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Investigation of Rare Earth Elements in Iron Concentrates Copper Concentrates and Tailings
from the Yinachang Fe-Cu-REE Deposit Southwest China
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Abstract: The major elements and trace elements of iron concentrates copper concentrates and tailings from the Yin-
achang Fe-Cu-REE deposit are analyzed to locate whereabouts of rare earth elements during ore separation processes. The
total REE concentrations ( SREE) of iron concentrates and copper concentrates are 88. 5X107°~606x107° and 629x107°-
1263x107° respectively. Tailings are composed mainly of SiO,( 18. 15% —45.16%) Fe,0,(9.79% -41.60%) CaO
(4.90%-10.25%) and loss on ignition ( 9.45% —21.40%) with relatively high contents of Ba ( 523x107°-1630%
10°) and SREE (248x107°-1576x10"°) . The SREE contents of tailings are positively correlated with those of Fe,0,
P,05 and Nb. REE patterns and ( La/Sm) y vs. ( Gd/Yb)  plots indicate that REE of iron concentrates copper concen—
trates and tailings could mainly occur in apatite associated with magnetite. The presence of such mixed particles of apatite
and magnetite leads to the transfer of Fe Cu and REE to the minerals with relatively low specific gravity during the sepa—
ration processes. It is believed that REE resources of the deposit are concentrated mainly in the apatite of tailings.
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Table 1 Concentrations of major elements sulfur ( %) trace and rare earth elements ( x10™°) of

iron concentrates copper concentrates and tailings from the Yinachang Fe-Cu-REE deposit southwest China

