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Fig. 2 Distribution of granites in the north-east section of the Nanling Mountains
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Fig. 3 Chondrite-normalized REE patterns of the representative REE ore-bearing granites in the Nanling Mountains
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Table 1 REE content in the representative REE ore-bearing granites in the Nanling Mountains( X 107°)
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7K 3k 31.90(68.90|10.50{39.70| 9.94 0.05/10.00| 1.96 |12.10| 2.46 | 7.78 | 1.40 | 9.45 | 1.34 [67.20|1.53
K& (LREE (v ) ’ S ’
IK 3k |46 b BE A (LREE )| 69. 90 [126. 00| 14. 20 |53. 10| 8. 64 | 2.57 .59 1 0.85|4.46 | 0.85 | 2.44 | 0.36 | 2.36 | 0.38 |21.40(11. 50
HELURE A IR A7 9%
T 56.50(89.20|14.10{59.90|11.90| 4.80 |11.70| 1.65 | 9.46 | 1.88 | 5.51 | 0.71 | 4.67 | 0.70 |52.90 [16.50
N — K (LREE %) b} b} b} 5.0 b}
” rholy B 25 BRAR K |204. 00[111. 00[ 46. 20 [164. 00 31. 60| 3. 83 |26.10| 3.61 |20.60| 3.74 [10.80| 1.36 | 8.64 | 1.20 |98.90|5. 43
. 1% (LREE B | 61. 90 | 63. 60 12.70|45.30] 7.83 | 1.22 | 6.13 | 0.94 | 4.37 | 0.74 | 2.25 | 0.28 | 1.66 | 0.25 |20.60]3.08
ok B ) 33.20(52.90| 6.65 {23.00| 5.61 | 0.72 | 5.33 | 0.97 | 5.75 | 1.12 | 3.35 | 0.47 | 3.27 | 0.49 |26.10|3.68
E- 31 R AR K 21.70(29.80| 3.94 |13.20| 3.62 | 0.46 | 4.12 | 0.82 | 5.02 | 1.05 | 3.19 | 0.47 | 3.10 | 0.45 |29.00|2.63
(LREE-(Y)®) | 64. 00 [152. 00 13. 00 | 40. 70| 8.07 | 0.87 | 6.87 | 1.31 | 8.35 | 1.66 | 5.23 | 0.73 | 4.30 | 0. 64 |45.30 |4.62
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Fig. 5 DBack-scattered electron images of the rare earth element minerals in the
REE ore-bearing granites in the Nanling Mountains
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Table 2 REE geochemical characteristics in REE minerals from the REE ore-bearing granites in the Nanling Mountains
e {22t RE,O; LRE,O; | HRE,O; | Y/RE,O; " |Eu/RE, O3 * | & (%)
WA Fe(Al,Fe), [ Si, O, J[SiO, JOCOH) 16(n=12) 13 3 0.58 0 1~5
T FeY2[ Bas Siz Oy ] 56 0. 99 55 63 0 0.1~1
[EE7A R4l (Yh,Y)SiO, 11(n=26) 3 9 43 0.13 1~2
i vel CegFe?t (Si0,) 5[ Si0; (OH) J(OH) 5 73(n="7) 56 17 10.2 0 1~2
Fay- ke Fes Al,[SiO, 15 19.99(n=2) 0.31 19. 68 9.06 0. 94 1~2
R (Ce,La)PO, 65(n=24) 59 6.3 2.3 0 2~3
B 2 A (La,Nd,Ce)PO, 65.2(n=2) 58.5 6.7 4.9 0 0.1~1
" YPO, 63(n=26) 2.1 61 65 0 2~3
IR (Ce,La)PO,. H,O 53.5(n=6) 45 8.5 5.1 0 2~3
TR 5 (La,NdPO,. H,0 54. 7(n=8) 42.1 12.6 11. 2 0.7 2~3
KB YPO,. 2H,0O 58.3(n=6) 8.5 49.7 44 0 2~3
[N S 0N (Ce,La)(COHF 61.5(n=13) 52 9.5 5.6 2~3
Stk 4 4 (La,Nd,Ce) (CO;)F 55(n=4) 39.6 15. 6 8.2 0.3 2~3
R B il A 49(n=5) 40 8 7.3 2~3
TR0 i (Ce,La);Ca(CO;3) ;3 Fy 58 5 0.1 2~3
BT S 4 (Ce,La)Ca(COy),F 43(n=27) 35 8 7.9 2~3
E RN a7 (Y,Dy)Ca(CO3), F 52(n=17) 10 42 45.3 2~2
EERTE7A 0N (Ce, Y)(COF 61(n=15) 36 25 20. 7 1~2
WA AR YNbO, 42.79 2.71 40. 08 59 0.03 0.1~1
WL O YTaO, 33 49 0.1 0.1~1
7O (Y.U,Fe)(Ta.Nb)O, 33 47 0.1~1
EBWe O (Y,U)(Nb, Ta), s 27 52 0.1 0.1~1
BEan O (Y,U,Th) (Ti,Nb); O 33 0.1~1
Vil Ze10) (Ce,Ca,Th) (Ti,Nb), O 25 14 0.2 0.1~1
5.5 4 © (Y,Ca, U, Th) (Ti,Nb),Os 32 50 0.05 0.1~1
XA (Y,Dy) (Ti,Nb)2 (O, OH); 47 0.9 46 68 0 0.1~1
A7 A T (Zr,Y) (Si,P)O, 21.83(n=5) 0.61 21. 2 61 0 0.1~1
O H RS 5. 1989,
3 IEMEFRXZSI HFARNKTFERBHBELTLEIE(X107°)
Table 3 REE content in the weathering profile of the M deposit in Jiangxi Province( X 107¢)

