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COMPARISON BETWEEN RARE EARTH ELEMENT GEOCHEMISTRY OF GRANITIC ROCKS AND
THEIR REGOLITHS AMPHOE MUEANG, CHANGWAT RANONG

Apivut Veeravinantanakul
Department of Geology, Faculty of Science, Chulalongkorn University, Bangkok 10330
Email Address: keroearth@gmail.com Tel. 08-5255-9246

Abstract:: Three sites in the tin — granite terrain of Ranong area, southern peninsular
Thailand, have been selected for REE potential areas. Six exploratory trenching have been
carried out for systematic sampling to bedrock granites at 4 — 6 m depth. Field stratigraphic
investigations reveal four horizons in each trench, in a descending order as structureless soil
horizon (0 — 1.5 m), highly weathered horizon (1.5 - 3.5 m), moderately weathered horizon
(3.5 = 5 m) and slightly weathered horizon (5 — 6 m). Petrographic investigation points to the
fact that the granites at trench sites are extremely to slightly and their overlying regolith
layers were collected from individual trenches. Petrographically, below the structureless soil
horizon, the weathered regolith or saprolite horizons show that the alteration has been

subject to several kinds of granites. A total of washed 57 samples have been subsequently

analyzed for REE concentration using ICP-MS. The results reveal the average total REE (XREE)
contents are 352 ppm, 454 ppm, 437 ppm, 346 ppm and 450 ppm for structureless soil

horizon, highly weathered horizon, moderately weathered horizon, slichtly weathered

horizon and least weathered (granites), respectively. The XHREE/XLREE values vary from
0.022 to 0.286 in structureless soil horizon, 0.016 - 0.247 in highly weathered horizon, 0.0196
- 0.23 in moderately weathered horizon, 0.02 - 0.226 slightly weathered horizon in, 0.045 —

1.0 in unweathered (altered and unaltered) granites.

Based on our analytical results, the 2REE contents in analyzed samples gradually

increased at depth and the highest contents seem to belong to the least weathered

granites, due to acid leaching. We also consider that the dramatic increase in 2HREE/2LREE
values occur when the granitic or saprolitic samples contain appreciable amount of kaolinitic
clays. However, not all the granites have been subject to hydrothermal kaolinization, and
some of which, based on field investigation, have been affected by greissenization. Such
greissenized granites contain low values of 2HREE/2LREE which do not become good REE
potentials in comparison with those of the much kaolinized granites/saprolites. However, the
XRD analysis will be performed on weathered/altered granites to confirm high percentages

of kaolinitic clays.

Keywords: granite, saprolite, rare earth elements, refractory, acid leaching, Ranong
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ngufuazudseiiieadas (Literature Review)
Charusiri et al. (2006) swmenasuantulssnalng wuluuslunled Gulnl waslules
laat] Fesimuluuvdausiynuasvisanu Tnsudadumausugugiivasunasuinions
wasusUguaiilaun Tuiuunstie aneusadend Aunnnlng wasiiuanisu

a

waausnAeilawnaiuns ushuwmenia vseusnveil Lazuiauninisyisvasnsin

€

Fenunnidnenmlunsiuimuawsmentand  Jwmdnszues, gin, W, giiesil

Imai et al. (2012) ladnwfiuAususuaneauwdy 1nowiod 39nInseund wagtnuun

[y |

gn suawa 8.azin Smdeisn wuirdiuunsianfidafuaeusiyn lnedavinnsm Chondrite -
normalized rare earth element plots lun1sAmseniseuiiguseniteiuunslinan fusiuunsiog
LLazuJ%EJULﬁﬂusgwjnﬁmmiﬁmﬁamﬂa’mLLi'ﬁfﬁau MYUIAUVY  LAZLIAUYIINNTANVUIA
pgnauINfiuunsiny  Fwaildfeusnasmmeinlufiuunsiaglaesiugeninluiuunsingn way
Tundhurndvnuseenlaesugs  Insewgasusauemiiuiinasmmendmiinngsnt
sYEINLTNLLY

McDonough and Sun (1995) lavhnismusunasismennludiugnnium (chondrite) 1u

[

A9 Ientuiuunsisuulan Wednyin Chondrite-normalized REE pattern #adl

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er ™™ Yb Lu La
(ppm)  (eppm)  (Epm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)
0.237 0.613 0.0928 0.457 0.148 0.0563 0.199 0.0361 0.246 0.0546 0.16 0.0247 0.161 0.0246 0.237

AIST (2000) 579M181n (Rare earth elements) Aasglungunguuaunilua (Lanthanide
series) avin 15 59leunuaunItl (La : Lanthanum), @3eu (Ce : Cerium), wsBlamdlew (Pr :
Praseodymium), Plomdey (Nd : Neodymium), stz (Pm : Promethium), snuaisey (Sm :
Samarium), glsiiies (Eu : Europium), unladilley (Gd : Gadolinium), wesideu (Tb : Terbium),
Adalwsi@ey (Dy : Dysprosium), laawles (Ho : Holmium), teasileu (Er : Erbium), mdew (Tm :
Thulium), 8awesiden (Yb : Ytterbium) wae afivilew (Lu : Lutetium) lnswuinguvessiaduse
wenntmdnun (LREEs - Light Rare Earth Elements) ﬁUﬁ’]G}W]EJ’]ﬂ‘j’mﬁﬂmﬂﬂ (HREEs : Heavy

Rare Earth Elements) @901
57 | 58 |

Atomic number 59 | 60 |[ 61 |62 |63 |62 |[ 65 |66 [ 67 |[ 88 || 89 |[ 70 || 71

Crustalabundance | La | Ce | Pr | Nd |Pm* | Sm || Eu | Gd | Tb | Dy | Ho | Er | Tm | ¥b | Lu

(ppm) 16 | 3a | 39| 18 — |35 || 11 || 33 |os0| 37 [[078)| 22 ||032| 22 | 030
Light rare earth elements (LREE) I Heavy rare earth elements (HREE)

* Pm is not included as it does not exist in nature.

JUT 1 - 3 PuunnguvessigmeniminiuilassigvignininuInmun1swuaves AIST U 2010




JUN 1 - 4 wwwvawsiuntugliniaedenz Juesndedddununiuseme Tnsuusnituwnsiindu 3
WYY LAWALUIAULATRANZ TUEEN WUIAULATEAMDUNENY wazwdRuwnsDansiunn Tudmvdsuae

fufidnuludminszues (Faulasain Cobbing et al, 1992)



SUT 1 - 5 sUnvuunasusmenludszmelng (Charusir et al, 2006)

NAUTINITUUITUR9879 (fAuasann Chualaowanich, 2013)

S = structureless soil to extreamly weathered rock strata without trace
of original rock structure remained and containing iron concentraion spots < 10% by area

EWR (without structure) = extreamly weathered rock strata without trace of
original rock structure remained and containing iron concentraion spots > 10% by area

EWR (with structure) = extreamly weathered rock strata with structure
faintly remained but identifiable (iron concretion may or may not be developed)

HWR = highly weathered rock strata with identifiable structure remained
(iron concretion may or may not be developed)

MWR-HWR = moderately to highly weathered rock strata but original rock type
may abiguously be identified (iron concretion may or may not be developed)and can be dug
without too much effort

MWR = moderately weathered rock strata that original rock type is
identifiable with confident and can be dug with effort

