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Abstract

The Mawchi tin-tungsten deposit in Kayah State, eastern Myanmar, is situated at the western margin of the
Southeast Asia Sn-W metallogenic belt, where is the junction of the Indochina plate and the Sibumasu block, rep-
resenting one of the significant tungsten-tin polymetallic deposits in the region. The ore bodies primarily occur
within the NW-SE trending fault systems between Eocene granites and metamorphosed sedimentary rocks of the
Carboniferous—Early Permian Mawchi Group, with mineralization closely related to the Middle Eocene granites.
This study presents LA-ICP-MS U-Pb dating and Hf isotope analyses of zircons in tourmaline granite which is ge-
netically linked to mineralization at Mawchi. The results yield a zircon U-Pb weighted mean age of (43.20+0.49)
Ma (MSWD=2.3), indicating a Middle Eocene age. Zircon &,(t) values range from —6.0 to —3.5, with T}, of
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1.56~1.72 Ga, suggesting derivation from partial melting of Mesoproterozoic crustal material. Petrogeochemical

data indicate a strongly fractionated peraluminous granite, characterized by high Ga/Al ratios and a pronounced

rare earth element tetrad effect, with enrichments in Rb, U, Th, Pb and depletions in Ba, Sr, Nb, P, Ti. In conjunc-

tion with regional tectonic evolution, it is interpreted that the Mawchi tungsten-tin deposit formed during the in-

tracontinental extensional stage following the subduction of the Neo Tets Ocean, representing a response to par-

tial melting of Mesoproterozoic crust, highly fractionated magmatic evolution, and the enrichment and mineraliza-

tion of tungsten-tin elements.

Key words: zircon U-Pb dating, Hf isotope, element geochemistry, Mawchi tungsten-tin deposit, Myanmar
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Schematic maps showing the tectonic framework (a) and tectonic location (b) of Myanmar and its adjacent area, and

geological sketch map of the Mawchi deposit (c)
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Fig. 2 Photographs (a, b) and microphotographs (c, d) of the tourmaline granite in the Mawchi deposit

a. Biotite granite crosscut by the tourmaline vein; b. Tourmaline granite; c. Tourmaline granite (single-polarized light);

d. Tourmaline granite (cross-polarized light)

Fls—Feldspar; Tur—Tourmaline; Qtz—Quartz
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Table 1

tourmaline granite in the Mawchi deposit

Major elements (w(B)/% ) compositions of the

Ay DMQO03-N1 DMQO03-N2 DMQ04-b6
Si0, 75.74 73.67 73.96
ALO, 12.89 13.78 14.15
Fe,O, 0.61 0.52 0.47
FeO 0.30 0.45 0.76
CaO 0.51 0.79 0.83
MgO 0.10 0.23 0.07
K,O 4.92 5.43 4.09
Na,O 3.69 3.45 4.61
TiO, 0.02 0.02 0.03
P,0, 0.02 0.02 0.02
MnO 0.05 0.08 0.06
Bt 0.65 1.24 0.88
pER | 99.50 99.68 99.92
ALK 8.61 8.88 8.70
K/Na 133 1.57 0.89
TFeO/MgO 9.10 422 17.32
D.L 97.85 97.35 97.71
A/NK 1.13 1.19 1.18
A/CNK 1.04 1.06 1.05

T LU 1,

HL AT A6 B9 7 w(S10,) K 67%~75.74% , 358 i Bl 5
42 18 w(Na,O+K,0) Jy 8.61%~8.88% , 7£ TAS X fif
(Bl 3a)H, ¥ A AL A0 B, w(ALO;) 2 12.89%~
13.78% , £P 41 FI1 45 50 (A/CNK)E 4 1.04~1.06, 7 A/
NK-A/CNK 7325 &l fi (K 3b) 75 A48 RS o
AR AR, w(K,0) N 4.09%~5.43%, K,0/Na,O {H 4
1.33~1.57, lE K F 1, J& T = S s i -0 2 5 291
s A (F 3e) o w(TiO,) . w(MnO).w(MgO) .w(Ca0).
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711 Ba.Nb.La.Ce.Sr.Eu, H. 10000xGa/Al %5 , A
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Fig.3 Geochemical diagrams of the tourmaline granite in
the Mawchi deposit
a.w(S10,)-w(K,0+Na,0) diagram (after Middlemost, 1994); b. A/CNK-
A/NK diagram (after Peccerillo et al., 1976); c. w(SiO,)-w(K,0)
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Table 2 Trace elements (w(B)/10™°) compositions of the tourmaline granite in the Mawchi deposit

