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1 — ( He Bin et al. , 2007;
Xu Yigang et al. , 2008;Dai Shifeng et al., 2008, 2010; , 2016 , 2019)
Fig 1 Tectonic position of the Xuanwei-Weining area and spatial distribution of the Xuanwei Formation and Emeishan
basalt (modified after He Bin et al. , 2007; Xu Yigang et al. , 2008; Dai Shifeng et al. , 2008, 2010;
Zhao Lixin, 2016 ;Du Shengjiang et al. , 2019)

(a)— 5 (b)— ; (o)— ;5 (d)— 5 1~5— : 1—>50 m;2—0~50 m;3—
—50~0 m;4—<—200 m;5——200~50 m;6— 37— 38— 59— ;10— ;11—
12— 13— 14— 15— A6 17— 518

(a)—tectonic location of the study area; (b)—spatial distribution of the Emeishan basalt; (c¢)—geological map of study area; (d)—profile of mineralized
layers; 1~5—altitude; 1—>>50 m; 2—0~50 m; 3——50~0 m; 4—<C—200 m; 5——200~50 m; 6—reef; 7—coal; 8—outcrop of the Emeishan
basalts; 9—outcrop of the Xuanwei Formation; 10—section and number; 11—zoning lines of the basalts; 12—niobium deposit; 13—basalt located at the

bottom of the niobium deposit; 14—tuff; 15—claystone;16—limestone;17—fault; 18—unconformity

¢ 1b). 2007 C  1b), ELIP
s (ELIP), ,
ELIP . (He Bin et al. , (Dai Shifeng et al., 2010), —

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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( Yo 2y, (Wang N .
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(China Coal Geology Bureau, 1996), “ 7 ( , 1994;

2 —

(

Dai Shifeng et al., 2008, 2010; , 2016 )

Fig. 2 Stratigraphic distribution of ore-hosting stratigraphic unit of the niobium deposit in the Xuanwei-Weining area

(modified after Dai Shifeng et al. , 2008, 2010; Zhao Lixin, 2016)
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,1996)0 “ ”, 160 }Lg/g «“ ”o
2 b
21 ( ) —> (
211 ( ) )—> ( ), 84
¢ 3a), .
) C lec, D, N
- ° ) ( 3b’\’C>9
Nb,Os; 160 pg/g( ( 3d~e), .
,2003) , 160 pg/g )
1 J—

Table 1 Statistical table of measured sections of the niobium deposit in Xuanwei-Weining area

(m) (m)

1# 20, 0 36
24 61 7 11 0
3 14. 8

18 111 4 4.5
5% 9.0

6+ 77. 3 11. 3
7& 36. 4 11.. 8
8 132. 5 14. 1
9%

10# 7.2 7.2
11+

12+ 20. 8 1L 8
134 14. 5 5.7
14# 7.7 6. 6
15# 27. 1 2.3
16 # 41. 8 138

3 J—

Fig. 3 Standard stratum section sequences and the characteristics of mineralized and non-mineralized
claystone of the niobium deposit in the Xuanwei-Weining area
(a)— ;(b~c)— ;(d~e)—

(a)—standard stratum section sequences; (b~c¢)—niobium mineralized clay rock; (d~e)—non-mineralized clay rock
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Fig 4 Spatial distribution characteristics of the basalt located at the bottom of the

