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APPENDIX A

GECGRAPHICAL DATA FOR THE FLUORITE DEPOSITS,



Table A=t

HC,.

W

e

10

11

12

Amphoe

Fang

Fang

Fang
Chiang Dao
Semoeng
Samoeng
Samoeng
Moe Cham
IMae Cham
Mae Cham

Mze Cham

Mae Cham

Tocation of deposits,.
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Chiang Moi Province

Trarabol

Mae Sun
Mon Pin
Na Wang
Mﬂaﬁg Ngal
Samoeng
Yung Mern
Samoeng
Mae Suk
Mae Suk

Tha Pha

- The Pha

Thz Fha

Location
sheet/Grid
Ban Huai Krai, 470/2018
Doi Pha ad, 275/885
fuai San, A76,/TD21
Ban Huai Phung, 164/064
Ban Pa Daeng, AT0,/TD22
Mae Na Wang. 329/975
Ban Mueng Ngai.  47Q/0D16
' 929/565
Ban Umlong, 476/0023
Huai Nem Boa, 540/912
Doi Pha Som, 4719/cC23
585/935
Ban Mae Sap. A476/0C23
661/837
Huai Ndm~mae-okhoo+7Q/CC1r
Ban Mae Pan, %60/502
Doi San Tham, A7Q/0C14
Ben Mae Pan, 375/490
Ban Kong Xhak, ATQ/CC10
347 /387
Doi Santong, A479/CC10
Ban Omkhut, 278/280

Muai Pong Chugkak, 470,/CC6
Ben Omkhut, 262 /245

Asterisk (%) denotes the deposit studied.

Map1:50,000 Longitude/

Latitude
99 15. 45 E
19 f7 J? N

9; 09 22 B
3%

19 57 19N

99 18. 47 E
10 52. 51 N

98 56 E
e
19 30. 16"

98 53 %5 E
18 54 48 N

98 36 20 E
18 56 05 'y

98 40 43
18750 AT'E

98 23 38 E
18 52 55 W

98 24 27 E
18 EX 53 N

9U 0" 53 ‘5
18 26" 18"

t W
98 18.57 E
* f w
18 20.31 |

98 18 05 E
18 18



0.

13

15

16

18
19
20

21

23
24

25

Amphoe

lae Cham
Yae Cham
Hed
Omkoi
Omizod
Qmlkcoi
Omkbi
Omkoi
Omicod
Hod

Hod

Hod

Hod

Tumbol

Thg Pha,

Mae Na Jon

Hang Dong

Yang Plang

Yang Fiang

Yang Piang

Mae Tun

Mae Tun

Doi Tac

Dei Tao

Doi Tao

Doi Tao
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Location

Doi Pong Daeng,
Ban Oukhut,

Dol Ku,

Nam Mae Nai,

Doi Kai Kia,
Ban Mon Hin,

Hual Mog Huk,
Ban Yang Piang,

Ban Sop Lan.
Hiai Pu - Poei,
Fuai Haoeng,
Ban Pada.

Huali Mae Thoel,

Doi Chang,

Map1:50,000 Longitude/

Sheet/grid Iatitude

474/CC6
267/224

A646 1T
216/674

470/007
595/170

479/CB10
386/702

4644 II
372/444

4644 II

" ar0/am10

365/3%%

470/CB10
359/288

47Q/CB10

Ban Tuai Nam Khac,469/173

Ehao Hin Tael:,

Doi Tao,.

Khao Sila Thip.,

Huai Xong Kang,

47Q/CR24
740/790
479/C324
750/792

A77/CB24
765/770

470/0B24
757/810

08 18 22 E
18 17 28 N

98 1) ?c ﬁ
10 41, 59 N

98 37 01 E
18 14. 36 H

98 25 22
17 27 30 N

% 04 30 Ef'
55 130"

98 23 04 E
17 41, 56 W

98 ?4 08 T
17 29. 13 N

98 2) 4 ﬂ
17 26 ﬂ? N

98 BO OO E
17 20 30 b

98 43 16 E
1; 54700 N

98 45 51 E
17 54 5K

&

98 4-6-42 E
LI BT
17'52-5/i 0
98 46 15 E
17 55- 06 H



[,

26
27
28
29

30

32
33
34
35
%6

57

Amphoe

Ilod
Hod
Hod

Hod .

Hod

Hod

Hed

Hod

Hod

Hod

Hod

Tumbol

Doi

Dol

Doi

Doi

Doi

Doi

Doi

Dol

Doi

Doi

Dol

Doi

Doi

Tao

Tao

Tao

Tac

Tao

Tao -

Tao

Tao

Tao

Tao
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Location

Doi Pae Po Mak
(MC=~1 Mive),

Dol Pae Po Mak
Linking IMine,

Doi Pae Po Mak
(Toho Mine).

Doi Pae Po Mak
(Suwat Mine),

Ban Doi Tao
(Booni Fluorite

Mine ).

Doi Yao.

Dol Tao

(¥hao Kiu Kung).

Map1:250,000
Sheet/Grid
479/0824
757/765

A16/0824
751/ 770

476/CB24
756/767

470/CB24

770/748

47Q/0B24
757/782

47/CB24
782/787
470/CB24
818/755

Between Fuai lae-470/CB24

Buan and Huai

Mae Tup.

Sop Huai In -
Huai Hok,

775/782

47Q/0B24
787/745

South of HEval In 47¢/CE24

deposit (NO . 34 ) .

SW of Muang Iib

Mine,

Doi Sam Liam,

South of
A = Anan Mine,

795/722

47Q/C3B20
792/695
476/0B24
87/712

47Q/CB20
805/689

Tongltude/
Tatitude

98 45 10 E
17 52 98 W

98 45 53 E
17 52 55 W
98, 46 09 E
17 52. 45 W
98 47 00 'z
17 51. A2 N

98 4) O6E
17 53. 55 N

98 4 )9
17 55 50 5

98 49 45 E
17 he. 05 gl
98 ﬂT 16 E
17 3 35 N

98 47 56 E
17 51" 52"y

98 f‘d 2) E
']7 50 19 I\'I
9& 48 13 I}
17 118 51 N
28, 4( 55 E
‘17 53. O1 N

98 48 59 g

‘17485’1N



0. Amphoe

39
40

41

A
'y

49

50

Ul
—

Hod

Hed

Hod

Hod

Hod

Hod

Hod

Hed

Hod

Hod .

Hod

Hod

Tumbol

Doi

Mud

Mud,

Mud

Fud

Mud

Mud

Doi

Mud

Mud

juivlel

Tha

Thea

Tao

Ga

Ga

Ga,

Ga

Ga

Tac

Ga

Ga
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Location

Nong Daeng -
Ban Kong-wa Tai,

Huai Jowc,

Doi Prae Pa Mak
(Muang Thong Mine),

Doi Praec Pa Mak
(Doi Luwang Mine),

Dol #rae Pa Mak
(Noparat Mine).

Doi Prae Pa lMak
(Jowo lline).

Hoai Mee Yiap Luangd

Doi Pha Pherng,

Hua;‘. Mae Yiap,

Huai Kongda,

HBuai Mo,

Huai Poi, Doi Xerng,

Fuai Mae Had.

Map1350,000 TLongitude/

Sheet/drid
470/CB20
792/679

47Q/CB23
687/150

476,/CB23
691/742

47Q/CB23
676/735

47/CB23
671/746

47Q/CB23
681/752

479/CB 23
682/88}

47q/CB24
795/840
476/CB23
705/871
479/0820
762/675
47Q/CE20
738/692
476/CB23
592/865

ATQ/CE23
622/732

Latitude

L4 i [
98 48.14 E
17 47.58"%
98 f!(_ 17 E
17 51.28'N
98 42 32 E
17 51" 20"}

98 42 33 E
17 51" 00"

98 41. 25 E
17 51 36 N
98 a1 56 B
17 51. 35 'y
98 41 59 h
17 59. 17 N
98 /8 21"z
17 5o 40 ?\I
98 43 17 F
17 58 05"y
98 "6 50"g
7 470 47"n
98 4) 12" N
17 28" 42w

98, 36! ﬂ9
17" 58" 05"y

98 58 55 E
17 50 . bO N
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10, Amphoe Tumbol Location Map1:50,000 Iongitude/

Sheet/Grid Ilatitude

52 Hod  Tha Pha  Doi Had Yuak, ' A70,/CB19 98'11'45"E
671/598 17 43" 38"y
5% Hod Tha Dua Doi Pha-om. _ 49Q/CRi9 98 39 21 E

635/695 17 18'50"N

Mae Hong Son Province

54 Mae Sariang Mee Sariang Doi Chang, 47Q/3C8 97 ;7 24 E

Ban Chom Chaensg, 896/089 18 10 02"y

55 Mae Sariang e Umlong Pha Kwang. 470/308 97 5. fog' E

320/280 18 12, 13 W

56 DMae Sariang Mae Katuan Doi Tham, 47Q/B824 97 58 ']5 E

Nam Mae Rid, 910/810 17 54. 55 'm

57 Mae Sariang Mae La Noi Mae Ia Nois 470/5012 97 58 )6 E

920/331 18 23' 10"y

58 Khun Yuam Mae La Iuvang 470/CC13 98 01. 45 "

Doi Fha Daeng. 975/492 18 31. 53 g

59  Muang Pang Mu fuai Plu, 470/CD9 98 05 ) 2 5 E

954/398 19 217 04"y

60 Iusng Phs Bong  Tha Houg, . 47¢/ED8 37 58] 46

' ' 928/246 19" 12"50"y
61 Pai Thung Yao Han Sop Sae 47Q/CDé 98 ”7 12 B *

426 /267 19 1402

62 Pai Thung Yao  Ban Sop Pam. 476/CD6 98 26" ;2 m

420/270 19 14"15"y

. n \ L L
63 rali Thung Yac  Huai Chakpan, 475/Cn6 98 28 17 B

4457256 19 13 28"y

*



IO, ﬂmpho e

64 Pail
65 Pai
66  Pai
67 Pai
6? Pai
59 Pai
70 Pal
71 Pai
72 Pai
73 Pail
T4 Pai
75 Pai

76 Pai

Tumbol,

Thung Yao

Thung Yao

Thung Yao

Thung Yzo

Thung Yao

Thung Yao

Thung Yao

Wiang MNua

Wiang Mua

Wiang Nua

Wiang Nua

Wiang Nua

Wiang HNua

Tai

Tai

Ted

ai

=3
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Location

s

Ban Sop Sa,

South of Jan

Sop Sa.

