93 11

Sovs ACTA GEOLOGICA SINICA Vor s B!
S
1 D) 2) 3) 1 2) 4) 1
’ ’ ' ’ ' ’ ’
i) , ,550005;
2) , ,550081;
3) , ,410083; 4) , ,100012
:@ Li.Ga.Sc.REE ,
. 1~3 . Li s
;Ga ,Sc s
;s REE N O] .
s s Li,Ga,Sc REE
R . ; Li.Ga,Sc.REE Al Zr . Ti,Nb,Ta,H{f . Ti.Cr,
Th.U . , . @
pH , REE s
( SREE>800X10"° ) N
Li.Ga.Sc REE . @
, Li.Ga,Sc .
“ ” . , Sc . 98% Sc
(Wang (Xu Lu et al. ,2018),
Denghong et al. , 2013a), (LD. (Ga)., (Sc) C - CH- C ) -
(REE) , , 10
. Li , 10 ,
7 , Ga, L1, Sc
(Li Jiankang et al. ,2014), Ga , o R R (Liu
. , “ Ping,2007;Lu Fangkang et al. ,2009;]Jin Zhongguo
” (Moskalyk,2003), Sc et al. , 2009, 2011, 2012, 2015a; Gu et al. , 2013;
(Liu Yingjun et al. ,1986), 70% ~80% Wang Denghong et al. , 2013b; Wang Xiaomei et
( BAB201104B04) . ( [20107120 )
( 7 [2014]2166) o
:2019-02-28; :2019-06-23; :2019-08-22; 5 : o
: , 1965 . s s . Email: gzkyjzg(@ sina. com, : s s
1967 . .

. Email: huangzhilong@vip. gyig. ac. cn,

’ ’ ’ ’ ’ ’ ’

. 2019. - -

. . 93(11):2847~2861. doi: 10.19762/j. cnki. dizhixuebao. 2019197.
Jin Zhongguo, Liu Ling, Huang Zhilong, Liu Chensheng,Zheng Minghong.,Gu Jin,Zou Lin, Wang Lin. 2019. Occurrence state,
enrichment mechanism and resource potential of rare earth, rare metal and rare-scattered elements in ore-bearing rocks in the
Wuchuan-Zheng”an-Daozhen bauxite deposit, Guizhou Province. Acta Geologica Sinica, 93(11):2847~2861.




2848 http://www. geojournals. cn/dzxb/ch/index. aspx 2019

al. ,2013; Wang et al. , 2013; Li Peigang et al. ,
2014;Gu Jing et al. ,2015; Han Ying et al. ,2016)

o8, . Li,Ga.Sc REE
1
L1
o NE NNE
, “ ” (Wang
Yangeng,1996) ; NE.NNE = NW .
C D,
1.2
(P, d)
(le) (Czh)
(S hj) C 2,
(Cib)— (Cijj)—
” (Yang Ruidong et al. ,
2018), .
(Jin Zhongguo et al. ,2013),
675km,
2190km®, 0~16m, 4~T7m,
) (P, d*) N ., 0.2~
2. 4m; (P, d*) , 0.7~
11 3m; (P, d") . s