niobium deposit in the Xuanwei-Weining area
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o 0.01%, C Sa),
10%., (HSZ18-09H2  Nb,O; 890 pg/g. HSZ18-
3 11H3  Nb,Os; 948 png/g)
31 (CHI19-09H1
3L1 Nb, O; 1161 pg/g)
(Nb, O; =160~200 pg/g) . (Nb, O; (LTS18-03H1 Nb, O;
=200~500 pg/g) . (Nb, O; >500 pg/ 997 ug/g)
2. ir.8% l4# ; ; . ,
XRD , 2, , o » XRD
(D . XRD 13%  C 5b),
2 — XRD
Table 2 Mineral facies analysis results of Nb-mineralized claystone with different grade from the
Xuanwei Formation by XRD in the Xuanwei-Weining area
HSZ18-09H2 8#)
HSZ18-11H3 8#)
CH19-09H1 4%)
LTS18-03H1 (14 £)
HSZ18-05H1 8#)
HSZ18-08H1 8#)
HSZ18-13H2 8#)
CH19-09H2 =)
HSZ18-16H1 8#)
CH19-16H2 4%)
(2 o , N o ,
¢ 6a), 312
(HSZ18-05H1 Nb, O 316 pg/g, HSZ18-
08H1 Nb, O 240 pg/g. HSZ18-13H2 ; N
Nb, O, 223 pg/g) —
, ; C 3, , N N
(CH19-09H2 8%6.8%.10%
Nb, O, 472 pg/Q . ( 8a~o), ;
, o 10% C 8.
, o 32
C 50%~6%, 5) (
6b) . , ,
3 o ,
XRD C D, ) ) 4%
(HSZ18-16H1 Nb, O; 160 pg/g) ,
(CH19-16H2  Nb,Os Nb,

162 pg/g) . , Nb, 4,
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Fig 5 XRD spectrum (a) and mineral composition characteristic (b) of high-grade

Nb mineralized claystone in the Xuanwei-Weining area

XRD

(a)

(b)

3 — XRD
Table 3  Mineral facies analysis results of basalts located at the bottom of the niobium deposit in the Xuanwei-Weining area
HSZ1DY (8=) N N
CHIDY )
GYLIDY (16#)
GYL18-01H1 (16 #) N
LCH18-01H1 (15#)
HSZ2 8%) . .
CH2-1 )
HZY18-01H1 (2#) N
HSZ3 8#)
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6 — XRD (a) (b)
Fig. 6 XRD spectrum (a) and mineral composition characteristic (b) of medium-grade Nb

mineralized clay rock in the Xuanwei-Weining area

’7 J—

Fig. 7 Mineral composition characteristic of low-grade Nb mineralized clay rock in the Xuanwei-Weining area

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



Fig. 8 Mineral composition characteristic of fresh basalt (a~c) at the bottom of the