Huai Pung,

Huai Mae Yan HNoi,

Hual Mae Yan Noi,

! Hual Pong Kang,

Huai Kang Hom,
Huai Phra Baht,
Huai Pong Pa,
Huai Pong Jo.
Horth of Huail
Pong Pa.

Huai Pong Sak.

Huai Nam TUn.

Map1:505000 Longitude/

sheet/Grid Iatitude
[ 4
470/0D6 98, 2z 28 E
361 /262 15 13 48'0
470/0D6 98.25f22"E
393 /241 19 12740 ¥
47Q/Cn6 98 20 As E
313/249 19 13 02"y -
474/CD6 98 19 26 E
290/340 10 1800"W
47q/CD6 98 19 30
292/345 19" 18"17"y
A7Q/CD5 98 14, 39 n
205/305 19 16 06"
47q/cD5 98 14 55 F
210/26€ 19° 14" 00"y
ATQ/Cn10 98 28 54 b
457/476 19" 25' 25"y
ATR/CD10 98 27 nz E
4357490 19 "5 11w
470/CD10 98 97 15 'm
427/47e| 19 25 31 b5
A70/CD10 98 ?7 °8
431/482 9 25" 45"
- 479/CD10 98 48 26 E
4487281 19 ?5 42 N
476/CD10 98 22 15 E
340/500 19 ‘26! 40"
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NO. Amphoe  Tumbol Location Map1550,000 Tongitude/

Sheet/Grid Iatitude

77 Pai Mee Hi  Huai Sai, 479/CD6 98 29 )3 E
466/339 19 21715y
78 Pai Yae Hi Huai Kaew, 474/0D6 )8 29 27 E
| 465/310 19 “16! 23 Iy

79 Khun~  Nong Hzeng Yong Haeng, 4TQ/BC20 07 50' 45" R
Yuanm Yae Ta Kae 922/648 19 12';0"N

Lamphun Province

80 Ban Hong.Pa Phlu Phu Kaew, at 53 km 479/0C8 9@ 50 58 E"
of the road NO,106. 834/134 18 12! 39 "
81 RBan Ho»g.Pa Phlu Doi Tone, 48 km A70/0C8 98 51 06 E
of the woad NO, 106, 843/107 18 1112w
82 Ban Hong.Ban Hong Doi Kan, A7Q/CC8 98 47 24 E
778/215 15 17 Y05y
8% . Mae Tha Tha Kad Ban Mae Khaenad ATQ/0C12 90 59-4) B
{. Theprithi Mine, 995/323 18 22 56"y ¥
2. Universal Mine, 470/6012 98 59 55 E'%
-~ . - 992/%24 18 22" 57 W
3. Tan Tha Mine, 470,/DC12 98 59, 20 B
988/%20 18 2! 51 B
84 Y¥ae Tha. Tha Pla Duk.Ban Tha Pla Duk, A70/DC9 99 13. 24 L
237/433 16 28'52"N
85 Pa Sang Makok Mae Ao, A47Q/cc12 98 53 42 E
889/325 18 23. "o2™y
86 ILi Ban Pang  Ban Pang, aigfeed 98 5A 22 E

900/015 18 06! 12 b



NO.

87
86
89
99
91
924

93

95
96

97

Amphos

Thoen

Thoen

Thoen

Thoen

Thoen

Thoen

Thoen

Thoen

Mae Suail

Mae suail

Mae Suai

Tumbel

Mae Thod

Mae Thod

Mae Thod

Mae Thed

Mae Phod

Wiang Mok

Mae Prik

Wiang Hok
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Lampang Prqvince

Location

Ban Mae Pia,.

Ban Mae Kaeng,

Ban ¥Mae Tern.

Ban Mae Thod.

Ban Ton Chai,

Ban Pang A.

Ban Manao,

Ban Mae Phu.

Chiang Rai Province

San Puloei

San Putoed

San Puloei

Huzi Mun Thep,

Huai Sak.

Huzi Ngok-ngack,

Map1 250,000

Sheet/Grid

ATQ/DB17
226/665

47Q/DB17
180/567

47Q/DB17
220/610
47Q/DB17
250/645
47Q/DB13
263/504

476/DB10
410/270

47Q/DE9
160/220

4843 T
452/172

476/1013
641/818

476/DD19
638/807

A47Q/D119
631/812

Longitude/
Tatitude

9) 12 48 B
17 47, 15 g

99 10 12 E

‘ 17 A1 57 W

99 12 28 E
17 A4 15 Y
99 14 10 E
17 46 08"

99 14, '55"%
17 75" 53"y
99 23 10 ‘g
17 25 47 N

99 09! 09 D
17 23 05"n

9) 25. po E )
17 2008’ W

99 36 40 E
19 f5 58 N

99 56, sz”h
19 L% 20 N

93 6 07 E
19 4%. 45 N



NO. Amphoe

98
99

100

101

102
103
104
105
106

107

Tha Pla :

Tha Pla

Tron

8i Satchanalai

Muang

Muang

Muang

Mae Ramat

Mae Ramat

Sam Wgao
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Uttaradit Province

Tumbol Location Mapt 250,000
Sheet/Grid

Had Yo Ban Nem Ri, 47Q/EB 22
485/865

Had Ta Ban Nam Fhra. 47Q/E822
525/785

Pa Khai Ban Pa Khai, ATQ/ER 4
390/350

Suichcthal Province

Ban Kaeng Ban Pak-kha, 47Q/Dis 4

515/428
Kamphaeng Thet Province

Ne. Bo Kam Nong Ping Kai.  47Q/D410

285/150

Pong Nam Ron Ban Pong Nam Ron.47G/DAG
502/041

Pong Mam Ron Ban Pang ¥hanun, 4841 I

286/186

Tak Province
Mae Tun Huai Nok Nuek.  47Q/CE3
580/962
Mae Tun, Hual Pa Ia Door. 47Q/CBY
544/007
Phu Tang Huai Maze Sa. 47Q/CB15

551/396

Longitude/
Latitude

' 100 24 1OE

17 57 37 "N

100 26! 23 "
17 5327
1oo 18’ 35 E
17°29"55"w

.9) °9 10
17 54" 23"

