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Abstract: In recent years, the Tanshan-Shangfu Nb-Ta-Li-Be metallogenic prospective area has been predicted in
the southern of Jiuling area, northwest Jiangxi Province. Mineralization types include granite-type and aplite-type.

Study on the formation age and genetic mechanism of rare metal deposits, is the key points of the enrichment and
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mineralization of rare metals in Jiuling area. Based on the study of the columbite-group minerals U-Pb geochronolo-
gy, petrography and petrogeochemistry, to determine the diagenetic age and mineralization age, rock formation and
magma source characters of the Nb-Ta-bearing aplite, and make analysis on its metallogenic potential. The LA-
ICP-MS niobite-tantalite U-Pb dating yields an age of 142+1 Ma, suggesting that the Nb-Ta-bearing aplite was
formed in the Early Yanshanian period. The aplite is characterized by rich silica, alkali and aluminum, poor titani-
um and Y REE, the wide range of Rb/Sr, and there exists obvious enrichment of niobium-tantalum-lithium-rubidi-
um, and CaO/(K,0+Na,0) <0. 10, Al,0,/TiO,>160, high differentiation index. The REE diagram shows right-
ward incline and obvious negative Eu abnormity. The spider diagram of trace elements shows left side is uplifted
and right side is gentle. All of these indicate that the aplite show features of highly differentiated S-type granitoids.
It may be that the metamorphic argillaceous rocks of the Neoproterozoic Shuangqiaoshan Group in the Jiuling area
were partially melted to form granitic magma, which during the transition stage from syn-collision to post-collision,
and then to form highly fractionated aplite. In the late stage of magmatic differentiation and evolution, the interac-
tion between fluid and melt leads to the enrichment of metal ore-forming elements like Nb-Ta-Li in the highly frac-
tionated aplite. The Dongcao Nb-Ta-bearing aplite and the Nanling Nb-Ta-bearing granite, the Dahutang Nb-Ta-
bearing granite porphyry have similar geochemical characteristics. Which is regarded as the main metallogenic geo-
logical body in the Tanshan-Shangfu Nb-Ta-Li-Be metallogenic prospective area.
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Fig. 3 Specimen and microscopic photos of the Nb-Ta-bearing aplite in Dongcao deposit ( cross-polarized light)
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x2 FESEEARENKNNESRELNHETIETE (vy/ %) HMELEMHELITE (w,/107°) FHER
Table 2 Major elements(w,/ %) , rare elements and rare earth elements(w,/10°) analysis results of the Nb-Ta-bearing
aplite in Dongcao deposit and the Nb-Ta-bearing granite-porphyry in Dahutang district

AR RHC T () BRI BEA (1)

R J1.21-10 JL21-11 JL21-12 PMO04 H6334 H6336
Si0, 71.5 70.7 71.6 71.5 72.8 73.8
TiO, 0.09 0.10 0.07 0.02 0.03 0.04
Al, 0 16.2 16.5 16.8 16. 1 16.7 16.2
"Fe, 0, 1.38 1.41 0.73 0.45 0.97 0. 80
Fe,0, 0.24 0.31 0.24 0.23 0.15 0.12
FeO 1.16 1.13 0.51 0.24 0. 84 0.69
MnO 0.12 0.22 0.17 0.07 0.09 0. 04
MgO 0.05 0.05 0.05 0.01 0.01 0.01
Ca0 0.57 0.63 0. 69 0.37 0.03 0. 04
Na, O 4.53 4.86 4.81 5.73 2. 60 3.69
K,0 3.32 2.36 2.32 3.48 4.25 3.83
P,0; 0.59 0. 54 0.58 0.40 0.49 0.36