YNCWC YNCWC YNCWC DFH YNCWC YNCWC YNCWC YNCWC DFH YNCWC YNCWC YNCWC

-7 -8 -20 -24 -9 -10 -11 -19 -25 -4 -12 -13
ICP41  ICP41  ICP41  ICP41  XRFl1 XRF1 XRF1 XRF1 ~ ICP41  XRF2  XRF2 XRF2
MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81
Si0, 11.01 6.07 5.19 5.73 3242 4436 43.86
AL O, 2.00 1.80 1.95 0.62 0.77 0.38 0.30 0.50 0.40 5.79 10.02 10.11
Fe,0, 29.03  26.31 3418  39.18  81.61  90.05 91.3 90. 8 26.94 14.18 15.15
MgO 1.53 1.56 1.84 1.21 1.16 0.09 0.20 - 0.45 3.40 4.30 3.60
Ca0 1.96 2.00 3.47 2. 64 2.15 0.92 1.02 1.39 1.25 10.11 9.05 8.27
Na, 0 0.03 0.03 0. 04 0.05 0.08 0.16 0.08 0.13 0.40 1.66 1.54
K,O 0. 41 0.37 0.49 0.17 0.13 0. 07 0.05 0.11 0.08 1.46 2.78 2.80
MnO 0.36 0.21 0. 64 0.17 0.92 0.63 0.92
P,0; 0. 44 0.31 0.27 0.46 0.13 0.29 0.21 0.07 0.18 131 0.33 0.40
TiO, 0. 05 0.05 0.05 0.02 0. 14 0.18 0.08 0.05 0.05 0.28 0.45 0.46
LOI 1.95 -0. 67 0. 80 -1.67 16.11 13.03 13.47
99.52  97.78  99.88  97.32 99.14  100.81 100.58
S >10.0C0  >10.0Y >10.0Y >10.0Y 0.15Y  0.129  0.05C  0.03®  0.04®  1.000  0.057 0.059
Cu >10000 >10000 >10000 >10000 685 1350 2540 164 169 593 511 442
Y 47.8 35.8 31.0 63.0 17.7 137 9.00 5.80 45.6 123 24 28
Zr 169 171 55.0 30.0 27.0 16.0 15.0 14.0 19.0 68.0 107 105
Nb 61.7 45.7 48.6 134 54.4 131 60. 6 13.2 113 120 17.1 18.6
Ba 252 239 870 85.9 95.2 59.5 108 87.1 52.6 1190 1230 1400
La 515 285 172 334 51.1 115 78.8 24.2 71.5 368 72.7 97.1
Ce 785 437 291 576 83.6 252 112 41.0 126 645 130 170
Pr 69.0 38.9 27.8 57.1 7.17 26.7 8.87 3.81 12.7 64.6 12.7 16.6
Nd 202 116 92.0 187 23.8 103 24.0 12.2 45.0 222 41.5 53.5
Sm 28.3 16.8 13.9 28.6 3.82 22.2 3.21 1.97 8.82 36.7 7.31 8.72
Eu 21.9 13.2 7.91 15.3 3.02 6.74 5.96 1.03 6.37 22.0 2.98 4.34
Gd 16.8 11.1 8.6 19.8 3.35 23.6 2.32 1.36 8.33 29.2 5.56 6.60
Th 2.14 1.47 1.21 2. 64 0. 54 3.92 0.33 0.2 1.59 4.11 0.80 0.97
Dy 11.0 7.54 6. 48 14.3 3.29 24.2 1.93 1.29 10.2 22.4 4.46 5.33
Ho 1.91 1.43 1.19 2.57 0.63 4.88 0.39 0.23 2.05 4.19 0.86 1.05
Er 5.36 3.96 3.31 6. 86 1.86 13.4 1.15 0. 62 5.61 11.3 2.47 3.25
Tm 0. 65 0. 47 0.48 0. 84 0.18 1.58 0.12 0.11 0.69 1.39 0.31 0.37
Yb 3.83 3.17 2.59 4.57 1.13 7.87 0.9 0.48 3.54 7.20 2.10 2.65
Lu 0. 44 0.35 0.27 0.46 0.14 0.8 0. 09 0.04 0.34 0.78 0.29 0.34
Hf 4.4 4.2 1.4 0.8 0.6 0.5 0.4 0.4 0.5 1.8 2.8 2.8
Ta 0.8 0.8 0.6 1.5 0.8 2.5 0.5 0.3 1.9 2.2 0.9 0.9
SREE 1663 936 629 1250 184 606 240 88.5 303 1439 284 371
Y /Ho 25 25 26. 1 24.5 28.1 28.1 23.1 25.2 222 29.4 27.9 26.7
YNCWC YNCWC YNCWC YNCWC YNCWC  DFH DFH  YNCWC YNCWC YNCWC YNCWC  YNCWC
-14 -15 -16 -17 -18 -26 -27 -1 -2 -3 -5 -6
XRF2  XRF2  XRF2  XRF2  XRF2  ICP0O6  ICPO6  ICPO6  ICPO6  ICP06  ICPO06 ICP06
MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81
Sio, 45.16 433 43.65 43.66  44.17 44.8 44.7 18.15 21.7 32.4 29.1 43.4
AL O, 9.57 10.11 10.35 9.90 9.82 10.6 10.1 2.93 3.75 4.10 4.99 7.15
Fe,0, 15.38 16.9 12.49 15.89 13.74 18.3 20. 4 41.6 37.9 28.1 29.8 9.79
MgO 2.87 2.87 4.50 3.21 4.20 4.46 4.55 3.98 3.56 3.92 4.11 6.19
Ca0 7.58 7.53 9.58 8.16 8.91 5.16 4.90 6.97 8.69 8.71 10. 05 10. 25
Na, 0 1.67 1.21 2.21 1.12 1.32 1.63 1.62 0. 41 0. 50 0.50 0.63 0.26
K,0 2.65 2.63 2.95 2.72 2.79 2.81 2.73 0. 64 1.07 1.06 1.59 2.19
MnO 1.18 1.16 0.56 1.04 0.65 0.79 0.77 2.31 1.66 1.24 1.09 0.39

