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Abstract: This study focuses on the carbonatite-type Nb-REE deposit as a case study. Using the scanning electron
microscopy-energy dispersive spectroscopy (SEM-EDS)-based TESCAN Integrated Mineral Analyzer (TIMA) system, we
conducted detailed mineralogical characterization of calcite carbonatite and ankerite carbonatite Nb ores. The results
demonstrate that: Calcite carbonatite is predominantly composed of calcite (73.71%) and apatite (21.25%), with Nb-

bearing minerals represented mainly by columbite (0.53%) and REE minerals by monazite (0.41%); Ankerite carbonatite
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consists primarily of ankerite (46.31%) and calcite (23.22%), with REE minerals including bastndsite (1.96%) and
monazite (1.55%). The TIMA system effectively identified trace minerals with concentrations as low as 0.02% (e.g.,
sphalerite) and visualized their distribution through false color mapping. The system can also calculate the effective whole-
rock elemental composition based on mineral constituents and their proportions, enabling rapid acquisition of critical ore
quality parameters such as grade and elemental distribution patterns. Element occurrence analysis revealed that in calcite
carbonatite, 78.14% of Nb is hosted in columbite, while REEs (Ce, La, etc.) are predominantly concentrated in monazite.
In ankerite carbonatite, REEs are mainly distributed in bastnisite (42.14%) and monazite (30.38%). Grain size statistics
show that columbite exhibits relatively coarse grains (56.33-166.02 um), whereas monazite displays finer grains (11.1-
42.68 um). Columbite mainly intergrows with calcite and apatite, while REE minerals show more complex paragenetic
relationships with ankerite and quartz. These findings demonstrate that compared with conventional methods, TIMA
shows significant advantages in trace mineral identification, quantitative analysis of element occurrence, and multi-
parameter correlation analysis. This technique provides an efficient and reliable approach for the fine characterization of
carbonatite-type Nb-REE deposits, offering important implications for both ore genesis studies and comprehensive
resource utilization.

Keywords: TIMA; niobium-rare earth deposit; mineralogical characterization; element occurrence
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Fig. 9. The size characteristics for grains of bastnisite (a-c) and monazite (d-f) in the ankerite carbonatite
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Fig. 10. Histograms for the size distribution of grains of bastnésite and monazite in the ankerite carbonatite-type ore (abscissa:

pum)
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Fig. 11. Statistics for the paragenetic relationships of bastnésite (a) and monazite (b) with other minerals in the ankerite

carbonatite-type ore

B HREE (EPMA) FIBEOERI T B RS & 56 & TR BT (LA-ICP-MS)  H RS2 it =4 2 5 P ik
AYANHT, ARG T B i 5 A IR AT 40 BT 0 40 B0k, Mk DA S IR 4 2 R T6 S AE AN [F 0 AH v (IR A IR 2
Giit. XLt (XRF) FICP-MS %A E WM MNAGR e R B &, kX 3 e REA R i
I43HC . TIMA HAEL 4 G0 Ve &8 SRS T 4R, oT BEHH o RIE S 20 IR A7 H
BI073, g, AHEFE T R A TR IR A P 78.14% I Nb IR 77 T 4R ™ (E2b), kA = AR A+
42.14% ) Ce A7 T 3B (K 8b) o X Le i AVEAS A A Yl R R PE - (i e R gkl 32 B4R 4%
) R ICRITRE & SRR T R IR Y .

FRGURLEE S T 510 CUNTRibTIE)  HME LOKERLEE 73 A 5 B M Fh AO0EE,  TH )35 A 0% R S
NTGETHHF P oG R, AUFERT 28 /7, EWMEHATE. TIMA FoR B8 F25 3K Y 2 4: 5 &
B, BIEEERE G EA AR, B4 RES R (8 £ 2516 T 56.33~166.02
um, [E52) KHRILAER R GBI 5 77 AR R 32.3%, Elea). XUESHCE BT
FORA I R E R, I BB I E R PR S8 X T2 5 o3k 8 ) (s - P B 4 L A2 56 Rl
REMGER MERE, 151D, e mRUEr iR e 2508

TIMA 55 H S P AT b R AR, (BAFER IR Blln, 3 DL X 24k 2% 2 B A
AT TN TS TR RS (EDSHF >0.1%), LiElEMmEcE AREEER; Ik
BN e R eE (Hy Hew Liv Be%), (XAG@ A4 B, £xx s/, nh@d A TeANS
K5 58 By $dlE (W EPMA. LA-ICP-MS 45 ) {14k TIMA 4» 254k R 4 i 5. ik, #
TIMA 5L G 8 ARECH, e KIETHE 260 Wk R XRS5 . k4, SENEFEHRN
BPMA R 4ifHLL, TIMA ¥[F]2F BSE+EDS 1% s {34 KA TH R IE & 0 50k, £ 2 S 80e &Rk
T EA S BPMA W& %6 BSE BUE 70AH,  FEXTAS [ AHEAT =0k B2 EDS H0s R4+ UL AC fe 1%
KO BRI, ERG RN 43 B BCR & T2 W S HER IO THAREL AR 3P0, szl v A Hh ml i 4
P SRR E b 2 9 18 P B



12 VI // = S

g ERT AT LE H, TIMA ST Y H 3 E &9 RS R PUd R BUK & 5 H R Sk 2 e
Vs, RN AR IR A B A R B A CBESREATIRI RRIE . R . B
VEVEN S n R R IR ) 3% . H 2 JEE0 O N JG B m ks 5 A 40 it (W EPMAL LA-(MC)-
ICP-MS. SIMS. FIB-TEM. AFM%5) $&AOLICEER H AR YR S5 #1E B o

S K-

[1] RILH, BRJ7 K BT FE B 10 R S LAE AP R R g R[], iR AR, 2005(6): 36-40.

