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The geochemical characteristics of biotites of granites in the northern Thailand and

their constraints on the granite-related tin mineralization
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Abstract; A comparative study between compositions of biotites from the ore-forming ( Samoeng deposit) and those of
biotites from the tin-barren (Tak pluton) granites in the northern Thailand, has been carried out in this work to explore
controlling factors of the granite-related tin mineralization. Our results show that biotites in the tin-bearing and tin-barren
granites are all primary magmatic minerals. The former ones are Fe-rich biotites with compositional characteristics of
biotites in the S-type granite, while the latter ones are Mg-rich ones with consistent compositions of biotites in the I-type
granite. By using the machine learning simulated biotite thermobarometry, the estimated early crystallization temperatures
and pressures of the magma of ore-forming granite are 812 ~858 °C (average 835 °C) and 702 ~ 882 MPa ( average 781
MPa) , respectively, whereas those of the tin-barren granite are 795 ~ —833 °C (average 811 C) and 188 ~373 MPa
(average 226 MPa), respectively. It is obtained that the tin-bearing and tin-barren granitic magmas had distinctly
different emplacement depths, oxygen fugacities and initial volatile components. Our study supports that the granite-related
Sn mineralization occurred more favorably in the granite of relative shollowly emplaced magma which was transported
through long distance from the reduced magma derived from the high temperature partial melting of the F-rich
metasedimentary protoliths in the deep crust under an extensional tectonic setting.
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1990, 2021; Romer and Kroner, 2016; Yuan et al. ,
2018,2020;Zhao et al. ,2022a,2022b) , EFFEH £ i
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Kot B[R ZBF5Y (Wang et al. ,2016; Qian et
al. ,2017), A A U-Pb 4B BoR , W5 e 1k
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ALK 4 (B4R 2023) . BRI RAE R
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1ALk F ( Siahcheshm et al. ,2012; Afshooni et al. ,
2013; Liu et al. ,2014; Parsapoor et al. ,2015; Gao et
al. ,2016;Li and Zhang,2022 ;Zhang et al. ,2022;Sun
et al. ,2023) , AP 5B AL XK A F Tak 227
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Fig. I Geological sketch maps for the distribution of typical tin deposits and granites in Thailand (a) ,

the Samoeng Sn deposit (b) and the Tak granite intrusion (¢) in Thailand
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YR B - SRR R R B o
7 B 2 AR B A PR ERT R B 2 AT B 3T ( Khos-

TR AR 2R [ LA AL K A s R AR B H 85 1A A 24

itanont, 1990) (&l 1b) , A YKL BB B 46 5 7 Ry
HOHRBLR S B S, HE - RLRZ5 ), 2240
WA WA K A (30% ~35%) . BHK A (30% ~
35%) ATHE(25% ~35%) Rt (5% ~15%) FH
ot (2%~3%) B0 Y FEA A BEK A  BS
AR EA %, HpBab 2 QP Rk
o, B — AN I (E 2a 2b) D ECR B BE
RAEGeA, ASCEIRTA Tak A RM AN A
T TR A T RN LR 5E, Tak AT A
W BEVE T IE 20 190 km , & 1HI AR 214 300 km?
(Mahawat et al. , 1990) , FRAEMEAFEINK A —
KA AR BES R N A B BEAE K AR R I
B, ZALK A R AR FE - RDIR S5 1,
FEAWT YA KA (20% ~30%) FH A (20%
~25%) A1V (30% ~35%) \BE k(3% ~10%) Fl
FAINA (3% ~5%) , R Y A 8A B KA B
SAMES A, KPR A2 A, T’k 6 (E
2¢.2d),

(b) IEAwIG; (d) S, 0P 5 . Qq—A % Bi—R A Hbl— A IN A s Mus—H & B
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TA A (o) MR R (d)

Fig.2  Photos and micrographs of hand specimens from the Samoeng medium-coarse-grained biotite granite

(a,b) and the Tak fine-grained hornblende biotite granite (c¢,d)
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OIFTAIR (R 1 IR 2) B, WS AL K A
Ml Tak 220 46 50 5 2B = BERY Si0, (36.01 % ~
39.44 %) F Ti0,(2. 07 % ~4. 20 % ) S8 AHIT (HID
SE AL K 4 1Y Fe/ (Fe+Mg) (0.52~0.56) Fl A/
CNK(1.54~1.69) HE M, Mg" (43.1~47.2) {HE
i ; Tak ZX0 4654 7 (1 Mg” (56. 8 ~59.9) {E 8= , 1M
Fe/(Fe+Mg) (0.37~0.40) Fl A/CNK(1.31~1.96)
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da) , “H YR TR A B 2 B X I FIT (Nachit et
al. ,2005) , 7E Al-Fe/( Fe+Mg) &l fi# 4 (& 4b) , b
S AE R 5 R B R TR TR = B 1) Tak 2387
e M = B & T 86 2R = BF (Rieder et al.