5 La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y Sc
ZK2-1(0~3m) |658.0|221.0|128.0|456.0| 72.5 | 10.5 | 23.0 | 4.5 | 17.0 | 3.2 | 10.8 | 1.4 | 9.6 | 1.5 | 55.5 | 13.9
ZK2-2(3~4m) |588.0[163.0|110.0(387.0| 66.1 | 10.1 | 25.4 | 4.5 | 16.7 | 3.1 | 10.6 | 1.4 | 9.7 | 1.4 | 57.9 | 14.0
ZK2-3(4~5m) | 610.0 |184.0|108.0|381.0| 68.6 | 10.9 | 34.7 | 5.5 | 22.5 | 4.1 |12.9 | 1.7 | 11.5 | 1.7 | 78.1 | 12.4
ZK2-4(5~6m) | 665.0 |245.0(112.0(390.0| 75.5 | 13.1 | 50.7 | 7.6 | 32.7 | 5.9 | 17.4 | 2.2 | 15.0 | 2.2 [118.0] 13.1
ZK2-5(6~7m) |596.0 | 206.0| 97.4 |337.0| 67.7 | 12.5 | 56.6 | 9.3 | 43.5 | 7.8 | 22.5 | 2.8 | 17.4 | 2.6 [173.0] 10.7
ZK2-6(7~8m) |589.0|117.0| 92.0 |[313.0| 69.2 | 13.0 | 72.3 | 11.9 | 59.3 | 10.6 | 29.5 | 3.5 | 21.4 | 3.1 |283.0| 8.3
ZK2-7(8~9m) |334.0[233.0| 56.0 [192.0| 44.5 | 9.5 | 58.0 | 9.8 | 51.7 | 9.2 | 25.3 | 3.1 | 19.5| 2.7 |231.0| 8.8
ZK2-8(9~10m) | 341.0 | 250.0 | 55.6 |189.0 | 45.4 | 10.2 | 69.4 | 13.0 | 71.4 | 13.1 | 35.1 | 4.2 | 26.1 | 3.7 |412.0] 9.8
ZK2-9(10~11m) | 325.0| 55.7 | 53.9 |185.0| 42.5 | 9.4 | 63.9 | 12.3 | 68.8 | 12.6 | 34.5 | 4.1 | 24.7 | 3.5 |410.0] 10.4

