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Abstract: Columbite-tantalite, characterized by high closure temperature, high uranium content, and low common lead, is an
ideal mineral for U-Pb dating. Its isotopic chronology provides critical constraints on the genetic mechanisms of rare-metal granites
and pegmatites. The main U-Pb dating methods for columbite-tantalite include isotope dilution-thermal ionization mass
spectrometry (ID-TIMS), laser ablation inductively coupled plasma mass spectrometry (LLA-ICP-MS), and secondary ion mass
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existing challenges of these three dating techniques, with a focus on summarizing recent application advancements in constraining
ore-forming epochs and deciphering metallogenic processes of rare-metal deposits. The study reveals that it remains the current
technical bottleneck and future research priority to achieve high-precision and accurate U-Pb age determinations for columbite-

tantalite across polyphase mineralization events due to the complex and variable end-member compositions of columbite-tantalite
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and the pervasive matrix effects inherent in commonly used in-situ dating methods (LA-ICP-MS/SIMS). Future studies should

focus on developing mineral compositional reference materials and optimizing analytical protocols to overcome these limitations.

Key words: columbite-tantalite; U-Pb dating; matrix effect; reference materials; LA-ICP-MS; ID-TIMS; high precision;

rare-metal; geochronology.
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B (Nb) 1 (Ta) H A8 & & LR ML it
[ i N - L S S S e e 7 A W R P
N F R REUR LA MR VBERIT AR AR B PR R
R R &R S NI = X AW T S ol = % S A
R T RS 7T B A B A R R &R X
Nb . Ta 7 2Rt 2 mm o, 5% W 8 KR I
2 1k B 5 BB Nb | Ta 51l o 5% 0k 56 g - 7= %
Ui e E L Nb | Ta J& 1 5 i g o 9 7, X Sk
FERE 35 90% (F 841, 2019 & WA [ %, 2019).

Nb.Ta¥ i TA2 U R R VBIE )8 T
[l IC 2, E T E AL 2% DL 0 ) 2 1 o 4
TR 1 2 AL 22 A H DU AR A T E AR
Brp CE AR IR 45, 2018) . Horpr R4 2k 57 (columbite-
tantalite, fi #X Coltan) J& 3K B & 1% 43 J& Nb fl Ta 9
HEW), FEE A AEAL 5 A B AR A AR e
PEA AR B R A AR T IR b (R R %5, 20195 £
WS A, 2020) . FRAE A —Fh 2 24 0 Sk L
Y, 8 DORCR CHROIR CHCEPIR LB AT AR BRI A AR
e A, HAb 2 H o (Fe,Mn) (Nb, Ta),O,, H
Fe Al Mn P & Nb #l Ta 53l 8 4 5¢ & 2 i W 4, o]
DA B R 48 T 1A ) i oG Al AR R e R it O i 43
Fe il Mn Nb I Ta J5t ¥ 1) =55 5335 7] LAy 44~
W R W 88 ((Fe,_,;Mn,_,;) (Nb,_ Ta,_,) O;) .
845 5 ( (Fey_sMn, ;) (Nb, ,Ta, ) Oy) . 4 & 7"
((Fe,_osMn,_o5) (Nb,_ Ta, ;) O) . fH 5 5 ( (Fe,_,
Mn, ;) (Nb,_, Ta,,) O;) (Cerny and Ercit, 1985). Itk
A A Ti.Sn W .Y U Zr5 8 TR A

He 1 Bk = B 4 AL K A TR AR R E
PR B BB, H A AE RN 3 g T R 4y
Nb.Ta.Fe.Mn i 40 & 2% 1k , 68 0% 47 20 = 38 97 K
I O Y A AR (BB IR AF, 20215 Ryznar et
al., 202395 /Dl %5, 2024)  AE T A 4 8 4E K A A
A6 A R E R RS AR U
K, 75 5 B A F AR A 4 B B
g5 5% B A, T SCAR I g R AR K e 2
(Dickin, 1995;Rayner et al.,2005). fg 408w B4

i B PR U NHMIR @ Pb FFAE , J2 U-Pb E 4F
B9 B AL B 9 (Romer and Wright, 1992; Romer and
Smeds, 1994 ; Smith ez al., 2004 ; Che et al., 2015;
Melcher ez al.,2015) . M % F R H #5 40 5l & A 1R
A [8] 42 0 4F (% J7 ¥, B8 B0 Bk A AR 00T 5 R 8 T
o R BIR E A 4 R PR AT R Y i 4F
% (Baumgartner ez al., 2006 ; Deng et al., 2013; &
BN, 2021). ZEH 5 (2020) X it A% 2 Fi A 4 )R
A6 0 A Al e T SR BBk BT B A LA SRS A AT T
U-Pb I 4E0F 58 , 98 B Bk 85 A0 I 4F 45 R A iR 22
0 Y — B, RS AR I AR 25 SR AR 820 10 Ma. X
W TR AP A E EEGE LT 2 BT ppm) &4
T AR O I E B O AR RN R I R &
TR A ACEE B R A A 3 B U-P [ AL R AR &R
HCE ], N AR SR A R AR 2 A AR IR
(B2l 45, 2017) . HEH & BB 4F I 7] DL ) 46 )
Wr B 3T A R 5 R A DG, T R TR B A
WF 58 A48 T 4R AR 4R 4 BB IR 4R (EAE S
2019 ; Ryznar et al., 2023) . F& H 4£ 5 43 A A K =
R S R 7 N TR ST R 7/ R -2 R T
F LR Y U-Ph EAE A B T AL e
o A < Jm A i AQHE 22 (3 R, 2018) . X It
TP R R A Bk B U-Ph 4E A= iF 58 A H 2 X
MHT, PE T U-Pb & 4F U7 i £ LA R 7
M B -0l B i vk (ID-TIMS) (Romer and
Wright, 1992) 651 it v 8RS & 45 88 11K BT ik ik
(LA-ICP-MS) (Smith et al., 2004 ; Che et al.,2015)
PR — KB F B 7 (SIMS) (Legros ef al., 2019).
Horr , ID-TIMS U-Pb 5& 48 J5 ¥ 58 1 A6 27 55 IR 12
ZR M R AR S 0 R B T A 4 € i Al A A A S i A PR
TR L TE kT P B BE AL B S B U-PD Rz R
FUAR (0K o U 5 . LA-ICP-MS #1 SIMS U-Pb & 4F
J5 % J@ TR X AL AR T %, LA-ICP-MS IO
F 1l 52 BB W) X o3 BT, SIMLS Ui 3 88 7 o 3%
BICRE i R TAE B A SO XS 840 2k U-Pb & 4F
D7k AT AT EE IR, SVEE 4 7 B R AR S
I e YR U-Pb AR AR 2% AR AF 92 (19 F i Ty )
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1.1 ID-TIMS U-PbEf

ID-TIMS U-Pb % 4F JZ il =2 9 /1 £k 5~ U-Pb 4
W e M B T VR R IR A A R,
S 38 I W S A R VS VU I AR BE R T S U L Pb
] v 25 b A9 A8 Ak, o TF 5 R0 RE & 3 W U
“°Ph & W] v & &, A4S F] U-Pb 4 (U &
B ,2024) . Hest o AR T o AR W R L e A
1R R R A% E R R R R X A Bk T 1 AT IS
VA, B S R B A A BEAT — R 9 Ak 2 b B
gy 85t U R Pb Jo &, O B A5 oT F 2B 3k 3] i
TS BT SR 5 o B AL S R S B R -
E S R G RNR G J5 2k 2 4 Jm BRI 22 b A
B9 TSN L G B IR S BT R B A,
2 15 WORR A DU 2% 43 7 >R 48 U L P [F A R A5 5,
5 2 B AR W i U-Pb [RI AL &K 4 i K 4F 1

VE Ry TR 7 26 i B4 R 5 B 3% o3 B i AT LA 4
ID-TIMS HA S AR 3« 38 2o [ 467 3 B A 3R A5 15 DU
] 37 25 75 2, T 75 MM bs i 9 A 6 4R DL 2 A% OF
MARZS b fiff Pl 1 s B Jo e X R 5 27 3 R DA B 43
TR AT A AT BR Y 8 Ph Y5 Y, 6 OR A7 I B0 Y T
P 5 BN 2 BORG BE n3K £0.1%~0.5% , H.n] %
B AR AR E R AR Y 4 b R R R R SR I
A AE WY R BR M < 5 2 0 A 2 iy A 3 R (R 4
T 5 e M alifb ) 8 w5 2 — JE DL E ), 5% s
5 N D4R VE HRE EEOR A s B X A A AR L,
T2 B RE RV R X T e AR T e H AR AR AR
TR A A 3k 2 B R SR i AF 5% 38 AS T 4R & B
AL TR AL, LB T2 7 1k 9 B 80 A A

B - U-Pb & 4F #F 52 Al 38 1 2] 20 tiE 42 50
AEAR, SR ] ID-TIMS # 17 W 4F . Aldrich ez al.
(1956) B IXARE T % H ID-TIMS il ;2 Brown Der-
by 1 i AR 2B B U-Pb 4RI, T 7 B B 0
T2 AR = FLRE a8 K (50~100 mg) , fT 1% U-Pb
RS I AN AL, IR SR EA .30 Z2 4 )5, Romer
and Wright (1992) %} J5 ik 47 1 ele it |, S iR R
Y (70~90 °C)20% HF .7 mol/L. HNO, . 6 mol/
L HCLFFA7 ¥ Pl 3 0 vk, B B KA b %5 4
FEAR DL R & T 43 9 U R P 2R 5 SR A 40%
HF %5 i 7 i, B2 5 8 of 8 F 28 A AGLIX 8 73
P& 4l U TR M Pb It &R, R W R I AE &
FH SRR A RN R &8 AT 4 & e R

FH A0 B 5 3 of [ 437 2 L0 1 A7 0 A2 L ) S 4R AR
B ID-TIMS U-Pb 45 i I 2 3 A% fiff FH 1% 1 2% i
4b B3 FE (Romer and Smeds, 1994, 1996, 1997;
Romer and Lehmann, 1995; Kister ez al., 2009;
Dewaele ez al., 2011 ; Melcher et al., 2015; Glynn et
al.,2017 ;Legros et al.,2019 ; Xiang et al.,2023).

