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Abstract: The northern margin of the North China Craton is one of the prospective belts for critical metal
mineralization, where rare-rare earth element (REE) deposits share similar metallogenic backgrounds but exhibit
diverse mineralization styles. Among them, the Yushugou Nb-Ta-REE deposit is a typical alkaline rock/alkaline
granite-type rare-REE deposit in this region. The ore bodies are primarily hosted within quartz syenite intrusions,
occurring as layered or vein-like structures, with ore minerals dominated by columbite-tantalite and fergusonite,
accompanied by bastnisite. The wall-rock alteration is weak and shows a gradual transition with the ore bodies. For
the first time, this study employs SHRIMP U-Pb zircon dating to precisely constrain the U-Pb age of the metallogenic
intrusion at 1724.1 £ 7.1 Ma (Middle Proterozoic, Sibao Orogeny). Rock geochemical characteristics indicate that
the quartz syenite belongs to the peraluminous, alkaline-calc-alkaline, tholeiitic series. It exhibits a right-sloping V-
shaped REE pattern with LREE enrichment, weak negative Eu anomalies, slight positive Ce anomalies, and a
pronounced tetrad effect, negative eNd(t) values and relatively old Nd isotope second-stage model ages, indicating
that the ore-forming materials were derived from a mixed source of lower crust and depleted mantle, with the
metallogenic process controlled by highly evolved magma melt-fluid interactions. In summary, the Yushugou deposit
formed during the Sibao period in a tectonic setting transitioning from continental rifting to a passive continental
margin. The mineralization process was associated with lithospheric underplating and delamination triggered by
upwelling asthenosphere, which not only modified the syenite crystalline basement through mantle-derived
magmatism but also facilitated the enrichment of Nb, Ta, and REE elements, leading to large-scale polymetallic
mineralization. This study highlights that crust-mantle interaction in rift-related extensional settings is a critical
indicator for exploring highly evolved alkaline magma-related rare-REE deposits.

Key words: Nb-Ta-REE deposit; genesis of the deposit; material source; metallogenic tectonic background;



Yushugou; the eastern segment of the northern margin of the NCC
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Table 1 Characteristics of Rare and Rare Earth Deposits (Points) in Liaoning Province
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Fig2. Geological map of Yushugou Mining Area
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Fig3. Cross-sectional view of the TC4801 trench in Yushugou
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Table 2 Comparison Table of Characteristics of Representative Rare-Earth Deposits in Liaoning Province
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Fig4. Field and microscopic photos of the ore-forming rock mass of the Yushugou Deposit
a. Quartz orthoclase b. Quartz orthoclase (niobium-tantalum minerals); c. Fine-grained quartz orthoclase (+); d.

Fine-grained quartz orthoclase (+); P1: Plagioclase; Per: Olivine; Mc: Muscovite; kfs: K-Feldspar
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Table 3 LA-ICP-MS zircon U-Pb dating results of the ore-forming intrusion in the Yushugou deposit.

Plot 26pp; U Th 2527238 206pp*  Total Error  Total  Error 205Ph/238y 1sigma

(%)  (ppm) (ppm) (ppm) ZBU2%Ph (%) *'Pb/2%Pb (%) Age(Ma)
YSG-20105-1 0.03 242.75 197.81 0.84 63.30 3.30 0.58 0.11 0.57 1,708.10 48.70
YSG-20105-2 0.02 240.38 144.95 0.62 63.30 3.26 0.58 0.10 0.57 1,723.90 48.70
YSG-20105-3 0.02 234.04 199.22 0.88 62.20 3.23 0.57 0.11 0.58 1,736.70 =8.70
YSG-20105-4 0.02 201.87 134.76  0.69 52.00 3.33 0.62 0.11 0.64 1,691.00 =9.20