1 — —
Fig 1 Sketch geological map of the Wuchuan-Zheng”an-

Daozhen Al metallogenic district in north Guizhou
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Fig 2 Distribution of ore-bearing rock series and bar diagram of Wuchuan-Zheng”an-Daozhen bauxite in the north of Guizhou
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Table 1 Content characteristics of tridilute elements of typical bauxite deposits in Wuchuan-Zheng’ an-Daozhen area
AL Os (%) SiO, (%) Li(X1076) Sc(X1076) Ga(X10"%) SREE(X1076)
Pyl 1 2. 80 60. 07 24. 20 2. 34 2. 32 96. 80
P& N 6 35 40~48 56 27. 07~47 30 |641L 44~2725 03| 15 54~23 81 27. 50~126. 92 | 53 31~228 66
! 41 95 37. 66 1569. 09 20, 08 69. 52 103 17
P 12 40. 00~72 72 6. 64~27. 04 7. 14~2004. 65 14. 33~48 39 1L 51~295. 00 | 56. 84~199. 343
! 59. 18 15. 99 698 43 27. 41 74, 67 117. 30
P d! 29 25 03~36. 64 24, 79~43. 60 36. 16~910. 88 16, 32~45. 10 25, 12~47.40 | 97. 04~1733. 61
I 38 39 38 76 364. 35 29. 17 36. 58 852 19
Pid 47 45, 51 30, 80 877. 29 25. 55 60. 26 357. 55
oh 0 0.12~1. 88 0. 27~4. 87 0.59~281. 59 | 1 35~36 00 0. 08~3. 35 0. 76~227. 13
” 0. 48 L 71 75 63 9. 95 1. 06 51 63
S b 7 14. 14~24. 00 58 58~66. 16 19. 65~509. 88 11 84~38 60 18 17~25 80 | 172 44~327. 31
1 18 97 61 86 113 20 17. 46 21 47 222 52
b . ) 31 26~37. 23 | 36 90~40. 96 | 236 07~550. 23| & 28~10. 40 9. 04~17.80 | 30 18~095 28
! 34. 25 38 52 394, 17 9. 34 13. 40 62 73
P 21 40, 14~76. 35 4. 29~37. 79 1 01~1020. 15 3. 68~27. 30 25, 12~119. 74 | 25 80~425 68
! 57. 11 19. 21 421. 75 15. 37 59. 10 144. 60
Pt 9 27. 25~37. 36 13 42~47. 37 3. 67~1780. 04 0. 36~32 10 15 72~55 95 | 76. 37~6399. 38
I 32 78 37. 86 441, 27 17. 33 34. 51 869. 13
Pid 32 38 43 3L 86 419, 06 14. 01 36. 57 358 82
Coh 6 0. 50~1 73 0. 74~2. 80 2. 25~82 58 2. 30~25 92 0. 19~1 02 2. 85~217. 40
’ 0. 90 1 42 10, 91 14, 50 0.57 16, 60
S hi 7 16. 55~22 46 54. 21~67. 92 1 65~50. 41 0. 23~22 40 18 20~25 71 | 177. 34~277. 22
v : 19, 44 62 24 31 69 12. 31 21, 79 214, 80
P 9 1L 81~7 86 40, 29~49. 76 5 52~7. 13 2. 08~4. 52 2. 34~5.59 17. 28~56. 14
: 1. 84 15 03 6 33 330 397 36 71
. . 32 23
Pd® 1 36, 56 43 96 25. 80 18 36 13. 30
P& 18 44, 75~T77. 50 1. 68~26. 63 0. 55~1359. 87 2. 38~39. 40 7. 79~106. 00 30, 07~342 77
. ! 57. 89 17. 36 356. 26 15. 78 54. 11 101 16
P dl N 9 24. 79~47. 37 25, 03~35. 25 0. 72~629. 93 0. 50~3L 10 15 0~53 4 113 58~6339. 19
! ’ 37. 87 31 56 229. 12 8 05 34. 1 1505, 99
Pid 28 44, 11 30. 93 203. 73 14. 06 33 84 558 63
G 4 0. 10~1 20 0. 24~1. 85 0. 60~3. 23 0. 51~2 46 0. 23~0. 80 8 80~54. 29
2 0. 47 0. 91 1 91 1. 49 0. 46 27. 68
S hi 7 15 16~20. 68 51 66~66. 27 1L 25~586. 03 0. 56~32 20 1L 8~23 92 184. 01~316. 11
S1h N
H 17. 44 59. 52 134. 12 13. 90 20. 51 22395
P 12 28 43~50. 65 25. 33~41. 89 |444. 30~2021. 60| 16. 32~36. 80 31 08~73 76 48 06~276. 67
! 39. 67 33 29 1056, 13 2741 48 95 142 04
P& 50 49, 52~79. 77 1L 41~28 59 0. 34~2715. 60 4, 62~54. 94 12 26~132 56 4. 20~246. 08
! 7 66. 95 10. 55 745, 44 19. 53 54. 09 91 69
P d! R 19 25 95~51 20 22. 25~42. 97 | 156. 00~970. 50 8 85~48 57 21 44~82 60 | 35 91~1133 44
! ’ 38 45 34. 68 514, 74 23 20 38 26 285. 35
Pid 81 53 33 20, 95 740. 67 21 32 49. 62 158 59
P d? 21 38 11 38 30 761 30 18 80 36. 29 85. 04
P d? 101 60, 28 15. 78 557. 72 19. 52 60. 49 88 47
P d! 66 36. 85 35 72 387. 37 19. 44 35. 86 878 17
Pid 188 45, 08 29. 93 568 79 19. 25 44. 21 350, 56
Cyh 18 0. 62 L 35 39. 48 8 65 0. 70 3L 97
Sihj N 21 18 62 61 21 93,00 14. 56 21 26 220, 42
Pid / Coh 72. 71 2217 14. 41 2. 20 63. 16 10. 96
Pid / Sihj 2 42 0. 49 6. 12 1 32 2. 08 1 59
/ Coh =55%/0. 62% =88 71; / Sihj =55%/18 62% =2 95
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Al, O, .SiO, \Li,Ga,Sc

