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Nano-sized rare earth minerals from granite-related weathering-type REE
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Abstract: In this paper, the authors investigated rare earth minerals in the weathering granite crust of the
Gangxia REE deposit in Anyuan, southern Jiangxi, with the purpose of revealing the morphology and distribu-
tion of secondary weathering-related rare earth minerals. Samples collected from different layers of the studied
weathering crust were purified by separation. The main clay minerals closely related to rare earth minerals are
kaolinite and halloysite. FE-SEM and TEM results indicate that, in this profile, nano-sized REE-bearing miner-
als occur in two modes: some micro-grains are attached on the surface of some minerals, whereas others exist as
aggregates of rare earth minerals (possibly cerianite). The results help to understand the process of secondary
enrichment of rare earth elements during weathering of granites in South China.
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deposits showing distribution of some sampling sites
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Table 1 Major minerals in different layers of the weathering crust in the Gangxia REE deposit
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Fig. 2 Microphotographs of the fresh biotite-granite in the Gangxia REE deposit (crossed nicols)
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a—coarse-to-medium-grained texture of the granite, K-feldspar partly argillized/ sericitized; b—radiohalos in biotite; Ms—muscovite;
Pl—plagioclase; Qtz—quartz; Ser—sericite; Bt—biotite
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Fig. 3 REE distribution along the Gangxia granite

weathering profile
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Table 2 Rare earth element concentrations of samples collected in the Gangxia weathered granite crust
JE& 5L 2 2RI
FE AY-1 AY-2 AY-3 AY-4 AY-5 AY-6 AY-6" AY-7 AY-8 AY-9
La 38.48 52.04 45.71 45.73 59.62 100.25 360.47 50.18 35.46 59.39
Ce 244 127 97.29 56.46 63.42 136 488.79 79.65 76.97 101
Pr 12.28 17.41 15.09 14.26 19.33 20.34 75.51 16.78 11.72 20.23
Nd 48.21 68.22 58.59 54.45 75.47 130.05 307.48 66.13 46.42 81.84
Sm 13.00 18.89 16.77 16.00 23.14 41.68 95.44 19.24 14.58 25.30
Eu 0.12 0.15 0.11 0.09 0.11 0.14 0.61 0.07 0.06 0.09
Gd 12.94 16.96 14.82 15.48 23.04 41.36 102.87 17.88 14.16 24.32
Tb 2.60 3.59 3.18 3.70 5.49 10.65 24.74 4.18 3.47 6.09
Dy 17.81 24.50 21.68 26.16 37.27 78.17 171.08 30.53 25.40 45.63
Ho 3.71 4.99 4.36 5.29 7.26 16.45 34.33 6.56 5.33 9.78
Er 12.06 15.71 13.58 16.24 21.29 50.26 103.96 21.37 16.97 30.89
Tm 2.10 2.67 2.30 2.72 3.37 8.29 18.14 3.73 2.92 5.22
Yb 14.58 18.42 15.75 18.48 22.25 52.77 95.02 25.56 20.16 34.44
Lu 2.18 2.75 2.34 2.80 3.36 7.76 20.68 3.83 3.01 5.07
Y 115 154 137 174 224 587 1825.61 225 178 334
> REE 539.50 527.90 448.17 452.36 588.37 1281.06 3724.73 570.77 455.03 783.44
IlliliiEh/ 1.94 1.16 1.09 0.70 0.69 0.50 0.69 0.69 0.58
(La/Yb)y 1.78 1.90 1.96 1.67 1.81 1.28 1.32 1.19 1.16
Eu/Eu” 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01
\ AL
B AY-10 AY-11 AY-12 AY-13 AY-14 AY-15 AY-16 AY-17 AY-18 AY-19
La 41.88 40.21 41.03 41.49 38.96 46.16 49.87 41.67 37.16 61.52
Ce 4441 69.32 43.55 57.93 53.71 51.19 49.95 119 46.08 50.52
Pr 8.75 13.35 8.71 13.39 7.68 11.27 10.24 13.41 6.82 19.54
Nd 34.68 52.32 33.94 52.43 29.70 44.05 39.54 51.77 26.23 71.23
Sm 10.18 15.08 9.40 14.89 8.28 12.49 11.03 13.91 7.07 19.03
Eu 0.04 0.05 0.03 0.05 0.03 0.04 0.05 0.07 0.05 0.11
Gd 9.51 13.62 8.30 13.41 7.66 11.28 9.76 12.94 6.88 15.75
Th 2.28 3.14 1.80 3.00 1.72 2.59 2.21 2.80 1.69 3.33
Dy 16.88 22.29 12.47 20.98 12.33 18.77 15.84 19.66 13.36 21.69
Ho 3.65 4.67 2.62 4.41 2.64 3.99 3.39 4.20 3.09 4.35
Er 12.05 15.20 8.77 14.19 8.71 12.95 11.23 13.69 11.14 14.06
Tm 2.19 2.73 1.61 2.48 1.59 2.28 2.04 2.40 2.22 2.46
Yb 15.46 19.36 11.65 17.00 11.25 15.68 14.47 16.41 15.96 17.09
Lu 2.32 2.93 1.77 2.54 1.70 2.34 2.17 2.43 2.41 2.54
Y 119 148 81.86 151 85.69 137 108 138 99.48 144
> REE 323.10 422.07 267.51 408.70 271.65 371.99 329.50 452.49 279.64 446.86
IlldliiEh/ 0.76 0.82 1.04 0.79 1.04 0.80 0.95 1.13 0.79 0.99
(La/Yb)y 1.83 1.40 2.37 1.65 2.33 1.98 2.32 1.71 1.57 2.43
Eu/Eu”® 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02
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Fig. 4 XRD analyses of clay minerals purified from the sampled weathering crust
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Fig. 5 Morphology of halloysite and kaolinite in weathering crust
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Table 3 EDX results of selected minerals from the Gangxia
weathering crust (spectrum 225)