1998) .
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HHEER F &, M Mg/ Fe {5 ) 52 & ) BA 57
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LS SSUE Sl W LIV E =S 2 Sae 5 3L L =237 9
IR AR DL R o B R s B B R
ZBE 4 7B (Rieder et al. ,1998) , 7EI&l 4b 1, ¥
ST A < R s BEAR X R TT, f Tak 00465 4
B BENAEXTEE T, M B LA T IE SR AR X
WL, SRR R h s AL B vE LR A T s
Mg, K #0538 P 1€ 54 A & Fe ( Abdel-Rahman ,
1994) . fEEl 6b WS A6 i A B = B R
BRI, T Tak SUH™ AL b B8 5 B 7S E5 8805 ( Abdel -
Rahman, 1994 ; Stussi and Cuney,1996) , A%} Tak
P ALK AT R BB WM R AT RS
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Kl 3 ¥b5EH Tak fER A HAERME R 2 B BRUR A S B a5 A6

Fig. 3 Micrographs with analysis sites of representative biotites in the Samoeng and Tak granites

KA BB S AL A B B a4 A AL, T
Tak ZX0 A6 A B =S T RIAE X 5 2 2 B 40 AR
L(Gao et al. ,2016) , DA, Vb5 bR 22 = FEAE
KB AEER ALY (0. 40~0. 45) [H# R, B S
AR A i B = B T Tak AN f1 2B = B AE

B BB B ALY (0. 24 ~0.30) fHEK, 5 #A 1
HIAE 54 4 — 2 ( Whalen and Chappell, 1988)
I, AR AS YR 25 B R T 5 () R R A% S 3 2
FAERERHE . Hrp U5 18 5 o S HUAE R
L, 0 Tak 0 B x5 T RUER S . X 5HTAFR
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(a) JFE Y Nachit %:(2005) ; (b) i Rieder %5 (1998)
K4 YP5EHI Tak £ B 2 AE TiO,-(FeO+MnO) -MgO = JGI&l (a) FI2E ZBE/3 25 A7 (b)
Fig. 4 Ternary diagram of TiO, vs. (FeO+MnO) vs. MgO (a) and classification diagram (b) of biotites

from the Samoeng and Tak granites

() JE R Zhang 45 (2022) ; (d) JEIEHE Munoz(1984)
BIS IS Tak LA R TR FLCLBGT R () (IV (CD-IV (F) B (b) R ERIEG A KA CI-F Ef# ()
MBIV (F/CL)-IV(F) Ef#(d)
Fig. 5 Composition diagram of F and Cl contents (a), the IV(CI) vs. IV(F) diagram (b), the Cl vs.
F diagram for inversion of initial magma (c) and the IV(F/Cl) vs. IV(F) diagram (d) for biotites from

the Samoeng and Tak granites
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(a) JFEE¥E Abdel-Rahman (1994) ; (b) JIEEE Stussi A Cuney(1996)
6 ¥b5EHI Tak 1E K4 2 B MgO-FeO-AL 0, =JC (a) IR = 1) Al-Mg &l (b)
Fig. 6 Ternary diagram of MgO vs. FeO vs. Al,0,(a) and the Al vs. Mg diagram (b) for biotites

in the Samoeng and Tak granites

(a) JIEEHE Gao % (2016) ; (b) JEEEIHE David Al Hans(1965) ; (¢) (d) JEEEIHE Rajesh(2000)
&7 VPSR Tak 6545 BB Mg®-A/CNK [Efif# (a) Fe¥ -Fe* -Mg> [ (b) |
Fe* /Fe* -Al Ef# (¢) Al Q-Ab-Or [EIf# (d)
Fig. 7 Diagrams of Mg* vs. A/CNK (a), Fe** vs. Fe*" vs. Mg**(b), Fe*/Fe™ vs. Al (¢) and
Q vs. Ab vs. Or for biotites from the Samoeng and Tak granites
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FHA A M BRAE 2 T BT R A8 <) 25 25 0 0 1) 25 1
)& (Beckinsale,, 1979 ; Mahawat et al. , 1990 ; 5K 1#
4 2023)

