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Abstract: The Zhaojinggou Nb-Ta deposit has close relationship with granite. Zircon LA-ICP-MS U-Pb dating indi-
cates that the age of biotite K-feldspar granite in the mining area is 125 +1 Ma. Geochemical data show that the
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Fig. 1 Simplified geological map of the Wulashan-Daqingshan area, Inner Mongolia ( a modified after Zhao and Cawood, 2012;

b modified after Wang Liang et al. , 2015)
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Fig. 5 Zircon LA-ICP-MS U-Pb concordia diagram
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Table 2 Major (w,/ %) and trace (w,/10 %) element content for biotite K-feldspar granite in the
Zhaojinggou Nb-Ta deposit
5 162G-23-1 162G-23-2 1672G-23-3 162234 162G-23-5 16Z2G-23-6 162G-23-7 162G-23-8 162G-23-9
Si0, 75.88 76.49 75.83 76. 14 76.21 76.70 76.17 76.48 76.48
TiO, 0.07 0.05 0.07 0.06 0.07 0.07 0.08 0.08 0.08
Al, 04 12.79 12.77 12.57 12. 84 12.70 12. 64 12.53 12.73 12.74
Fe, 0, 1.12 0.72 1.3 0.85 1.08 0.62 1.17 0.83 0.82
FeO 0.14 0.2 0.25 0.18 0.11 0.24 0.23 0.13 0.14
MnO 0.03 0.01 0.02 0.02 0.03 0.01 0.01 0.01 0.01
MgO 0.04 0.04 0.03 0.03 0.01 0.02 0.01 0.01 0.01
CaO 0.41 0.35 0.44 0.33 0.38 0.33 0.42 0.32 0.32
Na, O 4.5 4.27 4.12 4.55 4.38 4.13 3.98 4.41 4.41
K,0 4.42 4.72 4.91 4.52 4.29 4.59 4.75 4.38 4.37
P,05 0.02 0.03 0.03 0.02 0.02 0.03 0.02 0.02 0.02
Total 99.98 99.98 99.98 99.98 99.76 99.71 99.73 99.76 99.80
ISES 0.56 0.33 0.41 0.44 0.48 0.34 0.36 0.36 0.39
A/NK 2.34 2.24 2.08 2.36 2.41 2.29 2.14 2.41 2.42
A/CNK 0.99 1.00 0.97 0.99 1.01 1.02 1.01 1.01 1.01
K,0 +Na,O 8.92 8.99 9.03 9.07 8.67 8.72 8.73 8.79 8.78
K,0 /Na, 0 0.98 1.11 1.19 0.99 0.98 1.11 1.19 0.99 0.99
[y 2.42 2.41 2.48 2.48 2.26 2.26 2.30 2.31 2.30
Fe0"/ MgO 29.43 20. 68 43.02 27.79 77.27 44.33 91.63 87.68 87.78
La 12.50 3.63 14.70 7.76 10. 40 6.38 12.60 9.21 9.88
Ce 40.7 29.5 53.7 34.2 22.1 17.0 25.0 21.9 22.2
Pr 3.28 1.18 4.41 2.25 3.68 2.58 4.48 3.61 3.93
Nd 9.65 3.99 15.80 7.40 15.20 11.00 19.40 15.90 17.60
Sm 2.26 1.02 4.51 1.87 5.50 3.81 6.43 5.86 6.30
Eu 0.01 0.01 0.02 0.01 0.03 0.02 0.03 0.03 0.03
Gd 2.28 1.07 4.44 1.66 5.76 3.45 6.34 5.42 5.62
Th 0.40 0.19 0.77 0.26 1.24 0.72 1.33 1.16 1.12
Dy 2.28 1.11 4.37 1.46 7.48 4.18 8.08 6.63 6.22
