiudvinavesaunsauay fusenideanile deay

W@W']L@']@’]ﬂ']ﬂLLﬁﬂLL@EL@U&I’]%WF]U?ZLVIW%U

1.6 NMIANUIAULAZNITEUIDINUN

nsunsAInnamnamuasiuGmialsasgansaienidunislaly
AUENYY NaIAD

NNTOEUe ansnTadeniAuNla 3 duma laun

(1) FHUMINTANNI-UATENTTA-AIN-EIU RN T8 @Eeleilie Weaei)
MnFeERnAmaLUNaleBY (Mamalsnanelay 1) uduendoiiimmmalmneiay 32 7
sunetetios Mniusudmiaogsen Awi3 dinwmsineas 1 8nade Samiadum asdly
Jamdauasadssa dumunanys an 1gdnnadiu asdludmdindiune d1uginean uan
nsaludmdangien Wgdeee ussEEn1e 830 Alawns

(2) WumanFanna-uasasIa-iualan-ung-3ease @glng) [dunig
earuidumed (1) Welufsdminunsaissd Wusnunilelumumamalmneiay 117
(uasanssA-fiwalan) Mnduldidummarsnaneas 11 Guylan-auds) mndomiadulan
siudaningnsind auivsnnaiduds Thasalunedmouns auvmaimanoiay 101
(Wn3-11u) udssnnefesning deadslumumianarssieiay 103 lUussaufuauy
wualoFufisnednn Samind1une gdmianzion udansseluasufsdmindosse
szervneUszaa 804 Alawns

(3) LUN N TUNNI-UATAITIA-G U1 sInad T Thdunafeaiy
Wumait (1) aulufsimindiuns Sadasululdmamatsmneias 11 (§1U1e-3oslnl) i1y
Tdwmindnu wandgdmin@eddud uddldmmarmaneay 118 (Fesla-889318) N
newazin wivzw Headwdh dhdlissse sausgezng 900 Alawns Imavaieaneiay 11
rud U1 ussauRumsatsnelay 1 iudminnin Smiauasassd eduma

NAUNTINN



n9sald anunsapunidlasaissaliaromioanaadsaliailneasd
aofisalnuasdiune Wuszeenie 642 Alawns waliuniesneluniun1aalswkufy
neay 1 mvalesy) fedilesdenin@esy Wusseen19dn 234 Alawns shudu 876
Alalms

179971774 Jarniadeeseiivinennirgruuiusfndiinatadeesie Hu
VendeuuIurd 11w 6 vesuiemviorniaulnesite vy dsdiusmsiierdu

Palunazaslseina



uni 2
ANUBRUAEIAULIUTNLALSIAMIEIN

2.1 w3%tin (Heavy minerals)
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wadszauanudufivinunldnauny wenanldaunsaduunnguaiawsntdnaunuaudd
nwmanlain dreiaiesnenuimionin “dUsiud (Frant2)” Iaeldudnnisusuan
nszualihdeudiasouiiolUadmdsauuuimanluszaiuanuidunig o ewsnuwsvin

[ 1 wa [ 1 [~ | o 1 a dav 1 1 o
’e]’e)ﬂL‘U‘L!ﬂQll 9 G]’]:LlﬂmﬁllUGW"l’l'mL‘U‘L!LL:LIL%ﬁﬂ‘U@ﬂLLi%umLﬁ]ﬁ%%u&mulmmﬁﬂu



2.1.2 anwazkazydavadnsnunnnuuintludssmealne

1 = 1

] o o & a 0w = [ 1 a o

wininfilunandndrrgyrossemelnglueda laun usiun sauds usnind

TisImme1n (M3eUNAsusend wsmenn) wu luunles uasdlulng uasusndnelindu 9

a o ! a a ¢ s s P ¢ o & o ¢ ¢ = 1Y) I3

Ninwusw o Bauilus wesnou M3 winillng sindu jaunisilie sing glatu ladlud-

¢ ¢ & v o= @ A2 ' Y ° dl 1

wiunilad wazangiielsd Wudu Fasuinmaidiluusnaselaainnisinviieswsaun
o al U 1 U 1 a a o 4:1{
anwalzwazdunlneduvlveswsuinusazyila el

1. Wunlad (Monazite: (Ce,La,Th) PO,) 1Uuwslunszpausneananiingy
smmeniun lawa Fi3es (Ce) waumniu (La) Wudiudsznaunan wasiindisinnaidou (Th)
dAnsululassadus Feenunsalidnduvemeiioulasenlen (ThO,) lnasdwszanusesay 2
Tngtmin dulngnululamIuisAyniounNLas NUATINIANTIERALALYTIDIUIE151S
aluiilndgundiunnsiln wselud Wuuswassldainnisviuniesusiun wudeatuusmdn

= 1 a oA a )= a I 1 = (Y] o <@ [
IauImeInvilaau 9 lusdnreinisndaustuuledlaen1suisusaunandmingiin #en
FZUDY YUNT 371945571 Uszaaudsdus eviesll svues waz@eslmld daduusuinlunquindl
Aatduuslwvdnsdann (very low magnetic) Nanuswmanlniiseaunseualndi 0.7 - 1.2
wonuUs waglufinaaudfinisinlniih (non-conductor)

2. @lulnsl (Xenotime: YPO,) \luuslumsznausveamniiidniieu (v) duln
Jnsanlunguvessiglansmeinndnidudiudsznoundn Usenaunay Y,0; was P,0s
Usvanusesay 61.4 uag 38.6 lag milnnud iy Ueeasans g BnmIsugnunuiniesie
wignnvin viia wesileu () {Wuduiuuin waze1agnunuimesindisen 3aaeu vse

a % & v Y] @ I Aa I ! ) . aa
naseulavrndnteos dndunsuinlunguilinnuduudméns (low magnetic) NAn
wilwmdnlwiAszaunszualnin 0.4-0.7 wonuds uazlifigassudinisuilnily (non-conductor)
Tuefnlunanasyliannnisusansiyn Wwwdedduusuinuasusmeinaiingu 4 9ndawdn

< [ ad v 6 (% =
SENA NI ISUDN U3L9IUAIVUDS RS NYTIU

'
a a o w

3. Bawlud (lmenite: FeTiO;) WuusiasusiandAgyvedlansinmiiioy
wonmilean uizing (Rutile) wazgladu (Leucoxene) i Fe Sovay 36.8 Ti Jovag 31.6
waz O Savay 31.6 Usunawesdlmndeuiumdneonawlswdsuldidesanuadivvedansu
wutuogluvsesaniu windlng slnd wedneu uasluunles Tuuvdsiyn uanand dauilus
finnuldlunnamaseviuiiv-weulnsnatsunas wsdawludluwrasiynagduuamindanse
udusiiwranileuindendn “enfe” dauluunamasednnudufeuniondnauinls
(megacryst) daidunsninlunguiiiduudindndoudregs ARawsimanlnilugreszdv

Aszwalndn 0.4 wauwds



4. \wa3AdY (Zircon: ZrSiO,) n3ainme gasiadl 3 ZrO, Sesay 67.2 uay
S0, Seuay 32.8 FauswesAaurlandnazideanulumiloaIuLsAUNNKA wazaY

Wenzalimgiaily fddglaun aneveiaiisseos Uszarumsdus wazguns druaiiafidu

a

$auwd vIendnla q dnnuiiasiudviiugil vllafivvzreadNdmindunys asia

]

= a (Y2 I~ 1 'y 1 P a 1 I3 .
guas s il Asasiny uazuns dniluusvinlunquinlifiauimanlniin (non-magnetic) uay
lﬁﬁﬂmamﬁﬁﬁﬂuﬁaﬁﬂﬂ/\lﬂ’] (non-conductor)

5. N154UA (Garnet: AsBy(SiO,);) HUN1IINANWIALAU granatus AAINUNLNY
' a @ . a a ) = a & v a & &
Tnilaullan (seed-like) Mniloutuandununefanilouluandwnslunanuiy Nl
P v v = a [ dil’ a a v LY} = <
Wesnndinaglinundnnasslnuuduasilegluiioiu lneldnwugnisileimiiouudnluna
Auny Inenludinannnalnwuasruiefanisiunanne deziduniswasdalnlsy wely

a & Py v = Y o8 a A =~ <, ~
s3suvIATtY witlidduldnated eniudundu Inenlugasall A enadunaaldey (Ca)

[

wundi@ey (Mg) wian (Fe) w3e unaniila (Mn) waz B orailusgiiiiion (A) wan (Fe)
Indley (Ti) w3 lasiley (@) druszdisigegdlndudiudsznauminlaiu Juediu

a I A a 1 oA [ 1 o = 1 ]
FITHYVRVDILNAIN N AYDILA AL LAY HAINULUY 6.5-7.5 AINUAIAIINIE 3.6-4.2 UATTLUIS

A & < a 1 a a ! a aa wa aa A N 1
FUAUDDNUUTUAY DY ‘] NVAYTURM LAALIUAITUALALAMANUANIWANFDU ] NEANEIN

santusie dnnulufiuuds windiulud (gneiss) wasiiu@as (schist) WWundn dwluiiudniay
wuliundluriuunstn viseluiiuunslus Ushadunegumgy Yminasasiny dmiuriiandnls o
4:1' Y av v a a 13 o 1 (Y 1Y v &
nanunsaldidusaunalaiu wuldluvsnaiuusyead luwadnevels Jamdnnsin ddu
wiminlunguindanudusiminaeudiegs NRaudmanlnihnsedunszualni 0.4 wewuus
6. Aiyn (Tin: SNO,) Anuludsenelnedl 2 wiln Ao uaaBinalsd (Cassiterite)
Fenuduusiasugiafivsriafien Inefldauusznoures Sn uaz O UssanaSeuay 78.6 uaz

21.4 9UA9U DnvUANTLeAD awnulug (Stannite) nutesunnkazbiiinisnas tngiluwan

a

sziinegluanausuuuihdouunsniuiumnunsiavseiutuiiegdiaufes uareraindudiou

Y

a

wiandniang Helufiuwnunlng Auanisu sudsluiuunsinfeglndiuusnaendudaiy
Hudrafessng daduwsuinlunquildfnudmantng
7. wuniilng (Magnetite: Fes0,) &I Fe 72% 1Juushiinaaudfilunivaniu
fee Usglovdnsldusimanneludssmedaulug Idlulssnugundniionswdnvanuas
< 1% = a < < Y o i Yy 1 2-TN3 | ]
wannan lnefilugnannssundnmaniasivinnaidenany agldusninuesidudas diuus
wiinesidus anihlldlunsiduud dnduusminlunguinfienudundvings Il
1 < (Y
wiiwdnludiies

o =

8. N173U1aU (Tourmaline: Na(Mg,Fe,Li,AD):Alg(SisO1)(BO3)5(OH, F),) Duus

1%
o 1

Tungudding i@ Uima 19 10e7 vuy dwsaziden du17 dnduuswinlunquitfianudu

wdNUIUNaNAURE NanuLman NN Tugeszsunseualiii 0.7 - 1.2 weuuds



10

9. 5lnd (Rutile: TIO,) YauNAMWIAIFAY rutilus MeTIFUAS AVoauns &

¥

Ti $08ag 60 way O 3088y 4.0 I UBNAINLAAIUSIIUIIRWE §9FuAT1zRTULAAI8NTTUIT

¥
a @ s o

nesiilea (Vemeuil process) windaamgiildfianauimdusnuuid duaseiiih (fire) @
wIwmdeufsdaniumys fnsdmuneduludonns q fu A53ndudfe lnmuie (Titania)
waoelALY (Kenya gem) wazdi3na (Miridis) 1fuusidaaaudilidumindnllin

10. Taaulud-ununilad (Columbite-tantalite: (Fe,Mn)(Nb,Ta),0s) tTuu3
ffswlulefen (adudeon) wazununidu udiudsznaundn fdwdszneuvessig
lulaion wazununduaziinaluninionions Insardenudladuludifonsdudl 510
uTeienannniunumdy wezdenununlad Weusduiisgununiduunninluledey
wsladulud-wnumladiudaruduiuseslndafuiiuunsin wasfiuasuenilng nanan
Tadulud-wnumilad Tuusemdlneidufssuswaesldanmshmiiousiyniniy

11. aunsulus (Wolframite: (Fe,Mn)WO,) Hudfiananareigestusaii
Waluaneusimnunlng vseifaluatsuwsatond vlinguugiigs dnasnuiindiuduusayn
Flag or5ielulnlsd Inlsd mau uazamiaelsd Tuasuiviswiseranuiaduideausy

[

anundadidnvaziundunsziue Ineundlisesnujaunsuluuinaiiduwnasauus

2.2 510%181n (Rare earth elements)

2.2.1 dnwaznalu

519WE1N W38 “rare earths” As¥ulpg Johann Gadolin Tud a.a. 1794 1Tu

s1alanglungusansuddu Nineglusynsusinuaunlua (lanthanide series) U19ATIB13

(3

Senin nausIwauTud (anthanous) 1130 NausIALaUNTLEEA (lanthanoids) FeUsenauniey

a

579 15 570 Liavogneunsid 57 89 71 516 (3UN 2) Menuadidunianunisasigdnegly

U
ngu Il B Ingdalisnnlungauiediudn 2 519 Ao awnuiiiey (Sc) Wwvesneu 21 Larss
dnwseu () lwvegneu 39 Nintusiulilunguvessigmennme ewindauaudiniaai
NAanupdnn (Moeller, 1963; Connelly and others, 2005) ﬁmmmﬂmmimwaaamﬂu

a a

2 ngugeoy A NEUsIHMILINLUT (light rare earth elements: LREE) n3angu@iisus (Cerium

a

group) WAENANTIANIEINUIN (heavy rare earth elements: HREE) n3nqudniniey

o

[
1

(Yttrium Group) egslsfiniuinasinisuusduiusinlunquessaesnquilivainvane
wilufiflasutsngudesmiundnnisii Uses Bndaniudidifnaanuiidivuaiulae
The International Union of Pure and Applied Chemistry (IUPAC) Ingiansaunainansae
uazsuruBidnasouileglurstu af \Bunas ndnifie swlu ngusrguIeaniu usasiiay

Lufin1sduguesdianmnseu (unpaired electron; 0-7 electron) Tuastu 4f lnedidnasauiinig
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o < a . . . 1% o aa
NYUAILUUAINLTUUINNT (clockwise spinning) UsENaun18571011810191UIU 8 519N Y
WYernau 57 89 64 laun waundy (La) 138w (Ce) wnsdladllou (Pr) dladday (Nd)
Insiliioa (Pm) suaien (Sm) glsiiow (Eu) wazunladiion (Gd) luvneiisnglu ngusig
wg1nudn nndariidianaseuduiuidug (paired electron) Turaudenan Fansnyuda
v9381annsouaznUlien sy uiIkUuanlunsouuuNIWALUIRENT (clockwise or
counter-clockwise spinning) Us¢nauaigs10mIeIndul 7 s19diavesnoy 65 0 71
loun wesideu (Tb) Aalwsides (Dy) leawley (Ho) teasidey (En) yides (Tm) Bawmesidey
(Yb) giviiey (Lu) wazdntu Samsey Wheglungueesimesindudiuiu 8 516 vauzdiisnn
aunufsutiulzlidnsineglunsaesngudes (Cordier, 2011; Haque and others, 2014)

Tngluanunsanusigmenlaludeiuieuynaiiaidudiudsenauves
= ' a Y v o v e S & = a o
Waenlan wiagnuluuSunauanududunuandiaiu Sanseduiiduniseiniaenuusionid
nsazanveIngusIenlulsadutunuInneszaineenunlduselovila Ineanigly
druvestuilienlaniifivsunausigmennauasiaiuegluyig 180 - 240 dulududiu ag
USunawassigmennuinsageiinagnulaluginniisigmeinuin (15199 1) Feduninsy
A A a a Y a = = Yo o A
desuUsunalusssuviivessgmeinsiuiuliunuvessiglangdus Ms3andunly

a o v I

PInUsEINTU wiu daned (70 druluanudln) vsenaaad (50 d@ruluanudlu) wundusuie
AnnInantes wavnsuAuUSINMdansian 1wy [ N9l Vseunadty uaq tuls
1151919 NTINAUTUIUNINATIMA8LYINGD (817 Lide, 2004) MefldnduUIuuve9sn
megnuuAarsiianuaziinniwessgyennuin Fslusssuyaduinda 200 wila 18579
[~4 | v = a v 1 ] = a | 1 35
e UudIuUsEnaUlulATIas 19N AN luUSUNAULIN B8 WANGIAY kATIS1Y 73 YRALSINUY
A o | aa & ) ) A A | & ¢
Adadunsmendidsinmisinidussadsznovnan wazlneidludifvsusuuaddles
Tl Flulnel wavevnlng NiinsdanldUsslevdiiudagdu Gann wisunes waeeay, 2553)
Ko a a4 o v I PV - . A & 9 v
wenantgadinsau q Aismmeindunanassls Wy vsuwelssd (Brannerite) Nluuslo
~ A a ¢ = Ao a ] % | A ‘A
sweisillounfialumnunlng Fadidamseudusianassliainnssuiun1surans visusau

Y

asznataleduluduiiuunsianigadulzgsamentinitomgn Wusiu

Y q q

2.2.2 sUnuuumass e g Any

TusssuvAunassigmien dguuvumsindnogvatednuay uiuuuii
ANNAAYMNAATYENT d 3 dnualz NANAD

widswsuuuiuuweanilanazairsuaiulng (Alkaline and carbonatite
rocks) Tagnulufiudaiuszinniutoanilavarsuiauarlagianzeisdsiiunieiulndi
Andamgiismlangmeneglumuroutnann fdusuuvuresuslansmionn uazlng

PN ! = 1 & s
ﬂ'ﬁLL‘VI‘U‘Vlﬁ']Gﬂi«!ﬁ’JUUiBﬂSUGU’EJ\‘iLlﬁ@‘u WU ornng warlnlsnaos
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18
1A VIIA
1A 8A

1 o 2
H 2 13 14 15 16 17 H e
Hydroger A mA VA VA VIA VIA Hetium
— 2A 3A 4A S5A 6A TA 4.003
3 5 6 7 il 9 10
Li | Be B C N (o] F | Ne
Li | Be BIE|N|O . [Ne
1 12 13 14 . 1§ a9 16 17 18
Na|Mg| » » & & - o = Si| P Cl | Ar
sm'-:‘ . 3B 48 58 6B 78 /_ ﬁ 18 2B MT‘?M S:T — 5'4:'-\' vyl .:

55 “|se_ 5771 f72 473 ¢ 74 w4 75 A 76 % 77 o 78 2 79 9 gy i[gy  oaullg2 983 o84 “85

Cesium || Barium Setes | Wamum | Taam | Tegien | Whewm | Osmum | Wdum | Pateum | God Merciry | Thatium

87 jED *[89-103 | 104 * 105 = 106 ** 107 ** 108 = 109 * 110 = 111 = 112 =[113 =|114_=|[115 =|[116 = 1|7 115 -

Fr | Ra Rf Db Sg Bh Hs Mt Ds R"g“m Cn Uut FI Uup| Lv Uuo
21 -
SEEC==coEERE

v "La | "Ce | Pr | ‘Nd | Pm | Sm ‘Eu Gd [Tb | Dy ‘Ho | “Er |Tm | Yb

......
s

s ey wm o) s

Modified from http://vi.aliexpress.com/popular/modemism-period.html ; REE Subgroups defined by The International Union of Pure and Applied Chemistry (IUPAC

FUMN 2 UNUAHAN TS UERIA ML IUBINESNMIEIN

WRASHUUAIULS (Placer Deposits) Ingnulsluunlaauasdlulndang
ANAIUANTUNIZER AD 5.0 way 4.8 wazlinununiunenswaatess iniluusutnazay
fogluunadasuvuaiunisuduusuinedndu 4 1wu dawlud wesaeu glnd uazdyn
FeusmmAlneeeinismEauimennussaniidusnaesinnishumilesusiynluein dwmsy
nsafinsgeineanatnusluuilesidy Yssmelne Tnsantumaluladfundes ddnau
Usinayuitedud fmaluladuaglssainginmeinesnainusluunledls faenszuiunsnig

(alkali process)” Tnglglgnln (NaOH) 139w (Wlw Niuginae, 2555)

UWWSIUSLUURWIaETUR (In situ Deposits) ARaNNTHRaMATvE

Y

a

#uduiniadadiulnalduiuunsianfiauauysalvessigmienn (REE-rich host rocks)

[
=1

v Y Aa a =~ = o a4 o I3
ﬂ']EJIC‘]aﬂ']'JzLL'JWa@lI‘VllIF’\I'J']NGQQJGU‘U?N llﬁ\lumﬂsqﬂuagllﬁimLLUiamiqumLaﬂﬂﬁLﬂu338$

