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Abstract: Enrichment of rare earth associated with phosphate ore is an important source to obtain rare earth
resources. The phosphorite type rare earth deposits are widely distributed in China. The ore has high recovery value
because of its high-content rare earth, which makes the deposits become the associated rare earth resources second
only to the independent rare earth deposits. The article mainly does research on the rare earth distribution in the
phosphate ore of Anning in Yunnan. The study shows that the total amount of rare earth oxides in the ores is
between 72x107° and 1 050x107°. The statistical comparison confirms that the concentrations of rare earth elements
are positively correlated with the phosphorus content in the phosphate ore. In addition, observing by optical micro-
scope and electron microscope, there are few independent rare earth minerals in Anning phosphate mine, and only
independent rare earth minerals (probably monazite and allanite) are found in part of glauconite. The results of
LA-ICP-MS indicate that the concentration of rare-earth elements in collophane is between 770x 107 and 920 %

107°, and the concentration of rare-earth elements in dolomite is lower than 34x107°. The average concentration of rare
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earth elements in quartz is about 180X 107°. The concentration of rare earth elements in glauconite is as high as

2 947.27x107° ~3 159. 87% 107 due to the existence of independent rare earth minerals. The whole research

results show that the rare earth elements in Anning phosphate deposits mainly exist in collophane in the form of iso-

morphic substitution.
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Fig. 1 Some geological phenomena of Anning phosphate mine in Yunnan
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Fig. 2 XRD analysis patterns of Anning phosphate rock samples
A sA AREET) .,
gl I = — P =R -+ N g ey R T S RPN \
4 TR SN, e PEIEB OB 1700 2 T, & LB

AR B8 A DX 198 it i 5 1% 100 R A 2R RN
FE b REIT BT W A | 1 2 e AR o b 0L 4
ST TR TR AT, AR IR 1 B
3.4 El5, WNFE1HATLES, B A1 Y,0, [
SHERE, F¥ o 103.25x10°; R E D A
CeO, Mttt im, P& &R 94.88x10°°, B0 A
Fd BAD TUE B 10 R i (SREO) K, B
A 3K 1 047.60 x 10 ( BYS1-2) 1 1 298. 53 x 107°
(HLS2-4) , MH= A& oK B EIEEMEK, &M
MIAA 189. 62x10°°, B0 A Y,0, i 10 E &

B P,0, L B M IEAICHE (£ 2.6 6)
5 BT YRR

1
8]

R AR S T AT LA S A
W

Pt I
WS, KBLEZG YA A R H =

HL

Woki P Ca F ALY HAT B WA AHCH: ) I
JE A v SRS B ST R 8 (8 8)

SR A P B 1 3 VA A R 24 R R 3 T
ST R 89, PR IR A e A (9
1.2), 5 Emsbo % (2015) SCi#k 1 T W85 21 i # 17l
ST AR L, ok R A A Ak
(Ce,La)PO,, #%iF A4 Y FEAHLfL 2% XK (Ce, Ca),
(Al,Fe),[Si0,],(OH) , FFH ¥ EEHM 0 E
H Ce.La MY, HAMITE N Al Ca Si,P Fl Fe 5
(Emsbo et al. , 2015; ZE¥EMESE . 2017; BEALELEAE,
2020) , AR BN, DT B PR DR
LISz A PR IRAF G L0 R, Xtz o AR A
AR T GG ST Y TR
ST RS >, BEEAAE L T DU T s
TCE I H AR FHG I 27 T s v (BRs #e
45 2010) .



440 SLRGHE% . BT R G R A L RIRAR A TP 763

®1 RTBYIEHRPRITRAEBESITSNE wy/107°
Table 1 The statistical analysis of rare earth element contents in main samples of Anning phosphate mine
B0 A (n=61) WERYTUA (n=57) Hz=%# (n=49)
R B/ME PHE dRfERZE BORME B/ME PR AR BORE RAME R ez