LOI 0.77 1.86 2.01 1.18 / /

S 100. 51 100. 71 100. 49 99.77 / /
K,0+Na,0 7.85 7.22 7.13 9.21 6.85 7.52
Ca0/(K,0+Na,0) 0.073 0.087 0. 097 0. 041 0. 004 0. 005
AL 0,/TiO, 180 165 239 1073 557 405
A.R. 2.76 2.45 2.38 3.54 2.38 2.72
DI 90.9 89.8 90. 6 95.5 89.6 92.1
A/CNK 1.34 1.41 1.44 1.16 1.87 1.58
ANK 1.47 1.57 1.61 1.22 1.88 1.59
C/FM 1.03 1.12 2.13 2.19 0.08 0.14
A/FM 16.1 16.1 28. 4 51.8 25.8 30.3
Rb 1 440 1210 1190 1342 1 000 758

Sr 8.7 41.7 48.3 22 2.77 5.69

Y 1.62 1.5 2,01 2.3 2.9 3.28

Ir 14.5 8.1 8.7 29 72.8 51.1

Hf 0.938 1.1 1.02 2.4 6.3 4.1

Nb 87.9 89. 4 99. 8 54 34.3 32.6

Ta 157 183 157 32 23.8 21.1

Ba 9.54 11.7 8.69 1.5 1.68 2.64

Th 0.764 0.985 0.758 2.3 4.27 3.6

U 11.7 3.08 2.23 13 6.83 5.63

Pb 2.58 1.48 1.01 5.8 6.34 5.63

Ti 514 593 433 149 180 240
P 2568 2372 2529 1 744 2137 1570

Li 1923 2 450 2 630 375 123 954

Be 58.8 79.2 86.7 5.2 - -

Sn 64.0 78. 4 67.9 66 - -
Rb/Sr 166 29.0 24.6 61.0 361 133
Zr/Hf 15.5 7.36 8.53 12.1 11.6 12.5
Nb/Ta 0.56 0.49 0. 64 1. 69 1.44 1.55
Ba+Sr 18.2 53.4 57.0 23.5 4.45 8.33
Th/U 0.07 0.32 0.34 0.18 0.63 0. 64
La 0.75 0.56 0. 64 1.10 3.31 3.18
Ce 1.47 1.23 1. 44 3.10 7.90 7.50

Pr 0.14 0.12 0.14 0.29 0.93 0.87

Nd 0.49 0. 44 0.52 1.03 3.25 3.06
Sm 0.22 0.18 0.18 0.34 0. 96 0. 84
Eu 0.01 0.02 0.01 0.01 0.02 0.02
Gd 0.25 0.21 0.20 0.29 0.78 0. 84

Th 0. 06 0.05 0.05 0.06 0.13 0.13
Dy 0.34 0.28 0.26 0.38 0.71 0.77
Ho 0.05 0.05 0. 04 0.06 0.10 0.11

Er 0.10 0.14 0.12 0.17 0.30 0.33
Tm 0.02 0.02 0.02 0.03 0. 06 0. 06
Yb 0.09 0.14 0.12 0.21 0.45 0.43
Lu 0.01 0.02 0.01 0.03 0.07 0.05

Y REE 4.00 3.44 3.74 7.10 19.0 18.2
LREE/HREE 3.37 2.82 3.60 4.77 6.30 5.69
8Fu 0.10 0.29 0.21 0.09 0.07 0.07
(La/Yb) y 5.74 2.95 3.98 3.76 5.28 5.30
(La/Sm) y 2.17 2.08 2.36 2.09 2.23 2.44
(Gd/Yb) y 2.18 1.28 1.45 1.14 1.43 1.62
Zr+Nb+Ce+Y 105 100 112 88 118 94.5
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PE-BE RS AE B 7 (18] 5b 5e) ;3T BAERAY CaO
(0. 57% ~ 0. 69%) fil CaO/( K,0 +Na,0) H
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Fig. 5 Major element diagrams
a—(K,0+Na,0) -Si0, & (i Middlemost, 1994) ; b—K,0-Si0, & (#i Peccerillo and Taylor, 1976) ; ¢—Si0, — AR & ( #i& Wright, 1969) ;
d—A/NK-A/CNK & (#f& Maniar and Piccoli, 1989) ; Rl & HREAE b A 40di 51 H PRIR Y (2008) 5 M & PR AL b BEA Bdi 5| B X 3245
(2018) FIHEF-H] 45 (2019)
a—(K,0+Na,0)-Si0, diagram (after Middlemost, 1994); b—K,0-Si0O, diagram ( after Peccerillo and Taylor, 1976); ¢—SiO, - AR diagram