Y

L’;am’m@iamaiﬁl,ﬁaﬁuﬁ5mfmflisgﬁqa§jﬁuﬁﬂa'1&JLﬂu%’juau*ﬂmﬁu%uﬁaﬁuﬁﬁmmsgqa Faus
TsmmenluidefinusdiuiiliannsonudeonisyimauaiiazUanydosoznouressig
meneenan Tassadusiiy 4 wrgniudalifmdnvesusfuilunamanmaniomus
3u SLuLuaﬁumuﬁﬂLﬁmiugmwwaq nsgaduleae (lon-adsorption type) Tuvauzfinsli
s19MeInUdLTiFimudsaninnisyiamaailfezasdnvasidausiiadudiuves
usanAazasl (Residual REE minerals) $aegludufu/fugfeatu nisasaudaludnuosil
aunsnsilFivmasmmennluduiudugdudunnniuld 1-5 vindewseuideudvlu
defiuduiuin uarannsouensigmeineeninanusnuldfiensngau (Wu and others,

1990; Bao and Zhao, 2008) lngiadisuaiunansuuugndulossuiimnuauysaloglugie



= v & ¢ Ao
M1919N 1 ‘ljaagawugﬂu LLa:,’ﬂ'J']&Ia&I‘g‘JﬂJ (ppm) %aﬂﬁqﬁlvﬂﬂ']ﬂ 'Vlua%ﬂ

2535 wag Long and others, 2010)

udausnequaslan (Bulk Earth) uaglugufenlan (Fauwvasann d13ey dedslneng,

'ﬁaga‘ﬁumuuaamqmmn AIEUYSE] (ppm) DB4SIHWIBIN
Bulk Earth Crust
- Ganapathy Jackson and Sabot and
TRV BDEH LavazAay Mason and Wedephol
and Anders Smith (1977 | Taylor (1964) Christiansen Maestro Lide (1997)
Moore (1982) (1995)
(1974) (1993) (1995)

[]Eiyﬁ: AWIBIMAUT (La-Fiad 3.15 a.47F 133.40 133.40 154.30 100.50 130.30 165.25
LAWY (Lanthanum; La) 57 0.48 078 30.00 30.00 29.00 15.00 30,00 39,00
FHiTew (Ceriurm; Cal 55 1.28 220 G000 G000 7000 46.00 S0.00 66.50
wwsdilaFdlon (Praseodymium; Pr) 59 0.16 8.20 8.20 9.00 5.50 6.70 9.20
ilafidioy (Meodymiurm; Md) &0 0.87 1.20 28.00 28.00 3700 2000 27.00 41.50
TwsihFew (Promethium; Prm) 61
SIMITEY (Samarium; Sm) 62 026 1,22 6.00 6,00 5.00 .50 2,30 A5
gl (Europium; Eu) 63 0.10 0.07 1.20 1.20 1.30 0.50 1.30 2.00

OEUFVAW ENNWIN (Gd-LukseY 1.661 0.668 50.28 T2.7 50.9 59.4 54 76.92
wnlsditoy (Gadoliniurm; Gd) 64 0.37 0.35 5.4 & 6.4 4 6.2
wasiiey (Terbiwm; Th) 65 0.067 1.9 1.5 25 0.9 065 1.2
FAalwaEiew (Oysprosium; Dy) 66 0.45 0.21 3 3 5 5 3.8 5.2
Laaudivy (Holrmium; Ho) 67 0.101 - 1.2 1.2 1.7 1.2 0.8 1.3
weaditou (Erbium; Er) 65 0.29 0.093 285 2.8 3.3 q 2.1 3.5
'glﬁm_ (Thuliurm; Trm) a9 0,044 0.458 1.5 1.2 0.4 1.3 1.52
fnmaiiten (Yrterbiom; Yh) s} 1.2 3 3.4 0.33 2.7 el 3.2
-‘;rﬁl‘ﬁs_r;_ (Lutetivm, Lu) rl 0,049 0015 0.5 0.5 0.8 0.8 035 0.8
AwnuE By (Scandium; Sc) 21 - - - 22 - 10 16 22
SanIou (rttdum; ¥ 39 33 23 29 28 24 33

Total rare earth elements 4.81 5.13 183,65 206.10 205.20 159.90 184.30 24217

el
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300 - 2,000 ppm lagUszunu wanasiulumuasianvesiuauniia (Wu and others, 1996;
Bao and Zhao, 2008; Murakami and Ishihara, 2008)

dmsudsemalnedu JAnsNINaAINILAUITANUBLNAEISINMIEINTA 2 huU

Y 9

[N
v aa

Ao ULMEILSWUUAIULT uazurAssuuyTIagiunnduiusiutiaiuunsln druundasuuy
Ao v fu a gj = < Y v o LY} dil’ aa a z:il’d'
PFuusAuAukeanila duillenaduldlsisy 1ilasainnisnszaruiivesiunAusiainny
Tudszwalnetuiidesuazdnifndundenvuinan dmsuunassinmisinwuuiiduiusiy
Auasuaulng Tuilenadululsenn wWesndaldisnenunsnuiusiaidlulssmalne

dmsuiundnenmusnin-siamenluwedmin@essetu dleniany

! 1 =

WE9519EINLANe 2 anway Usenauiu Ao WAaLTLUUAIULT AZWVE LS UUUKTI08 iU
ualunnun1sasaluasidaglidininanudidglunnunnddne I iuna s uuunas
dl' = < ! 1A o 3 v ! A& A ! !
Wasniilenaduunassndinsanuanysalressinnieintannidi Tuvaueinunumaus
wuvatuusty diulngrunisdeansainnisinmilaawshuniuednluuas lonianiunuwmas

wIazdansanuanysalvesInmeIndadieladne

2.2.3 n5lduselevivassiguienn

2%
IS

Tnsn wsusialansgnguis 16 vin Wuingaududiddglunssuay
mananvesgeamnssunaluladdugmannuszny 01f msndalangnay wivdnamsfidg
(permanent magnet) FsdoidutagddydmiunimaniudiugUnsaidioansednduay
gunsaliasesl i lddinuse s iuumunnedanfanssauzgs Ussndandsoulnuazdy
fnssiodwinden laiinawdu nsdwidlede unuide nsiimiseuuy reufimes yaiaseq
Feosdlnsuuinia ndesdiva veonUszudaliued 5 uummeiuuuriiay saulufedudi
savudlauind wdesu Aufuaurdnluih a19isaURATen (catalysts) lunseurunsndudsiy
aslidlunTosufuaziosfing a1sdesuas wiuandmiuldsulunainalsiu 8195
gmlsUnsaling 9 Adpsnismnuusiugigs suazgunsalnsunme Yo gunsainisfivn 1Jusu

Fesmmenuaagsiatinsihluldusslevunnainansuanaaiu Awansagulilumsiei 2



15

M13197 2 Mslduselevindn 9 vassmmienudazyiln (AawUasan Bleiwas and Gambogi,

2013)
. NEN51ANIEINLUI (LREES) NGNSV INATN (HREYS)

15
Uszlywil La C¢e Pr Nd Pm Sm Eu Gd|Tb Dy Ho Er Tm Yb Lu Y
Tansuay X X X X X X X | x X X X x X x X
LUALADS X X X X X X
CRIER

X X X X X X x X
Uansen
LYINUNE X X X X X X X X X X X X x X
Sannsalnd | x x x X X X X X
U X X X
LASDILND X X X X X X X |x X X X x X x X
e b X X X X X X | x X X X x X
BIERY X X X X X X X X|x x x X x X x X
wilwidn x X X X X x| x x x
g1-vAUR | X x X X X X X X x
gunsalgady

X X X X X X X X

UINIDU
A15909Es | X X X X X X|x x X X x X x X







uni 3
ssalang 2l

Wundulngredininfiosss Uszunasovas 75-80 B0aNUNTIANA 995U
Mgy avnou HuLUs uaravnausIu Nlengfiunsurealygiseuruinenouaigdagiu
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a 1
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Au/Aug : iy

Tnuvienidel () (%) 1.78:4.37 311:- 1.03:4.94 2.63:3.65 0.39:2.45

QLSLﬂmJ (U) (ppm) 16.08 : 17.26 9.36 : - 10.14 : 12.94 6.53:6.95 233:527

walSey (Th) (ppm) 65.46 : 46.12 45.41 : - 47.51 :39.40 36.89 : 26.53 5.95:17.97

Usunauusuiingay (g/m?)

penauvai 50 -110 230 -

fuRu 1.48 — 480.57 10.76 - 1,721.80 291 -22,598.36

U?mr;uﬁ'w]mmnsm (ppm)

ﬁu/ﬁuq 220.31 - 42243 167.97 — 888.70 55.80 - 470.56 158.66 — 529.26 21.04 - 139.77
Anade 351.13 412.41 264.56 288.32 35.72

A1 SD 60.56 179.33 135.74 97.42 32.17

Anade HREY:LREE 13:87 14:86 24:76 20:80 30:66
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Aade HREY:LREE 28:72 - 24:76 22:78 39:61

A1 CIA 41.41 - 52.59 - 51.99 - 52.50 49.47 - 75.14 41.54 - 43.71
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1 a a1 14
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(UTt 16) dnwaugdudu/fuunstng Yssnaudeduusn (L1) Amadnduduideniudauuy
(top soil) (e uldfu Ahorizon 1u soil profile) fifimr uTutos n1sin1zdinas
n1sAnaualid vilvdiaranmauniulniias loun nsan n9e neeuds wasfivmils

Mlaviuuuazneutunas (L2) imadnasdutuiug (Aeuldiu B-Chorizon Tu soil profile)
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§‘ : e O -9 16 S .._ f) 7 ! ,‘-.:'§
o 20 i CEREERr
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e
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2N2000

UM 14 dunidsdrsaiadiannudiuniuludiuuundedn

(% [
1 =) =

ndlaenuuguiidAanwiumuliiheglusgiuunaisdfisin uagtuai (L3) inndn

<) 5 a < A a = Y . 1 2 1 gj
T UTURULT IS 99 uAIU (Weulanyu D-horizon) ALLEAIAIEATNAIUNIU 1W1ﬂf1qqmwsuuﬂmq

2

s & Ao ] v a i v = v a =
Fetuilzddnvazaranmiunuliiuusiasursudauinainyanisluddnganis

FRANNANITAITIINUIN (1) Huiigogtanes asvioudnuastuin/Auwnsiing Usenaume

D}

Qe

Fuusn (L1) Fenumun 0.60-7.60 wns wds 1.92 wnslagUszann Nefdauuuduiiug (L2)
fiAuvun 5.00-68.40 W3 Wiy 27.44 waslasUszana uaztuans (L3) finiadnasdu
Fusiuudadu fsedudnnudnads 27.04 wmsadllneyszana (g‘dﬁ 15 u1) (2) fiuiides
widdfa aeeudnunztuin/fiuunsion Ysznaudeduusn (L1) Sanumun 0.60-2.70 wms
wAe 1.26 w3 Tnsussna Meilamtuuutuiug (1L2) e 31046560 s @ay 30.43 wes

[y 1

TngUszann uagduana (L3) imainasndusuiiuudeduiissiudinnudniade 30.43 wns
adlulngUszanas (GUT 15 nans) wae (3) Nufldesieng asvieudnuusduiu/fuunsday
Usnaudeduusn (L1) Slenw viun 0.50-6.40 s Wade 1.60 wnslagUszanm adatiy
vufiugy (L2) §A2umun 3.10-166.40 A3 1ads 35.93 ms tneUszutal kagduans (L3)

nennsdutuinidasunseauynnnudn wae 3593 wnsadlulneyszana (Ui 15 a19)
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JUN 15 amanune 3 difuaaddassaieruiu/uunsianilaannnisszulananisdisiadam
v & = a S ' S
anndruniuladuuundedinluvsiou (vu) Wuidestanas (nans) Wunidey

Yy ' A 4. ]
WUYINU LAy (a19) ‘IN‘IJ‘VIEJE]EJWJEJWQ
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5.2 N1IYANQUNARD

(%
[y

ilensavaeunanITuUam NI sERUALIINNTAT IR NANS wieudy
Anwdnwarvostungnou lasnsaeiufineandeavestuiu/fuunsiayaelunguvages
nmsdsaedsiitu fmaldtinsoonuuussuunisutsuiu/fiugtusnlvailvanse
avfouszAuMimenarmaniiiansodunalddemualddaauiu Suandilu
it 4 Tnedsns asmsoifieuifssiumawsiuinfumunasinasg il Gui 16)

NufiRaass “uraua” fuiun1syavqunaaes uazlenzieaiuiogiaile
Anwdnunzvostungnou warsidineunassldfuvousndn-sianienn ndeusy
nrdeUnANITLlAAIIVINETERURLIINNIsE TR saRANdluiufidnass “ureua’
NI 36 ﬁ;ﬂﬁﬁi’;ﬁmamquﬁu’aﬁuﬁ lngnqunaaedlinnuaneysening 10 - 145 wns
niomThMaAufog19nTanNaN 0.5 wnsTINsIuIuaAY 265 fegsdmiudaiden
a'ﬁmeﬁﬂ%mmﬁmmEnﬂﬁazama%ﬂu%uﬁu/ﬁuLLﬂiﬁm

Nufidnasssen “Uanas” dudumsyavaunanes uaswzsoamndnauiie
Anwdnunzvostungnou warsidineunassldfuvousndn-sianienn ndeusu
nTI9daUHANITLAAILNINETEAURY TauTeAY 12 9ad1979 Usenaudae naudisan
U 3 QU539 HYNANNANDYTENING 0.5-5.0 LUAT UUABILTRI 31U 9 8381599 &
F39AUENDYTLNIN 1.5-9.0 lwas nFouvinsiudieg19ngeaudn 0.5 WA
fiaAu 86 FaoE1s ﬁm%“ué’f@Lﬁaﬂﬁﬁmmzﬁﬂ%mmﬁmmEJWﬂﬁazama%ﬂusﬁzuﬁu/ﬁuLLﬂsﬁmsg
Sevnuriimetdulngogsminmasiiunsiengimaniidshiudnae

Nufidnassgon “widradu” duidumsuanauvaans wazienssemtdanu
Wefnudnvurresdungneu uarssdiveundwusidfureausnin-simmen wiousu
PIEUHANITUUAR NN SEAURY SIV9AY 8 9081533 Usenaumy naudnsin 1uiu
3 nud1979 H99AUEN0YTENING 1.0-4.0 WAT LWIYIZIDY 31U 5 50981519 999
AUENDYITWIN 2.5-14.5 wns Wiourin1siufeg1angaanudn 0.5 WATINdIuIY
fiadu 74 fegne dmdudadendsiinmeiuiinasmeiniiavauegluduiu/Auunsiing
Sevnueiimetdulngogseminmasiiunsiengimaniidshiudiaie

Nufidaasssas “Wreng” ANdUNISTYANAUNAGDY kALY 1ETRINIARAY
dWieAnudnsazvosiungneu uagssdiineunawslifureausunin-snmienn niouiu
PTITADUNANITUUAAINNLNETERUAY TI079AY 16 9ad1517 Usznaudie naudiana

o

U 6 vaudITI9 H919ANAN0YTENIN 1.0-2.5 AT UUILIZTBT 91U 10 78981599

= =

fig1aa1udnegsEning 2.0-11.0 WwWas wieurinisiudieg1annyasAudn 0.5 WA

FUIUTEY 105 Areg1e dmTuAndendsliangiuTunasiameiniazanedlutuiu/

Fuwnsiiny Fewardimodrdnlngodszmnmsaniunsinssinmanidsldudnasa

U
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P = = '\ Y oa a a aa X o
M13190 4 ﬂ']iu]iﬂ‘uWlHUEULLUUﬂqiLLU\T%Uﬂu/ﬂutLﬂiuﬂf'ﬂﬂﬂuéaqiga‘lﬁaaﬂlLUU%uuqﬂUﬂqﬁ

WUSTURY/AURAUNINTFIY

Standard
Soil Profile

Descriptive abbreviation for soil profile defined in REE work

O-A

T
a o

s = Fufuiliindesesseslnguedlasiadstuiiuiy Feeralinsimutudunidans

Tnsivsolifla

ssw = FuillafuliszdunisngunnauldamisaszyduunUssianiuaaduls Inelad
Jesseslassaiinelutuiiunaundelidunaliudy udlingeunsyandniinain

a < a ¢ A o & a
miavauvedatduman-unniialansenlyd vsewlingnisililznsyargluiiioniun

Anduludndiuigdiiiusevas 10 Ingiui

12 T
o A

sw = Fuiilefiudsraunisyaanludnuazifediv “ssw” wilvdeunszandniinain
msazauvesaiundn-wanildlansenled wiewdingndailsUznszaeluilofiun

WNaduludgndufuinninsesay 10 Ingud

wss = Tuilileiiullsgiumsygannaulianansassyduunussinniiuauduld udsessey

a o A

Tassasenglutuiudsnandelinedunalasns q Melorafinseliddnisimun

a a

1 = A < a4 a @
MaamwiaﬂizﬁgﬂawLﬂmmﬂﬂﬁazau‘uadauumaﬂ Wi@LNﬂQﬂi\?Ugﬂi%ﬁﬂUIu

& a <V v
\otiuwfls

T
=] a a

ws = guiilofuliseiunispuinauldaiunsassyduundssinniiunaduled usding

widelaseasranigluduiulinedanala Melenafinseluinswmuivdeunse

N a a

< & o & a ey
ﬂizﬁgﬂawmﬂmﬂmiazamadauumaﬂ 'Vﬁ@Lllﬂgﬂiﬂﬂgﬂi%‘iﬂﬂi‘NLu@WUQﬂlﬂ

B-C

17
o

wsr = Fuililleuiszduniswuiunarsfannlaeususeneviudulngnaaigaulyl

a1unsasyysenforiaiueg1adnniziatgadld wadaneasseyiuunuszian

v ' a

nqu wieydadiuedrandien 16 (Judud fudaiidonsu Augualil fuwds

a 1

Aunznou Auknstaionan Aunsie wieiulaau Wudu) lnedlefiungeun

v o o & P ™ o ' = S a
Wa%‘qmLﬁ]wlmmEJwaWNumﬁmmaluuﬂﬂiwwumaamﬂiaﬂi%ﬁgﬂawLﬂmmﬂmi

a < & o & a M v
AedUVDIFUNLNDN “I/ﬁ@Lllﬂfc:]ﬂiﬂﬂ%ﬂigﬂ']ﬁlslULu@‘WUﬂ}lﬂ‘lﬂ

T
o a A 1Y

wr = TuilillaulissAunisyuiunansiinsusenouiudulvg finsaninanefisgaiunse

szyisenteriinfiusgadunizianzadld (Jududn Aunnsialielulelngd wie

a a dy a A a a dy v 6 a o/ ¢ & v dy a
Funnsialloluni 2 vile vieRuunstallovsunau-dalala Wun) Imamawsg

fanenvzyanzlimedines wwuss vy

CD

wrk = Fufiilefiudiszduniswidndosiisliunans fawisaszyisendeviafuldedis
Pz lnedefunfianuudsrouirannuanessynaisiiedines vzus
w3ngaulareAudIuIN

rk = Juiiilefuilarwanieiandesuariianuunsagdlianunsoynaglinedines

YLLSI WI090U

RUYLIAR)
——

+ = PNIVUFDTTNINTUAULNSIUAB LTV UDAUDESTALU (abrupt changing) LU s+sw, ws+wr

\ . T AP A e o
- = PaserRssETINTURUMIRsuTuealleRuwuuRsuliuAeyly (gradual changing) LU s-sw; ws-wsr
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) O horizon
Loose and
partly decayed
organic matter —_
s[0A]
A horizon
Mineral matter
mixed with
some humus

Topsoil

A
ssw [ A-B]

v

E horizon

Light colored
mineral particles.
Zone of
eluviation

and leaching

Solum or true soil

B horizon
Accumulation of
clay transported
from above

wss A B-C]

R T
Wsr Jl*[ B-C]

Subsoil

A wr[ (]
C horizon 4
Darant matenal wik [ CD]
v

Unweathered
parent material

Copyright © 2005 Pearson Prentice Hall, Inc.

aa °

{ ' & a a a £ 5y '
JUT 16 nswSsuifisuguuuumsuissuRwiiuunsiinniifiuddsialdeanuuutunlmiiunisus

%’uﬁu/ﬁwgmuﬁﬁﬁ"%‘lﬂ (3U soil profile Ana@naIN Pearson Prentice Hall, Inc., 2005)