YSG-20105-5 0.04 149.81 94.52 0.65 39.10 3.29 0.68 0.11 0.74 1,710.00 =#+0.00




YSG-20105-6 0.05 311.67 238.81 0.79 82.90 3.23 0.52 0.11 0.51 1,737.70 =#7.90
YSG-20105-7 0.01 423.67 285.63 0.70 112.00 3.25 1.00 0.11 0.44 1,727.00 +5.00
YSG-20105-8 0.02 248.03 173.55 0.72 65.00 3.28 0.57 0.11 0.57 1,715.00 #8.50
YSG-20105-9 0.02 229.40 166.79 0.75 63.60 3.10 1.20 0.11 0.61 1,802.00 =#19.00
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YOOIU® 004 34317 45149 136 8980 328 150 011 059 171300 23.00
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Fig. 5 shows the zircon U-Pb harmony diagram and zircon CL image of the quartz orthoclase in the ore-forming

rock mass of the Yushugou Deposit
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Fig. 6 Geochemical discrimination diagrams of major elements for the ore-forming rocks of the Yushugou deposit
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Fig. 7 Geochemical diagram of rare earth and trace elements in the ore-forming rock mass of the Yushugou

Deposit (According to Sun & McDonough,1989 chondrite standard)
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Table 4 Major Element Analysis Results for the Ore-forming Intrusive Rocks in the Yushugou Deposit

B gy 2 YSG- YSG- YSG-  YSG- YSG- YSG- YSG- YSG- YSG-  YSG-
Y 90101 20103 20104 20105 20107 20108 20109 201010 201012 201013

SiO2 74.35 71.48 73.45 7174 73.33 73.36 65.77 64.96 70.32 72.6
TiO2 0.2 0.42 0.39 0.42 0.36 0.4 0.22 0.14 0.71 0.37




Al203 13.56 13.87 13.14 14 13.48 1335 1785 17.89 12.9 13.9
TFe20s3 1.66 2.53 1.9 2.05 2.01 1.98 1.34 2.24 4.6 1.86

MnO 0.02 0.04 0.02 0.02 0.02 0.02 0.02 0.01 0.05 0.01
MgO 0.17 0.42 0.29 0.36 0.26 0.26 0.12 0.1 0.57 0.22
CaO 0.55 0.6 0.5 0.44 0.38 0.35 0.57 0.49 0.81 0.38
Na20 3.68 41 3.59 3.86 3.71 3.56 4.75 5.34 3.91 3.78
K20 5.86 5.92 5.81 5.66 6.01 6.1 8.27 7.62 51 6.23
P20s 0.03 0.07 0.05 0.06 0.04 0.03 0.02 0.01 0.1 0.03
LOI 0.38 0.43 0.53 0.62 0.51 0.37 0.44 0.41 0.59 0.55

SUM 100.46 99.87 99.66 99.23 100.09 99.77 99.35 99.22 99.66 99.94
Na:0+K20  12.04 9.06 10.98  10.13 10.52 9.33 11.22  10.68 9.52 10.08
K20/Na20 1.24 172 141 1.48 1.59 1.59 1.43 0.78 1.59 1.44

LSRR
&
A/NK 1.44 1.46 151 151 1.36 1.46 1.63 1.7 1.42 1.38
A/CNK 1.37 1.42 1.39 1.42 1.26 1.42 1.52 153 1.34 131

6.36 2.64 5.28 3.96 4.04 2.89 6.41 4.73 2.9 3.52

YSG- YSG-

e . ) } : ) ) ) .
ERE RS 201014  201014b YSGH-1 YSGH-2 YSGH-3 YSGH-4 YSGH-5 YSGH-6 YSGH-7 YSGH-8
SiO2 73.84 73.59 65.03 73.18 64.98 68.02 69.53 7226 60.64 66.13
TiO2 0.39 0.39 0.44 0.33 0.62 0.47 0.46 0.46 0.92 0.16

AlO3 13.26 13.17 17.18 1311 16.37 1512 1408 1348 17.72 1793
TFe203 2.04 2.04 3.28 2.68 4.19 3.69 3.03 2.84 51 2.36

