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Abstract: Tengchong-Lianghe area in western Yunnan is becoming a hot area for ion-adsorption type REE deposit prospecting. Howev-
er,there is few study on the ore-controlling factors and formation conditions of this type of deposit in high altitude areas in western
Yunnan.In this paper,we have analyzed the composition of weathering crust and the variation of orebody in vertical-strike of Tuguanzhai
deposit.We consider that the ion-adsorption type REE deposit is controlled by REE of parent rock and topography.The mountainous and
hilly regions and low mountains and hills are favorable mineralization regions.8 favorable areas which have satisfactory ore-prospecting
results have been found in Jiangdong area,indicating the effectiveness of the prospecting method.

Key words: western Yunnan;ion-adsorption type; REE deposit; metallogenic condition; prospecting prediction;ore deposit.

M O N HLAR IR T T Z BT B8 0 Tl LA RS, B P B & i Rk S TITR

Yl 2R 2 S T R B AR B T 3 A AT Bk Y 1)
REATRL RS HE B ), J2 B Y A0 2 TA B OG-8 2% 7l
K % mE M WS UR (Yang et al.,2013; T 54104,
2013a). B W B AU AR -0 K= R [ p 0 RE A B

E£TB b E b4 %5 H (No.DD20179604).

S, R A W 48 W E 2Ok (Kynicky
et al.,2012). H 20 42 70 4EfC B o /e 2 1 W Bt
RURR 579k e B0 LK L mi B X8 R 20 A R B
FEAE B AL L F6 A T 45 T 1T S F T KR B 5

EFZ &AW (1984 —) , B, TR . 35 FHH R 2EHF 55 . ORCID: 0000-0001-6653-8979. E-mail : cdzbin@163.com

S| A& ok S Rk, ST AR L AL 2018 TEL VG IR vl — SR i X B 2E B W RS - R IE AR B AR TR b BR B 2%, 43(8) 12628 — 2637,



5 8

K MEAE BUPY R vh — SRR DX R S R B b A PRI AR A AR AT T 2629

(W55, 1989 W Ve % R, 2007 5 52 B4R 4
20125 XHT A 45, 2016) , JFAMIAELE )" AR 7P L = F
K W AE L B H &K P (Sanematsu e al., 2009;
Maulana et al., 2014; Bern et al., 2017; ¥ 2 4,
2017 325 F E AT 3R . 2018) . YL VG i o — 23T b X 57
T 247~ 25", MR A G ZKE (a4
45,2009 BAESCAF, 2013) A R4 105 1 WL Y
T 87 IR 09 a0 55 Al QO 8RR, 20025 2% A0 4,
2017) AH I T BLH" PRAE EL VY 55 ¥ 50 DX B 4220
2R B LR A 45 W 90 3 3 25 1L R ot s R SO L 7
Jit5 oy — G DX A B B R B TR R SR

—z

o
TCZ001

BEAT T e M MUEAS R DT T XS 8 1 it — 20
TP 14 R AL S

1 W

W58 XA TV i o s R A a il , ERL AT
A T AR SR R L H A MR ik S 2k KR
WL AR R TTLCA B (Pu GO —EJRREF 1
Wi = AR N A M AN R B
C“RARAE S SRARE AR A R A

T E Y R AR X
Fig.1 The geological map of Tuguanzhai deposit area in western Yunnan
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Table 1 The REE (10~ °) results of composite sample in Tuguanzhan deposit area