SWR (weathered rock) =hard, slightly weathered rock strata that original rock

type is identifiable with confident



5UN 1 - 6 Uoiinusauwnd truunedsd svamaduulu dunewies Jswminseuess



UNN 2 250150 HUN15298

10
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unil 2 35ALluN5IY
52108U5798 (Methodology)
1. Sumsmausunsiiun
uTlarAnudoyafiivadesiussainedminszues  JULUUMSAauvaLs s
d1939 Msfnwluieudinis nslesizvissaliadl waznsUssitanateya waslUSeuiieuan
mAfeiieates Weduwumdumsdniiun waedmungeuszasd uazvsuan ANy T
srogauarBnsdiulassnuiueasdivinuilunsufinanu
2. dunissnfiua
2.1) MIANYINIAEUIY
Mausunmsdsmeanalastmungenu Tasdeniufiiduiuunsinuazinmsihumiles
wiAnaalu 3 s sunedies Tainszues WA duavmeuns suamaduutiu uassiuaunsiy
sunaifles Swiaszues fiuflay 2 fumds 591 6 Fums Aurusindoyafiannssn Usinausy
ag/lUAULARTYITEAUNTHING UAZAI9E19AY (top soil) waviiuyAann (saprolite) Iasuunnuas
AUTIANNTULTIVBINTHAG Auunsiingn (fresh granitic rock) #uunsian (weathered granitic
rock)  luusiazqadnu iletundnuissdied Tngldfhogwionun 57 fogs weathered crust
WAy 39 Mg 1afiuknsinan wagiiuwnsten nFeuduiindmia UTM Grid reference 9093a@nw
2.2) msfinwluiesuumnis
fansnvuangneurafumineiniesde Mechanical shaker 91ndogshu UATTAUKAS
AN TR 57 G0 wazdsagngnauvwInRu et U e IS 9 men
fewA3as ICP-MS (nductively coupled plasma mass spectrometry) ﬁ@ué‘i%uazﬁmﬂﬁﬁ'@
Lakefield Uszineilaunmn
3. AeeikazUssaanadeys
2.1) Yman1s AT maiudniusinenmensin (Total rare earth elements) 51911810
dmdniunsa (Total light rare earth elements) LLazﬁmmmﬂﬁ’mﬁﬂMﬂ (Total heavy rare earth
elements)  Tuusiagsziuanudn  iilequinlihuaztladefidmareuiinausiamenluusiazsziu
AUEN UAZITEAUAIUKN
2.2) dman15iATeAAlinndaviing W Chondrite — normalized rare earth elements lag
9198sUTIswmenlugnnIuInves McDonough and Sun (1995) wavthundSeuiisunsiu 2
JULUU Tuusiagseaunnugulsvaen s laun
3.2.1) W3suiilgunsnseninesgmenusiagsg luiuinsinan Auwnstog aieuws
psilomelane wazislndn
3.22) Wisudlsunsmsgninsemennudagsiluslngn  wagazneuduniefatnoonin

NI LNAN



4. afiUTEHA LavasunansAnwm

5. WUS189IUIY

YUABUNITANLRUINUIRY

Literature Reviews

v

Selected Area for study

v

Field stratigraphic investigation

v

Regoliths

Collecting samples

\ 4

Rocks

Regoliths

L

A 4

Sieve analysis (regoliths)

Laboratory investigation

Rocks

A\ 4

\ 4

ICP-MS method (regoliths, rocks)

v

Analysis and Interpretation

v

Discussion and Conclusion

v

Report and Presentation

12



UNN 3 WaLLaznN1SILASI

o %
° %

c Y
ATRH

13

- FundatasinanisiAusieg1s SDRO1
- HANSANWINIINIYNTNYDIANAUIANY

- NANS AR lAENAENT (ICP-MS)



UNil 3 HALAENITIATIENURYA

> dunduazinanisiiufiegns SDRO1

ALY : ANUANTIULAY BNDLLDI FINIATLUD

[y

f : Lat :10°10'2.4924" N

=

Long :98°42'24.5114" E

5UN 3 - 1 AnaganAIiiey naLAUaRuLsiuRAng SDRO1

SEAUANUANVDINDITO 1 6.5 LWRS

14

UM 15lnan 13 fegns Aunnsting 1 Hwe19 (AUfBE1mnANEN 0.5 WwA3)

> NANISANWINIINIBATNVDIAUAUAN T

INNITANTINAUTOYANIAFUINAINITORUIYNTUTEAUNISHAIL 4 929938

- Structureless soil horizon
- Extremely weathered horizon (without structure)
- Extremely weathered horizon (with structure)

- Highly weathered horizon

v

:0 - 1.5 uns
1.5 -3uns
13 -4.5 U035
;4.5 - 6.5 1un9

Tnafiaromnunlng (pegmatite vein) unsnenituluriosdiu (country rock) Tudu Extremely

weathered horizon (with structure) MSEAUANUAN 4 WIAT AUIUTEU 0.4 LUIAS
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LAUPLHUTILUNER SUNSPOW dydeisnens 1eap] 2em MLENBUIREANNNRY] T0HAS LAUBNANLBMFSLIUILY Z - € WNE

3d0l
Jl}lueIS paJdyjesm

Ao1e19pON

U9/ 9}13ewSad

3204 d1}1uels

paJsyieam A\YsiH

230
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5UN 3 - 3 Anwalzvaa Structureless soil 4 AARNYT SDRO1 AANUMUIUTEIM 1.5 11AT

g‘d‘ﬁ 3 - 4 dnualzvad Extremely weathered granitic rock (without structure) g ﬁg@ﬁmﬁ SDRO1

ganunuiuseunu 1.5 Was
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SUT 3 - 5 dhwaizves Extremely weathered granitic rock (with structure) g ﬁg@ﬁﬂ‘m SDRO1 4l

Y

ANUNRUIUIEI 1 LUAS

Qtz

F

gﬂﬁ 3 - 6 anNwMEYDY Weathered pegmatite vein @ ﬁmﬁm&n SDRO1 fianununUszana 0.5 s



SUT 3 - 7 &nwauzwes Hishly weathered granitic rock o 9Afin®1 SDRO1 fANunuUsENns 2

Y

bR

JUN 3 - 8 segeandumiafine SDRO1 tneniunne 9aeseduaudn 0.5 lwns 9w 13

989

18
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> wan1saasnziadlnenaiaun (ICP-MS)

HAIATIEIUSHNEMNEIN U195 INEN (in situ regolith) 13 feee fmelATosile ICP-
MS leinanatl

" |nsitu regolith 13 A19819
2REE 437 - 770 ppm
2LREE 424 - 755 ppm
2 HREE 7 - 25 ppm
Average 2REE 580 ppm
Average 2LREE 560 ppm
Average 2HREE 20 ppm
2 HREE/2LREE 0.036

" Structureless Soil : 3 f79819
2REE 437 - 461 ppm
2LREE 418 — 447 ppm
2 HREE 14 - 19 ppm
Average 2.REE 448 ppm
Average 2.LREE 432 ppm
Average 2HREE 16 ppm
2 HREE/XLREE 0.037

®  Extremely weathered granitic rock (without structure) 3 A9819
2REE 491 - 553 ppm
2LREE 476 — 538 ppm
2 HREE 14 - 15 ppm
Average 2REE 529 ppm
Average 2LREE 514 ppm
Average 2HREE 15 ppm
Y HREE/2L REE 0.029
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B Extremely weathered granitic rock (with structure) : 2 f79814
2REE 566 — 576 ppm
2LREE 548 - 563 ppm
2HREE 13 - 17 ppm
Average 2REE 571 ppm
Average 2LREE 556 ppm
Average 2HREE 15 ppm
2 HREE/2LREE 0.027