Moy DMQO03-N1 DMQ03-N2 DMQ04-b6 Mo DMQO03-N1 DMQ03-N2 DMQ04-b6
Sc 4.64 34 6.24 Dy 25 21.6 25
\Y 6.7 3.8 3.9 Ho 5.32 4.5 5.23
Cr 3.12 2.94 3.22 Er 17.4 14.4 18
Co 0.14 0.16 0.24 Tm 2.87 2.32 32
Be 19.2 29.6 22.2 Yb 21.4 16.9 26
Li 53.6 37.7 40.4 Lu 32 2.54 4.07
Cs 27.7 28.8 24.7 w 198 127 14.6
Rb 1040 971 740 Sn 356 149 25.2
Ba 35.4 69.2 27.7 La 12.8 12.4 15.2
Th 21.1 21.2 15.5 Ce 32.6 33 35.8
U 18.5 23.2 21 Y 165 138 191
Nb 33.4 18.6 20.5 Ga 30.8 29.4 31.4
Ta 26.4 18.2 11.6 F 2720 2620 3340
La 12.8 12.4 101 Cu 2.28 5.79 1.2
Ce 32.6 33 6.24 Zn 74.5 135 86.4
Pb 95.2 133 3.9 Ni 2.08 2.04 2.24
Pr 4.96 4.77 4.63 Cd 0.06 0.76 0.026
Sr 2.3 12.1 3.8 Mo 0.12 0.29 0.1
Nd 21.7 20.9 20.4 B 685 491 818
Zr 71.3 65.3 56.1 Bi 5.22 5.12 0.39
Hf 5.59 5.88 6.14 XREE 173.882 158.21 182.86
Sm 10.4 9.92 9.58 LREE 82.492 81.03 85.64
Eu 0.032 0.04 0.032 HREE 91.39 77.18 97.22
Gd 12.7 11.8 12.4 LREE/HREE 0.90 1.05 0.88
Tb 3.5 3.12 3.32

e LR 1,

B EM TR EA B S B R Bu LA
B 8 1% 17 S8 (8Eu=0.21~0.26) .
32 $£AUPEFEER

AR B A1 4t JTOWL 5, IE 456 5 A 2 M ) 2
FRAE , A YOIE 52 56 T Y (1 5 AT L AR AR R
#E 4T SIMS U-Pb 5E 4F , X & B 47 858 0 10 46 X
Foa R AR AT TR B B . R AR
AR A RS A R AR B, 2 R AR
m AR AR — i 60~200 um, KA L K Z R 211~
301, 4 1~50 1, B R G R s K4
BEONUARE , A WEW NS KA (F
Sa), WA RRIE . B A AE B A TS A w0(U)
h 472%1076~13312x107°, w(Th) H 218 x 1076~1767 x
1075, Th/U 4 0.13~0.70, *F- 34 0.37, i /R H A B
A1 1947 5 (Belousova et al., 2002 ; %= G- 4E,2004) .
BE AT U-Pb 4F I 508 W 3% 3, A vk 3k fir 4R 45 15 455

AAE WS R o 12 N A AR IR RO — B, R
W15 A1 R [0 3R 45 OB B . 2°°Pb /23U -207Pb/ 25U
WO AR (R Sb) OB R R OE R
P, 205Pb /238U AL F- Y5 {8 4F % 2 (43.2040.49) Ma
(MSWD=2.3)
33 SBAHIRMESTER