B P R o O A L TR 3R SR EARIT R
U 19 8 2 52 06 25 B 5% R 30 Z4E IR 4 ID-TIMS
U-Pb Il 4F B Aify, X5 4880 2k 7 HF )& 7 ID-TIMS U-Pb
AR T AR, 25 @ 57 7 4240489 ID-TIMS U-Pb
JE AR A R OO E T AR R ID-TIMS U-Pb
AR (AT B 1S 25, 2020) , H. o 88 4% 0 3 X0 4F A
FEOXF #2174 9% % H 45 2R (Qing e al., 2024) .
1.2 LA-ICP-MS U-PbEHF

LA-ICP-MS s B¢ (9 306 31 0 (LA) # H &
45 FN A R A A B I (ICP-MS) A5 I & 45 2t
[F] 2 B . IO R0 i R R S B 193 nm Y
ArF HE5 FHOC R S0, il & T ALt R G0, gt
e AR 0 A S X R TR T AT SR R P IR AR
Bl 7= A 0 R i 0K 3 e 48R (He) f% i 2 5
TR R S8 AT R BRI RS I, 3R A5 U L Pb [l {7 #
BT . O R N R G A DY R H R G A iR
Bt (Q-ICP-MS) (% # 45 , 2025) | Jad & i 37 v J&%
A% TR R (SF-ICP-MS) (il 4 9% 45,
2024) DL Je Z g b ROHR A OB TR Ik
(MC-ICP-MS) (4 % %€ 4§ , 2024; 2= 1 5 %,
2024) ZJ7 R HAE T 0T LA T 28k 0 4
fil T 42 AT DR ASE A3 AT A5 A GE ], T R R
ZVF R AL, HLAs () 43 R A A i R A R 4
T, Q-ICP-MS W H BN iz, 5 OB Z )5 1)
LA-Q-ICP-MS g [ i 42 A £l IX 5457 7 ST 3R & £ Al ]
P AR B (B AT IR T, 2022 AR5, 2024).

Smith ez al. (2004) & WK # 8B T 4 #H 25
LA-MC-ICP-MS U-Pb 4F #% il & J5 ¥, T A 98
BB BRRE R R A 1 Sl S b E AT BOHE AL IE
ZJE B — 2o N B S R T 0 SR B DAE
HE A VT e AR AR R 4T U-Ph 43404 1, ok I 5 48 45 2k
W3 X A7 U-Pb 4E# (Dill ez al., 2007 ; Dewacle ez
al., 2011; Melleton ez al., 2012). H 41 Deng et al.
(2013) LA 4k A1 bR BE 91500 7E Ry A% 1IE A , 3K 15 /N 22
U b X AL 5 A A A T AR AR BT LA-ICP-MS U-Pb
AEE BRI, SR FH IR 3 1R DT I B 4 bR R HE AT A B AR
TE 38 H M LA B AR RN Y 5 e BT A5 AR % 5 Bl
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A A 2 B i A R A 22 (X5 4%, 2011).
Che er al.(2015) 45 i , $8 41 29~ LA-ICP-MS U-Pb
FE AR, SR 85 A7 91500 1 S A1 bR KL IE 15 B 0 4F 1
e ID-TIMS W 5 (9 2 2% 4E W8 i /s 1000 2245, 4
SRR R v 1B ) K FR T =i RN UK R E R 7R AT
Fr #£ Coltan139 (Che ez al., 2015) , i% bx #£ 1D -
TIMS U-Pb & fA 4 # 4 (505.441.0) Ma( {4 [ #b
SEHF AT R SRR ) L (506.245.0) Ma( Sl & K £
& £ K2# 528 % ) (Melcher et al., 2015) .Coltan139
s A A N A0S 5 2 R 2k LA-ICP-MS U-Pb
AEAR AT 58 B9 FAG A R i E T A BH kT A IX R
AL U-Pb 28 4 B AR TE AL B 2 T & AR A 2 o 1 g
FWFFE (Xie e al.,2016; Tang et al.,2017;Yan et al.,
2018;Zhou et al.,2018;Che et al.,2019;Feng et al.,
2019, 2020; Fei et al., 2020; 25 by 2 , 2020; F &1 ¢
4 2020; F A% ,2020; Xiang et al.,2020; B E A%,
2021; Zhao et al.,2021; A #EBH 4, 2022; Liu et al.,
2022; E# 4 ,2022; Yuan er al., 2022 ; 25 5% ) 4%,
20233 22 T 5, 2023 5 P SCAL A, 2023 5 Wk 1Y 4
20235l /N AR, 2024 ) . H H A% S5 = AR BT
LA-ICP-MS U-Pb & 4 Ji % £ £ VL Coltan139 1E
Ry bR B R HE AT R AR RN AL TE
1.3 SIMS U-PbEHE

SIMS U-Pb & 4F J& i 1 >R FH &5 8 it 19— K 2
TR S T R S R AR A T Y R 54 T e
SR O LS R RS AR S R Ik B TR B
17 U Pb [F A7 2 5341, NI AR5 4F i i U Pb JT & K&
HEMZENSEMFELS A U-PbFER .5 LA-
ICP-MS #f He , SIMS U-Pb & 4F it 572 855 5 0 75 B b
JH /N AT DL IR T AR v X3 1 A o R A 5
BT RN T B B L 2 R TE SRR Bk
U-Pb M 4F o 37 FH#% 2D, B3 2019 4F A4 # s i 18
i) 3C % (Legros et al., 2019).Legros et al.(2019) %
JH SIMS X A [a] 3 7€ B 43 19 B 0 2k (e Bk L BH Bk
U AR E AR ) ST IR AN A U-Pb & 443 HT
JEBE 45 3 5 ID-TIMS I 22 {8 47 %5 L, & 3 F
Mn Fl Fe A %f J& F i & AH 4T , B Mn/(Mn+Fe) kb
B AR RO T 2 52 MR, T Nb T a A X i 5 Joi it
225K, Ta/(Nb+Ta) {8 22 R AF7EBCR 1 % (1 5
R, FEHE S T P/ Ugs 5 Pb/* Uy s
M5 Ta/(Nb+Ta) B AH &M T #2, N 5 22 48
BHAR X JE A U-Ph I 4F 32 41 T 8 A %

2 HRAHERT U-Pb & 4 A7 7E [n] f

2.1 ID-TIMS U-PbE & & E /Y63

M E H 85 A CA-ID-TIMS &5 45 & U-Pb &
AR AR UE D7 1% B4R S I S RS B TP T 0.1 %,
FF 2 4 I kS B AT 38 0.05% (Mattinson, 20053
Schaltegger ez al.,2021). 5% 41 CA-ID-TIMS Jii £
FE L, HREH BT ID-TIMS U-Pb <& 4F 75 #F 5l 1 it Aiy
U 5E HEAT AL 22 3 1l (CCA) W Uk, 30 6 M b ok 2 50
Jo S A R A T K AL R A R
(Romer and Wright, 1992). A~ [d] B9 /2 , 85 1 6 %
R (900 “CAE A7 )R K HEAT B M40 0 i 5 2 )5 T
HEAT A 22 T 1l CCA) B 25 8 J5 £ 1) 52 i), i 48 400
BRAT A 5 Vs Dl O R AT SRR A, HAE 70 TC 4%
£ F A& W H 20% HF. 6 mol/L HCL #1 7 mol/L
HNO, & ¥l & % (Romer and Smeds, 1996).Smith ez
al.(2004) BT 1 & 45 v i 5 AN A T FE (4
2R LR LA AR )
A7 ID-TIMS U-Pb il 4F | 5% H 1 38 Ak 27 35 ol i 2
T VERE A, 25 3 R BB B AL ) ID-TIMS U-Pb 4
I B 2 BN A AR R ORI RIS 3F HOR
404 I B 7 T RN R (BD ™ Ph/* U 4 ik
b "Ph/*"Pb 4RI K ). X 2 T e U KIS KA «
WA HORAR T, IR T U-Pb A & 35 4 I
SEPhIER AT U X sk 24 0 5 458405 4 2 ol o
A A R T SR > A R 92 9 7 ok U AR R
T8 VEFE I R L 5% B 110 £ 2 R kA 5 T IX
¥ T 2 U-Pb 4 i H 80 A 385 R B8 42 (Smith ez al.,
2004) , AR T ID-TIMS U-Pb 5& 4E 4> BT 1Y K5 J¥
R Iz 1z (2023) A1) FH 5 GO0 Sr 2 6Tk TR S5 T AR
BRA 6 AL 5 U-Ph AF IS 3 R0 B 5L 6 A o6 58
Z . % (2020) 5% JH ID-TIMS il 52 7T 5 1 H X 1Y
BB RE A U-Pb A I, T 15 25 L 52 31 385 2k
BB, A R R R IR LT TR AS T T B