®  Highly weathered granitic rock 4 79819
2REE 625 — 770 ppm
2LREE 590 — 745 ppm
2 HREE 24 - 35 ppm
Average 2REE 721 ppm
Average XLREE 692 ppm
Average 2HREE 29 ppm
2 HREE/XLREE 0.041

®  Weathered pegmatite vein
2REE 750 ppm
2LREE 738 ppm
2 HREE 12 ppm
2 HREE/2LREE 0.016

®  Weathered granitic rock
2REE 1144 ppm
2LREE 1059 ppm
2 HREE 84 ppm
2 HREE/XLREE 0.079
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(104AS) bEMALYLULL BEIEICUILE PUTIRBLEUBNLYLAUBAIIMULE ,Kgm.wcnzjuﬂrm@j bLBEEY ¢T _\rMCHwn_vr@@@%BHCrmrS@errRW? T - ¢ BLELY



- dwanslesginlauUieuiisudinassmentudiegiasingn dussduenudn

Concentration (ppm)

0 100 200 300 400 500 600 700 800 900

E
= .
% 35 —
a EWR (with structuge)
4
Pegmatite Vein O
4.5 ——
-—————————————————————————'—————J
5 ——
*
5.5 HWR —_—
*
6 ——
*
6.5

3UN 3 - 9 ns1lUSeuLiieud3una total rare earth element Tustndv fuseduawdn
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Concentration (ppm)
0 100 200 300 400 500 600 700 800

E
S |
% 3.5 o E—
(= EWR (with structure) g
4
Pegmatite Vein 1]
4.5 ——
——————————————————————————— -.———J
5 N E—
|
5.5 HWR —_—
|
6 ——
|
6.5

3U7 3 - 10 nywhUSeuiisudsunm total light rare earth element luistnén fuseduaudn
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Concentration (ppm)
0 10 20 30 40

E
S A
% 35 —
a EWR (with structure)
4
Pegmatite Vein
4.5 ——
————————————————————————— : ——
5 ——
A
5.5 HWR —_—
A
6 ——
A
6.5

3UM 3 - 11 nywhUSeuiisudsunm total heavy rare earth element luisindvn Aussauau@n
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HaPTEUSINs NN tufeg ngneuRumileaInNsAnvLAn Naulusinay
(extracted clay) AeiA3asila Wet Mechanical shaker 13 §10819 fea3oeile ICP-MS lananadl

® In situ regolith
2REE
2LREE
2HREE
Average 2REE
Average 2LREE
Average 2HREE
2 HREE/XLREE

B Structureless Soil :

2REE

2LREE

2 HREE
Average 2REE
Average 2LREE
Average 2HREE
2 HREE/2LREE

13 779819
529 - 793 ppm
515 - 773 ppm
11 - 24 ppm
647 ppm
632 ppm
15 ppm
0.024

3 fi79819
528 - 550ppm
515 - 536ppm

12 - 13 ppm

539 ppm

526 ppm

13 ppm

0.025

B Extremely weathered granitic rock (without structure)

2 REE

2LREE

2 HREE
Average 2REE
Average 2LREE
Average 2HREE
2 HREE/2LREE

600 — 672 ppm
588 — 660 ppm
12 - 13 ppm
627 ppm

615 ppm

12 ppm

0.02

[

3 A29819



®  Extremely weathered granitic rock (with structure)

2REE

2LREE

2HREE
Average 2REE
Average 2L REE
Average 2HREE
2 HREE/XLREE

629 — 650 ppm
616 — 639 ppm
11 -12 ppm
640 ppm

627 ppm

12 ppm

0.019

®  Highly weathered granitic rock

2REE

2LREE

2 HREE
Average 2REE
Average 2LREE
Average 2HREE
2 HREE/2LREE

683 — 793 ppm
659 — 773 ppm
20 - 24 ppm
746 ppm

725 ppm

21 ppm

0.029

®  Weathered pegmatite rock

2 REE

2LREE

2 HREE

2 HREE/2LREE

851 ppm
836 ppm
15 ppm
0.018

4 f19819

26

2 A9819



27

(104As) PELREWYLWUEL PEMEICUILE PUTBLEUENMLYLAUBIATIMULE BLEELY ¢

loxeys jesiueyos|y 19\ @Mv@%gwn\\@_\rmcwﬁﬁwﬁmcn@@rﬁpax@wrCCr@ﬁmeJﬁ@QQCwgvr_w@@\@?HCrwrS@rwarRW? ¢ - ¢ bLELY



- dwanslesginlauUieuiisudinussmenludiesgegneufumileainnisdn

YUINRLNBULULTINGN NUSEAUAINUAN

Concentration (ppm)

0 100 200 300 400 500 600 700 800 900

£
< ¢
% 35 —
[ EWR (with structure) .,
4
Pegmatite Vein _ O
4.5 —
-——————————————————————————.————J
5
o
5.5 HWR ——
o
6 ——
o
6.5

3UN 3 - 12 nywhUSeuiisudsunm total rare earth element TusgneufumieaninnisAnuuin

AzNaUlLLSINAY AUTLAUAUAN



Concentration (ppm)
0 100 200 300 400 500 600 700 800 900

E
S =
% 3.5 o E—
(= EWR (with structure)
4
Pegmatite Vein 1]
4.5 ——
—————————————————————————— .—————J
5 N E—
|
5.5 HWR —_—
|
6 ——
|
6.5

3UM 3 - 13 nywhUSeuiisudsunm total light rare earth element lusgneaufumileainnsén

YUIANZNBULLLTINAN NUSLAUANUAN



30

Concentration (ppm)
0 5 10 15 20 25 30

E
S A
% 3.5 —_—
a EWR /(with structure)
4
Pegmatit~ Vein
4.5 —
——————————————————————— 1————————4
5 ——
A
5.5 HWR R E—
A
6 ——
A
6.5

3UN 3 - 14 nywlhUSeuiisulsunm total heavy rare earth element lungnaudumileainnisédn

YUIANZNBULLLTINAN NUSLAUANUAN
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- dmansesginliuseuiisudiinasgmennluiiegiasindn wavduasgmenn

TusiegenznauRunleNNNNISARYUIARLNBULULSINAY AUTEAUAINUEN

Concentration (ppm)

0 100 200 300 400 500 600 700 800 900

4 In situ regolith

@ Extracted Clay

E
< * O
8— 3.5 —_—
[ EWR (with structuge) -
4
Pegmatite Vein S O
4.5 ——
-—————————————————————————'.————J
5
*
5.5 HWR —_—
<
6 ——
* O
6.5

3UN 3 - 15 nywhUSeuiisudsunm total rare earth element Tuislndn wazlungneumiunilen

INNTANVUINRLNBULULSINAN AUSEAUANUAN
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Concentration (ppm)
0 100 200 300 400 500 600 700 800 900

W In situ regolith

[ Extracted Clay

E
S n
& 35 —
(= EWR (with structgre)
4
Pegmatite Vein N |
4.5 ——
-———————————————————————-..—————J
5 N E—
[
5.5 HWR —_—
o
6 ——
n O
6.5

3UN 3 - 16 nywlhUSeuiisuysunm total light rare earth element Tuislndn waglunznoufu

WIREIINNNTARTUINAENBULULSINAN AUTEAUAUEN
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Concentration (ppm)
0 5 10 15 20 25 30 35 40