A TCZ007-ZH1 TCZ007-ZH2 TCZ007-ZH3 TCZ007-ZH4 TCZ007-ZH5 TCZ007-ZH6 TCZ007-ZH7 TCZ007-ZHS8
La 215.14 382.76 213.50 160.73 173.51 169.65 179.21 177.80
Ce 292.22 284.47 287.52 278.53 297.17 285.78 293.90 310.43
Pr 44,16 74.00 40.91 31.20 34.16 32.07 33.52 34.34
Nd 175.02 279.21 164.02 127.06 135.13 125.89 131.43 136.49
Sm 22.03 50.40 30.44 21.32 22.59 20.24 20.50 21.35
Eu 2.21 6.10 3.63 2.41 2.51 2.30 2.48 2.54
Gd 13.25 40.16 28.81 18.16 19.05 16.65 16.93 17.43
Tb 1.13 4.67 4.32 2.38 2.51 2.00 1.99 2.04
Dy 4.33 21.70 23.39 11.99 12.32 9.52 9.11 9.54
Ho 0.79 4.04 4.44 2.24 2.23 1.72 1.66 1.73
Er 2.58 11.05 11.67 5.95 5.82 4.51 4.45 4.57
Tm 0.31 1.40 1.40 0.73 0.69 0.51 0.51 0.54
Yb 2.43 9.51 8.99 4.89 4.65 3.35 3.45 3.70
Lu 0.24 1.02 0.93 0.48 0.46 0.34 0.36 0.36
Y 16.43 101.74 136.75 63.13 59.73 40.67 41.76 43.35
LREE 94.76 84.65 77.03 84.97 86.09 88.92 89.18 89.13
HREE 5.2 15.4 23.0 15.0 13.9 1.1 10.8 10.9
JEu 0.37 0.40 0.37 0.36 0.36 0.37 0.40 0.39
LREE/HREE 18.09 5.51 3.35 5.65 6.19 8.02 8.24 8.20
2 REE 792.27 1272.22 960.72 731.18 772.53 715.19 741.25 766.22
TREEO 917.58 1473.45 1112.67 846.82 894.71 828.31 858.49 887.41

T - DU A R T e R A I T 5 R A 28 o4 95 [ PE /A F] Nex ION 300x ICP-MS.
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Fig.2 TCZ007 drilling sketch of Tuguanzhai deposit area
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Fig.4 Vertical distribution of characteristic parameters showing TREEO in weathering crust
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Fig.6 The schematic drawing of the relation between terrain and the thickness of weathering granite of Tuguanzhai deposit area in

western Yunnan

Pisk/h R R 2 A W RAE LR R FE
WA —JBE Y A AE TR E N 2~10 m B35 LN, ) TR0 AR
BT, H AR o3 A FRAE s T TCZ001 1) 3 31
iy B 38 A B R SRR AE o L 1] R R i 57 B A W I AR
#a3h; TCZ012 F TCZ004 B R 3% 4k AL B 7+ Ik 1) 52
Wiy JE AR R A2 2% o (H AR B Ve AR 20
33 BV HERTHELE

AR5 JE B R AE T KA R BE (1 R AL 52 IR
JEE TR IR A R R e A N 4 AR 6 B JEE R
B S R A, 19900 18 5 KRBT, - H 0 X
JEL B 55 XAk e JE R I R 0 R A OGO R L KUk SR R
JEE R L A A B S A A 2R AR Y TE A R

MG FL G TA% LR & B X R AL e B B 5 1Y
3l E 5 VAR 5C (&L 6) L 5% 30T L ISP 38 B, KU AL 52 )5
JEH 10~33 m sy #f WER I KAL), 1L B IR B
+15 m, JR i HB BB AL AL 7 B A Sm A1
7 L T JEE 3 A X B4 E L oA =25 mo, L3 ) | & GF
DRI I R DR ITY - I W A e $ L e A A
A AR JEL B | A7 A A N AR K AR L MR B R X
ZRAT R BA W] B0 45 A L R MR P 22
FR AL AL 58 (B - ) JEE T & 5 BE B 35 o2 AUk 52 (7
R SCIRN AR

4 WA SAE T

TP i ofr — SR X T B A XL X
R AR A v Rk e A S TR T R e R XA
AL B AT IR 80 1 W R R 4 ) U A 1
4.1 HEREEE

TR PE 1R A A R T W5 A8 5 A AT 8T
A 280 A 47 ) ST e A ok S A O i B T

() S5 L Bl — R M X AR A KA LT
TR 39 %0 o 5 A0 2 A0 DL v g M 4K B9 25 R 32 AN 7E B
oy L IX & B S X R R K A RS B
FEEREPAR=ZSLE AL RMHF LR TIIL
()3 B2, 2009 s MIE 25, 20105 Qi ef al.»2015). X
WA SRR T IR R B 0 K ARG AG 1+ 2 4
B R % Uk BUE , 20025 B A8 3%, 20135 Cao
et al., 2016) JEFRE T E M B 2 &8 . = %
W