4.2 BRBESMWNERMELEZRGHHILY
4.2.1 BREE  fIE Li M Zhang (2022) FEFHL
a7 )Tz PR T SR R = BRR R
T, HERRAG S R VA JOV A 1 45 W TR BE . R IZ
T3 BAMG T VD 5 iU 16 i1 5 5018 IR 45 b Ui
J&H 812~858 °C (-1 835 C) , Tak #AH LK 7
R AR S5 BB EE N 795 ~ 833 C (CEHIh 811 )
(B 8) ., WG a M WHRKIT , Bz BT
Kfn AHE N HIE (8 3) il R 5 B m B A
IR R T AR T IR SR R, BH AL 7R
Py S TR N A A S R T VAl L T N VA
(ALY FE AL B (ALY ) R BE 8 8 I AL B3 A
DU A7 B B AR IS AL B o A\ T A7 B B
I AT AR SR B ALY/ ALY R — 2 R G 45 S TR
FRAF(XNTFSC,2015) o ARBEFR SR BoR 5%
AR A Bt AIY /AN 2.41 ~2.76, Tak %%
ALK H Bt ALY /AIME R 3.30~4.43, DL EF
Tl ) 235 SR 2 —BHE 7R Tak F087 46 5 7 0 B 45
T FE L VD 58 L A6 IR

P8 UDSERN Tak 45 b - 501 R 20 i BE WU A o0 A B 77
Fig. 8 Histogram of distribution frequencies for crystallization

temperatures of early magmas of the Samoeng and Tak granites

4.2.2 & A FATHI B = B 3t (L and
Zhang, 2022) fli 5 VD52 T A6 (<) 5 B 25 B4 S
A BYIE ST K 702 ~882 MPa( -4k 781 MPa) , Tak
T AE I 7 A 2 B 2% S s 0 2 3K R FT R 188 ~ 373
MPa(~F-34° 226 MPa) ., & VM HEE p K
2800 kg/m’,g N 9.8 m/s*( E B R%E,2021) , FlH
p=pgh AT A < 2 10 R 2 IR AR AR

KIS  FR R AL AL KA 2 5 BRI R AR B 38 i £ T A o 24

VSN 16 b RO I 45 A TR I O 25,6~ 32. 1 km
(CF¥524 28.5 km) |, Tak #5048 5 A 097 109 45 IR
FEHN 6.9~13.6 km(“F-34°4 8.2 km) , FHEL T Tak
YR AR =R 31 R AR E=p = S G )AL
R, 7R HGE PR B SR (8] 7d)

Q-Ab-Or I RE R LUSBAL B 501 (4160 ) 1Y
S5 A AT LA S it 79 Fof 4 o A e 3 2 g
# H 7J ( Whitney and Stormer, 1985 ; Rajesh, 2000) ,
ASCAREVD 52 I AE 1 7 F1 Tak 220465 A 1Y
A5 KW Y& B B ( Mahawat et al. |, 1990 5K 18
45,2023, SR THIZ 07 2 PR A8 6 K i A A I 1Y
FE T3 KR BE o B 7d R Y52 T A6 < e/ VA i
FSIRZ 0.1 GPa, M RNLREE LI 3.6 km, 111 Tak
P ALK i /N R I R 290 0.2 GPa, R I
MTREE R 2920 7. 2 km X R IIVD 52 U0 6 1 5 A= 0r
HIEEL,