(afte Wright, 1969) ; d—A/NK-A/CNK diagram ( after Maniar and Piccoli, 1989) ; the datas of Nanling Nb-Ta-bearing granite are quoted from

Chen Jun et al. (2008) ; the datas of Dahutang Nb-Ta-bearing granite-porphyry are quoted from Liu Ying et al. (2008) and Chu Pingli et al. (2019)

4.3 WERBTTERESE
RSP TA B ERE FHRAILE RbU,

Pb.P ML E Ta, B M KB FEATE

Ba .Sr FIE %5 % Nb Ti,Rb %4 1 190x10° ~

1 440x107°>1 100x107° ,Ba+Sr=(18.2~57.0) x10™°
<60x 107 I T 2 JEL 4R b g A v £k ek I P 8 s 22
M RS 1 A S 22 9 R AE (B 6a) , LA BRI
Li(>1900x10°°) Nb(>85%x107°) Ta(>155x10"°)
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(1989) ]

Fig. 6

Primitive mantle-normalized trace element spider diagram (a) and chondrite-normalized REE distribution pattern (b)

[ normalized values after Sun and McDonough (1989) ]
FAAYE & P RAL KB A B 51 A X255 (2018 ) R A% (2019)
the data of Dahutang Nb-Ta-bearing granite-porphyry are quoted from Liu Ying et al. (2018) and Chu Pingli et al. (2019)

M Sn(>64x10°) &8 (£ 2), M+ & gL
(SREE=3.44x10"°~4.00x10°°) , 0] fit 5 4k =1 B
W AR BESE o S i e T RR - T R A A G
(ZAEBISE, 2014) . 4500 oo AR & 45 H 4018
55, LREE/HREE ff 2. 82 ~3. 60, (La/Sm) y =2. 08 ~
2.36;Eu #1405 #1,6Eu=0. 10~ 0. 29, Fi 0 KBk
LB AR A TEE J3 T 28 2 55 A i ) Vg RS 784 (14 6b)

5 hg

5.1 ZEEMARERESHTRR

JU b DX AHE LU A A 28 0 DA 31 I A T
HBERB (D) BB R A AR R B BE R S H
BRI A8 MBS AR AL B A (BK) LA dh A
(k) GEHBES (BK) Adbd (k) M1 A 3K -
TG ST S 2 Z2 B Bk sl =200 20 0 4 a5 ()52
452018 BREACHASE, 2020) , B HRAERAR D -
T A (152~ 128 Ma) (F AL, 2012; #5244k
4, 2012, 2013; WiHE4, 2015; = EBJES, 2019;
ORISR, 20195 BRSFASE, 2020; BXIESE, 2022)

ASCHI ] LA-ICP-MS #4129 U-Pb & 4F il 75
RS PR A e BUA LT AR IR 1421 Ma, 5K
T35 B PR AL i< BEA PR Ak U-Pb [R] 3 2 4R % —
(1445 Ma, X255 2018) , [7] )@ 5. 1 S A

TR B B, 2 L 1l DX 1L A 7R S A 1 TR )
B IR et R R SR Y FA DR Y
5.2 ZiREMREKELESREXESE
5.2.1 KA

1 RUAE 5 2 5T i e 508 7 e v B M A A i R
ATVERL,S BUAE R AR A TURUA 2 b I
A=W, AR SR A A M LT Rt & 2
SSRGS R (& 6b) , 1 Eu S B W, 5 1 8448
(<A O ER L o3 S/ RERE L 55 178 S (B
TCHA ) RFEAS ALY ; B 38T Zr Nb  Ce il
Y Er B IRAR , Zr+Nb+Ce+Y = 100x107° ~ 112x 107,
KT A B AL 4 A 09 F BR{E (350 x 10°°, Whalen
et al. , 1987) , IFAEA A B G B ff b RERVE A S
BIEREIX (K 7a.7b) o