A In situ regolith

A Extracted Clay

E
= A A
& 35 —
a JFEWR (with structure)
4
Pegmatjte Vein
4.5 S
-————————————————T——————:——————J
5 ——
A A
5.5 HWR —_—
A A
6 ——
A A
6.5

3UN 3 - 17 nywhUSeuiisudunm total heavy rare earth element luisindvn uazlumgnousu

WIREIINNNTARTUINAENBULULSINAN AUTEAUAUEN

- dwansiesgiusinassmenilaandegidlusingn  wazazneufumienainnisdn
yupnznauluslndn dUSeuieuiuUsinasnmentuanniuis 81984990 McDonough

and Sun (1995) kagaayinnsIm Chondrite-normalized REE pattern



Sample/Chondrite

34

n310 Chondrite-normalized REE pattern %29 Structureless soil 1993 3 A29E19

10000 -

1

1000

100 -~

10 -

= =Weathered granitic rock

=== |n situ regolith

La

Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

5UN 3 - 18 n3liUTeuLiieu Chondrite-normalized REE pattern s¥ninafiuunsing fuisingn

(Structureless soil)

Sample/Chondrite

1000 -

100 -~

10

="==|n situ regolith

Clay extracted from in situ

regoliths by sieving

La

Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

JU# 3 - 19 n3llUTeuLTigy Chondrite-normalized REE pattern seninasindyn fupznaudu

WRE291INNSARTUNIARZNaUlWLSINAY (Structureless soil)



Sample/Chondrite

35

N3 Chondrite-normalized REE pattern %24 Extremely weathered granitic rock

(without structure) M19%sA 3 G881

10000 -
= J=\Neathered granitic rock
C === |n situ regolith
1000
<
100 -
10 -+
1 T T T T T T T T T T T T 1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb

Lu

5UN 3 - 20 n9lUTeuWigy Chondrite-normalized REE pattern seninafiuunsing fuisingn

(Extremely weathered granitic rock - without structure)

Sample/Chondrite

1000 -
=C==|n situ regolith
Clay extracted from in situ
\ ’ regoliths by sieving
100 - \
pres
10
1 T T T T T T T T T T T 1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

JU# 3 - 21 n3llUTEULTIgY Chondrite-normalized REE pattern seninaisingyn fupznaudu

wilgrnnsansuinnznoulusindy (Extremely weathered granitic rock - without structure)



Sample/Chondrite

36

n31M Chondrite-normalized REE pattern %29 Extremely weathered granitic rock (with

structure) YUUA 2 A8

10000 -
= =Weathered granitic rock
[ === |n situ regolith
1000
<
100 -
10 -+
1 T T T T T T T T T T T T 1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb

5UN 3 - 22 n3llUTeuiiey Chondrite-normalized REE pattern s¥ninafiuunsinag fuisindn

(Extremely weathered granitic rock - with structure)

Sample/Chondrite

1000 -

A

100 -+

1 T T T

Lu

=C==|n situ regolith

Clay extracted from in situ

regoliths by sieving

La Ce Pr Nd

Sm

Eu Gd Tb Dy Ho Er Tm Yb

JU# 3 - 23 n3lUTEULTIBU Chondrite-normalized REE pattern sendnaisingyn fupznaudu

wilgrnnisansunaznoulusindy (Extremely weathered granitic rock - with structure)

Lu
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- 31 Chondrite-normalized REE pattern %24 highly weathered granitic rock V14 4

A989

10000 -

1000

100 -~

Sample/Chondrite

= =Weathered granitic rock

=C==|n situ regolith

1 T
La Ce

Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

5UN 3 - 24 nsllUTeuligy Chondrite-normalized REE pattern seninafiuunsing fuisindn

(Highly weathered granitic rock)

=== |n situ regolith

Clay extracted from in situ

regoliths by sieving

1000 —I
g 100 -
S
°
c
o
£
o
9
Q
£
©
“ 40 -
1 T
La Ce

Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

U 3 - 25 nylUTEULTIgU Chondrite-normalized REE pattern seninaisindy fupznaudu

wilgrnnsansuinnznoulusindy (Highly weathered granitic rock)
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- n9 Chondrite-normalized REE pattern %79 weathered pegmatite vein yiausa 1

A989

10000

1000

100

Sample/Chondrite

10

1

= J=\Neathered granitic rock
=>¢=|n situ regolith (Weathered pegmatite Vein)

La Ce Pr Nd

Sm

Eu Gd Tb Dy Ho Er Tm Yb Lu

5UN 3 - 26 n31llUSEULigU Chondrite-normalized REE pattern senineiiuunstiag fuistnay

(Weathered pegmatite vein)

1000 -
o 100 -
=
S
T
[
[]
<
o
o
Q.
€
[°
®» 10 -

.
\

=>¢=|n situ regolith (Weathered pegmatite vein)

Clay extracted from in situ regolith

(weathered pegmatite vein) by sieving

e

La Ce Pr Nd

Sm

Eu Gd Tb Dy Ho Er Tm Yb Lu

JU# 3 - 27 n3llUTeULTigu Chondrite-normalized REE pattern sendnaisindyn fupznaudu

wilgnannsAnruInaznaululslndyn (Weathered pegmatite vein)
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a ¢« A [
> Msudanaainnsinsenusiusianieinlagwansaun (ICP-MS) auszduaudn
nsuvannuminevastoyalafiansanatnysinaunisiiuukasnsanasuessunusnm
gINTIW SIMNMEINUMLAUITI Uags19meNUmEnuInNga TuusasyeseAum e auseau

AUAN NUILNITNTZANEFAINIT

ludiuvesiegrasingn  s1emendmilny  (XREE)  dwundanusiannian ety

9

[%
1Y

structureless soil #USW 2REE Uszanad 448 ppm LLaza’auﬁﬁmmaﬁaﬁaaﬁqmﬁaw highly
weathered granitic rock fU3ua 2REE Uszanu 721 ppm lagUsunal 2REE %Lﬁﬁmﬁ'aagﬁﬂ

P TONANUTULIVRINIHIANaT Tursfeiu s1gmeintdminiuisid (XLREE) donansafiu

U 519MenTIUAe duiiiaunyign At structureless soil TUSuNay ZLREE Useanad 432

9

[%

ppm wazduniiaNuyiItaeNanmoty hishly weathered granitic rock IU3unas 2LREE Useana
692 ppm lagUSunas ZLREE Agiinfuiiloagdntu viodlauiuusavesnisyieanaiusieiu

dusmmenivdnuinsiy (ZHRED)  @0AAaosiUNaveuTINMUsNmMeIns  wags19men

o
A [

UMTNWUITIN URdwnaIfe duinieanniga Aedu structureless soil HUSus XHREE

q
(%

Uszuna 16 ppm LLazLLazﬁauﬁﬁmmr}gﬁﬂﬁ%ﬁ@@ﬁaﬁu highly weathered granitic rock $U3ueu
YHREE Uszanas 29 ppm w3 ZHREE Lildlanmussiunmeiatufeniuinsiuauely 3
U3 ZHREE Tuusestudoudnanntosaduiuly dgu 27

Tushogeiislanamnunlnddalufiuunsdavios  wuiilUina ZREE gefla 750 ppm
2LREE Wiy 738 ppm uag ZHREE Wiy 12 ppm wagiiuwnsiag (weathered granitic rock) 3
U3uay ZREE g98la 1144 ppm XLREE i1y 1059 ppm wag ZHREE Wiy 84 ppm

