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Fig. 1

Tectonic location map of the Hailuoling deposit (modified after Shu Liangshu et al. ,2021)
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Fig. 2 Geological sketch showing rare metal deposits in Shicheng area
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(the location of No. 2 exploration line is shown in Fig. 3)
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Fig. 6 Granite alteration characteristics in the Hailaoling mining area
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(a)—granular albite through quartz phenocryst to form a multilayer ring structure; (b)—albite is euhedral, semi-euhedral short column or
plate, around potassium feldspar; (¢)—topaz metasomatic quartz and albite; (d)—topaz metasomatic quartz and albite; (e)—biotite is faded
and corroded into muscovite, and sericitization is developed in rocks; (f)—biotite faded into muscovite, muscovite and sericite metasomatized
potassium feldspar and albite, potassium feldspar developed kaolinization; (g)—altered muscovite metasomatic potash feldspar and albite;
(h) —sericitization and silicitization develop in fractures that cut through albite; Ab—albite; Bi—biotite; Kf—potassium feldspar; Mu—

muscovite; Qz—quartz; Ser—sericite; Kl—kaolinite; Toz—topaz
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Fig. 7 Petrographic characteristics of typical rocks and ores in the Hailuoling mining area
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(a)—albitized and muscovitized fine-grained porphyritic biotite monzogranite (sample 21HLL19); (b)—albites in the quartz phenocryst and

“snowball structure”

sericite is developed in matrix of albitized and muscovitized fine-grained porphyritic biotite monzogranite; (c¢)—the
developed in the albitized and muscovitized fine-grained porphyritic biotite monzogranite, and the short columnar or granular albites enclosed in
quartz phenocrysts are distributed in circular; (d)—medium-fine biotite monzogranite (sample 21HLIL03); (e)—quartz, biotite and potash
feldspar in medium-fine biotite monzogranite; (f)—characteristic of silicified medium-grained biotite monzonite under microscope (sample
21HLLO7); (g)—mica spodumene pegmatite (sample 21HLIL.12); (h)——characteristic of mica and spodumene in mica spodumene pegmatite;

(i)—spodumene and a small amount of allanite is developed in mica spodumene pegmatite; Ab—albite; Bi—biotite; Kf—potassium feldspar;

Mu—muscovite; Qz—quartz; Spo—spodumene; Alt—allanite; Ser—sericite
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k2 BTRVEERNEAEFETES=E (%)
Table 2 Major element contents (%) of the granite in the Hailuoling mining area
REY 21HLLO3 | 21HLLO4 | 21HLLO5 21HLLO7 | 21HLLOS 21HLL19 | 21HLL20 | 21HLL21
A AR B KR REAL AR R = B KA KA | MR AL A = B TR BRI = B R AR A
Sio, 75.25 76. 00 75.52 77. 34 74.08 71. 26 72. 36 72.42
TiO, 0. 05 0. 05 0.05 0.01 0.02 0.01 0.01 0.01
Al O, 12.97 12.59 12.90 13. 29 15. 08 17. 01 16. 54 16.78
Fe, O, 0. 24 0. 36 0. 27 0. 04 0. 04 0.14 0.10 0. 04
FeO 0.93 0. 87 0. 84 0. 34 0.54 0.70 0.68 0.73
MnO 0. 04 0. 05 0.04 0.02 0.02 0.05 0.05 0. 05
MgO 0.08 0.10 0.13 0.01 0.01 0. 04 0. 04 0.01
Ca0 0.75 0.52 0. 49 0. 25 0. 28 0.22 0.25 0.14
Na, O 3.52 3.54 3. 86 4.05 5. 48 5. 28 5. 07 4. 86
K,O 4.74 4.62 4.78 4.14 3. 80 4. 20 3.56 3.88
P,0; 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01
CO, 0. 25 0. 06 0.14 0. 06 0. 05 0.05 0. 06 0.23
ek 1. 24 1. 14 0.99 0.48 0.57 0.98 1.22 0. 89
S 100. 1 99.9 100. 0 100. 0 100. 0 100. 0 100. 0 100. 1
Na, O+K,0O 8. 26 8.16 8. 64 8.19 9. 28 9.48 8.63 8. 74
Kz()/NaZ() 1. 35 1. 31 1. 24 1.02 0.69 0. 80 0.70 0. 80
A/CNK 1.11 1.09 1.07 1.16 1.12 1.26 1.32 1.41
DI 93.8 94.5 95. 2 96. 5 96. 2 94. 0 93.4 93.0