TE S F- W B RIS - R AL 1 7 BEA TR R
BREENR IR FEE Bl LA (X)W s
TG LB AL B S W B R N BRAE S 112 X
10 .G EE R (R 2) AR X BB 2K R 8
L T F R, =& 28K R H A
Fom A A2 AE B A 2 REE $1H 43 B o 261,20 X
10°°,265.83X 10 ©,260.40 X 10 ¢, X REE #% K8
I35 SR 506,96 X 10°°, 697. 54 X 10 °, 304. 26 X
107, B A& T8 B B8 1 W B U 0 4 Sl ke 1

i £ 0 R WA W) 1 2 AL R 3 R O BB T T
B L 0 11 G B SR A 0 S A AR S A L IR
S Al e T A KA SR S R BT b A R
T RS W B AR 0 PR 5 0 32 SR AR A B SL 0 LB
Yoy SE PR RE 3R i 5 4 b WS R BT g R
TR E 0 R E B e m R X, F 507 X ) R
WL XL e R R ERAE T 5 Rl
F1,95% DL LR ST Y ST TR A
5% ~50% (B Ak 15 3% ,1992; Bao and Zhao,
2008). J M 0 R EEIRAE T AT W h
H 3B L an )1 B T X S R T R R
K 90% A b CGEEAES,2012) W B ITH X K A7,
I 2 B 25 1 0 4 4 3k 2 00 ) R VR i — RS
2015). 100 & T 5 V4 i wh ot IX A6 54 5 P s +oc RIR A7



2634 HoBR B2

http://www.earth-science.net

543

R2 HEHEBH -RUHREIEHRRTBREGANENHLITELRE

Table 2 The X REE of acidic-intermediate intrusive rock of Tengchong-Lianghe area in western Yunnan
WX AE b 2 S REE(107) SEHE (100 LREE/HREE POkl Sk U
“SaHA 88.21~506.96 261.20 2.15~8.64 AR AE (201D
s 62.20~697.54 268.04 1.64~9.57 B (2012) 486 E & (2014)
A AR KA 165.24~477.93 260.88 2.97~12.83 BE(2016)
Ak N A 175.86~226.08 199.79 1.87~3.40 K IR AR (20142)
it 62.20~697.54 265.83 1.64~12.83
WOE LA A 158.85~304.26 260.40 2.96~6.37 K UB %5 (2014b)
BT 26 1 A CA AR kD 67.80~412.19 215.07 0.34~10.63 JE#F-45 (2015)
FARIR LA 5 A (e 260.31~809.59 421.00 3.08~8.99 M 5% 8 (2014)
R R A KB RIFEZE SRR, B “EER X
THAE b4 5 AL P S H 55 9] nl 1 W8 R L B A 2 “ Rl
J3 sy 3 28 AR A W RS 55 i 3 R TR # §
BEMETILGE 2. REH TR L TRERNE fé/\/\/ PR
« » “RE X
SN N, WER” K e
A TR A7 PR 5 A [ R — g ) | M BEESELT
Jedi. LR L

4.2 HEEHE

WEE PR R AR A AR S M DX S R
i A7 R B TR N T 550 mo A X R 2N
250~60 m Y B M7, BES T V7RI Ay (MR
JE T CED AN FI] T 25 W B ALH 4207 B9 JE 1 ok 41
T, 1990 5 X187 A2 45, 2016) . H JE PG 15 i — 32 30] b [X S
BRfgde e 1 000 m LA I, £ H W XL TCZ014
ik 1 880 m, 5T [ A< R 1 X ] i A [,

