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Abstract: Granite samples from the Pingying plutons have been analyzed for zircon U-Pb ages, Hf isotope and whole-rock geochemical
compositions to discuss the emplacement age, genetic type, source and relationship with the Baotan tin deposit. Zircon
LA-MC-ICP-MS U-Pb dating gives a weighted mean **Pb/**U age of 834.2+5.1 Ma for the coarse-grained biotite granite in the central
phase, indicating that it was formed in the Neoproterozoic. The granite samples are strongly peraluminous with high silica and alkali

contents and enriched in Cs, Rb, U and Ta, but relatively low in Ba, Sr and Ti. Chondrite-normalized REE diagrams of the granite are
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right inclined and show strongly negative Eu anomalies with Eu/Eu” values ranging from 0.05 to 0.31. The &u(?) values of zircon grains

vary from —=12.6 to —1.6 with a peak of —4.8~-3.0, and the two-stage Hf model ages range from 1.83 to 2.51 Ga with a peak of 1.9~2.0

Ga. These characteristics indicate that the Pingying granite was formed by partial melting of the Paleoproterozoic basement rich in

boron, and experienced strong differentiation. This study shows that the Neoproterozoic biotite granite in the Jiuwandashan-

Yuanbaoshan area has the potential for tin mineralization and it is an important part of the evolution of multi-period granite and tin

polymetallic metallogenic series in South China as well.

Key words: pingying granite; baotan tin deposit; zircon U-Pb dating; Hf isotopic composition; Neoproterozoic; Northern Guangxi
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Fig. 1 Simplified geological map of the Jiuwandashan—Yuanbaoshan region, Northern Guangxi,

South China and the distribution of tin deposits in this region
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Fig. 2 Geological map of the Pingying pluton and the Baotan tin deposit
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(a) Hand specimen of the coarse-grained biotite granite; (b) Photomicrograph under plane-polarized light showing tiny and euheral biotite grains, with different

degrees of chloritization in their periphery, occurred as intergranular aggregates among plagioclase grainsin the coarse-grained biotite granite; (¢c) Hand specimen of

the medium-grained biotite granite; (d) Photomicrograph under cross-polarized light showing granitic texture in medium-grained biotite granite, K-feldspar as mainly

perthite and plagioclase with with different degrees of sericitization; (¢) Hand specimen of the fine-grained biotite granite with quartz-tourmaline nodule; (f)

Photomicrograph under cross-polarized light showing granitic texture in fine-grained biotite granite;

Bt: biotite, Pl: plagioclase, Chl: chlorite, Kfs: K-feldspar, Ab: albite, Qtz: quartz, Ms: muscovite
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Fig. 3 Photographs of hand specimens (a, ¢, €) and photomicrographs (b, d, f) of the Pingying granite
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Fig. 4 K,0-SiO.diagram (a) and A/CNK-A/NK diagram (b) for the Pingying granite
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Table 1  Major (wt.%) and trace element (X10™°) concentrations of the Pingying granite

13PY-20A 13PY-15A 13PY-30 13PY-05A 13PY-04A
fn% - ~Lby gl
HURE B 25 B AL 1 rpr 2 B B AR ST

Si0, 73.61 76.10 76.52 76.77 75.85
TiO, 0.24 0.14 0.07 0.07 0.06
AlLO; 14.04 12.42 12.66 12.56 12.81
FeO 0.11 0.07 0.07 0.69 0.73
Fe,0; 2.35 1.38 1.45 0.69 0.68
MnO 0.06 0.03 0.02 0.03 0.02
MgO 0.68 0.76 0.13 0.16 0.18
Ca0O 0.51 0.21 0.48 0.47 0.48
Na,O 2.33 2.38 2.62 2.99 3.30
K, O 5.02 5.51 4.94 5.04 5.07
P,0s 0.11 0.11 0.17 0.18 0.16
LOI 1.83 1.21 0.97 0.92 0.89