%4

5.3 NALATIZILAN LUNUNANETS

lufnwdnwurUuuunsnszatgmvessgmiennazauiloglutuau/
#uunsiianluudazgadisiatu ddunewisnisiivuazinsaudegslugiuuuifeniu fe
! < o Y 1 < ! a ! = o 1 Y v 1
wiagRLAUIBINTsiuiegne WWugieseey 50 lwumwnsdenilaiiegs Tiladiegi
2 dau dusn (FUTunsagnauyszanu 10 dnssesiagng) dluseuwdeaiaguiauaz
Ysunasudnfdennenalutusiu/iug wazdiunass (9usummenaudssunu 5 dnsee
fee9) dmsuiiltiessiedl Saihegdufidesfiiiuaniazianiuiiasnauagnind)

nenouiteg i AunauIsitNTduRUsieg Ingldnaesuusdiegie (shuffle splitter)
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Tunsuusdulilddumudiiedna (Augadluun 47x6” Wwninsau Uszanas 600-700 n$u)

1 v

11U 3 9¥/M19819 lauganilarzdsunazideanamunnoulrdudnHIiI08198nATY e
AAT1ERLATAI8TT ICP-MS N1USUIUEINNI8IN Waza187s XRF nUsuimeanlaandn
] P 2 VY& o Yy A
dudn 2 geiwdeaninuliiluiiegnee198s
' a & do « y & A A W %
NHaN1TTeUALlUNUAREsS “wiia” 3 wuldusuausudnandisly

e R/ Auun o 19U 265 10879 aglutae 0-210.54 NFUAEgNUIARIIAT ALRREDET

Y

'
=

47.61 nfudegnuiAiuns nnansIvydausninanaAdlutusu/dusgtowy wudndusi

LY Y

v @ v a a LY A 6 s IS LS
AUNUTNUBIOUIYINUATTINNHUATIE 3 YUAKAN AB IELI‘U']I‘?IG] LAY LL@%‘?II‘L!\WIEJ

¥ 1
=~ =

Nufidaassgas “Uanes” MnAwalinsesiaismmennlufedisduiv/
Fiuunsting wuin SUTinasmnensmeylutia 52 - 29,957 ppm 10Ae 4,2332 + 7,137.0 ppm
Tneluswdoniu (L1) HUSinausmmensanegluye 521,522 ppm fifuads 3715 + 4320
ppm SnsdrusIgmEnundes e nuededisusii 15 : 85 uagluduiiug (L2) §
UTuusignieinsineglugae 1,271 - 29,957 ppm fifady 8,094.8 + 8,600.7 ppm

L 1 U 1 ‘ﬂ‘ = !
BATAIUTINMIYINNUNABDTIA UIUINLUILRAULNYULNT 17:83

Nuiidaassdos “widradu” ndraieseiaisnmnluieisty
AwAuunsag wuin SUTinasgmennsineglutag 42 - 23,565 pom WA 3,336.1 + 56112
opm laeluduideniu (L1) HUSuIsInMIe1nTINedluYae 42-1,248 ppm finuady
304.5.5 + 350.1 ppm SndusIIBINMTnesImIEINURABITB U 15 : 85 wagly
%uﬁwg (L2) Tssnauswvenyiegluyas 1,000 - 23,565 ppm T 6,367.8 + 6,765.7 ppm

L 1 U 1 ‘ﬂ‘ = !
BATAIUTINIYINNUNABDTIA WU INLUILRAULNYULNT 16 : 84

Nufidnassdon “Haeng” nAmaiinnsiaiisnmennlufegnduiu/
Auunsiiay wud1 TUSunasmensinegluge 230 - 133,675 ppm WAy 18887.5 + 31,848.1
opm Taelusduiudendu (L1) HUTuusgrieInsinedluye 230-6,777 ppm finady
1,653.7 + 1,923.1 ppm ’5@13’12‘1"3146’]ﬂ%?ﬂﬂﬂ%ﬁﬂ@i@ﬁ’]ﬂ%’]EJ’]ﬂLU’]LQgEJLﬁEJULVi’] 15: 85 uay
Tuduiiug (L2) fUSnusmynennsaueglutae 5,672 - 133,675 ppm fiAads 36,1213 + 383787

ppm BnIIEIUEINEINTTINFRSINIEINURREIEUWI 17 : 83
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N15USEUUSUUNSWENT LS

6.1 N13UsElIuUTIULAZYAAIMINEINTEIANEIN

6.1.1 N15ATUIUUTUINTVDITUAZNDU

NN IWUBNANTE1ITIUNENS NIUNUNFRATTEDEUNDY KUY LAY
g wuindidnwarlassadeduiu/aunnsiion wudladu 3 9u Usgneudaeduusn (L1)

= ! < & A a ! aa & v LY [ 1a o vl
AnI19gdutuilisnaudiuuuniinnuduley n1sineduagn1sAnvuIn ks vivladiad
£% U a LY & 4:1' ! < S a oy &

an1nsumulniiigs neilariuuungnautunas (L2) Aenadnasidutuiugniainnugy
gaawililimanindunuliiegluseduliunansdiedn wazguans (L3) Nnndnazdu
g a 2 A a 2 & & awo ] v A ] 1%
FuiuLlmisiunu Jetutiazlisnwagaanimiiuniuliiuusivisudeudiauinain
yenilalugadnganils FudlawSouisunisulananinusunulniwuunddniunanisyn
VRUNAGDY NUIIAUAINAREUYDIAIAIIUVUILAL SN TR UTURAUNLAINTUUaAIY
dulvgeglufidensula Ae = LdiAu 2 was Felavinisussiliuninununvesdusiu/
Huunsinnlunnazgadsianiunan1sd1329ssaiildnd lavendelusunsu Rockwork 15
dwsuUszananalazasinIndiaes 3 4@ (3UN 15) MeIBN1sARAILINKUUTEEENNNRY
(inversed distance method) AaATEAURIAUIUTIANEN 200 LUAT BILUUTI@03HUIEYY
INUIEINYULNITURNTEAURIVDITUAL/AULNTUAK AUNUI-UNTDITUAY/ Funmileuia
Funnsiands wavanunsaldiamUinnsvesiuiu/suinsiagluisastulunuifnassedos

] & Ay v ° a ] S vy N
VNa']llW‘LW]I@ ‘?Nﬁ']m'ﬁﬂﬂ']u’lmﬂiiﬂGﬁﬁ'ﬂiﬂ]@ﬂLW]aSGU‘UI@ (M3 5)

6.1.2 ASAUIUUTIUNINYINTTIANEN

dmSumsussliudsnaumineinssigmeinilesiutl aglindnvenisiade
A1ATOUARUNTOUNUNARATIEREYRIN AN U e ndaldarunsainuavauiuniui
i il ¢ & A ' 1A covy o &
WA TRl ANUENY SIUaIs 19 NgakenINNUALa LTI A saLy salala Meilmsigly
MMM NeNssweIntY awinsAaUsinauenidusesiine s auges

AWINRIT9E LIzl SHEIN TSI eINuAaYs N NIA WA T w Ty

[

USinaminensssynensia visilavdnenaniseiing amenislaiemnuauy saldievedsn

1NN 5 ppm Fuly
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M15197 5 U3UIn59098uR/Aunnsiniuaztaersimensiulusdasnunanassgay

Junu/SAuunsilag “Uamne” “ugidniu” “YiEng”

Twuy (L1) w30 Fuaendu (A horizon)
ANLMUTUAY 0.60-7.60 0.60-2.70 0.50-6.40
(lums) (19@8 1.92) (19@8 1.26) (1988 1.60)

TUna (L2) w30 Fuiiusl (B-C horizon)

AUAUITUAY

(Luns)

5.00-68.40
(\de 27.44)

3.10-65.60
(Laﬁ's 30.43)

3.10-166.40
(1ade 35.93)

TUaW (L3) 59 Tuiiuuds (D horizon)

(9 994, 3 vigw)

(5 994, 3 vigu)

ANNRIAU (lWAS) \nde 27.44 \ady 30.43 |28 35.93
NQUNADDY/ Y1250
ANUAN (LWAT) 0.5-9.0 1.0-14.5 1.0-11.0

(10 584, 6 vigw)

(@8y 4,233.2 + 7,137.0)

(108w 3,336.1 + 5,611.2)

UMD 86 74 105
Yau1ad519%181n59 (TREY)
%29A7 (ppm) 52 - 29,957 42 - 23,565 230 - 133,675

(1988 18887.5 + 31,848.1)

VSsnadsgmenluduaunzneu (dulane,

= AWNIAIs WAAY x USuInsTuRenew (aU.aL) x 1.4 (0.0.5UAN) x 10° x 0.7 (A15uantladey

G0

° a o & Y Ay y & N
Naﬂ'ﬁﬂ']u’lmﬂim']mmiwEJ']ﬂiﬁ'W!‘W’]EJ']ﬂLU@QG]UV]\l@I U YUY (M19199 6)

[

Y @ 1 & Ao 1
LEASIALANIT NUNARESTEDY

“Uanes” ﬁﬂ%mmﬁwmﬂiﬁmmmmmLﬁ”aaéfu Uz
75,440 dulave (3o ~ 10,777 fulavigseuil 1 ns.nu) Usznaudesiamenaiinndn 4
¥iin fio 138x (Ce), wauniiu (La), Hlodley (Nd) uazdam3eu (V) kags19menviinges
8n 5 9lin Ao @wnuLAey (So) wsalamdlan (Pr), gnukuises (Sm), wnlnawes (Gd) way Adln
geu (Dy) wagilUSinaumingnsvessduiunisdus sllanaiSeu uageisitlou Usvanm 13,580

Y

fulany (138 ~ 1,940 dulanemanun 1 n5.04.) way 4,120 aulane (M58 589 dulanzse
WU 1 79.03.) MUEIRY duiunfnassges “wiviay” dusinamsnenssmmensilewiy
Usgaag 59,450 siulaviy (138 ~ 9,908 Aulavigsieiui 1 n3.n3.) Usznaumesgmenyianan

4 viln Ao FSew (Ce), waunily (La), Tlefkdloy (Nd) wardawises (V) Usenausiesinmen
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A19197 6 Ysuaumiwenssinmensinlundaziundegasseay

“Uamney” “ugidniu” “YiEng”
Vsumstungnausas () 75,436 59,450 336,581
Furenfiuuu L1 (%) 3,302 2,706 14,700
Fuiiugilenu L2 @) 72,134 56,744 321,881
0.9, (aFEvaITURY s 1.47 +0.17 1.37 + 0.08 1.07 + 0.04

Usinamiwensiteny (ussnaulans) @ cut-off srade > 5 ppm

[ﬁhmmaugiaﬂaﬁamaqﬁmmmmwmﬁm (ppm)]

LREE: La 14,006 [63.53] 11,036 [63.53] 62,491 [63.53]
Ce 31,479 [149.14] 24,813 [149.14] 140,452 [149.14]
Pr 3,127 [14.00] 2,464 [14.38] 13,950 [14.38]
Nd 10,912 [50.00] 8,599 [50.31] 48,685 [50.31]
Sm 1,955 [9.00] 1,541 [9.02] 8,724 [9.02]
Gd 1,564 [7.00] 1,232 [7.00] 6,976 [7.00]
HREY: Dy 1,323 [6.00] 1,042 [6.00] 5,902 [6.00]
Y 8,497 [38.00] 6,694 [38.08] 37,910 [38.08]
Sc 2,575 [12.00] 2,029 [12.00] 11,489 [12.00]
5199181338 75,436 [349.56] 59,450 [349.56] | 336,581 [349.56]
57@)148!?&/3#!5\/\7 13,575 [63.19] 10,699 [63.19] 60,568 [63.19]
s1qgTideausle 4,119 [19.01] 3,246 [19.01] 18,376 [19.01]
LAUANENINYDIUARIT o AoUT 196 ——
Uruna N
UNFC-2009 Code 333 333 334

YUATDIDN 5 YA AD AWNULALY (SC) ST Loty (Pr), 9 kut5ay (Sm), knladifey (Gd)

LYY v

way Aalnsi@ey (Dy) warilvSunamsnensvessgiudunedues sllanaise uazgisidey

9
[

Uszanad 10,700 sulang (Mse ~ 1,783 dulaneseiiudl 1 n5.nu.) wag 3,250 dulans (Wse
542 dulavigsofiudl 1 n3.nu) mud iy wesiiuiidaassdes “sheng” TUSmumsnenssInm
snsauLd eedu Uszunas 336,580 dulany (n3e ~ 13,463 fulanzsoiudl 1 ns.nu)
Usgnaumiesiguiensianan 4 vila Ae 58w (Ce), wauniiiu (La), dlafidloy (Nd) way
anmseu (V) wars1amie1nsiingeddn 5 vila As aunuliey (So) wsdladiiley (Pr),

FaIeU (Sm), unladidey (Gd) wag Aalnsidey (Dy) wazdluSu1umingInsvedsiy
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v @

usiunSedusls ¥ilanaSen wazgisitdey Uszua 60,570 dulang (3o ~ 2,423 dulavgse

WU 1 M9.04.) wag 18,380 Aulave (58 735 fulanesaiun 1 #5.03.) ANa1AU

6.1.3 N5UsTlUNAAMINGINTEINNIEIN

dwsumsUszidiuyarnlesiureminginssnmeinlununfnassgesilag
AnN1EINUTUIUEIMIEINLIES 5 519 AB La, Ce, Pr, Nd wag Y iy tagldsiand

Usgnel3lu http//www.metal-pages.com Fadusialane i ioudaau w.a. 2557 lag

TH8nsmanBeud 35 11/US$ (m51et 7) Tneflyadminenssigmenndosiuluiuiidn
A55808 “Uanad” Useunad 83,745 a1UUN (~11,964 A UUIN/AT.NY.) Nufidnassdos “usl
F1%0” Uszanad 65,991 AUV (~10,999 EMuUN/n5.na) wariufidnassdes “PEng”
Usgan 373,632 MU (~14,985 uurn/me.nu.) Tauflyadinineinssnmieinidoiu

PaauUsTaed 523,368 a1UUM
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Taue) (§wum) Taue) (@uum) Taue) GRINTATD)
La (10 USS$/Kg) 14,006 49,021 11,036 3,863 62,491 21,872
Ce (11 USS/Kg) 31,479 12,119 24,813 9,553 140,452 54,074
Pr (150 USS$/Kg) 3,127 16,417 2,464 12,936 13,950 73,238
Nd (85 US$/Kg) 10,912 32,463 8,599 25,582 48,685 144,838
Y (60 USS/Kg) 8,497 17,844 6,694 14,057 37,910 79,611
yaA Uz 83,745 65,991 373,632
yaATIIaAY 523,368 &1uum

6.2 N1SIUNUSSLANLRAIIANAN UNFC-2009

TunsduunUssnnuvasusagldiugiunisysefiuaunnsgiunissiwun
UsgnnUTUNULIY0IEn ATy A dIALWsEnUTE¥191R Un.e. 2552 (United Nations
International Framework Classification for Fossil Energy and Mineral Reserves and
Resources (UNFC), 2009) (ECE, 2013) dsordeilasonanlunisusediu 3 Jade (3 unu) fe

N13UsEIUAMUANAIMINATYINIVOUMA S (Economic Viability: wnu E 1 3 52AUednIs
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AIARUIN N ANTIBENINAATIZIRIUTNANAN TUAIBE19MzNaUNIStITIUInNU U NeUa Ry

G o Hematite/ |Monazite- Rutile-
UIAUNTIU Ilmenite] Garnet Tourmaline] Zircon Cassiterrite] Thorite | Amphibole | Schelite | Epidote | Pyrite | spinel
ﬁuﬁ Iron oxide | Xenotime anatase
(@/m") @m) | @m) | @m) | @) | @m) | @m) | @m) | @m) | @m) | @m) | @) | @m) | @m) ] @m)
Unuudwiinildannisseudiesiufiuunsioy Udanns 10 dns
usidu-uaivhvans 60.00 243 - 17.78 - 1.08 8.07 1.45 - - - - 5.86 - -
usidu-uaivhvans 130.00 - 15.89 - - 1.70 3.81 - - - - - - 108.60 -
usidu-uaivhvans 20.00 - - 1.18 - 3.28 0.74 - - - - 6.30 1.79 131 -
usidu-uaivhvans 31.86 1.73 - 11.52 367 12.03 - - - - - -
usidu-uaivhmang 140.00 4.94 - 47.05 57.33 - - - - 2.38 - -
usidu-uaivhvans 35.75 - - 15.37 10.8 - - - - 0.94 - -
usidu-uaivhvang 29.93 7.01 - 10.02 6.98 - - - - - -
waldu-uaivhvans 70.00 23.40 ) 8.93 27.19 S - S . 1.69 . -
ualdu-usivhvans 43.88 12.19 . 11.62 14.57 - . . - . -
usidu-uaivlmang 50.00 15.62 - 12.41 2.77 12.96 - - - - 3.32 - -
usidu-uaivimang 38.55 8.29 ) 7.90 4.41 14.44 - - - - -
usidu-uaivlmang 80.00 16.89 - 24.15 8.98 25.22 = = = e = s
usidu-uaivlmang 120.00 33.18 - 2222 52.86 - - . - .
waldu-uaivhvans 100.00 31.48 - 15.01 44.65 - - - - -
usidu-uaivlmang 6198 16.30 2 9.33 347 29.21 = = = = -
waldu-uaivhvans 59.07 17.99 - 8.69 323 27.22 - - - - -
usidu-uaivlmang 26.37 9.39 - 2.56 0.86 12.02 2 0.79 e . -
waidu-uaivhvans 80.00 17.57 0.73 838 467 34.98 - - - 7.62 -
waldu-usivvans 59.95 9.75 18.60 3.46 22.66 - - - -

€9
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v L Hematite/ |Monazite- Rutile-
UIAUNTIY Ilmenite| Garnet Tourmaline] Zircon Cassiterrite] Thorite | Amphibole | Schelite | Epidote | Pyrite | spinel
ﬁuﬁ Iron oxide | Xenotime anatase
(g/m) @m) | @m) | @) | @m) | @m) | @m) | @m) | @m) | @m) | @m) | @m) | @m) [em)] @md)
VsnuwiuinifldarnnisieuiBesiu/suunsiing Uuns 10 dns
usidu-usifhans 110.00 11.72 3351 9.97 1.56 46.65 - - - - - - -
usidu-uaifhvans 97.15 10.72 30.65 11.40 - 32.00 - - - - - - -
waldu-usirvans 80.00 8.53 28.46 38.21 - - - - -
waldu-usirvans 460.00 248.72 94.90 - 74.29 - -
usidu-usivhvans 60.00 13.41 1599 - 20.03 3.01 - - - - - -
usidu-uairhvaas 90.00 10.93 10.42 - 14.53 32.63 4.90 - - - - 3.95 -
usidu-uairhmans 70.00 8.63 8.23 5.74 25.80 3.87 - - - - 3.12 -
usidu-usifhmans 70.00 2.44 7.74 - 2.70 40.39 3.64 - 2.93 -
usidu-usifhvans 110.00 3.83 2.50 8.69 69.00 2.34 - - - - 4.73 -
usidu-usithvans 9.12 2.62 2.00 0.56 0.35 1.57 0.47 - - - - - 0.11 -
usidu-uairhmans 14.04 1.58 151 135 2.10 4.72 1.42 0.47 - - - -
usidu-usifhmans 9.12 0.52 0.98 1.64 2.05 3.08 0.46 0.15 - - - - -
usidu-usifhvans 1.64 0.19 0.19 0.21 0.32 0.39 0.17 - - - - - - -
usidu-usirhvans 10.32 2.30 2.19 1.19 1.15 2.29 0.52 - - - - - - -
waidu-waihvans 2292 2.63 376 279 437 5.23 1.88 0.78 - - - - -
waidu-uairvans 1.62 0.10 0.27 0.20 0.38 0.47 0.09 - - - - -
usidu-usifhvans 43,60 2.19 - = 41.41 - - - = - - -
usidu-usifhvans 62.48 6.10 - 51.01 2.84 - - - - - -
waldu-uaifvans 50.30 49 = 41.06 2.29 > - ) 2 = S