15 p — G 1 DX b TV b 8% 37 30 A6 A6 AR 1) K —
T iz — S 1 BT 2242ty R LU ) 3 4 3 A RS2 e
TERRBCR AR ) JB A (9“9 — & — B IR R 1
VR — A — AW B % 22 AR 2 L e FT G2 L
WA, ANX N E R B IR K H 250 A Fax 2k
Hiu T 1 550 2% A v R AR g X PN b SR TT R B
CE DU 20 Z 0 4 — Ll e e Ll B X073 A
KB 7 Hor G — Ll P 7 SORT 4 43 Ry AL Fe B
DRI B L X7 X - W BT R 0 R O 22
T W L EER R EH AR
S5 To— M S 1 4 Ab - AIK L F e DX R L B B X
S AL G AN 5 T B DU R ) A Hb R OSR B R SRR
I A Z2H0A T] 3 B R B A R, AN L B 1 W
R 07 0 A A58 s B Ll DX ) B8 AR 26 37 TR R 1) 1k
2 WACAE R AE ER T 3 B 4 BE L T2 B AL 2 25 5 1
WK CHE T AF R 3R AR TR #  n HE DL ORAF . AN
L% B 1 U R RO B B BT 2R 1
43 SEEH

TEL VY [ o — GR) M [X A S BRGHT 045 L 5 D 22 D
AR I T A F T A KAV F R AS B 2R 47, st

7 iR SR T B T R B TR R B4 4 A s
Fig.7 The schematic drawing of the controlling effect of
terrain and geomorphic condition to the ion-ad-

sorption type REE deposit

TS REA R AT S ) pH (H KK A TR B
LA TSR 0 AL S HRER Ar h
i £ 8 I Tk b B K 1) 32 3, [l i A 28
Ty s AL, B R R R T R
Bl e 08 - SEORG BT B L T AN T R AR (BT
2 ,2013b s i HE 4, 2015) , T AE XUAL 58 H R E™.
BEA AL AR A Pt o] AU A G KA R .

5 kA

51 BWHRE

R FIT A B 26 23 B B 45 L L 2B A T
VG i ey — SR J0T M DX 5 A B L AR b B R R AR A
(DBEER L ITER A5 XN AL b o 1Y s 1 2 2
AT et A5 5 (2) S PERR  — B R oRLRE CHLRE
LKA 1R A B S AT P T 2R RE AR B e AT P
255 (O HAAR A « “ IR 1L Fe B DX AT Ll e g X7 4
WP B G A AT B A R 3 BE 5 () ML e AR &
— JBET 5 XA 58 B JRE R A ) 7 R JRE JRE A L 5
QN ST
5.2 Ry MMERYT R

BT BIRIAR L X — b XY VLR Ml X



5% 8 3

K MR LT R eh— BRI X R SRR T M B R

TE 1% 5% A B AR 1 T 2635

FEIE T /NG AR T, P s 8 A TR X I v
B35 P X A 1 E A S 400 X107 ~500 X
107 ik 1 480X 10 ° L il i vl T F2 56 HIE . £ ]
FRALZEEAE 20 m LA BIREE — kR 2~
6 m, B AR LR IBCR N 41,1800, % s X 4
MIE KT 20 km® , A F AR DL 18 0 fff 72
s 0 B S s RPT B — P Sk T X B R AR
ALY B — KT 50010 0, T R A TR
WL ALK A KA R R EZ R 10 m, W IREE 2R
5 m, HLAT F 4R rp — KO B I B RS T S
Ty AN DL TE VBTG IR L2 Y VLR — 4K 3 A T
XALA B s,

(1) - B2 BT W B RAG 07 IR & BB +
IR IR 277 F A K 5 WA SE 1 4 XAk 2 g
PR 1) b DLV AR R o0 3 HLAIR AL 5 A ik — A
T RGN ) L 52 b TR 3R A o W S b TR ST G2
P Ak 7 R 0 ) TR T & BE 3 3B KUk 52 (s +
W) T 22

