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Monazite U-Pb age, geochemistry, and genesis of ore-bearing granites in the Zhukeng tungsten

deposit, southern Jiangxi Province

Abstract: [Objective] The composite Zhukeng granite is composed of two-mica granite and muscovite granite and
closely related to tungsten and niobium-tantalum deposits in southern Jiangxi Province. [Methods] Based on systematic
lithogeochemical analysis and rock-forming age determination of muscovite granite and two-mica granite from the
Zhukeng tungsten deposit, combined with regional studies concerning diagenesis and mineralization, the genesis and
tectonic setting of the rock mass are discussed. [Result] The LA-ICP-MS analysis of monazite from the fine-grained
muscovite granite yielded a **Pb/**U weighted average U-Pb age of 156.7 + 1.3 Ma. Major elements exhibit high silica
contents (SiO, ranging from 65.54% to 74.95%), high alkalis contents (Na,O+K,O ranging from 8.48% to 12.85%), high
aluminum contents (A/CNK ratios ranging from1.10 to 1.22), and low magnesium contents. The total rare earth elements
(ZREE) range from 61.12x107® to 173.98x107%, and there are right-dipping light rare earth enrichment patterns with a weak
negative Eu anomalies. The trace elements Rb, Ta, Th, Pb, Nd, and Hf are enriched, while Ba, Nb, Sr, and Ti are depleted,
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indicating a highly differentiated S-type granite. The LA-ICP-MS analysis of monazite U-Pb from the two-mica granite
yielded an *Pb/**U weighted average age of 159.5 + 0.5 Ma. Major elements exhibit high silica contents (SiO, ranging
from 75.02% to 77.03%), high alkalis contents (Na,0+K,O ranging from 5.92% to 8.58%), high aluminum contents
(A/CNK ranging from 1.14 to 1.65), and low magnesium contents. Total rare earth elements (XREE) range from
106.86x107° to 124.24x10°°, and there are right-dipping light rare earth enrichment patterns with a significant negative Eu
anomalies. The trace elements Rb, Ta, Th, Pb, Nd, and Hf are enriched, while Ba, Nb, Sr, and Ti are depleted, suggesting a
highly differentiated S-type granite. [Conclusion] By combining geochronological and lithogeochemical characteristics,
the authors conclude that the Zhukeng tungsten deposit formed during an Upper Jurassic mineralization event caused by
large-scale granitic magmatic activity related to subduction.

Keywords: southern Jiangxi Province; Zhukeng pluton; granite type tungsten deposit; monazite U-Pb dating; geochemistry
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Fig. 1 Tectonic geological map of the Guangchang-Shicheng area (modified after the 1:250000 geological map of Guangchang and the

1:500000 geological map of Jiangxi Province)

(a) Tectonic location map; (b) Schenmatic regional geological map
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(a) Fine-grained muscovite granite; (b) Muscovite, quartz, plagioclase in fine-grained muscovite granite (crossed polarized light); (c) Muscovite,
plagioclase in fine-grained muscovite granite (crossed polarized light); (d) Medium- to fine-grained two-mica granite; (e) Quartz and muscovite
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(crossed polarized light); (g) Greisen; (h) Mica, quartz in greisen (crossed polarized light); (i) Mica, quartz, wolframite in greisen (crossed
polarized light)
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Table I LA-ICP-MS U-Pb dating of monazite from granites in the Zhukeng tungsten deposit
2 JER F /<107 WU ——— [l {3 3 LL i 1 Eﬁ@/ﬁ{la