AU B 15 A3 8 R AT IR A HE [R) A &
ST FLR S AT 25 R UL 3R 4, HE [R) 40 28 3 £k 51 A an
6 TR o HL A A A6 i B A /) 7oL/ TTHE(H AR
% (<0.002) , & W1 85 A FE I8 WS BAT BRI P %
9 HEFL B R AT L0 46 7oL/ THE FEAE AR
5 0 T8 B 7SLu /' 7HE F B (Amelin et al., 1999; &=
TG ,2007) o LS A AE KRG VOHE/ HE LB
470.282 484~0.282 550(°F-3410.282 511) , g(1)M\ 6.0~
=3.5, ZBr B AR I (Thy,) N 1.56~1.72 Ga( 3£ 4,
6).
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Fig. 4 Primitive mantle-normalized trace element spider diagram (a) and chondrite-normalized REE patterns (b) for the tourmaline

granite in the Mawchi deposit (normalized values of primitive mantle and chondrites after Sun et al., 1989)
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Table 3 U-Pb isotope analytical results of zircons in tourmaline granite from the Mawchi deposit
il 2 w(B)/10°° [Eibe i [l 37 2 AR /Ma W
Pb Th U W7Pp/2%Ph 1o 27PbAPU 1o Pb/AU 1o WPHABU 1o 2PbARU L 1o JE/%
DMQO03-N2-18 21.57 816 2719 0.0474  0.0026 0.0394 0.0022 0.0060 0.0001 39.2 2.1287 38.3 0.4247 97
DMQO03-N2-17 37.09 973 5096 0.0487  0.0015 0.0423 0.0013  0.0063  0.0001 42.0 1.2614 40.4 0.3935 96
DMQO03-N2-01 21.65 810 2759 0.0493  0.0019 0.0461 0.0018 0.0067 0.0001 45.7 1.7160 433 0.4654 94
DMQO03-N2-04 12.20 678 1571 0.0469  0.0023 0.0426 0.0021 0.0066 0.0001 42.4 2.0255 42.2 0.5513 99
DMQO03-N2-10 27.41 880 3528 0.0518 0.0018 0.0482 0.0016 0.0067 0.0001 47.8 1.5318 433 0.4324 90
DMQO03-N2-13 12.09 666 1428 0.0513  0.0025 0.0489 0.0024 0.0069 0.0001 48.4 2.2870 44.4 0.5449 91
DMQO03-N2-15 11.95 685 1442 0.0516  0.0026 0.0482 0.0023  0.0068 0.0001 47.8 2.2434 43.8 0.6074 91
DMQO03-N2-22 10.25 799 1140 0.0464  0.0027 0.0440 0.0026 0.0070  0.0001 43.8 2.4924 45.0 0.9333 97
DMQO03-N2-24 12.61 616 1535 0.0469  0.0024 0.0453 0.0024 0.0070  0.0001 45.0 2.3153 45.0 0.6317 99
DMQO03-N2-26 7.71 391 930 0.0507  0.0030 0.0473 0.0026 0.0068 0.0001 46.9 2.5539 43.6 0.6299 92
DMQO03-N2-27 12.64 826 1476 0.0522  0.0025 0.0492 0.0023 0.0069 0.0001 48.8 2.1934 44.4 0.7487 90
DMQO03-N2-29 3.84 218 472 0.0529  0.0045 0.0477 0.0036 0.0067 0.0001 47.3 3.4540 43.3 0.8873 90
DMQO03-N2-05 18.58 527 2557 0.0538  0.0026 0.0472  0.0020 0.0063  0.0001 46.8 1.9879 40.6 0.4243 85
DMQO03-N2-30 26.81 812 3449 0.0549  0.0019 0.0503 0.0017 0.0066 0.0001 49.8 1.6062 42.6 0.3704 84
DMQO03-N2-23 2348 630 2382 0.0532  0.0066 0.0512 0.0065 0.0065 0.0001 50.7 6.2349 41.8 0.5109 80
DMQO03-N2-07 14.04 803 1844  0.0597 0.0027 0.0508 0.0022 0.0062 0.0001 50.3 2.1193 39.9 0.4839 76
DMQO03-N2-19 104.5 1767 13312  0.0596 0.0032 0.0493 0.0027 0.0059 0.0001 48.9 2.6124 38.2 0.3875 75
F4 KFRSALREEE HIELENKLTE
Table 4 In situ Hf isotopic data of zircons in tourmaline granite from the Mawchi deposit
W AEy/Ma  7OY b/ TTHE 26 VSLu/ TTHE 26 VSHE/TTHE 26 gu0) gy ()  Tou/Ma Tpyp/Ma
DMQO03-N2-01 433 0.048171 0.000304 0.001726 0.000011 0.282529 0.000014 -9.0 -4.4 1042 1609
DMQO03-N2-02 41.8 0.026085 0.000210 0.000928 0.000008 0.282550 0.000013 -8.3 -3.5 991 1563
DMQO03-N2-04 422 0.031775 0.000570 0.001132 0.000018 0.282479 0.000013 -10.8 —6.0 1096 1721
DMQO03-N2-07 39.9 0.040114 0.000828 0.001384 0.000027 0.282541 0.000015 -8.6 -3.8 1016 1584
DMQO03-N2-09  43.7 0.034232 0.000534 0.001155 0.000018 0.282519 0.000013 -9.4 -4.7 1042 1632
DMQO03-N2-12  41.6 0.047997 0.001489 0.001658 0.000049 0.282522 0.000017 -9.3 -4.7 1051 1627
DMQO3-N2-13 444 0.036341 0.000591 0.001276 0.000024 0.282524 0.000015 -9.2 —4.5 1038 1621
DMQO3-N2-14  41.2 0.034438 0.001420 0.001200 0.000051 0.282495 0.000014 -10.3 -5.6 1076 1687
DMQO03-N2-16  43.8 0.033050 0.000700 0.001131 0.000025 0.282488 0.000018  -10.5 -5.9 1084 1700
DMQO03-N2-21 43.1 0.036305 0.000520 0.001297 0.000022 0.282516 0.000014 -9.5 —4.8 1049 1638
DMQO03-N2-23  41.8 0.043610 0.000771 0.001573 0.000037 0.282499 0.000012  -10.1 53 1081 1677
DMQO03-N2-24 45 0.055439 0.000552 0.001913 0.000021 0.282510 0.000013 -9.7 =5.1 1075 1651
DMQO03-N2-27 444 0.025844 0.000357 0.000889 0.000013 0.282502 0.000013  -10.0 -53 1057 1668
DMQO03-N2-29 433 0.020571 0.000099 0.000705 0.000003 0.282506 0.000016 -9.9 =5.1 1047 1660
DMQO03-N2-30  42.6 0.039808 0.000485 0.001385 0.000017 0.282484 0.000015 -10.6  —6.0 1097 1710
TR ,2014) o TRUAE R 2 K Ia a8 kim0 (Robert, 2006 ; Grebennikov, 2014) .