99 '16 02 L
'16 27. OO T\T

98 56 17 E
17 0g. 06 "N

98 34 20 E
17 11, )‘1 N

98 54 58 E
17 52" 57"y



NOe Amphoe Tumbol

108 Tha Zong Yang Mae Tan

109 Sam HNgao ‘ Fhumiphol

Darm,

226

Location

Nam Moe Usu,
Far Mae Usu,

Ban Samong,

Mzpi 250,000
Sheet/Grid

4643 IV
142/178

A7Q/0B12
842 /202

Longitude/

Latitude

h t‘ 3
298 11.34 B

1 i *
17 20.47 N

. | BN

98 '51.0% E
. T w

17 21.41 F



¢rlee

9*9LLL  L°LL A®6% 0°922 5°w42 2°L0L 2°L6 §°99 9°0¢ %®6L g°L 9oL  uweq Toudrwnug °¢)
CeLALL L2 L%HL Gh6 0 €°0€2  LTLOZ ZULlL L6HL 2'0GL 6°0L €°9y gtLE  LU¢L unqeyoteud *2l
LeGeal g%z L%l 9%66  L°402 6°Q0% 0°92¢ 6°0SZ 9T99L &*QZ L6 L6 §°9 pog o®y L1
L*QG%L 2% 6°92 L0yl €962 LT942 6°26L 4°04L 202 9%9G Z°6¢ 6°CL 2°6 fotnuesiTd *0L
L*RGOL  2°9 - TeLh CelgL 2UlGE 2T90L GU6g  GUCOL  <£zgL  L'gy 6%G2 zC e Sl *6
2°2GHl  0°G 002 Q*lZL  GUghT 2'4uE £°g6L :arﬁm 9°26L 4°Cl 6°xE Q2L 0°TL 3TERIBIGN *Q
goHLLL Q% L%yl 969  H'CCT 9°LiT 9TLEL H°9ZL GULGL  A*LY 2%62 0%/ 6°Q seaug */,
2°962L g% Ltyl 4°QY  L*6L2 LUgEE SUG6L 0°4SL #°R4L 6%%6 L*QC 0%HL 6°0L usy *g
0°20LL  4°C 992 0°22L §'OLE  A°GLE £ LEL 9%MEL  9°SL 2°S9 6%°QZ 2*0 4'9 SusdweT *¢
#*C€22L G*0L 9°H2 6°gLL  S°Y6L m.mmm U461 9°GQL 2°04L  4*9¢ 1§ 6°H 6701 Fuetaeg oBK .:
6°042L 9°GL 0%0f L*QeL £°29¢ 6'@kE H"24L €°2GL 029L  L*LE 202 2*L QoL Tey Juety) *¢.
L*CG2L 06 H®0% £*96  6°6L2 Q292 L*HOZ 0°9QL  L'gAL 4Gy €6 6°L 2y uog SUCH SBW *Z
L*GEAL  L*LE 2°Lh %62l G°C9T GTeih At66T  0°0Ge  LUALE  2'9d GC62 Lt/ geAL Tey JueTy) °L
JBST 090  *AON “350 sdag .mﬁ<. *Tup unp Key ~ady vaey *qeg *uEp UOTIeLrY
- (P0uTAOLd TBY FuRTUny ‘J94us)y 4SeOedod IVYFRSY UOTHOy ULBYFJION OUL hmpwdu
Biep OTABWITH L°2-Y oTABL

*G46L-166L BUTIND PUBRTTRYL UISYFIOU UT (wm) T{el UTRI Teo| :

Lez



g%lz 6%*¢2 g*Ge Q%42
9%dT &*wT L9 w42
*92 '#*¢2 . G*4qe Lo
gZ*le  g*¢Z 0%ge #*l2
G*le ¢*¢2 2*Ge- 3*ge
L2 L*H2 L*92 LtlZ
Lel2 6°22 G*G2  L*47
L*92 %12 6*y2 9°9¢
0°92 G*L2 L°H2 662
2%°92 G°ze ¢°42 0°/le
0°G62 - 9*02 4#%*¢z ge4e
G2 H#*lE ¢*he 2*oz
9°HZ G9*6L %22 L*Ge
by *28( Q.PO.Z *Ao0

9%z L*g¢ g¢"ge L*g2 C°0Y £°2¢ 9*0¢ Gl Z°4e  weqg roudTunyg °¢l
“ytlz S*lz 0°ge 4Atge 96T 6°05 2°9e /T Athe unqeyogond *2l
#*92 6°Gz 6°62 [*92 g°Q¢ Hh*0L Atge g2 GU¢e pog o8y *L|
9*le G*le QL2 ¢°gT (*6T ¢°04 G°g2 L*9z Q°¢ce foTnues3iTud Ol
G°lZ Q*le L*ge ZTge gthe 6'Le A'0¢ ¢fle 9fee ABL *6
6*le 6°%UF £°Qe  9°Q2 £'0¢ ¢CLE g6 ¢T*oZ Loy 1TPRIRYLN *Q
G* 2 9%lT 0'g2 L9Z 9*62 6°0C Qe 4G 6°2z ovayg */
2*e 2%/ g9tle 4°QE . Zt62 H*62 H°9z gtz 2*Le uey °g
9*92 LT 9%42 0°ge 6°gT 962 4%l LT 6L Suweduwet *4
0%42 ¢'9c G*92 2°lZ H'62 Q*0s 9°lc Lt¢c 6'lLe 3uetaeg o8y "4
€92 2'92 /4°ge L*AZ 0°ge €°g2 9°G2 2*Ce N*02 TeW JueTup *¢
G*92 2'92 9°92 'tz A*QT L*6T L*ge 2"22 9°0¢ uog Buop eBW *T
2'92 292 At9z. L*42 9tle GtlZ Lty2 gtLE 96l TRy JueTtul *|
*dag  *fny °*Top  *unp e rady  sJamy  *Qeg  euwp UOT}EAS

{®ouTAcag TPY Fuety) ‘J493U0). 3SBOSJIO0] JOUIEOM UOTIOY UASURJION 2Uu3 JI23IV)

*GL6L=1GAL BuTANp PURTTRYJ UJ9YJFJIOU UT (0,) sanjeasdweq ueey

ez

: B9eD OTRWITD C°2-V SL4%L



0%99 0°LL 0O'k4  0O%6L 0%°QL 0°¢h o.wm 0°Ld 0°49 0°%6%h 0%94 0*LG 0°¢9 weq ToudTtwnyg *¢L

0*Ld 0*#9 0°Ld 0°QL 0*49 0°¢c@ 0°Lg ©0°gL 0°24 0°29 0°09 0*09 0°29 ungeyo3eyd *gl
0%C4d 0°04 0*hl 0%*64 0°¢Q 0°65 0°49 0°¢g 0°¢d 0°Q% 095 0°09 0%*9s pog eBH L1
O%hi  O%L4L 0°GA 0%0% 0°€3 0%%g 0°Lyg 0°09 0°¢/ 0°69 0°49 0°29 0%6S syornuesytiud *0Ol
0%49 0%LL 0%44 0°L@ 0°R4 O0°€A O°LL 0°€4 0°89 0°LS 0°9% 0°LE 069 el *6
0%¢4 0°04 0°GL 064 0°¢Q 0%°68 0°08 0'64 0°24 0°L9 0%°09 0°€9 0°%.9 1rpRIElY) *Q
-~ 0%L4 0%Ld 0°GL 0%64 €LY 008 044 0°GL 0%69 0°9G 0%2% 0°29 0°%9 eeIyI */
0%9l 0°LL 06l 0°Le 0%4#Q 0°GQ 0°Lg 0°6Z4 0%l 0°69 0°G9 0°39 0°G/ _ uey *g
0°14 0%€4 0% 003 0°L3 0%L 0°6L 0°6L 069 095 0°6E 0°L9  0°gY Buedwer g
C%¢ld 0%G4 044 0°08 0°¢g¢ 0°68 0°¢Q 0°28 €°04 0°CE 0°%S 0%Hy 0%/ Buetaryg o8 *4
0*6L 0*4L 008 0°zy quw 0°%8 0°08 0764 0°24 0°09 0°Q4% 0°69 ©O*H. . Tey SueTy) *¢
O%#4 0°44 0%64 0°28 0768 0°G68 0'¢R 0°Lg . O°LL 0°GE 0°S6 0°99 0* 4l wog Suoy oBY *Z
0%94 0%08 0%0¢ 0°LY 0%¢g o.mw 0°28 0709 0°H4 O°%9 C°#9 0%°69 0*Al Tey Suetus *L
IBeX %09 tAcy  *290 ~<dey *Suy  *Tnp .qsw_ Ley cady eaey  *qeg tuwp g uoI3eIlg

(®ouTLOag T JURTUD ‘Jojue) 3SBOSJIOL JOYIBOY UOTTey ULOYrJION SYI I833Y)

*GA6L-1G6| BUTINP PUETTPWL UISYIIOU UT (%) £3TPTWNY SATYIETOI URSK : BLED OT4BWIT) ¢ °c-V OT4ABL

62¢




*qoud G
(puexy p-g

UT 2 UTSEd) W 0R¢-04¢ asE W G°p 't w009 Wy g*e
: *a8ps TS omy gtL fowm Gxg ‘mw ¢¢¢ = TeOol 9Bl WEBY meWE TESIIATU[]
| urseq T 07 eSOTO (Puedy g owy g*p f oW 0o ‘9w Qo2 ‘W QR¢~09¢ = 3 SUTH TUsTuUdeyy
| S-NUT L UTS®I) W 09¢~0¢¢ KW G0 * W 0057 | WBeJ3S JTWOITMISIUT DPAWRUUn |  004~0g¢ fedr 9N
m. — — -]
M ' 9OUBISTY WY
| uT 062 ©3 06¢ moaz weuy )
m 9Bl wey 03 SI8SBIIDGP N W g2 * @ Q06 _ 0c JUTH *4°%
W 11sodep 9Yj JO UOTIEASTH T m 50 ' ® 00g ‘w 09¢-04¢ = mey 004~00% *TON el 8¥H
TN oW G ge 35 W €°L f W gHoL ol OUTH BUULTEYR|
‘w 0LG-00% BN ust G0t ow o Lg6 ‘u oy = wRN | 004—09 ‘Teq soudwy |
utseq Sueq Jo o8ps py 2F | 00¢ suty TYTUdaYL
‘u 005044 LN w Z2te fru 6gg ‘mwoQLS-004 = TBYD OB WEy 028~084 ‘dueg |
j3tsodep woay soueystp | 3Tsodep woaJ 9ouwElSTp pue 4TS0d8p WOIX D0UBLSTP pUEB {(u)
PUE UTSBY JO UOT}BRASTH ,ﬂﬂﬂﬂ 3834820 JO UOT}IBRADTIY WedJ3s 3S0JE0U JO UOTIBASTH |UOTEBASTYH 2Ts0daq