Ho 0.45 0.21 0.82 0.26 1.38 0.74 1.46 1.18 1.10
Er 1.24 0.53 1.93 0.67 3.89 2.01 3.92 3.39 3.02
Tm 0.20 0.08 0.24 0.09 0.58 0.28 0.53 0.54 0.47
Yb 1.29 0.47 1.41 0.58 3.74 1.64 3.07 3.50 2.98
Lu 0.19 0.07 0.19 0.08 0.53 0.23 0.42 0.49 0.42
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Continued Table 2
Fes 162G-23-1 162G-23-2 162G-23-3 162G-234 162G-23-5 162G-23-6 162G-23-7 162G-23-8 162G-23-9
SREE 76.73 43.05 107.31 58.55 81.51 54.04 93.09 78.82 80.89
LREE 68.40 39.33 93.14 53.49 56.91 40.79 67.94 56.51 59.94
HREE 8.33 3.72 14.17 5.06 24.60 13.25 25.15 22.31 20.95
L/H 8.21 10. 56 6.57 10. 56 2.31 3.08 2.70 2.53 2.86
3Eu 0.01 0.02 0.02 0.01 0.02 0.02 0.01 0.01 0.02
3Ce 1.52 3.48 1.62 1.98 0.87 1.03 0.81 0.93 0.87
(La/Yh) 6.95 5.54 7.48 9. 60 1.99 2.79 2.94 1.89 2.38
Rb 254 275 232 297 304 278 232 296 275
Ba 11.9 9.64 9.26 7.28 19 10.8 11.1 12.2 11.2
Th 27.3 12.0 56.0 30.1 31.5 19.8 17.5 45.2 39.3
U 7.75 9.86 8.78 9.06 3.53 4.68 2.90 5.22 4.58
Nb 154 152 130 168 125 143 115 154 162
Ta 8.83 5.59 4.23 7.30 6.43 5.21 3.79 6.83 6.81
Sr 17.7 16.6 19.6 17.1 18.0 16.2 19.2 16.2 16.5
Zr 165.0 99.8 97.0 194.0 142.0 94.1 83.3 165.0 178.0
Hf 8.35 5.25 4.88 10.40 7.41 4.86 4.35 8.91 9.45
Y 12.90 4.48 16.50 5.91 33.20 16.00 28.70 25.30 22.60
Cr 2.00 1.73 2.89 1.76 2.20 2.96 1.24 1.38 1.60
Co 1.09 0.97 0.95 1.06 0.32 0.20 0.19 0.30 0.33
Ni 3.44 2.41 2.05 2.90 2.94 3.00 1.66 2.40 3.14
Sc 8.73 7.40 7.79 8.30 5.01 12.20 11.20 11.60 10. 80
\Y 2.97 4.19 4.86 3.60 2.45 2.67 2.00 2.37 2.81
Pb 38.4 56.1 26.9 35.4 16.1 25.6 11.4 18.0 17.6
Cu 1.36 1.03 1.81 .04 3.14 2.91 2.99 2.67 2.98
Zn 65.6 44.3 42.7 43.4 65.7 52.2 52.5 65.1 61.8
Cs 3.9 3.57 2.23 3.88 3.07 2.80 1.54 2.89 3.06
Be 4.98 4.56 3.86 5.12 5.07
Ga 23.8 21.1 19.0 23.5 22.6
Ge 0.71 0.72 0.76 0.76 1.18
F 1200 692 1 200 882 966
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Fig. 6 Biotite K-feldspar granite samples from the Zhaojing-
gou Nb-Ta deposit plotted on (K, O + Na,0)— SiO, ( base dia-
gram after Middlemost, 1994 )
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ous index diagrams (b, after Maniar and Piccoli, 1989) for biotite K-feldspar granite in the Zhaojinggou Nb-Ta deposit
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Fig. 8 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element patterns (b) for biotite K-feldspar