(2) VY 5 vp—
FET
Ly FeBg X7,

(3) AR5 VEL G i oy — 9T X S I B R AR

R A AR & L 28 & 76 VT 28 X JF R T /i il 4%
W AT TR AT R R R

Bt Bt F AR E R e 50 E N B R AR
WRAEPOCELEIHIZAD IR FH D, B
WHPEEEWRERHTARFYHE RS Kidd T E
2§ 1 30 R AT o 6 A B |

TR b DX 1 0 B AR AT R
L e e DX 0 i — i 8 A A I

References

Bao,Z.W., Zhao,Z.H..2008. Geochemistry of Mineralization
with Exchangeable REY in the Weathering Crusts of
Granitic Rocks in South China.Ore Geology Reviews 433
(3—4):519—535. https://doi.org/10.1016/j. oregeor-
ev.2007.03.005

Bern,C.R., Yesavage, T., Foley, N. K., 2017. Ion-Adsorption
REEs in Regolith of the Liberty Hill Pluton, South
Carolina, USA: An Effect of Hydrothermal Alteration.
Journal of Geochemical Exploration, 172. 29-40.
https://doi.org/10.13039/100000203

Cao.H.W.,Zhang,S.T..Lin.J.Z..et al.,2013.Geologic Char-

acteristics and Tectonic Settings of Tin Deposits in

West Yunnan, China. Journal of Chengdu University
of Technology (Science & Technology Edition) , 40
(4):457—467 (in Chinese with English abstract).
Cao, H.W.,Zhang, Y.H.,Pei, Q.M. , et al.,2016.U-Pb Dating
of Zircon and Cassiterite from the Early Cretaceous
Jiaojiguan Iron-Tin Polymetallic Deposit, Implications
for Magmatism and Metallogeny of the Tengchong
Area, Western Yunnan, China. International Geology
Review,59(2) ; 234 — 258. https:// doi. org/10. 13039/
501100001809
Chi,R. A., Tian, J., 2007. Review of Weathered Crust Rare
Earth Ore.Journal of the Chinese Rare Earth Society ,
25(6):641—650 (in Chinese with English abstract).
Cong,F.,Lin,S.L., Xie, T., et al., 2010. Rare Earth Element
Geochemistry and U-Pb Age of Zircons from Granites
in Tengchong-Lianghe Area, Western Yunnan. Journal
of Jilin University (Earth Science Edition), 40 (3):
573—580 (in Chinese with English abstract).
Cong,F.,Lin,S.L.,Zou,G.F.,et al.,2011.Magma Mixing of
Granites at Lianghe: In-Situ Zircon Analysis for Trace
Elements, U-Pb Ages and Hf Isotopes.Science in China
(Series D) ,41(4) :468—481 (in Chinese).
Gao,Y.J.,Lin,S.L.,Cong, F., et al., 2014a. LA-ICP-MS Zir-
con U-Pb Ages and Hf Isotope Compositions of Zircons
from Lower Cretaceous Diorite-Dykes in Lianghe Area,
Western Yunnan,and their Geological Implications.Ge-
ological Bulletin of China»33(10) ;1482 — 1491 (in
Chinese with English abstract).
Gao,Y.J.,Lin,S.L.,Cong,F.,et al.,2014b.Zircon U-Pb Geo-
chronology, Zircon Hf Isotope and Bulk Geochemistry
of Paleogene Granite in the Tengchong-Lianghe Area,
Western Yunan.Acta Geologica Sinica ,88(1):63—71
(in Chinese with English abstract).
He. Y., Cheng. L., Li, Y., et al., 2015. The Mineralization
Mechanism of the Ion Adsorption Type Rare Earths
Ore and Prospecting Marks. Chinese Rare Earths, 36
(4):98—103 (in Chinese with English abstract).
Kynicky.J., Smith, M. P., Xu, C., 2012. Diversity of Rare Earth
Deposits: The Key Example of China. Elements, 8 (5) .
361—367.https://doi.org/10.2113/gselements.8.5.361
Li,J.Z.,Lu,S.L., Wu, W.X.,et al., 2017.New Cognition and
Discovery of Rare Earth Deposits in the Xiaolonghe
Tin-REE Polymetallic Orefield of Tengchong in Yun-
nan Province.Geological survey of China ,4(2):9—21
(in Chinese with English abstract).
Li,Z,]., Liu, Y., 2018.OreTypes and Genesis of Weathered
Deposits in the Mianning-Dechang REE Belt, Western