Tneilensmsnd THREE/ZLREE lutu structureless soil wihifu 0037 Tudu highly

weathered granitic rock iy 0.041 Tuanewmnavdmindu 0.016 waglufiuwnsiionwiniu 0.079

ludiuvesdiegnnznaufunilefidaweneonuiainislngn  siemenumunsay  (XREE)

' 17
= A U

duniANUNININTIgn At structureless soil US4 ZREE Ussunaw 539 ppm wagduiidl

q

mm@ﬁaﬂaaﬁq@ﬁa%u highly weathered granitic rock #iUsunad ZREE Uszunad 746 ppm lag

U3 ZREE Agiiuduilongdnunndu vivedlnnusulssvaamaieanas luraeiiediu simen

i
= A U

WM (XLREE) @nnaedfiuusunn s19me1nsIupe dduikieanniian Aetu structureless

9

soil fiU3unas TLREE Uszanal 526 ppm uagkazduiianunisesfianfedu highly weathered
granitic rock JUSune ZLREE Usennad 725 ppm lneusuna 2LREE %Lﬁuﬁ'ﬁulﬁaagﬁﬂmﬁu %39

= v 1 = U 1 g U 1 dl v dl
HANMUTULTNVNNTTRINAASUYULAYINU - FIUTIMIUINUINUNUINT I (ZHREE) FIUNHNININNER

9

[
v

Aot structureless soil 3UTHM ZHREE Useanay 13 ppm wazlazdiuiisianuyistasfianotu
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highly weathered granitic rock fiU3unes 2HREE Uszune 21 ppm %aﬁ]’m'gﬂ 2- 10 wunUTun
2HREE anas9nfegnaufnkenaznou wasiuwiliunislassauuuna ZHREE auseaunisn
WuULREiU 2REE wag 2L REE

Tushogsfitlanamnunlnddalufiuunsdovios  wuiiiUsina ZREE gefla 851 ppm
2LREE iU 836 ppm Wag ZHREE iU 15 ppm

InefiAensnadiu 2ZHREE/ZLREE Tutu structureless soil windu 0.025 Tudu highly

weathered granitic rock 11U 0.029 waglugaimninivdvingu 0.018

> nsuwlanaann1sinssiuiunasiaieniisufesiuusanasaeniy
aNN1UINYaY McDonough and Sun (1995) lasn1simyiing vl Chondrite-

normalized REE pattern
nswlannuninevestoyalaniansananmsiuieudisu 2 sukuulaun mauSeuieusin
avluusiagdieszsunmsisiuiuunsiagdadusumuesiufidgnnszuiunsudsanimiosiian
waznswssuiisuisinanluusdasdessrunsyiaiuasnaufumilenannsAnvuangnaulusing
yesusarT iUy Tneduadlased
Iu‘%u Structureless soil, extremely weathered granitic rock (with structure) wag highly

weathered granitic rock WuillefiunuINUu Usua 2LREE uay XLHREE 3wanad natimelu

uunsliagasdusunn ZLREE wag ZHREE unndibusindnvesiiuunstiniy uazillofiansaneiy

Furaensmlugie HREE nsmvadsindnvesfiuunsiaiuazianudusiuniinsmueaiiuwnsing

Bntioy wardSunm ZLREE waz ZHREE lungnaufuwmiieiainnisenvuinnenaulusindnias
anlwslndnidndas wazanudunswlugig SHREE nwngnaufuwileiainnisfnvuinngnau
lwslnansuninnswaassinan

dud extremely weathered granitic rock (without structure) WUi’]Lﬁ'aﬁuQMﬂﬁu
U3unay ZLREE uag 2HREE 9zanas nandfeluiiuwnsinnasiiusunn XLREE uag XHREE 110N
TusTndvvesiunnsdmiy  wazdlofiansanauduresnsmlugis  THREE  nsmlveaslndnves
Funnsiainaziianudusiuninsvvesiiusnsiananios wavdSunm 2LREE usz ZHREE lu
pnouRumriianmsdnvuinszneulusindnunnnilusindnidndes  waranudunsinlugae

THREE nwagnounuwmnieiainnsenvuiaagnaulusinannuninnmneed LiIﬂﬁ‘Y]
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- aAUsIeNan1sAN® (Discussion)

- ayunanisAne (Conclusion)
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unil 4 afiusnguazaunan1sAne

=Y = . .
anuUsrenansAnw (Discussion)
AINASANYSIEINSNVDIRULNSDATUNUNAUANTIULAY D 1NDLIRT FIMIATEUDY WU

a a [y

Huunstinluiunddasinsyiiaduinandnuazgivsemaieginiunsia  Usenaufugieniai

Y
(% ¥

fanwauranasaudulauAudges Ivhlvlduanynaaeniounsl Jedwmalviuunsinlunuininig

HaEe  wagnszuiumsiuasuilamaaiiannateusuisey  (hydrothermal  alteration)  uwag

nssiUeuunintugImas (late stage of magma) fadawalvitinniswisvesfiuunsinluiuiife
[~ o Y a <) 1 a A o ege

annzlunsn MliAnduwausiueivie kaolinitic clay

NNEasTAATvesfiuunstny  wazisindvluiuiduansieuns dunewlles  Jminssues

'
a

wuhURnusmeninadessiunsis  nanfedsdimaniann  BiuTinasgmeinanag
TngLangsmmentminiun dwsgmenniwiinmn wsdiaruamudenisgnavdnsiennumdy
n3A (acid leaching) mmd’]ﬁmmmmj’mﬂmm

Tudiidudu extremely weathered granitic rock Tililifiulassadewesiuinasiivzune
spenniwinunlungneuiuminannisdasuiengnoulusinaniigenitlusingy desnnus
ﬁiﬁﬁmmmﬂ (REE-bearing mineral) Fu8uuswiin (heavy mineral) wawidunsifianunmusions
Wi9ga (refractory mineral) azgnnssuruNITuwltiune (gravitational process)amnAutuuude

structureless  soil  anasneglugissesressnituiliflassaisnesiuduindoogfutuiis
Tnssarevesiiu  uazgngadulfluusiuvia  Kaolinite uwarlufiuunsdaifnissieloofign o
U‘%mmsmmmﬂﬁ% 2 i mﬂﬂdﬁﬁmmiﬁmﬁ@ﬂ’ammﬁawmLLi'ﬁﬁﬁmmmﬂﬁ?u%ﬁqmagﬂu
anmzUnd sdsnanusionisyis

Tuunnstingievas (late stage of granite) WuaIBWNINING (pegmatite vein) wag &g
wawlwag (Aplite vein) fwnsndnvsdiviunusmmeniigilasimesmenedamimdniu sy
Failnaystaiitiosniniuunsialuvios

nsusesfiuunstinluiiuil Anainnszuauns 2 nszuaums Aenszuaums Kaolinization
Fea¢ls¥ Kaolinite wagnswUILNS Greissenization #3a¢l¥ Sericite Tnandngunu Greissen Tuiiu

LUUAU (gﬂﬁ a4-1)
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5U# 4 - 1 Greissen MNAUNFIUAUTY Buneiiles Jamdnszues

ayUunansAnen (Conclusion)