[2] fEICHE. SRS ORI EORM]. K3 ARALITE R H ikt 2011: 1-388.

[31 AR/ S U RE G SR B R AR R AT BOR [M. Bt A2 0ol i A, 2020.

[4]  odh, WL, AGHE, 55 I PIHST X &0 T 205 KRS D] 7 GRROET #2), 2022(5): 1-7, 15,

[51 Uk, M#i, TR, 55 . TIMA MRAEOARLE A 2= S8R PREE T 20 P2 R [T]. 5798 FE, 2021, 41(6): 65-68.

[61 W/hEE, MO, TZ k) WAL EE ). A OS8R AETHE4D), 2020(4): 13-16+33.

[71 AN, BOARK, 3, 45 2 TRl T R B 3 B BoR—BPMA LR AT S []. A (BB GEH#673), 2021(2): 12-23.

[8] Ffif, Rod, M, 55 . 0B 302 &0 KGR E A R B R A A BT ST R R - BABE e 28 ] A 7] TIMA D9 I[J]. A PRI, 2021,
40(2): 345-368.

[91 W . $ 4 LB A AE RS O B ST 20 BrBoR M. dbst: B Db A, 2015: 1-400.

[10] FAR¥, B, £3 . MLA ERIAEIRETT 5T 1R H 1], 5738, 2015, 24(1): 77-80.

[11] RN, G, AR, 5. 0 PRAE A 358 150 B R GUAMICS) B ARLER LR % 52 s R 3], I, 2018, 37(2): 121-129.

[12] B, Jr8 i, 455, &6 . T2 W50 S HEoR SR 0] 0 =/ SR H, 2018, 38(3): 49-54.

[13] Xu C, Kynicky J, Song W L, et al. Cold deep subduction recorded by remnants of a Paleoproterozoic carbonated slab[J]. Nature Communications,
2018, 9: 2790.

[14] Breiter K, Duridova J, Hrstka T, et al. Assessment of magmatic vs. metasomatic processes in rare-metal granites: A case study of the Cinovec/
Zinnwald Sn-W-Li deposit, Central Europe[J]. Lithos, 2017, 292: 198-217.

[15] Slavik L, Valenzuela-Rios J I, Hladil J, et al. Warming or cooling in the Pragian? Sedimentary record and petrophysical logs across the Lochkovian-
Pragian boundary in the Spanish Central Pyrenees[J]. Palacogeography, Palacoclimatology, Palacoecology, 2016, 449: 300-320.

[16] FKER, MRNAE, 56 KIS, 55 . A3 920 M HoR7E S8 /R 2 07 G b o LA 07 0 26 e AR S BF 78 o O 2 (0], 2 B, 2021, 40(1):
61-73.

[17] Liu T T, Song W L, Kynicky J, et al. Automated quantitative characterization REE ore mineralogy from the giant Bayan Obo deposit, Inner
Mongolia, China[J]. Minerals, 2022, 12(4): 426.

[18] Aylmore M G, Merigot K, Quadir Z, et al. Applications of advanced analytical and mass spectrometry techniques to the characterisation of
micaceous lithium-bearing ores[J]. Minerals Engineering, 2018, 116: 182-195.

[19] Breiter K, Badanina E, DuriSové J, et al. Chemistry of quartz - A new insight into the origin of the Orlovka Ta-Li deposit, Eastern Transbaikalia,
Russia[J]. Lithos, 2019, 348: 105206.

[20] wiflfh, X, ¥¥E75, 55 . MLA 56 R E T 20 Y20 50 b (R ART EG[I]. Bk AR, 2018, 16(4): 39-40.

[21] XUHEEE, K3, WG 2, 55 . ZFREA L &80 INRATRME & IRAR RS DA, A1, 2018, 37(4): 404-410.

[22] &IF, EEMZ, 157, 55 AMICS SR EARFEHEA rh BRI — AVHESES N BI[T]. A t 8 R GERH643), 2021(3): 1-7.

[23] Hrstka T, Gottlieb P, Skala R, et al. Automated mineralogy and petrology-applications of TESCAN integrated mineral analyzer (TIMA)[J]. Journal
of Geosciences, 2018: 47-63.

[24] Xue SN, Song W L, Guo Z, et al. Mineralogy and provenance of the Chang’e-6 shoveled lunar samples[J]. Lithos, 2025, 516/517: 108265.

[25] Chen Q, Song W L, Wang Z C, et al. Automated fast and quantitative mineralogical characterization of Chang’e-5 lunar soils. Atomic Spectroscopy,
2024, 45(5): 381-390.

[26] SIARNK, AR, BT, 25, T2 95 A 3R 248 BPMA [T KRS H 1], 45 @A & 357, 2017, 38(4): 1-12, 16.

[27] A5k, T35, TORRK, 55 . — R BVED R AR AR IR IRAS SO s T 2 s I]. B 7= 5 5 R, 2022, 42(1): 123-128.

[28] AL, MK, REHE, 4% . BPMA TESLAR A AL e 400 L Z0 P2t se i S (). 7 7= 43 A R, 2021, 42(5): 129-134.

[29] i, BORRK, AF5, 55 . BPMA XS SR & K201 B[], b EG 1L TAE, 2024, 53(3): 80-84.