P,0; 0.35 0.43 0.38 0.39 0.31 0.56 0. 54 0.89 1. 06 1. 06 1.57 0.38
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1
YNCWC YNCWC YNCWC YNCWC YNCWC  DFH DFH  YNCWC YNCWC YNCWC YNCWC  YNCWC
-14 -15 -16 -17 -18 -26 -27 -1 -2 -3 -5 -6
XRF2 XRF2 XRF2 XRF2 XRF2  ICP0O6  ICPO6  ICPO6  ICPO6  ICPO6  ICP06 1CP0O6
MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81
TiO, 0.43 0.43 0.47 0.46 0. 46 0. 49 0. 47 0.13 0.16 0.19 0.21 0.46
LOI 13.7 13.46 13.12 12.76 13. 11 9.45 9.84 21.4 19.1 18.4 16.1 17. 65
100.54  100.04  100.25 99.3 99.47  99.22  100.75 100.02  99.41 99.88  99.43 98.75
S 0.04Y 005V  0.04Y  0.05° 0.080 <0.1? 0.2 0.5? 1.29 0.9? 0.9? 0.2%
Cu 290 232 579 275 510 400 100 3900 1000 900 600 4500
Y 27.6 26.8 25.3 27.8 24.1 57.9 48.8 53.6 110 74.8 119 33.7
Zr 104 103 113 109 108 114 105 32.0 41.0 56.0 55.0 132
Nb 19.8 20.6 13.2 20.2 14.4 54.2 45.2 59.7 100 82.3 117 31.9
Ba 1605 1630 1205 1540 1045 893 894 816 989 556 671 523
La 107 90.9 63.9 98.3 97.3 126 107 358 419 269 389 60.9
Ce 185 157 115 172 171 229 193 576 718 455 670 108
Pr 17.7 15.4 11.4 16.5 16.6 23.2 19.7 52.5 70.2 43.7 65.1 11.0
Nd 58.1 50.6 37.6 55.4 54.6 80.7 67.4 161 236 142 219 37.4
Sm 9.33 8.38 6.51 9.02 8.55 13.9 11.9 23.1 38.2 22.7 34.9 7.03
Eu 5.10 5.33 2.47 4.66 3.61 8.23 6. 69 18.9 22.4 15.7 22.4 3. 40
Gd 6.69 6.60 5.49 6.80 6.31 12.1 10. 1 15.8 27.5 17.6 27.2 6.04
Th 0.92 0.97 0.82 0.95 0.82 1.84 1.50 2.13 3.71 2.59 3.92 0.94
Dy 5.33 5.24 4.33 5.38 4.66 10. 6 8.53 11.3 19.3 13.6 21.4 5.63
Ho 1.01 1.05 0.87 1.01 0. 86 2.01 1.68 2.13 3.54 2.59 4.03 1.15
Er 3.06 2.94 2.69 2.88 2.36 5.62 4.64 5.94 9.82 7.47 10.8 3.35
Tm 0.39 0.36 0.32 0.41 0.36 0. 64 0.57 0. 70 1.20 0.88 1.29 0.41
Yb 2.68 2.53 2.22 2.57 2.12 3.77 3.28 4.14 6. 34 4.75 6.85 2.84
Lu 0.32 0.31 0.31 0.32 0.26 0.45 0.39 0.47 0. 66 0.53 0.72 0.36
Hf 2.7 2.7 2.9 2.6 2.7 2.7 2.6 0.8 1.1 1.5 1.5 3.4
Ta 0.9 0.9 0.8 1.1 0.8 1.4 1.3 0.7 1.7 1.5 2.2 1.1
SREE 403 348 254 376 369 518 436 1232 1576 998 1477 248
Y /Ho 27.3 25.5 29.1 27.5 28 28.8 29 25.2 31.1 28.9 29.5 29.3
- 20) ME-CP41; @ MEACP881.
( ZREE) Si0,+ Al 0,.K,0.TiO, Zr  Hf
( 2004; 2013) . ( Fe,0;.P,0; Nb
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Fig.1 Plots of major elements contents vs. trace elements contents for iron concentrates copper concentrates

and tailings from the Yinachang Fe-Cu-REE deposit southwest China
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Fig.2 Chondrite-normalized REE patterns of iron concentrates copper concentrates

and tailings from the Yinachang Fe-Cu-REE deposit Southwest China
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Fig.3 Unaltered fluorapatite ( UFA) -normalized REE patterns of iron concentrates copper concentrates

and tailings from the Yinachang Fe-Cu-REE deposit southwest China
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