Y REE

Fig 4 Al;O;.Si0, ,Li,Ga,Sc and > REE contents in different ores of typical bauxite deposit

in Wuchuan-Zheng’an-Daozhen area
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Table 2 Characteristics of tridilute elements in main ores of typical bauxite deposits in Wuchuan-Zheng’ an-Daozhen area

ALO; (%) Si02 (%) Li (X105 | Sc(X10=%) | Ga (X10=%) | XREE (X10~%)
L | 40.00~53 63 | 21 82~24 86 [12 64~2004 65| 14 33~29 77 | 56 11~100. 02 | 34 16~85 79
48 79 2309 1069. 55 21. 22 84. 11 51 31
- L | 7023~7586 | 4 10~669 136~9 17 | 5 87~48 40 |24 70~131 34 | 29. 58~144, 97
73. 64 5 63 4. 84 21 04 78 14 63. 25
5 58 32~65. 68 10. 72~20. 92 | 36. 16~480. 55 | 21. 13~47. 42 65. 71~85. 40 90. 60~130. 79
’ 61 07 14. 14 258 35 33. 86 75. 96 109. 61
- 47. 41~51. 40 27. 04~33. 20 (1124 84~2725 03] 15 55~38 60 | 57. 50~126. 92 | 32 28~374. 13
7 149, 00 29. 78 1918 73 22. 65 89, 68 115. 95
16 58 13 18 16 812. 87 24. 69 81 97 85. 03
3 42. 89~51. 28 15 02~30. 29 |28 20~1610. 00| 13, 30~18 40 | 35 10~106. 00 60. 21~352. 04
47, 94 24. 79 759. 73 15. 57 72. 77 185, 68
- 7 70. 41~76. 35 4, 19~9, 56 1. 01~723. 69 3. 68~40. 04 25. 01~77. 20 13 45~268 28
73. 36 6. 07 115. 94 12. 55 48, 30 69. 52
5 55. 32~67. 70 9 41~21. 38 62 7~774. 00 8 02~20. 21 36, 10~119. 74 | 16. 82~167. 29
60. 15 15. 52 271. 94 15. 86 66. 30 79. 51
9 51 00~53, 02 26. 23~26. 63 | 38 60~441. 03 8 86~14. 40 38 00~77. 00 38 02~425. 68
52. 01 26. 43 239. 82 11 48 56. 50 231 85
17 58 42 18, 20 346, 86 13 92 60. 96 141, 64
1 44, 75 21, 42 197, 94 20. 39 79. 52 108 30
- 10 66. 07~717. 50 1. 68~8 69 0. 55~1359. 87 2. 38~39. 40 7. 79~116. 00 30. 07~154. 65
72. 48 3. 62 346. 21 14. 27 55. 04 73. 02
6 58 23~71 50 12. 08~18 02 7. 54~525. 00 4, 53~34. 40 7. 86~109. 46 49, 57~171 91
63. 32 15. 00 260, 42 17. 62 50. 20 91. 80
1 51 00 26. 63 1190. 07 15. 30 51 30 342. 76
18 57. 89 16. 67 433. 56 16. 89 59. 02 153. 97
1 76. 92 3 48 224. 10 8 09 44, 59 69. 81
- 18 41, 52~79. 77 1 41~22. 09 0. 34~1410. 60 8 48~54. 94 32. 86~75. 69 40. 34~246. 08
65. 59 8 79 445, 06 20. 90 50. 83 116, 71
14 42, 82~179. 86 1. 35~20. 86 5 54~1513 40 4, 62~34. 05 12. 26~132. 56 4, 20~219. 95
64, 35 10. 68 503. 64 19. 45 69. 37 91. 26
17 52. 32~75. 98 3. 47~28 59 |38 72~2715. 60| 5 60~44. 65 30. 96~70. 99 20. 08~230. 45
60. 94 19. 26 1309. 07 18 82 45, 54 88 98
50 66. 95 10. 55 620. 47 16. 82 52. 58 91 69
3 - - Ga.Li Sc (X107¢)
Table 3 Contents (X107°) of Ga, Li and Sc in bauxite ore from other deposits inWuchuan-Zheng’ an-Daozhen area
Ga 150 | 72 45 18 56 93 18 26 71 40 16 16 63 18 43
Li 640 327 570 234 798 191 1203 679 428 873 354 733 459 366 478
Sc 22 94 36 50 44 28 25 25 16 11 13 9 37 70 37
(m) | 6. 06 6. 49 6. 13 5. 98 6. 50 5 90 5 67 5 86 5 07 6. 06 4. 71 4. 95 5 44 4. 20 4. 23
(m)| 1 54 1 98 1. 50 1. 67 1. 91 1L 74 1. 81 1. 42 L 17 1L 77 1 38 1 34 1 85 1 43 1 38
(Li Zhongming et s Ga
al. ,2007;Ye Feng et al. ,2015), ,  Liu Yingjun et al. (1965,1986)
, - - Li,Ga.Sc Ga (Al Ga
REE ) Ga (
. Wang Denghong et al. (2013b) 800X 107 %) . ,Zr
’ L1 H N ’ Tl
Lu Fangkang et al. (2009) . y Ti 7r
, Ga 758 X 1079, Ti-Zr (Liu Yingjun et al. , 1986; Zhao
Ga, 0, 0. 01%~0. 06% . Al Ga Zhenhua et al. ,2010),
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Gu et al. (2013), Huang Yuanling (2013),
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Fig 5 Formolite and yttrium phosphorus ore (independent rare earth mineral)