Th U Pb/**Pb 20 *7Pb/*U 20 25Pb/P¥U 20 27Pb/*PU 20 Py U +20

227K01 Mn
227K01-1 49487 2738 18 0.0503 0.0042 0.1702 0.0140 0.0246 0.0008 159.6 12.0 156.7 4.8
227K01-3 141827 6396 22 0.0485 0.0022 0.1624 0.0086 0.0242 0.0006 152.8 7.5 154.1 4.0
227K01-6 127159 5295 24 0.0479 0.0028 0.1630 0.0098 0.0247 0.0006 153.4 8.5 157.1 3.6
227K01-7 109783 4417 25 0.0485 0.0026 0.1651 0.0095 0.0246 0.0006 155.1 8.3 156.8 4.0
227K01-8 73144 5468 13 0.0780 0.0046 0.2698 0.0167 0.0251 0.0007 242.6 13.0 159.6 42
227K01-9 104244 4769 22 0.0562 0.0040 0.1928 0.0137 0.0248 0.0006 179.0 12.0 158.2 3.5
227K01-10 83859 4321 19 0.0470 0.0029 0.1601 0.0096 0.0247 0.0006 150.8 8.4 157.4 3.6
227K01-11 77157 3223 24 0.0602 0.0045 0.2135 0.0163 0.0257 0.0007 196.5 14.0 163.5 42
227ZKO01-12 52965 3755 14 0.0596 0.0049 0.2073 0.0180 0.0251 0.0008 191.3 15.0 160.1 4.9
227K01-14 190005 6199 31 0.0487 0.0026 0.1623 0.0087 0.0242 0.0006 152.7 7.6 154.1 4.1
227K01-15 50266 2789 18 0.0483 0.0034 0.1645 0.0109 0.0248 0.0007 154.6 9.5 158.2 44
227K01-17 68132 4579 15 0.0508 0.0028 0.1718 0.0107 0.0244 0.0006 161.0 9.3 155.3 3.9
227K01-18 54822 2738 20 0.0500 0.0029 0.1723 0.0098 0.0250 0.0007 161.4 8.5 159.4 45
227K01-19 57463 4366 13 0.0496 0.0026 0.1678 0.0087 0.0245 0.0006 157.5 7.5 156.3 3.8
227K01-20 87754 10828 8 0.0486 0.0020 0.1594 0.0066 0.0238 0.0005 150.2 5.7 151.7 3.2
227K01-21 77647 4496 17 0.0499 0.0028 0.1674 0.0094 0.0243 0.0007 157.1 8.1 155.0 4.1
227K01-22 83390 5524 15 0.0907 0.0077 0.3036 0.0231 0.0245 0.0007 269.2 18.0 156.2 4.6
227K01-23 63875 4967 13 0.0491 0.0028 0.1677 0.0093 0.0248 0.0006 157.4 8.1 157.8 3.8
227K01-24 92367 4980 19 0.0493 0.0030 0.1644 0.0117 0.0241 0.0008 154.5 10.0 153.3 49