b9



1 a ¢ 1 s 14 Y 1 2 A A 4 & v
N1ANUIN N (7d) AN59UERINAALATIZRLSHENANAT TUA g9z na UMV INNLLI e U 9AU

5 Hematite/ |Monazite- Rutile-
UIAUNGIN Ilmenite| Garnet Tourmaline] Zircon Cassiterrite] Thorite | Amphibole | Schelite | Epidote | Pyrite | spinel
A Iron oxide | Xenotime anatase
(g/m) @m) | @m) | @md) | @m) | @m) | @m) | @m) | @m) | @m) | @m) | @m) | @m) | em) ]| @m)
Unuudwiindldanmssoudestiuiuunsion Uins 10 8ns
uaidu-usrvas 65.85 . = 6.49 - - 54.21 - 2.02 - - - - -
uaidu-usvvas 60.59 - - 8.97 - - 46.84 - 1.85 - - - - -
usidu-usifmaas 84.34 - . 1.64 77.16 . 2.55 - . - - -
uaidu-uir e 96.62 z 2 1.89 = 0.66 89.8 z 1.47 g = 2 < -
usidu-usifmaas 36.37 9.70 - 555 - - 15.45 3.48 - - - - - -
usidu-usirmaas 30.17 6.54 - 312 16.28 1.47 - - - - - -
waidu-usinmaas 25163 - - 29.57 3299 103.12 77.20 < < = < - - -
usidu-usifmaas 13.04 0.74 - 5.66 0.79 - 3.69 - - - - - - -
usidu-usirmaas 3.79 0.41 - 232 0.22 - 0.61 - - - - - - -
usidu-usdvans 4539 - - 28.54 - - 12.41 - - - - - - -
usidu-usifmaas 2503 1.32 - 17.68 - 5.28 - - - - - - -
usidu-usirmaas 7.18 . . 392 . - 2.04 . . - - - - -
usidu-usddvans 17.17 s = 7.29 = = 7.61 < - - g - - )
usidu-usvvans 36.30 . . 1545 . 16.13 - - - - . - -
usidu-usirvaas 3393 = = 14.48 = = 15.12 s = = = = = 5
usidu-usdhvans 12.00 - 5.13 5.36 . . - . . . .
usidu-usdhvans 7.00 = 2 3.42 = z 3.58 2 = Z = z = =
usldu-usifmaas 15.00 - - 6.73 - 0.55 6.53 - - - - 0.12 - -
usidu-usiHmaas 41.00 14.67 - 12.78 0.45 - 12.52 - - - 0.28 - 0.30 - -
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e Hematite/ |Monazite- Rutile-
UIAUNSIN Ilmenite| Garnet Tourmaline] Zircon Cassiterrite] Thorite | Amphibole | Schelite | Epidote | Pyrite | spinel
«ﬁ it Iron oxide | Xenotime anatase
(g/m’) @m) | @m) | @) | @m) | @m) | @m) | @m) | @m) | @md) | @m) | @m) | @m) | @m) ] @md)
Unuusuinitldarnnisauiesiu/siuunsting Uiuns 10 8ns
usidu-usifmans 29.00 10.38 - 9.05 0.32 - 8.86 - - - - - 0.21 - -
uaidu-usirmana 39.00 14.13 = 11.55 = z 12.09 - - - - - - - -
usldu-usifmans 30.00 11.22 6.73 9.58 - - - 0.47 - -
usidu-usifvans 23.00 8.23 = 6.73 - 7.50 . - - - - - - -
uaidu-usirvana 35.00 5.54 < 8.81 . . 18.40 . . - i . 0.27 = -
usidu-usifmans 44.00 13.57 - 8.63 0.48 20.27 - - - - -
usidu-usifvans 18.00 3.71 - 4.42 0.20 - 9.24 - - - - - - - -
usidu-usivvans 19.00 4.90 s 374 = - 9.76 2 e > - e 0.14 = -
usidu-usifvans 24.00 4.95 - 5.89 0.26 12.31 - - - - - - -
usidu-usifmans 20.69 0.62 - 0.40 9.90 0.69 8.24 - - 0.47 - - - - -
usidu-usirvans 29.39 0.27 - 139 13.35 0.39 13.07 - . 0.33 = - 0.21 - -
usidu-usifvans 19.49 0.25 - 0.38 851 0.93 8.57 - 0.11 - - - - -
usidu-usifvans 32.20 0.33 - 0.63 13.99 1.53 14.73 - - - - - - - -
uaidu-usirmans 2701 . 0.53 12.52 0.93 11.16 - - - - - . ; -
usidu-usifvans 30.37 0.63 - 1.50 15.10 2.10 9.42 0.28 - - - - - - -
usidu-usifvans 29.71 - - 0.86 19.15 0.60 7.47 - - - - - - - -
uaidu-usinvana 41.19 = s = s e e z = = & z s
usidu-uslsvana 2358 . -
uaidu-usimana 34.45 = = = s = = = e s s e = s -
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S Hematite/ |Monazite- Rutile-
WIAUNGIU Ilmenite] Garnet Tourmaline] Zircon Cassiterrite] Thorite | Amphibole | Schelite | Epidote | Pyrite | spinel
«ﬁ'uﬁ' Iron oxide | Xenotime anatase
(gm) @m) | @m) | @m) | @m) | @m) | @m) | @md | @m) | @md | @m) | @m) | @) | @m) ] @m)
Vnuwiuinifldarnnisteudesiiu/duunsion Uiuns 10 dns

Avedud-wiase 80.00 - 8.86 - 24.71 37.01 6.66 2.75 - - - - - -
Ansdud-wiase 40.00 - 2.18 4.86 9.10 13.63 10.23 - - - - - -
Avedud-wiase 60.00 - - 8.62 16.17 14.53 - 2.40 - - - - -
Avsdud-wiase 70.00 2.41 - 153 8.53 18.66 27.95 7.19 2.37 - - - - - -
Austudr-wiass 110.00 - 4.10 15.25 25.73 28.55 3.86 4.24 - - - -
Avsdud-wiase 20.00 - - - 6.08 4.56 6.37 1.02 0.68 - = - - - -
Avsdud-wiase 20.00 - - 1.10 4.92 5.38 6.91 1.04 - - - - - - -
Anstutr-wiane 72.76 8.63 4.11 2.75 29.83 17.19 3.87 6.38 - -
Avsdud-wiase 34.42 2.22 - 2.11 11.79 8.83 1.99 1.97 - - - - - -
Ansdudr-wiase 19.92 5.31 - 3.04 0.71 9.52 0.38 - - - - - -
Aoedud-wiase 90.00 10.67 10.18 17.03 7.09 26.57 0.95 - -~ . - -
Ansdud-wiase 40.00 4.58 - 437 731 3.05 11.41 4.11 - - - - - - -
Ansdud-wiase 100.00 33.52 - 10.66 17.83 5.94 11.13 5.01 3.31 - - - - -
Avedud-wiase 1076 - - 1.29 143 0.90 4.03 - - - - - - - -
Ansdud-wiase 37.72 - - 7.96 8.88 1.39 14.54 - - - - - - -
Anstwt-wiane 354.85 - 49.54 - 207.27 - 23.31 - - -

Avsdud-wiase 1131.57 - - 158.87 - 775.24 - - - - - - - - -
Ansdud-wiase 1310.85 - - 183.39 - 959.15 - - - - - - - - -
Aoedud-wiase 780.29 @ s 55.95 = 585.22 = = = = = = s
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T Hematite/ |Monazite- Rutile-
UIAUNTIY Ilmenite| Garnet Tourmaline| Zircon Cassiterrite] Thorite | Amphibole | Schelite | Epidote | Pyrite | spinel
A Iron oxide | Xenotime anatase
(g/m’) @m) | @m) | @m) | @n) | @m) | @md) | @m) | @m) | @md | @m) | @m) | @m) | em) | @md
Vnuuduinitldannisteudesdu/siunnsiing Uiuns 10 das

Apadd-uiase 1721.80 - 75.24 - 1310.12 - - - - - -
Auadidh-wiase 320.67 = 1398 = 244.00 - - - =

Auaddh-wiase 44.60 9.48 452 7.56 3.15 9.44 4.25 3.51 - - -
Auadd-wiase 36.01 7.86 375 4.18 2.61 7.83 3.53 2.91 = - -
Apstudr-wlase 62.05 6.84 6.52 1091 9.10 13.63 6.14 5.06 - - -
Apstndr-wlase 94.32 17.04 10.84 12.09 18.89 22.64 - - - - -
Aetndr-wlase 54.73 6.54 935 6.96 10.87 13.03 - 0.97 - - -
Apadd-wiase 94.45 11.03 10.52 1173 22.00 32.95 - - - -
Auadidh-wiase 159.06 19.06 18.16 2028 38.02 47.43 - - - -
Wowwau-Wowe-daadods 600.00 - 4296 - 419.64 - 16.20 - 19.56 - -
Wowau-Wowe-doadods 490.00 - - - 301.15 - 33.86 - - 27.29 - -
Woswau-Powe-doadods 220.00 - - - 161.35 - - - - E - - -
Wowau-Powe-doadods 400.00 - 29.24 - 244.76 - - - - - - 22.20 - -
Wowau-Fowee-Goadods 850.00 - - - 42.50 . - - - 555.14 - -
Wowau-Wowe-Gaadods 48.85 13.61 5.19 1.81 13.55 2.44 2 = )
Wowau-Wowe-daadeods 3.20 . 035 0.79 0.05 1.30 - - ’ 0.08 - .
Wowau-Wowe-daadods 7.85 - 241 - - 2.02 0.45 - - - - -
Wowau-Wowe-doadods 38.79 13.89 757 633 9.88 - - - - -
Weuau-Tawe-loaTads 2195 3.59 571 2.55 0.80 5.48 2.15 - - . - - - -
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5. Hematite/ fMonazite- Rutile-
UIAUNSIU Ilmenite] Garnet Tourmaline] Zircon Cassiterrite] Thorite | Amphibole | Schelite | Epidote | Pyrite | spinel
ﬁ’uﬁ Iron oxide | Xenotime anatase
() @m) | @m) | @m) | @m) | @m) | @m) | @m) | @md) | @m) | @m) | @m) | @m) | @m)] @md
Uhnuwsuinifldarnnsieudesdufuunsion Uuas 10 das
Wowau-Powee-doadods 19.03 2.14 . 7.15 2.28 0.71 3.20 0.96 - - - - 0.77 - -
Bowau-Towesidoadod 14.60 1.18 - 483 0.54 0.34 5.04 - - - - - 0.24 - -
Foauau-Foes-ioadads 60.00 6.88 . 16.40 3.66 4.57 20.54 - - - - - - - -
Fawau-Fowes-daadesds 80.00 4.74 . 27.13 5.05 3.15 18.89 4.26 - - - - 3.43 - -
Foauau-Foweioadad 70.00 - . 3131 437 20.43 - - - - - - - -
Fowau-Fowee-daadods 9.93 2.30 . 1.65 - 0.61 2.87 1.03 - - - - 0.17 - -
Fowau-oweedaadods 43.78 7.72 E 491 547 3.42 10.24 4.61 - - - - - - -
Weowau-Fowe-daadods 3.08 - - 0.81 - 0.98 0.42 - - - - - - - -
Wowau-Powerdaadods 20.00 2.39 E 2.28 381 1.59 4.76 0.64 - - - - 0.35 - -
Wawau-Fowes-daadas 29.66 1.83 - 6.97 1.95 4.86 7.28 0.98 - - - - 0.53 - -
Wowau-ome-daadods 150.00 - - 10.31 - 57.47 32.27 - - - - - - - -
Fawau-Fowes-aadeds 18.15 1.95 . 372 5.19 0.39 4.86 . - - - - 0.28 - -
Wowau-Fomee-Gaadods 80.00 4.99 - 19.03 530 13.27 14.91 . - - - - - 531 -
Fauau-Fowes-aados 60.00 10.23 . 16.27 2.18 2.27 20.38 - - - - - 0.99 - -
Wowau-omee-Gaadods 23.29 3.80 - 8.47 270 - 5.81 - - - - - 0.37 - -
Wowau-Powedoados 50.00 18.26 . 9.95 833 - 10.39 - - - - - - - -
Wowau-Fowee-daadods 60.00 24.74 1.54 17.70 - 1.24 14.78 . - - - - - -
Foawau-Fowes-ioadads 100.00 28.28 4.69 21.58 12.04 376 16.90 - - - - - - - -
Weawau-Fowe-aadods 80.00 21.83 - 12.50 9.29 2.90 26.09 - - - - - - - -

69



1 a ¢ 1 LY 14 Y 1 2 A A 4 & v
N1ANUIN N (§d) ANS9LERINAALATIZRLSHENANA1 TUA g9z na UM IRUNNLLI e U 9A U

.o Hematite/ fMonazite- Rutile-
UIRUNGIN Ilmenite] Garnet Tourmaline] Zircon Cassiterrite] Thorite | Amphibole | Schelite | Epidote | Pyrite | spinel
«;ﬁ' i Iron oxide | Xenotime anatase
m) @m) | @m) | @m) | @m) | @m) | @m) | @m) | @m) | @m) | @m) | @m) | @m) | @em)| @m)
Vnuwswinitldannistaudecdu/siunnsiiog Uiuns 10 dns
Wowau-@owes-doadode 100.00 16.71 5.14 2293 3.58 42.93 - - -
Wowau-@owes-doadeds 3255 6.94 - 12.92 0.69 8.64 - - - - - -
Wasau-Fowas-doadeoed 20.00 3.39 - 432 361 2.26 4.51 - - - - - -
Waau-Fowas-doadeds 30.00 6.72 1.40 4.81 7.15 112 5.02 - . - - - -
Wowau-@owes-doadots 28.45 3.62 691 7.22 - - - -
Wowwau-Wowes-doadeis 80.40 15.03 - 19.11 - - 19.96 - - - - - -
Wasuau-Fowas-doadeods 39.63 4.87 - 9.29 259 1.62 9.70 - - - - - -
Wowau-Fowes-doadoe 28.25 1.78 6.78 1.89 1.18 7.08 - - -
Wowau-Wowes-doadods 125.39 - - 3259 9.09 5.68 17.02 - - - - - -
Wowau-Wowes-doadois 54.80 6.95 - 9.94 3.69 . 13.83 - - - - - -
Wasuau-Foweas-doadeod 73.42 13.87 - 13.22 4.92 3.07 13.81 - - - - - -
Wowwau-@owes-doadods 14.41 2.75 438 0.98 0.24 - - 0.54 -
Wowau-@owes-doadods 40.59 7.83 4.98 - 1.74 10.40 - - - -
Wasuau-Fowas-doadoeds 63.41 4.60 - 13.16 - - 4.59 - - - - - -
Wowau-Fowes-doadoe 29.58 3.92 - 374 2.08 - 5.85 - - - -
Wowau-Fowes-doadote 18.60 1.30 1.24 1.38 - 3.88 - - - -
Wowau-Wowes-doadeode 1843 - - 351 1.30 . 4.89 - - - - - -
Wowau-Wowes-doadeis 66.17 - - 12.95 4.82 . 13.52 - - - - - -
Waau-Fowes-doaded 112.35 7.49 - 21.44 15.94 - 7.46 6.72 - - - - -
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e Hematite/ |Monazite- Rutile-
B WIAUNTIU Ilmenite] Garnet . . Tourmaline] Zircon Cassiterrite] Thorite | Amphibole | Schelite | Epidote | Pyrite | spinel
AU Iron oxide | Xenotime anatase
(@/m) @) | @m) | @m) | @m) | @m) | @m) | @m) | om) | @m) | @md) | @m) | @m) | @m)]| @m)
Vnuuwiuiinitldarnnisteudesiiu/duunsion Uiuns 10 dns

Wowau-PFowe-doados 1743 1.12 - 534 - - 4.46 - - - - - - -
Wowau-Fowa-doadods 2551 - - 19.07 - - 3.53 - - - - - -
Wowau-Fowes-doadofs 18.07 - - 11.40 - - 2.16 - - - - - - -
Wowwau-Fowe-dsadeds 14.70 - - 10.52 - - 1.69 - - - - - - -
Wowau-Fowes-doadods 9.81 - 6.18 - - 1.17 - - - - -
Wowau-Fowe-doadods 781 - - 5.59 - - 0.90 - - - - - - -
Weowau-Foswas-daadeeds 730 - - 4.69 - - 1.63 - - - - - - -
Wowau-Fowes-doados 293 - - 146 - 0.05 0.85 - - - = < < :
Weowau-Faswas-aadaeds 49.25 2.61 - 34.80 - - 10.38 - - - - - - -
Weowau-Fowas-doadeeds 19.83 0.42 - 14.01 0.45 - 4.30 - - - - 0.30 - -
Wowau-Fowes-doados 29.44 - - 8.96 - - 18.7 - - - - - - -
Weowau-Fowas-doadeeds 22.88 - - 10.28 - - 11.93 - - - - - - -
Wauau-Fowes-iioados 118.26 - - 66.73 - - 44.35 - - : - - - -
Wowau-Powas-doadofs 155.02 - - 64.69 - - 75.99 - - - - - - -

Weowau-Fowa-doadesds 172.20 - - 108.11 - - 28.22 - - - - - - 30.55

Wowau-Fowes-doadods 366.42 . - 191.42 - . 59.95 -~ 17 - - - - 81.16
Wowau-Fowe-doadods 37.00 4.18 - 26.07 - - 1.26 - - - - - - -
Weowau-Fowas-daadaeds 245.00 27.86 - 172.65 - - 8.33 - - - - - - -

1.
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AARUIN Y AT1IEENINAIATIZAATIUS IS IeInsauluR g R/ AunuasRuaadisiuain

NuMdmuelaediu

As| ciA
No. Fae81e TREYs | LREE | HREY | %LREE | %HREY | ALO,/(Na,O | 100*ALO,/(ALO,+
+K,0+Ca0) Na,0+K,0+Ca0)
naAnTziafifnegnsfu/Auunstaniuiiusfu-usithmans

1 CR 002 SoC (1) S 361.24 279.23 82.01 77.30 2270 5.04 83.43
2 CR 002 SoC (2) WSR-WR 508.79 339.76 169.03 66.78 33.22 3.75 78.94
3 CR 002 SoC (3) WS 457.77 356.46 101.31 77.87 22.13 4.48 81.74
4 CRO15Pt(1)S 414.02 359.61 54.41 86.86 13.14 30.29 96.80
5 CR 015 Pt (2) S-WS 354.25 297.12 57.13 83.87 16.13 20.60 95.37
6 CR 015 Pt (3) WS 357.89 302.76 55.13 84.60 15.40 17.50 94.60
7 CR 015 Pt (4) WS 378.75 324.89 53.86 85.78 14.22 43.87 97.77
8 CR 015 Pt (5) WS 361.43 312.85 48.58 86.56 13.44 43.80 97.77
9 CR 015 Pt (6) WS-WSR 324.21 280.04 44.17 86.38 13.62 17.68 94.65
10 CR 015 Pt (7) WS-WSR 328.77 282.48 46.29 85.92 14.08 44.47 97.80
11 CRO16 Pt (1) S 401.25 373.69 27.56 93.13 6.87 58.48 98.32
12 CRO16 Pt(2) S 407.90 380.53 27.37 93.29 6.71 56.43 98.26
13 CR 016 Pt (3) WS 342.93 314.64 28.29 91.75 8.25 57.87 98.30
14 CR 016 Pt (4) WS 272.50 250.94 21.56 92.09 791 74.66 98.68
15 CR 016 Pt (5) WS 220.31 203.68 16.63 92.45 7.55 78.26 98.74
16 CR 016 Pt (6) WS 250.34 231.89 18.45 92.63 137 59.64 98.35
17 CR 016 Pt (7) WS 220.48 200.78 19.70 91.06 8.94 58.18 98.31
18 CRO17Pt(1)S 42243 376.84 45.59 89.21 10.79 30.35 96.81
19 CRO17Pt(2) S 366.98 326.97 40.01 89.10 10.90 34.52 97.18
20 CR 017 Pt (3) WS 408.59 371.83 36.76 91.00 9.00 40.52 97.59
21 CR 017 Pt (4) WS 366.72 332.06 34.66 90.55 9.45 38.75 97.48
22 CR 017 Pt (5) WS 335.32 300.96 34.36 89.75 10.25 31.87 96.96
23 CR22S0C(1)S 415.20 321.77 93.43 77.50 22.50 14.66 93.61
24 CR22S0C(2)S 370.23 274.95 95.28 74.26 25.74 9.72 90.67
25 CR23Pt(1)S 400.14 305.89 94.25 76.45 23.55 7.07 87.62
26 CR23Pt(2)S 415.39 318.27 97.12 76.62 23.38 5.78 85.26
27 CR23 Pt (3) WS 396.79 305.85 90.94 77.08 22,92 593 85.56
28 CR 23 Pt (4) WS 328.65 261.01 67.64 79.42 20.58 5.02 83.40
29 CRO40 Pt (1) S 403.49 345.05 58.44 85.52 14.48 531 84.16
30 CRO40 Pt (2) S 444.60 377.34 67.26 84.87 15.13 4.20 80.76
31 CR 040 Pt (3) S 494.81 42591 68.90 86.08 13.92 5.02 83.38
32 CR 040 Pt (4) S-WS 676.39 592.82 83.57 87.64 12.36 6.64 86.90
33 CR 040 Pt (5) WS 888.70 807.90 80.80 90.91 9.09 7.07 87.61
34 CR 040 Pt (6) S-WSS 465.32 402.70 62.62 86.54 13.46 5.03 83.41
35 CR 040 Pt (7) S-WSS 626.38 536.02 90.36 85.57 14.43 5.25 84.01
36 CR044 Pt (1) WS-WSR 261.62 248.06 13.56 94.82 518 43.81 97.77
37 CR044 Pt (2) WS-WSR 207.56 193.21 14.35 93.09 6.91 39.34 97.52
38 CR044 Pt (3) WS-WSR 328.2 315.29 12.91 96.07 3.93 46.49 97.89
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marwIn ¥ (519) MsnansradiaszAaiivsinasnmensuludegefu/dunuasiuaaiiviu