#:A/CNK=Al,0,/(CaO+Na, O+K, ) (4 F L) s DI— 5 45 5,
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x3 BTRTRXEKNEGHERBLITESE(X107°)
Table 3 Trace and rare earth element concentrations (X 107°) of the granite in the Hailuoling mining area
RER 21HLLO3 | 21HLLO4 [ 21HLLOS 21HLLO7 | 21HLLOS 21HLL19 [ 21HLL20 21HLL21
A AR B s KA A AP AR B AR RAE RS | R AR A SRR BER B a B R AR A
F 7675 5761 5307 2891 3548 8330 13076 10020
Re 0. 47 0. 24 0.15 0. 54 0. 39 1. 85 0.16 0. 26
Cu 6.92 2.51 2. 89 2.34 2.95 2.28 2.91 3. 04
Pb 1360 48.7 33.8 47. 4 39.4 46. 8 43. 4 67.7
Zn 128 146 132 43 57 77 90 89
Cr 8.98 9. 36 8. 87 10. 1 9.59 7.59 8. 90 7.72
Ni 0. 390 0.091 0.002 0. 204 0. 243 0. 002 0.038 0.728
Co 0. 890 0. 780 0. 760 0. 870 1. 06 0.720 0.798 0.972
Cd 0.271 0.062 0.029 0.125 0.117 0.106 0.138 0.139
Li 343 383 295 186 299 555 576 526
Rb 1071 1215 987 895 967 1291 1241 1031
Cs 16. 3 22.9 16. 2 12. 0 15.9 8. 59 9. 24 10. 1
W 41.3 11.5 146 18.9 15.2 13.3 13.1 17. 6
Mo 1. 98 1.91 1.41 2. 47 2. 30 16. 8 14.5 21.2
As 4.49 0. 84 0. 96 1. 94 1.97 1. 49 1. 25 3.959
Sh 0.016 0.001 0.001 0.001 0.023 0.001 0.001 0.002
Bi 3. 30 2. 84 2.63 0.334 2.08 27.3 29.2 38.4
Sr 27.7 20. 6 21.8 4. 96 7.33 10. 3 14.0 11.5
Ba 132 146 110 33.0 33.1 79.2 79.3 83.8
\' 5.61 5. 56 5.34 5. 24 5.23 5.10 5.19 5.12
Sc 2.82 3.27 3. 34 2.07 2.27 2.76 3.18 2.82
Nb 97.6 86.5 108 98. 8 73.1 60. 7 66. 3 84.9
Ta 7.68 7.90 8.8 31.4 23.0 179 136 237
Zr 140 141 142 45.6 58.4 33.9 32.5 35.4
Hf 8. 30 9. 36 9.98 6. 70 7.58 9.08 7.87 8. 44
Be 7.09 10. 6 9.21 8. 40 9. 30 4. 30 5.18 4.19
B 1. 87 1.76 1. 83 1.76 1.73 2. 87 3.73 3. 86
Ga 35.7 36. 6 33.5 35.6 40. 6 48. 6 52.6 47. 8
Sn 32.2 29. 4 23.6 9.96 10. 5 24.8 35.2 23.6
In 0.102 0.129 0.120 0. 040 0. 057 0. 208 0.271 0.225
Tl 5.43 5.75 4. 80 4. 50 4.52 5.03 4.97 5.16
U 13.1 15.7 14.2 10. 6 11.8 7.43 8. 40 6.11
Th 62.4 96. 8 85.0 26.1 31.6 24.3 27.7 17. 6
Mn 311 351 302 108 147 326 379 340
Rb/Sr 38.7 59.0 45.3 180 132 125 88. 6 89.7
Sr/Ba 0.21 0.14 0. 20 0.15 0.22 0.13 0.18 0.14
Nb/Ta 12.7 11.0 12. 3 3. 15 3.18 0. 34 0.49 0. 36
Th/U 4.76 6.17 5.99 2. 46 2. 68 3.27 3. 30 2. 88
Zr/Hf 16. 9 15.1 14. 2 6. 81 7.70 3.73 4.13 4. 19
La 45. 8 47.5 47.3 29.5 33. 6 2.91 2. 10 2.24
Ce 115 124 125 82.7 103 10. 7 7.26 6.00
Pr 13.3 14. 0 13. 8 9. 55 11.3 1. 49 1. 24 1. 14
Nd 52.0 53.6 52.9 31.5 41.0 4. 47 3. 74 3.75
Sm 15. 6 16. 8 16.0 9.02 12. 4 0. 90 0.73 0. 815
Eu 0. 32 0.31 0. 275 0.21 0.18 0. 20 0. 22 0. 225
Gd 18. 0 19. 3 17. 8 9.20 12.9 0.63 0.43 0. 38
Th 3.25 3. 15 3.12 1.76 2. 36 0.074 0. 049 0. 057
Dy 18.8 19. 3 18. 1 10. 7 14. 6 0.393 0. 345 0. 304
Ho 4. 38 4.41 4.2 2. 47 3.31 0.093 0.057 0.072
Er 13. 4 13. 4 12. 8 8. 19 11.3 0. 234 0.183 0.224
Tm 2. 20 2. 30 2. 15 1.61 2.00 0. 104 0.09 0.098
Yb 16. 0 16. 8 15. 3 13.0 15. 4 0. 800 0. 759 0. 822
Lu 2. 40 2. 34 2. 36 1.75 2. 26 0.172 0.151 0.158
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gR3
B 21HLLO03 | 21HLL04 21HLLO5 21HLL07 21HLL08 21HLL19 21HLL20 21HLL21
Y 146 152 145 54.4 84.1 1.67 1.25 1. 68
SREE 320 337 331 211 266 23.2 17.4 16.3
LREE 242 256 255 162 201 20. 7 15.3 14.2
HREE 78. 4 81.0 75.8 18.7 64.1 2.50 2.06 2.12
LREE/HREE 3.09 3.16 3.37 3.34 3.14 8. 28 7.43 6.70
Lay/Yby 2.05 2.03 2.22 1.63 1.57 2.61 1.98 1.95
OEu 0. 06 0. 05 0.05 0.07 0. 04 0. 81 1. 20 1. 24
3Ce 1. 14 1.18 1. 20 1.21 1. 30 1. 26 1. 10 0.92
TE, , 1.04 1.03 1. 05 1.13 1.12 1. 09 1.17 1.05
TETE, ., VU2 535008 58 50 38 Trber(1999) 77 1455,
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Fig. 8 Si0O,-(K,O+Na,O) diagram (a) and A/CNK-A/NK plot (b) of the granite in the Hailuoling mining area
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Fig. 9 Chondrite-normalized REE distribution patterns (a, normalized values after Sun and McDonough,1989)