MnO 0.02 0.02 0.04 0.03 0.05 0.05 0.05 0.03 0.07 0.03
MgO 0.25 0.24 0.3 0.21 0.62 0.55 0.37 0.21 0.48 0.19
CaO 0.48 0.47 0.62 0.31 0.9 0.67 0.74 0.28 0.77 1.17
Na20 3.56 3.57 531 3.3 4.5 4.03 4.01 3.56 4.48 5.9
K20 6.01 6.1 6.59 5.66 6.34 5.97 6.38 5.66 6.39 4.62
P20s 0.03 0.03 0.06 0.03 0.12 0.1 0.12 0.03 0.24 0.03
LOI 0.41 0.39 0.22 0.44 0.33 0.37 0.22 0.46 2.28 0.52

SUM 100.3 100.01  99.09 99.28 99.03 99.03 99.01 99.27 99.09  99.04
Na2O+K20  9.66 9.48 9.76 9.72 13.16 13.11 9.09 10.08 9.71 9.59

K20/Na20 1.47 1.62 1.62 1.71 1.74 143 1.3 1.65 1.71 1.69
B g

i’ﬁf{;jaiﬁ( 3.14 2.89 311 3.06 7.37 7.56 2.95 3.38 3.05 2.97

A/NK 1.47 14 1.39 1.38 1.37 1.38 143 1.39 1.36 1.38

A/CNK 141 1.33 1.33 1.33 131 1.33 131 1.34 1.3 1.32
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Table 5 Trace and REE Analysis Results of the Ore-forming Intrusive Rocks in the Yushugou Deposit

B YSG- YSG- YSG-  YSG-  YSG-  YSG- YSG-  YSG- YSG- YSG-

el 20101 20103 20104 20105 20107 20108 20109 201010 201012 201013
La 87.7 222 158 117 170 64.2 47.1 145 675 132
Ce 256 362 309 255 312 173 109 240 938 271
Pr 16.6 31.7 25.6 19.3 28.4 125 10.7 18.8 76.1 23.3
Nd 511 93 75.8 57.9 84.7 39.8 35.0 50.5 207 68.5
Sm 6.76 10.8 9.02 6.62 9.58 5.23 5 4.34 20.6 8.25
Eu 1.12 1.60 1.29 1.15 1.29 0.805 0.979 0.905 2.75 111
Gd 3.98 5.93 4.19 4.45 5.04 3.06 2.70 2.22 11 4.46

Th 0.632 0.818 0.648 0618 0713 0.461  0.409 0.381 1.55 0.651
Dy 3.40 4.27 3.44 3.94 3.76 2.52 2.32 1.83 8.47 3.79