MR W R R A B, R LR BER, Al XA fL LJ001 FL¥% 18m, H £ L2 (0~3m) £ 4

AL )Z (3~15m) &2 KA 2 (17 ~19m) , 7] 38 4
W o 2 s 4 i 2R S B < 5 35 7 B 0~T7m
17~19m & &%, 9~ 14m 7] 38 e P W% B &5 6 1+ &
i, Horft LREE A X & 4 78 2 KL )2 i (12m
) HREE B4EE2N)ZE T 16m LT, BR
LREE fil HREE A AR 1iE% 508 (8 9, 1LY
M B X4 fL ZK001 LK 11m, H £ +)Z (0~3m) &
2 NAL)ZE (3~10m) 22 XAk )2 (11m) , i 1% & il
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2007; Yang Yueqing et al. , 2016), X fk 72 1 J5i B4
pH {H ( Wu Chengyu et al., 1989), X 1k 12 &
(Sanematsu et al. ,2009; Zhao Zhi et al,2015),5
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Progress of Research on Metallogenic Regularity of Ion-adsorption
Type REE Deposit in the Nanling Range

ZHAO Zhi, WANG Denghong, CHEN Zhenghui, CHEN Zhenyu
Ministry of Land and Resources (MLR)Key Laboratory of Metallogeny and Mineral Resource Assessment ,

Institute o f Mineral Resources, Chinese Academy of Geological Sciences, Beijing, 100037 ,China
Abstract

Ton-adsorption type REE deposit, which produces the majority of the world” s heavy rare earth
resources, is one of preponderant mineral resources in China. Although many significant research projects
on the metallogenic regularity of this type deposits have been carried out in 1980s, a lot of fundamental
problems still need to be investigated and solved. We have completed a comprehensive geology study on 52
Ion-adsorption type REE deposit in southern China from 2011 to 2015. This paper reports the research
progress of metallogenic regularity of the REE deposits. lon-adsorption type REE deposit are widely
distributed in south China, particularly in the Nanling Mountains. They have also been identified in
Vietnam, Laos, Thailand and the United States in recent years. Known the deposits of southern China
occur in the weathering profiles of granitic rocks, acidic volcanic rocks, metamorphic rocks and limestone.
The deposits in granite weathering showing high-grade large-scale are most important. The REE
mineralized granitic rocks were formed in the Paleozoic and Mesozoic with the zircon age ranges of 461~
384Ma, 228 ~242Ma and 189~94Ma. The HREE-rich parent rocks are more enriched in the SiO, and Rb,
depleted in Ti, Zr, Hf, Nb,Ta, Ba and Sr, with the significant Eu anomaly, than the LREE-rich parent
rocks, showing they formed from a highly fractionated magma. Remarkably, part of LREE-rich parent
rocks with higher Y and low LREE/HREE ratio (1~3) tend to formed HREE orebody. REE minerals are
common in the parent rocks with complex origins, which can be divided into magmatic (eg, allanite,
monazite, xenotime, xenotime), hydrothermal 1(eg, bastnaesite, bastnaesite(Y), synchysite- (Y)),and
hypergenic minerals (eg, rhabdophane-(Ce), rhabdophane-(L.a)). And the significant enrichment of REE
resulted from deuteric activity., The total REE contents in a well-developed weathering profile that
composed of the lateritic horizon (A), the weathered horizon (B) and the weathering front (C) from
surface downwards are enriched in the B horizon, and are relatively low in A horizon and C horizon.
Generally, LREE are enriched in upper part in B horizon while HREE are enriched in lower part in early
weathering stage, HREE and LREE are all enriched in lower part in late weathering stage. The
relationship of the chemical index of alteration (CIA) and the total REE content in the weathering samples
shows when CIA<(85% ,CIA and > REE have a positive correlation, when 85% <CCIA<(100% ,CIA and
> REE have a negative correlation. Relatively soluble REE minerals are a major sources of REE in the Ton-
adsorption type REE deposit, acidic leaching is attributed to the migration and concentration of REE in
clay minerals, and the content of ion-adsorption REE is largely depend on the weathering degree during the

weathering-leaching process.

Key words: ion-adsorption type REE deposit; granite; weathering crust; rare earth element (REE);

REE minerals; the Nanling Range