niobium deposit in the Xuanwei-Weining area

4 _ 1201
4 — (%)
Table 4 EPMA analysis results (%) of titanium minerals from basalts and niobium deposit in the Xuanwei-Weining area
NbyOs | TiO; | CaO | SiOz | FeO | ZrOz | Cr;05 | Na;O | MgO | Al;Os | MnO | Cez O3 | V203 | Total
ch18rtk-4 0.48 | 94 47| 0. 13 0. 64 0. 37 0. 62 0. 02 0. 04 0. 02 1 01 0. 03 0. 00 0.39 |98 22
ch18rtk-5 043 | 9480 | 0. 11 0. 36 0. 35 0. 80 0. 03 0. 00 0. 00 0. 75 0. 01 0. 00 0.19 |97 83
ch18rtk-7 0.58 | 9. 87| 0.13 0. 84 59 227 0. 09 0. 00 0. 04 1. 33 0. 03 0. 02 0. 67 | 98 46
ch18rtk-9 0.74 192 51| 0.18 | 0. 59 . 52 1. 48 0 11 0. 06 0. 00 1L 21 0. 05 0. 00 0.42 | 97 87
chl8rtk-13 | 0. 17 | 97. 68 | 0. 04 0. 13 0. 54 0. 08 0. 08 0. 03 0. 00 0. 25 0. 01 0. 00 0.19 |99 20
ch18rtk-14 | 0. 49 | 92. 45 | 0. 22 0. 59 53 1 58 0. 05 0. 00 0. 00 121 0. 06 0. 00 0.14 |97 32
) ch18rtk-18 | 0. 37 | 93. 28 | 0. 14 0. 45 0. 58 1. 49 0. 08 0. 04 0. 02 0. 67 0. 04 0. 00 0.61 | 97. 77
ch18rtk-22 | 0. 61 | 91 90 | 0. 21 0. 17 0. 25 2. 48 0. 11 0. 02 0. 02 0. 81 0. 02 0. 03 0.30 | 96. 93
ch18rtk-23 | 0. 69 | 92 36 | 0. 29 0. 43 0. 46 1 44 0. 12 0. 01 0. 00 0. 71 0. 06 0. 01 0. 48 | 97. 06
chl18rtk-23-1| 0. 58 | 91. 81 | 0. 24 0. 23 0. 39 1. 88 0. 12 0. 08 0. 00 0. 62 0. 02 0. 00 0.45 | 96. 42
ch18rtk-30 | 0. 46 | 92 00| 0. 10 | 0. 55 1. 05 1. 45 0. 07 0. 00 0. 01 1. 16 0. 02 0. 00 0.62 | 97. 49
chldyxs-2 0. 08 |32 31|27 39| 30. 63 | 4 37 0. 14 0. 00 0. 00 0. 33 1. 94 0. 00 0. 04 0.00 | 97 23
chldyxs-4 0. 06 | 32 70| 27. 80| 30. 92 | 4 00 0. 09 0. 00 0. 02 0. 24 1 92 0. 02 0. 02 0. 00 | 97. 79
chldyxs-8 0. 06 | 31 29| 26. 00| 30. 28 | 5 31 0. 15 0. 00 0. 06 0. 65 240 0. 02 0. 05 0. 00 | 96. 27
chldyxs-9 | 0. 06 | 32 83 | 27. 57 | 30. 92 | 4. 02 0. 09 0. 00 0. 00 0. 22 1. 87 0. 01 0. 00 0. 00 | 97. 59
chldyxs-11 | 0. 07 | 31 24 | 26. 86 | 31. 10 | 4. 54 0. 19 0. 00 0. 06 0. 38 2. 69 0. 03 0. 01 0. 00 | 97. 17
chldyxs-15 | 0. 09 | 32 82 | 27. 72 | 30. 86 | 4. 02 0. 09 0. 00 0. 06 0. 18 1. 76 0. 00 0. 00 0. 00 | 97. 60
) chldyxs-16 | 0. 07 | 32 63 | 27. 56 | 31. 07 | 4. 08 0. 14 0. 00 0. 08 0. 26 2. 03 0. 01 0. 01 0. 00 | 97. 94
chldyxs-19 | 0. 08 | 30. 97 | 26. 63 | 30. 98 | 4. 68 0. 16 0. 00 0. 10 0. 35 272 0. 01 0. 02 0. 00 | 96. 70
chlxs-3 0.09 | 30.70 | 28 84| 30.00 | 3 16 0. 01 0. 00 0. 04 0. 00 3. 84 0. 00 0. 03 0. 00 | 96. 71
chlxs6 0. 11 | 31. 00 | 28 54| 30. 04 | 3. 31 0. 00 0. 00 0. 02 0. 00 2. 90 0. 01 0. 05 0. 00 | 95 98
chlxs13 0.12 | 32 24| 28 65| 30.13 | 2 84 0. 09 0. 00 0. 00 0. 00 2.97 0. 00 0. 00 0. 00 | 97. 04
chlxs20 0.08 | 30.82 | 27. 50| 30. 86 | 3 74 0. 01 0. 00 0. 00 0. 13 2. 81 0. 02 0. 08 0. 00 | 96. 05
chldyttk-1 | 0. 04 | 48 83 | 0. 24 0.18 |45 49| 0 19 0. 00 0. 00 0. 06 0. 20 2. 52 0. 00 0. 00 | 97. 75
chldyttk-2 | 0. 03 | 48 80 | 0. 57 0. 06 | 46. 00| 0. 14 0. 00 0. 00 0. 00 0. 17 243 0. 00 0. 00 | 98 20
chldyttk-3 | 0. 02 | 48 91| 0. 26 0. 07 | 46. 67 | 0. 08 0. 00 0. 00 0. 01 0. 09 2.07 0. 00 0. 00 | 98 18
chldyttk-5 | 0. 01 | 49. 22| 0. 23 0. 10 | 46. 66 | 0. 16 0. 00 0. 00 0. 00 0. 15 2. 10 0. 00 0. 00 | 98 63
chldyttk-6 | 0. 00 | 42 98 | 0. 32 414 | 4412 | 0. 16 0. 00 0. 00 1. 59 1. 85 2. 61 0. 00 0. 00 | 97. 77
) | chldyttk-=7 | 0. 02 |49 33| 0 11 0. 02 | 46. 68 | 0. 23 0. 14 0. 09 0. 01 0. 09 2.01 0. 01 0.47 199 21
chldyttk-10| 0. 01 | 49. 99 | 0. 22 0. 14 | 45 73] 0. 16 0. 17 0. 00 0. 03 0. 15 2. 65 0. 01 0. 56 |99 82
chldyttk-12| 0. 02 | 49. 11 | 0. 27 0.09 |45 92| 0 09 0. 13 0. 00 0. 00 0. 10 2. 38 0. 00 0.52 | 98 63
chldyttk-14| 0. 03 | 48 53 | 0. 43 0.22 | 46. 69| 0. 14 0. 07 0. 00 0. 00 0. 12 242 0. 00 0.49 |99 14
chldyttk-16 | 0. 03 | 49. 78 | 0. 13 0. 11 | 47.17 | 0. 30 0. 06 0. 00 0. 09 0. 06 1. 75 0. 00 0.43 |99 91
chldyctk-1 | 0. 01 | 22 58 | 0. 42 0. 13 | 66.56 | 0.03 0. 29 0. 00 0. 04 1. 45 0. 28 0. 03 0.82 | 92 64
chldyctk-2 | 0. 03 | 49. 42 | 0. 07 0. 07 | 46. 53| 0. 29 0. 13 0. 09 0. 04 0. 09 1. 95 0. 00 041 |99 12
chldyctk-3 | 0. 01 | 49. 83 | 0. 10 0. 02 | 46. 59 | 0. 25 0. 07 0. 00 0. 00 0. 02 2. 06 0. 00 0.48 |99 43
) chldyctk-4 | 0. 00 | 2257 | 0. 12 0.12 | 67.01 ] 0. 03 0. 37 0. 09 0. 00 177 0. 33 0. 00 0.97 |93 38
chldyctk-5 | 0. 00 | 21. 99 | 0. 08 0. 07 | 67.69 | 0. 05 0. 35 0. 01 0. 00 1. 62 0. 29 0. 01 0.99 |93 15
8 - (a~c¢)
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4.1
4 11
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Ti . (2007)
Nb TiO,
( ) Ti .
(2021) Nb

