54955 1 hOE R Vol.49, No.1
20224F02 A GEOLOGY IN CHINA Feb. , 2022

doi: 10.12029/gc20220112

RS A I PR B R, XTI . 2022, Z g IV IR AE B 5 8 IR 4 PRBBRAL =R AE SRR B D], T EIHBET, 49(1): 201-214.
Zhang Min, He Xianchuan, Tan Wei, Ma Lingya, Zhao Fufeng. 2022. Geochemical characteristics and genesis of ion—adsorption type REE deposit in
the Lincang granite, Yunnan[J]. Geology in China, 49(1): 201-214(in Chinese with English abstract).

~ElE e R E = TR T o R Ik FHFE
MNERREFETiE

KR TR B, D RE, R g

(1w sk 5 B, vl AR 61010052 F AR MIHACF LA, F AHF TN FERT FELLRE, T AAEH
P AR TR E R R E A M 51064053 9 A AR M %, vl A 6100574 AR T K 53R
S, wl RAR 610059)

RE. (R BN GG A RATET 0, B0 AR £ 90U B s Xt i v A6 b 5 XA 3 5 - 1 o 26 7
TARASRAE 2 3G PR UBIR AL R RS HLA AT 58 1) T3 — DA 0F 2 X MR B 2R A + e UR i 4k T
1 [R5k AR SR BRI VAL B 2 v Be b X, 38 35 R B8 SRR TR, TR T 0 ™ 1 o 22 0 PR b sk Ak 27
iE, R H S P EA TR [ 3R 48 3R I e 46 B 2 WUR e 2 AL 26 4 B2 ARG =0T 2 4 S o B, Fic oy Hh 28
SEATIOF I 0 W I B 0 R RS £ OT R E IR A A 0 W £ R AR AR 5 e KA i 4 KR
B iR BN BRI AR b — MR IR [ Z58 ] T B BRI S AL A R )
i R AR BT N a8 RSS2 RE)Z 5 AR, BT R 2 R RG22 L P AR P i T
AR W IR AR R ORI
X AR BRI AT R REE T BUR AREE s L AL s R A A TR Ve R
Bl F SRR A XU B IR LI L AREE R T 12 D SRR B A 55% ~ 75% 5 T 12X S - i A4
s 100 B WL B i At
FESES P618. 7  XEMAREARS:A  XEHS:1000-3657(2022)01-0201-14

Geochemical characteristics and genesis of ion—adsorption type REE deposit in
the Lincang granite, Yunnan Province

ZHANG Min"?, HE Xianchuan’, TAN Wei’, MA Lingya’, ZHAO Fufeng®

(1. Sichuan Tourism University, Chengdu 610100, Sichuan, China; 2. Guangzhou Institute of Geochemistry, Chinese Academy of

Sciences; CAS Key Laboratory of Mineralogy and Metallogeny; Guangdong Provincial Key Laboratory of Mineral Physics and

Materials, Guangzhou 510640, Guangdong , China;3. Sichuan Metallurgical Geological Exploration Institute, Chengdu 610057,
Sichuan, China; 4. Institute of Earth Science, Chengdu University of Technology, Chengdu 610059, Sichuan, China)

Rs B HA:2019-10—16; BB B HF : 2019-12-17

EETE ) ARA LIS BT ERBTFE EIH (2019B030302013) )RG5 PP EL S AR ST & 55 S206 28 2020 45 5 TP L4
O ARARHEI I E ) ( 2020B1212060055 ) K H [ #BTi#A m 5 H ( DD20160016— 1984 %81

PEE I 5K B, 53, 1986 4FA: Wit , TR, N0y PRI BRAL 2B 5 B [ 7R 5™ B8 2 T4 ; E~mail: zhangmin1179@126.com.

http://geochina.cgs.gov.cn H1E LT, 2022, 49(1)



202 i 5] b J 2022 4F

Abstract: This paper is the result of mineral exploration engineering.