Sc, 054 6. 06 <0.05 1.83 1.40 41.26 2.47 18.43 6.45 9.26 <0.05 1.52 1.84
Y,0, 454. 64 33.27 103.25 71.35 180. 33 15. 49 49.04 29.22 86. 61 0.83 11.42 14.77
La, 04 155.98 11.36 39.48 30.26 146. 60 15.83 45.11 21.05 29.91 0.60 5.64 6.43
CeO, 291.13 5.98 36.87 50. 58 447.13 8.88 94. 88 61.06 51.22 0.93 7.71 8.61
PrgOy, 44.10 1.70 7.39 8.21 53.40 2.36 10.99 6.76 6.58 0.13 1.20 1.32
Nd, 04 181.96 7.41 31.73 34.57 251.94 9.89 41.99 31.40 26.59 0.50 4.96 5.55
Sm, 054 32.01 1.28 5.64 6.17 60. 88 1.67 8.28 7.81 5.72 0.10 0.96 1.10
Ep, 05 5.62 0.30 1.13 1.03 12.39 0.31 1.53 1.59 0. 88 <0. 05 0.17 0.20
Gd, 04 34.23 1.78 6.99 6. 69 55.79 2.24 7.51 7.19 5.47 0.08 1.03 1.20
Th, 0, 4.67 0.25 0.99 0.89 7.09 0.34 1.18 0.92 0.89 <0.05 0.14 0.19
Dy, 04 29.27 1.73 6.21 5.02 34.20 2.38 6.78 4.56 5.13 0.07 0.95 1.08
Ho, 04 5.80 0.39 1.33 0.92 4.87 0.49 1.30 0.69 1.11 <0. 05 0.18 0.24
Er, 054 15.09 1.18 3.71 2.28 10.59 1.44 3.74 1.71 2.98 <0.05 0.56 0.64
Tm, 05 1.84 0.16 0.50 0.28 1.54 0.19 0.61 0.25 0.41 <0.05 0.07 0.10
Yb,04 7.23 0.73 2.29 1.15 8.85 0. 88 3.56 1.42 2.38 <0. 05 0.45 0.51
Lu, 04 0.93 0.11 0.33 0.16 1.32 0.13 0.58 0.21 0.39 <0.05 0. 06 0.09
FES s 1047.60 72.35 249.66  204.32 1298.53 90.46 295.50  167.19  189.62 3.36 37.02 40. 89
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Fig. 3 Statistical chart of the total amount of rare earth oxides in phosphate ore samples
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Table 2 Total rare earth oxides, Y,0; and P,O; contents in phosphate rock samples

(i35 w(SRE0)/107°  w(Py05)/%  w(Y,05)/107° 5 w(SRE0)/107  w(Py05)/%  w(Y,05)/107°
BD-YS-01 105. 42 10. 62 50. 42 DMD-YS-10 127.01 13.36 49.53
BD-YS-02 85. 80 9. 60 38.61 DMD-YS-11 193.79 19.18 63.37
BD-YS-03 140. 02 13.65 49.65 DMD-YS-12 180. 33 37.97 95.63
BD-YS-04 94.08 22.35 47.50 TN1-YS-01 371.22 36. 59 152.39
BD-YS-05 308. 03 22.39 161.28 TN1-YS-02 248. 42 18.97 124. 96