TEAR AR £k ID-TIMS U-Ph il 45 A o | £ %f
AN ) 35 76 20 B A 0 SR FH 48— Ak 27 i A B 3 R 1Y
G BEPEE AT IR AT 2 BN 58 & B (fo] 1 15
% ,2020;Qing et al., 2024) , H T I 00 W) 4k 1 i
[ 5 3% 2% 5% (U0 Nb/ Ta Fo B 28 1k 5 B0 A% B2 e MR
[G]), HL R R4 T R 2 B0 H st i 25 57 - 70 A ) 52 560 2%
T (HF & 5,220 CHIAW ), JesH 20 HE & A 1 a]
FE 3 d N AT SE AV R TR TR T 10 dABFEAE R
Bty X R A Bl ) 2 22 5 T e S BORE AR SR i
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Z , HE T 52 [R5 28 Eb AR I R A o R RORS %

BE AN B A8 B o i i Akt AR b, BRAT R
PR 43 i PR R A A T AN (] I T R 43 e R
e EAH N LB E . T Nb/Ta 5 U/Pb 76 5 i 1
KU TS EGIT NAEAEZER  RFI Nb/Ta b5
Py ] Be 2R R R U 0 RV B i T A A
LA AL 43 B 0% . 3X 28 S 800 HE Ak 4 T T B Nb/
TaX} U-Pb [F 7 F LA Y BT3E 48 42 & 2l f = 9 iy
fl2g el i 58 B AR AR M I AT AR I R 2 R R
ST Wi T A I B 1 A B ROR I R AL OR R
TR F T W 5 19 PR A T AL B 7 58, LS BUR
I7i] 353 G A8 BH 2R U-Pb R 28 1) = 2o 85 S5 4lifk .
2.2 X EALU-Pb il £E B K 2L R ) &3

B X DA U-Ph AR SRR 19 77 A 5 R AR
B0 1 2 2 ME % VA O AR AR R A 4 it T
51 :Fe-Mn Nb-Ta. WAHXT i+ i & & ,Fe(56) 5
Mn(55) # 22 R K, i Nb(93) F1 Ta(181) HI#H 22 T
T —f% Legros et al.(2019) 2% F] SIMS Fl ID-TIMS
X 3 76 B 43 A ) A R AR Bk (S SRk Ak
WA M) BT U-Pb 4R, 45 R
Mn/(Fe-+Mn) F 28 £6 %t STMS 3 R % R 52 i A
K, Ta/(Ta+Nb) HAE A8 Ak X SIMS J 14 &4 3 5%
Wi AR K . HE B 6 B R 5 C T3 gk 47 SIMS U-Pb il 4F
FHAZH CT1 MAMR AT ROE , i A3 4RI 5 1D-
TIMS & 8 4 W 75 152 22 70 [l N — 20 1 R JH A8 2k
Buranga A /MR #E1T AL IE , BT AR 4E I 5 ID-TIMS &
(B AT % AH EU D 22 13k 17 %0, 1 B AR ™ R ik i A7
7 S 1 SRR 0N, SR FH AR KA Dy B R ok A I BH 2k
W RE i T AR A5 HE B 0 AR A5 2R L BE Ak, Legros et

| B END(0.6~0.9)
0050 B INb#H(0.4~0.6)
W {ENb#(0.1~0.4)

0.046 -

mst/ZJXU

290 Ma

0.040 -

0.034

0.22 0.28 0.34 0.40 0.46
207Pb/ZSSI]

B #Ta#(0.6~0.9) b
0.041 1 m \1Taz(0.4~0.6)
W {KTa#(0.1~0.4
| W TaE ) ~250 Ma
£ 0.037
5
=
0.033
0.029 . L . L .
0.20 0.24 0.28 0.32

al.(2019) £ 45 1, (Pb/**U) qus/ "Pb/**U) 1 i
L (E 43 B % 3% 90 4> Ta/ (Nb+Ta) By L {8 5 3
2 M AR b, BDE DL Ak 0 Ol B R R OE B Bk T R
ai, W Nb | Ta 7 i 22 A K& 5 8UFE %
—ERE W E . WL, M E T R S AR R
Nb . Ta % JC B 53 AS [ B, SIMS U-Pb & 4F 17 £
1 I A RN L B K MR 0 A 45 5 Y o B R

iM% T 2% F LA-ICP-MS #1748 40 2 5 U-Pb
SE AR Ay M, 2 75 ity 76 B 43 A [ B At A7 7 SE AR RN 2
Yang ez al.(2024) 3 £ 5 38 28 K 11 3& 1L B8 L R
Li-Be-Nb-Ta #" JK i) 88 |H 2k 5™ #£ & JEQ-2, R
LA-MC-ICP-MS #47 7 AH WY . B X TEQ-2 4 5
) [a) — R AS [) X3 A7 0, DA R Bk A R
Coltan139 V£ R bR AT R IE , BB T = W 4F %, 24
250 Ma (& Nb# X 4 ) . 270 Ma ( H Nb# [X 45 ) Fll
290 Ma ( ik Nb# X 5 ) 5 17 DL #1247 b5 £ CT1AE
g A bR BE AT ARG OE , 3R 15 = AR I 29 8 210 Ma
(& Ta# X 38 ) . 230 Ma (¥ Ta# X 4 ) il 250 Ma
(/5 Taz X 3k) , & 17, B $ Nb#4R 3 Nb/
(Nb+Ta) . TatftF Ta/(Nb+Ta). ki, BA
Z AR o AR R Bk 5 38 AR AR Ak T AR
JeE WA W W, R RN Y A AR S TR 4R
B SRS b Nb Al Ta BB A £,
Ta & & AKEF, N & & W & Ta & & & 6, 3
Nb & & W A% . Kt , R JH Nb & & & 19 98 2k 0~
B BE Coltan139 4% 1E 75 Nb [X 8 £ 5 15 21 19 45 i
25 5 250 Ma, % Hl Ta & & & 09 4 2 5 b5 ¢
CT1 & IE [A] — #f & 19 &5 Ta X 3 38 75 48 0%
2y 250 Ma. X 6 B, X 3% 88 1 Bk 0 W] — o R AR

zn7ph/:35U

K1 #HEkT JEQ-2 LA-MC-ICP-MS U-Pb & 4F 45 it
Fig.1 LA-MC-ICP-MS U-Pb dating results of columbite-tantalite JEQ-2
a. R PR A5 B coltan139 1 N IE M s b. SR AR A5 bE CT 1R Ry A iE AR CBUE R U T Yang et al.,2024)
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Table 1 Statistics of the columbite-tantalite reference materials from references
_— FETR P& () (A LR A R (10°) : DTIMS »
) FeO MnO Nb,O. TaO, Mn# Ta% u Pb Jif i A (Ma) Z i
505.441.0"  Melcher ez al., 2015
Coltan139 14.14 6.45 62.58 12.67 047 0.11 13504227 103+15 728k B 506.6-2.4"  Melcher ez al., 2015
n 507.941.3° Yang et al., 2023
936+ 14" Dewaele ez al., 2011
Buranga 10.63 0.83 64.40 11.59  0.48 0.10 8015 12241 Afk JNHEEK )
905.2+3.2° Legros et al., 2019
Rongi  14.14 6.45 65.68 10.96 0.32 0.09 81423 16413 A8k JSEEIL 931.542.5"  Melcher ez al., 2015
OXF  10.79 10.16 69.71 8.12  0.49 0.07 479+£332  20+14 1% ESE| 262.8540.61'  Qing ez al., 2024
ZKW 588 12.67 50.80 29.95 0.69 0.27  205+168 6+5 Ak PEM)I 203.041.6° Yang et al., 2023
DDB  7.86 11.40 5851 20.74 0.60 0.18 515+130 16+3.3 7284k  sFEPI 202.0+1.0°  Yangetal., 2023
SN3  17.35 2.53 6545 10.38  0.13 0.09 58542249 36417 & HEILPE  404.0-1.3°  Xiangetal., 2023
HND  11.30 8.27 60.88 1853 0.43 0.15 3574139 7+3 e hEWIE 136.2420.9°  Xiang ez al., 2023
RL2 1040 6.91 34.81 47.18 040 045 486343 107  748fk  PEMIKE  135.720.3°  Xiangeral., 2023
NP2  10.50 6.54 42.70 38.10 0.38 0.51 257467 15+3 [ PEMEE 380.3+2.4"  Legrosetal., 2019
CC1716 1540 6.11 70.50 6.50  0.28 0.10 2684427 2646  78fk % 326.340.6"  Legros etal., 2019
A-1 2.87 14.30 27.70 54.60 0.83 0.70 2154309 1249 i PEME 198.3%=1.4"  Legrosezal., 2019
ISSIA2 646 9.72 1840 63.30 0.60 0.80  503+552 137+350  #&  BMFME  20024+32"  Legros etal., 2019
CT1 1457 0.84 7.08 7472 0.06 0.86 199412 7245 fik BRI 2046.8+1.1"  Legros etal., 2019
CT3 1435 094 6.25 7546 0.06 0.88  308%+16 11247 fil BRI 2053.241.3"  Legros etal., 2019
CT4 1480 0.62 751 7510 0.04 0.92 1768 65+4  A8fk BRI 2044+1.6"  Legroseral., 2019