Ho 0.624 0.776 0.616 0.787 0.682 0.512 0.389 0.324 1.55 0.707
Er 1.96 2.14 1.90 2.74 1.92 1.56 1.41 0.99 4.71 2.28
™m 0.314 0.350 0.292 0.418 0.309 0.284 0.251 0.160 0.700 0.339
Yb 2.57 2.56 211 2.97 2.24 2.13 2.08 1.34 5.10 2.57
Lu 0.412 0.418 0.345 0.487 0.351 0.344 0.372 0.221 0.792 0.393
Y 19.6 23.3 18.4 251 216 14.9 121 10.1 53.7 20.6
Pb 36.2 39.7 22.9 24.5 26.3 25.8 23.2 22.2 27.3 24.7
Cr 0.329 0.901 1.95 2.54 0.678 0.597 0.297 0.320 1.40 0.345
Li 6.95 154 7.26 13.2 17.1 15.5 1.17 1.15 16.8 141
Be 12.8 5.44 3.90 4.85 4.42 4.40 6.86 8.24 7.11 4.46
Ba 437 505 708 77 563 579 2467 2466 517 492
Ga 21.7 21.3 17.9 194 19.5 18.6 311 29.3 244 19.8
Hf 10.9 14.9 12.3 11.9 111 12.3 21.1 9.4 30.0 12.8
Nb 51.9 63.2 52.6 58.0 55.8 59.6 89.7 67.7 115 60.4
Rb 399 275 246 262 259 259 214 193 218 270
Sr 146 185 195 230 196 201 914 951 291 182
Ta 2.74 3.39 2.99 3.32 3.16 3.35 451 2.69 5.99 3.36
Th 27.1 251 20.1 14.7 18.8 31.3 334 324 40.1 20.8
U 2.70 177 2.28 1.50 1.45 1.60 4.43 2.22 3.81 1.55
Zr 358 607 496 484 450 489 654 276 1180 537
TE13 0.965565 0.966926 1.003204 1.021647 1.044845 1.101562 1.137097 0.944548 0.938877 1.175272
XLREE 41856  719.16 577.23 45570 605.23 29495 206.82 458.30 1916.79 503.15
*HREE 13.89 17.26 13.55 16.41 15.02 10.88 9.94 7.46 33.86 15.18
YREE 43357 738.02 592.08 473.26 621.54 306.64 217.74 466.67 1953.40 519.44
SEu 0.61 0.55 0.56 0.61 0.51 0.57 0.74 0.80 0.50 0.51
6Ce 1.54 0.93 1.08 1.19 1 1.40 1.15 0.97 0.84 1.10
(La:le) 24.46 62.05 53.75 28.27 54.57 21.61 16.21 77.55 94.99 36.99
(Ce:le) 27.69 39.28 40.70 23.83 38.75 22.56 14.55 49.58 51.16 29.33
Z;i:; 2;]?;-4 Z(II.SO(;b YSGH-1 YSGH-2 YSGH-3 YSGH-4 YSGH-5 YSGH-6 YSGH-7 YSGH-8
La 145 144 185 223 138 87.4 180 112 163 186
Ce 269 265 324 349 292 192 401 291 556 269
Pr 27.6 271 452 335 33.2 18.0 354 20.3 31.2 20.0
Nd 84.9 82.7 152 93.8 120 60.7 111 61.3 104 49.7
Sm 10.7 10.8 20.6 10.4 17.8 7.93 14.5 7.13 13.8 4.06
Eu 1.32 1.29 3.23 1.48 3.11 1.47 2.12 0.95 2.66 1.33
Gd 6.03 5.87 11.2 524 10.7 5.04 7.86 3.73 8.44 2.03
Th 0.79 0.80 1.47 0.68 1.49 0.72 1.06 0.53 1.14 0.24
Dy 4.62 4.61 6.91 3.33 7.37 3.83 5.29 2.80 5.75 111
Ho 0.78 0.81 1.26 0.64 1.39 0.77 0.99 0.54 1.10 0.23
Er 241 2.32 3.24 1.81 3.78 2.26 2.75 1.54 3.19 0.71
m 0.388 0.354 0.495 0.306 0.599 0.382 0.451 0.258 0.524 0.142
Yb 2.87 2.74 3.20 1.97 3.87 2.59 3.05 1.75 3.57 1.17
Lu 0.408 0.394 0.448 0.295 0.536 0.380 0.434 0.256 0.528 0.207
Y 271 259 31.9 194 359 19.9 29.1 12.8 29.8 6.82
Pb 25.2 25.1 54.4 324 48.8 43.9 50.3 35.1 54.2 46.4
Cr 0.684 0.705 2.65 1.47 2.97 5.84 5.44 1.60 0.901 3.57
Li 155 154 13.7 5.17 253 29.3 2.60 271 14.2 5.48



Be 441 3.99 402 327 573 337 532 474 3.68 10.8
Ba 485 474 342 611 1687 1088 1224 365 970 757
Ga  19.9 19.4 281 197 262 225 261 186 28.8 27.7
Hf 127 13.1 156 119 219 145 112 168 205 751
Nb  60.3 60.1 488 521 658 557 742 734 92.6 245
Rb 269 262 217 303 241 201 273 261 150 157
Sr 182 176 149 181 495 351 369 100 401 523
Ta 330 3.23 269 257 330 271 359 335 4.06 0.97
Th 172 17.1 925 244 997 856 225  19.2 9.64 26.6
U 1.70 1.63 163 209 210 189 252 231 2.22 2.45
Zr 541 546 725 431 1009 581 479 679 984 262
TE1s 0.996599 1.073833 1.041627 1.028298 1.1007 1.105438 1.085573 0.9793419 1.061508 1.023327
SLREE 537.80 528.85 729.28 71055 602.08 367.03 743.82 492.82 86922 529.62
THREE 1830  17.88 2825 1427 2970 1598 21.88 1142 2425 584
SREE 55741 54802 760.76 72629 63490 384.47 767.83 50519 896.13 536.79
SEu 0.6 0.45 059 054 064 066 055 051 0.70 1.26
8Ce 097 0.97 084 08 103 113 116 138 1.79 0.89
(La/Yb)
N

