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Indication of mica minerals for magmatic-hydrothermal evolution of
Renli rare metal pegmatite deposit
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Abstract

The No. 5 pegmatite from Renli high-grade superlarge pegmatite-type Nb-Ta polymetallic deposit is the
most enriched ore-bearing pegmatite vein with remarkable zoning in the area. Micas exist in each zone as a pen-
trating mineral and present a variety of changes in composition and structures from the external zone to the inter-
nal zone. In this study, we conducted a detailed electron probe analysis (EPMA) on the micas from different
zones of No. 5 pegmatite, investigated the characteristics of the micas through their evolution. Following informa-
tions have been obtained: Mica types changes from white mica to lepidolite inward the pegmatite vein, [ — 1l

zones are dominated by white mica, lithium micas started to show up from zone IV and meanwhile bagan to de-
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velop a variety of disequillibirum and replacement structures; Li, Rb, Cs, F, Mg, Ti content continously increased
from zone [ to zone IV, and K/Rb and K/Cs ratio gradually reduced; from zone IV to zone V, the content of
Mg, Ti decreased, whereas Li, Cs, F rapidly increased and reach a maximum value of 8.33%, 4.00% and 11.8%,
respectively. These evidences illustrate that No.5 pegmatite is an extremely highly fractioned vein which formed
from the edge to the core during fractional crystallization; the sudden convert in chemical composition and mica
types in zone IV is likely to be generated under a magmatic-hydrothermal transition environment, zone V is char-
acterized by a hydrothermal stage of magma evolution while the exsolution fluid properties might be favorable
for Nb, Ta, especially Ta enrichment and re-precipitation. Therefore, we propose that the Renli deposit underwent
two stages of mineralization—magmatic and hydrothermal stages of evolution, and the mineralization of rare met-

als probably continues into the hydrothermal stage, which is the reason for the output of high-grade Ta ore by

Renli deposit.

Key words: geochemistry, mica, pegmatite, rare-metals, magmatic-hydrothermal evolution, Renli
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Fig.1 Simplified tectonic map (a) and geological and mineral resources map (b) of Mufushan area (after Li, 2017)
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Fig.2 Simplified geological map of the Renli deposit (after Li, 2017)

1—Quaternary; 2—Lengjiaxi Group; 3—Fine-grained granodiorite; 4—Fine-grained two-mica monzogranite; 5S—Medium-grained

two-mica monzogranite; 6—Medium-grained porphyritic biotite monzogranite; 7—Neoproterozoic two-mica plagioclase granite; 8—Pegmatite and
its number; 9—Main faults; 10—Boundary between pegmatite zones and types: | —Microcline type; [l —Microcline albite type;

IT—Albite type; IV—Albite spodumene type; 11—No.5 pegmatite
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Fig.3 Section map of the Renli No.5 pegmatite section(after Li, 2017)
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Tablel Sample description of pegmatite samples from each zones of the Renli No.5 pegmatite

Gy FEfh S WA BB A X 02t (w(B) %) A4
I - i aa RL5-1d Mc(55);Ab(15);Qtz(25) ;Ms (2) Zm, Ap,Ser
I -HURE Bk — KA RL5-2d Mc(55);Ab(30);Qtz(11);Ms (2) Zrn, Ap, Ser,Mcl, Fcl
M-AORL T 25 BRI A RLS5-3d Mc(12);Ab(45);Qtz(12);Ms (18) Zrn, Ap, Ser,Mcl, Fcl
IV -40KE & A1 8 A A RL5-4d-3;RL5-4d-13 Mc(8);Ab(58);Qtz(20) ;Ms (5);Grt(8) Zm, Ap, Ser, Mcl, Fcl
RL5-5d-8 Mc(5);Ab(20);Qtz(30);Lpd (40) ;Brl(5) Zm, Ap, Ser,Mcl, Fcl, Cs-Brl