o

, EPMA Nb

4 1.2

— . (2011) (2019)

Nb ¢ 10), Nb
Zr( 10)9

’ Nb‘Zr
4,2
421
Nb ,

( )
« ( , 2004 ,
2011), ,
Nb .
EPMA (
4y, 96, 42% ~99. 20 % (

97. 69%), Nb, O 0.17% ~
0.74% ( 0.51%).7Zr0, 0. 08 ~ 2. 48%
( 1 42%) .Cr, 0, 0.02% ~0. 12% (

0. 08%), MnO (0, 01% ~0. 06% ,
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9 — Nb EPMA

Fig. 9 EPMA mapping of main Nb-bearing mineral (anatase) in the niobium deposit in the Xuanwei-Weining area

10 — Nb EPMA
Fig 10 EPMA mapping of major Nb-rich mineral (titanite) from the basalt at the bottom of the niobium deposit

in the Xuanwei-Weining area

b b

. Nb Nb(Nb, O, 800 pg/g)
( ) Nb C 5 Nb

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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11 —
Fig 11 The development and spatial distribution features of titanite produced from basalts with different

weathering degree in the Xuanwei-Weining area

(Nb, O 5100 pg/g), 4221

, (Titanite) CaTi(SiOs),

, , . , Ti Nb. Al
o Fe.Mg,Zr,Ta,V.Cr, W Sn , Ca

4.2 2 REE( Y Ce).U.Th.Pb.Sr.Ba Mn
— (Vuorinen and Halenius, 2005),
R O OH .F~ CI” (Tropper et al. ,