(1) Mn#=Mn/(Fe+Mn) , Ta#=Ta/(Nb+Ta).(2)ID-TIMS U-Pb 4F it& £ I 52 5 = i 76 UL 4 , * & Bundesanstalt fir Geowis-
senschaften und Rohstoffe (BGR) ," & University of Toronto, & German Research Centre for Geosciences (GEZ) ,* Jy v [# #b 5t 4 # Ja) K

b J5 9 4% 0 ( Tianjin Center, China Geological Survey ) .

i #E 4T LA-ICP-MS U-Pb & 4 43 #7 , 1 B = 1)
AF iy 2 B S RIS OE AR FE Z 8] B Nb | Ta & & A
A r S 80 Nb ., Ta & & 19 22 5 & 7= 4 3k 8%
VAR NRT(TIS = 1 7 T R I

HE PR RGO A IE RO A9 O ek 2 R 5 AR
it 56 4 R DT E 1) A AR 2E AT R OE L X 3 0T 4y
B E ey, L EEA Z MR E 2Rk
Az KR A RS A2 2% (R RE i TR]— oz b b AF 7
Nb il Ta 7 f 22 5 K X 8 . 4 58 H R fij B8R I
H— 5 E A B LA bR R R AT R IE , AT R JC K
T b X5 25 A~ DI L A A B B A I R AR RN BE AT
AR, DT B i R 2 A b R 0 o Ak
I, 2k LA-ICP-MS #1748 81 £k 5~ U-Pb & 4F |, )i
SE R L T B DU FE A B Nb L Ta . Fe \Mn {H %
F AL 2E Y, AE X RE S B4 REAE A BN TR AN
T AL P R D4R Y XS, O % R DT D
19 b5 B (Nb | Ta J& 43 #2305 ) o #F 47 3 & 2% B A%
1E, 7 RE B 4 3K A5 5 Ok v B T R Y B AR 45 AR

23 WREFENRZMARES

BB &k 7 X R AL U-Pb 4E AR 2 R 58 B, R
FH R VT E AR B 2 4T A0 bs A IE X B30 80 e B M 2
O T MR O I A A O PR R O %
LA-ICP-MS LI E h R H k0 s e L B B =,
A bR AEATYAE AE JR 3 3 0T ME AN 2 TR) 5 O [m] S
55 = (8] AR v W) T Y 25 S AT fg T SOBCHE T L ME AN
5 QPR R E 44 0 L4 R & (40 Ta/Nb L {E
As Ak ) SR A 2 AR 43 DS BE A B oE 9 5, I R Ta i
JC AR E W) T AE LA-ICP-MS 52 K 28 b i o s Bl

St b 3 1) R, BIF R A i DX DA 00 AT R R A
ST AR UE AR A AT U R o B TR AR R U-Pb 4F
X272 43 W RS BE W% 0T 55 (Yang et al., 2023) . T 4F
K, Xiang ez al.(2023) i D) BIF ] A 325 38 45 48 2% 0
FRAEY) B SN3, H ID-TIMS lll 5 Y ““Pb/**U AL F
1 AE il (404.041.3) Ma (MSWD=2.2, n=17) ;
Qing et al.(2024) # — L H K& T R0 F5 FE OXF,
3 ID-TIMS 3K 15 ) U-Pb 3 F14E i 0 (262.85+
0.61)Ma(MSWD=0.15,2=6). |- iR # r kL1 0 &
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Fig.2 Quadrilateral diagram of the reported columbite-tantalite reference materials (modified after Qing ez al.,2024)

E— 2 W T P B R A R B AL U-Pb I 4R (4 5
BEAR &R R TG00 7 A0 Sk b 2 i iE m s T
Pe BB i X U-Pb 5 4F 730 7 B b A (B4 1 = 00
e, 22 MR LR AR R AR A AN TT 28 HL AT AR Y
3l By, U P & i b B A R R B AR
PREEATS B B = e A, 25 Al P8 BE Bk T B A A Y
filf £ B B4 P TR AE S T X, T R S 0 AR AR
f B A B = (I 2) . oRORWE 58 v, I 36 R o
e B 3 O b o RE B AT K A A, DLSE R AT
Py F Y K TR AL U-Ph 2 4F 43 B A D 3 35 o

3 4R B U-Pb 4E AR 2% 7 ik
JEE: BN

e e R L U i R0 8% B P R R
S 4y St A B A U-Phb E 4F 9 B 4R 4K 75 R
A A JE T i AR B R R OCHEAE .
Yuan ez al. (2022) % Fl LA-ICP-MS U-Pb 5 4F J5
e, X AR 08 B I R AR A 4 JE A A TR
0 BB BB W) T R &R S8 B, 4R 48 407 Ma (1) U-Pb
RS, iz X A 4 JE i S AR AR TR A
i 1A] A B . Wk T B 45 (2023) 1 i LA-HR-ICP-MS
e AR A2 b v Fi7 30 A6 5% 30 7R T A R AR T AL A
Ll DR = N R S N W VADSEI O AR [ 4
2.51~2.49 Ga W B0 4F % B 98 . 3% BUR N AU ST
TR E AR R K, B R T AEdl

$7 38 5 4 Bk H Aty & e ham L, 2 LA g R
20 KA BH BT A W BT . B Al A (2024) X
B RUHE B A VY B AR S AR A TR Ll A R4
TE IR & A7 5 8 S L AR R B ), R
JH LA-ICP-MS £ AR 43 5l 3k 15 (24.0£0.8) Ma #il
(23.840.5)Ma I i K B2 AF W B . 9 20 4F 08 7E %
ZEU RN 58 4 — B0, R KRR v RE L ) T — M
PR VR L B AR 4R BT 24~23 Ma.

PR LA U-Ph AE M B 45 & Ho ¥
BRALZFHRIE , BB IR A48 75 B A 4 )8 R o 2 S AR
R b, BT A g Ak T sl AR — 2 B B TR MR A R Y
R B v, AN [) & 47 (19 U-Pb 4F % 22 53 01 2 e
B AR i 2 B B Ak . an 9 SCHL AR (2023) 75 B¢
A6 4k 2% AR Ab LA 5 A5 A B LT IR v A 6 4R
B PN 5 A | 0T 2 A R AT L R U A R 2k
W R B R U R A R — O 3 A T R PN
SRR R R T AR R B
AR A ARG He A A A R A R Y PR Bk
Bw 8 T AR RIIZT KRG T T A KA
FE I I A2 AR BT 3 B2 . DL Coltan139 2 £ 1E
FrkE, SR ] LA-ICP-MS % 7 ] 48 41 2 o i 47
U-Pb 4 A 2= 0 % , 8 18 T (228.6+2.5) Ma #il
(229.844.9) Ma ¥ £ 7E 15 22 70 [ 8 — B0 4F 0% 45
ROIFRRMHB RN X s WA TREEZET
BB A B B DX A 114 AR R0 B N A R S )
22 (2023) K B = D PHE AR B A AR A
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WA A A PR R AR U-Pb 4R 07 WL WF 9% i T 2505