*{TSH) TeAST ¥OHT UESW ST POsSN wnleq

*SUCTIBABTS

UTSEQ PUT UTBLUROW ‘mBoJ}S 4SeJ€eu oY} UITM s3TSodep 94TIONTF FO UoTIeASTS jo uvosTaedwo) ¢~y oTqE]

'

0¢2



g wi 0°9 f w 0ozoL
‘utseqg Mme mx G*¢ t w gzl QUTH TVSJISATUN R
Suoy ueg jo a8pe g 2® WIS 0 Y w3601 o ou 2oy ouTy JsedsaonTs TeUL
‘woOHE~0LE WX Ge¢ towmoggg “w GRe = T oBR wey 00H=09% ‘Zuop uwg
1tsodep woag woﬂmpwﬂu 1Tsodep wWOJ] 8OoUBRISTP pUe 1Tsodep HWOXI 20UBLSTIP pue {m)
PU® UTSEq JO TOTIBASTYH | TITY 3590 Ivdt jJo UOTIRASTN | WEBSJILS 1S2IEOU JO UCTIRASTH | UOTEBASTH 1I80d8(

-

L¢3z




APPENDIX B

FRODUCTION DATA FOR FLUORITE IN THATLAWD
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APPENDIX C

HEATING STAGE, CALIBRATION AND SAMPLE PREPARATION,
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Ce1 History and evolution of heating stage

The heafing stage is the most important eguipment in the
atudy of the homogenization temperature of fluia'inclusions in thé
mineral gemple on the microscope. The general model consists of a
heating chamber made of various kinds of non-conductive materials,
piaced on the miCioscdpe stage under the objective lens, This room
allowe the transmiéted light from the mioroscopé illuﬁinator Lo pass
through the mineral sample refractively, and the behaviour of the fluid
incluéion can be observed during heating, Heating was accomplished by
nichrome wlre and the temperature measured with a chromel-slumel ther—
mocouple,

Thefe are many types of microscope hot stage. It was
'Originéllv designed by Dr, Sawking (University of Illinois), then
modified by Dr. My Zentilli (Dalhousie University)e Phillips {1875)
uzed g gimple paraffin bath as the heater, Yermakov (1944, 1950) used
an electrically heated microscope stage, using air as the heat exphange
medivm, that eoperated to 650’0.- Kelyuzhnyi (1958) described an imprOVeﬂ
chamber using heating-conducting plates to move heat from the winding
to the sample instead of air-heated thermoohambers.. A heating'stage
under external hydrostatic pressure has been designed by Ypma (1965).
_Tempera%ure is up to 250.0, with external pressure up to 5bO kg/cmz.
The most importantldesign featﬁre is that the sample can be crusghed
while under obseivation, and the behaviour of the gas bubble can be
noted, followed by evaluation of vapour pressures of the fiuid, and the

identification of certain gas constituents., Roedder (1962) desisgned a
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heating stage in which the sample is immersed in rapidly circulating
thermostated—silicope 0il as the heat exchange medium, But the
procedure is relativély slow,‘and ig limited by the nature of the fluids
‘o apvroximately 25040, -Recently, several heating stdges for-use at
high temperatures (1100-1600.c)_have been designed..

However, the development of the'miéroscope heating stage
is still o mejor hurdle for the progress of the incluéion‘research,_

and a generally optimum design for such work has not yet.been.found.
Cy2 Problemg
The major problems are 3

1, Minimizing thermal gradients within the sample chamber,
The smallhdistance between the small hot chamber and the cold milcroscope
stage, objective and condenser, at moét orly ten of millimeters away,
make significant temperature gradients inevitable in the chamber, The
gradient changes with the sample size, shape, and placement, and is a
function of thermal conducti#ities of the metal, giass, and sample, and
of the effectiveness of hot alr convection in the chamber. Heat flow
along thermocouple wire o@n be a serious source of errory particular if
the wire 1s thiclk,

o, Calibration, Tiny crystals of an organic oom@ound of

known melting point are used as the standard (ese section on galibxa{ian),
This is the most difficult problem,
%, The working distance need for the objective lens on

the microscope, The long=working—distance lens muast be used in oxder

40 keep the objective lens out of heat. Most commonly thege are
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obhiectives designéd for use with the universal stage. (It is frecuently
beﬁter optically to use an ordinary objective of lower magnificsticn,
with higher magnification oculars, than the universal stage objective,)

Tt Inclusion leakages cause erronéously high homogeniza—
" tion temperature, To solve this, we must do a second ruz

5¢ The dynamic method of heating yields very large errors.
It is far preferable to effectively level off {he temperature of the
-Stage after each temperature inc?ement,‘as the thermal gradients are
High undef dynamic conditions,

6, Daughter minersls nut exsoived, even at higher

temerature, This is one problem of homogenization,

C.% The first heating stage in Thailand,

In Thailand, no heating stage had ever built, probably
there is nobody who was really interested in fluid inclusions, until
Dx, Alan McDonald, CUSO volunteer at the Department of Geoleogical
Science, Chiang Mai University during 1975-1977, studied and planned to
tuild the eguipment., ¥Finally, the first heating stage was built by
Praphon Vibulsukh (Department of Physics, Chaing Mai University) os his
4thyear speéial Project under the supervision of Dr, D, Breen, hié

supervisor, ILabelled diagrams with explanation will be given as follows,
The heating stage of microscope consists of the following
major parts (Fig.Ce1) s

e Heafing étage chamber

2+ Heating equipment
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3, Temnerature-measuring equlpment

Ce%e’e Heating stage chamber, The impo.tant parts of heating
stage (Fig, C.2) built by Vibulsukh (1977) can be described as 3
Co3ele® Thermal brick (8.7 x 7.7 % 2.8 om) made of fire
clay by ceramic process. Its chemical compogition is 3- A1203 25m45 Gy
810, 70-50 %, Mg0 0-1 % Fe,05 0=1 %, Ca0 0=1 %, 150, 1-2 % Appaxent
. porosity 10-25 % by volume,

Co3.1.2 Asbhestos plate covering top and bottom of the
bricks, At the boftom the plate is longer s0 as to be a bridge for‘ﬁ
othex équipment. The plate is about 5 mm., thick, The asbestos is the
heat insulator and very‘little heat‘conductively pasges through,

0.3.1.5'A1uminium cylinder is used to wall-the vertical
hollow cylinder in the middle of the stage., Aluminium is used becduse
of its resistance to heat and chemical reaction., Its smooth surface is
slso convenient during the oﬁeraﬁion in the heating hallow,

C3e.led Fused quartz disc., Four fuéed gquartz disce are
ﬁsed in the cylindrical hollow space,

The basal disc is 2 inches diameter, 1/€ inch thick,
imbeﬁded in the botiom secticn of the brick over the aluminium cylinder,
This disc protects the cyliﬂdér from unwanted material and loss of heat.

The mineral samples are laid én the second fusged disc 1
inch diameter and 1/46 inch thick. Its rim is fixed in parts of the

"aluminium cylinder., An aluminium ring (3mm thick) is placed on this
plate.

The third ddsq layron -the aluminium ring, Hence, these
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Clamp Quartz disc ) Clamp
_ I =
] o Y T
o _ L Heating coil wire
| )L (nichrome wire)
; : ' s ‘
! —1
' 4 C =T F ¥ :
2. 7} cm | 1. Thermocouple
Fire . [ Pive
brick - A » brick
L — | | |
- il

Aluminium cylinder

Fig. C.2 Side view of the heating stage.
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two dises constitute the heating room, The fourth disc is laid on
another aluminium ring over the third disc, The fiwst and the fourth
dises are the second layer protection of hest. The.quartz discg have a
low thermal expansion coefficient (5.4 x 1O"7/ .c), resistance to heat
mp = 1650 .c, low heat conduction, normal refractive index (1.4585) énd
no inlterference colour. "There is a space at the edge of the disc, for
1ts expansion, _

Co3el1s5 Clamps 'are used to fix the whole Stagé Ey fixing
a screw through the whole section of the stage from brick to asbestos
plate, | |
| Ce3,2 Heating e,uipment, consists of

nichrome wire

[k . 1]
variac voltage regulator

miltimeter

air comprésser |

To heat the heating room, Vibﬁlsukh (1977) désigned the
heating equipment by inserting the nichrome wire in the hole throusgh
the brick intu the heating room; This nichrome wire is comnected tq
theﬂvariac” voltage regulator,. ﬁhen the variac voiage regulator gives
‘the voltage potential, the nichrome coil transforms this electrical
current into heat because of its high resistance (108.3~110 x 16-8 m)L
The_total resistance of the length used is 80 Ohmg, and was wized
around a piece of aluminiuvm cylinder with asbestos cloth as insulatox.
A higher voltage éives rige to increasing heat, The amount of voliage

increase is checked by the cormection with the multimeter. By using the

the multimeter, we can control the most effective voltages of the variac
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voltage inputss
Co3e? Temperature-measuring equipment,

The temperature of the heating room ranges from room
'temperature to A50-500 c¢. This range of temperature can not measured by

uging a normal thermometer (meroury in glass), we need thermocoupless

metal A

———
—~—

Junction 1 I __,*ff’;” Junction 2

metal B

Figuie Ced The thermocouples,

The thermocouples are elecﬁric"ci?guits consisting of the .
commection 6f two wires of different metals. When the two junctioﬁs‘are
at different temperaturcs, s thermo~electric current exists in that
complete circuit. The electromotive force depends on the differencé in
temperature between the junctions,

Ca?e3e Thermoccupies reference junctions, The e.m.f.
carn be measured if‘we maintain one Junction at the ice point (O.o) b
using ice or electeonic ice point equipmént (Fig.C;B‘). The-thermocoﬁple
wires selected are fhe chromel-alumel tyve,

| Chromel (Chromium~Nickel) contains 90 % Ni, 10 % Cuxy
melfing at 1450?0; nonmagnetid. |

Alumel (Aluminium-Nickel) contains 95 % Wi, 2 % Mn, 3 %
A1, melting at 14OO'0, magnetic.