R s 2002; Vuorinen and Halenius, 2005) .
— Nb

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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, (Storey et al. , 110,
2006; Li Jianwei et al. , 2010; Li Xianhua et al. , , , —
2015), (Green . ,
and Pearson, 1986), (Morton and .
Hallsworth, 1999), s 4.2 22

, Seifert ( 2006 ) (Nb),

Hinterhermsdorf,Saxony

b

Zr s
(2011
TiO, o
; Nb,REE
(
12 —

, 2019),

2000; Hastie et al. , 2011),

Friis and Casey(2018)

2015),

b

Nb

(Friis et al. , 2017),

BSE

Nb

(b

)

Nb-Zr

(Kurtz et al. ,

(Deblonde et al. ,

(Hansesmarkite)

Nb

5Zl’
Nb.Zr

(a)

Fig. 12 Nb-Zr evolutionary relationship between main titanium minerals from basalts and anatase from ore bearing stratum

(a), and backscattered electron image (BSE) of anatase originated from alteration titanite (b) in the Xuanwei-Weining area
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13 —
Fig. 13 Schematic diagram on corresponding relationship between Nb-mineralized sample with different
grade and weathering titanite in the Xuanwei-Weining area
¢ 12, ; Nb )
( . ) ) C 13,
, ., Nb-Ti C 13,
, Nb “ .
. N 7 “ P 13),
TiO,, , ,
Ta.Nb, Fe.Sn (Cromer and Herrington, 1955; Nb s
Yang Ruidong et al. , 2008), Nb Nb ,
) ( N . o —
) (Turner, 1986; — Nb )
, 2006), ,
(Turner, 1986; Jackson et al. , 2006), — o ) ,
¢ 12b), N
¢ 12b), 0
, @b) —
. Ti Nb Nb
(Vuorinen and Halenius, 2005), , ,EPMA Nb, O, 0 17% ~
; (Friis 0. 74%, 0.51%,
et al. ,» 2017; Friis and Casey, 2018), , Nb, O; 280 pg/g. 1CP-MS
,Nb , Ca.Si , (232 pg/g) s
) Ti Nb

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.
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Abstract

As one of crucial mineral resources, niobium (Nb) is used in superconducting materials and aerospace
because of its special superconductivity, high melting point, corrosion resistance, wear resistance. Nb is an
absolutely essential ingredient for high-tech industry development. The global niobium mineral resources
are rich but not uniformly distributed as highest values (95%) are in Brazil. Although China is poor in
niobium resources, the niobium consumption is more than a quarter of total world consumption. The vast
majority of the niobium resources depend on import and there is a high risk of “bottlenecks” in China.
Recent studies have shown that ore beds of the lower Xuanwei Formation (Late Permian) are highly
enriched in Nb,O; (220 pg/g) s LREE (oxides of La-Lu+7Y) (850~5500 pg/g), and Ga (50 pug/g), and
have reached industrial grade in the Xuanwei-Weining area. The prospective reserves of niobium (Nb),
gallium (Ga) and rare earth elements (REE) respectively exceed 110000 tons, 400000 tons, 20000 tons.
They indicate a potential to discover more resources. Despite spatial distribution and geochemical element
distribution of this type of deposit having been intensively studied, the occurrence state, migration and
enrichment mechanism of Nb are still unclear limiting a clear understanding of the metallogenic
mechanism. Working with Nb deposit of the Xuanwei Formation and basalt located at the bottom, this
study aims to reveal the occurrence state and metallogenic mechanism by X-ray powder diffraction (XRD)
and Electro-Probe Microanalyzer (EPMA). The results indicate that the main Nb-carrying mineral is
anatase. The basalt generally contains a special Nb-rich mineral named titanite in the Xuanwei-Weining
area. It was demonstrated that anatase is generally formed by weathering alteration of titanium minerals
such as titanite. Meanwhile, some titanite weathered away to become anatase. In this way, Nb may
dissolve from titanite during weathering of the titanite -rich basalt and enter into anatase. Titanite, as a
major contributor, may control the migration and enrichment mechanism of niobium during the weathering

process.
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