P AE TE T 0T AR BH Ak T —— L R e A K Y R Bk
G ] 52 AR 25 A 1 T R ARk R A kT, (e B
TR S RN T 015 AR B 4T U-Pb I 4F
RGP 1 IE Ay (22.340.3)Ma, 878 T
B DAL (25~14 Ma) % IR (AL B # R BA 4
BR R T ST BB AR (2023) T B b IX SR A A 4
R R & A b S ) AR R kT, A R 4R
R 34T T LA-ICP-MS U-Pb il 4 ( (206.3+
1.5)Ma) , A AR AR R AT df i 1 = AL s [a] 5 SCrp
IR e T8 W 300 ) BB R g AR AR SR A ST A5 SR T
FE T H A B R T T 1) U-Pb A (199.2+
1.5) Ma, % & 5 &b 25 T A 25 & 0% Bsf [) o] /)N R 55
(2024) 75 W 58 W VG e B B B B304 5 A b A B
KRR Y TS R TR B R AN R H HL R
WSS AR, 0 W7 Oy 2 A A2 SR T LA-ICP-
MS 4 #7 15 5] = 41 U-Pb 4F i#% (22 5% #5810 Ma) .

e BH BR 2 B AT 42 Jm AL B A AR AR a1
PRI 20 W), Ho W7 RR AR 5 N BB 4548 2 il A
N R N R AT S 0 S 3 B X a7/ ]
U L A8 5 A i A A KPR R G 2 B B Ak %
PIHH 5% Kaeter ez al.(2018) 38 33 X 6 A 4 )8 1 i A
W R AR R AT TR AN A B A 2 AT A R R A R
W HIE L DI T 34 By B ——28 3K 45 b Fn it Ak
By B A KSR A B B M B0 AR 2 i R R DT
E WY B, TE B R B 1 A b e R BB AR 3 B B
SFAE A HE N AF (2023) 7E 5 T i e T 6 U AR
Al U 3 A R SR AR R e R I A A
Xof 35— VA AT R A IR AR T U B
fIE BT 5 1) BBk R I AR e 0] & Ta Min 38 AR 1
PR FER W 2E 0 gE LA L, el RS o T e 22 IR
PR (19 U-Pb AE I8, S i JE 22 7 R LA™ Fsf A AN
PR 8 0 B AL ) 0% 38 D) 55 K, o %k >4 i 8 40 2k
U-Pb 7 4F 9 o B B UK 9% B 42 00 7 0 A 220K

4 Rk ES

He BBk 15 O B A < TR AE R e S AE R R e
W E 2R, LT e R AR S S T 4 2 (N
Ta . Fe Mn) 22 0 LHE 0] A 0R BR BT IR 6 9K — AR
ARG AL B R W) BT B P R L Bl
B et RV ARG 38 B 9 R AIE L 2 TR U-Pb & 4F 53 1Y
ARG, HARAC AP S0 i n WA s TR AE 1 o 5 4
i 3 e B8 R AIL T B AT R (L AT 2
AL S 2% AT AR G, veoH 2 0 A Te) A AR R R

Y AF 0% B R B E BT S 1R B A OC B TR B
VAR K, e B Bk BT U-Pb & 4R 35 R A6 07 VL 4 0F
5% 55 N FH ¥ JR 1 34 HAs o O A, H 37 AR Ak v
TCA T 2, A 8 AT B AR ATY T G 47 T G B2 [ B
IR A O B AL AE (1) Ak Ak 2= A A B AR DL
it e AR B 2R R i ID-TIMS & 4F 31 72 v 2 1] A 5%
AR TP (2) 2 G0V A B Bk o oG 41 4%
X LA-ICP-MS f SIMS f# X i 32 U-Ph I 4F 45 S 1)
FE AR RN 5 5 (3) Ky HE L T o T A A 25 R AR
AR A0 I A TE B RS DL 4R T AR BH Bk T AR RS T R
R AR M Y T v K A E R AT 22 B O B R
BRAT S 1 0 I A g3 A R AR A I OR S8
ROk Gl R R AR T U-Ph AR AR
SR R 2 B R BB 8 AR FR B AR A o AL L
DX A BR FE B i — 2 3R THZ T ) U-Pb & 4 19 45
HERE 5 AT SEVE A B T HESh A6 A 48 nlw 28 A8
Ay R s A 7 5 R B A 4 it E A AR AR AR
K AHELTFRERRBEEZTZERL!

References

Aldrich, L. T., Davis, G. L., Tilton, G. R., et al., 1956.
Radioactive Ages of Minerals from the Brown Derby
Mine and the Quartz Creek Granite near Gunnison, Col-
orado. Journal of Geophysical Research, 61(2): 215—
232. https://doi.org/10.1029/JZ061i002p00215

Bai, H. Y., Wang, H., Yan, Q. H., etal., 2022. Columbite-
Tantalite and Cassiterite Ages of Xuefengling Lithium
Deposit in West Kunlun, Xinjiang and Their Geological
Significancein. Acta Petrologica Sinica, 38(7): 2139—
2152 (in Chinese with English abstract).

Baumgartner, R., Romer, R. L., Moritz, R., et al., 2006.
Columbite - Tantalite - Bearing Granitic Pegmatites from
the Serido Belt, Northeastern Brazil: Genetic Con-
straints from U-Pb Dating and Pb Isotopes. The Canadi-
an  Mineralogist, 44(1): 69—86. https://doi. org/
10.2113/gscanmin.44.1.69

Cerny, P., Ercit, T. S., 1985. Some Recent Advances in
the Mineralogy and Geochemistry of Nb and Ta in
Rare-Element Granitic Pegmatites. Bulletin de Miner-
alogie, 108(3): 499—532. https://doi. org/10.3406/
bulmi.1985.7846

Che, X.D., Wang, R. C., Wu, F. Y., etal., 2019. Episod-
ic Nb-Ta Mineralisation in South China: Constraints
from In Situ LA-ICP-MS Columbite - Tantalite U-Pb
Dating. Ore Geology Reviews, 105: 71—85. https://
doi.org/10.1016/j.oregeorev.2018.11.023



2506 HIERRL2E  http://www.earth-science.net

5550 %

Che, X. D., Wu, F. Y., Wang, R. C., et al., 2015. In Situ
U -Pb Isotopic Dating of Columbite - Tantalite by LA -
ICP-MS. Ore Geology Reviews, 65: 979—989. https://
doi.org/10.1016/j.oregeorev.2014.07.008

Cui, Y. R., Yang, J., Tu, J. R., et al., 2024. Cassiterite
U-Pb Dating with LA-MC-ICP-MS of the Laozhailing
Cu-Sn Deposit, Yongzhou City, Hunan Province. Rock
and Mineral Analysis, 43(6): 880—891 (in Chinese with
English abstract).

Deng, X. D., Li, J. W., Zhao, X. F., et al., 2013. U-Pb
Isotope and Trace Element Analysis of Columbite-(Mn)
and Zircon by Laser Ablation ICP-MS: Implications for
Geochronology of Pegmatite and Associated Ore Depos-
its. Chemical Geology, 344: 1—11. https://doi. org/
10.1016/j.chemgeo.2013.02.014

Dewaele, S., Henjes-Kunst, F., Melcher, F., et al., 2011.
Late Neoproterozoic Overprinting of the Cassiterite and
Columbite-Tantalite Bearing Pegmatites of the Gatumba
Area, Rwanda (Central Africa). Jowrnal of African
Earth Sciences, 61(1): 10— 26. https://doi.org/10.1016/
j.jafrearsci.2011.04.004

Dickin, A. P., 1995. Radiogenic Isotope Geology. Cam-
bridge University Press, Cambridge, 101 —135.

Dill, H. G., Gerdes, A., Weber, B., 2007. Cu-Fe-U Phos-
phate Mineralization of the Hagendor{-Pleystein Pegma-
tite Province, Germany: With Special Reference to Laser-
Ablation Inductively -Coupled Plasma Mass Spectrome-
try (LA-ICP-MS) of Limonite-Cored Torbernite. Miner-
alogical Magazine, 71(4): 371—387. https://doi. org/
10.1180/minmag.2007.071.4.371

Fei, G. C., Menuge, J. F., Li, Y. Q., et al., 2020. Petro-
genesis of the Lijiagou Spodumene Pegmatites in
Songpan -Garze Fold Belt, West Sichuan, China: Evi-
dence from Geochemistry, Zircon, Cassiterite and
Coltan U-Pb Geochronology and Hf Isotopic Composi-
tions. Lithos, 364—365: 105555. https://doi. org/
10.1016/5.1ithos.2020.105555

Feng, Y. G., Liang, T., Linnen, R., etal., 2020. LA-ICP-
MS Dating of High-Uranium Columbite from No. 1 Peg-
matite at Dakalasu, the Chinese Altay Orogen: Assess-
ing Effect of Metamictization on Age Concordance. Lith-
os, 362—363: 105461. https://doi. org/10.1016/]. lith-
08.2020.105461

Feng, Y. G., Liang, T., Zhang, Z., et al., 2019. Columbite
U-Pb Geochronology of Kalu’ an Lithium Pegmatites in
Northern Xinjiang, China: Implications for Genesis and
Emplacement History of Rare-Element Pegmatites. Min-
erals, 9(8): 456. https://doi.org/10.3390/min9080456

Fu, J. G., Li, G. M., Guo, W. K., etal., 2023. Mineralogi-
cal Characteristics of Columbite Group Minerals and Its
Implications for Magmatic - Hydrothermal Transition in
the Gabo Lithium Deposit, Himalayan Metallogenic
Belt. Earth Science Frontiers, 30(5): 134—150 (in
Chinese with English abstract).