227K13 Mn
227K13-1 92418 4349 21 0.0473 0.0027 0.1633 0.0090 0.0251 0.0007 153.6 7.8 159.5 43
227K13-2 68539 3173 22 0.0507 0.0034 0.1756 0.0120 0.0251 0.0006 164.2 10.0 159.8 3.8
227K13-3 90313 5008 18 0.0487 0.0031 0.1641 0.0114 0.0243 0.0007 154.2 10.0 155.1 42
227K13-5 142814 5535 26 0.0489 0.0025 0.1673 0.0101 0.0247 0.0006 157.1 8.8 157.3 3.8
227K13-6 71800 3431 21 0.0484 0.0037 0.1655 0.0119 0.0249 0.0007 155.5 10.0 158.7 44
227K13-7 138315 6736 21 0.0472 0.0024 0.1598 0.0079 0.0246 0.0007 150.6 6.9 156.8 42
227K13-8 97270 4266 23 0.0453 0.0026 0.1571 0.0094 0.0252 0.0006 148.2 8.2 160.2 4.0
227K13-9 70874 2998 24 0.0482 0.0037 0.1691 0.0135 0.0254 0.0008 158.7 12.0 161.9 5.2
227K13-10 122693 6382 19 0.0827 0.0115 0.3008 0.0477 0.0255 0.0009 267.0 37.0 162.4 5.5
227K13-11 117956 6247 19 0.0482 0.0027 0.1652 0.0079 0.0250 0.0007 155.2 6.9 159.4 4.7
227K13-12 14790 2305 6 0.0600 0.0045 0.2127 0.0158 0.0257 0.0007 195.8 13.0 163.8 4.7
227K13-13 96254 4551 21 0.0485 0.0028 0.1689 0.0091 0.0254 0.0007 158.5 7.9 161.5 44
227K13-14 74173 3637 20 0.0490 0.0029 0.1684 0.0101 0.0249 0.0006 158.1 8.8 158.8 3.7
227K13-15 90316 3706 24 0.0520 0.0035 0.1804 0.0117 0.0252 0.0007 168.4 10.0 160.6 42
227K13-16 43503 2313 19 0.0485 0.0045 0.1666 0.0144 0.0250 0.0007 156.4 13.0 158.9 45
227K13-17 57767 2544 23 0.0517 0.0033 0.1807 0.0119 0.0253 0.0007 168.7 10.0 161.4 4.7
227K13-18 87092 3769 23 0.0459 0.0028 0.1564 0.0105 0.0247 0.0007 147.6 9.2 157.0 45
227K13-19 85551 4319 20 0.0463 0.0031 0.1598 0.0101 0.0251 0.0007 150.5 8.9 160.0 42
227K13-20 112206 5464 21 0.0494 0.0029 0.1699 0.0104 0.0249 0.0006 159.4 9.0 158.7 3.7
227K13-21 127992 5537 23 0.0888 0.0051 0.3122 0.0185 0.0255 0.0007 275.9 14.0 162.1 4.5
227K13-22 50133 1902 26 0.0492 0.0046 0.1671 0.0147 0.0248 0.0006 156.9 13.0 157.6 4.0
227K13-23 83610 3777 22 0.0509 0.0034 0.1766 0.0126 0.0251 0.0007 165.2 11.0 159.6 43
227K13-24 60311 3043 20 0.0483 0.0034 0.1688 0.0120 0.0254 0.0007 158.4 10.0 161.8 44
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YR AR A (22ZK13) JE 0 £ 23 4
ROBCHE, Hith Th & 8 76 14790x107°~142814x107° 2
B8], U5 & 7E 1902x10°~6736x10° Z [d], Th/U H {4
TE 6~26 Z [H], *Pb/**Th 4F- & {H 4 5 b 5 #ii T 3 Fn
2R T (8] 5b), H2Pb/2Th Ji A 249 4 % 2 159.5+
0.9 Ma (MSWD=0.9, n=23) .

32 ERiBRKE
321 EEAFEHIE

IRYTE U 40K = BB R A AR s B AR

KA., AN ER. METEId R K2 M

R2 KNBTENEFREIETRSE (0

3, BRI LA . AR B B R A B
AR R s RE L E B AE, SIO, % N 65.54%~
74.95% (- Y9{E M 70.7%) , Na,O+K,0 7 & Hy 8.48%~
12.85%(F-HI{H M 10.3%) , Na,0/K,0 HAE N 0.39~2.82
CEY A 1.19), B A7 B 8 A & 40EE, ALO; & 8
14.19%~19.74%(F ¥ {5 N 16.78%), % 1 F1 15 %4
A/CNK=Al,0,/(CaO+Na,0+K,0) /* T 1.10~1.22, 7E
A/CNK-A/NK [ fif H B i i 34 7% A 48 BT X B, @
F ok 87 AR X A 25, MgO % i oh 0.03%~0.04%, AH
T Mg,

Table2 Major element compositions (%) of granites from the Zhukeng tungsten deposit

5 227K01 22ZK02 227K03 227ZK04 227ZK05 22ZK06 22ZK07 22ZK08 227ZK09 22ZK10 22ZK11 22ZK12 227ZK13 227K 14 22ZK15 227ZK17 22ZK18 22ZK19