(CelYb)
N

36.40 37.70 41.72 81.52 25.65 24.20 42.50 46.09 32.91 114.47

26.08 26.86 28.21 49.35 21.02 20.68 36.64 46.18 43.33 64.25

R 6 MBHAN RA S IEKS Sr-Nd FIAL#H i ds Rk
Table 6 Sr-Nd Isotopic Analysis Results of the Ore-forming Intrusive Rocks in the Yushugou Deposit

R AE(uge) 875865 | FEug/g) Wsm/ 4Nd/ eNd(t F#(Ma) fRb/ fsm/
%% Rb Sr r % sm Nd MNd ¥Nd ) om mom ST Nd
Yshl 217.6 149.3 4.215957 0.7760 0.6741 20.65 152.7 0.081791 0.5110 0.5101 -5.5 2431 2675 48.76 -0.57
Ysb3 303.2 181.6 4.830803 0.7867 0.6698 10.40 93.81 0.067006 0.5109 0.5101 -4.52 2303 2596 56.02 -0.65
Ysb1l 273.6 369.7 2.141531 0.7414 0.6896 14.54 111.5 0.078844 0.5110 0.5100 -6.05 2446 2718 24.28 -0.58
Ysb15 150.9 401.8 1.086814 0.7260 0.6997 13.82 104.3 0.080069 0.5110 0.5101 -5.21 2403 2650 11.83 -0.58
YSG1b 159.3 534.5 0.862725 0.7207 0.6999 4.07 50.00 0.049243 0.5107 0.5101 -5.11 2265 2643 9.18 -0.74

8"Rby/e6Sr
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Table 7 Pb Isotopic Analysis Results of the Ore-forming Intrusive Rocks in the Yushugou Deposit

206, 204p 207| 204p 208 204p (206 204 207 204 208 204
BRS U T po agaa YT PP (R (TR e T
Ysbl 1.63 9.25 5447 1724 15.1181 15.0470 35.2088 15.1099 15.0461 35.1953 9.14 37.57
Ysh3 2.09 2445 3241 1724 16.4612 15.2380 37.7335 16.4546 15.2372 37.7202 9.05 42.44
Ysbll 2.10 9.97 48.81 1724 159950 15.1520 36.9888 15.9884 15.1513 36.9754 8.99 41.41
Ysbl5 1.89 856 43.98 1724 15.2697 15.0791 35.3911 15.2639 15.0784 35.3855 9.14 37.68
YSG1bl

7

25 25.81 46.09 1724 16.0864 15.1552 36.9548 16.0798 15.1545 36.9412 8.97 40.48

6. PR
6.1 BH AR

AR T AR AE AL e b B AL 2 AR B ) 22 AR AL X SRAT I B B 47 e Hels , FRA1 1 It
FXA BT IR 1E 22 W 20 B ZH5ER R, KRBT L ARAS T2k

W (WuFY,etal.,, 2000; 5KHFMS, 2009; AR, 2010; REN Yunsheng, etal, 2012;



FRAT 555, 20125 5K B9, 20135 Yong Zhang, etal, 2015): (1) F- A 6 d AR SH™ #1(2170~1400Ma):
FER G ARTE SO, RIS SR AL ARG 12 3l 7K R KL F R ME F (Zhou et al., 2017),
oK L 8 R b SR IR I K LB R O A SR AT R K T Bt A G R, TR R T
HIE EHE LR R EOK N, EEm O IXABIET. ST YRR, 2R A
BRI PRAI A (R BERESE, 2007; £—585F, 1997; HOwSE, 2018, 20200, HATEHEIY
[ALAALE b NN A K L B R, T 3 g s 0 ) BLR W XL LB A e e, T2 B T 4 4 )R
BIR, L e 8 0 v SR A 2 A M2 K LB R (8], 4B L A ™ (R T B 22 ) BT
Miks (20 FAEARBAT ) (250~66Ma): HAEARAE (B RS EA RSP PEUE B — s AR T R RIS
WA RS, MG UERAEAE AR LR 1A 5 IR KW RO RHE, 5 M DAB - rh B T N K
HACR A MG R ONERE (Zhuetal,, 20160, J5# KR B 230 ZR0E B4R H], FERER
MRRME TSR . HREABRIES), TBR T KESEY ™ (e H5%, 2019; Mk,
2007), ASEFI I AR A PR, X S G SR AT PR 10 T i A2 B R F e & g 1Y
BRI . HOERB) ) AR MBI Z), BRI AR T BRS04, A D R RS
& RER, SRR, WHALREY, T0RE RIS 5B BT T 5.