[Objective] The widespread Lincang granite weathering crust has the enormous potential of ion— adsorption type REE resource.
Strengthening the research on the phase characteristics and leaching rate of ion—adsorption type REE deposit in Lincang granite
weathering crust and other ore deposit geochemical characteristics and metallogenic mechanisms will help to further promote the
prospecting of ion—adsorbed rare earth resources in this area. [Methods]Through systematic drilling projects in the middle section
of Lincang granite, a detailed understanding of rare earth metallogenic geology and ore deposit geochemical characteristics, and its
genesis are discussed. [Results]All— phase and leaching— phase of REE in the full weathering layer of crust are strongly
differentiated, their distribution patterns show “W” shapes as smooth and shallow; the ores are the mixed type of LREE—enriched,;
REE ore bodies lay in the full weathering layer of granite weathering crust, and grade changes from top to bottom show two types as
" low— high" and " high— low".[Conclusions]The infiltrating acidic solution carries the REE which dissociate from the sub—
minerals of granite migrating down, the REE enrich and mineralize in the full weathering layer of crust, because the clay minerals

and acidic solutions declined sharply, the enrichment of half weathered layer and weak weathered layer are greatly reduced.

Key words: granite; ion— adsorption type rare earth deposits; leach characteristic; vertical variation characteristics; metallogenic
mechanism and model; mineral exploration engineering; Lincang; Yunnan Province

Highlights: The leaching characteristics of ion— adsorption type REE deposit in Lincang granite weathering crust show that the
leaching rate is stable at 55%—75%; Establish the metallogenic mechanism and metallogenic model of ion—adsorption type REE
deposit.
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Fig.1 The sketch geological map of the middle section of Lincang granite

(modified from Fang Lianghao et al., 2017)

1-Holocene series; 2—Neogene; 3—Pre—Tertiary ; 4—Lincang granite; 5—Study area
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Fig.2 The stratified features of granite weathering zone in the study area
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Table 1 Composition and related parameters of all—-phase REE (10 )