granite in the Zhaojinggou Nb-Ta deposit ( chondrite and primitive mantle values after Sun and McDonough, 1989)
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A 1 26 MRS A UEAT T BRAL HE [F A7 2= k.
H16ZG. 23. 3.16ZG. 23. 16, 16ZG. 23. 22 % 167G.23.24
RIAE IR A A2 S b R B RO 2 428 S5 1) S i B
TFE R R A TG O, B85 5 B A 5K, M
Fbre H AR g5 F (R 3) BoR, "Yb/THE F
OLu/"THE B ELAE VB 430k 0. 012 5 ~0.084 5 Al
0.000 5 ~0.0030, & Hf C¢) [HAZAE -15.42 ~
—5.552 18], FH4{E K - 9. 64; " HE/" H {HYu [l N
0.282 189 ~0.282 479, “FJ{H H0. 282 360 ; 1R 3 5

A1 U-Pb 8 THE ) 7 Bing — B BB a0 AR 1), 22
I Bk 2 247. 24 ~ 1640.62 Ma, F 3 {H N
1 876.03 Ma.
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WFFTIX S8 T K 7 L g R0 R A 3 2 W7 2 7
Davis F1 Darby (2010) M & #F 57 X AN 6 (1) 1 W J2 5
AR E AR RERE KA A B Y AT Ar
[ ZAEWS 73 54 125.8 £0.6 Ma F11121.4 £0.75 Ma,
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Table 3 Zircon Hf isotopic compositions
Jeess 76 yh/ 1T HE 20 176 Lu/ VT HE 20 176 {77 HE 20 t e HfCt) Ipmi Ipa2 Srome
1672G.23. 1 0.016 8 0.000 1 0.000 7 0.000 0 0.282 189 0.000 026 127 -15.42 1485.98 2247.24 -0.98
162G.23.2  0.032 1 0.000 4 0.001 2 0.000 0 0.282 358 0.000 021 124 -9.69 1270.38 1880.11 -0.96
1672G.23.4 0.039 1 0.000 4 0.001 4 0.000 0 0.282 308 0.000 024 126 -11.37 1345.39 1989.49 -0.96
162G.23.5 0.042 8 0.000 3 0.001 6 0.000 0 0.282368 0.000017 130 -9.21 1269.71 1856.52 -0.95
162G.23.6 0.032 8 0.000 6 0.001 3 0.000 0 0.282 428 0.000 019 122 -7.88 1173.32 1742.24 -0.96
162G.23.7 0.051 6 0.001 2 0.001 9 0.000 0 0.282 467 0.000 021 124 -5.88 1136.14 1640.62 -0.94
162G.23.8 0.023 5 0.000 3 0.000 9 0.000 0 0.282 311 0.000018 124 -11.13 1324.90 1976.87 -0.97
1672G.23.9 0.0250 0.000 4 0.001 0 0.000 0 0.282 243  0.000 023 122 -13.55 1422.84 2129.09 -0.97
162G.23.10 0.017 9 0.000 1 0.000 7 0.000 0 0.282 377 0.000 021 125 -8.77 1226.43 1827.42 -0.98
162G.23.11 0.012 5 0.000 1 0.000 5 0.000 0 0.282 373 0.000 020 123 -8.94 1225.35 1836.05 -0.98
162G.23.12 0.0253 0.000 1 0.001 0 0.000 0 0.282 411 0.000 019 122 -7.65 1187.68 1755.01 -0.97
162G.23.13 0.032 1 0.000 2 0.001 3 0.000 0 0.282294 0.000 020 124 -11.78 1361.73 2018.08 -0.96
162G.23.14 0.034 3 0.001 0 0.001 3 0.000 0 0.282 272 0.000 020 122 -12.64 1394.12 2069.23 -0.96
1672G.23.15 0.024 5 0.000 2 0.001 0 0.000 0 0.282 288 0.000 021 122 -12.67 1359.56 2049.22 -0.97
162G.23.17 0.053 6 0.000 2 0.002 0 0.000 0 0.282 397 0.000 019 127 -8.30 1240.32 1795.73 -0.94
162G.23.18 0.029 3 0.001 2 0.001 1 0.000 0 0.282 330 0.000019 125 -11.19 1304.34 1956.04 -0.97
162G.23.19 0.051 3 0.000 2 0.001 9 0.000 0 0.282 375 0.000 021 127 -9.13 1270.62 13846.80 -0.9%4
162G.23.20 0.067 6 0.002 6 0.002 4 0.000 1 0.282 479 0.000 021 128 -5.55 1134.75 1618.43 -0.93
1672G.23.21 0.024 2 0.000 4 0.000 9 0.000 0 0.282 406 0.000 019 127 -7.85 1193.95 1767.41 -0.97
167G.23.23  0.018 0 0.000 3 0.000 7 0.000 0 0.282 408 0.000 020 127 ~7.69 1183.13 1759.16 -0.98
162G.23.25 0.084 5 0.000 5 0.003 0 0.000 0 0.282 409 0.000 017 123 -8.06 1259.44 1780.27 -0.91
1672G.23.26 0.062 0 0.000 1 0.002 3 0.000 0O 0.282434  0.000 016 127 -7.62 1198.13 1731.59 -0.93