Ak o REE R Py By

o
Py AR E = RHE R
Si0, 7468 7495 7483 7581 6554 68.58 6566 66.14
TiO, 0.03 0.02 0.02 0.02 0.01 0.02 0.01 0.01
AlLO, 1497 1461 1468 1419 1974 1851 1855 19.00
FeO 0.42 0.47 0.28 0.34 0.21 0.17 0.27 0.16
MnO 0.09 0.10 0.08 0.09 0.05 0.04 0.05 0.04
MgO 0.03 0.04 0.04 0.03 0.03 0.03 0.04 0.03
CaO 0.19 0.20 0.11 0.17 0.77 0.72 0.80 0.58
Na,0 5.05 446  4.68 4.73 542 7.85 348 4.87
K;0 345 4.12 4.24 3.75 6.53 2.78 8.95 7.98
P,0;s 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03
DI 9540 9536 9636 96.16 93.07 9455 934 95.32
Na,O/K,0  1.46 1.08 1.10 1.26 0.83 2.82 0.39 0.61

Na,0+K,0  8.50 8.58 8.92 848 1195 10.63 1243 1285

ekt 092 090 078 069 133 102 138  1.03
A/CNK 122 122 118 118 118 112 115 110
ANK 124 124 119 120 123 116 120 1.4

7530  75.02 7534 7541 7551 7692 77.03 5857 5646 64.18

0.03 0.03 0.03 0.03 0.03 0.04  0.05 0.05 0.05 0.06

13.88 1409 1384 13.69 13.84 1293 1232 2239 2654 2139

0.36 0.39 0.38 0.46 0.39 0.52 0.60 2.74 1.99 1.55

012 010 012 0.16  0.13 0.21 0.10 1.41 034 028

0.06  0.05 0.05 006 006 010 012 0.09 007 021

440 400 426 362 435 286 0.50 040 042 029

4.15 4.45 432 447 4.17 4.07 542 7.20 8.62 7.17

0.01 0.02 0.01 0.01 0.02  0.01 0.01 0.02  0.02 001

9510 9472 9540 9403 9525 92.60 8946  72.03 7721 8126

1.06 090  0.99 0.81 1.04 070  0.09 0.06  0.05 0.04

0.91 1.17 0.94 1.11 0.80 1.37 1.88 3.72 3.95 3.27
1.14 1.19 1.14 1.21 1.15 1.35 1.65 231 2.64 2.58

1.18 1.23 1.18 1.27 1.18 1.42 1.84 264 264 259

¥E: DLW 458 A/CNK=ALO,/(CaO+Na,0+K,0); A/NK=ALO,/(Na,0+K,0)

H AR — 2 BEAE B e B MY R L R
i, Si0, & & N 75.029%~77.03%(F- 4 {f 75.79%),
Na,0+K,0 &4 5.92%~8.58% (F-H4{H 7.86% ) , Na,O/
K,O LA 4 0.09~1.06, *F- ¥k 0.80, B A I i /) &
BiRREAE , ALO, & f H 12.329%~14.09%(°F 34 18 K
13.51%) , %5 1 F11 45 %0 A/CNK 4» T 1.14~1.65, J& T
i 45 i AE B 45 28, MgO 7 & 0.05%~0.12%, AH X
W Mg,

SR A, R s B A S 3 4
B =B R A Y8 T AR R A, T ank s b
A6 < S Ps A MBLAE 5 2 X, TR AR 1 = BEAE

T 2R AL 5 X, B3 I A T KA FIENE
KA X (K 6a), M )8 Tk 45 B A (Kl 6b) .