FEf#4iS La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y (La/Yb (La/Sm)y (Gd/Yb)y JEu dCe
ZK09-ZH 292 324 59.8 213 433 7.12 392 6.97 34.8 7.47 20.8 3.18 172 254 204 11.75 423 1.88  0.52 0.56
ZK16-ZH 220 132 485 188 414 6.68 34.6 6.19 304 6.5 182 278 154 228 168  9.89 3.33 1.86  0.52 0.30
ZKI13-ZH 156 210 31.6 120 254 5 248 509 27.8 632 18 3.03 16.7 252 180  6.47 3.85 123 0.60 0.68
ZKI10-ZH 104 142 21.6 784 192 1.92 185 403 23 53 152 24 13 194 144 554 3.39 1.18 031 0.69
ZKO07-ZH 138 150 28.1 102 20.6 3.2 19.2 3.54 17.9 3.92 109 1.64 896 13 992 10.66 420 177 048 0.55
ZKO04-ZH 175 136 357 121 275 3.1 27 556 32 675 188 275 163 235 203  7.43 3.99 137 034 039
ZK41-ZH 228 162 552 198 44 552 363 626 329 6.51 17.7 2.56 154 2.19 178 1025 3.25 195 041 034
ZK42-ZH 218 149 484 169 359 541 302 532 292 598 16.1 229 141 193 160 10.70 3.81 177 049 034
ZK36-ZH 191 225 43.1 152 32 555 27.7 477 256 52 141 204 124 17 145 10.66 3.74 185 0.55 0.57
ZK27-ZH 118 99.4 262 914 213 2.4 17.1 299 163 3.34 939 151 9.84 143 916 830 3.47 144 037 041
ZK33-ZH 119 115 272 938 21 2.66 189 3.55 19.6 4.03 11.1 1.72 10.8 144 113  7.63 3.55 145 040 047
ZK19-ZH 104 120 214 748 169 1.84 162 3 173 3.56 9.84 1.46 9.17 124 958 7.85 3.86 146 033 0.58
ZK25-ZH 147 914 332 113 295 2.74 283 562 323 69 192 296 19 268 192 536 3.12 123 028 030
ZK59-ZH 171 136 357 123 27 3.13 23.7 424 22.1 434 11.7 1.66 104 144 123 11.38 3.97 1.88 037 0.40
ZK61-ZH 106 150 22.6 80 159 2.08 133 2.15 109 221 6.06 0.87 5.88 0.84 60 1248 4.18 1.87 042 0.71
ZK53-ZH 142 136 29.8 104 21.8 325 182 3.12 164 3.32 892 1.34 808 1.12 91.8 12.17 4.08 1.86  0.48 0.48
ZK69-ZH 102 138 21.9 76.1 154 2.13 129 2.11 11.5 242 6.84 1.01 651 091 668 10.85 4.15 1.64 045 0.67
ZK67-ZH 98.5 124 215 738 173 1.84 158 294 167 3.51 10 159 997 142 101  6.84 3.57 131 033 0.62
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x2 RHERITRARKRBEXSH(107°)
Table 2 Composition and related parameters of leaching—phase REE (10°)
FEi%iS SLa SCe SPr SNd SSm SEu SGd STb SDy SHo SEr STm SYb SLu SY (La/Yb)x (La/Sm) (Gd/Yb)x SEu oCe
ZK09-ZH 174 114 36.4 140 29 5 253 461 24 494 132 1.88 11.4 1.58 138 10.57 3.76 1.83 0.55 0.03
ZK16-ZH 139 153 323 128 284 48 23 4.18 213 434 11.6 1.66 991 142 120 9.71 3.07 1.92  0.55 0.05
ZK13-ZH 89.8 20.6 19.2 74.7 159 3.68 155 3.14 17.8 3.79 104 1.61 102 146 116 6.10 3.54 1.26  0.70 0.11
ZK10-ZH 58.5 29.7 12.6 47 11.6 139 11 231 13 272 7.26 1.06 644 0.87 764 6.29 3.16 1.41 0.37 0.25
ZK07-ZH 60.2 9.67 12.6 47.8 10.1 1.8 9.78 1.96 10.7 2.24 594 0.87 5.04 0.7 66.2 827 3.74 1.60  0.54 0.08
ZK04-ZH 122 437 224 832 19.1 2.14 20.6 427 22.7 5.02 13.6 1.72 10.1 1.31 153 8.36 4.00 1.69  0.33 0.02
ZK41-ZH 164 345 372 145 32 433 273 4.65 222 4.65 11.8 1.55 8.65 1.21 124 13.13 3.21 2.61 0.43 0.10
ZK42-ZH 176 33.6 37.6 144 31 47 265 444 22.6 4.67 12.7 1.66 9.76 132 122 12.49 3.56 224 049 0.10
ZK36-ZH 156 36.4 33.6 130 272 5.04 23.6 4.1 20.7 431 11.6 148 9.27 122 113 11.65 3.59 2.10  0.59 0.12
ZK27-ZH 87.5 122 18 668 149 1.68 12.1 19 9.11 1.83 4.83 0.69 4.06 0.58 49.1 14.92 3.68 246 037 0.07
ZK33-ZH 822 204 17.1 65 145 201 133 252 128 2.66 695 09 547 075 72 10.40 3.55 2.01 043 0.12
ZK19-ZH 46.6 11.9 9.47 34.6 8.14 124 793 144 742 148 394 048 292 04 39.6 11.05 3.59 224 046 0.13
ZK25-ZH 109 13.8 22.7 823 225 2.24 202 3.84 205 433 112 16 9.75 132 114 7.74 3.04 1.71 0.31 0.06
ZKS59-ZH 163 35.6 31.6 120 254 293 233 4.07 19.7 408 10.6 137 82 1.09 109 13.76 4.02 235 036 0.11
ZK61-ZH 694 158 144 55.1 114 1.72 9.64 146 7.27 1.54 428 0.55 3.2 046 40.1 15.02 3.82 249 049 0.11
ZKS3-ZH 97.6 13.6 202 76.8 164 2.78 142 246 12.1 2.62 691 091 542 0.71 70 12.47 3.73 2.17  0.54 0.07
ZK69-ZH 489 7.21 104 40.6 847 158 74 133 6.74 141 3.64 05 286 044 36.8 11.84 3.62 2.14 059 0.07
ZK67-ZH 68.8 24.6 14.1 529 12.8 1.59 11.8 2.19 11.8 252 6.69 092 5.65 0.79 66.4 843 3.37 1.73 0.39 0.18
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Table 3 Composition of single element of leaching rate and related parameters (%)