T AR + I E MR AL 22 R AE 48 7 48 1
AR (PRIRSE, 2008) , i< J& 7 &t (Li \Rb
Cs %) F1 Rb/Sr {5728 K, Zr/Hf Nb/Ta F1 K/Rb {f %
%, #i 1 o0 3R E i A, AR R A I e A B
(Linnen and Keppler, 2002) , &4#i(A/CNK>1.30),
JE MR SR T BR BT AR B 5 e 1 4 SR EL(DE=90)
B Li(>1 900x107°) .Rb(>1 100x107°) .Cs(>270
x107%) &, 8K Ze/HE {8 (7. 36 ~15.5) F1 Nb/Ta
{E(0.49~0. 64) LU S ZE A E KA Rb/Sr {H (24. 6~
165) A A0 WA & AR =B B o BP9
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Fig. 7 Discrimination diagrams for the rock types
a—(Na, 0+K,0) -Si0, & (#f§i Frost et al. , 2001) ; b—FeQ/ ( FeO+Mg0) -Si0, K (#§i Frost et al. , 2001) ; ¢—(Na,0+K,0)/CaO—-( Zr+Nb+

0.4
w(TiO3)/%

0.8

a—( Na,0+K,0) -Si0, diagram (after Frost et al. , 2001) ; b—FeO/ ( FeO+MgO ) -SiO, diagram ( after Frost et al. , 2001) ; ¢c—(Na,0+K,0)/
CaO—(Zr+Nb+Ce+Y) diagram (after Whalen et al. , 1987) ; d—Nb/Ta-TiO, diagram ( Cao et al. , 2002) ; same symbols as in Fig. 6

BGT S T R RS RAIX (E 7e) , %
B2 i 5 2 A B T S 27 e A B 0 S 2 B 1
Y, £ TiO,—Nb/Ta ¢ Z & I 7R H 5 4310 Ea 3
(K 7d) . WAKAFE + S5 (SREE<4.00x107°) , #
ST v ol 1112 A I S [ R VI DR
LREE/HREE {H .8Eu {H 5 7 546 %k DI 2 i A1 ¢ ¢
AR A B AW 0 B LREE 879 (1
MJEA AT A) S Eu 09 (CARHS A ) 195 2545
fn (THT Y845, 2015) , R Z 40 5 A 8 &= o 7 AE
E=

L5 LTI AR S A A R L = R

B IR FTEREE SR ER BT (A/CNK>1. 30) , i T
TR [ 2B A7 M-8R, #6 oo R 4 iih
RS MRS S AR B R (DI=90) ,
FW g iR 8 BT 3 5 S R
5.2.2 FIXJEME

TR A (- ds ) BRI A K — RO AR X
5 K R AR B A i o SRR R AR A K, D AR BT
FE B A BT ) ST 120 ) & By T AL, 4K
T2 IR e R B A o S LA B R B B A 5 s AR ]
ZTHAEMEE Nb 5 Ta Zr 5 Hf BA B B8, &
Tl 4 JB B KB W 1) B2 L0 AL (% IR AR,
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2011) , ZRAE AR 40 5 5 A AR T R A S S A
T, Ca0/Na,0 fH (0. 13~0. 14) <0. 30, I 7~ H 5
X vl BE 2w & W SRR A A
Nb/Ta {H (0. 49 ~0. 64 ) B AKX F 1E# 4£ <] ) Nb/Ta
E(11) ,Ze/HE (B (7. 36~ 15.5) WAK T 1EH AL I A 1Y
Zr/Hf {5 (33 ~ 40) ( Dostal and Chatterjee, 2000 ) ;
Rb/Sr fH (24. 6 ~ 165, F-¥{E K 73. 1) #l Rb/Nb {H
(11.9~16.4, SF¥{EN 13.9) B &35 T b 5% fr it
IRYIME (0. 32 F1 4. 48) , RIIZA it A S IR X W)
Jo AT i 2 AR A v ) Ml A A AR U T A AT
It BAE A KA R P B M B B R A T AR S A
A B] (9 58 BV (008 25 5%, 20155 253 %%,
2020) , 45 A IR DR MR B R I IZ A0 A
AR E R B AR (K 8a.8b),