and primitive mantle-normalized trace element spider grams (b, normalized values after Sun and McDonough,1989)

of the granite in the Hailuoling mining area
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R BE RN A 4 )8 B v ) i AT SE R AR, Ze/HE <<
25 I, B F-4% Sn.W. Mo, Be 284 JK 14 4 - 4% 0
A, 0 Ze/HE {5 <<10 2 & Ta & K M 5% 14
(Zaraisky et al. ,2008), 4/ FEZ P UL K A
KL BA Ze/HI /N T 10 FRAE (B 13b.eh) R
i Ze/HIE<<10 JEA —E BB . Zr/HIHS
Ta § b5 4 08 B 5 W] 4 0 67 A OC (&1 131D, B Zr/
Hf fA#/N, Ta # 5 %, H5 Nb. Li 7 fb & £ - E
A BE B (F 13d.h)

K/Rb {8 7] 1 Ry 46 5 o A0 1k 1Y b 3k 46 7 45
AN R — B SRR AR (PR A, 1978)
HET M X AR AR A BRI K/Rb
B, ZH<40,F-¥{E R 19. 26, 5B (1978) 4
S50 a0 M X B AN B AR R TR Hh 2R A N A
A K/Rb A —2, #K& ., K/Rb {5 Ta.Li
WAk w4 o B S WY R 0 7 A OC (J 13¢.D) . 5 Nb
b s SRR R B R 59 1 IE AH G (B 13D, 9148 B4k
FARR AL B A K/Rb (<40, & #5016 B A
i K/Rb <20,

5.3 #MUBEHEET AT NETHERBEELER
THIEREX

A YR T ARAT (1 ¥ 25 04 v AR R = B K AR
AR U-Ph AE# R 141.94+1.1 Ma, H)E TH A
EA L, I TR B B A KRR A Z A A
I TP AR R 25 B AR A AR IR AR T ORI BEAR R
b TR AE R A AR T R .