KA AR T K AR AE 126 ~ 121 Ma (X G 5 4%,
2003). #5f LA-ICP-MS U-Pb 5E4E 45 & W], B A
WP AT 130 ~ 122 Ma X8 (1), £ A
Bl L, 459 T 125 Ma LT, PS5 0E R 125 + 1
Ma( MSWD =2.8) (I 50, B & 6 EAG B o Kk
IR AT R B SOIR BN RUDIR S b A4 T 25 A )
B, ARSI AOGE , KB B ) R 5 Ry
CE 4D, FLAT SRR 5 S0 B A R o, HL AT e 5 iR
PR o 25 A R 0 o0 A A AR B RRE A
IR 545 47 LA-ICP-MS U-Pb 4E W AC R T B = REAP
KA 5 7 1 45 S AR IE I AR 5 O Ll
IR A F34b, A% (2017 13RI E =
REEEAERY 123.57 £0.66 MaC A 4E 5% ) Fl 45 1 25 45
1 124.0 £2.0 MaC a0 AH G, R W Bos
I A5 A i AR A Cokl, 2014, 45 7 X 1) e
BHAT (0 sl 1 5 B8 5 BERRK A B4 2 TR B A L
5.2 EAAREA

P H DA I 3 R I LA AR A A e 4%,
WS Pyl W A p I R P AR ARz B AR L
T IR R R, 2012), & T 2 MEE
BY AR T A FNRE G S AL A IS B K5, Ak b R
W CABI) I BY U A REAE , B 35T LG 1 7 ) 3 by R A

FeJE R T 8K SRt AR R

tHSE 1S M BT AR A K 43 3 bl )8
FVEOE, A B 0 R R BCE Y
SRS, HARME . O REE B AT B B4 Eu 59,
@ & Zr Nb-Ga F1 Y; @ & SiO,; @ 7T Al,O0,.Ba.
SroP I TiC 5 P45, 20055 BT/AMEESSE, 2009; 54
P, 20075 5K, 2013)5 G LA = A ARRAE, B
4Ei 1l Canorogenic ) « ik 7 C alkaline )  J& 7K ( anhy-
drous) ( Loiselle and Wones, 1979) . il #4 %t b,
RO VE PEAT 2R 2 R AE i B A LY A B
T B A R AE, BIJERS oo Rl o ik 2L v 5
JE, & Si0,, 74 Al, W] & 75 #i Sr.P.Ba.Ti 5 JC &
10 000 Ga/Al {HHIE m FHEFE S (2. 39) fE i 5 Al
142,25 4 = 75 1344 Whalen et al. , 1987) .
e A B A6 KA e o0 3 K B ( Whalen et al.
1987) v, Fr A A b B 3 7% N A B 4K B A 1Y T A
CE9), 75 A BTG X 4 W28 2400 61 CEby, 19900 H1,
BIe N A1 BB C10) o 48 BTk, X v 48
BT PR A R AR B A BRI R T AL 281 A Y
VAR
5.3 MEIREHF

A B 5 B TG 3% 2 I Yk 52 L g e s B 5
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Fig. 9 Diagrams of 10 000 Ga/Al — Ce, Zn, Nb, Zr, Y and K, O + Na, O for K-feldspar granite in the Zhaojinggou Nb-Ta deposit

(base map after Whalen et al. , 1987)

10 BIWEREY BB KA R A1 N~ Y —3 Ga F1 Nb— Y — Ce Ff# K Eby e al. , 1990)

Fig. 10 Nb—Y —3 Ga and Nb - Y — Ce diagrams for biotite K-feldspar granite in the Zhaojinggou Nb-Ta deposit

(base map after Eby et al. , 1990)

AT Rb —CY + Nb O A4 it B 55 4 31) P gt oy, A 4
BITE N IR R CB 11) o XA IR F) T 5 3
BALAE R ARVE IO R A2, NI TE I A LA 2
(4 POMESE, 2009)

M A RAE 2R B E. S A 37 K k3 A AE 5 R Y
— AN K AR L S A 2 53 R 48 ( Wang et
al. > 2011, 2012) , HHbBRF AE AL 35— R 5122 % 2%
T W BE 7 T R KRR K 1 5 R 3% B)) ( Meng et all.
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2003; Wang et al. , 2006; Donskaya et al. , 2008 ).
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Fig. 11  Discrimination diagrams of tectonic setting for biotite
K-feldspar granite in the Zhaojinggou Nb-Ta deposit ( base
map after Pearce, 1996)
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