10

a

w(CaO)yw(Na,0)

10

10
w(ALO;)wW(TiO,)

0' 10°

5L HL DX T OSSR LU AR e 0TS R AR XA
5.3 SRENARENKTEX

HE R b DX 22 A 1 — 25 0 Bl 1k e VR ST
I A B RN T & & B W Sn (Nb  Ta Li \Bi,
U REE S5JC R e AW s 4 (A R4, 2021)
A FFEE ) W Sn Nb Ta Z 50K &8 AT
FUE &4 Li F P S0 K, &4 O8R A4 E K
WAL (AT, 2008) . Hh (R AE 4S8
RIS B e e LU 0 (e R % tH— R e
140 Ma=) (“ i PR B (57 RBHAE, 2021) , Jul®
b DXk 280 B 5 v 1) v L H e | e LB 5 A I o )
5 S ML KA U K Al s s A
b SRS AR | YR R SRR A 2R
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b
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Fig. 8 Discrimination diagrams for the source characteristics
a—Ca0/Na, 0-Al,0,/Ti0, & (JE ¥ Sylvester, 1998) ; b—x(Na, 0+MgO+Fe0+Ti0, ) —x(Na, 0+K,0) /x( MgO" +Fe0+Ti0, )

(JEEYE Lee et al.
a—Ca0/Na,0-Al,0;/TiO, diagram ( schema from Sylvester, 1998) ;

diagram ( schema from Lee et al.

AR PR AN A B B e A &
J&(Li.,Rb,Cs.Ta,Nb Be, Sn) A% Nb/Ta & I
Z/HE{H VR B 58 5 AR AR 8 i 5 A, TE Al
TRl AR 1) s L 300 T 5% i — i S 3R J ikt
TR AT S BAR KA, A PRAH S A 4 R Ak,
H2ETF LCT BUAR b (-4 ) (TRIESE, 2021)
TEZRBVAE B 5 0 1 0 030 P i v, R 5 R 4
FEE ST RIS SR AT X (E9) . A
PR AN e 5 R A S HR AR AL B ORI E S AR AR AL
BBES B Bk AL R AE A DL (35 3, PRIRZE, 2008;
X2 5, 2018), #F & i E 4K 8L, ALO,/TIO,

, 2003) ; EIBIFEE 6

b—x( Na, 0+MgO+Fe0+Ti0, ) —x( Na,0+K,0) /x( MgO" +Fe0+Ti0, )

, 2003) ; same symbols as in Fig. 6

A/CNK>1. 1,Ca0/(K,0+Na,0) HIEAK, 70 545 5
DI {5, Zr+Nb+Ce+Y & 5K, Rb/Sr {H &, Zr/Hf
{E. Nb/Ta {HAw K, B 2 & Nb . Rb %X Y Ba+Sr, fi
FoeR BRI, FEM O R AR, P8 R
L H TR Lo 2 2 55 40 01 RS B ND 5 >
85x107° Ta & H>155%107° Li & >1 900x107°, 1%
SE R HERIAE A I AR A PR LA 25 H
BRALEARIR (R 3)