= LA Si0, 7 BN 54.46%~64.18% (- Y {H N
59.73%) , Na,O+K,0 7 N 7.46%~9.04% (V- ¥4 {8 Hy
8.03%) , Na,O/K,0 Lt {H N 0.04~0.06(F-4 K 0.05%),
HA W B SRR, ALO, & 1 21.39%~26.54%
CF-¥I{E 4 23.44%) , 551 Fl 48 50 AICNK A F 2.31~
2.64, MgO & &4 0.09%~0.21%, # %} %% Mg.
322 HERFAMELZHIE

W DX B A 4K <) 25 A B RN e R 4 RO
e 3, HoMi e 43t 2 A DL Tao HHORL I = BEAE
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a—Si0,-(K,0+Na,0) 432 & (Ji£ € 5| [ Middlemost, 1994, &l s ¥ 15 W 8% 1 5 31 43 L4651 H Trvine et al., 1971) ; b— A/CNK-A/NK [ fi# ( Maniar and

Piccoli, 1989)

o6 ZRMLKAEEREETFEM

Fig. 6 Major element diagrams of the Zhukeng tungsten deposit

(a) Si0,~(K,0+Na,0) diagram, after Middlemost, 1994 and the boundary between alkaline and sub-alkaline series in the figure follows Irvine et

al., 1971; (b) A/CNK-A/NK plot, after Maniar and Piccoli (1989)

B 4 i 0 K M (SREE) A T 61.12x10°~173.98x
10°°, 34 & 104.87x10°°, Lay/Yby L AH 2 0.67~4.27,
S 4445 Sk 2.17, % F A + LREE/HREE {4 0.95~
2.83, SR 59 & R b, R T R i 4
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100 f

10 b

FEIRERRLR A

0.1

La Ce Pr Nd  SmEu Gd Tb Dy Ho Er TmYb Lu

255 45 (& 7a), SEufd b 0.01~0.12, F ¥ {H N
0.06, FLA7 W] o (1 17 4 S 8 5 78 Gl it o0 R W) 4R i b
HEAR Wk 9 B L, AR 2 B AR A R E 4 Rb.
Ta. Pb. Nd. Hf, 7 #i Ba, Nb. Sr #l Ti(|& 7b) .
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Ba U Ta La Pb Sr P Hf Eu Gd Dy Y Tm Lu
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a—C1 BB P56 5 o L A% £ 70 K 43 il 28 (Sun and McDonough, 1989) ; b—f# & 70 2 i 4 b 8 47 #E £k 3%k %] 1] ( Sun and Mcdonough, 1989)

|7

RAETAHREERCIRER R EMHETER St &, RMETTRE S HEFE o FHE

Fig. 7 C1 Chondrite-normalized REE distribution patterns (a, normalization values from Sun and McDonough, 1989) and primitive mantle-

normalized trace element spidergram (b, normalization values from Sun and McDonough, 1989) of the granite in the Zhukeng tungsten deposit

(a) C1 Chondrite-normalized REE distribution pattern; (b) Primitive mantle-normalized trace element spidergram

M AR R s B4R X A B 1O R B i (SREE) Ay
T 106.86x10°~124.24x10°°, *FH{EH 116.07x10°, Lay/
Yoy 1B B 1.08~1.63, F #J{ 2~ 1.34, LREE/HREE
FL1E A 1.77~2.42, S0k A W 5 5 0 s 76 Sl
TG R )46 b bR o Al ik 0 1, v AR s B AR
# F P E 4 Rb, Ta, Pb, Nd, Hf, 7 fit Ba., Nb,

Sr Ml Ti( &l 7b) o

=Y UK B (SREE) A T 132.41x10 %~
168.48x10°°, ¥ #4 {5 & 149.08x10°°, Lay/Yby H {5 N
0.97~8.32, ‘F-441# & 3.70, LREE/HREE {5 1.88~
4.93, SR WoR R 4w AR, HOR R C o i 4 B A
(I 7a), 0Bu i N 0.04~0.07, - {E ~ 0.05, H-A 1
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B S H s 7R R T R W) IR b e AR o £k ik 19 &
I, = A R E &4 Rb, Ta, Pb, Nd, Hf, 7 $
Ba. Nb. Sr #1 Ti( & 7b) .