TEE Ce F LY E 2 LREE W 074

(0] 31.17  34.28 31.32 22.16 17.13 29.57
F 5.37
Na 1.36 .84 0.37
Mg 0.16
Al 8.12 6.88 11.29 4.07 1.84 11.20
Si 12.10 17.17 11.38 5.65 1.87 10.63
S 1.19 0.80 0.41 0.12
Cl 0.12
K 2.39 6.36 0.33 0.49 0.10 0.66
Fe 2.59 0.95 3.20 1.89
La 18.37 10.45 6.57
Ce 38.98 27.52  31.62 32.94 31.60 17.13
Pb 2.20
Pr 4.02 5.83 2.39
Nd 9.89 18.38 8.71
Sm 6.70 2.40
Gd 5.73 1.58
Ta 1.29
Th 3.45 4.68 8.15 1.89
Total ~ 100.00 100.00 100.00 100.00 100.00 100.00
Ce/Ce” 1.11 0.96 1.04

e RPEARII RN —I 4 R Ce/Ce™ =2 Cey/ (Lay + Pry)o

Morphology of nano-sized REE minerals attached on the surface of feldspar (a, b, ¢) and quartz (d> e)
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Fig. 7 Morphology of nano-sized REE grains attached on polar ends of halloysite tubes and EDX spectrum 14
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Fig. 8 Ce-dominated REE mineral aggregates and their EDX spectra
a—FIR REEW#; b— R REEE REET W b IKBCRE; d—a 1 b KRR K
a—kidney-shaped REE mineral aggregate; b—schistose aggregated REE minerals; c—the enlarged view of b; d—EDX spectra
of two selected areas in a and b, respectively
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Table 4 EDX results of Ce-dominated REE mineral
aggregates
WK 206 iR 187 R 195 WK 263 %Al 108
C 1.03
O 18.21 17.30 22.21 22.15 22.18
Na 0.08
Mg 0.12
Al 0.44 2.00 2.07 4.53 3.85
Si 0.98 1.00 5.68 5.36 3.56
S 0.48 1.41 0.40 1.95
K 0.28 0.47 0.39 0.22 0.42
Mn 1.94
Fe 1.33 6.59 1.91 3.46 1.21
Ce 68.19 68.84 60.12 46.49 55.42
W 0.00 1.55
Pb 2.26 2.82
Th 6.79 3.60 6.21 13.01 9.49
Total 100.00 100.00 100.00 100.00 100.00
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