V- A BT
RL5-5d-1;RL5-5d-2;RL5-5d-6;RL5-5d-7 Mc(5);Ab(15);Qtz(32);Ms (10);Lpd (33) Zmm,Ap,Ser,Mcl, Fel, Ftp, Cs-Lpd, Mic
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Fig.4 Microscope photos of micas from the Renli No. 5 pegmatite

a. Muscovite of zone I, appear in forms of fine-grained aggregation; b. Muscovite of zone Ill, euhedral and appear in flake; c. Irregular rim of

muscovite of zone IV; d. Muscovite of zone V, interference colors are related to the change of mineral structures
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Z0BE ULV TR ORI A s g, IV 24 1 2 B, PR A AR & B G b IV ARk 2 B B4 ™ T I 1 2 B
Ab—H AT ; Ap—BEJRAT s Brl—5 A7 ; CGM—R KT IE T ) ; Cs-Lpd— 5 #u Bl 1 ; Cs-Pln— 1 Sk bf ; Cs- T Mol 5 B
Lpd—4 2B s Mc—flEH A7 s Ms— [ 8] 5 Li-Phg—& # F o) Li-Phe— 8 L 2 ik o B Qz— A 98 Zwd—4 4 )
Fig.5 BSE images of micas from the Renli No. 5 pegmatite
a. Li-bearing mica appears as a rim of muscovite in zone V ; b. Li-bearing mica appears in the joint fissures of muscovite in zone V; ¢. Chemically
homogenous lepidolite synchronously precitipated with alteration-formed albite in zone V; d. Lepidolite occurs as rim of muscovite in zone V,
synchronously precipitated with columbite-tantalite; e. Patchy zonation composed of lepidolite and zinnwaldite in zone V; f. Cs-bearing
polylithionite precipitated with microcline in zone V'; g. Li-bearing phengite in zone IV, formed along the fracture of a muscovite;
h. Zinnwaldite occurs along the fracture of a kinked muscovite in zone IV
Ab—Albite; Ap—Apatite; Brl—Beryl; CGM—Columbite Group Minerals; Cs-Lpd—Cs bearing Lepidolite; Cs-PIn—Cs bearing Polylithionite;
Cs-TI—Cs bearing Trilithionite; Lpd—Lepidolite; Mc—Microcline; Ms—Muscovite; Li-Ms—Li bearing Muscovite;
Li-Phg—Li bearing Phengite; Qtz—Quartz; Zwd—Zinnwaldite

x2 CESSEAZBEBBARS S (VEE | ) aBRRER TR S (w(B)/%)
Table 2 Representative electron-microprobe analyses of micas from center towards the edge(zone V to zone [ ) of
the Renli No. 5 pegmatite(w (B)/%)
Ms Ms Ms Ms Ms Li-Phg Zwd Ms Li-Ms  Zwd Lpd  Cs-Lpd  Cs-Pln

4157 RL5-5d- RL5-5d- “RL5-5d- RLS5-5d- RLS5-5d- RLS5-5d-
RLS5-1d-43 RLS5-2d-13  RLS5-3D-6  RL5-4d-6  RL5-4d-11 RLS5-4d-29 RLS5-4d-12
7-18 6-52 8-18 5-61 6-32 2-11