4 Wik

4.1 FHEKE KR

A AR DAk, 5 R b X A7 15 VG R F U R 1 R B
FIVEFH B SE R, 5 00 sh A 2 XS H B AR 2 7k
B A AR (R LT 20 5 BB 70% ), 588 2 &R0 R
KREY ., WML, Ak R A S AR
Hat ek a THBRAXLR, AN -5
BEAE B 5 W A8 AR I ok o I UROBIF 5% X BR BT A AR
(4 4IKE 1 2= B A6 i 5 0 AR — = B AR A T
M A1 JF R U-Pb [R) 37 358 4F, 4R 2= BEAE i< 7 Fl
TR — = B AE B 2 °Ph/2SU AL AE % 43 5 R
156.7+1.3 Ma Fl 159.5£0.9 Ma, 3% W] ‘4 4k T B & T
M fk 2 B3], 5 X R 2 A RIS B a6
6 1 25 PR B0 A1 14 FH G, 0 L e G 2 AR A A 1
157.742.7 Ma( 55 & Wi % , 2011; Guo et al., 2018) .
M A4 B 25 A A 4 IS R 157.2+1.7 Ma( E 3% 7 45
2017) . ZL Bk & A A7 84 78 151.4+3.1 Ma( 32 Bl A 55,
2007) . 1 85U A K BUA AF I8 TR 155.041.4 Ma(58 &
Il 45, 2008) . K 1T Ll A 4F 8 7E 157.242.2 Ma( Feng
et al., 2011; Chen et al., 2021); P4 4 1) 3% 7= 4F 8 1%
154.8+6.0 Ma(Guo et al., 2012; 3§ /) & 45, 2022) % ,
A, BRETE VR M Bk Ak 2 2 8005 R IS AE i1 25 & 5 1k
B A AR R B AR Bl B AT AR AT i AT, #X BatSr Al
TiO,, # H # 1 L E K, 58 72 Eu 54, & % Y Ml Rb,
Rb/St HAE 55 i A e 43 5 R AE (PR 2 45, 2008), H A
L AR UEEX IR R TR A
42 FHEmREZER

MISA J2 % UL 4K 5 £ 1K 432 ( Chappell, 1999;
SR ITAE, 2007), M AL B LUSE S MR (A/CNK<
1.1) 1 fE &40 A (NayO/K,0>1) S B 1E, 3 &
Cr. Co. Ni, VA W48 T H; LK A Z 8 H
KO W ROR 1, hT B)) K R 3 2% 7 1) Na,O/K,0>1
HAR R B<1.1, B N A L B 509 (7
W AEAE, 2020) 5 S A AL K A 22 H i 1Ll 3 5 R D0 AR
Y o 5 mlOY A, B R IR AR S, e s
B EE O AW T ASET Y A BE K E B A
FAERE (L IAEE, FZORIE T F e ks, BAE
B A1 TG KRR AIE (52 4R JT A, 2007) .