One Jjunction is inserted in the heating room inside the
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thermocouple pibbes; ancther junction is :elated to the ice point by
using an ice bath (Vibulsukh, 1977). The electronic ice point manufac-
tured by Omega-Enginéering InCey UoS.A. was guggested by Dr. Alan Medo-
nald and used duriﬁg the preéent worlc, The electronic ice point is
controlléd by ﬁsing a small dry battery. The thermo-electric current
after being related to theAstandard temperature (Toe point) is measured
by a DC microvoltmetei from which the current is read in millivoltsf.
Ce 3432 Microvolimeter, ' The micrpvdltmeter uses & 9.
vqlts batiery; by selecting a suitable scale, we can read the output

© voltage from ‘he thermocouple during-heating of the st ge.

C,4 Testing of the heating stze-.

After Praphon Vibulsukh had built the hesting stage, it
was tested by Cf Premgamone, using Amphoe Pai fluorite éamples, and
later by Suraphol Panupaisal on the fluorite samples from lMae Lama, It
proved satisfactory, but still there were some problems about the naked
thin thermogouplé wires which were usually tied to each other, There
was also protection for the ceramic insulator which is vexy fragild,

We initially used the ice bath for the thermocouple standard temperature
= _

Ca5 Improvements

Dr. Alan MeDonald improved thisg heating stage, He ordered
the heavier gauge thermocouple from Omega Engineering Inc, It is inm a
srall box about 1 x 6 x 3,5 om, This solves the tieing up problem of

the chromel~alunel wires, He also ordered the steel protection tube for
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the ceramic insulator, to be connected with the new thermocouple, This
make it more convenient to move because the steel tube protects the
immer delioate part, The electroniec ice point using é dry béttery was
applied instead of the ice bath, This is more easily operated, and
quicker; as the ice in the bath usually melts, and ice needs to be added
pexriodically, This appiiéation pfovides a dry operation and solwve the

problem-that ice has to be added pericdically.,

Ce6 - Optical limitations

The Carl Zeiss Universal microscope with the magnificé—
tion 12,5 x 1.25 x 16 is applied, .The fluid inclusion size that is
suiltable for étudy ranges from C,01 mm to % mm, Those inclusions which
are less than 0,01 mm are to small to be studied, Fluid inclusions
greater than 1 mm are toc large 4o be studied under the microscopa.

We can increase the magnification by using Olympus 26 % oculars and/or
the 2 x Zeiss Optivar .

| The heating stage temperature should be <i 450.0' hecause
of limiting temperature of the 16 x objective lens moni tored by a sepa-
rate fhermooouple taped to the lens barrel. During blowing cool air

at the lens by the air compresser, the lens wasg at 41 ¢ when the heating
room was 425 ¢, 'The absolute limit for the cement used in the ontical

lens 1s 5000.
Ce7 Calibration

- Do ecalibrate the temperature in the heafing stage and the
millivolts cutput recorded by the DC microvolimeter, standards of known

" melting point are needed ; the tempisticks, These are tiny crysials of
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organic compounds of known melting point, These standards may be
individually sealed intc short segments of the thin walled capillary
glaas %ubiﬁg and placed on the sfage. The éalibration must be made
.with the same stage and the same sample geometry and the same heating
schedule.as that used with the unknown samples, In this experiment,

we used three tempisticks of known melting points.

Talble C~1. Calibration between temperatures in heating stage recorded
by melting point standards versusz millivolts output

recoxrded from DC microvoltimeter,

MP, standards
termisticks. o 66 o BT 263 ¢
(accuracy * 1 50
2,64 7415 11,6
Vibulsukh
: P62 Te10 115
1977 -
2,68 T.16 11465
Millivolts
April 1977 2461 T 05 11635
Cutput ‘
May 1977 2,68 6.9 1140
| June 1977 2,64 €.75 115
Mean & 8Dy {2,65 * 0,03 | 7,02 * 0.15 | 11,43 1 0.22

Several repetitions on experiments are needed because the
‘organic compounds have impurities, Most Impurities lower the melting
point and cause it to ocour over & range of temperature § the melting

point of the last crystal should be used,
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Range of standard deviation

Fig. Ceb

5 4 5 6 7 & 9 10 11 12 13 14

' Millivolis

Calibration between millivolts output from DC micro-
voltme’cer versus temperature of heating stage by
usmg MP, standa.rd
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- From the data on the Table of Calibration between milli-
- volts output from IC microvolimeter and Temperature of heating stage

by using MP. standard “tempistickn'aocuracy t 1 %, we found that the
higher the temperatﬁre of the experiment, the greater the standafd
'deviation of millivolts output calculated.  This relationship, when

" illustrated as a graph, tells us that the accuracy of the voltage read
out from DC microveltmeier varies inversely Qith increasing temperaiure,

This error is the weak poini of such heating stage equipment.

Caf Sample preparation, -

CeBol1 Suitable materials,

To find the fluid inclusions in the minerals, the bes*tl
material ﬁ0u1d|be large clear euhedral zoned crystals of fhe ore mineral,
If all the oxre minerals are opague,-thertranspareni géngue minerals
growing ”contemporaneously” with the‘ore minerals can be used, but
obviously the sig&ificanae of the data obtained ig a direct function of
"the validity of this determinaticn of contemporancity (ﬁoe&der, 1976).
ILarge crystal size increases the probability of‘finéing adequate criteria
- for establishing.fluid inclusion origin, Some Sampleé have much bétfer‘
inclusions than others, and it is simply not possible to predict whatl
- material will be good (Roedder, 1974). Cleavage plates are particular
useful, Roedder (1976) favoured the (111) cleavage plané of fluorite
lto seareh for the fluid inclusions,

| To find those areas ér individual cwrystals that are most

likely to be candidates for further study, it is convenient to use the

low power binccular microscope, A cover glass stuck on with an index
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liguid that matches the mineral helps in locking into imperfect crysital.
faces or cleavage surfaces, The large inclusions in clear crysitals can
readily seen with a hand lens. Less transparent minerals can be crushed

cand orxamined in o matching index ligquid. For example 3

Table C-2, Minceral Sample Index Liguid
[ Fluorite Kerosene n = 1.45
Quartz : Kerosene + HB~40U 0il
n = 1,55
Sphalerite Methylene - >dide
saturated with sulfur
n= 1,788

. C.8,2 Polished thin sections

The best method of preparation is fhe”doubly polished

- thin seotionu. T™e advantage of thie is that, after finding, we can
apply both non-destructive methods and destructive methcds %o that
section. The lazer proﬁe analysis, electron microscope; heating, and
Treezing methods need the well polished thin seétion. To look through
the sample section and heat or freeze the fluid inclusions, good polish-
ing is needed on both éides. _Tﬁe suitable thickness of the polished
sectioné ranges from 1 to 5 mm, depending on the degree of tranasparency,
illumination, and physical properties of the individual mineral samples.

Very dark sphalerite may require g doubly polished section of less than

¢

0,03 mm,



. : 051

Doubly polished sections that are too thick prevent
adegquate illumination, and‘usuélly result also in degraded images from
birefringence of from superposition of other inelusions, cracks, etc,
upon the iﬁage béing exanﬁnea. |
Doubly polished sections that are too thin present less
actual volume of mineral for éxamination for a given amount of sample
preparation, and the inclusions may leak out during heating.
If the samples were muclh: fractured, granulardised, oi
cavernous, they need tc be filled by epoxy befoge polishiﬁg on each
gide, This type of sample must be poliéhed on one side, and éfter
fﬁaﬁ, we can cut another side of the sample and polish.again becausge
we can ﬁot fill with epoxy on both sides at the same time as the
'samplé ig britile, There are also some problems aftef cementing,

Some cufing procedures with eroxy formed thousands of tiny spherical
immisecible liguid inclusions in thé cure rasin,'occurring as nearly
Anvigible f£ilms of epoxy within cracks in the plates ] they can appear
$0 e indigenous to the gample, Bubblés in the cementing material
generally spoil the plate for photomicrography, and if numerous, they
can éonfuse the eye in searching for suiﬁablé inclusions, 1t is better
t0 use the well orystalliﬁe/dense sampies instead of ihe porous ox

cavernous ounes.
CeB43 Technigue for preparing doubly polished thin secticns
Doublyupolished thin sectiong of fluorite samples were

made by a hand pelishing method in the thin and polighed section |

‘1aboratory, Department of Geological Seience, Chiang Mal University
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(based on Qre Microscopy Taboratory directions for making polished
sections, Department of Geological Sciences, Chiang Mai University,
1975)s A total of 348 doublywpgiished thin sections were prepared by
this method, sumarized below

1) Cutting by the rock~cutting blade into seétionz with
miform thickness between 2.5 mm an& 3 mm thick,

2) Griﬁding with 400 grade carborunduﬁ on an iron wheel,
for ahout 3 minutes.on each side,

3) CGrinding with 600 grade carborundum on an iron wheel,

for about 3 minutes on each side.
4) Grinding with 1,000 grade carborundum on a glass -

piate 3 for about 3 minutes on each side,

5) Fine grinding with a 5 micron Al 0 ona copper

5

wheel 5 7 minutes on each side.