NNUMT 8 U9dY

ASI CIA
No. A29819 TREYs | LREE HREY %LREE | %HREY | AL,0./(Na,O 100*AL,0,/(AL,O,+
+K,0+Ca0) Na,O+K,0+Ca0)
39 | CRO44 Pt (4) WS-WSR 167.97 154.89 13.08 92.21 7.79 49.05 98.00
40 | CRO44 Pt (5) WS-WSR 238.04 | 224.15 13.89 94.16 5.84 71.52 98.62
41 | CRO44 Pt (6) WS-WSR 231.87 | 218.26 13.61 94.13 5.87 83.53 98.82
42 | CRO44 Pt (7) WS-WSR 287.68 | 269.76 17.92 93.77 6.23 63.89 98.46
43 | CRO49Pt(1)S 259.14 | 237.07 22.07 91.48 8.52 28.89 96.65
44 | CRO49PL(2)S 308.42 | 284.49 23.93 92.24 7.76 40.12 97.57
45 | CRO49Pt(3)S 321.42 | 294.98 26.44 91.77 8.23 3831 97.46
46 | CRO49Pt(4) S 219.12 196.17 22.95 89.53 10.47 22.85 95.81
47 | CR049 Pt (5) S-WSS 248.42 220.9 27.52 88.92 11.08 19.10 95.02
48 | CR 049 Pt (6) S-WSS 274.82 | 24572 29.1 89.41 10.59 8.71 89.71
49 | CR049 Pt (7) WSS 199.93 175.26 24.67 87.66 12.34 14.65 93.61
50 | CRO049 Pt (8) WSS 182.87 161 21.87 88.04 11.96 17.39 94.56
51 | CRO049 Pt (9) WSS-WS 215.69 192.32 23.37 89.17 10.83 21.45 95.55
52 | CR049 Pt (10) WS 255.73 | 232.76 22.97 91.02 8.98 26.68 96.39
53 | CR049 Pt (11) WS 260.28 | 237.74 22.54 91.34 8.66 34.87 97.21
54 | CR049 Pt (12) WS 220.42 199.88 20.54 90.68 9.32 38.58 97.47
55 | CRO049 Pt (13) WS 240.03 | 217.83 22.2 90.75 9.25 33.26 97.08
56 | CR049 Pt (14) WSR-WR 374.76 311.53 63.23 83.13 16.87 574 85.15
57 | CRO57Pt(1)S 436.34 | 376.11 60.23 86.20 13.80 23.40 95.90
58 | CRO57 Pt (2) WSS 501.98 | 428.98 73 85.46 14.54 23.14 95.86
59 | CRO57 Pt (3) WSS 497.15 | 421.02 76.13 84.69 15.31 14.46 93.53
60 | CRO57 Pt (4) WSS 421.66 | 349.96 71.7 83.00 17.00 25.39 96.21
61 | CRO57 Pt (5) WSS 365.11 303.86 61.25 83.22 16.78 33.04 97.06
62 | CRO57 Pt (6) WSS 345.8 | 286.91 58.89 82.97 17.03 26.50 96.36
63 | CRO57 Pt (7) WSS 343.03 | 289.84 53.19 84.49 15.51 21.81 95.62
64 | CRO57 Pt (8) WSS 358.06 | 304.78 53.28 85.12 14.88 16.50 94.29
65 | CRO57 Pt (9) WSS 284.62 | 241.18 43.44 84.74 15.26 26.27 96.33
66 | CRO057 Pt (10) WSS 350.98 | 303.54 47.44 86.48 13.52 16.68 94.34
67 | CRO059 Pt (1) WSS 441.06 | 330.23 110.83 74.87 25.13 7.82 88.66
68 | CR 059 Pt (2) WSS 450.18 | 338.53 111.65 75.20 24.80 7.15 87.73
69 | CR059 Pt (3) WSS 406.63 | 304.77 101.86 74.95 25.05 6.62 86.87
70 | CRO059 Pt (4) WSS 400.95 302.7 98.25 75.50 24.50 5.88 85.48
71 | CRO059 Pt (5) WSR-WS 350.92 250.3 100.62 71.33 28.67 4.81 82.78
72 | CRO059 Pt (6) WSR-WS 321.49 | 220.17 101.32 68.48 31.52 3.87 79.48
73 | CRO059 Pt (7) WSR 270.96 176.81 94.15 65.25 34.75 3.55 78.03
74 | CRO064 Pt (1) So-S 447.29 | 366.62 80.67 81.96 18.04 493 83.14
75 | CRO64Pt(2)S 481.44 | 392.35 89.09 81.50 18.50 5.07 83.52
76 | CRO64Pt(3)S 401.17 328.8 72.37 81.96 18.04 4.96 83.23
Aade 360.13 | 305.58 54.55 85.49 14.51
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No. faagne TREYs | LREE | HREY | %LREE | %HREY | ALO,/(Na,O | 100*ALO,/(ALO,
+K,0+Ca0) | +Na,0+K,0+Ca0)
admsziadiflegtsiuunslaannuiusidu-udninang
1 | CRO14RK 24211 | 1914 | 50.71 79.05 20.95 1.03 50.77
2 | crRO15RK 27527 | 22338 | 51.89 81.15 18.85 127 56.00
3 | crRO18 RK 27288 | 22323 | 49.65 81.81 18.19 111 52.59
4 | CRO19 Rk 25263 | 21007 | 42.56 83.15 16.85 0.99 49.87
5 | CRO21RK 177.49 | 12001 | 57.48 67.62 32.38 1.09 52.21
6 | CRO24 Rk 17.94 8.49 9.45 47.32 52.68 0.71 41.41
Aady 20639 | 16276 | 43.62 73.35 26.65
adTziafifnegnsiu/Auunstaniuiissuti-uisse
1 | CROOSPL(1)S 30229 | 24021 62.08 79.46 20.54 20.20 95.28
2 | crROOBPL(D)S 364.76 | 29926 | 6550 82.04 17.96 23.62 95.94
3 | CROOBPE(3)S 41737 | 34897 |  68.40 83.61 16.39 20.29 95.30
4 | CROO08 Pt (4) SWSS 37264 | 31262 | 60.02 83.89 16.11 17.89 94.71
5 | CROOSPt(B5)WSSWS | 31934 | 26250 | 56.84 82.20 17.80 15.80 94.05
6 | CRO08 Pt (6) WS 389.41 | 32869 | 60.72 84.41 15.59 17.14 94.49
7| CRO08 Pt () WS 43732 | 36696 | 70.36 83.91 16.09 17.19 94.50
8 | cRO11SOC(1)'S 25461 | 18395 |  70.66 72.25 27.75 46.01 97.87
9 | CrRO11S0C(2)'S 27569 | 20262 | 73.07 73.50 26.50 46.36 97.89
10 | CRO11SoC B)WS-WSR | 23347 | 16449 |  68.98 70.45 29.55 32,92 97.05
11 CR 011 SoC (4) WS-WSR 470.56 353.69 116.87 75.16 24.84 16.15 94.17
12 | CRO11SoC (B)WSWSR | 41622 | 323.44 | 9278 77.71 22.29 13.67 93.18
13 | CRO11SoC () WS-WSR | 40247 | 26221 | 140.26 65.15 34.85 72.52 98.64
14 CR 030 SoC (1) WS-WSR 323.14 259.17 63.97 80.20 19.80 3.40 77.28
15 CR 030 SoC (2) WSR-WR 300.70 | 235.24 65.46 78.23 21.77 2.15 68.25
16 | CRO38 Pt (1) WSR 5580 | 34.63 | 21.17 62.06 37.94 582 85.34
17 | CRO38 Pt (2) WSR 70.88 | 4500 | 2588 63.49 36.51 532 84.18
18 | CRO38 Pt (3) WSR 7727 | 4651 30.76 60.19 39.81 599 85.69
19 | CRO38 Pt (4) WSR 89.50 | 5527 | 34.23 61.75 38.25 6.35 86.39
20 | CRO038 Pt (5) WSR 67.80 | 37.09 | 3071 54.71 45.29 5.11 83.64
21 | CRO038 Pt (6) WSR 76.60 | 49.17 |  27.43 64.19 35.81 522 83.93
22| CR039 Pt (1) WSS 24845 | 20309 | 4536 81.74 18.26 52.33 98.12
23 | CRO039 Pt (2) WSS 22545 | 18826 | 37.19 83.50 16.50 30.71 96.85
24 | CRO039 Pt (3) WSS 23282 | 19073 |  42.09 81.92 18.08 37.27 97.39
25 | CR039 Pt (4) WSS 28030 | 23836 | 41.94 85.04 14.96 44.16 97.79
26 | CRO39 Pt(5)WSS-WS | 234.46 | 193.78 |  40.68 82.65 17.35 59.93 98.36
27 | CR039 Pt (6) WS 24268 | 194.71 47.97 80.23 19.77 58.76 98.33
28 | CR039 Pt(7) WS 29044 | 23556 | 54.88 81.10 18.90 51.07 98.08
ALade 266.87 | 209.15 | 57.72 75.53 24.47
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ASI cIA
No. faogns TREYs | LREE | HREY | %LREE | %HREY | ALOy(Na,0 | 100*ALO./(ALO,
+K,0+Ca0) | +Na,0+K,0+Ca0)
WadlAs1zilalinadsiuLnsinganuiiesdd-usidsae
1 CR 004 Rk 299.31 206.83 92.48 69.10 30.90 1.10 52.44
2 CR 007 Rk 308.65 238.62 70.03 77.31 22.69 1.10 52.32
3 CR 009 Rk 361.47 257.14 104.33 71.14 28.86 1.08 52.03
q CR 012 Rk 186.96 132.44 54.52 70.84 29.16 1.11 52.50
5 CR 029 Rk 260.68 213.42 47.26 81.87 18.13 1.08 51.99
6 CR 030 Rk 314.26 246.98 67.28 78.59 21.41 1.08 52.00
ﬂl"ILQgEJ 288.56 21591 72.65 74.81 25.19
waAlaszviiadidaegnsdu/Auunslaniufiduau-Fesvas-Boadete
1 CR 025 Pt (1) WS-WSR 21.37 11.85 9.52 55.45 44.55 1.63 61.95
2 CR 025 Pt (2) WS-WSR 21.04 10.86 10.18 51.62 48.38 1.90 65.48
3 CR 025 Pt (3) WS-WSR 21.95 11.28 10.67 51.39 48.61 1.52 60.35
4 CR 025 Pt (4) WS-WSR 24.57 14.01 10.56 57.02 42.98 1.52 60.30
5 CR 025 Pt (5) WS-WSR-WR 22.72 13.01 9.71 57.26 42.74 1.61 61.63
6 CR 028 Soc S 387.73 312.55 75.18 80.61 19.39 7.98 88.87
7 CR 031 SoC (1) WSR-WR 345.19 297.67 47.52 86.23 13.77 5.75 85.18
8 CR 031 SoC (2) WSR-WR 318.40 267.20 51.20 83.92 16.08 6.23 86.18
9 CR 035 Pt (1) WSS-WS 351.26 291.12 60.14 82.88 17.12 13.33 93.02
10 CR 035 Pt (2) WSS-WS 458.65 386.40 72.25 84.25 15.75 12.68 92.69
11 CR 035 Pt (3) WSS-WS 519.65 438.47 81.18 84.38 15.62 14.61 93.59
12 CR 035 Pt (4) WS 476.57 402.14 74.43 84.38 15.62 10.98 91.65
13 CR 035 Pt (5) WS-WSR 397.78 332.45 65.33 83.58 16.42 7.48 88.21
14 CR 035 Pt (6) WS-WSR 369.07 323.10 4597 87.54 12.46 3.80 79.19
15 CR 035 Pt (7) WS-WSR 304.74 259.50 45.24 85.15 14.85 3.84 79.36
16 CR 036 Pt (1) S 277.62 227.65 49.97 82.00 18.00 8.14 89.06
17 CR 036 Pt (2) S 238.85 175.24 63.61 73.37 26.63 6.71 87.03
18 CR 036 Pt (3) S-WSR 191.85 136.97 54.88 71.39 28.61 6.15 86.01
19 CR 036 Pt (4) WSR 193.10 148.23 44.87 76.76 23.24 6.22 86.15
20 CR 036 Pt (5) WSR 234.38 183.08 51.30 78.11 21.89 6.35 86.40
21 CR 036 Pt (6) WSR 166.41 125.35 41.06 75.33 24.67 6.03 85.78
22 CR 036 Pt (7) WSR 180.85 133.45 47.40 73.79 26.21 5.88 85.47
23 CR 036 Pt (8) WSR 165.83 113.56 52.27 68.48 31.52 5.49 84.60
24 CR 036 Pt (9) WSR 200.49 163.36 37.13 81.48 18.52 5.39 84.35
25 CR 036 Pt (10) WSR 224.57 170.00 54.57 75.70 24.30 5.65 84.97
26 CR037 Pt (1)S 307.69 252.36 55.33 82.02 17.98 8.27 89.22
27 CR037Pt(2) S 302.25 249.65 52.60 82.60 17.40 8.43 89.40
28 CR 037 Pt (3) S-WS-WSR 303.93 255.61 48.32 84.10 15.90 6.95 87.42
29 CR 037 Pt (4) WS-WSR 264.89 208.99 55.90 78.90 21.10 6.12 85.96
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ASI CIA
No. f79819 TREYs | LREE HREY %LREE | %HREY | Al,0,/(Na,O 100*AL,0,/(ALO,+
+K,0+Ca0) Na,0+K,0+Ca0)
30 | CRO37 Pt (5) WSR 25823 | 20423 | 54.00 79.09 20.91 5.51 84.63
31 | CRO37 Pt (6) WSR 31152 | 26540 | 46.12 85.20 14.80 5.26 84.01
32 | CRO37 Pt (7) WSR 27602 | 224.69 | 5133 81.40 18.60 5.41 84.39
33 | CRO37 Pt (8) WSR 28500 | 231.89 | 53.11 81.36 18.64 5.46 84.53
34 | CRO41Pt(1)S 383.01 | 34012 | 4289 88.80 11.20 7.22 87.83
35 | CRO4IPL(2)S 529.26 | 488.91 40.35 92.38 7.62 6.55 86.76
36 | CRO41Pt(3)S 22458 | 160.78 |  63.80 71.59 28.41 6.66 86.94
37 | CRO41Pt(®WS-WSR | 15866 | 111.04 | 47.62 69.99 30.01 8.14 89.06
38 | CRO41Pt(5)WS-WSR | 187.72 | 127.69 |  60.03 68.02 31.98 6.71 87.03
39 | CRO41Pt(6) WS-WSR | 18630 | 13573 |  50.57 72.86 27.14 8.27 89.22
40 | CRO41Pt()WSWSR | 20401 | 15557 | 48.44 76.26 23.74 8.43 89.40
41 | CRO41Pt(8)WSWSR | 18566 | 13313 | 5253 7171 28.29 7.22 87.83
42 | CRO41Pt(9)WSWSR | 23239 | 17896 | 5343 77.01 22.99 6.55 86.76
43 | CRO041 Pt (10) WS-WSR 460.90 | 41852 | 42.38 90.80 9.20 6.66 86.94
44 | CRO041Pt(11) WSWSR 34015 | 297.62 | 42.53 87.50 12.50 5.50 84.61
45 | CRO041Pt(12) WS-WSR 279.24 | 23092 | 48.32 82.70 17.30 5.06 83.50
46 | CRO041Pt(13) WS-WSR 248.43 | 20001 48.42 80.51 19.49 5.88 85.45
47 | CROA1 Pt (16) WS-WSR 303.12 | 24869 | 54.43 82.04 17.96 4.94 83.16
48 | CRO41 Pt (15) WS-WSR 26142 | 21135 |  50.07 80.85 19.15 491 83.07
49 | CR042 Soc 7889 | 6891 9.98 87.35 12.65 1243 9255
50 | CR 043 Pt (1) SW 49.79 |  36.98 12.81 74.27 25.73 116.07 99.15
51 | CR043 Pt (2) SW 139.77 | 11759 | 22118 84.13 15.87 141.10 99.30
52 | CR043 Pt (3) SW 2533 | 2053 4.80 81.05 18.95 110.84 99.11
53 | CR 043 Pt (4) SW-WSS 3237 | 24.48 7.89 75.63 24,37 91.25 98.92
54 | CR 043 Pt (5) SW-WSS 23.31 15.66 7.65 67.18 32.82 92.55 98.93
55 | CR 043 Pt (6) SW-WSS 20.18 | 20.21 8.97 69.26 30.74 107.94 99.08
56 | CRO43 Pt (7) SW-WSSWS 25.10 16.99 8.11 67.69 3231 128.47 99.23
57 | CR043 Pt (8) WS 27.83 19.42 8.41 69.78 30.22 164.70 99.40
58 | CR 045 Pt (1) WS 134.22 | 109.26 | 24.96 81.40 18.60 24.89 96.14
59 | CR 045 Pt (2) WS 13288 | 109.57 | 2331 82.46 17.54 21.70 95.59
60 | CR 045 Pt (3) WS 157.36 | 12875 | 28.61 81.82 18.18 31.89 96.96
61 | CRO045 Pt (4) WS 17009 | 14025 | 29.84 82.46 17.54 25.48 96.22
62 | CR 045 Pt (5) WS 18639 | 15247 | 33.92 81.80 18.20 22.81 95.80
63 | CR 045 Pt (6) WS 181.25 | 14752 | 3373 81.39 18.61 18.73 94.93
64 | CRO058 Pt (1) S-SSW 34.93 | 2248 12.45 64.36 35.64 62.44 98.42
65 | CR 058 Pt (2) S-SSW 42.31 26.50 15.81 62.63 37.37 62.81 98.43
Aady 216.62 | 17628 | 40.34 77.14 22.86
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No. faeghs TREYs | LREE | HREY | %LREE | %HREY | ALOy/(Na,O | 100*ALO,/(ALO,
+K,0+Ca0) | +Na,0+K,0+Ca0)
aAnTeiafifietafuunsinsaiuiifeuau-@eevas-Beadode
1 CR 032 Rk (2) 84.56 46.59 37.97 55.10 44.90 1.18 54.09
2 CR 027 Rk 221.44 174.76 46.68 78.92 21.08 1.34 57.29
3 CR 028 Rk 258.33 202.65 55.68 78.45 21.55 1.26 55.73
4 CR 034 Rk 154.14 118.77 35.37 77.05 22.95 0.98 49.47
5 CR 032 Rk (1) 180.80 137.39 43.41 75.99 24.01 1.05 51.30
6 CR 026 Rk (2) 122.65 82.89 39.76 67.58 3242 3.00 75.02
7 CR 033 Rk 112.79 88.43 24.36 78.40 21.60 0.71 41.54
8 CR 026 Rk (3) 96.59 42.66 53.93 44.17 55.83 0.78 43.71
9 CR 026 Rk (1) 157.83 124.53 33.30 78.90 21.10 3.02 75.14
F’i"lLQ?iIEJ 154.35 113.19 41.16 70.51 29.49
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1. Sample number:  CR 007 RK

Rock name: Monzogranite

Hand specimen: The rock sample has a coarse-grained crystalline texture (grain sizes average 5
mm across) and shows a porphyritic texture. The phenocrysts (sizes up to 12 mm across) are
made up of alkali feldspar which show a slightly trachytoid texture. Cutting surface was stained
to distinguish feldspars (Fig.1). This rock is made up mostly of felsic minerals, quartz (39.72
modal %), plagioclase (28.58 modal %) and alkali feldspar (24.70 modal %), with a small
amount of mafic minerals (7.00 modal %). This rock does not react with cold diluted
hydrochloric acid and is non magnetic.

Thin section: The rock sample is made up principal of quartz, plagioclase and alkali feldspar,
with a small amount of biotite as accessory mineral (Fig. 2) and very small amounts of apatite
and zircon/monazite (Fig. 3).

Quartz is anhedral(sizes up to 6 mm across) and has a consertal outline that is a
feature of a primary quartz. It is located in between other minerals and contain inclusion of
plagioclase, biotite and zircon. Quartz shows undulatory extinction.