Glynn, S. M., Master, S., Wiedenbeck, M., et al., 2017.
The Proterozoic Choma-Kalomo Block, SE Zambia: Ex-
otic Terrane or a Reworked Segment of the Zimbabwe
Craton? Precambrian Research, 298: 421—438. https://
doi.org/10.1016/j.precamres.2017.06.020

Hao, Y. Y., 2023. Raman Spectroscopic Characteristics of
Columbite and the Implications for Columbite U-Pb Age
Concordance (Dissertation). Chang’ an University, Xi’
an (in Chinese with English abstract).

He, H. H., Arkin, T., Wang, D. H., et al., 2020. Mineral-
ogical Characteristics and TIMS U-Pb Dating of Tanta-
lite - (Mn) from the Bieyesamas Rare Metal Deposit,
Xinjiang. Rock and Mineral Analysis, 39(4): 609—619
(in Chinese with English abstract).

He, X. H., You, Y. Y., Ming, T. X., et al., 2024. Late
Cretaceous-Eocene Granitic Pegmatite Rare-Metal Min-
eralization Events in the Western Yunnan Province: Con-
straints from U-Pb Dating of Columbite, Monazite, and
Zircon. Acta Petrologica Sinica, 40(2): 510—538 (in
Chinese with English abstract).

Jiang, S. Y., Zhang, H. X., Liu, S. Q., et al., 2024. The
U-Pb Isotope Dating and Tracing Using Different Acces-
sory Minerals in Pegmatite: Problems and Application.
Acta Geologica Sinica, 98(5): 1573—1599 (in Chinese
with English abstract).

Kaeter, D., Barros, R., Menuge, J. F., et al., 2018. The
Magmatic - Hydrothermal Transition in Rare - Element
Pegmatites from Southeast Ireland: LA-ICP-MS Chemi-
cal Mapping of Muscovite and Columbite-Tantalite. Geo-
chimica et Cosmochimica Acta, 240: 98—130. https://
doi.org/10.1016/j.gca.2018.08.024

Kister, D., Romer, R. L., Tolessa, D., et al., 2009. The
Kenticha Rare - Element Pegmatite, Ethiopia: Internal
Differentiation, U-Pb Age and Ta Mineralization. Min-
eralium Deposita, 44(7): 723—750. https://doi. org/
10.1007/s00126-009-0240-8

Legros, H., Mercadier, J., Villeneuve, J., et al., 2019.
U-Pb Isotopic Dating of Columbite-Tantalite Minerals:
Development of Reference Materials and In Situ Applica-
tions by Ion Microprobe. Chemical Geology, 512: 69—
84. https://doi.org/10.1016/j.chemgeo.2019.03.001

Li, G.Z., Tu, J.R., Cui, Y. R., etal., 2024. Maintenance



57

RN AR U-PhARAC 2 ik i o ik 2507

and Breakdown Analysis of Neptune Mass Spectrometer
Plasma Source. North China Geology, 47(4): 98—105
(in Chinese with English abstract).

Li, H., Hong, T., Yang, Z. Q., et al., 2020. Comparative
Studying on Zircon, Cassiterite and Coltan U-Pb Dating
and “Ar/*Ar Dating of Muscovite Rare-Metal Granitic
Pegmatites: A Case Study of the Northern Tugeman
Lithium-Beryllium Deposit in the Middle of Altyn Tagh.
Acta Petrologica Sinica, 36(9): 2869—2892 (in Chinese
with English abstract).

Li, J. K., Li, P., Wang, D. H., et al., 2019. A Review of
Niobium and Tantalum Metallogenic Regularity in
China. Chinese Science Bulletin, 64(15): 1545— 1566 (in
Chinese).

Li, L. G., Wang, L. X., Zhu, Y. X., et al., 2023. Metallo-
genic Age and Process of Rare Metal -Bearing Pegma-
tites from the Northern Margin of Mufushan Complex,
South China. Earth Science, 48(9): 3221—3244 (in
Chinese with English abstract).

Li, X.J., 2023. Columbite-Group Minerals from the Pegma-
tite in the Lalong Pluton, Eastern Himalaya and the
Two-Staged Nb-Ta Mineralization. Geological Journal
of China Universities, 29(6): 847—2861 (in Chinese with
English abstract).

Liu, J. H., Wang, Q., Xu, C. B., et al., 2022. Geochro-
nology of the Chakabeishan Li-(Be) Rare-Element Peg-
matite, Zongwulong Orogenic Belt, Northwest China:
Constraints from Columbite-Tantalite U-Pb and Musco-
vite - Lepidolite “Ar/*Ar Dating. Ore Geology Re-
views, 146: 104930. https://doi.org/10.1016/j.oregeor-
ev.2022.104930

Liu, Z. C., Wu, F. Y., Guo, C. L., et al., 2011. Laser
In-Situ ICP-MS Determination of U-Pb Age in Xeno-
time. Chinese Science Bulletin, 56(33): 2772—2781 (in
Chinese).

Luo, T., Hu, Z. C., 2022. Recent Advances in U-Th-
Pb Dating of Accessory Minerals by Laser Ablation
Inductively Coupled Plasma Mass
Earth Science, 47(11): 4122—4144 (in Chinese with
English abstract).

Luo, T., Wang, H. L., Zhu, S. B., et al., 2025. Impacts of
Common Lead on Apatite U-Pb Geochronology by LLA-

Spectrometry.

ICP-MS: Assessment and Correction Strategies. Rock
and Mineral Analysis, 44(1): 51—62 (in Chinese with
English abstract).

Mao, Y. J., Shao, Y. J., Xiong, Y. Q., et al., 2021. Mag-
matic-Hydrothermal Metallogenic System in Nb-Ta-W -
Sn-Pb-Zn Dengfuxian Orefield, Eastern Hunan: Con-

straint from U-Pb Geochronology of Columbite-Tanta-
lite. Journal of Central South University (Science and
Technology), 52(9): 2959—2972 (in Chinese with
English abstract).

Mattinson, J. M., 2005. Zircon U -Pb Chemical Abrasion
(“CA-TIMS”) Method: Combined Annealing and Multi-
Step Partial Dissolution Analysis for Improved Precision
and Accuracy of Zircon Ages. Chemical Geology, 220
(1—2): 47—66. https://doi. org/10.1016/j. chem-
2e0.2005.03.011

Melcher, F., Graupner, T., Gabler, H. E., et al., 2015.
Tantalum-(Niobium-Tin) Mineralisation in African Peg-
matites and Rare Metal Granites: Constraints from Ta-
Nb Oxide Mineralogy, Geochemistry and U -Pb Geo-
chronology. Ore Geology Reviews, 64: 667—719.
https://doi.org/10.1016/j.0oregeorev.2013.09.003

Melleton, J., Gloaguen, E., Frei, D., etal., 2012. How are
the Emplacement of Rare-Element Pegmatites, Region-
al Metamorphism and Magmatism Interrelated in the
Moldanubian Domain of the Variscan Bohemian Massif,
Czech Republic? The Canadian Mineralogist, 50(6):
1751—1773. https://doi.org/10.3749/canmin.50.6.1751

Nie, X., Chen, L., Guo, X. Q., et al., 2023. Geochemical
Analysis of Apatite and Columbite - Group Minerals of
Berylcolumbite Pegmatites in Ningshan, Southern Qin-
ling Orogen, China. Earth Science Frontiers, 30(5):
115—133 (in Chinese with English abstract).