FHIEIX, K,0/Na,O — AL F 1, B il i ds 5 (A/
CNK) <1.1 (Clemens et al., 2011; Chappell et al.,
2012), SHUAE B A7 2 IR X M AS RS, K,0/Na,0
— B T L AR RIS BC(A/CNK) > 1.1, AL
TE TR 1S (L] 245 R85 sl e KRk 7e , 8 A 44
T 55 BRI 2HRRAE (A Ga/AlL, DU 4415400 55)

PR AT HL S A G B T8 T UERR B -5 0 AR, e
TR T R A B M- X R AR (B 3be) 1
VIR DA KA B R E E
T IR AR & i (w(S10,)=73.67%~75.74%) . &
B (1w(Na,0) =3.45%~4.61%, w(K,0) =4.09%~5.43%) ,
# 5 TFeO/(TFeO +MgO) F {H (0.80~0.94) | % &
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10000Ga / Al {H (4.03~4.52) , ik w(MgO) (0.071%~
0.23%) , % w(Ca0)(0.51%~0.83% ) ; i +- 70 %K & I B
A U A3 AR 5 X B 45 A R AE B 7 118 B A AR AR
(1 PRIESE,2009) o

— BN A, Y A RUAE R 5 32 B2 b SR S
I, 23 58 40 5 1 TRUAE b B R AL b sk Ak 22y
fE(King et al.,1997) . AT ALK AT Y LA
SAFE TR0, A 8 w(RDb) (5 Rb/Sr . Rb/
Ba HAH , DL AR w(Ba) vw(St) «w(P) «w(Nb) \w(Ti) , %
Ca0/(Na,0+K,0) (0.059~0.095) . Zr/Hf(9.13~12.75)