BLW-YS-01 146. 99 19. 46 75.94 TN1-YS-03 231.99 16.17 94. 10
BLW-YS-02 124.55 17.19 63.37 TN1-YS-04 166. 19 11.32 69.21
BLW-YS-03 183.18 28.71 88.26 TN1-YS-05 279.96 38. 80 137.15
BYSI-1 284.92 8. 68 138. 42 TN1-YS-06 130. 39 8.79 37.72
BYS1-13-D 1 006. 52 29.51 232.40 TN1-YS-07 90.73 11.51 43.94
BYS1-13-@ 1032.29 30. 43 243.83 TN1-YS-08 127. 18 15.05 58.42
BYS1-2 1 047. 60 31.32 454. 64 TN1-YS-09 380. 46 23.33 170. 17
BYSI-3 290. 48 16.50 133. 34 TN1-YS-10 130. 68 14.68 54.35
BYSI-5 166.91 14.52 63.37 TN1-YS-11 289. 61 34.84 151.12
BYSI-6 149. 23 11.43 50. 54 TN1-YS-12 72.35 9.45 33.27
BYSI-7 305.24 26. 47 85.98 TN1-YS-13 256. 84 32.77 128.26
BYSI-8 123. 04 15.62 58.29 TN1-YS-14 265.97 38.33 129.53
BYS1-9 156. 54 20. 65 73. 40 TN1-YS-15 312.24 37.13 146. 04
BYS4-1 180. 98 13.92 67.82 TN1-YS-16 266. 70 19.55 78.74
DMDI1-2 220. 31 36. 09 99. 06 TN1-YS-17 275. 45 37.43 139. 69
DMDI1-3 235. 66 37.12 113.28 TN1-YS-18 283. 15 37.87 135. 88
DMDI1-4 78.52 16. 17 40.26 TN1-YS-19 315.36 26.28 89.91
DMD-YS-01 118.94 13.01 51.69 TN1-YS-20 130. 55 30. 84 48.51
DMD-YS-02 118.72 11.16 49.27 TN2-YS-01 170.33 10. 87 51.94
DMD-YS-03 343. 64 35.02 168. 90 TN2-YS-02 127.05 13.31 52.32
DMD-YS-04 190. 63 20. 62 80. 39 TN2-YS-03 196. 88 18.09 89.28
DMD-YS-05 256.17 39.49 135. 88 TN2-YS-04 104. 82 25.08 44.32
DMD-YS-06 187.45 21.16 92.20 TN2-YS-05 276.91 34.39 132.07
DMD-YS-07 649. 02 20.21 298. 44 TN2-YS-06 287.59 33.17 124.71
DMD-YS-08 170. 56 12.14 58.42 TN2-YS-07 335.34 38.67 161.28
DMD-YS-09 102. 10 13.14 45.46
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The correlation curves of P,0y content with Y,0, content (a) and total amount of rare earths(b) in phosphate ore
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Fig. 7 Light microscope (a, b) and electron microscope (c~f) of minerals in Anning phosphate rock
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Fig. 8 Scanning electron microscopy mapping of collophane
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Fig. 9 Electron microscope and energy spectrum of independent rare earth minerals in glauconite particles
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Table 3 Statistical data of rare earth elements in single minerals from Anning phosphate rock
FEAh HREET 1 RS2 RT3 T4 H=Al HEfA20 il A2 ERAT L RA 2
La, 05 126. 36 109. 69 168. 05 159.77 5.81 2.73 28.51 30.20 230.01 323.23
CeO, 244.35 190. 26 116.32 118. 88 10. 15 5.82 61.31 59.98 995.79 1 209. 90
PrgOy, 32.33 25. 66 29.73 27.37 1.10 0.51 5.82 6.44 115.20 117. 66
Nd, 04 137.51 108. 43 121.39 114. 48 3.63 2.33 20. 03 23.05 514.48 489. 04
Sm, 05 23.93 17.08 20.71 20.41 0.92 0.38 4.24 4.24 121.70 113.20
Ew, 0,4 4.70 4.18 4.97 4.56 0.20 0.16 0.67 1. 56 30.08 27.12
Gd, 0,4 24.98 19. 94 25.48 23.03 0.71 0.24 2.62 5.45 104. 59 98.50
Th,0, 3.11 2. 66 3.69 3.61 0.09 0.04 0.44 0. 64 16. 00 14.74
Dy, 05 14.75 17. 66 24.02 21.67 0.57 0.23 2.86 4.02 87.42 80. 56
Ho, 0, 2.91 3.77 5.95 5.25 0.10 0. 06 0.61 0.30 16.21 14. 61
Er, 05 6.59 12. 50 14. 67 13.28 0.56 0.22 2.05 4.75 37.51 38.59
Tm, 05 0.72 2.63 1.53 1.51 0.09 0.02 0.31 0. 65 4.69 4.89
Yb,0,4 3.45 15.73 7.54 6. 60 0. 69 0.22 1.82 2.19 21.54 28.34
Lu, 04 0.47 2.84 0.91 0.97 0.08 0. 05 0.35 0.97 2.82 3.08
Se, 05 4.95 33.62 4.92 4.69 4.39 8.39 24.07 20.71 34.22 27.43
Y,0, 143. 68 207. 15 3606. 48 372.30 4.50 1.71 17.27 22.96 615.01 568. 99
SREO 774.78 773.80 916. 36 898. 37 33.59 23.11 172.97 188. 09 2947.27 3 159.87
LREE 476.01 380. 96 388. 81 375.35 18. 19 9.96 100. 45 104. 68 1 674.14 1 898.27
HREE 165.90 252.82 364.75 362.31 8.94 7.75 38.92 48.10 759. 56 712.48
LREE/HREE 2.87 1.51 1.07 1.04 2.03 1.29 2.58 2.18 2.20 2.66
H S 22 T e v O £ TR BR AL S T )
N N N, A =)y 1> a7y Ay
7 e WRAAELIAN, FEWA TR