Plagioclase is subhedral (sizes up to 4 mm across) and slightly to moderately altered to
sericite/fine white mica.  Zoning is commonly present in plagioclase and some shows
myrmekitic texture at rim. Plagioclase crystals are broken and fold by deformation. Biotite
inclusion is present in plagioclase crystals.

Alkali feldspar is anhedral (sizes up to 6.5 mm across) and show simple twin
(orthoclase). Perthitic texture of orthoclase can be observed in this sample. Alkali feldspar is
slightly replaced by clay minerals. Plagioclase and biotite inclusions are commonly present in
alkali feldspar crystal.

Bitoite is anhedral with sizes up to 1.5 mm across. It has a pleochroism in brown-very
pale yellow color. Biotite is slightly to moderately replaced by chlorite with small amount of
epidotes and titanite. Its crystals are kink by deformation. Zircon and apatite inclusions are
very common in this biotite.

Zircon/monazite is fine-grain and has an euhedral outlines (sizes up to 0.1 mm across).
Pleochroic halo has been observed around zircon/monazite crystal in color minerals such as
biotite.

Apatite is fine-grain and shows an euhedral-columnar outlines (sizes up to 0.15 mm
across).

Remarks: The rock sample is classified to be monzogranite after their mineral composition and
texture. Order of crystallization is normal to Bowen's series after inclusion criteria. The rock has

an experience of deformation, evidence by broken and folded crystals.
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Figure 1 Stained hand specimen of monzogranite (CR 007 RK), dark yellow = alkali

feldspar, light yellow = plagioclase, color less = quartz, dark mineral = biotite.

Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag),

Orthoclase (Orth) and biotite (Biot). (a) Ordinary light and (b) cross polars.

Figure 3 Zircon/monazite (Zirc) and apatite (Apat) in biotite. (a) Ordinary light and

(b) cross polars.



85

2. Sample number:  CR 009 RK

Rock name: Monzogranite

Hand specimen: The rock sample has a porphyritic texture with a medium grained
groundmass. The phenocrysts are made up of alklai feldsapr and have grain sizes up to 1.7
mm across (Fig. 1). The rock sample is composed mainly of alkali feldspar (36 modal %),
plagioclase (31.5 modal %) and quartz (27 modal %), with a small amount of mafic mineral
(5.5 modal %). Around mafic mineral has a yellowish brown tarnish. The rock does not react
with cold diluted hydrochloric acid. It is non magnetic.

Thin section: The rocks sample is made up largely of alkali feldspar, plagioclase and quartz
(coarse-fine), with a small amount of biotite (Fig. 2) and trace amounts of zircon/monazite and
apatite (Fig. 3).

Alkali feldspar is anhedral (sizes up to 8 mm across) and slighly to moderately replaced
by clay minerals. Almost of them is orthoclase, the rest is microcline. Orthoclase crystals show
a perthitic texture and contain inclusions, as apatite, zircon/monazite, biotite and plagioclase.

Plagioclase is subhedral to euhedral with sizes up to 3.5 mm across. It is moderately to
highly replaced by sercite, fine-white mica and clay minerals. Zoning and myrmekitic
intergrowth is very common in this sample. Plagioclase crystals are broken and folded.

Quartz is anhedral with sizes up to 2.1 mm across. It shows a consertal texture that is a
typical of primary quartz and an undulatory extinction. Quartz crystallizes in space between
other minerals and contains biotite, apatite and alklai feldspar inclusion. Fine-grained quartz
(grain sizes average 0.2 mm across) is single crystal and forms as secondary deposit in this rock.

Biotite is anhedral (sizes up to 2 mm across) and has a pleochroic color in reddish
brown and pale yellow. It is slightly to moderately replaced by chlorite with a small amount
of titatite. Zircon/monazite and apatite as inclusions are very common in the biotite crystals.
Broken crystals and kink band are commonly present.

Zircon/monazite is fine-grained euhedral (sizes up to 0.07 mm across). It has a
pleochroic halo, which is rounded crystals, especially in color mineral such as biotite.

Apatite is euhedral and fine-grain with size up to 0.1 mm across. It has a long columnar
shape.

Remarks: This rock sample is classified as monzogranite after its mineral composition and
textures. It shows a normal crystallization after Bowen's series, inclusion criteria.  The rock has

an experience of deformation, evidence by broken and folded crystals.
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Figure 1 Stained hand specimen, dark yellow = alkali feldspar, pale yellow = plagioclase,

color less = quartz, dark mineral = biotite.

Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag), Orthoclase
(Orth), biotite (Biot) and apatite (Apat). (a) Ordinary light and (b) cross polars.

Figure 3 Zircon/monazite (Zirc) and apatite (Apat) in biotite. (a) Ordinary light and

(b) cross polars.
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3. Sample number: CR 0012 RK

Rock name: Syenogranite

Hand specimen: The granitic rock sample is medium-grained texture (grain sizes average less
than 5 mm across) and shows a porphyritic texture. The phenocrysts (sizes up to 13 mm
across) are made up of alkali feldspar. Cutting surface was stained to distinguish feldspars
(Fig.1). This sample is made up mostly of felsic minerals, quartz (56.40 modal %), alkali feldspar
(22.47modal %) and plagioclase (16.11 modal %), with a small amount of mafic minerals (5.00
modal %). The rock does not react with cold diluted hydrochloric acid and is non magnetic.
Thin section: The rock sample is made up mostly of quartz (coarse-fine), plagioclase and alkali
feldspar, with small amounts of biotite and muscovite (Fig. 2) and very small amounts of
zircon/monazite and apatite (Fig. 3).

Quartz is anhedral with sizes up to 3 mm across. It show a consertal texture that
indicate primary quartz. Undulatory extinction is commonly present in quartz crystals. Biotite
and muscovite can be observed in quartz crystals. Fine-grained quartz (grain sizes average 0.1
mm across) forms as secondary quartz in this rock.

Alkali feldspar is orthoclase and has an anhedral outline (sizes up to 3 mm across). It
is slightly replaced byclay minerals. The orthoclase crystals show a perthitic texture and some
is replaced by microcline. It contain plagioclase, biotite and muscovite inclusions.

Plagioclase is euhedral (sizes up to 3.5 mm across) and slightly to moderately replaced
by sercite, fine-white mica and clay minerals. Zoning is very common in this granite and
myrmekitic can be observed in some crystals.

Biotite is anhedral (sizes up to 1.5 mm across) and shows irregular outlines. Crystal
rims react and replaced by muscovite. Biotite has a pleochroic color in yellow to reddish
brown and contains zircon/monazite and apatite. It is slightly to moderately replaced by
chlorite. Biotite crystals are broken and folded.

Muscovite is anhedral (sizes up to 0.4 mm across) and has an irregular outlines.

Zircon/monazite is euhedral and fine grain (sizes up to 0.08 mm across) and shows
pleochroic halo in color minerals.

Apatite is euhedral and fine grain (sizes up to 0.12 mm across). It commonly form as
inclusion in biotite.

Remarks: This granitic rock is made up largely of alkali feldspar with subordinate plagioclase,
so it is called syenogranite. Order of crystallization is normal to Bowen's series, inclusion

criteria. The rock has an experience of deformation, evidence by broken biotite.
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Figure 1 Stained hand specimen, dark yellow = alkali feldspar, pale yellow = plagioclase,
color less = quartz, dark mineral = bitoite.

1b

Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag), muscovite

(Musv), biotite (Biot) and apatite (Apat). (a) Ordinary light and (b) cross polars.

Figure 3 Zircon/monazite (Zirc) and apatite (Apat) in biotite. (a) Ordinary light and

(b) cross polars.
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4. Sample number: CR 0014 RK

Rock name: Granodiorite

Hand specimen: The granitic rock sample has a seriated and mildly foliated. The phenocrysts are composed
of plagioclase, that sit in a medium-grained groundmass (grain sizes average less than 3 mm across). Cutting
surface was staineded to distinguish feldspars (Fig. 1). Principal composition of this sample is made up of quartz
(47.66 modal %), plagioclase (30.72 modal %) and alkali feldspar (14.12 modal %). Accessory minerals (dark
mineral) (7.5 modal %) are commonly present in this rock. The rock sample does not react with cold diluted
hydrochloric acid and is non magnetic.

Thin section: The rock sample is made up principal of quartz, plagioclase and alkali feldspar, with small
amounts of biotite (Fig. 2) and hormblende (?) (Fig. 3) and trace amount of titanite, zircon/monazite and apatite.
Foliation in hand specimen can be obsernved under microscope, parallel of long axes in biotite. Patches of
epidotes is slightly present in the sample.

Quartz is anhedral (sizes up to 1.5 mm across) and has both consertal texture (primary quartz) and
triple junction boundaries (recrystalline quartz). Undulatory extinction is common in quartz crystals. Biotite and
apatite inclusions are present in quartz crystals.

Plagioclase is euhedral to subhedral (sizes up to 3.75 mm across) and slightly replaced by sericite
and clay minerals. Plagioclase crystals commonly show zoning and myrmekitic texture. Some plagioclase are
overgrowth by albitization. Biotite inclusion is present in plagioclase crystals. Plagioclase is broken and folded
and quartz and bictite refill in fractures.

Alkali feldspar is anhedral and shows both simple twin (orthoclase) and grid twin (microcline) (sizes up
to 1.65 mm across). They are slightly replaced by clay minerals. Perthitic texture of orthoclase is common in
this rock. Bictite, apatite and titanite inclusions are commmonly present in alkali feldspar crystals.

Biotite is anhedral (sizes up to 1 mm across) and has a pleochroic color in reddish brown - pale
yellow. It is slightly to highly replced by chlorite with a small amount of titanite. Zircon/monazite and apatite
inclusions are present in biotite crystals. Biotite is broken and shows kink feature.

Homblende (?) is subhedral with size up to 3 mm across.  Its crystals break down to fine-grained bioite
(Fig. 3), especially in fracture trend. Hornblende has a pleochroic color as X = cololess, Y = pale yellow and Z =
pale greenish yellow.

Titanite is subhedral to anhedral (sizes up to 1.25 mm across).

Zircon/monazite is euhedral and fine-grain (sizes up to 0.05 mm across). Pleochroic halo around its
crystals is present in color minerals, such as biotite.

Apatite is euhedral and has a long columnar outlines (sizes up to 0.1 mm across).

Remark: This granitic rock sample comprises more plagioclase than alkali feldspar, so it can be classified as
granodiorite.  Rock name is consistent with mineral composition as the present of hornblende. Order of
crystallization is normal to Bowen's series. The rock has an experience of deformation, evidence by broken and

folded crystals and slightly foliation.
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Figure 1 Stained hand specimen, dark yellow = alkali feldspar, pale yellow = plagioclase,

color less = quartz, .

Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag), microcline

(Micr), biotite (Biot) and titanite (Titn). (a) Ordinary light and (b) cross polars.

Figure 3 Zircon/monazite (Zirc), apatite (Apat) and hornblende (Hnbl). (a) Ordinary light

and (b) cross polars.
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5. Sample number: CR 019 RK

Rock name: Monzogranite

Hand specimen: The granitoid sample has a white color and shows a slightly porphyritic texture. The
phenocrysts are made up of alkali feldspar (sizes up to 12 mm across) which is sit in the medium-grained
groundmass. The rock sample was stained for distinguishing feldspar (Fig. 1). The rock sample is made up
largely of quartz (20.21 modal %), plagioclase (25.00 modal %) and alklai feldspar (48.29 modal%), with a
small amount of mafic mineral (6.50 modal %). It does not react with cold diluted hydrochloric acid and is
non masgnetic.

Thin section: This granite is made up mainly of quartz, plagioclase and alkali feldspar, with small amounts
of biotite and hornblende and trace amounts of zircon/monazite (Fig. 2) titanite, allanite, and apatite (Fig. 3).
Secondary minerals (epidotes and opaque minerals) are slightly dissemination replaced in this rock.

Quartz is anhedral (sizes up to 2.5 mm across) and has a consertal texture, feature of primary
quartz. It crystallized in the space between other crystal. Biotite and plagioclase inclusion in quartz crystal
can be observed. Quartz has an undulatory extinction.

Plagioclase is subhedral to euhedral with size up to 3 mm across. It is slishtly to moderately
replaced by sericite, fine white mica and clay minerals. Zoning is very common and some crystals show
myrmekitic texture. Biotite inclusion is preseeent in plagioclase crystals.

Alkali feldspar comprise 2 phase, microcline (grid twin) and orthoclase (simple twin), both is
anhedral with sizes up to 2.5 mm across. They are slightly replaced by clay minerals. Orthoclase in this
sample shows a perthitic texture. Inclusions commonly occurred in the alkali feldspar crystal are made up
of hornblende, biotite and plagioclase.

Biotite is subhedral to euhedral (sizes up to 1.25 mm across) and shows pleochroism in reddish
berown - pale yellow. It is slightly replaced by chlorite and patches of titanite. Biotite crystals contain
inclusions of zircon/monazite, apatite and titanite (primary phase).

Hornblened is subhedral (sized up to 1.1 mm across) and shows pleochroic color in X= pale
yellow, Y = yellowish green and Z = yellowish green. The hornblende crystals contain titanite, biotite and
aoatite inclusion.

Zircon/monazite is euhedral and fine grain (sizes up to 0.08 mm across). It shows a pleochroic halo
of radioactive reaction around crystals, especially in color minerals, such as biotite.

Titanite is eunedral to subhedarl and shows wedge shapes with sizes up to 0.35 mm across.

Allanite is euhedral-columnar and has a brown color (sizes up to 0.6 mm across). Allanite crystals
show color zoning.

Apatite is euhedral-columnar outlines and fine grain with sizes up to 0.08 mm across.

Remarks: The granitic sample is classified to be monzogranite after its mineral compostion and
texture. Order of crystallization is normal to Bowen's series, except hornblende that form after

biotite.
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Figure 1 Stained hand specimen, dark yellow = alkali feldspar, pale yellow = plagioclase,

color less = quartz, dark mineral = biotite and hornblende.

Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag), biotite

(Biot) and zircon (Zirc). (a) Ordinary light and (b) cross polars.

Figure 3 Mineral composition of study sample, microcline (Micr), allanite (Alln), titanite

(Titn) and apatite (Apat). (a) Ordinary light and (b) cross polars.
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6. Sample number:  CR 024 RK

Rock name: Cumulus gabbro

Hand specimen: The igneous rock sample has a greenish gray in color and is fine grained (grain
size average less than 0.1 mm across). Tarnished surface is pale - moderate yellowish brown. It
is made up of dark and colorless minerals (Fig. 1). Tiny veins of light gray materials are rarely
present in the hand specimen. The sample does not react with cold diluted hydrochloric acid
and is magnetic.

Thin section: The rock sample is equigranular (grain size in the range of 0.2 - 0.8 mm across)
and show cumulus texture (Fig. 2). The cumulus crystals are made up mainly of plagioclase (40
modal %), with subordinate clinopyroxene (30 modal %) and unidentified mafic mineral (18
modal %). The intercumulus crystals comprise hornblende (7 modal %) and opaque mineral
(magnetite?) (5 modal %) (Fig. 3). Patches of calcite, chlorite, epidotes and clay minerals are
slightly replaced in this rock. Tiny veins (sizes up to 0.25 mm wide) of chlorite, calcite and
hematite/iron hydroxide are present in small amount.

Plagioclase is euhedral to subhedral, long prismatic (sizes up to 0.8 mm across) and
moderately to highly replaced by scapolite, chlorite, epidotes and clay minerals. Plagioclase
crystals line parallel along long axis.

Clinopyroxene is subhedarl (sizes up to 0.8 mm across) and colorless. It is slightly to
moderately replaced by incipient amphibole and brown amphibole and some crystals show
herring bone structure (convert to pigeonite). Plagioclase inclusion has been observed in
clinopyroxene crystals.

Unidentified mafic mineral is euhedral and has a short-primaic/prismatic shapes (sizes
up to 0.5 mm across). It is completely replaced by serpentine/chlorite and small amounts
pale brown amphibole and opaque minerals.

Hornblend is anhedral (sizes up to 1 mm across) and shows a intercumulus
crystalization. It has a pleochroic formula as X = pale yellow, Y = yellowish brown and Z =
greenish brow. Inclusions of unidentified mafic mineral, clinopyroxene and plagioclase are
commonly present in this amphibole crystal.

Opaque mineral (magnetite?) is anhedral with sizes up to 0.5 mm across and slightly
replaced by titanite/leucoxene. It formed as intercumulus crystallization. Plagioclase inclusion
can be observed in the opaque mineral.

Remarks: This rock is named as cumulus gabbro after its textures and mineral composition. Order of

crystallization is unidentified mafic mineral - plagioclase —> clinopyroxene —> homblende - opaque mineral.
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Figure 1 Stained hand specimen of cumulus gabbro (CR 024), white = plagioclase, dark =
mafic minerals (pyroxene, unidentified mafic minerla and hornblende) and

opaque mineral.

Figure 3 Mineral composition of study sample, plagioclase (Plag), clinopyroxene (CRx), Hornblende

(Hnbl), and opaque minerals (Opagq). (a) Ordinary light and (b) cross polars.
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7. Sample number:  CR 028 RK

Rock name: Tonalite

Hand specimen: The rock sample is slightly porphyritc with a medium-grained groundmass
(grain sizes average less than 2 mm across). The phenocrysts are made up of plagioclase with
sizes up to 7 mm across. Cutting surface was stained to distinguish feldspars (Fig. 1). The rock
is composed mainly of plagioclase (58.45 modal %), quartz (24.30 modal %) and mafic mineral
(14.25 modal %), with a small amount white mica (3.00 modal %). The sample does not react
with cold diluted hydrochloric acid and is non magnetic.

Thin section: The rock sample is made up mainly of palgioclase, quartz and biotite, with a
small amount of muscovite (Fig. 2). Trace minerals, zircon/monazite (Fig. 3) and apatite, can be
detected in this sample. This rock has an equigranular texture with grain sizes average less than
1 mm across. Opaque minerals can be observed as secondary deposit in this sample. Very
small amounts of secondary epidotes and chlorite are present in this sample.

Plagioclase is mostly euhedral (sizes up to 2.25 mm across) and very slightly replaced
by sericite, fine white mica and calcite. Except the core of some zoning plagioclase, it is highly
replaced by clay minerals and fine-white mica. Biotite inclusion is normally present in the
plagioclase crystals.

Quartz is anhedral (sizies up to 2.5 mm across) and has a consertal texture (feature of
primary quartz). Unduratory extinction is common in quartz crystal. Inclusions in quartz
crystals are made up of biotite and plagioclase.

Bitoite is anhedral and has irregular outlines (sizes up to 1.25 mm across). It has a
pleochriic color in pale yellow -reddish brown. Boitite is slightly replaced by chlorite.
Plagioclase inclusion can be detected in biotite crystals.

Muscovite is anhedral and has irregular outlintes (sizes up to 1.25 mm across). Biotite
inclusion is rarely observed in muscovite crystals.

Zircon/monazite is euhedral and fine-grain (sizes up to 0.12 mm across). It shows a
pleochroic halo, especially in color mineral, such as biotite

Apatite is fine-grain, elonagte and euhedral to subhedral with sizes up to 0.18 mm
across.

Remark: The rock sample is made up of principle minerals, which is classified to be tonalite.
Order of crystallization is normal to Bowen's series. Its texture, alteration and accessory

minerals may be indicated that it is late stage crystallization or aplite.



96

— TE— — — — y SCALE
a i 2 3 4 5 6 7 8 9 10 CENTIMETER

Figure 1 Stained hand specimen, pale yellow = plagioclase, color less = quartz, dark

mineral = biotite.

Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag), muscovite

(Musv), biotite (Biot) and apatite (Apat). (a) Ordinary light and (b) cross polars.

Figure 3 Zircon/monazite (Zirc) and apatite (Apat) in biotite. (a) Ordinary light and

(b) cross polars.
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8. Sample number:  CR 029 RK

Rock name: Monzogranite

Hand specimen: The rock sample has medium to coarse - grained texture (grain sizes average
in range of 2-7 mm across). It is may has an seriated texture with alkali feldspar phenocrysts
(sizes up to 10 mm across). Cutting surface was stained to distinguish feldspars (Fig. 22). This
rock is made up largely of quartz (39.33 modal %), plagioclase (26.72 modal %) and alkali
feldspar (24.7 modal %), with a small amount of mafic mineral (9.25 modal %). The sample
does not react with cold diluted hydrochloric acid and is non magnetic.

Thin section: The rock sample is composed principal of quartz, alkali feldspar and plagioclase,
with a small amount of biotite (Fig. 23) and trace amount of zircon/monazite and apatite (Fig. 24).