Total 100.89 100.32 100.09 100.55 100.21
A/CNK 1.37 1.21 1.20 1.12 1.09
F 860 570 3030 3280 2930
Se 4.99 391 4.23 3.89 3.33
v 21.0 6.68 1.79 2.06 1.41
Ni 10.4 2.53 3.27 1.12 1.92
Cr 30.7 8.71 9.40 4.29 3.95
Co 4.20 1.26 0.71 0.57 0.89
Be 1.71 0.96 1.05 1.60 2.58
Li 88.0 33.8 82.4 153 122
Cs 21.5 18.1 19.3 24.1 18.5
Rb 291 281 456 539 489
Ba 186 150 39.5 40.3 21.3
Th 17.2 16.7 16.7 17.1 18.4
U 2.86 3.46 24.3 13.6 5.65
Nb 14.5 12.3 19.1 21.8 17.3
Ta 1.04 1.35 3.24 4.12 2.55
Pb 19.4 22.2 16.9 19.1 20.9
Sr 41.2 23.4 11.9 12.1 11.4
Zr 110 81.3 58.2 61.2 54.1
Hf 3.52 3.00 2.84 3.04 2.60
Y 25.6 31.8 24.5 28.2 24.3
Ga 16.6 14.0 17.6 16.5 16.3
w 3.87 4.18 28.6 17.2 25.8
Sn 11.2 8.10 14.9 14.3 12.3
La 19.8 194 11.7 10.9 13.3
Ce 43.9 27.7 19.1 17.6 20.5
Pr 6.17 4.62 2.68 3.09 3.91
Nd 18.3 13.1 8.41 7.99 9.70
Sm 3.98 3.31 2.60 2.60 2.93
Eu 0.40 0.19 0.06 0.06 0.05
Gd 3.89 345 2.58 2.75 2.80
Th 0.74 0.79 0.64 0.73 0.68
Dy 4.81 5.48 4.47 5.23 4.60
Ho 0.94 1.11 0.83 0.98 0.85
Er 2.84 345 2.49 3.01 2.57
Tm 0.43 0.55 0.41 0.51 0.42
Yb 2.75 3.63 2.70 3.52 2.75
Lu 0.39 0.53 0.38 0.50 0.39
Y REE 109 87.2 59.1 59.5 65.4
Eu/Eu* 0.31 0.18 0.07 0.07 0.05
(La/Yb)x 4.87 3.62 2.93 2.09 3.26
T,(°C) 781 748 721 719 707

e LOL AR A/CNK=ALOJ(CaO+Na,0+K0)BE /R 5 To(°C) A MRANREE 5 (La/Yb) A ERRL B A bR AL S 1Y
La/Yb HAH
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Fig. 5 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element patterns (b) for the Pingying granite
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Fig. 7 Cathodoluminescence (CL) images of zircons from the
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Table 2 LA-MC-ICP-MS U-Pb isotopic compositions of zircon from the Pingying granite
_ U-Pb [RI F LU {E 4E % (Ma)
FANSS
x10° *"Ph/**Ph lo "Ph/U lo Ph/U lo Pb/*Ph 1o *"Pb/*U 1o *Pb/*U lo
13PY-20A CHUKL B 25 BEFE R, N25°02758" , E108°4354")
1 103 377 0.27 0.0671 0.0016 1.2863 0.0318 0.1383 0.0022 839 56 840 14 835 12
3 307 777 0.40 0.0716 0.0015 1.3710 0.0361 0.1382 0.0020 976 43 877 15 835 11
4 69 424 0.16 0.0668 0.0013 1.2673 0.0232 0.1381 0.0015 833 41 831 10 834 8
5 42 428 0.10 0.0686 0.0013 1.3058 0.0239 0.1384 0.0013 887 35 848 11 835 8
6 95 294 0.32 0.0656 0.0015 1.2425 0.0293 0.1374 0.0012 794 50 820 13 830 7
8 121 535 0.23 0.0666 0.0016 1.2636 0.0311 0.1384 0.0017 833 48 830 14 836 10
16 76 339 0.22 0.0675 0.0020 1.2849 0.0354 0.1384 0.0014 854 66 839 16 835 8
17 193 1096 0.18 0.0683 0.0026 1.3046 0.0487 0.1383 0.0014 877 78 848 21 835 8
18 213 1473 0.14 0.0677 0.0020 1.2912 0.0401 0.1383 0.0013 857 62 842 18 835 7
19 562 3338 0.17 0.0666 0.0016 1.2668 0.0328 0.1377 0.0018 833 52 831 15 831 10
22 565 1821 0.31 0.0708 0.0020 1.3494 0.0355 0.1385 0.0018 952 57 867 15 836 10
9% 64 201 0.32 0.0726 0.0023 1.7055 0.0602 0.1702 0.0028 1011 63 1011 23 1013 15
14* 117 242 0.48 0.1670 0.0022 9.9033 0.1586 0.4294 0.0047 2528 22 2426 15 2303 21
15% 86 322 0.27 0.0741 0.0017 1.8792 0.0576 0.1825 0.0036 1044 45 1074 20 1081 20
SRS AAZES, A A A T 007
*3 FRUREHAHEMESTER
Table 3 Zircon Hf isotopic compositions of the Pingying granite
WE HETHE 26 L/ HE 26 oy b/ HE 26 A (Ma) Tou(Ga)  TSu(Ga)  ew(®)
13PY-20A (KK 2= BEAE X F, N25°02/58", E108°43'54")
1 0.282241 0.000014 0.002196 0.000049 0.061643 0.000955 834 1.47 1.83 -1.6
0.282206 0.000015 0.002570 0.000019 0.082650 0.000841 834 1.54 1.92 -3.0
4 0.281922 0.000020 0.001629 0.000010 0.051378 0.000155 834 1.90 2.51 -12.6
5 0.282187 0.000013 0.001382 0.000020 0.042970 0.000699 834 1.52 1.92 -3.1
6 0.282153 0.000012 0.002403 0.000020 0.077676 0.000476 834 1.61 2.03 -4.8
8 0.282181 0.000013 0.001626 0.000018 0.053208 0.000672 834 1.54 1.94 -34
16 0.282159 0.000014 0.001914 0.000009 0.060433 0.000246 834 1.48 1.85 -4.3
17 0.282170 0.000013 0.002036 0.000008 0.064153 0.000248 834 1.58 2.00 -4.0
18 0.282167 0.000015 0.002140 0.000008 0.067950 0.000401 834 1.57 1.98 -4.2
19 0.282206 0.000015 0.002053 0.000033 0.065042 0.001179 834 1.58 1.99 -2.8
22 0.282204 0.000016 0.002786 0.000013 0.090028 0.000431 834 1.72 2.23 -3.2
15* 0.282207 0.000016 0.001209 0.000009 0.037993 0.000267 1044 1.49 1.74 2.3