1000
a
100 A
E
5
< [ ]
= L]
10 ¢
1&S
1
10000Ga/Al

FINb/Ta(1.02~1.76) HLAE , H Eu fi St 8 50, it — 4
UESEHZE Ty T s LS o A

T A B S A AE B 7 10000Ga/ ALE 7R 4.03~4.52
ZI8), B T A LA S BUAE B it LR A R
B 3.75 B FE (4% 2 (Whalen et al., 1987) ., BF975E
B, ARG T S TR B e A RUAE I HoA
/51 ) TFeO/MgO #il TFeO/(TFeO+MgO) , X 1] /E
) 51 LS A ) S 58 B (Whalen et al., 1987; Frost et
al.,2001) . 7EAMFFE T, LA A 4L X 5 TFeO/MgO
}y 4.22~17.32, TFeO/( TFeO+MgO ) 4 0.80~0.94, 2 >
FEAE AT 8 o I H, 7E 10000Ga/Al-w(Nb) [# fi
(&l 7a) F110000Ga/Al-TFeO/MgO [ fi# (& 7b) v, Hy,
SAAE B A X 2 T HE A Y 75 7R A BIAE B A
W, a2 L RER T A B A

B A SRS HE [R) 57 2R S 7 B A6 5 A 2R UR X A
54 F- Bt (Griffin et al., 2002; 2405 ,2007) . AL
LA AL B RE S 1 B A HE RIS R FIE B L elt)
{H7-6.0~=3.5, Z B B AR IS (Tpyn) M 1.56~1.72
Ga, 7 ey (t) [E F1 U-Pb 45 % [ fif (1] 8) v, FF R 7%
TE T HORL R A7 Sz T #b.5¢ HE [R5 43 5 18 1b 28 2 [A)
T Hb e DR, R WA FL A AR K R IR T
JC A A58 JL i (Griffin et al., 2004) . 78X i3 57 5
1654 A BIBFIT R DURUA (IR RD A D)8 45 ) il
BN 2 H 32 JE X (Williamson et al., 19965 Syl-
vester, 1998) ., CaO/Na,O R /f > J1| ir HLJ8 X 1) i 2L
br & (Sylvester, 1998) , & Z 4 U5 X [ 52 85 -5t 1 45

1000

100 [
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Fig. 7 Discrimination diagrams for the genetic types of the tourmaline granite in the Mawchi deposit(after Whalen et al., 1987)
a. 10000Ga/Al-w(Nb) diagram; b. 10000Ga/Al-TFeO/MgO diagram
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Sr X Ba/Sr) , Y338 78 HIE 5L T 4 (King
et al., 1997; Bonin, 2007) .

B[ B — R A i il 435 4 4y A AR Dok iR B Y
Mg F Az —, — H R A R i, £
BeEH R, 24 KB 3 R & A T 20 55 Ma
(Ding et al., 2001 ; ZLF 2245, 2006 ) , 3= filf 1 45 o7 I ik
A5 il 18 B9 B TR] A 50~41 Ma (Rowley, 19965 De-
Celles et al., 2002) , Z5G ARG K216 5 7= T2
AR ((43.20+£0.49)Ma(MSWD=2.3) ) Az X 3 44
HALTS 50, B A IZE RS B EE — 1 KBl 3l
T A AR W S A B e e S EL A I 1Y
% R B £ (Gardiner et al., 2016) , BVE[ B — KR AR B
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Fig. 8 Rb/Sr-Rb/Ba diagram of the tourmaline granite in the
Mawchi deposit(after Sylvester, 1998)
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(Wu et al., 2014; Zhang et al., 2022) ., [if ifi flf 45 BH i
THEEE TR v, 5 B5OH R B TR bR R 2
SRS (Atherton et al., 2002) . M Wi J5, #vAY
i P b 0 0y O A R 7 T, AN ASA bR I
AL T EREIR, B & T RS A 2K 5 (Gardin-
eretal, 2016) . HHT, 7EE A0 % ik, C &K 50~
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Fig. 9 w(Yb+Ta)-w(Rb) diagram (a) and w(Nb+Y)-w(Rb) diagram (b) of the tourmaline granite in the Mawchi deposit
(after Pearce, 1996)
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