discovered by electron probe analysis in the Wachanping deposit
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6 (A) (B)
Fig 6 Geological map (A) and prospecting line profile (B) of the Wachangping deposit
1— 32— + 33— — 34— — ;
5 16— 7 18— ;9 AlOs ol
(m)

1—Yelang Group; 2— Upper Permian Changxing Formation + Wujiaping Formation; 3—Qixia and Maokou Formations of Middle Permian;

4 —Middle Permian Liangshan Formation-LLower Permian Dazhuyuan Formation; 5— Lower Silurian Hanjiadian Group; 6—synclinal axis;

7—exploration lines and numbers; 8—drilling and numbering; 9
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Abstract

The ore-bearing rock series of bauxite deposit in the Wuchuan-Zheng’ an-Daozhen (WZD) area in
northern Guizhou consists of lower Permian Dazhuyuan Formation, underlying lower Silurian Hanjiadian
Formation or upper Carboniferous Huanglong Formation, and overlying middle Permian Liangshan
Formation, three of which are in discordant contact. The paleosedimentary environment was mainly
shallow lacustrine facies and the genesis of the deposit belongs to the sedimentary type of ancient
weathering crust. Exploration and research show: (1) All the Al-bearing rock series are rich in Li, Ga,
Sc, REE, etc., and vary greatly in spatial distribution and contents of different ores by 1~3 orders of
magnitude. Lithium content is relatively high in the east and west sides of the study area. Li is
concentrated in the upper part of the ore-bearing rock series and orebodies in massive and oolitic shapes.
Ga is relatively enriched in the north of the study area and ore-bearing rock series. Sc is highly enriched in
the Daozhenshaba-Pingmushan area and has little changes in content. REEs are relatively concentrated in
the south and significantly in the lower part of ore-bearing rock series. (2) The ore-bearing rock series
formed near the ancient equator in an open oxidized environment with warm and humid climate. Al-bearing
minerals and Al-rich clay minerals (kaolinite and smectite) are abundant, promoting the migration and
enrichment of Li, Ga, Sc and REE in the form of ion adsorption along with the mineralization process of
desiliconization, iron removal and sulfur reduction of bauxite. At the same time, Li, Ga, Sc, REE and
other rare elements have similar ionic radius and geochemical properties as the lithotropic elements (Al,
Zr, Ti, Nb, Ta, Hf, Ti, Cr, Th, U), and isomorphism may occur partially in the process of bauxite
mineralization. (3) Secondary leaching modification and environmental pH changing are important factors
to promote the formation of independent rare earth minerals and the enrichment of REEs at the bottom of
ore-bearing rock series. A large amount of rare earth layers may occur at the bottom of ore-bearing rock
series as independent minerals (especially in the section of REE>>800X10"°). The uneven distribution of
Li, Ga, Sc and REEs were restricted by paleosedimentary environment, topography and geomorphology
and tectonic movement after diagenesis and mineralization. (4) With Al-bearing rock series as the
evaluation object, this study suggests that Li, Ga and Sc in the study area are of great resource potential

and huge economic value.

Key words: aluminum-bearing rock series; three kinds of rare elements; occurrence state; enrichment

mechanism; resource potential; Wuchuan-Zheng’an-Daozhen area