Quartz is anhedral (sizes up to 2.5 mm across) and has a consertal outlines that is a
feature of primary quartz. Inclusions of biotite, zircon/monazite and apatite are commonly
present in the quartz crystals.

Plagioclase is euhedral to subhedral (sizes up to 5.1 mm across) and slightly to
moderately replaced by sericite and fine-white mica. Zoning crystals can be normally
observed. Albite overgrowth and myrmekitic texture are common in plagioclase. Biotite and
zircon/monazite inclusions are slightly present in the plagioclase crystals.

Alkali feldspar is anhedral (sizes up to 6 mm across) and show perthitic texture on
simple twin (orthoclase). It is slightly replaced by clay minerals. Alkali feldspar crystallize in
between space of other minerals, include quartz. Biotite, plagioclase, zircon/monazite, apatite
and quartz inclusions have been observed in the alkali feldspar crystals.

Biotite is anhedral with sizes up to 2.65 mm across. It has a pleochroic color in pale
yellow - reddish brown. Biotite is slightly to moderately replaced by chlorite and muscovite
(reaction rim) with a small amount of titanite. Inclusions, zircon/monazite and apatite, are
commonly present in biotite crystals. Some biotite crystals are broken.

Zircon/monazite is euhedarl (sizes up to 0.16 mm across) and form as fine-grained
inclusion in other minearls. It has a pleochroic halo, especially in color minerals, such as
biotite.

Apatite is euhedral and fine-grain (sizes up to 0.13 mm across). It has a columnar
shapes and form as inclusion in other minerals (common in biotite).

Remark: This rock sample is classified as monzogranite, depend on its mineral composition
and texture. Order of crystallization is normal to Bowen's series, except crystallization of alkali
feldspar after quartz. This rock may have an experience of very slightly deformation, evidence

by broken crystals.
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Figure 1 Stained hand specimen, dark yellow = alkali feldspar, pale yellow = plagioclase,

color less = quartz, dark mineral = biotite.

Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag), biotite
(Biot), zircon (Zirc) and apatite (Apat). (a) Ordinary light and (b) cross polars.
b

Figure 3 Zircon/monazite (Zirc) and apatite (Apat) in biotite. (a) Ordinary light and

(b) cross polars.
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9. Sample number:  CR 030 RK

Rock name: Monzogranite

Hand specimen: The granitic rock sample is medium to coarse - grained texture (grain sizes
average in the range of 2 - 8 mm across). Cutting surface was stained to distinguish feldspars
(Fig. 1). The rock is made up major of quartz (51.62 modal %), plagioclase (21.47 modal %) and
alkali feldspar (18.91 modal %), with small amount of mafic mineral (8.00 modal %).The
sample does not react with cold diluted hydrochloric acid and is non magnetic.

Thin section: The studied sample is composed largely of quartz, plagioclase and alkali
feldspar (Fig. 2), with small amounts of biotite and opaque mineral (Fe-Ti oxides) and trace
amount of zircon/monazite and apatite (Fig. 3).

Quartz shows anhedral outlines with sizes up to 4 mm across and has a consertal
texture (feature of primary quartz). Biotite, plagioclase and apatite inclusions have been
detected in the quartz crystals.

Plagioclase is subhedral (sizes up to 3 mm across) and slightly to moderately replaced
by sericite, fine-white mica, clay minerals and scapolite (?). Zoning is common in plagioclase.
Plagioclase has albite overgrowth and myrmekitic texture at rim. Biotite inclusion may be
observed in the plagioclase crystals.

Alkali feldspar is anhedral to subhedral (sizes up to 6 mm across) and slightly
reaplaced by clay minerals. It has a simple twin (orthoclase) and normally shows a perthitic
texture. Alkali feldspar crystallize in space between other minerals. Inclusions in alkali feldspar
crystals consist of bitoite, plagioclase and quartz.

Biotite is anhedral (irregular outlines) and with sizes up to 2.5 mm across and has a
pleochroic color in pale yellow - reddish brown. It is slightly replaced by chlorite with small
amonut of titanite, epidotes and scapolite. Biotite crystals commonly contain zircon/monazite,
apatite and opaque minerals as inclusions. It is slightly broken and may shows kink band.

Opaque mineral (Fe-Ti oxides) is anhedral and has irregular outlines with sizes up to 0.2
mm Cross.

Zircon/monazite is euhedral and fine-grain (sizes up to 0.15 mm across). It form as
inclusion in other minerals and shows pleochroic halo, especially in biotite.

Apatite is euhedral and fine-grain (sizes up to 0.10 mm across). It form as inclusion in
other minerals.

Remark: The rock sample is named as monzogranite following mineral composition and
texture. Order of crystallization is normal to Bowen's seies, except alkali feldspar crystalize

after quartz. The rock may be slightly deformed, evidence by broken and kink biotite.
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Figure 1 Stained hand specimen, dark yellow = alkali feldspar, pale yellow = plagioclase,

color less = quartz, mafic mineral = biotite.

Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag), biotite
(Biot), zircon (Zirc) and apatite (Apat). (a) Ordinary light and (b) cross polars.
b

Figure 3 Zircon/monazite (Zirc) and apatite (Apat) in biotite. (a) Ordinary light and

(b) cross polars.
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10. Sample number: CR 032(1) RK

Rock name: Monzogranite

Hand specimen: The rock sample has a seriated texture (sizes up to 3.5 mm across). The
phenocrysts are made up of quartz and plagioclase. The groundmass phase is made up mostly
of quartz and alkali feldspar. Cutting surface was stained to distinguish feldspars (Fig. 1). This
rock is made up mostly of alkali feldspar (39.25 modal %), quartz (31.55 modal %) and
plagioclase (25.25 modal %), with a small amount of mafic mineral (3.95 modal %). Pyrite has
been observed as disseminated distribution in this sample (sizes up to 5 mm wide). The rock
does not react with cold diluted hydrochloric acid and is non magnetic.

Thin section: This rock sample is composed principal of alkali feldspar, quartz and plagioclase
(Fig. 2), with a small amount of biotite (Fig. 3). Trace minerals present in this rock comprise
zircon/monazite and apatite. Patches of epidotes and opaque mineral (pyrite) are slightly
present in this rock.

Alkali feldspar is anhedral (sizes up to 1.50 mm across) and normally shows
granophyric texture (intergrowth with quartz). It has a simple twin and shows perthitic texture
(orthoclase). Alkali feldspar is slightly to modertaely replaced by clay minerals.

Quartz is euhedral to anhedral (sizes up to 4.00 mm across). It commonly shows
granophyric intergrowth with alkali feldspar.

Plagioclase is subhedarl to euhedarl (sizes up to 2.50 mm across) and moderately to
highly replaced by sericite, clay minerals, chlorite and epidotes. Zoning is present in
plagioclase. Inclusions of biotite and apatite can be slightly detected in plagioclase crystals.

Biotite is anhedral and has irregular outlines (sizes up to 2.00 mm across). It shows
pleochroic color in pale greenish yellow - dark brown. Biotite is slightly to completely replaced
by chlorite with small amounts of epidotes and titanite. Biotite crystals are broken and has a
kink feature. Fine-grained inclusions in biotite crystals are very slightly present and composed
of zircon/monazite and apatite.

Zircon/monazite is euhedral and fine-grain (sizes up to 0.07 mm across). It commonly
present as inclusion in biotite. Pleochroic halo around zircon/monazite are shown in color
mineral, such as biotite.

Apatite is euhedral and fine-grain (sizes up to 0.06 mm across) and forms as inclusion
in biotite.

Remark: The rock is classified as monzogranite following mineral composition and texture.
Granophyric texture indicate that this rock is a late stage crystallization granitic rock. The rock

may has an experience of deformation, evidence by broken and kink feature in biotite.
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Figure 1 Stained hand specimen, dark yellow = alkali feldspar, pale yellow = plagioclase,

color less = quartz, dark mineral = biotite.

Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag), and
biotite (Biot). (a) Ordinary light and (b) cross polars.
b

Figure 3 Zircon/monazite (Zirc) and apatite (Apat) in biotite. (a) Ordinary light and

(b) cross polars.
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11. Sample number: CR 0032(2) RK

Rock name: Microgabbro/microdiorite

Hand specimen: The rock sample has a dark gray color and surface is cover by dark yellowish
brown materials. It is equigranular and fine-grian (grain sizes less than 1 mm across). Cutting
surface was stained to distinguish feldspar (Fig. 1). The sample contains a white lath shape
crystals (plagioclase). It does not react with cold diluted hydrochloric acid. This rock has a
magnetic character.

Thin section: The rock sample is slightly porphyritic with plagioclase phenocrysts/
microphenocrysts (3 modal %) (Fig. 2). The groudmass phase is made up largely of plagioclase
(50 modal %) and amphibole (after pyroxene) (44 modal %), with a small amount of opaque
mineral (magnetite?) (3 modal %). Plagioclase and amphibole in the groundmass phase are
ophitic/subohitic intergrowth (Fig. 3).

Plagioclase phenocrysts/microphenocrysts are euhedral and short prismatic (sizes up to
0.75 mm across), whereas groundmass plagioclase is subhedral and long prismatic (grain sizes
average in the range of 0.05 - 0.15 mm across). Plagioclase is moderately replaced by epidotes,
clay minerals, and fine-white mica.

Amphibole (after pyroxene) is anhedral with sizes up to 1 mm across and is
ophitic/subophitic with groundmass plagioclase laths. Amphibole has a pleochroic color as X =
pale yellow, Y = pale yellowish green and Z = pale green, that is both hornblende and
tremolite - actinolite seires characteristic. Secondary opaque minerals may be present
amphibole crystals.

Opaque mineral (magnetite?) is subhedral - equant (sizes up to 0.2 mm across) and
intergranular with plagioclase laths.

Remarks: The rock is classified as microgabbro/microdiorite after mineral composition and
texture. The present of ophitic/subophitic texture suggest that the rock have been formed as

shallow intrusive, such as dike and sill.
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Figure 2 Mineral composition of study sample, plagioclase (Plag), amphibole (Amph) and
opaque minerals (Opaq). (a) Ordinary light and (b) cross polars.

Figure 3 Plagioclase and amphibole in the groundmass phase are ophitic/subohitic

intergrowth. (a) Ordinary light and (b) cross polars.
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12. Sample number: CR 0033 RK

Rock name: Quartz alkali feldspar rhyolite

Hand specimen: The white rock sample is very fine-grain and porphyritic. The phenocrysts are
made up of quartz (colorless) and feldspars (white), which is embedded in the very fine-
grained groundmass. Cutting surface was stained for distinguish feldspars. This sample is made
up mostly of alkali feldspar (Fig. 1). The rock does not react with cold diluted hydrochloric acid
and is non magnetic.

Thin section: The phenocrysts/microphenocrysts in the sample are made up largely of quartz
and alkali feldspar, with a small amount of plagioclase (Fig. 2). The groundmass phase is made
up mainly of quartz-alkali feldspar granophyric and spherulitic intergrowth (Fig. 3), with small
amounts of quartz, alkali feldspar and muscovite. Luecoxene and clay minerals commonly
present in the groudmass phase.

Quartz phenocrysts/microphenocrysts is euhedral to subhedarl (sizes up to 1.5 mm
across). It commonly shows rounded edges and embayed outlines. Groundmass quartz is
anhedral with sizes up to 0.1 mm across.

Alkali feldspar phenocrysts/microphenocrysts is subhedral to euhedral (sizes up to 1
mm across). It shows simple twin and perthitic texture (sanidine type).Groundmass alkali
feldspar is anhedral with sizes up to 0.1 mm across. Alkali feldspar is slightly replaced by clay
minerals.

Plagioclase phenocryst/microphenocrysts is subhedral with sizes up to 0.85 mm across.
lts crystals show carlsbad twin and albite twin and is slightly to moderately replaced buy
sericte and clay minerals.

Quartz-alkali feldspar intergrowth groundmass is composed of microgranophyric
intergrowth and spherulite (sizes up to 1.5 mm across). Granophyric intergrowth is made up of
radial quartz embedded in alkali feldspar. Spherulite is radial aggregate of quartz and feldspar.

Muscovite is anhedral and fine-grain with sizes up to 0.2 mm across.

Remark: The rock is named as quartz alkali feldspar rhyolite following its mineral composition
and texture. The present of granophyric texture indicate that this is a late stage crystallization

rock.
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Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag), and

sanidine (Sand). (a) Ordinary light and (b) cross polars.

Figure 3 The groundmass phase is made up mainly of quartz-alkali feldspar granophyric

and spherulitic intergrowth. (a) Ordinary light and (b) cross polars.
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13. Sample number: CR 0034 RK

Rock name: Granodiorite

Hand specimen: The granitic rock sample has a medium-grained texture (grain sizes average in the range of
1 -3 mm across). Cutting surface was satin to distinguish feldspars (Fig. 1). This sample is composed mainly
of plagioclase (44.89 modal %), quartz (31.89 modal %) and alkali feldspar (17.72 modal %), with a small
amount of mafic mineral (5.5 modal %). This rock does not react with cold diluted hydrochloric acid and is
non masgnetic.

Thin section: The rock sample are made up principal of plagioclase, quartz and alkali feldspar (Fig. 2), with
small amounts of hornblende, biotite and opaque mineral. Trace amount of zircon/monazite and apatite
have been detected in this sample (Fig. 3).

Plagioclase can be separate into two phase, by alteration, high and low alteration. The highly
altered plagioclase is euhedral (sizes up to 2.00 mm across) and highly to completely replaced by sericite
and clay minerals with a small amount of epidotes and opaque mineral. The slightly altered plagioclase is
subhedral to euhedral (sizes up to 1.50 mm across) and very slightly replaced by sericite and clay minerals.
Zoning is present in the low alteration type and alkali feldspar overgrowth (antirapakivi) is also present.

Quartz is anhedral (sizes up to 1.00 mm across) with a consertal texture, feature of primary quartz.
It forms in the space between other minerals. Micrographic texture (quartz-alkali feldspar intergrowth can be
slightly detected. Biotite and alkali feldspar inclusions are present in the quartz crystals.

Alkali feldspar is anhedral (sizes up to 4.00 mm across) and normally shows simple twin and
perthitic texture, that is an a feature of orthoclase. It is slightly replaced by clay minerals.

Biotite is anhedral and has an irregular outlines (sizes up to 2.00 mm across). It has a pleochroic
color in pale yellow - dark brown and is slightly to highly replaced by chlorite and small amounts of titanite
and epidotes. Inclusions in biotite crystals are composed of hornblende and opaque mineral. The biotite
crystals are broken and folded.

Homblende is subhedral to euhedral (sizes up to 0.80 mm across) and has a pleochroic color as X
= peale yellow, Y = yellowish green and Z = yellowish green. Inclusions of opaque mineral and apatite have
been observed in the hornblende crystals.

Opaque mineral is subhedral to anhedral (sizes up to 0.6 mm across) and slightly replaced by
titanite at rim.

Zircon is euhedral and fine-grain (sizes up to 0.16 mm across). It forms as inclusion in other
minerals and commonly show pleochroic halo, especially in bictite.

Apatite is euhedral and fine-grain (sizes up to 0.13 mm across). It normally forms as inclusion in
other minerals.

Remarks: The rock sample is classified as granodiorite following mineral composition and texture. It is
consistent with the present of hornblende. Order of crystallization is normal to Bowen's series. This rock has

an experience of deformation, evidence by broken and folded feature in biotite crystals.
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Figure 1 Stained hand specimen, dark yellow = alkali feldspar, pale yellow =

plagioclase, color less = quartz, mafic mineral = hornblende and biotite.

Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag), biotite
(Biot), hornblende (Hnbl) and opaque minerals (Opaq). (a) Ordinary light and

(b) cross polars.

Figure 3 Zircon/monazite (Zirc) and apatite (Apat) in biotite. (a) Ordinary light and

(b) cross polars.
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14. Sample number: CR 028 RK

Rock name: Granodiorite/leucogarnodiorite

Hand specimen: The rock sample contains 2 parts following textures and mineral
composition; darker part (grain sizes average in the range of 1-2 mm across) and lighter part
(grain sizes average in the range of 3-5 mm across). Cutting surface was stain to distinguish
feldspars (Fig. 1). The darker part is made up mainly of quartz (38.25 modal %), alkali feldspar
(7.25 modal %) and plagioclase (37.00 modal %), with a mafic mineral (17.00 modal %). The
light part is made up of quartz (46.50 modal %), alkali feldspar (12.00 modal %) and
plagioclase (41.50 modal %). The rock sample does not react with cold diluted hydrochloric

acid and is non magnetic.

Thin section: The rock is composed of 2 parts, (1) dark part and (2) light part.

Dark part

The dark part is made up principally of quartz, plagioclase, and alkali feldspar
Accessory minerals in this part comprise biotite, with subordiante muscovite (Fig. 2). A trace
amount of zircon/monazite is present in this part.

Quartz is anhedarl (sizes up to 1.60 mm across) and has a consertal texture (feature of
primary quartz). Undulatory extinction is common. Quartz crystals crystallize in between other
minerals and contain biotite and plagioclase inclusions.

Plagioclase is subhedral (sizes up to 1.75 mm across) and slightly replaced by sericite.
Zoning is commonly present, whereas myrmekitic is rarely present. Inclusions in the plagioclase
crystals consist of biotite.

Alkali feldspar is anhedral with sizes up to 1 mm across. It is slightly to moderately
replaced clay minerals and sericite. It shows simple twin, indicated that it is microcline.
Inclusion of biotite in alkali feldspar crystals can be detected.

Biotite is anhedarl (sizes up to 1.25 mm across) and has a pleochroic in yellow -
reddish brown. It is slightly broken and has a kink band in some crystals. Zircon inclusions are
rarely present in the biotite crystals.

Muscovite is an hedral and has an irregular outlines (sizes up to 1.75 mm across). It
shows a skeletal and sieve (?) texture with inside quartz.

Zircon/monazite is euhedral to subhedral and very fine-grain (sizes up to 0.03 mm

across). It forms as inclusion in other minerals and has a pleochroic halo in biotite.
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Light part

The light part is made up largely of quartz, alkali feldspar and plagioclase, with small
amounts of muscovite and biotite (Fig. 3). The rock is broken into fragment and sealed by
sericite/fine-white mica.

Quartz is anhedral (sizes up to 2.00 mm across) and has a consertal texture (primary
feature).

Alkali feldspar is anhedral (sizes up to 5.25 mm across) and has a grid twin (microcline).
Inclusions, biotite and plagioclase, are commonly present in the alkali feldspar crystals. Alkali
feldspar and quartz have a micrographic texture, present in small amount in this part.

Plagioclase is subhedarl (sizes up to 3.00 mm across) and slightly to moderately
replaced by sericite. Zoning, albitized overgrowths and myrmekitic texture of plagioclase is
normally present. Biotite in clusion can be detected in plagioclase crystals.

Muscovite is anhedral (sizes up to 1.00 mm across) and normally react to be a fine-
grained (grain sizes average less than 0.05 mm across). Symplectitic texture of muscovite-quartz
is present in this part.

Biotite is anhderal (sizes up to 0.75 mm across) and has a pleochloic color in pale
yellow - reddish brown. It is slightly placed by chlorite and titanite.

Remark: There are 2 parts in this rock sample. The dark part is granodiorite, whereas the light
part is leucogranodiorite, following the mineral composition and textures. Orderof
crystallization is normal to Bowen's series, inclusion criteria. Zircon/monazite is only present in

the dark part. The relation of two phases should be checked in the field.
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Figure 1 Stained hand specimen, dark yellow = alkali feldspar, pale yellow = plagioclase,

color less = quartz, dark mineral = bitoite.

Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag), Alkali
muscovite (Musv) and biotite (Biot). (a) Ordinary light and (b) cross polars.

Figure 3 Accessory mineral compositions of study sample, zircon/monazite (Zirc)

(@) Ordinary light and (b) cross polars.
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15. Sample number: CR 043 RK

Rock name: Diorite

Hand specimen: The rock sample has a dark gray color with a yellowish brown weathering
surface. It shows equigranular texture (medium-fine grain) with a parallel alignment of
plagioclase laths. Cutting surface was stain to distinguish feldspars (Fig. 1). The sample is made
up largely of plagioclase (70.00 modal %) with subordinate mafic minerals (30.00 modal %).
The rock sample does not react with cold diluted hydrochloric acid and is slightly magnetic.
Thin section: The rock sample is made up largely of plagioclase with subordinate hornblende
and opaque mineral (magnetite ?) (Fig. 1). It shows a cumulus texture, which is made up of
cumulus plagioclase and intercumulus hornblende and magnetite (?) (Fig. 2).