INMIETRNMAAUIN waensAnwsTalel  legihuneseilazeiuTenasiuiv
@ A = vo &
NIEUIUNSHING waznszuunsdsuwdamaall awnsaasulanal
1. Huunsliafiinnszuiums kaolinization agiivsunasiameiniminuntuysunn
8¢ Tngdnsnaiusendng HREE/LREE qwaadu 1ilea Kaolinite inaiaudilunisgadusmmennyiin
wmtinannled Feusuendanunusnatifnenmlvisismeinsiauimtngn
2. AUNsUAAANTEUIUNNT  greissenization  AzlivTuusIgendmTinanluy

YSunauiien aednsndiusendneg HREE/LREE 9gen Liles Serecite dinauaudflunisaadusiamien

v
A o

gipumtnunlie feisvenfanunusiailidnenmivisigmeinsiauimtnunili

] v

3. USHUEIMIEIN WTunNsEAuANEn wasiiunfianludiuwnsiannislosiign

VOLEUDLUY

PAINUAITLNNSANYY  XRD  wagn1syn Orientated  wuAdlunevawiausuann

Auunsng watslnanluiuiusnilyiaainnseuiuns Kaolinization %58 Greissenization
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A1519 5 - 1 USunausievinennlu

Sai Daeng, Ranong

Locality

ulaA ayewsad palayiesm

(24N12N13S YHM) 001 djIueIS

paJayyeam Ajweasnnxy

Ul ayewsad palayieap

(94N1ONIIS YIM) 3001 dijueIs

paJayyeam Ajweanxy

(24N1DNI3S YHM) 3001 dijueIs

paJayyeam Ajweasxy

(24N1ONI3S Y3M) 3001 dijIueIS

paJayyeam Ajweasxg

(24N1ONI3S YM) 3001 dijueIS

paJiayieam Ajuealnxy

(24N1ONI3S Y3M) 3001 D3RS

paJiayieam Ajuealnxy

(21n3n1s
INOYIM) D01 DijIueIS

paJayieam Ajuealnxy

(24n32Nn1s
INOYIM) D01 DijueId

paJiayieam Ajuealnxy

1I0S $$9124N10NA1S

uoniduodsag

SDR02 (1) SDR02 (2) SDR02 (3) SDRO2 (4) SDR02 (5) SDR02 (6) SDRO2 (7) SDRO2 (8) SDRO02 (9) SDRO02 (10) SDRO2 (11)

Sample ID

88.4 103 126 112 130 170 122 96.2 119 68.6 76.1

La (ppm)

332

289

567

336

387

510

402

462

426

487

338

Ce

175

159

27.2

22.3

27.2

38.7

29.7

27.1

30.4

24.7

20.6

Pr

56.7

51.7

84.3

72

85.8

123

96.1

89.4

101

83.4

69

Nd

10.8

10.3

14.5

12.5

14.9

21

17

14.9

17.5

14.8

12.5

Sm

0.31

0.3

0.52

0.4

0.53

0.69

0.51

0.58

0.54

0.45

0.39

Eu

8.91

8.34

8.88

9.58

13.9

11.1

9.04

10.8

10.3

8.55

Gd

1.53

1.48

1.18

1.08

1.31

1.92

1.52

1.12

1.36

1.54

1.24

Tb

9.67

9.14

5.05

5.43

6.07

8.32

6.57

4.91

5.88

8.44

6.63

Dy

1.95

1.82

0.77

0.97

1.28

1.03

0.79

0.96

1.57

1.19

Ho

553

5.19

1.75

2.47

2.42

2.39

1.99

2.24

4.18

3.23

Er

0.91

0.81

0.26

0.39

0.35

0.44

0.36

0.3

0.34

0.67

0.5

m

5.6

52

1.6

2.5

2.2

2.7

2.1

1.8

2.1

43

33

Yb

0.84

0.75

0.25

0.36

0.3

0.4

0.3

0.25

0.3

0.68

0.48

Lu

554.01 745.03 725.42 726.18 700.68 895.35 660.66 560.6 832.26 468.53 528.35

2REE

528.89 713.35 701.44 705.98 675.31 863.39 637.43 539.4 812.52 435.8 493.41

2 LREE

25.12 31.68 23.98 20.2 25.37 31.96 23.23 21.2 19.74 32.73 34.94

2 HREE

46



M1319 5 - 2 USinausmmennlumegasingy 10 faeg1e uazdiegsiuinsiaan 2 faeg1e aniiundnywinuamaeduidy guneiiies daninszues

(HSPRO1)
Locality Haad Som Paen, Ranong
] ] ]
= = = 4 4 4 4
& & & > 8 > 8 2 > 8 > 8 e e
o o o 2 B3 E & 5 2 £ £ 3 4
@ o o £z £z & £ E - 5 T ¢) ¢)
9] 9] [9] o o © o © 9] o © o © ¢ ¢ o 5
c £ £ £ S22 s 2 > 8 x> - £ =
S g g g T 88 §° 2 T % 7T T 9 T ¢ & &
o = 2 2 " ® © O [} T o T o " o T O o o
5 > > > g O £ o £ S o £ o £ T B T B e e
«a Cc X Cc X e © 0 © o) © © c o) © e © e c e c 0\ \
0} 2 ¥ 2 9 2 9 o 9 v o v v 3 o o o o O © O © o o
[a) T 9O T Qo T Q = = =2 = =2 = 3 = =2 = =2 = o = o i C
Sample ID  HSPRO1 (1)  HSPRO1(2)  HSPRO1(3)  HSPRO1(4)  HSPRO1 (5)  HSPRO1(6)  HSPRO1 (7)  HSPRO1(8)  HSPRO1(9)  HSPRO1 (10) Pt053(1)rk Pt056rk
La (ppm) 17.8 24.3 19.5 28 27.4 22.5 27 28.1 29.7 32.7 23.2 20.3
Ce a5.9 60.2 50 75.6 75.8 62.1 76 79.4 81 93.6 69.8 535
Pr 4.68 6.41 5.06 7.34 7.41 5.95 7.26 7.5 8.04 8.93 9.14 7.69
Nd 17.9 245 19.4 28.2 28.1 229 27.6 278 30.7 34.1 38.9 30.6
Sm 5.2 7.3 5.6 7.7 8 6.4 7.9 8.1 8.6 9.8 17.8 13.3
Eu 0.11 0.12 0.12 0.15 0.13 0.13 0.12 0.13 0.1 0.08 0.17 0.05
Gd 6.75 8.05 6.46 8.57 9.06 7.74 8.95 9.06 9.38 10.7 22.1 14.7
Tb 1.51 1.73 1.49 1.82 1.94 1.69 1.84 1.88 1.92 222 4.38 3.1
Dy 10.2 11.7 9.92 12.3 12.8 10.9 12.3 12.7 12.7 14.5 29.1 19.5
Ho 2.09 24 1.98 247 2.58 2.23 2.45 2.56 2.49 2.86 5.45 374
Er 6.31 6.98 6.03 7.44 7.65 6.73 1.27 7.62 757 8.55 17.6 123
Tm 1.11 1.3 1.05 1.32 1.39 1.19 1.27 1.35 1.29 1.57 3.6 247
Yb 8.1 9.1 7.8 9.7 10 8.5 9.3 9.6 9.5 11.1 24.8 20.1
Lu 1.28 1.42 1.23 1.44 1.57 1.35 1.45 1.54 1.48 1.75 3.86 3.15
ZREE 128.94 165.51 135.64 192.05 193.83 160.31 190.71 197.34 204.47 232.46 269.9 204.5
2LREE 91.59 122.83 99.68 146.99 146.84 119.98 145.88 151.03 158.14 179.21 159.01 125.44
2 HREE 37.35 42.68 35.96 45.06 46.99 40.33 44.83 46.31 46.33 53.25 110.89 79.06 5
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a Y 1 a = [ a 1% a = . Y 1 & ale
M1319 5 - 3 USInasmvnenntuiiegenznaufuniienainnisfnvuangnaulusindnmieiasesiie Wet Mechanical shaker 10 §39813 9nWuAANY
o ;% o =) U o
fuamaduLdu 91Lneiing Jaminssues (HSPRO1)