A SCATIRAT PRAT S E KA R 1 U-Pb 489 1724.1+7.1Ma, B BZ A A TE B
RLAAE R 4l SRR, RN . AR E B R, SIS R, ~IIRIX
RS T AR RN R, ZE KRy NNE R R IR, HA B o) DY 223
Rk, WPWTEEIR =K. WA R BB . IS E B IR AT o T S BN X
FAT S RARA 1 K 878 T PR AN [ 54 (1) U-Pb 4F684 229.544.0Ma (1= BEE R ED
F1205.4+3.0Ma (FE KR, 0BT 1EF B ANBY B, B0 1 2 REAE )6 1 BRI
SRR SCE BB, BRI, KEE TR BSO8R S K 2850
PRFSATE AT U-Pb 1 224.4+6.1Ma, TERCT EISCIEI . 440 N X 0Ra Ik R 7
B CBIRESE, 2019, 2024, 20250, FATAN, 1058 A -Fi L Bl 18 FH R AEAE AN 3
B e A AR B S G - L LT AR A e AR DU R 3, WRVA DR SR KA B B S
=4
6.2 FUE R YR RIR

EHINA A B A 5 IS 32 B R AR AE Hh 72 2 11 1F] (Clemens et al.,1986; Ostendorf
etal., 2014), PIFCRIEA 740008 | A0S | & AR IS | 728 R SE A S5 (VP AR R 5, 1998;
RYCPAE, 2007, HIL5E, 2020). KRR S BA AR BAR A ARG RHE,  Ga/Al-
Na;O+K20. Ga/Al-Ce. Ga/Al-Zr. Y/Nb-Yb/Ta 55 R4 BRI )0 BB (& 8), Hak



WA SRR 5 MR A BRI 2 RHIE— 3 (Whalen et al., 1987) . R H & Tk
B, TS AIEE, 055 Bu SR, 89 Ce IERH, EHELILE J0EK, it HFSE 0%, 5
REERAS R FEA RN G I P TC R I 2 A B — 3, R R U5 T AH [ 114 25 2R
X, HRVEEIR (A, 2002; AR, 2008, Qiuetal., 2023).(Ce/Yb)n T 14.55~51.16
Z I8, (La/Yb) n-F3J{H (46.08) >10, (La/Sm)x /T 6.08~21.59 Z [f], B LREE 5 HREE
FIP o R AR, BA IS IE KA R, T RE RIUEIX AETE A IRA I A S 58U
FH N 53 B 2 i R 5

B8 MRV PR AT LA o SRR DX ) [ i

Fig. 8 Diagram for identifying the magmatic source area of the ore-forming rock mass of the Yushugou Deposit

G 45 Y AR ROWL 82 DA e e BRI ER AL A2 A Se-Nd-Pb RN ZoR BRI & i, ARSI A
REVAR RIS S RVR 15 4008 A g, I 2 — e B e iR 4 (B 9), Bl .
(1) Nd-Pb AL : MIRHAT KA SEIERKE R enaofE N, BAEERK Nd FAL R M
PR, TR T B e YR X RS AE (BB A4, 2000, 2005; Xuetal., 2015; King etal.,1997;
Wuetal.,2002). (2) EEICRIE: FEAE Si02-FeOt/(FeO+MgO)KIfift ¥4 1F & 2 5 & BE
I X3, FR/RTE A IR 32 31— e 72 iR B . (3) T TR RS : BRIEA M Sr & &