Sichuan Province, Southwestern China. Earth Science ,



2636 HiEREL2:  http://www.earth-science.net

543

43(4):1307—1320 (in Chinese with English abstract).
https://doi.org/dqkx.2018.722

Liu,X.X.,Chen, Y.C.,Wang.D.H.,et al.,2016. The Metallo-
genic Geomorphic Condition Analysis of the Ion-Ab-
sorbing Type Rare Earths Ore in the Eastern Nanling
Region Based on DEM Data. Acta Geoscientica Sinica »
37(2):174—184 (in Chinese with English abstract).

Lu,Y.G.,Fang,K.,Lu,J.K.,et al., 2015. Metallogenic Regu-
larity Comparison of Rare Earth Elements Deposits of
Ion-Adsorption Type in Longjiang of Guangxi.Journal
of Guilin University of Technology,35(4):660— 666
(in Chinese with English abstract).

Luo,G.,Jia,X.C.,Yang.X.]..et al.,2012.LA-ICP-MS Zircon
U-Pb Dating of Southern Menglian Granite in Teng-
chong Area of Western Yunnan Province and Its Tec-
tonic Implications. Geological Bulletin of China, 31
(2):287—296 (in Chinese with English abstract).

Mao,Q.,Zou,G.F.,Lin,S.L.,et al.,2016.LA-ICP-MS Zircon
U-Pb Age and Geochemistry of Mengyang Granodiorite
Intrusion in Lianghe Area, Western Yunnan Province.
Geologcal Bulletin of China,35(7):1196 — 1206 (in
Chinese with English abstract).

Maulana, A., Yonezu, K., Watanabe, K., 2014. Geochemistry
of Rare Earth Elements(REE) in the Weathered Crusts
from the Granitic Rocks in Sulawesi Island, Indonesia.
Journal of Earth Science,25(3) :460-472.https://doi.
org/10.1007/s12583-014-0449-z

Qi,X.X.,Zhu, L.H., Grimmer, J.C.,et al., 2015. Tracing the
Transhimalayan Magmatic Belt and the Lhasa Block
Southward Using Zircon U-Pb, Lu-Hf Isotopic and Ge-
ochemical Data: Cretaceous-Cenozoic Granitoids in the
Tengchong Block, Yunnan, China. Journal of Asian
Earth Sciences, 110: 170-188. https:// doi. org/10.
13039/501100002855

Sanematsu, K., Murakami, H., Watanabe, Y., et al.,2009.En-
richment of Rare Earth Elements (REE) in Granitic
Rocks and Their Weathered Crusts in Central and
Southern Laos. Bulletin of the Geological Survey of
Japan +60(11—12) :527-558. https://doi.org/10.9795/
bullgsj.60.527

Shen,G.F.,2002. Weathering Crust of Baihuanao Granite: A
Potential Superlarge-Scale Rb, Cs, Y, Sc , Quartz and
Albite Ore Deposit. Bulletin of Mineralogy Petrology
and Geochemistry ,21(3):182 — 184 (in Chinese with
English abstract).

Wang,D.H.,Wang,R.J.,Li,].K., et al.,2013a. The Progress
in the Strategic Research and Survey of Rare Earth,

Rare Metal and Rare-Scattered Elements Mineral Re-

sources.Chinese Geology »40(2):361—370 (in Chinese
with English abstract).

Wang,D. H., Zhao, Z., Yu, Y., et al., 2013b. Progress s Prob-
lems and Research Orientation of lon-Adsorption Type
Rare Earth Resources. Rock and Mineral Analysis, 32
(5):796—3802 (in Chinese with English abstract).

Wu,C.Y.,Huang,D .H.,Guo0,Z.X.,1989.REE Geochemistry
in the Weathering Process of Granites in Longnan
County, Jiangxi Province. Acta Geological Sinica, 63
(4):349—362 (in Chinese with English abstract).

Wu.J.D., 2014, The Magmatic Origin of Banggunjianshan and
Polunshan Granitoids in Tengchong Block, Western Yunnan
(Dissertation). University of Science and Technology of
China, Hefei (in Chinese with English abstract).