6) Rough polishing with a & mi.cron, diamond on HTexmet”
o cloth-lap cover 3 7 minutes on.each azide.

7) Fine polishing with 1 micwon diamond cn “Texme%“ or

nylon lap cover 3 5-~7 mirutes on each side,
Y

8) Polishing with 0,% micron 41,0, on "treen billisxd
cloth lap cover 5 3 .minutes on each =zide.

9) Final polishing with 0,05 micron AlQOB on i
”Green billiard“ cloth lap cover ¢ 3 minute on each side,

N

Between each face and each stage from 2 to 9, the sample

wmst be thoroughly cleaned, and dried,

1



APPENDIX D
HOMOGENIZATION DATA FOR FLUID INCLUSIONS

IN FLUORITE FROM NORTHERY THAITLAWD
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APPENDIX E
HOMOGENIZATION DAT. FOR FLUID INCLUSICHNS

IN FLUORITE FROM OTHER COUNTRIES.,
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AFPENDIX F

DATA FOR HOT SPRINGS IN KORTHERY THAILAND
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. APPENDIX G
SOLUBILITY DATA FOR FLUORITE

(Prom Strubel  1965)
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PLATRE 1

Eﬁotomicrographslof fiuid inelusions in flucrite from Ban Sop Tan
N L}
(Omkoi) deposit, Photographed at room’ temperature (26,6 o),
Symbols s F ~ fiuorite 3 1lig ~ liguid part of inclusion g

-V = Vapoux bubble ; a,b,0 - sepirate inclusions.

Te Primary fluid inelusion in sky blue fluorite, The sample section
was cut elong plane 5100‘ . The inclusion is alisned parallel
to {100} s as the negative shape of the crystal and is caused

© by imperfection of crystal during growtho'

24 Pseudo~seccndary inclusions with uniform phase ratic in very
pale yellowish fluorite, The irregular shapes are the result

of fracturing in crystal during crysialimation,

5« Pseudo-secondary inclusions in deep green fiuorite.. The inclu-
gion shape of a ig half irregular and half negative of *he
cryatal, The irregular side is older, formed aftéi

'frszturing, and show parallei alignment,

4o Box—ghaped primary fluid inclusion in sky blue fluorite, The
shape is the rnegative of the orystal with the right edge
parallel to plane of crystal growth. Nb%e small secondary

' inclusiong ave also present in cleavage ﬁlanes.
5._Uniforﬁi£y of Thase ratio‘of éécondﬁf& fluid,inclusidnsiin
cleavagse plane of sky blue flugriﬁé. Most .of ﬁhe inclusions

axe arrenged in the samé direction in the éleavage plane.
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PLATE 2

Photomicrographs of primery fluid inolusions in fluorite, . Symbols a8

for Plate 1.

Te Cone-shaped primary fluid inclusion, -Inclusion is negative
shape ol cxystals widch are prisuatic-radiated aggregate type,

Semple - MLN 0/5, SE Mine, Mae La ioi,.

- 2¢ Primary fluid inclusicn (Type 3). Shape is typically negative
- of crystals, Core sample DDH 3, 74 m depth, Thai Fluorsper
_ - ; A v
Tﬂirle, Ban Hong,
3¢ Primary fluid inclusicn, Vapour bubble is ellipsaidal, The

shape is rather flat-triangular, . Pound in transparent pazi

of replacement type fluorite, Thepnithi Mine, Iang,

4o Fox-shaped isolated priﬁary fluid inclusidn,in white layex fluo-
rite, Numexous fractures perpendicular ﬁo this layer,

Deposit noe2, Chiang Dao,

:5. Rulei-shapéd primary fluid inclusion (Type 3), in well ocrystal-
line greéh fluorite.,  The vapoﬁrsbubble is about 5.% of iﬁolu—
glon volume, Tha Song Yang deposit,

| ( 6.'Primary angular-shaped fiuid inclusion of gaseous type (Type 4)
with about 60 % of gas volume.‘ This indicates low-density
ore fiuid duriné this stage of fIuerite ﬁineralization.'The
incluéion_is trapred in between negative of coarse grains of
- fluorite. Core saﬁple DDH~12 DH 7, Thai Fluorspar Mine;~

Ban Hong. .
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Te Drimazy 1i¢i1iﬁ-d inéi_i-us;ion (yve 1) . Consists enisirely of
. liguid, Tlucrite is brown 2nd zoned, interlayered with blue
guartz-fluorite bands, This is typical-of-inclusions¥;n Pé'
Lz Dcor depqsit indicating thﬁf_this deposit“?recipitated from agueous

- solution, Pa Ia Noor deposit, Tak Province,
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PLATE 3
Photomicrographs of primary and peseudo-~secondary ﬁluid@indlusions in’
‘ fluorite from Mahalanns Mine, Amphoe’ Pai,: Symboles as fox

Plate 1 3 and‘QTZ‘u guartz 3 sFL - secondary fluid inclusions,

e Large-pseudo;secondéry fluid inclusion. The inclusion is
peeudo~gsecondary because its shape follows fracture direction
and later de#eloped'és the negative of the crystal; Iote many
smzll blebs of secondaxy inclusions. 5z the fracture zone.

Vedin no, AP 5/3 e

" 2e Primary inclusion, Solid inclusion of" cxystalline quartz was |
accidentally trapped in the liguid during the stage of mutual
fluorite - quértz orystallization. Inclﬁsion containe only

liguid. Sample AP 4/3, Vein no. 4.

3¢ large primary fluid inclusion of gaseous type (tyve 4) contain-
ing abcut 80 % gas by volume in crystalline colorléss fluo—
‘rite., The abnormally high gas content of this fluid inelu-

gion is rather wiusuzl in flworite in Mahalanna Mine,

4 Primary‘fluid inclusion in pale!green fluorife'intergrown with
guar z.; The inclusion‘is qontofted—spherical shaped, with
elliﬁsoidal.vapour buﬁble, This inclusion tyye is. found only
in pale gfeen fluorite from Vein no, 3, and ﬁight be of orga-
nic origin. The shape of this type of inclusion is nommslly
spheribal; Thig inclusion shape was changed-durihg recrystal-

lization of the crystals. Sample AP 3/2, Vein o, 3.
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5 Primary fluid inclusions in pale green fluorite, The indlgsions
are pen-shaped arranged parallel to the clear—transparent'—
pale~colour zoned fluorite interlayered with green Fluorite.

The phase ratio of a and b are similar.
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PLATE 4

Photomicrographs of primary fluid inclusions of Type 4 (gasecus inclu-
sion) in fluorite from Universal Mine, Mae Tha., Symbols as

for Plate 1.

1e Primary gaseous inclusion with about 60 % gas, The irregular
shaped inclusion trapped between tha granules of fluorite

crystals. Core sample DH 2105 at 73 m depnth,

2. Primary gaseous inclusion., Tnclusion show extremely large gas
volume ( 90 %), This type of fluorite was deposited from
very low-density ore solution., Core sample DH 2105 at 73 m

depth.

3. Primary gaseous inclusion contains about 50 % gas by volume,
- The irregular shape is the result of trapping between grains

of granular fluorite. Core sample DH 2105‘at 83~85 m depth,

4, Primary gaseous inclusion (Type 4) and primary liguid ianclusion
(fype 1)« The strong contrast of phase ratioc between two
adjacent Inclusions indicabes a mixing process between two

liguics, Coxe sample DI 2105, 74 @ depth,

5. Primary gaseous inclusion, The gas volume is about 30 % of

¥ t
inclusion volume, Sample oubcrop O/Y1o
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PLATE 5

Photomicrographs of solid and fluid inclusions in fluorite, Symbols

as for Plate 1,

1. Solid inclusions (8S). The solid inclusions are grains of

decomposad sandstone, the main country rock of the area. The -

aclid inclugions are abundant only in purple inner =zones of

flubrite cubes. South Pacific Mine, Tha Song Yang.

2, Euhedral prismatic crystal aggregates of stibnite ( SB Yo

. 1 1
Sample outerop . o/y? s Thepnithi Mine, Mae Tha,

3,4s Qaloite solid inclusious ( ec) at 83-85 m depth, Core sample
DH 2105, and outorop sample-O/x1 resvectively, Universal

Mine, Mae Tha,

5. Primary fluid inciusions (Type 3). - The phase ratio of b is

higher than a, Thepnithi Mine, Fang,

6. Prismatic primary fluid inclusion (Type-B). The gas bubble is
16 % of total inclusion volume, The inclusion is aligned
parailel to the growing zoéne of the crysfalrand ig caused by
the ismerfection during crystallization, In green.fluorite
in the outer zone of cﬁbic flﬁoiite. South Pacific Mine, Tha

Song Yang.