BAK, TEAEHE Sr &8 54 1100 ppm (Chen and Zhai, 2003), KA AT GESR & S8 4



Pl

VRBP4 (Li et al., 2015; Miao et al., 2007, 2008). 1fi 5 i Hhi@fl #7211 Sr & &
4 20ppm. 290 ppm HEH N —F(Wang et al., 2006). £ I, Mk o E KA BA 3L

A RIFE B RFIE A YR 2 ZORIR T 5 100 A g, IR 22 [ 1 e R i e i G

9O MIRVAR" R A S 1RO A ORI )

Fig. 9 Diagram for Identifying the magmatic source of the ore-forming rock mass in the Yushugou Deposit

6.3 AERBENEWE-HLRH 1EH

A8 <354 o DU 3 2L R8RS TV ) (Jahn et al., 2001), WFFERITE
bR S AR R 4G i B S BUR RIE R E & Fu H0. CLEIER S, TERE b KI5
TARIEAEAR F o X FPRE IR (A PR - TR AR ELAE F 22 51K M BURG 1 DU 43 L0, FHRAEAE 4
JEICERAER R P & 5, TR GED KA & B IRGRIRHESE,1997; HEUR S 2009; 7
RS, 2015; U0 ,2019; B0 55,2021; R4 4%, 2010; #P%ESE, 2020). AN
S AL OB () 2 6 S 35 O S BRORE [ 4 1) Ze/HES Y/Ho EUARL, B R S2 A (0 B 8 2 20 o S 1A 1
2y, RYVERAER ORI T RBUKFA RS (Bau M, 1996; #7iKak5E 2011). Irber(1999) LA
1.0 A1 1.1 /9 TEL3 {EAFBR, 08 TEL3 (KT 1.1 B A B B S G ooz U o 4 3%



R, TEL3H/NT 1.0 BEE AAFELER T VU 2808 . Wil 10 s, Kidian KA g b KA
[ TEL3 {E48 K& KT 1.0 (& 10c), Y/Ho. Zt/Hf. Y/Ho. K/Rb LL{E[HE TE1,3 {EHIHE K
B9/, K/Ba LUfEBE EE13 fEAVIEKITHE R, REAMBVAN KRG 7 A 08 IEK A A7 B 2
A DY 2> ZH AL (Irber et al., 1999), HBRIEBRIE A A S AR B 8 i TR PR AE RO
£ Ba-Eu. Sr-Eu. Ba-Sr #l 1/Sr-Rb/Sr #h22 EIfErh (B 11), A3 IEKCARE G I B0Y il 24t
5, RPHEREROIFED T BERFI 7> i, AR IEKE ) i R 22 B B
KR DA A 4 o R

P10 AR VAT R A I L SR A ) ol P e

Fig. 10 Diagram for the magmatic evolution discrimination of the ore-forming rock mass of the Yushugou Deposit
gi b, Wb ge-H-ME RO R IE KA TEL3 B4 R8UE KT 1.0, BAMENI
AN, VBN EERRIGE KR S SR (F. H20 CORITEER, BT rEshidh, itk
AT R A TR A B (B O 5E,2009) 0 BRI, ARSI i v B8 -0 -7 A PR 1 AR
AR S E R VIS, RI2 sl s 5 n R BO@ k- A4 A0 AR 2] o
6.4 B HEER
WHRX AL THAb e bl b g, HLR NG LA R B, R RIL—ILERSG G hRE



e E KA RIS AL (Windley et al., 2007; Xiao et al., 2003; Chen et al., 2000,
2009; Sun et al., 2007; Song et al., 20150, ZX G AT 73 8 =B Kol Ft- b o A2
JRIE I B ot i R- = B 40 2 JZ VAL B BRI p AR AR DOROAR Py 3 LB B B, #-#
Tl EE R AT T A2 AMIEEAEE (Xuetal,,2009), B 3EHEF) (~1.8Ga)
gh)g, EdiminEd NFRENEZEREM B . EhonH RV, XRF 4Bk Columbia i#
KEEZEF, ARXORA T BN “HITRPE” 5 “DURRE” FF (~1.7Ga-1.6Ga; ]
[E %, 2000: Z=VTHESE, 2003). 1X—FFbRE R AT 7T DX AR E (1 50 B8 P 3 54 1 KR 4
IR T X3k b NE ) A IR T Rty IO AT, A MR VA B PR 10 A 95 IE R (R B
U-Pb 5E644 1724.1£7.1Ma, #—BIUESE T NE MBIRMEE, HNELN AR Bt 7
HIE (Heetal.,2024). BLidFerdr, BiFeys, RPESTIRIZ, TR T KPR E-SE RN E,
FE BT AR 20 1 X 5 B0 R 45 o R i