Plagioclase cumulus is subhedral to euhedral with sizes up to 1 mm across. They
show a parallel alignments of long axes. Plagioclase crystals are slightly to moderately
replaced by sericite, fine green amphibole, chlorite and epidote. Zoning and albitization
overgrowth are commonly present in the plagioclase laths.

Hornblend intercumulus is anhedral (sizes up to 0.8 mm across) and has a pleochroic
formula as X = pale brownish yellow, Y = pale yellowish brown and Z = brownish green. It is
slightly replaced by fine green amphibole. Plagioclase inclusion is commonly present in the
hornblende crystals.

Opaque mineral (magnetite?) is anhedral (sizes up to 0.3 mm across) and has an
irregular outlines. It occurs as intercumulus crystal with hornblende.

Remark: The rock sample is named as diorite following the present of plagioclase and

hornblende. The cumulus texture indicated that it is cumulate.
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Figure 1 Stained hand specimen, dark yellow = alkali feldspar, pale yellow = plagioclase,

color less = quartz, dark mineral = bitoite.

Figure 2 Mineral composition of study sample, plagioclase (Plag), hornblende (Hnbl) and

magnetite (Magt). (a) Ordinary light and (b) cross polars.

Figure 3 cumulus plagioclase and intercumulus hornblende and magnetite (?),plagioclase

(Plag) and hornblende (Hnbl). (a) Ordinary light and (b) cross polars.
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16. Sample number: CR045RK (1)

Rock name: granodiorite

Hand specimen: The rock sample has a medium gray color with a yellowish brown weathering
surface. It has a medium grained texture with grain sizes average in the range of 2-4 mm
across). Cutting surface was stain to distinguish feldspars (Fig. 1). It is made up mostly of
plagioclase (45.75 modal %), quartz (29.25 modal %) and alkali feldspar (14.50 modal %) and
mafic mineral (10.50 modal%). The rock sample does not react with cold diluted hydrochloric
acid and is non magnetic.

Thin section: The rock sample is made up principally of plagioclase with subordinate quartz
and alkali feldspar (Fig. 2). Accessory minerals are dominate by hornblende with very small
amounts of bitoite, titanite and apatite (Fig. 3). A trace amount of opaque mineral can be observed.

Plagioclase is subhedral to euhedral with sizes up to 3.25 mm across. It is moderately
to highly replaced by sericite and epidotes. The plagioclase crystals commonly show zoning
overgrowth, myrmekitic intergrowth and albitization at rim.

Quartz is anhedral with sizes up to 2.25 mm across and shows a consertal texture
which is indicated a primary quartz. Undulatory extinction in quartz crystals is common.
Hornblende, plagioclase and apatite inclusions are normally present.

Alkali feldspar is anhedral (sizes up to 1.5 mm across) and has a perthitic texture.
Inclusions in alkali feldspar crystals comprise hornblende and plagioclase.

Hornblende is euhedral to subhedral with sizes up to 1.5 mm across. It is green with
pleochroic formula as X = pale yellowish green, Y = pale yellowish green and Z = pale green.
The hornblende crystals are broken and partly replaced by subhedral chlorite, white mica
(muscovite) and titanite. Plagioclase inclusion is slightly present in hornblende.

Bitoitite is subhedral (sizes up to 0.5 mm across) and totally replaced by chlorite and
tianite/leucoxene.

Titainite is anhedral (sizes up to 0.5 mm across) and forms as crystal in space between
plagioclase and hornblende.

Apatite is fine-grained (sizes up to 0.05 mm across) and has an euhedral long columnar
shapes. It forms as inclusion in quartz.

Opaque mineral is anhedral and have an equant outlines witth sizes up to 0.3 mm across.
Remark: The rock sample is classified as granodiorite following its principal mineral
composition and textures. That is supported by the present of amphibole (hornblende). Order
of crystallization is normal to Bowen's series, inclusion criteria. The rock has an experience of

deformation, indicated by undulose quartz and brokken amphible replaced by chlorite crystal.
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Figure 1 Stained hand specimen, dark yellow = alkali feldspar, pale yellow = plagioclase,

color less = quartz, dark mineral = bitoite.

Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag), and

hornblende (Hnbl). (a) Ordinary light and (b) cross polars.

Figure 3 Accessory mineral compositions of study sample, apatite (Apat) and titanite

(Titn). (a) Ordinary light and (b) cross polars.
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17. Sample number: CR 046 RK

Rock name: Granodiorite

Hand specimen: The rock sample has a medium gray color with a yellowish brown weathering
surface. It has a medium grained texture with grain sizes average in the range of 2-4 mm across).
Cutting surface was stain to distinguish feldspars (Fig. 1). It is made up mostly of plagioclase (45.25
modal %), quartz (30.00 modal %) and alkali feldspar (12.00 modal%) and mafic mineral (12.75
modal%). Xenoliths of fine-grained igneous rock (sizes up to 10 mm across are present in this rock.
The rock sample does not react with cold diluted hydrochloric acid and is non magnetic.

Thin section: Essential minerals in this rock sample are made up largely of highly altered
plagioclase with subordinated quartz and alkali feldspar. Accessory minerals are composed mainly
of hornblende and a small amount of bitoite (Fig. 2). Very small amounts of titanite, apatite and
zircon (Fig. 3) have been observed in this sample.

Plagioclase is euhedral to subhedral (sizes up to 3 mm across) and highly to completely
replaced by sericite/clay minerals and epidotes. Most of plagioclase crystal shows relict of
polysynthetic twin and some is broken. Hornblende inclusion is present in the plagioclase crystals.

Quartz is anhedral (sizes up to 3 mm across) and forms in space between other minerals.
It has a consertal texture that is indicated a primary quartz. Quartz shows undulatory extinction.
Plagioclase and hornblende inclusions are commonly present in the quartz crystals.

Alkali feldspar is anhedral (sizes up to 2.5 mm across). Most of alkali feldspar is perthite
(orthoclase), whereas microcline can be slightly observed. Inclusion in alkali feldspar commonly
comprise hornblende and plagioclase.

Hornblende is mostly euhedral (sizes up to 1.5 mm across) and has a pleochroic color as
X = yellow, Y = brownish green and Z = green . Hornblende crystals contain apatite and
plagioclase inclusions.

Biotite has an anhedral-irregular shapes (sizes up to 2.5 mm across) and shows a brown
color. It is highly to completely replaced by chlorite and titanite/leucoxene. Biotite normally
shows kink feature. Hornblende and apatite inclusions are present in the biotite crystal.

Titanite is anhedral and has an irregular outlines with sizes up to 0.3 mm across.

Apatite is euhedral with a long columnar shapes. It is fine-grained crystals (sizes up to 0.05
mm across).

Zircon has an euhedral outlines and is fine-grained crystals (sizes up to 0.1 mm across).

Remark: The rock sample is named as granodiorite after mineral composition classified under
stained surface. It is consistent with the present of hornblende and bitoite. Order of crystallization
is normal to Bowen's series. The rock has an experience of deformation that suggest by kink

biotite, undulose quartz and broken plagioclase.
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Figure 1 Stained hand specimen, dark yellow = alkali feldspar, pale yellow = plagioclase,

color less = quartz, dark mineral = bitoite.

Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag),

hornblende (Hnbl) and biotite (Biot). (a) Ordinary light and (b) cross polars.

Figure 3 Accessory mineral composition of study sample, zircon (Zirc). (a) Ordinary light

and (b) cross polars.
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18. Sample number: CR 047 RK (1)

Rock name: Quartz diorite

Hand specimen: The rock sample has a yellowish gray color with a yellowish brown weathering surface.
It shows layered texture (quartz-rich layer and quartz-poor layers) and equigranular texture (medium-fine
grain) with a parallel alignment of plagioclase laths. Cutting surface was stain to distinguish feldspars (Fig.
1). The sample is made up largely of plagioclase (48.50 modal %) and quartz (30 modal %) with
subordinate mafic minerals (21.00 modal %). The rock sample does not react with cold diluted
hydrochloric acid and is slightly magnetic.

Thin section: The rock sample is composed largely of plagioclase with minor amount of hornblende,
clinopyroxene, opaque mineral and biotite and a small amount of quartz (Fig. 2). A very small amount of
apatite can be observed (Fig. 3). It has a slightly porphyritic texture and contains plagioclase phenocrysts
(sizes up to 2 mm across). Crystals in this rock are broken and fractures filled by fine-grained green biotite
and a small amount of epidotes and sericite.

Plagioclase phenocrysts are euhedral and show zoning and sieve texture. Groundmass
plagioclase is felted and subhedral (grian sizes average 0.2-0.5 mm across). All plagioclase is slightly
replaced by sericite and epidotes.

Homblende is subhedral to anhedral (sizes up to 1 mm across) and has a pleochroic formula as
X = pale yellow, Y = greenish brown and Z = green. It is partly replaced by pale green fine-grained
amphibole (tremolite -actinolite series). Homblende is intergranular with plagioclase laths. Plagioclase and
clinopyroxene inclusion are slightly present in the homblende crystals.

Clinopyroxene is subhedral and short primatic (sizes up to 0.5 mm across) and colorless. It is
commonly replaced by pale green fine-grain amphibole (tremolite -actinolite series).

Opaque mineral (magnetite ?) is anhedral and has an irregular equant outlines (sizes up to 0.3
mm across). It is slightly replaced by pyrite. Opaque mineral is intergraular to plagioclase laths and
normally forms as inclusion in biotite.

Biotite is subhedral and has an irregular outlines (sizes up to 0.7 mm across). It has a pleochroic
color in pale yellow to greenish brown. Biotite is highly replaced by chlorite and titanite. Kink feature is
commonly present in bitoite crystals. It contains hornblende, cliopyroxene, opaque mineral and apatite
as inclusion.

Quartz is anhedral (sizes up to 2 mm across) and forms in space between other crystals. It is
interstitial with plagioclase laths.

Apatite is euhedral with a long columnar shapes (sizes up to 0.18 mm across). It forms as
inclusion in the other previous minerals.

Remark: The rock sample is made up mainly of plagioclase and mafic minerals (clinopyroxene,
hornblended and bictite), so it is named as Quartz diorite to toanalite. Order of crystallization is normal

to Bowen's series. The rock has an experience of deformation, evidence by broken and kink feature.
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Figure 1 Stained hand specimen, dark yellow = alkali feldspar, pale yellow = plagioclase,

color less = quartz, dark mineral = bitoite.

Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag),

hornblende (Hnbl) and biotite (Biot). (a) Ordinary light and (b) cross polars.

Figure 3 Accessory mineral composition of study sample, apatite (Apat). (@) Ordinary

light and (b) cross polars.
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19. Sample number: CR 047 RK (2)

Rock name: Quartz Monzodiorite

Hand specimen: The rock sample has a medium-grained texture (grain sizes averages in the
range of 3-4 mm across) and made up of felsic and mafic minerals. Cutting surface was stain to
distinguish feldspars (Fig. 1). The sample is made up largely of plagioclase (61.50 modal %),
alkali feldspar (11.50 modal %) and quartz (11.00 modal %) with mafic minerals (16.00 modal
%). The rock sample does not react with cold diluted hydrochloric acid and is slightly
magnetic.

Thin section: The principal constituents are made up largely of plagioclase with minor
amounts of alkali feldspar and quartz (Fig. 2). Accessory minerals are composed mostly of
biotite with very small amount of apatite, zircon/monazite and opaque mineral. Secondary
minerals replacement, such as epidotes, biotite and fine-grained quartz have been detected in
small amount.

Plagioclase is subhedarl (sizes up to 2.5 mm across) and very slightly replaced by
sericite. Microcline in plagioclase may forms as exsolution ( Zoning and folding in plagioclase
crystals are normally present. Plagioclase crystals are broken into piece and fractures filled by
fine-grained quartz. Apatite, zircon/monazite and biotite inclusions are present in plagioclase.

Alkali feldspar is anhedral to subhedarl with sizes up to 1.5 mm across. It shows a
perthitic texture (orthoclase). Biotite inclusions can be observed in the alkali feldspar crystals.

Quartz is anhedral and has a various grain sizes from fine (0.01 mm across) to coarse
(0.7 mm across). Quartz has a consertal texture (feature of primary quartz). Biotite and apatite
inclusions are present in the quartz crystals.

Bitoite is anhedral (sizes up to 1.5 mm across) with irregular outlines. It has a
pleochroic color in pale yellow to greenish brown. Reaction rim made a green fine-grained
biotite, opque mineral, titanite and quartz. Biotite crystsls are broken and features filled with
opaqgue minerals. Apatite and zircon/monazite inclusions are present in biotoite crystals.

Apatite is euhedral and fine-grained with sizes up to 0.05 mm across. It normally forms
as inclusion in biotite and quartz.

Zircon/monazite is euhedral to subhedral (sizes up to 0.05). It has a pleochroic halo
around the crystals, especially in color minerals, such as biotite.

Opaqgue minerals (Fe-Ti oxides?) is anhedral (sizes up to 0.1 mm across).

Remark: The rock sample is classified as quartz monzodiorite after mineral composition and
its texture. Order of crystallization is normal to Bowen's series. The rock has an experience of

deformation, evidence by broken and kink feature.



o | — mmmm—— SCALE
[N N 2 3 4 3 il = i Y 1t CENTIMETER

Figure 1 Stained hand specimen, dark yellow = alkali feldspar, pale yellow = plagioclase,

color less = quartz, dark mineral = bitoite.

Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag), and

biotite (Biot). (a) Ordinary light and (b) cross polars.

Figure 3 Accessory mineral composition of study sample, apatite (Apat). (a) Ordinary

light and (b) cross polars.
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20. Sample number: CR 047 R (3)

Rock name: Brecciated syenogranite

Hand specimen: The rock sample has a white in color and made up mostly of felsic minerals
with a small amount of mafic minerals. It has a medium-grained texture (grain sizes average in
the range of 1-2 mm across). Cutting surface was stain to distinguish feldspars (Fig. 1). It made
up of alkali feldspar (50.75 modal %), plagioclase (24.25 modal %), quartz (21.25 modal %),
and mafic minerals (3.75 modal 9%). The rock sample does not react with cold diluted
hydrochloric acid and is non magnetic.

Thin section: The rock sample is made up of mineral breccias that is cemented by fine-grained
quartz and other minerals. The mineral breccias are composed mostly of alkali feldspar with
subordinate plagioclase and quartz with a small amount of biotite (Fig. 2). Cement materials
consist mainly of quartz and small amount of fine-grained green biotite, muscovite and
epidote (Fig. 3).

Alkali feldspar breccias are angular with sizes up to 3 mm across. They are composed
of perthite and microcline in equal amount. Biotite inclusions have been detected in alkali
feldspar crystals.

Quartz is angular fragments (sizes up to and most of them is re-crystallization to fine-
grained quartz, which is cements.

Plagioclase is angular fragments (sizes up to 2.5 mm across) and highly replaced by
sericite and epidotes.

Biotite fragments has a fish shapes and some of them breakdown to fine-grained
biotite. Biotite has a pleochroic color in pale yellowish brown to brown. Inclusions of
zircon/monazite and apatite have been observed in the biotite crystals.

Remark: The rock has a mineral composition classified into syenogranite. However, it is
fragmental and cements mostly by fine-grained quartz, so the suffix brecciated is applied for

the sample.
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Figure 1 Stained hand specimen, dark yellow = alkali feldspar, pale yellow = plagioclase,

color less = quartz, dark mineral = bitoite.

Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag), and

microcline (Micr). (a) Ordinary light and (b) cross polars.

Figure 3 Accessory mineral composition of study sample, muscovite (Musv) and epidote

(Epdt). (a) Ordinary light and (b) cross polars.
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21. Sample number: CR048RK

Rock name: Quartz monzodiorite

Hand specimen: The rock sample has a very light gray in color and made up mostly of felsic
minerals with a small amount of mafic minerals. It has a fine-grained texture (grain sizes
average in the range of 0.5-1 mm across). Cutting surface was stain to distinguish feldspars (Fig.
1). It made up of alkali feldspar (23.50 modal %), plagioclase (50.00 modal %), quartz (18.25
modal %), and mafic minerals (8.25 modal %). The rock sample does not react with cold
diluted hydrochloric acid and has a slightly magnetic character.

Thin section: The rock is made up principally of plagioclase with subordinate alkali feldspar
and small amounts of orthopyroxene, clinopyroxene, biotite, quartz and opaque mineral (Fig.
2). A trace amount of apatite is present in the sample.

Plagioclase is subhedral (sizes up to 1.5 mm across) and has a long prismatic shapes. It
is felted and slightly to highly replaced by sericite and clay minerals. Some of them contains
pyroxene inclusion. Zoning and myrmekitic texture is commonly present in the plagioclase at rim.

Alkali feldspar is anhedral (sizes up to 1 mm across) and has a perthitic texture
(orthoclase). It forms in space between other minerals and some shows micrographic/
granophyric texture with quartz.

Orthopyroxene is subderal (sizes up to 0.8 mm across) and has a pale pink color. It is
moderately replaced by fine-grained greenish brown biotite and green amphibole.

Clinopyroxene is subhedra (sizes up to 0.5 mm across) and has a pale green color. It
commonly has a twin and some shows hering-bone feature (pigeonite) (Fig. 3).

Biotite is anhedral with irregular outlines, skeletal (sizes up to 0.5 mm across) and has a
pleochroic color in yellow to brown. Inclusions of plagioclase and opaque mineral are
commonly present in biotite crystals.

Quartz is anhedral (sizes up to 0.5 mm across) and form together with alkali feldspars
as graphic/micrographic texture.

Opaque mineral (magnetite) is anhedral and has an equant outlines (sizes up to 0.4
mm across). It commonly forms together with skeletal biotite.

Remark: The rock is made up largely of mafic minerals, but feldspar and quartz still dominate.
So, this rock named as quartz monzodiorite, following mineral composition and the present of
biotite. Order of crystallization is normal to Bowen's series. Graphic and granophyric texture in

this rock indicated eutectic crystallization.
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Figure 1 Stained hand specimen, dark yellow = alkali feldspar, pale yellow = plagioclase,

color less = quartz, dark mineral = bitoite.

Figure 2 Mineral composition of study sample, quartz (Qtz), plagioclase (Plag), and

clinopyroxene (CPX). (a) Ordinary light and (b) cross polars.

Figure 3 Clinopyroxene shows hering-bone feature pigeonite (Pign). (a) Ordinary light and

(b) cross polars.
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22. Sample number: CR 054 RK

Rock name: Basalt

Hand specimen: The dark greenish gray rock sample has yellowish brown surface. It has a
pophyritic texture with colorless and dark color phenocrysts. The groundmass phase is very
fine-grained (Fig. 1). It has a magnetic character and does not reacts with cold diluted
hydrochloric acid.

Thin section: This volcanic rock sample has a seriated texture. The phenocrysts/
microphenocrysts are made up of plagioclase (15.00 modal %) and olivine (5.00 modal %) (Fig. 2).
Cumulocrysts of palgioclase-olivine can be observe. They are embedded in a very fine-grained
groundmass, which is made up largely of mildly trachytic plagioclase laths (45.00 modal %),
with subordinate clinopyroxene (22.00 modal %) and opaque mineral (10.00 modal %) and
small amount of olivine (3.00 modal %) (Fig. 3).

Plagioclase phenocrysts/microphenocrysts are anhedral to anhedral with irregular
outlines (sizes up to 6.00 mm across) and shows reaction rim. Groundmass plagioclase is
subhedral with grain sizes average less than 0.05 mm across and trachytic. Zoning is commonly
present in phenocryts/microphenocrysts.

Olivine phenocrysts/microphenocrysts are euhedral (sizes up to 0.85 mm across),
whereas groundmass olivine is subhedral and pilotaxitic to plagioclase laths. All olivine is
slightly replaced by serpentine/chlorite along fractures.

Clinopyroxene groundmass is subhedral (grain sizes average less than 0.05 mm across)
and very pale yellow. It is pilotaxitic and intergranular to plagioclase laths.

Opaque mineral (magnetite ?) is subhedral (grain sizes average less than 0.05 mm

across). It occurs as pilotaxitic- and intergranular- relation to plagioclase laths.

Remark: The rock sample is classified as basalt following the mineral composition and
textures. Anhedral and zoning in plagioclase may be suggested that they are
megacrysts/micromegacrysts. Minerals of no alteration is indicated that this basaltic rock

sample is young (post Cretaceous).
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Figure 1 The dark greenish gray rock sample has yellowish brown surface.

Figure 2 The phenocrysts/ microphenocrysts are made up of plagioclase (Plag) and

olivine (Olv). (a) Ordinary light and (b) cross polars.

Figure 3 Basalt shows mildly trachytic plagioclase laths, plagioclase (Plag), clinopyroxene

(CPX) and olivine (Olv). (a) Ordinary light and (b) cross polars
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