7, Primary fluid’ inclusion, Rhombohedral-box shape, in well=
crystalline pale wurple layered fluorite. Ban Muang Ngai

deposit, Chiang Dao,
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- PLATE 6
photomicrographs of secondary fluid inclusions in fluorite, Symbols

as for Plate 1.

142, Uniform phase ratio of seébndary inclusions. They homogenized
at nearly the same‘temperatgre. These inclusions are found
in a cleavage plane of green fluori{e. ‘The phase raiio of
ﬁhese inclusions is the lowest in this deposite. Shape of
inclusions are mainiy irregular elongate. South Pacific Mine,

Tha Song Yange

' 3,4. Uniform phase ratioc of seoondar& inclusions, Found in cleavage
planes of sky-blue fluorite. Most inclusions are sub-rounded.
The size of inclusions.in the group is nearly the éame, and
differs from that in other cleavage planeé, but fhe phase
ratio is constant, This indicates that the necking down
procéss of fluid inclusionsloocuxréd béfo:elthe sepaxation
of gas and ligquid phases at lower temperature. Ban Sop Tan |

weposit, Oukodi,
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PLATE 7.

Photomicrographs of fluid inclusiong in flworite. Symbols as for

Plate 1.

1. Secondary fluid inclusions along cleavage vlane of crystalliine
colorless fluorite, The inclusion shape is very irregular,
The inelusions ars roughly aligned in the same direction,

Yein no, 5. Mehalanna Mine, Amphoe Pai,

2. Pseudo-secondary fluid inclusions along the colour-zoning of
' deép green fluorite.' Note the uniform phase ratio of the
inclusions. Inclusions are irregular-elongate, roughly

parallel. Ban Sop Lan deposit, Omkoi.

3e Primary fluid inclusions in sky blue fluorite, The section.is
cut perpendicular to face {100 }. The inclusions are
oriented parallel to the orystal faces. Phase ratios of the

inclusion (ay; and b) are nearly the same, Ban Sop Tan

© deposit, Cmkoi.

de Fuid inclusions along cleavage plane -of sky blue fluorite,
The p.ase ratio of inclusions are nearly the same, Pan Sop

Lan depesit, Omkoi,
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PLATE 8

Phbtomicrographs of primary fluid inclusions in fluorite, Symbols as

Te

2935

4e

e

‘7-

in.Plate 1.

Spherical fluid inclusions, The spherical vapour bubble im. in
Iiquid countaining hair-like porticles, This inclusion might
be- of organic origin, found typically in pale green fluorite

- sample AP 3/2 Vein no. 3, Mahalennz Mine,

Primary fluid inclusions of the same generation as in le, but
different in shape, The apherical shape chaﬁging to ellip-
soidal in 2. and irrvegular sﬁaped in 3, is caused by recrystal-

lization.

Umbrella~shaped primgry fluid inclusion (Type 3)., This kind
of inclusion is rare, and usually found in open space-filling

near rock breccia, Sample 0/9, Universal IMine, Ban Hong.

Primary fluid inclusions found in clear-transparent green fluo~
rite, The phase ratios of a and b are nearly the sane, The
Pyramid shape of b is the negative of the crystal;‘ Sample
3/2 V.in no. 3, Mahalarna Mine, Amphoe Pai,

Prismatic primary fluid inclusion in colorless flucrite,

Sample AP 3/3 Vein no, 3, Mahalanna Mine, Amphoe Pai,

Prismatic primary fiuid inclusion, This inclusion is aligued
parallel to colour layering. Sample AP 5/3, Veih 110s Dg

Mahalanna Mine,
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8, Twiangular primary fluid inclusion of Tyve 4 (saseous inelusion),
The gas phase is about 60 % of total volume, This inclusion
homogenized in gas phase in heating experiment, Sample AP

5/3, Vein no, 5, Mahalanna Mine ; Amphoe Pai,

9. Hecking down of single primary inclusion., The inclusion is
nearly Sepérated at the middle., The right hand part contains
vapoux bubble in liquid while the left hand part contéins
6n1y liguid, This necking down is evidence of recrystalliza~
tion of fluorite after cocling, The ﬁhase change occour hefore
necking dovm, Clearmtrmnaparent green fluorlte from Vein no,3

sample 5//, Mahalamna Mine, Amphoe Pai.,

10, Primary fluid inclusiocns contain nearly the same phase ratio,
The long axis of the pyramidad arve aligned in the same direc~
tion, Colorless fluoxrite sample AP 3/2 Vein ..o, 3, Mahdlanna

Mine, Amphoe Pai,
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PLATE §

Photomicrographs of primary fluid inclesions in fluorite. Symbols as
in Plate 1.
1o Primary fluid inclusion (Type 3), Found in coarse—grained
crystalline flucrite near the weplacement fluoxite, The
inclusion shape is the negative of the crystal, Sample 0/10,

Thepnithi Mine, Fang,

e Prima.ry fluid inclusion, Wedge shaped inclugion in fluorite
neax replaced-rock breccia. The shape is negative of the

cxystals, Sample TDH 15 at 9.5 m depth, Thepmithi Mine,Fang.

e Rectangﬂaﬁf;»s'haped primary £luid inclusion in dark “brown

layered fluorite, SR Mine, Mae la Nod,

455,6¢ Primazy fluid inclusions of Type ‘4 (more than 50 % gas by -
volume), Inclusion in (4) contains about 8u % gas 3 inclu-
sion in (6) contain about 90 % gas ¢ and inclusions in'(5)
contains extremely high phase ratio about 95 % gase The
inclugion shapes are irrégular, a8 a result of tropping
between grains of gramilar fluorite, Thése- inclusions are
usually found nesr rock breccia. Core sam@le DDH 2105 at 73

n depthy Universal lMine, Mae Tha,

fe Prismatic primary inclusions (Type 2) oriented parallel to the
the length of radiated-prismatic aggregate crystais, Sample

P 0/4, Thepnithi Mine, Mae Tha,
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849 Primary fluid inolusions in botryoidal fluoritey The inclusions
are irregular shaped, very small and isolated, The gas
bubble is very small in (8), and can not be seen in (9),

Semple BH (PFM) 0/1, 0/5 respectively, Thai Fluorspar Mine,

10 Primary fuid inclusion found in fine grained crystalline
fluorite, This‘type of inclusion is the mosf COMIION e Sample _
‘F 0/3, Thepnithi Mine, Fang, -

11e Primary fluid inclusion of Type 3. The vapour bubblelis rather
large, compared with other of Type %, Th;s type of inclusion
is usually found near rock miclei, Sample BH () /8,

Universal Mine, Ban Hong,

12, Primary gaseous inclusion found in open=space f£illing close +o
rock breccia. Drill core DDH 3, 74 m depth, Thai Fluorspar

Mine, Ran Hong,
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PLATE 10

Photomicrogfaphs of primaxry fluid inclusions in fluorite., Symbols as

in Plate To

1o Zone of primary fluid inclusions, The zone is‘abou% 0.5 mm wide,
parallel to the concentwic layering of fluoriie atound rock
breccia. Oui'of'the layer, inclusions are very rare, The
zone of inclusions is in the part with better degreé of
crystallization, Most are gas-liguid inclusions of low‘phase

‘ratio, Sample TDH 9, 7.2 m depth, Thepnithi Mine, Fang,

2 Abnormally gag~-rich inclusion. This type of inclusion is
irregular in shape and concentrated in certain parté of the

deposite. Sample DDH 12 - DHE 7, Thai Fluorspar Mine, Ben Hong.

3+ Zone of primary fluid incluéions. The zone is 0,32 mn wide,
parallel to concentric layers of fluorite around xock nuclei.r
Inclusions are mostly gae-ligquid (Types 1,2,3). The inclusions
are primary in origin ae they are related.tb the original .
layered structure of deposition. Sample BH (U) 0/1, Universal

Mine, Ran Hong.

Ao Primary gaseous inclusions {Type 4), Inclusions a and b are
found near rock breccia (lower left). They are typical of
fluid inclusions in fluorite near rock breccia. Sample TDH 15,

J9¢5 m depth, Thepnithi Mine, Fang,
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PLATE 11

Photomicrographs of primary fluid inclusions in fluorite, Symbols as

Te

2e

4o

De

Te

in Plate 1.

Type 3 inclusion, Found in zone of purrle fluorite near zone of

green fluorite. Sample AP 4/1, Vein no. 4, Amphoe Pai,
, .
Thig inclusion is believed to be pseudo-secondary, related

to fracture parallel to the zone of colour,

Type 3 inclusicny; prismatic in shape, South Pacific Mine

Tha Song Yang{
Type 3 inclusion, Sample AP 5/4, Vein no, 5, Maholanna Mine,

Type 3 inclusion.in pale~purple layered fluorite, The rectan-
gular-box shape of the inclusion islthe negative of_crystalj
line fluorite, Universal Mining Co, 's property near Amphoe
Pai, |

Tyﬁe 4 gaseous inclusion in fluorite interléyered with guartz.
The sghape of inclusion ig the result of trapping belween
crystal gﬁainé. This type of inclusion is typiczl of fiuo~
rite intergrowm with quartz in Mahalanna Mine,

Typé 3 inclusgion found in colox&ess.layer interiayered with
green‘fluorite. e inclusions is more abundant in coloxless

than in green fluorite.