B 11 AT R S IE A O A8 3 1 557 1 ) PR A
Fig. 11 Diagram for the identification of the metallogenic tectonic background of the ore-forming rock mass in the

Yushugou Deposit
HERLAAFAE R BN & 42 Rb. Pby K %5 LILE JGEK, 158t Ce. Ti. Hf % HFSE J05K;

71 P {HE Nb. Ta. f£ Ba-Eu. Sr-Eu F¥EDFI KT, F#NVE AR SR (K

1D, $RRET A EA BB RIRN RS S IE R 507 HIBVE SR S PR AHE™ PR IR B 7T



SAREL, B S, & TfeO/MgO EUfE . K845, & LILE ¥4t HFSE F#ik, FE[FJE A 2
TR (B, 2024). KEMIFRY], Nb. Ta TR I IS A B 1T A8 1 57 3
HERGEEAT Ry, BIBA R BT B0, AT 30 Nb/Ta (E 38R F 25 S5 an Hh 08 . 453 i % it 52
FOAB R S i R s 1T DU SRR B el GRIIRAEAE, 2008 XIESE, 2015). KEET
WK B 5 7R (1) Nb/Ta 64 1.46~3.04, BIRAKT KAl 7 FI9ME (Nb/Ta=17.5), WERIHK
VRFAERI A 2RI TR VAR A AR Nb/Ta FUE Y 17.46~26.07, B & JR 46 Hh g
FEME (Nb/Ta=17.5), FRANHIRIEE ARAIR TR sK AN IR H0E (s 156, 2014).
£ (NaO+K,0)-Ga/Al .« Ce-Ga/Al . Zr-Ga/Al . Yb/Ta-Y/Nb . Ta-Yb . Rb-(Y+Nb) .
log((Na,0+K,0)/Ca0)-SiO 5 R2-R1 &5 K it M 58 . Mot X #00 i b (11 12D, 4
PRFER BN A BIERE X, B T2 W AAa KRt AR R A IR B Ol B 524,
2003; Yang JH et al., 2012; Yang WB et al., 2014), FHJ& TN -JEhlifE-2EM A A X8 (K
120 FIRKFHIE 5 [ P R AL PR Bl 2 A M BRAG SERAE B AR — 3, TR T i il A FF 38 1K
et AR R 7 B A B

K12 MV R EIE AR T 1 S5 ) PR A



LI 7> 5 2. REERT; 3.AEE /AT 430 SARE L, 6 ARHE; 7.)5i&L; syn-COLG: [
MEEETE RS post-COLG: [RIBHEXE; WPG: ALK E; VAG: KilIfERKA; ORG: HdE
FATEEE
Fig. 12 The metallogenic background discrimination map of the Yushugou Deposit

1. Mantle differentiation; 2. Pre-collision; 3. Post-collision uplift; 4. Late orogenic; 5. Non-orogenic; 6.
Syn-collision; 7. Post-orogenic; syn-COLG: Syn-Collisional Granite; post-COLG: Post-Collisional Granite;
WPG: Within-Plate Granite; VAG: Volcanic Arc Granite; ORG: Ocean Ridge Granite;

Zi LRTR, WMRVAETRR A A R R T AHE . DURIE B IR, RS IXANK
Bl B D ) B KB I R A, 5 A0 P L TR 1 e P AR S« 5 3 L R
ORI IR RER R TRIET T ECE I AR TR IR SR AE LT
PR 5 N ROR ETR S, SR RS, EIEKE SRR T4 Nb. Ta. REE
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