4.2.3 FGRE FUREXTEX S B W0 S f N
EIR I S A T R T B i A R A S
(Wolf et al. ,2018) , 4% BEA = I, B 75 9K
FELL Sn* IEAAEAE , Sn* 5 Tt S HA TN 2T
A, I Sn 255 A I [ 4 09 07 S A 21 L 25
ThH) 2 EE B ¥ (Ishihara, 1977, 1981 ; Lehmann and
Mahawat , 1989 ; Farges et al. ,2006) ; 24 %1% & 311K
if, 0 Sn ZE A 3K T LA Sn®t I A7 7R, Sn™t B ok AR
BRA Gy AT ) s, DR R e 5 A T4
TE M A R A & A & 4 (Blevin and Chappel ,1992) .
David Fll Hans (1965 ) if iz 5% 46 $2 H3 2B = £ Fe™-
Fe?'-Mg™ [E1fift HI TAG B 0GR B2 7E 18] 7 b VP 5200
AL 7E NNO 2P R fHT , M Tak 3547 fE 1 5 18
HM Z2 b2 MET AR Fe™ /Fe” (E AT LA
SR H B R E VD 58 U A6 14 5 B = B Fe™/
Fe* { ] 0.07 ~ 0. 18, Tak 7% " 4 X & 2B = BF Y
Fe’' /Fe* {4 0.32~0.70, TEl 7c W51k
K A BEY Fe'/Fe® (B R I 18 AL 3B W7 AR, 41
0 SR R A 5 T Tak FX 07 A6 B 75 e = BRI Fe™/
Fe" (ELBE A I T A B W T ey, S0 B B T i, 45
PR, V52 U AR B R 2 B4 T I AR B A
I, 15 Tak T A6 1) 2 8 2o BR 45 ) 4 B 2 R ¢
151, T RH X8 30 D 9 5 4 B A ) T8 1808 7 (Tshi-
hara, 1977; Linnen et al. , 1995; Romer and Kroner,
2016) ,

4.3 ERSWMTEIHB.SEMRT HER

F#1CLXF Sn B JTT R MIE R | & S FRE i
T2 EA & B AE ] (Holland | 1972) , 58 0 M & 46
KA KZEE FLCl 5 ITE (Pollard et al. , 1987;
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Webster et al. ,2004) , B AHJE AP EE F Cl
i, LR i F L CL % it nT DL R IR A 2R RN 2 i i
B8 K P 2H 53 FFE ( Munoz and Swenson, 1981 ; Zhang
et al. ,2022) , HiT Zhang ZF (2022) 3t T 2B = BFH
FARE LY W A A R SRR A (R 2 (8] OH-F
—Cl 32 AR TR A7 80V T A A A R i
(F.CI.OH) . ZRWWFFE I TR KAV 52
R AR A F &0 1183%x107° ~2405%10°°
CEHIME A 1755%107°) , C1 & K 537x107° ~ 953
107°CF 2B 720x107°) s Tak 207 LR 2 F (1955
0 494x107° ~ 1550 10 (SF-Y{H K 1240%107°)
Cl &1 259%107° ~ 1189 x 107 (-3 {8 H 679 x
107°) (B 5d) . [RIEE, ATARYE R 2B FLCL & i

F H1 Cl i3 F-OH F1 C1-OH 2&#ik A BB = | fij C1°
B RK P E OH K, R ECA K kit # b Cl
B OH 5 F 2 i B = BEE5 FhinE F oy & 5ol
= T Cl(Munoz,1984) , WS MH LGRS F
B 0.41%~0. 63% (“F-39°H 0.54%) ,Cl B9 &
4 0.05% ~0.10% (“F-$°8 0.07%) , Tak T 1k
MABAH FRSERN0.71%~1.29% (F¥ K
0.97%),Cl B & 84 0.03% ~ 0. 11% (F# K
0.07%) . WHEBW LR AEBR BV (F) IV (Cl)
IV (F/CL) 24k 43 3 0 1. 62~ 1. 80 (CF-H4{H N
1.70) .=3.64 ~ -3.33 ("F¥{H K -3.50) F1 5.01 ~
5. 43 (I 5.20) ; Tak A0 46 K 5 B =B IV
(F) . IV(cl) #IV (F/Cl) 284675 B 43 50 - 1.56 ~
19Ol 1.68) . —4.05 ~ —=3.47 (SF¥(H N
-3.84) F115.29 ~5.82 (“F#{H N 5.52), 7Kl 5d
o VPSR AE A B B TE BB - - R
FELPA, T Tak 204046 b 0 20K 43 Ve A B BE 5 A 4
T, B, A B0 16 < A 0 2 BT i
R F S B A A R A R s R A, R A
<) ELAT AH X = 89 B/ CLAEL,