Qing, L. Y., Luo, T., Hu, Z. C., et al., 2024. OXF: A
New Natural Reference Material for Use in LA-ICP-MS
U -Pb Columbite - Tantalite Geochronology. Journal of
Analytical Atomic Spectrometry, 39(8): 2066—2077.
https://doi.org/10.1039/d4ja00195h

Rayner, N., Stern, R. A., Carr, S. D., 2005. Grain-
Scale Variations in Trace Element Composition of
Fluid-Altered Zircon, Acasta Gneiss Complex, North-
western Canada. Contributions to Mineralogy and Pe-
trology, 148(6): 721—734. https://doi. org/10.1007/
s00410-004-0633-8

Romer, R. L., Lehmann, B., 1995. U-Pb Columbite Age of
Neoproterozoic Ta-Nb Mineralization in Burundi. Eco-
nomic Geology, 90(8): 2303—2309. https://doi. org/
10.2113/gsecongeo.90.8.2303

Romer, R. L., Smeds, S. A., 1994. Implications of U-Pb
Ages of Columbite-Tantalites from Granitic Pegmatites
for the Palaeoproterozoic Accretion of 1.90—1.85 Ga
Magmatic Arcs to the Baltic Shield. Precambrian Re-
search, 67(1—2): 141—158. https://doi. org/10.1016/
0301-9268(94)90008-6



2508 HIERRL2E  http://www.earth-science.net

5550 %

Romer, R. L., Smeds, S. A., 1996. U-Pb Columbite Ages
of Pegmatites from Sveconorwegian Terranes in South-
western Sweden. Precambrian Research, 76(1—2): 15—
30. https://doi.org/10.1016/0301-9268(95)00023-2

Romer, R. L., Smeds, S. A., 1997. U-Pb Columbite Chro-
nology of Post-Kinematic Palaeoproterozoic Pegmatites
in Sweden. Precambrian Research, 82(1—2): 85—99.
https://doi.org/10.1016/S0301-9268(96)00050-2

Romer, R. L., Wright, J. E., 1992. U-Pb Dating of Co~-
lumbites: A Geochronologic Tool to Date Magma-
tism and Ore Deposits. Geochimica et Cosmochimica
Acta, 56(5): 2137—2142. https://doi. org/10.1016/
0016-7037(92)90337-1

Ryznar, J., Prsek, J., Wlodek, A., et al., 2023. Mineralogy
and Chemistry of Columbite - Tantalite from Bugarura -
Kuluti Area, Karagwe-Ankole Belt, Rwanda: Indicators
of Pegmatite and Granite Evolution. Ore Geology Re-
views, 159: 105574. https://doi.org/10.1016/j.oregeor-
ev.2023.105574

Schaltegger, U., Ovtcharova, M., Gaynor, S. P., et al.,
2021. Long-Term Repeatability and Interlaboratory Re-
producibility of High-Precision ID-TIMS U-Pb Geochro-
nology. Journal of Analytical Atomic Spectrometry, 36
(7): 1466 —1477. https://doi.org/10.1039/d1ja00116g

Smith, S. R., Foster, G. L., Romer, R. L., et al., 2004.
U-Pb Columbite-Tantalite Chronology of Rare-Element
Pegmatites Using TIMS and Laser Ablation - Multi
Collector-ICP-MS. Contributions to Mineralogy and Pe-
trology, 147(5): 549—564. https://doi. org/10.1007/
s00410-003-0538-y

Sun, W. L., Zhao, Z. D., Mo, X. X., et al., 2023. Geo-
chemistry and Geochronology of Columbite - Tantalite
Group Minerals from the Chakabeishan Pegmatite-Type
Li-Be Deposit, North Qaidam Tectonic Belt. Acza Pet-
rologica Sinica, 39(11): 3417—3433 (in Chinese with
English abstract).

Tan, D. B., Li, D. Y., Xiao, Y. L., 2018. Geochemical
Characteristics of Niobium and Tantalum: A Review of
Twin Elements. Earth Science, 43(1): 317—332 (in
Chinese with English abstract).

Tang, Y., Zhao, J. Y., Zhang, H., et al., 2017. Precise Co-
lumbite - (Fe) and Zircon U-Pb Dating of the Nanping
No. 31 Pegmatite Vein in Northeastern Cathaysia
Block, SE China. Ore Geology Reviews, 83: 300—311.
https://doi.org/10.1016/j.oregeorev.2016.10.040

Tu, J. R., Zhou, H. Y., Cui, Y. R., et al., 2024. A High-
Precision ID - TIMS U -Pb Dating Method of Apatite.
Rock and Mineral Analysis, 43(4): 533—545 (in

Chinese with English abstract).

Wang, D. H., 2019. Study on Critical Mineral Resources:
Significance of Research, Determination of Types, At-
tributes of Resources, Progress of Prospecting, Prob-
lems of Utilization, and Direction of Exploitation. Acta
Geologica Sinica, 93(6): 1189—1209 (in Chinese with
English abstract).

Wang, H., Gao, H., Wang, S. M., et al., 2022. Zircon and
Columbite-Tantalite U-Pb Geochronology of Li-Be Rare
Metal Pegmatite and Its Geological Significance in Muji
Area, West Kunlun, China. Acta Petrologica Sinica, 38
(7): 1937—1951 (in Chinese with English abstract).

Wang, J.R., Lyu, Z. H., Lyu, X. B., etal., 2020. LA-ICP-
MS U-Pb Age of Columbite from the Daping Granite
Porphyry - Type Rare Metal Deposit in Fujian Province
and Its Geological Significance. Bulletin of Mineralogy,
Petrology and Geochemistry, 39(3): 637—645 (in
Chinese with English abstract).

Wang, Q., Hou, K. J., Zou, T. R., 2019. Isotopic Dating
Method Suitable for Rare-Metal Deposits and Its Appli-
cation. Acta Geologica Sinica, 93(6): 1523—1532 (in
Chinese with English abstract).

Wang, R. C., Che, X. D., Wu, B., et al., 2020. Critical
Mineral Resources of Nb, Ta, Zr, and Hf in China. Chi-
nese Science Bulletin, 65(33): 3763— 3777 (in Chinese).

Wang, W., Hou, K. J., Wang, D. H., et al., 2020. Colum-
bite - Tantalite U-Pb Dating of Yanshanian Rare Metal
Mineralization in Western Sichuan. Geology in China,
47(3): 890—2891 (in Chinese with English abstract).

Wu, B. W., Sun, S. L., Zhang, J., et al., 2024. In-Situ U-
Pb Dating, Hf Isotope Analyses of Zircons, and Geo-
chemical Characteristics in the Volcanic Rocks of the
Tiaojishan Formation in the Jinyang Basin, Western Lia-
oning Province. North China Geology, 47(4): 37—46
(in Chinese with English abstract).

Xiang, L., 2020. Neoproterozoic Tin - Niobium - Tantalum
Metallogenesis in the Western Part of Jiangnan Orogen
(Dissertation). Nanjing University, Nanjing (in Chinese
with English abstract).

Xiang, L., Wang, R. C., Romer, R. L., et al., 2020. Neo-
proterozoic Nb-Ta-W -Sn Bearing Tourmaline Leuco-
granite in the Western Part of Jiangnan Orogen: Implica-
tions for Episodic Mineralization in South China. Lithos,
360—361: 105450. https://doi. org/10.1016/j. lith-
0s.2020.105450

Xiang, L., Wang, R. C., Romer, R. L., et al., 2023. Co-
lumbite SN3: A New Potential Reference Material for
U-Pb Dating by LA-ICP-MS. Geostandards and Geoan-



57

WA A A PR R AR U-Pb 4R 07 WL WF 9% i T 2509

alytical Research, 47(3): 609—628. https://doi. org/
10.1111/ggr.12500

Xie, L., Wang, R. C., Che, X. D., et al., 2016. Tracking
Magmatic and Hydrothermal Nb-Ta-W -Sn Fraction-
ation Using Mineral Textures and Composition: A Case
Study from the Late Cretaceous Jiepailing Ore District in
the Nanling Range in South China. Ore Geology Re-
views, 78: 300—321. https://doi.org/10.1016/].oregeo-
rev.2016.04.003

Xiong, X., Li, J. K., Wang, D. H., etal., 2021. Mineralogi-
cal Characteristics of Columbite-Tantalite Group Miner-
als in Zhawulong Granitic Pegmatite - Type Rare Metal
Deposit of Western Sichuan and Their Geological Impli-
cations. Mineral Deposits, 40(4): 693—705 (in Chinese
with English abstract).

Yan, Q. H., Qiu, Z. W., Wang, H., et al., 2018. Age of
the Dahongliutan Rare Metal Pegmatite Deposit, West
Kunlun, Xinjiang (NW China): Constraints from LA -
ICP-MS U-Pb Dating of Columbite-(Fe) and Cassiterite.
Ore Geology Reviews, 100: 561—573. https://doi.org/
10.1016/j.oregeorev.2016.11.010

Yang, H., Wang, W., Liu, J. H., 2017. Zircon U-Pb Dat-
ing and Its Geological Significance of Granitic Pegma-
tites from the Kuandian and Sanjiazi Area in Eastern Lia-
oning Province. Acta Petrologica Sinica, 33(9): 2675—
2688 (in Chinese with English abstract).

Yang, M., Yang, Y. H., Romer, R. L., et al., 2023. Char-
acterization of Reference Materials for In Situ U-Pb Dat-
ing of Columbite Group Minerals by LA-ICP-MS. Jour-
nal of Analytical Atomic Spectrometry, 38(9): 1816—
1829. https://doi.org/10.1039/d3ja00162h

Yang, S., Zhang, L. L., Wang, R., et al., 2024. Applica-
tion of High-Resolution Laser Multi Collector ICP-MS
U-Pb Dating to Columbite-Group Minerals with Compo-
sitional Zonation: Reassessment of Matrix Effects among
Columbite-Group Minerals. Journal of Analytical Atom-
ic Spectrometry, 39(10): 2421—2432. https://doi. org/
10.1039/d4ja00201f

Yao, Y. Z., Li, L. X., Fu, J. F., et al., 2023. Geo-
chronological Constraints on Early Precambrian Gra-
nitic Pegmatite Type Nb-Ta Mineralization of the Li-
jiapuzi Deposit in North China Craton. Geological
Bulletin of China, 42(6): 1047—1049 (in Chinese
with English abstract).