Xie,T., Lin, S. L., Cong, F., et al.., 2010. LA-ICP-MS Zircon
U-Pb Dating for K-Feldspar Granites in Lianghe Re-
gion. Western Yunnan and Its Geological Significance.
Geotectonica et Metallogenia ,34(3):419—428 (in Chi-
nese with English abstract).

Yang,Q.J.,Xu, Y.G.,Huang,X.L.,et al.,2009.Geochronolo-
gy and Geochemistry of Granites in the Tengliang
Area, Western Yunnan: Tectonic Implication. Acta Pet-
rologica Sinica ,25(5):1092 — 1104 (in Chinese with
English abstract).

Yang, X. J., Lin, A. J., Li, X. L., et al., 2013, China’s Ion-
Adsorption Rare Earth Resources, Mining Consequences
and Preservation. Environmental Development ,8:131-136.
https://doi.org/10.1016/j.envdev.2013.03.006

Yang,X,M.,Zhang,P.S.,1992.Existing State and Mass Bal-
ance of Rare Earth Element in Granites. Chinese Rare
Earths,13(5):6—11 (in Chinese).

Yuan,Z.X..Li,J.K., Wang.D. H.. et al., 2012. China’s Rare
Earth Deposit Metallogenic Regularity. Geological Pub-
lishing House, Beijing (in Chinese).

Zhang,Z.H.,1990. A Study on Weathering Crust Ion Ad-
sorption Type Ree Deposits, South China.Contributions
to Geology and Mineral Resources Research ,5(1) :57—
71 (in Chinese with English abstract).

Zhao,Z.,Wang,D.H.,Pan, H.,et al., 2017. REE Geochemis-
try of a Weathering Profile in Guangxi, Southern China,
and Genesis of lon-Adsorption Type REE Deposit.
Earth Science ,42(10):1697 — 1706 (in Chinese with
English abstract).https://doi.org/dqkx.2017.115

Zhou,X.P., Qi, H.W., Hu, R.Z., et al., 2015. Geochronology
and Geochemistry of Granites in the Tengchong Xingi
Area, Western Yunnan and Their Tectonic Implication.
Bulletin of Mineralogy Petrology and Geochemistry
34(1):139—148 (in Chinese with English abstract).



5% 8 3

K OMAE LTS i — B X T W B AR A PR RA R R R T 2637

Zou,G.F.,Lin,S.L.,Li,Z. H.,et al.,2011.Geochronology and
Geochemistry of the Longtang Granite in the Lianghe
Area, Western Yunnan and Its Tectonic Implications.
Geotectonica et Metallogenia ,35(3) :439—451 (in Chi-
nese with English abstract).

Zou,G.F., Mao, Y., Lin, S. L., et al., 2014. Zircon U-Pb Age
and Geochemistry of the Shibancun Biotite Monzo-
Granites and Its Tectonic Implications in Mangshi
County, Western Yunnan. Geological Review, 60 (6) :
1425—1436 (in Chinese with English abstract).

Bt 32 B 3% STk

vl %, AL 2007, WAL 5E bk BR B 4 23R [ A 1 2
#.25(6):641—650.

WA ST, K T RE AR E S L 45, 2013 15 P 45 0 A M R AR AE 5
AR 3 AR L TR 2 R CH AR B E MO 40 (4)
457—467.

DA AR R U 55, 2010 TEL VG 1 i — S90T M IX A8 1< 5 B
AR ITC R A A U-Pb [ 47 2 4 . 3 bR 24 2% it
(H BRBF 22 D ,40(3) 1573 —580.

AW B BLAR G E L4 2011 BT AL KA A IR A E T - B8
AR O L U-Pb A1 HE [6 2 & 7R &2, v B AL 2 (D
) ,41(4) ;468 —481.