B0 U-Pb [m) 7 28 14 5 24 b A 8 48 b i Y
Tk AR R E TS ATEEREA SN U &,
Ty KA A EE B A E A R s i A U-
Pb 28 47K B 2 5 i 5 0 T8 B AR AE 78 1 2 TR E (%
DA, 2021) , AR PR VEAE KA R AR
A E A AP —F RS Y, Th.U & & &, U-Th-
Pb 14 7 B PR BE = o T 505 P 450405 B8 0 R L W) R
il Pb & f I, R 43 AR e I AR AT DL AR 15 4R
T 45 B A 25,2004 ; Williams et al. ,2007 ;3 5%
BOLMZEERAE 20205 5K AESE , 2021) o X [R]— 48 54 2
(X8 L I e T, SR 0 o 0 A4 5 B A I 4 HE AR
WA 25— GIRESE . 2021) . AR IRBIF ST 3R 15 10 1
W B DX 23 BESRORE A 5 2 AP A A A s s
U-Pb 4E #4391 & 141. 68 £ 0. 69 Ma F1 137. 62 &
0. 73 Ma, $5 7= LA & A 1 J% B2 B 8] Al 6 o B
R A B KA R A F P iR R = B KA A,
HJE TR St X — i), s B A [T LA SR AT A
R B TR A AR, AR S A A TR R R e 2

T2 4 Ma, ARG AER D 160 X8 &Rk
A A B AR, 30K A 5 e X R X — R B
Shy 5 e ML DX R FR R A TR Y O 1

5 AR LAY B A R AR A T X L (3R 6) i
BB B XA 4 JE AL i A B BRSO KR
PEYUAL B A BB R I AR (140 Ma 28 47) B8R 5
T H 5 R A6 b 5 AR 32 i o0 R W B AN TR L i
BTG BT b FEWMA K Ak =Bk
FLBER B =B ZRAE K A T, B ST R LD TaNb 2
T HEAA LivRb Ze HE 25 B UK L BESLAT R
AT AR A A Ak b kL 1 = BEAE X2 L AR
W IeE R Li, i Ta.Nb & & { OF #4425, 2011;
R ,2016) 53X AT g T T AL AL i 2 4 R
PR DX i 2 D ROR R IR s, i B e ™ IX N & B 1
MR AL = B R B R s K AR R A
kBt KR A AAS . % T UARA
) F B WA TR L ) A 2 R R B I
- B A B IR O , 1993 5 2% 37t 1 8
INTE L2013 A B B4, 20145 I 4545, 2018) L W i
b DX A 4 AR PR AL TR Y S

T 2 U8 XA A 4 R A I i e A e T
BEVU AR A14 S4BT (160~150Ma) . J™ 74 55 K 4H 4R
W IR (219 ~ 214Ma) , BT 55 db A 1 A W) <) 0 4R 1
(133~130Ma), SEip b X KK & AT X
Ll s JOIR B st AR Y Sk B T 8% e b X 0 K TR A 4
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W DX A 4 i L 0 3 8 g b X — YRR AR A 4
R, R E LS X R A A
T AR A B 5 RURITAE B4 A5 A T P A, Bk A5 A] B
SR A A BT ] RN W B R, R
A b, 5 R b DX 3K YRR AT 4 R B 5 A i L X e
W5 B W.Sn Nb-Ta %54 t0-T A &8 5
b0 3 B R FH BF AR (29 150~ 139 Ma) (B R
5 ,2005) FEAR — B, JE Tz By Be e B 0 7= 4

ZE bR B W T XN AT 4 JE B E 2
Z%  TE R — 1 X [R] i H B0 A A8 i o AL B A A A
PRI A 4B A B 4 98 T B e XA A 4
FAEE R . R SRR
L B ARG B o, 8 8 T i el X 140 Ma A2
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()i % W& B A 4 ™ V6 EL R B B REAE
FL B Be LU AR TE 5 o B AR R o L TR T A
b =L PR SRR B =B KA A P B B
W LAAE b AT b a B R o 3 WA T = BRI A A
Am e . T DR e o kA e H s AL 2 T T R
ORI ER AN = e Y (AN e o (A 8 U SRS S AN
055, 2 I P 1 A b B = s Y A AR L
KA B s AL S A &R I A G,

(2) g & 10 54 A FLE e & L AR, PUER L BR
VR K A = B PR BER R = B K e
R CE RS & & AMH 5 F.Nb/Ta fA..
Zr/HI AR AR B A, b oT R B0 4 4 AL
N s F8 7 & A AR B O A I T AR AR AR R P .