Yuan, F., Jiang, S. Y., Wang, C. L., et al., 2022. U-
Pb Geochronology of Columbite-Group Mineral, Cas-
siterite, and Zircon and Hf Isotopes for Devonian

Rare -Metal Pegmatite in the Nanyangshan Deposit,

North Qinling Orogenic Belt, China. Ore Geology
Reviews, 140: 104634. https://doi.org/10.1016/j. ore-
georev.2021.104634

Zhai, M. G., Wu, F. Y., Hu, R. Z., et al., 2019. Critical
Metal Mineral Resources: Current Research Status and
Scientific Issues. Bulletin of National Natural Science
Foundation of China, 33(2): 106—111 (in Chinese with
English abstract).

Zhao, L. H., Sun, D. Y., Hu, M. Y., et al., 2024. Si-
multaneous Determination of U-Pb Age and Trace El-
ements of Zircon by Laser Ablation Sector Field In-
ductively Coupled Plasma-Mass Spectrometry. Rock
and Mineral Analysis, 43(1): 47—62 (in Chinese with
English abstract).

Zhao, Z., Yang, X. Y., Lu, S. M., etal., 2021. Genesis of
Late Cretaceous Granite and Its Related Nb-Ta-W Min-
eralization in Shangbao, Nanling Range: Insights from
Geochemistry of Whole-Rock and Nb-Ta Minerals. Ore

103975.  https://doi. org/
10.1016/j.oregeorev.2020.103975

Zheng, Y. Y., Chen, X., Gao, S. B., et al., 2024. Discov-

Geology Reviews, 131:

ery and Prospecting Significance of Zhaguopu Li-Nb-Ta
Deposit in the Western Himalayan Metallogenic Belt.
Earth Science, 49(4): 1555—1564 (in Chinese with
English abstract).

Zhou, Q. F., Qin, K. Z., Tang, D. M., et al., 2018. LA~
ICP-MS U-Pb Zircon, Columbite - Tantalite and *Ar
-*Ar Muscovite Age Constraints for the Rare-Element
Pegmatite Dykes in the Altai Orogenic Belt, NW China.
Geological Magazine, 155(3): 707—728. https://doi.
org/10.1017/S0016756816001096

Zhu, Z. Y., 2018. Mineralogy Study of Rare - Metal
Granites in South China: Case Study of Huangshan
and Songshugang Granite, Jiangxi Province (Disserta-
tion). Nanjing University, Nanjing (in Chinese with

English abstract).

W X5 % Tk

FEERT, T, EIRER, 4, 2022, FrE o RO T RS T R
PR T B A AR b T B S e A 2R R, 38(7):
2139—2152.

HESE, BB, WK, 5, 2024, W B A 2 FEW 4 8 0 IR
B4 LA-MC-ICP-MS U-Pb € 4EWF5E . A5 L, 43
(6): 880—891.

YRR, 22006, SRAGRE, 25, 2023, B Iy i s 45 1 ) £
IR B W) 4 R AE B X 2 3K AR R A .
SEHTZ, 30(5): 134— 150.

ORI, 2023, PR AH R 2 035 FE AR S H X U-Ph 4F % #



2510 HIERRL2E  http://www.earth-science.net

5550 %

FER (46 78 (25 00 S0) . W48 K&K

G, IR - kRPN, B LT, 45, 2020, 37 5 540 %R
Wr ™ X AE AR 0 (00 4 22 R A B TIMS U-Ph g 4E . &
WK, 39(4): 609—619.

f[/NGE, We P oG, WIER2E, %5, 2024, JE V4 G 19 2 T4 39 1t
AL =1 A TR A 4 Jm R SR ok B R ke s
A8 A U-Ph AR 2 2ok 5 a2 4, 402):
510—538.

P aki A, XL S 2024 46 A T ORI R O A U-
Pb [R5 28 5 4F F1 7 g 1) ) 180 55 107 R . e I 2 44, 98(5):
1573—1599.

ZEE Y, WREN, A ER, %, 2024, NEPTUNE B i 42
BT RR A b S SRR BT AR AL M T, 47(4):
98— 105.

Zf, WG, B4, &, 2020, B A 4B AL B4R AR B A
B a5 R T U-Pb M = B CAr/% Ar I AF X L BF
E PABI IR 4 vp Bt o 2 b B BE R IR A B . A A
i, 36(9): 2869—2892.

Zeglt e AN, TOBLr, 45, 2019, TR E BT R M . A}
2l AR, 64(15): 1545—1566.

RS, EEI, KRB, 5, 2023 EE R R INILE SR A
& 0@ R E R AR R R L MR R, 48(9):
3221—3244.

EIE, 2023, 8 T RUHE AR L R A A s P R SR Ak i
W R A B T 31 B8 B VR e A5 b B 2 4, 29(6):
847—861.

XIAEH, RARoC, SAW, %, 2011, $E4Z 0 U-Pb4E I 0%
JE A ICP-MS € . BF 7l 4z, 56(33): 2772—2781.
B, IR, 2022, PO Rk R A AR BT A B R
¥ U-Th-Pb & 4 3 iF & . Bk B 2%, 47(11):

4122—4144.

B, EEAK, R, %, 2025, A X LA-ICP-MS #
JRAT U-Ph i 45 25 B0 52 0 B T J5 vk . A i, 44
(1): 51—62.

EEA, BEIIE, feprll, %, 2021, HI4 X FAll Nb-Ta-W-
Sn-Pb-Zn 7 3K HORL" FR Gt: HRAH R BT U-Ph AR 2% 4
B R R 2R (H AR B RR), 52(9): 2959—2972.

LU MRS, IR, 4 2023, 7 4204 P BT B b X G A
AR B A T KA AR S T 1
MR AL 2 B9 . b2 HT 2%, 30(5): 115—133.

AL, BAERS, mE S, 4, 2023, SeAb g RIS A
RYHL B R B A AR AR 2 S bR A2 L A A A
39(11): 3417—3433.

R, 2K, M Ak, 2018, “AE AR T AR - ALK H Bk £k

2ERE R FUE ST B . MR B 2%, 43(1): 317—332.

WRIM, e, d R, &, 2024, B K A7 ID-TIMS /& K
JE U-Pb B4 Jrik . AW Mk, 43(4): 533—545.

EABLL, 2019, R BB B X R E B R M
ok J AF A n) B R A2 B0 L M T AR 93(6):
1189—1209.

T, w5, TS, 4, 2022, BTG R G H X A0 Bl
4B A B A R T U-Ph AR R 2% (HITF 1 &
2R B FEH T R S A AR, 38(7): 1937—1951.

ERR A, BIEAL, B, S 2020, K6 g PR AR B BE A
&R RAPED LA-ICP-MS U-Ph & 4F K HoHh Ji &
ST A A R AR S E AR L 39(3): 637 —645.

TAl, AT, AR R, 2019, 3& & FH AT & |6 K A4 [7 137
FOEAETTIE RSO . AR L 93(6): 1523 —1532.

TR, FIRAR, BB, 4%, 2020. fp [E PR EA VR L B2
4, 65(33): 3763—3777.

Ef, AR, EARL, S 2020, )1 PG LR A 4 )8 e
BRA™ U-Pb 4Rl 4l 18 . [ b BT, 47(3): 890—891.
SN, PhSEEE kA, A, 2024, AT VY S E AL R N K
LA B £ U-Ph AR IS CHIT RIS 28 40 B B A M BR 124

fIE . ARt T, 47(4): 37—46.

] B, 2020. YL & Ll V8 208 oo ot A8 98 40 s 4 1 (1
F 2R S0) . B AR

B, 2R, T84, 4, 2021, I PYHL 13 Je 48 AR S s
A 4 B0 R PR B0 R T e 0 R A B L S0 T R
Ji, 40(4): 693—705.

e, TA6, XV, 2017, 10 78 5 fa) F = 5 1 b X 4K b4 £
fl A 4 A U-Ph AR A% B B3 S 5 A =4, 33
(9): 2675—2688.

W E M, AT 0, APER, 2 2023 HRAL TR L T AR R
T LT FE R 20 TR B TR B R I AR I TE A L
Jid i, 42(6): 1047 —1049.

FRUE, R4, S, 2, 2019, MEREPE G 48 T
P PR G R R E R R4 33(2): 106—111.
A, ANV, TR A, 4R, 2024, BOBRbh- Y fE 0
TR B 45 B T R TS 1k R) S0 A2 B 47 U-Ph 4R % A i

WICE &R A ML, 43(1): 47—62.

AN, MR, @i, 4, 2024, 2 D ko 45 o5 B R
W AR A K 1 & B B LR T R S MR B AR 49(4):
1555— 1564.

PR, 2018, R A 4 R AL K AT IS LT
VG A AR B A B Ll AR B A S ) 2 08 ) L R
RN