FHELL U (AR P HE—5L 5 1, 152~ 128 Ma) ,
UV M DX R VR L - — 7 R B AR R
FHRUTNNE [RGE W Wi 1R, 178 H 5 30T 45 7 1) %
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Fig. 9 Discrimination diagrams for three types of ore-bearing granites ( same symbols as in Fig. 6)
*3 SRERRAETEHMBRLZEIER
Table 3 Main geochemical indicators for Nb-Ta-bearing granite
LI H IRAE SRR A FWA I B SRR AL I B P U B PeAH AR I A
Si0,/% 70.7~71.6>70.0 71.5~73.8>71.5 67.9~78.1>67.5
Ti0,/% 0.07~0.10<0. 10 0.02~0.04<0. 10 0.01~0.09<0. 10
AL O/ % 16.2~16.8>16 16.1~16.7>16 -
Al,0,/TiO, 165~239>160 405~1 073>400 152~1 753, ¥14 705
(K,0+Na,0)/% 7.13~7.85,¥{H 7. 40 6.85~9.21,#{K 7. 86 5.49~10. 6,1 8. 38
Ca0/(K,0+Na,0) 0.07~0. 10<0. 10 0.01~0.04<0. 10 0.02~0. 12,315 0. 05
A/CNK 1.34~1.44>1.30 1.16~1.87>1.15 0.90~2. 15 ¥{1 1. 23
SREE/10° 3.44~4.00,38 3. 73 7.10~19.0,3H 14. 8 0.53~50. 3,34 19.1
LREE/HREE 2.82~3.60<4.00 4.77~6.30<8. 00 1.15~7.77<8. 00
SEu 0.10~0.29, #J{H 0. 20 0.07~0.09,#{H 0. 08 0.02~0. 42,3418 0. 09
(Zr+Nb+Ce+Y)/107¢ 100~ 112<120 88.4~118,3H 100 49.8~144 ¥ 91.7
Li x10°° 1 923~2 630>1 900 375~954>350 -
Nb x107° 87.9~99. 8>85 32.6~54.0>30 -
Ta x107° 157~183>155 21.1~32.0>20 -
Rb/Sr 24.6~165,F1 73. 1 61.0~361,F7 185 21.9~2 017, ¢ 300
Nb/Ta 0.49~0. 64, F3 0. 56 1.44~1.69,F31.56 -
Zr/Hf 7.36~15.5,%F1# 10.5 11.6~12.5,F# 12.0 -
Nb,05/% 0.010~0. 019 - -
Ta,05/% 0.015~0. 026 i 3.8 -
Li,0/% 0. 100~0. 800 E 2.1 -
B St i A, e 1 XEEA 2018 PRI, 2019 BRIRSE, 2008, REGECH 29 14
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AN TR S IR VA R VA 1 11 VA g e s S A = E =
S REZ P VA b S W 2 1 B A S g b kkm% H
& B A B RS B AR AR URA (R
FREEZS S ) AU AR ) 3T 2R P4 1), b PG [a] Y 4%
T S SRR 5 R AH 1Y 20 A K SR B K A RS
kA& (BRIRSE, 2008) , TR A & @y k. —
FPMMARAE 5 A R | PR L IR AE T4
KA = B AR BER B 2B KA A,
Kts AT H A B 08 KR | 4 S
PR (S22 20165 Z8FE, 2018; L AUKES, 2019;
ATFSE, 20205 TE R R, 20205 Wb S,
2022; XIPESE, 2023; Xu et al. , 2023) ;—Z il
E‘%%Htﬂﬁ?@ﬁiﬁf%ﬁi P L IRAE T RHS
AhA FISEANBRE S T, ande I PEHT AR SRR IR (%=
%ﬁﬁz%, 2016; TS, 2018; 4445, 2018;
MGEEESE, 2022) , XEHA & BTIRILFE AL T
11 - & Nb-Ta-Li-Be i{# i 5 X,
ZEAHTIN N, JLIE L IX 1L 3] NE (8] 3 EW
] RHC A A e TR ANBE T A Dk AR S R
BRAERGAT &m0 7 0 H bR b SR (15T R B
JIHAEE

(1) ZRAEA5 SR 8 4 57 S BIAE
UL R R ) SRR U-PD A
i H 14241 Ma;

(2) ARAEH &S BA Sk Tlﬁﬁ ’fm Rk A%
Ba-Sr i + o B A, B W 7 56 55 R,
SeFR B AR A SRR ‘?%M L

W R A AR i B R R AR DL 5

(3) ARHE 2 b A A 5 oGy 53 XU L B AR T
JOTE R AT A I B R B A6 5 BT, 22 D v R
o SFaE VR, TR S SR AL R B B AR AR T AR S
PRIA] B 38 AR, e 298 0T NE [i] 7 24 52 JhCIR FE 48
Y AHS 4 A K

(4) Figni A REMKatt Astkb #E
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