KR ARAL B AU 2L 20140, Y TG 20 00 X K LA-
ICP-MS %547 U-Phb 4E#& . HI 5] 45 AF K H b 5 &
S HL T R, 33(10) 1482 — 1491,

RS AR B A, AL 2014 b, I T B wh — BRI O 22 46
g A U-Pb 8 4F L HE R A 2 S 3k 4k 2. b it =
% .88(1):63—71.

Al R0, 22 %% 55, 2015, 8 F WL B AU RR - T 14 BT L EE
AR £ .36(4) . 98—103.

At Rl 2R AR RS0 L5, 2017. 5 T A I wh T /N T 4
£ &R BH AR R & B b b A,
4(2):9—21.

ZE 1 XK, 2018. 11 P8 & T — 18 B REE # # WAL B 5 R
FI A1 28 B0 Je B PR Hb R B 2, 43 (4) 2 1307 — 1320.
https://doi.org/dqkx.2018.722

X7 BB, T840, 45,2016, 3 T DEM A4 19 14 75 BE B
T B RUAR  Hh AR A 1 A T b ER R L 37 (2)
174—184.

Rl — 3, 5 B, A UL ES L 45,2015, UG JB YL BT X B 1~ Wk B 750 7
BT A X b R AR TR 2 A R, 35 (4D
660—666.

WL NI R R L2, 2012, TG 15 i b X B 7 AE R A 1K

BB LA-ICP-MS #17 U-Pb & 4F Jx oM 1 & . M i
W AR .31(2):287 —296.

BEGAREE M B2, 2016. 35 5 B30 B 3% 48 A K A
LA-ICP-MS £ U-Pb 4F ¥ | Bk 1k 24 FRAE K H A 1
LM E AR L 35(7) 11196 —1206.

LHUE . 2002. H A6 Wi A 5 5 A 5 0 76 88 Y 09 #n L 46
OB AR AR Y A M ER L 4R, 21
(3):182—184.

FHLL FEGIT . @R, 25, 2013a. 0 [/ =16 57 7 ¥ U8 AR g
R A 5T R 5 5AR . [ LB, 40(2) 1361 — 370.

FHLLBE T, 5. 2013b. 3 T W 8% £ %6 IR BF 78 it
JR A7 TE 8] 8 R A R BE 5 1)L A T K, 32 (5D
796—802.

ST HLEE SR, 1989 YT FE i T H X A B A KAk 7
R oG F R o BR AR 2 WF 9T M 2% R, 63 (4D
349—362.

5% 18, 2014 TE VG 5 £ 407 38 L0 At 1 bt 4 S R 4 1L AN &
LA B B TR R 22 7 38 30 & I8 . B RL 2 8 R
K.

W MOH: R, M0, A5, 2010, 5 TG 2 T b X BR K AR A B A
LA-ICP-MS U-Pb & 4 J Ho#th 57 2 S R M 3 5 i
2 ,34(3) :419—428.

W8 75 A0 SCRI L 35/ T 25, 2009, 8 75 1 vh — 2907 Ml X 46 54
S BYAR AR b BR A2 e R 3 B S A A E L, 25(5)
1092—1104.

BeE W] kR, 199248 ) TR B T R M A7 AR A R BT
EHFIF T . 13(5) 6 —11.

FUE AR, EE LS, 201200 FA LR T AR AL
5 b T AL

TR AR, 1990. 42 B KA 52 25 W BN B RG B  R. b SRR T iR
ML5(1):57—171

BE L TR B, 5,207, P8 R b A B A KUk 72 P R
JCERES IREE §7 K L0 HL KL H 5k B4, 42 (10D
1697—1706.https://doi.org/dqkx.2017.115

JEHR T, A S, BB AL 5, 2015, T TG W o i 4K i A AR AR
2 HhERfb 2% R HR o R ST A A M Bk Ak A% 5 4
34(1):139—148.

ARG R AR R, 2R AL AL 201 1. U P R0 R B AR A A
LA-ICP-MS 4 U-Pb 4F AR % Je HoAg & 72 K iy
15 R, 35(3) 1439 — 451

ARG L B M R LS 201438 P 1 T X A7 R R s
ZARAE KA AR AR A BR AL A R AE B M R A S H R
BT, 60(6) :1425—1436.