i LRI M e LA, ST R
Yvh LREE/HREE [{HAE 1.04~2.87 28], HAR
i LoCR B Hm LR TR, RS
Ao R DER&E, Ao fa bl AakEy
Y EoT R AR, HEA oA IRs %%,
Mg BT ZHAE B 7/ PR+ oo %, Hit
i 00 T 3L BOIR s P i Mg B (72 5,
2012) , #R5rESAR A T R B M 0,

JEBEH H Ca™ [ T2 420 1. 06 nm, i 17T
F La™ Ce™ ( Ce™) Nd™ | Y™ [ B 142 43 5l 2
1.22.1.18 (1.02) 1. 15 F1 1. 06 nm, XLEH +I0E
BT R S AT, X 2EERN,
ARAE 15% VAP, 38/ 28 o [R) 4508 46 1) R B2 (N
it 30%) (Fulit, 1984) . BEBES 4714 B B0 R H
WARE P EREICE Y 5 P Ca A WA,
It HEA R & BB 0 S 7 £,
I3l BRI e 7o o 73 e RS e w v R 3 =
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JECHAEAT v A 45 B T A R, B T R AFAEIE
TRA AT R 2 T [FHE I

rhEBE IR E K, B 30% LA LT
PR L ICER, ZM % T RO RS e E
FRIRAE I 14% , XTRED™ AR RN T K2
B B PR 255 R I OCBE (X A, 2018) . JE T
YRR A B BT 0 2O o B T
XA RP 2 B DL R AR S AT 08, MR
T IR MBAPRES BRI A 5 w1 H
PRI I X B TR £ o B SR T 2Rtk T
SHAEEEZEY,

P TR A oo R i ORI, Rl i
X UEA TR W A, AR R IR T A0
B, RS W08 h o Sl e, X TR
A LLs T B T2 e i) 7 2 6 4 e R kAT 4 W
0B AT LA S WU B DA B R e S A B ) s
BT R R i LT R AT R A, MR A
WA A, dlad bR 2 T2 A0 BE, Al o 8 50 3
AUE AR, A B S R A R 2 5 R (e
(Todorovsky et al. , 1997 ; Kumar et al. , 2010; Rych-
kov et al. , 2018) , HHTMBED" LU + RO
AR EATAT, H5 30 A7 A T SR AN /3 114 [ 3, 22 50
B RS £ ZE S I, A TR TR A R — 2 52
8 N Tl AR R A A B
8 ZEip

(1) ZTHm i 3 2 ma A oo g
DV £ouEoh 3 B A R SRD 0 TP
JCE B EEE, Sl ik 1047, 60x107° Al
1298.53x10°°; At fooR bk,
A E AU 189. 62x10°°, BEW A RS BT
£ Y,0, EEEE, FHIN 103.25x107; LK
Wil s LT R T CeO, WIS, P& H
Sk 94.88x107°, AR BEIC R I AR I 5 A e
Mk /8 Y,0, 5 P,0, & & A7 76 W 8 /Y 1E A 5%
KR,

(2) ZTHH RS 3 KA G EET Y5
SIAIEBED = A A bR R A
AP £ 0% & w2208 K, LREE/HREE
{HAE 1.04~2. 87 Z [0, BARM IR EHE ER
TR T HRAEE, fHor R FEIRT TR S
s, Hoh 3222 LR B AR 008 A7 T R i

W MRS S AR TR ST B B -, B LA
Mt E BB E, N2 947.27x107°~3 159. 87x
107, A=A AT R oo R SR,

(3) ML ICRIENEEM TR, BrHAMm 79
WIRLIAN, i iR Ef LR E K, fEh—
PRI AERR LB UR, TR 0 Z AR A 58 X
WA R o0 FR B [DISCRBE BT 7™ 5% 5 A e RAOR) R
AEEZ L,
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