FREEATZS , AR B AT IR I T ) (3 2

4 B
41 FHERFHEER

HIA G X P35 AR AT T 48 22 14 TR AR,
SRS, KRR (1985) FIH 4 A Rb-Sr&mt
Rk, MNAS B AR 1 B A%k 836 Ma;  [A]H
I B SBR[ 57 28 A R T 75 S 25 AR 110 4
A1 U-Pb 4F- % 848 Ma. #RiE2E4E (1986a) F|H
425 Rb-Sr 8RR, ARSI AR B A AR 04 R
717 Ma. #EMEZE (1987) FIH R 67 R W Bk,
Xof S BE 5 AR HL O A - HURE TR B AR B A AT A
U-Pb & 4F, 3R —> 132 AR i 1130200
Ma, &5 3C5% (1987) F|H 44 Rb-Sr 5 B £k

Be, DS R B BUA AR 730 Ma,  MLik S
ERBIRE, HEABRKWZEMEE (730~
1130 Ma) .

AR S BRI AR R BT S AR R
R (K2), X Rdue iR BB
HIFATE AT LA-MC-ICP-MS U-Ph 4E #8114, 3675
(IAERA A 834.245.1 Ma (n=11, MSWD=0.06), iX—
55 Wang 55 (2014) RIS TF-HEE R0 BCA AR08
(835+5 Ma), 5 Li % (1999) F|H 45 A SHRIMP
U-Pb 353018 = B A IR B4 (82610 Ma) . 5
Yao %5 (2014) F|FH%5 A LA-ICP-MS U-Pb 375
TCFE AR AR (823~833 Ma) HA—F,
I, FRATHE~834 Ma th A V- HA PRI 25 SIS
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42 ERMEZEE

AR A B E R R AR, A/
CNKfE7E 1.09~1.37 Z 8], FEAVE A5 47 AL i
X (E4b); CIPW & H AR HEST P W & 5
N 1.9%~4.3%; 16 ACF EfftH, FEaSHEEARTE
A SHIFE R A Xk (9 10) 5 FEfE TR iR g
FrfEfb I f#d, Cs. Rb, U, TaBYIE ¥ FlBa,
Sr. Ti S8 B ; B oC R BRR A AR EIL 4
Boph 2 AR, H Eu i SIS (K 5b);
A6 54 A Bk G R R B 7E 707°C ~781°C Z Ja],
PIE A 735°C, WEAIK TS BUAE 5 A 101 8 41 1 A
JREE (764°C, King et al., 1997), FHAE K A HX
S iy o b Bk Ak 2F R AR S AL LT R Il—ooE i