Locality Haad Som Paen, Ranong
o o o
= = = ~ 4 4 ¥4
& g g > 8 > 8 2 > 8 > 8 e e
o = = & g & g E & g R £ £
o o o - - & < Z < Z s s
9] [9] [9] o o © o © 9] o © o © ¢ ¢
c = = =t T2 o T = N N < ]
S g g g 3 3B 3 B 3 33 3 % 3 3 3 3
& s = = 5 5w ® @ 5] 5 G B G B o ® G
5 > > > o O £ o £ b= o £ o £ o = T =
2 5 3 5 3 5 3 8 8 % 3 8 8 < 3 8 8 8 3 5 8 &
[a) T Q° T Q° T ° = = = = =2 = 3 = =2 = =2 = o = o
Sample ID HSPRO1 (1) HSPRO1 (2) HSPRO1 (3) HSPRO1 (4) HSPRO1 (5) HSPRO1 (6) HSPRO1 (7) HSPRO1 (8) HSPRO1 (9) HSPRO1 (10)
La (ppm) 311 36.2 37 38.1 40.2 38.7 432 46.4 534 60.8
Ce 90.7 103 109 120 127 123 135 151 175 245
Pr 8.2 9.58 10.1 10.3 10.7 10.3 11.6 12.4 145 16.9
Nd 271.2 324 34.5 34.9 358 34.2 39 417 48.7 57.1
Sm 73 8.4 8.9 9 9.3 8.8 10.1 10.8 125 155
Eu 0.23 0.23 0.24 0.24 0.21 0.22 0.23 0.27 0.27 0.2
Gd 7.11 7.61 8.42 7.88 8.78 8.57 9.36 9.94 11.5 14.2
Tb 1.53 1.58 1.74 1.69 1.81 1.77 1.97 2.08 2.28 3
Dy 9.57 9.76 10.9 10.6 114 113 12.1 12.9 14.3 18.1
Ho 2 2.02 2.23 2.19 235 2.36 252 2.66 2.88 3.73
Er 5.66 573 6.48 6.17 6.68 6.65 7.05 7.44 8.02 10.4
Tm 1.04 1.02 1.18 1.12 1.23 1.23 1.27 1.36 1.47 191
Yb 7.1 7 79 7.6 8.4 85 8.8 9.1 10.3 13.1
Lu 1.06 1.06 1.26 1.16 1.28 1.25 1.33 1.43 1.52 1.96
2REE 199.8 225.59 239.85 250.95 265.14 256.85 283.53 309.48 356.64 461.9
ZLREE 164.73 189.81 199.74 212.54 223.21 215.22 239.13 262.57 304.37 3955
ZHREE 35.07 35.78 40.11 38.41 41.93 41.63 444 46.91 52.27 66.4

81
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(HSPRO2)
Locality Haad Som Paen, Ranong
O ] ] ]
S = S 5 = = =
> £ ® g > 8 > 9 c g S °
c — on c c on on on —
22 Es g £ £ g i i L E E
o & 2 @ o © o © @ @ @ & 2 S S
g = 2 = % = S 2 So2 E E £ R = =
2 R > 9 3 g T 3B T ? g g g > 2 9 S s
o T o E U 5 2 T O T Q@ s s s E U 5 o on
g g = g =2 € 2 . g = g = 2 . 2 2 . g = ¢ < <
(7] 58] — 58] 8] pust [%] [}
g 2¢ Fegs 23 g ¢ 2 ¢ 23 2 38 28 EE&E £ £
Sample ID HSPRO2 (1) HSPRO2 (2) HSPRO2 (3) HSPRO2 (4) HSPRO2 (5) HSPRO2 (6) HSPRO2 (7) HSPRO2 (8) HSPR02 (9) Pt053(1)rk Pt056rk
La (ppm) 74.2 55.9 66.4 181 91.4 61.6 73.8 68.9 54.4 232 20.3
Ce 145 111 160 379 274 167 177 149 107 69.8 535
Pr 17.2 125 15.9 424 24.7 15.1 18.3 16.6 13.1 9.14 7.69
Nd 62.4 45.6 57.9 158 88.2 55 65.9 60.6 a9 38.9 30.6
Sm 128 9.5 115 27.8 18.8 10.8 13.4 12.4 10.3 17.8 13.3
Eu 0.53 0.35 0.45 0.86 0.66 0.34 0.43 0.38 0.38 0.17 0.05
Gd 119 8.12 8.82 20.2 133 8.43 10.3 9.94 9.1 22.1 14.7
Tb 2 1.42 1.49 2.81 2.14 1.4 1.65 1.63 1.58 438 3.1
Dy 113 8.19 8.16 14.8 113 77 8.71 9.14 9.03 29.1 19.5
Ho 2.11 1.52 1.57 275 1.87 1.41 1.56 1.67 1.71 5.45 3.74
Er 5.64 4.16 4.28 7.13 a7 3.93 a2 a.44 a73 17.6 12.3
Tm 0.87 0.66 0.67 1.08 0.74 0.61 0.67 0.69 0.72 3.6 2.47
Yb 5.6 a2 a.4 7 a8 a a2 a5 a8 248 20.1
Lu 0.79 0.66 0.67 1.09 0.76 0.63 0.69 0.68 0.72 3.86 3.15
2REE 352.34 263.78 342.21 845.92 537.37 337.95 380.81 340.57 266.57 269.9 204.5
2 LREE 312.13 234.85 312.15 789.06 497.76 309.84 348.83 307.88 234.18 159.01 125.44
2 HREE 40.21 28.93 30.06 56.86 39.61 28.11 31.98 32.69 32.39 110.89 79.06

6V




M1319 5 - 5 USinausmmenlumegasingy 6 faegid

LATAIDYNAULNTUNAR 3 AI9E19 IMNWUNANYIFIVAUIIU DLNDLIDI F91InTEUDd (BRRO1)