Yk =~ BEAE R A E R TR B SIo, i

B8, SO, & i TE 65.54%~74.95% 2 8] (F- ¥l H
70.7%) , 4 E A R Na,O+K,0 75 f7E 8.48%~12.85%
Z I8 (F ¥ {6 A 10.3%), Na,O/K,0 F {5 4 0.39~
2.82CF ¥ M 1.19), BHA W] W09 & 41 AR1E, B4R A1
& A/ICNK A T 1.10~1.22, J& T =5 40 45 1 M 2 %1
1650 s AR = RE AR R B R Y R L R
B 4% 1E L Si0, & 7E 75.02%~77.03% 2 [a] (3 4 {5
A 75.79%) , Na,O+K,0 7 & 7F 5.92~8.58% = [a] (°F-
PIME 1 7.86%) , Na,O/K,0 LA K 0.09~1.06, - {H
9 0.80, HA B Y & FARE, ALO, & E1E 1232~
14.09% 2 18] (-2 {8 K 13.51%) , 5540 F1 45 %8 A/CNK
T 114~1.65, Bk kB BRYUAL KA B A & 6k
(W(Si0,)>70%) . & #5 (A/CNK>1.1) . il % S BIAE b
FU R LR Sr(<300x10°°), Yb & H 2501 1x10°~
7x107° 2 8] (3K i 45, 2006) , Bk 370 1 b4 # Sr 7 71
8.38x10°~28.8x10° Z [a] (*F- ¥ fy 15.53x10°); Yb
ErRAE 1.28x10°~8.86x10°° 2 [i] (- H41E H 5.66%10°°)
55 S RUAE B A FR AR AT, A/CNK (B >1.1, BRYTAE X A
57 S48 B (DD B, HAL L 89.46~96.36, 3% W] %
FARTTREA T T B S i S VER . 8 Zr+Ce+
Y-Rb/Ba &l fi# I (K] 8a), #& s L3 S B AL K 4 X,
W1 IN E BR U AL B4 A T BB A ST AE K A T
10000Ga/Al-Zr K i -, & 534 7 A& 40 S A6 R 8 X
(# 8b), BR UL AL i) 2+ o & Rk . & B, & 4 Rb.
Th, Pb 5® %1 5 it Ba, Sr. P Al Ti F18 & U 43 2H %% 7,
BA m oy AL R A R AR Ak, SR S 4 S S AU 4K
KA SAH A EMBESAET Y, 5Kt
R ATEARARMEE Tl WA =R AE £ L5/ 0 Y
2 RUA A M ER AL 22 R AE, BRYTAE B A 8 T8 o
S AUAE 4 5 o
43 Mk hEE=

A v A AR AR B e T R TS A o
AOY B, 18 IR Y S 5, JF HED L —#E LR
TR A AR AL R A A 5 i~ R 5 46 1) 5 il 4 By B
W H sk PR 5T, B 2 05E 1155 2k 8 1R 47 FR AR (RLAR
&5, 2007; EFTIRAE, 2013; 58 B4, 2023) . A AR
AR A REAE SR R AR, AR AR LR, Bp L AR
b 48 e A B 1 i 8 5 | DR RS Y ) 36 i Bl RN A
HAE BN, I E B KRR BB R A (B S04,
1999; X1 28 %, 2008; Hu and Zhou, 2012; Mao et al.,
2013; Wang et al., 2021) . 4 g Hb X A4 3 filf 13 = 22 &
"= 7E 240~220 Ma, W-Sn-Nb-Ta i 5 15 ] 5 )5 fif 18
1 H KRB, oy iR 3 24 R 7E 214~239



336

¥R 55 54 https://journal.geomech.ac.cn

2025

1000

100

10

Rb/Ba

0.1¢ \ I

0.01

10 100 1000 10000

Zr+CetY/(x10°)

a— (Zr+Ce+Y)- (Rb/Ba) & ff# ; b— 10000Ga/Al-Zr [#] fi#

K 8

HIMET IR E 56 XA A E (Whalen etal.,

1000 7 oo
b , o HuBHER A
/ AT RIHERE
N A RITE R A e
I //
, ,
[ 7
T = =<
,/ // \\\
[ Y . —
S /i 7
% 100 f P
= \ g T
N [ L7 ERUS BRI
SRR - T
N
N B,n
\\ 0©
\\ O
I. S. M ALK S~ o
10 o=
1 10
10000 Ga/Al
1989 )

Fig. 8 Rock-type discrimination diagrams for the Zhukeng tungsten deposit (Whalen et al., 1989)

(a) (Zr+CetY)—(Rb/Ba) diagram; (b) 10000xGa/Al-Zr diagram
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Fig. 9 (Tat+Yb)-Rb and (Y+Nb)-Rb tectonic discrimination diagrams for the Zhukeng granites (Pearce, 1996)

(a) (Tat+Yb)-Rb tectonic discrimination diagram; (b) (Y+NDb)-Rb tectonic discrimination diagram
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