5 M

VS ILT AE 5 75 F Tak FX0 16 5 73 T8 AT 43
S (210.9+1. 1) Ma F1(232.2+0.9) Ma, B &8 )5
HIWFEEE (Wang et al. ,2016; 5K185,2023) , MIX
B EEARE , — B R A TR R S
[i1] E1 37 bk & £E A i ( Metcalfe ,2000) , H:-7E 230 Ma
LA A (Gardiner et al. ,2016) , Z=[E Sukhothai #8
447 Doi Ngom %541 U-Ph 4E#% s i AR R B vEAe 42
] b [X 1) P BB TB] 24924 237 Ma, B JS Sibumasu Hidk
5 ER S M ST A LR R 4 BIHE 2 237 ~230 Ma
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1200 ~230 Ma & A= [ il 45 A6l 18 )5 6 (L 4, S
RUAE BTG BT RS (Liv et al. ,2014) fiffE )5
M N ERBE ( Sylvester, 1998 ; Lamardio et al. ,2002) ,
11 T AUAE 5 25— MO BT Rl 43 75 5% ( Mitchell , 1977
Hutchison, 1978) . il i Xf & I A AE ¥ 1L A R b
ZREAY B9 %) HEBFSTE , Abdel-Rahman (1994 ) 4§ M i
LSS R (1 BB R ) H I SR = BEAH R & Mg,
AR S BAEba e T B A BRI R E AL, TR i LA
PEA R (A BRI A) PR AT Fe, 7EK 6a 11,
Tak Z00 1654 %5 T AR & (VL 1 V0 52 i 46
b e v A B LA SR LS P, A, AR
SCHR LA B o, R S A K R R A
BEGE I (28. 5 km) B _E TR EIERE (3.6 km) )
BB 25 km, BB 08 KT 308 18 54 A 2K 1
IEFEIEES (291 km) , FRWIHTE L BT 50 1 R 44
IR, FRE R Bk g5ie, &8 LRk, IATIA N
Tak FU0 1L 5 5 T8 BT Rl 188 15 1L BF PR 3R B, i Vb 52
BT A6 5 25 R BT vy R B2 357 3 PAT 6 19 il 43 s 1L
5 [ ft o A 48 (R R 15 5

6 TLK#EE5HKT ik &

By e 4 A 32 AL i< 5 U X ( Romer and Kro-
ner,2016) FIRE IR (Zhao et al. ,2022a,2022b)
% % 43 (Holland , 1972 ; Pollard et al. , 1987 ; Web-
ster et al. ,2004) % Z RN KM, A SCHFR BN,
VP52 A B 5 A Tak 200048 B 9 R 262 U
SR 8 AN ] He v b 52 ™ 48 B e T AR UL
R B S BB 4 1T Tak 200 1A JB 1 BUAE
A, © A WFIE s R DX 22 R 728 KA (Maha-
wat et al. ,1990) , PIZANIF] A IR X T AER T 2K
B 2N R Z —, B 5 A K B A4
305 2 VAR OG ARG I D 1) 25 3 2% A2 55 R T 85 B
" (Sato et al. ,2010) , VPSR L FUA K B W B
AR A D ) SR B 67 T 2% v 4 NNO Fff 3 i
Tak 20046 5 5 B A A X S8 A0 1 5 9 SR B2 6 T
e HM BT AT, B0k 2 SR R 3 R4S il
WA 2930 X AL X 8 0 1 ) i B R
(Yuan et al. ,2018; Zhao et al. ,2022a,2022b), ¥
S LT A6 B 302 R IR e s, I s HG R TR R
FERCTE, M0 Tak 2007 4K 5 5 530 1 25 2708 B AR X O
Ik, RPEH M A AR B 05 ) 46 R
JE A A R IR B AL (R BB 1 ER A
il AR TE A K TP R IR s A, X S — RS
W5EHIWI 5 ( Romer and Kroner, 2016; Wolf et al. |
2018;Zhao et al. ,2022a;Li et al. ,2023) ., WA, ¥
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AL A IRILR F A Ags S F/Cl 0,
25 LTI FRATTIN N A R 1 A 1 AR T R M
FEME F AR TURUA 2 5 0 R mlOY B i JR P
W38 R B B TR TR R FE AR A T A A
T A,

7 i

(1) BB BB % 5 3 RS S Ak 22 4
PFEARG IR R X, XTI BoR, V58 il
165 2 U5 DX AR TR 2, ELA R G 5 v 1 TR 45
TR R TR P A AV TR DA ARG B I ) SRR S

(2) Tak FoH {6 <A TR X R A8 KA, BA A XS
BRI AGR BRI R A K A R B AR
PR

(3) FEA R A 15 AR T, DRI Hb ST ) & F AR
UURUA R IR ROE B 18 PR A 0 e KB B 32
RAE B TR BE R L A R T3,
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