A=Al-Na-K

C=Ca ENA F=Fe®+Mg

F10  SEHAE A ACF [EIfi# (2 Hine et al., 1978)
Fig. 10 ACFdiagram for the Pingying granite

X =B, JCFE IR STIAE A AL (B 3CR
45, 2001; ERRGAEZE, 2002; Yaoetal,2014), [H
AP BEAE 5 25 N T 4R i i S IR i
4.3 FHEHIEXEFE

XPEEDG LT K 1 — 0 5 11 b X P25 AL
., BIACA LM (5 3CFS%, 20015 BRAS
A 20025 FEFEEZ, 2006), EATH A/CNKAE
Yo R EZHRT 1.1, CIPW & AR R £
)75 1M 1.53%~3.85%, ELAG HLHL S RITE i) 75 1) b
BRAGZERRE (ERRAEZE, 2002), SEAAREE K 2
M, 6K A A1 Si0, & 1 59.21~70.82 wt.%
(F ¥ 67.09 wt.% ) # ik, Ti0.. MnO. MgO,
Ca0. Ni. Cr. V. Sc. REE &2& . EwEu*f CaO/
Na,0. Nb/Ta. (La/Yb)x 5 {H # & , Rb/Sr Fl K0/
Na.O HAEBAR s 11 2B = BEAE X A 19 Si0, 7 & 7F
70.82~77.72wt.% (F75.55 wt.%) 5, K.0/Na,0O
FIRb/Sr HUAE 42, REE BCEAIXEAR, Euffis
HIRZL (B CHFSE, 2001; ERRRASE, 2002). fE
B I A IR = B AR B 1A A A2 R R SR
THEMNEXAEER BN ES . KN AR
CaO/Na,0>0.3, £ #8"0 HEAML (A K 8.1%0~
9.6%0) ; 1AL 7 1Y CaO/Na,0 <0.3 (3
0.18) , 480 H B m (= Bi 1K 10.1%0 ~
141%0; B FAS5E, 1987; K A%, 2002) .
Wang%F (2013) XfoeE . A, i 54 AR
AR AR R R R, SR F R AR
FBALRINE A B8 0 H R o XS RI], #
At XA =B . To T 1L A SR B AE e R [ TR
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TR m RIS, AT . IS AR
SEAE A TN 5 ) F2 220k [ VR T s 8 88 A1 A A28 Joit
FAb A SR TR A — i R BE T A o 1 K T U
7 (Sylvester, 1988; T4, 2006).

PR S A AR BRI, ks
f) CaO/Na,O HLAE /N F 0.3 (0.09~0.22) (F£ 1),
HEA R &S, RO msRir, SXENN
=B, TEEINFER AN A B A BRI 2y
TEARARL, 2 BH - AE i A R [ T 52 U X135
OYVERL. UL R B A B R R e,
en() A TE-12.6~-1.6 Z ], WE{H 7E-4.8~-3.0
ZI8], P B ZCAR S Ton (HA(ELFE 1.83~2.51 Ga
ZIa], WE(HTE 1.9~2.0 Ga (£3, K9), RHHE
W EZORIE Tt oot AT IR I T ) A A R
B AG A= 25 (2002) 045 7 95 4 < 5 4 1Y en(d)
{H -4.19, Nd &3 4 i o 1.81 Ga, Z= k12 45
(1991) F1Chen%: (1998) G4l M X PU LR AR
JTRVA I NdFEUAERS (1.80~1.91 Ga) #RHASC
MIZ5EHVI A

BEAR, XA b — S A R sl A
Wi, $EAT T RALE ST, AR P/ Ph AE I E
TE 1.0~2.5 Ga Z ] o XF o () — i 4k 7K 85 A
(1044£45 Ma) #E47 HE [Al57 R A oA, DA
TSHE/THS HAE A 0.282207, ew()fE N 2.3, PIRYEL
BERAEWS T (HOE M 1.74 Ga, WS/ TiZ ks
e PR B AR M (2.0 Ga), BE/R
FEA IR o i B b AT RE A AR T DR B AR g
le=y 47/l
44 REERFXHR

QLU Kil—oo % 1B 2 4 8 i X 4
FHLIX B AT FE R AL X2 —, KHAEHKE
BB Sn 4B AR 20 4 20 T, ST PB4 R
TR E B — (Mao et al., 1995; XP %4,
2013), RTINS Z &R RSB atHER
B R, —HAERKS I (B
A5 1984; MRFEZESE, 1986a, b; TR U, 1987,
VO REREZE , 1989; Chen, 1995) .