(3) A pg L RIAE i< 5 RV AR AR ™ P Li 94k & 4R
BESFOSREVRMIEMEX, 5/ 8 & . K/Rb
HEAME: TaT AEEBRESF S &2 BAIE
A, 5 Nb/Ta {8 . Zr/HI {6 5 B B 09 57140 3¢, Nb/
Ta {8<<2 A] LIERIE BUH B f6 1Y R 4F 453, Nb/ Ta
H<<1 IE R T B 251 s & A8 4 A K/Rb
{H<<40, & AL A 1 K/Rb <20,

(4) g B 04 T iR BB B K AE R A B 1 U-Ph
AEWE M 141,941, 1 Ma. 2 BFHE 8 A H5 & e Ao
KA s iR A U-Pb 485430128 141. 68+0. 69
Ma F1 137.6240. 73 Ma, #% g M1 X 140 Ma £ 45 7]
REAFAE — KRR IR 0 0 A 42 ) L 518

Bt A SO SRS B B R B0 B A BT Ak
Sz W TAE AT S 857 3h i 0 B 5L . RO B
W i L 5% R Gt 1 U ) R0 S RS B ASE A
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W XA A ORI . PSR IR, 4~48.
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Abstract

The granite-type rare metal deposits are Jiangxi Province’s most advantageous mineral resources.
These deposits are mainly found in the province’s western and northern regions, with Yichun 414 super-
large Ta-Nb deposit serving as a representative. There have been no reports of rare metal deposits
associated with the Yanshanian granite type in the widely dispersed granite of southern Jiangxi. We
conducted a detailed examination of granite petrology. rock geochemistry, and isotope chronology in our
focused study on the Hailuoling Nb-Ta deposit in Shicheng County, southern Jiangxi Province. The rock
association in Hailuoling of medium grained porphyritic biotite monzonite granite and medium fine grained
biotite monzonite granite has been determined, and the metallogenic specificity of the medium grained
porphyritic biotite monzonite granite with albite superimposed muscovite, which is closely related to the
niobium tantalite deposit, has been clarified. The mineralization of the Hailuoling Nb-Ta deposit was
divided into two stages: the first stage was dominated by altered granite Ta-Nb ore, which was discovered
in albitized muscovite medium-grained porphyritic biotite monzogranite, and the second stage was
characterized by granite pegmatite type Li ore, which was discovered in mica spodumene pegmatite. The
granite from the Hailuoling Nb-Ta deposit experienced a variety of alteration processes, including alkaline
feldsparization and mica quartzitization. The granite of the Hailuoling Nb-Ta deposit is rich in silicon,
alkali, aluminum, titanium, and magnesium. Furthermore, the albitized muscovite medium-grained
porphyritic biotite monzogranite (a tantalum-rich granite) has a fluorine content ranging from 833010 °
to 13076 X10 °, with a mean of 10475X10 °. There were very low Nb/Ta and Zr/H{ values, as well as
very low whole rare earth concentration. This study found a substantial positive link between the degree of
Ta mineralization enrichment and fluorine content, but a significant negative correlation between Nb/Ta
and Zr/Hf values. Similarly, enrichment of Li mineralization is correlated with fluorine content but
negatively correlated with overall rare earth content and K/Rb value. U-Pb dates of zircon in medium-fine-
grained biotite monzogranite were estimated at 141.9 &= 1.1 Ma, while early Cretaceous ages of mica
spodumene pegmatite and alkali feldspar pegmatite monazite were 141. 68 £0. 69 Ma and 137.62 £0. 73
Ma, respectively. This study reveals a distinct Nb-Ta metallogenic event associated with albitization and
subsequent muscovitization of medium-grained porphyry biotite monzogranite, as well as a i metallogenic
event associated with granite pegmatite in the southern Jiangxi area about 140 Ma. This discovery
broadens the prospecting technique and points in a new avenue for the exploration of rare metals in
southern Jiangxi and probably across South China. It calls into question the widely held idea that rare
metals in South China are mostly found in the late stages of the Yanshanian granite complex of mica-

muscovite granite,

Key words: rare metals; niobium tantalum lithium; geochemistry; isotopic age; Hailuoling, southern

Jiangxi