Type 3 inclusion near the fracture zone in clear transparent

green fluorite. Vein ﬁo, %y Mahalamma Mine, Amphoe Pai,



333

8, Type 3 inclusion in colorless fluorite near brown and black

rock breccia., Theprnithi Mine, Fang,

9« Type 3 inclusion, rectanguiar - box shaped, From zone cof inclu-
’ 3
sions parallel to layers in fluoirité, Universal Mining Co. s

proverty, Amphoe Pai.

10, Type 1 liguid inclusion, prismatic knife-shape, The inclusion
contains only the liquid phase, the only type found at the
center of concentric-—glebular aggregate of vexry deep purple

fluorite., Typical of Chom Thohg flﬁorite.

11s Type 2 prismatic inclusion, I% shows tendency to be necked
down into separate parts, Sample AP 5/5, Vein no, 5 Mahalaﬂ~

na Mine, Amphoe Pai,
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PLATE 12

Photomicrographs of fluid inclusions in fluorite, Symbols as irn Plate

1.

le Primary fluid inclusions (Type 3) in pale. green fluorite;

‘3.

da

e

Ta

Aligned parallel +to colour layers, Sample AP 3/2, Vein no,

3y, Mahalamma Mine, Amphoe Pai,

Psendo-secondary fluid inclusion, The inclusion is near and

parallel to a fracture zone, Samplé AP 4/2, Vein no, 4,
Mahalanns Mine, Amphoe Pai, |
Primary liguid inciusion (Cype 1), Core sample DDH 13, at 15
m depth, Thai Fluorspar Mine, Ban Tong. |
Uniformity of phase ratio between Type 3 inclusioﬁs. HSample
AP 3/5, Vein no, 3, Mahalanmna Mine.

Primary J.uid inclusions (Pype 3) in colorlesz Ffluorite.

Sample AP 3/%, Vein no, 3, Mahalanna Mine, Amphoe Pal,

- Fluid inclusions of different phase ratios. Tnclusion a is of

Type 3, while inclusion b is of Type 1. Both a and b lie

perpendicular to the fracture., Mahalannaz Mine, Amphoe Pai,

Primary gaseous inclusion (Type 4) contains about 60 % gas by
volume, This type of inclusion is rare in Mahalanna HMine.
Fluorite asscciated with cryptocrysialline guartz, Szmple 2

11 . i
0ld Vein near the river,
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8, Primaxy fluid inclusions (Type 3) in green zone irn fluorite, -
Inclusions a, b, and ¢ have similar shape and uniform phase
retio, and are sligned perpendicular to the green zone.

Sarple AP 4/1, Vein no. 4, Mehalanna ¥ine, Amphoe Padi,
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PLATE 13

Serial photomicxrographs of inclusions in fluworite to show homogeniza-
]

tion with increasing temperature. Taken on heating stage,

symools ag for Plate 1.

Left hand series,

Primary gaseous inclusion with about 60 % gas volume at room

temperature, Vapour bubble decreased in size and inclusion
L ]

finally homogenized in liquid phase at 378.6 ¢, Drill cozre

2105, sample at 735 m depth, Universal Mine, Mae Tha,

Right hand series,

Primary fluid inclusion (Type 3), Vapour bubble decreased
in size, and inclusion finally homogenized in liguid phase

2t 139,8 c. Green fluorite sample TSY 4, South Pacific Mine, .

Tha Song Yang,
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PLATE 14

Serial rhotomicrographs of inclusions in fluorite to show homogenizetion
* with increasing temperature, Taken on heating stage.
Symbols as for Flate 1,

Top series.

Type 3 inclusion, homogenized at 169,8 ¢ in liguid phase,
Colorless fluorite, Sample AP 3/3, Vein-no. 3, IMahalanma

Mine, Amphoe Pai,

Botiom series,

Primary gaseous inclusion (Type 4) with more than 50 % gas -
by volume at room temperature (26.6 c}s Fhase ratio
decreased centinucusly on heating and inclusion homogenized

at 337,71 ¢ in licuid phase, WMahelanna lMine, Amphoe Pai,
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PLATE 15

Serial photomicrographs of inclusions in fluorite o show hemogend ga-
tion with increasing temperature, Taken on heating stage.

Symbols as in Plate 1,

Left hand series

Type 3 primary fluid inclusion., Phase ratio decreased on
heating, and inclusicn finally homogenized in original

liquid‘phage at 21%,8 ¢, Universal Mine, Mae Tha,

Middle series

Type 3 primory fluid inclusion, Phase ratio decreased on

continuous heating, and inclusion finally homogenized in
'\ _ _

original liguid phase at 164,8 ¢, South Pacific Mine,

Tha Song Yang,

Right hand geries,

Type 4 primary fluid inclusion with high phase ratio
(=60 % gag) at room temperature, Phase ratio increased on
heating and inclusion finally homogenized in gas phase at

-«
25441 c, Mahalanna Mine, Amphoe Pai.
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PLATE 16

Serial phoiomicrographs of inclusions in fluorite to show homogendiza=—
ticn with increasing femperature. Taken on heating stage,

Symbols ag in Plate 1,
Top series

Type 3 primary fluid inclusion, Phase ratio decreased at
higher temperature and inclusion finally homogenized in
ligquid phase at 150.7 c. Pale green fluorite sample AP 3/2,

Vein no. 3y Mahalama Mine, Amphoe Pai,

Middle series

Type 3 primary fluid inclusion, Phase ratio decreased on
heating, and inclusion finally homogénized in liguid phese
at 130.8 ¢. C(lear-transparent purple fluorite Ffrom sanple

(1) O/X39 Universal Mine, Mae Tha,

Bottom series

Type 3 primary fluid inclusions., Phase ratio decreased at
higher temperature and inclusions finally homogenized‘in
liguid phasé at 153.9'0, and 158.5.cy respectively. Coloriless
fluorite from sample nos AP 3/4, Vein no, 3, Mabalanna Mine,

"Amphoe Pai,
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PLATE 17.

Varieties of fluorite in hand specimen

Te Fluorite crystals, some as small cubes, coating prismatic

stibnite crystals., Thepnithi Mine, Mae Tha, Lamphun.

2, Botryoidal fluorite, The botryoidal noduwles are 2-5 om
diameter, Note the vuggy replacement fluorite inside the nodules
{right and top left),

Se Coarse grained crystalline fluorite showing good cleavage.
Mahalame Mine, Amphoe Pai,

4 Globular radiated crystal aggregates of fluorite, The
coloured layers of flucrite form rings around the rock nucleus, Fae

Ric,  Ampnoe Mae Sariang, Mae Hong Sons
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PLATE 18
Varieties of fluorite in hand specimen,

1e Coloured-layered crystalline fluorite. 7The colours are

colorless, pale green, and violet, Mahalanna IMine, Amphoe Pai.

2¢ Botryoddel fluorite, This honey-brown bhotryoidal Fluorite
with replaced rock nucleus inside is typical of the upper part of the

fluorite vein at Thal Flucrspar Mine, Ban Hong.
53¢ Vuggy fluorite core, Universal Mine, Mae Tha.

4, Fluorite assoclated with stibnite. Fluorite replaced rock
and‘formed the younger layered part near the vug, where it is associa~

ted with s$ibnite, Thepnithi Mine, Mae Tha,
be Fluorite replaced limestone, Thé grain‘size,'colour, and
original texture of the limestone are still preserved, but the rock is

now changed intc fluorite by replacement, and more brittle. SE mine,

Mae Le Noi.
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PxATE.19-
Fludrite.and gangues in fluorite deposits_
: 14 Oélcite:crystals in vug of limegtone, Diamondfdrilled
core;-Universal Mineg‘Mae Tha..
2, IMuorite cubes asséqiated with.;ryp£ocrystalline quarﬁﬁ.

. Btibnite-fluorite deposit, South Pacific Mine, Tha Song Yang,

3+ Botryoidal fluorite showing different colours of concentric
layering surrounding rock nucleus, Thin polished section, Thai Fluor-

spar Mine, Ban Hong,

ds Stibicbnite peeudomorrhs after stibnite, as oxidation
product, Stibnite still remains in inner.part of thé érismatic crystals,
© Btibnite-flucrite depoéit,‘South Pacific Mine, Tha Song Yang.
Se Layered_fluorite. The gale brown,fluorite layer is between

layers of replaced rocks, SP Mine, lae Ia Noi.

6. Fluorite breccia. Breceia of fluorite which replaced and
surrounded rocks, 1nterstlcea filled by yallow crypltocrystalline quarize

1
TLow grade ore from Uhlversal Mlne, Mae Tha.

\

7; F&uorite—reblacad rock (darls portion), Flucrite later
- formed concentric layers avound replaced rock (grey portion), with
coarse crystalline layered filuorite adjacent (pale portion), Ban Muang

Ngai deposit, Chiang Daoc,
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PLATE 20
in 1ime$tone from'Uﬁiversal Mine, Mae Tha, Lamphun,
unidentified fossil
Parafusulina spe
Neofusulina? sp.
Necschwagerinag sp,

Cribogenerina cof, sunatrana (Volz)

(Identified by R. Ingavat, 1978).
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