Locality Bang Rin, Ranong
Ty 3 E E
_ _ o 2 o - o o ~ ~ ~
= = < = < B < = < = Y Y %
3 3 ® S ® S ® S SRS 2 e o
n n g <= g = g <= 0 = v v v
s g g R 2 s ¥ s ¥ B k=) =]
g ¢ s 389 383 %83 382
= 2 2 e Y 3 e L 3 c Y 3 cE L 3 o o o
g g g ¢y g8 g8 g =f b b -
@ 5 5 ¥ o 5 ¥ O 5 % © 5 5 C 5 L L v
[=] 2l N b on O V8] on  » W o & W o n [y [ [
Sample ID BRRO1 (1) BRRO1 (2) BRRO1 (3) BRRO1 (4) BRRO1 (5) BRRO1 (6) Pt093rk Pt108rk Pt095rk
La (ppm) 56.7 38.6 31.7 27.3 25.4 31.4 40.8 14 2.3
Ce 126 97 82 78.1 72.8 89.9 92.4 34.4 5.9
Pr 14.2 10.2 8.37 7.44 6.31 8.79 11.2 4.32 0.73
Nd 50.5 36.6 29.8 27.8 23.1 30.8 40.1 16.9 2.8
Sm 9.9 8.1 6.1 6 53 7.1 9.7 6.9 1.2
Eu 0.14 0.08 0.08 0.07 0.05 0.07 0.38 0.05 0.05
Gd 7.25 6.11 5.03 5.27 4.48 592 8.76 8.02 2.08
Tb 1.01 0.97 0.78 0.87 0.66 0.96 1.49 1.67 0.57
Dy 5.65 5.44 4.74 5 3.96 5.35 8.72 10.4 4.34
Ho 1.06 1.09 0.96 1.05 0.71 1.06 1.66 2.03 0.95
Er 3.06 3.2 2.79 3.18 2.35 3.35 4.94 6.74 3.25
m 0.57 0.55 0.49 0.56 0.37 0.56 0.79 1.24 0.57
Yb 39 4.1 2.6 4.1 29 39 5.6 9.1 3.7
Lu 0.66 0.7 0.54 0.67 0.52 0.57 0.81 1.43 0.51
2REE 280.6 212.74 175.98 167.41 148.91 189.73 688.27 306.67 261.8
2 LREE 257.44 190.58 158.05 146.71 132.96 168.06 666.02 292.15 249.33
2 HREE 23.16 22.16 17.93 20.7 15.95 21.67 22.25 14.52 12.47
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M1319 5 - 6 USIausmventuiiegasingy 9 Miegne uaziiegeiiuunsingn 3 6913 RNWUNRNYIMUAUITY Bnewlas Jaminseues (BRRO2)

Locality Bang Rin, Ranong
X X X X
> 8 > 9 > 8 > 9 o o T o o o
S v ) S v S v _GC) _qc) > g g g ~ ~ ~
s E s E s E s = = = L = = = 2 2 3
O © o © O ®© o © v ] 3 ] (] 0] = e e
5 - - S« Lx Iy 2 2 <
S 3 3 3 3 3 3 g 3 T ¢ T ¢ ® T 8 T 8 T 8 § § 5
o IS © © © 0 T O [CES) [CE) v [CIENS] [CEENS] [CIENE] o o o
5 s < o < o < o S o B o B b= o= [OR= [OJ= = < <
o 8 3 3 3 B 8 B 3 8 & 8 5 3 B8 5 B8 5 8 5 ] ] 3
[a) = = = = = = = = > o s ® = s ®» = ® = 5 T T T
Sample ID BRRO2 (1) BRRO2 (2) BRRO2 (3) BRRO2 (4) BRRO2 (5) BRRO2 (6) BRRO2 (7) BRRO2 (8) BRRO2 (9) BRRO2Mn Pt093rk Pt108rk Pt095rk
La (ppm) 375 45.3 49.4 a2 a1 35.8 35.5 26.3 11.7 24.7 40.8 14 23
Ce 130 113 140 138 256 317 580 229 221 96.6 92.4 34.4 5.9
Pr 9.68 12.7 12.3 10.8 10.1 9.02 9.6 6.92 3.1 7.97 112 432 0.73
Nd 35 45.6 44.1 37.9 36 31.4 33.3 24.3 10.8 30.9 40.1 16.9 28
Sm 8 9.7 10 8.3 8.2 6.7 7.4 5.4 26 9.5 9.7 6.9 1.2
Eu 0.22 0.37 0.34 0.29 0.33 0.28 0.22 0.23 0.13 0.43 0.38 0.05 0.05
Gd 6.99 7.89 8.08 6.71 6.59 537 6.12 4.08 278 139 8.76 8.02 2.08
Tb 1.11 1.28 1.14 1 1.03 0.88 1.06 0.66 0.56 4.6 1.49 1.67 0.57
Dy 6.26 7.01 6.64 5.73 5.48 472 573 372 334 37.8 8.72 10.4 434
Ho 1.15 1.39 1.15 11 0.93 091 1.17 0.75 0.71 8.12 1.66 2.03 0.95
Er 3.57 4.08 35 3.11 3.01 251 3.25 2.06 1.96 29.2 494 6.74 3.25
Tm 0.56 0.67 0.53 0.54 0.45 0.46 0.53 0.36 0.34 791 0.79 1.24 0.57
Yb 4.1 39 38 38 33 3 38 25 24 84.6 5.6 9.1 3.7
Lu 0.64 0.75 0.56 0.59 0.5 0.49 0.59 0.39 0.38 143 0.81 1.43 0.51
2REE 244.78 253.64 281.54 259.87 372.92 418.54 688.27 306.67 2618 370.53 227.35 117.2 28.95
2LREE 220.4 226.67 256.14 237.29 351.63 400.2 666.02 292.15 249.33 170.1 194.58 76.57 12.98
2 HREE 24.38 26.97 25.4 22.58 21.29 18.34 22.25 14.52 12.47 200.43 3277 40.63 15.97
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Locality Bang Rin, Ranong
> > > >
o g & g & g o g B B Y = b=
£ £ £ E £ E £ E ‘e ‘c = S ‘c
o © o & o © o © © © o © ©
c ; o ; o ; o ; o > 2 > 2 © > 2 > 2
2 33 3% 3% 3 3 3% 3% B 3% 3%
Q S o S S [CR [CI] [CR] o [CIo] [CHo]
I s . gL, =L S$E. 2. %=z = -
w © o] © o] © o] 18] o] 18] o] 18] o] o g 8] rv] 18] v}
8 2 ¢ ¢ 2 ¢ ¢ 2 28 2 ¢ 2 20 2 ¢ ¢ = ¢ 2 ¢ ¢ 2 ¢ ¢
Sample ID BRRO2 (1) BRRO2 (2) BRRO2 (3) BRRO2 (4) BRRO2 (5) BRRO2 (6) BRRO2 (7) BRRO2 (8) BRRO2 (9)
La (ppm) 34.8 39.6 29 274 34.7 25.1 29.2 19.7 123
Ce 297 275 303 310 771 1230 1610 707 373
Pr 9.15 9.69 7.76 7.06 9.3 6.45 7.39 5.38 34
Nd 30.8 33.7 26.7 25.2 31.8 216 25.1 18.4 12.1
Sm 6.3 6.7 5.6 54 7 4.6 55 a1 3
Eu 0.22 0.3 0.25 0.26 0.25 0.25 0.26 0.24 0.22
Gd 4.46 5.05 4.29 4.04 527 3.4 4.36 3.33 2.97
Tb 0.69 0.77 0.71 0.68 0.91 0.67 0.91 0.64 0.6
Dy 3.67 4.3 3.92 3.79 4.73 3.21 4.16 3.32 3.39
Ho 0.76 0.82 0.83 0.76 0.94 0.66 0.82 0.71 0.72
Er 2.08 2.3 2.23 2.35 2.54 1.79 2.26 1.95 2.04
m 0.35 0.39 0.38 0.37 0.44 0.31 0.37 0.35 0.36
Yb 2.5 2.9 2.7 2.6 3 2.2 2.7 24 23
Lu 0.39 0.47 0.4 0.42 0.47 0.34 0.4 0.38 0.36
2REE 393.17 381.99 387.77 390.33 872.35 1300.58 1693.43 767.9 416.76
ZLREE 378.27 364.99 37231 375.32 854.05 1288 1677.45 754.82 404.02
2 HREE 14.9 17 15.46 15.01 183 12.58 15.98 13.08 12.74
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