¥ ih4n*5 SLa/La SCe/Ce SPr/Pr SNd/Nd SSm/Sm SEu/Eu SGd/Gd STb/Tb SDy/Dy SHo/Ho SEr/Er STm/Tm SYb/Yb SLu/Lu SY/Y &g H &
ZK09-ZH 59.59 3.52 60.87 65.73 6697 70.22 6454 66.14 6897 66.13 6346 59.12 6628 6220 67.65 4834
ZK16-ZH 63.18 11.59 66.60 68.09 68.60 71.86 6647 67.53 70.07 66.77 63.74 59.71 6435 6228 7143 59.04
ZK13-ZH 57.56 9.81 60.76 62.25 62.60 73.60 62.50 61.69 64.03 5997 57.78 53.14 61.08 57.94 6444 4831
ZK10-ZH 56.25 20.92 5833 5995 6042 7240 59.46 5732 5652 5132 4776 44.17 4954 4485 53.06 47.21
ZKO07-ZH 43.62 6.45 44.84 46.86 49.03 56.25 5094 5537 59.78 57.14 5450 53.05 5625 53.85 66.73 31.62
ZK04-ZH 69.71 3.21 62.75 68.76 69.45 69.03 7630 76.80 7094 7437 7234 62.55 6196 5574 7537 59.58
ZK41-ZH 7193 2130 67.39 7323 7273 78.44 7521 7428 6748 7143 66.67 6055 56.17 5525 69.66 62.66
ZK42-ZH 80.73 2255 77.69 8521 8635 86.88 87.75 83.46 7740 78.09 7888 7249 6922 6839 76.25 70.68
ZK36-ZH 81.68 16.18 77.96 8553 85.00 90.81 8520 8595 80.86 82.88 82.27 7255 7476 71.76 7793  64.65
ZK27-ZH 74.15 1227 6870 73.09 6995 70.00 70.76 63.55 55.89 5479 5144 4570 41.26 40.56 53.60 5527
ZK33-ZH 69.08 17.74 62.87 69.30 69.05 7556 70.37 7099 6531 66.00 62.61 5233 50.65 52.08 63.72 56.33
ZK19-ZH 4481 992 4425 4626 48.17 6739 4895 48.00 42.89 41.57 40.04 32.88 31.84 3226 41.34 35.54
ZK25-ZH 74.15 15.10 6837 7283 7627 81.75 7138 6833 6347 6275 5833 54.05 5132 4925 5938 60.23
ZKS59-ZH 9532 26.18 88.52 97.56 94.07 93.61 9831 9599 §89.14 94.01 90.60 82.53 7885 75.69 88.62 79.77
ZK61-ZH 65.47 10.53 63.72 6888 71.70 82.69 7248 6791 66.70 69.68 70.63 6322 5442 54.76 66.83 48.93
ZKS3-ZH 68.73 10.00 67.79 73.85 7523 8554 78.02 7885 73.78 7892 7747 6791 67.08 63.39 7625 57.84
ZK69-ZH 4794 522 4749 5335 55.00 74.18 5736 63.03 58.61 5826 5322 4950 4393 4835 55.09 37.92
ZK67-ZH 69.85 19.84 65.58 71.68 73.99 86.41 74.68 7449 70.66 71.79 66.90 57.86 56.67 55.63 65.74 56.41

T BRI ARORAE T AT R N AR I, W3 AR b S et 5 AR LA e S Y LU, Bl Ty SR B B ™ ¢
PR A AN
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Fig.6 Relative diagram of all—phase and leaching phase of REE in the well ZK102 and ZK72
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