FINGU IRER N KRBT IR, JREErH
MR A ZH KGN IRZ —. G ikE
B R A B P AME My, L B A2 2]
[X 8 1 Yk — 2% NNE-NE [ W7 440 1 p ol . 14
FEREPOR . BYIR L ASEUPIR 85 7= 17 5 5 R

TR = A A0y DU R AR o O AR o B 2k
Bl i, MR 0 28 [ 40 A FRAE 2B R
ATLARI Gy m e R s T, s 1
B BiAa-Adeikal . A -k s Bk
ZR, FFUARSCARIT o = (BROCRE, 1988),

SEHAE N B ERE L SR AR i A
fE (KD AENPOEIZ, ARRRARE
i T T A B ok R BEAE B A AR R A R
Mg, B LUT B B Rk A e g (%
3), Hp.

(1) 4 25 109.4x 10 K3 59.1x10°°,
Eu 1 71 58 MO 2, Eu/Eu* F i A 0.31 F#IK
F]0.05;

(2) Rb/Srb{HH 7.1 F W= 5] 44.5;

(3) 7E 35 0 2 D Uh 1 08 b o £k ik 0 1 o
(Kl5b), Cs. Rb., U, TafJiESF % M Ba, Sr. Ti
() B S8 SR T I O

(4) B AR ATE B H 781°C AR E] 707°C;

) W ALFITTEF &M T 3~6f%,
860X 104 =1 21| 3280x10°;

(6) WA JCE Sn, WHLHORHME M, SniyF
i 81X 10 hn F) 14.9%10°, W 94 & Hy 3.9%
1048151 28.6 X107,

XL ERAE 2R IE R W], PO b A 8 &
TREEMS S, BA—EWSn (W) a1k
71,

FRYEEF AN PR A & B, I AL 5 A i i
B oA - AR AR, H A AR R
%, AGpd T g — A BRI Y B R T Y
L R R R B, ORI R S ARIE, &
B HIWFE R, b X2 — > & A Bk 12
S (BRI, 1988), XA IHLH)E
KAFRBCE T, M s R R B, iy
WM EER (K) B44, EXBAK =
Bi . sTEINFER AR R AT, W L ATE-AS
AR, EFEd N RAEREBN 2% (BR
4, 1988; BRfGIFESFSC, 1995). HUILATHI,
Tl Tl DX DA 5 2 B I — RO R A FH 72
W B S (E RS ) .

SRR AR, I RERRE A K
K & 4R AT DA 2% v L0 WA A BE AT I
a4 A S, 1A 2R o S5 i AR F



11 E|SiivtE

AL S B A B A U-Ph AR . HEFRIN R . HUBRAL2ERRAE R H T 7 S 103

Fe, MM ZRAHEME Ol™) JTREm T
TR AR E £ (Pichavant, 1981; Pichavant and
Manning, 1984)., P, B2ME M IX AL BA KK
FEI R, RS BECE RIS R i B A
RZ—o

L5 LTk, FIRB A B L R LA
oA, R W A 2 R R X R 04 Rl ) A B
wI, JFEm AR AL R AW A, T
R ST RS TCER I 1R 43 IR B S
W, JRE BRI ERAIIEE S, BN
DN R S E SR RIVE Y (TR 7 N I A B e W)
J S B BRI AT 1 S A T 7 R AR B RT
PRI, AH ELA B B P ik B K B AE A 3R
— R R R VR LB i 75— 2 5%

Bt BN TARFE S WAk A0S R T R
ASBE—RGT RN IF, FREZIRI,
FERIBRFFERFIEFRETRRXGH
By 46 U-Pb EFfH R Z 54733 P B i
A RAET £ AR AT L6038 F 8
B EXFREABRFTELLEARRFIFEN
. AEBIXRFRIFELFH Z G A
W, REZBE, FE—IFFT RSB
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