SiO, 46.8 46.7 459 46.4 46.0 55.0 43.1 45.6 482 475 48.8 445 52.9
TiO, 0 0 0.11 0.27 0.12 0.10 0.24 0.01 0.06 0 0 0.08 0
AlLO, 39.0 37.8 322 324 32.6 23.0 22.5 35.5 34.7 27.8 23.6 22.3 16.9
TFeO 0.35 0.34 3.23 2.48 2.42 6.62 11.8 1.77 2.39 1.62 4.73 422 0.03
MnO 0.10 0.10 0.10 0.16 0.14 0.68 0.84 0.37 0.70 0.76 1.02 2.18 0
MgO 0 0 0.35 0.35 0.43 0.42 0.56 0 0.06 0 0.01 0.05 0.03
CaO 0.02 0.02 0.01 0.01 0.02 0.02 0.04 0.02 0.07 0.03 0 0.01 0.03
Na,O 0.44 0.31 0.65 0.49 0.50 0.10 0.15 0.46 0.17 0.18 0.14 0.09 0.02
K,0 7.44 8.08 10.1 9.86 9.96 8.61 9.80 9.52 6.32 9.78 9.51 8.27 1.19
Rb,0 0 0 0 0 0.10 0.11 0.02 0.52 0.42 0.55 0.63 1.00 0.37
Cs,0 0.01 0 0 0 0.01 0 0 0 0.70 0.32 0.87 3.21 18.0
F 0.15 0.43 1.12 1.43 1.11 6.28 2.90 0.29 2.98 3.44 6.23 6.09 7.84
Cl 0 0 0 0.01 0.01 0.01 0 0 0.01 0.01 0 0 0.01
O=F,Cl 0.06 0.18 0.47 0.60 0.47 2.65 1.22 0.12 1.26 1.45 2.62 2.57 3.30
Li,0* 0 0.06 0.27 0.37 0.27 1.88 2.83 0.01 0.85 4.09 4.46 3.23 5.62
H,0* 4.51 433 3.83 3.70 3.83 1.57 2.71 4.29 3.13 2.76 1.40 1.12 0.42
s¥il 98.7 98.0 97.5 97.4 97.0 101 96.4 98.2 99.5 97.4 98.8 93.8 100
VL 24 BH B T A Rl 5
Si 6.12 6.18 6.31 6.35 6.32 7.25 6.33 6.17 6.36 6.49 6.72 6.67 7.66
Al 1.88 1.82 1.69 1.65 1.68 0.75 1.67 1.83 1.64 1.51 1.28 1.33 0.34
T-Site 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
AlM 4.14 4.08 3.54 3.58 3.60 2.82 222 3.84 3.75 2.96 2.55 2.60 2.55
Ti 0 0 0.01 0.03 0.01 0.01 0.03 0 0.01 0 0 0.01 0
Fe 0.04 0.04 0.37 0.28 0.28 0.73 1.45 0.20 0.26 0.18 0.54 0.53 0
Mn 0.01 0.01 0.01 0.02 0.02 0.08 0.10 0.04 0.08 0.09 0.12 0.28 0
Mg 0 0 0.07 0.07 0.09 0.08 0.12 0 0.01 0 0 0.01 0.01
Li* 0 0.03 0.15 0.20 0.15 1.00 1.67 0.01 0.45 225 2.47 1.95 3.28
Y-Site 4.19 4.16 4.15 4.18 4.15 4.71 5.59 4.09 4.56 5.48 5.69 5.37 5.84
Ca 0 0 0 0 0 0 0.01 0 0.01 0 0 0 0
Na 0.11 0.08 0.17 0.13 0.13 0.03 0.04 0.12 0.04 0.05 0.04 0.03 0.01
K 1.24 1.36 1.78 1.72 1.75 1.45 1.83 1.65 1.06 1.70 1.67 1.58 0.22
Rb 0 0 0 0 0.01 0.01 0 0.05 0.04 0.05 0.06 0.10 0.03
Cs 0 0 0 0 0 0 0 0 0.04 0.02 0.05 0.20 1.11
X-Site 1.36 1.45 1.96 1.85 1.89 1.49 1.88 1.81 1.19 1.82 1.81 1.91 1.38
F 0.06 0.18 0.49 0.62 0.48 2.62 1.34 0.12 1.24 1.49 2.71 2.89 3.59
OH* 3.94 3.82 3.51 3.38 3.52 1.38 2.65 3.88 2.76 251 1.29 1.11 0.40
Z-Site 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00

H:Ms—FI 2Bl Lpd—8 2B 5 Zwd—4k B 2B Li-Ms— & 481 11 25 BF  Li-Phg— 5 #2111 20 B 5 Cs-Lpd— 3 Haf 23 B ; Cs-Pln—4s S REA 2 B 5 T-site—if DU 1 1452
rHBHES T4 Y-site—/\TAJZ 1 BHES T4 Xosite— BESSH 2t R BHES 740 Z-site—FHIMBI RS T80, 455 BT /Wi, i moc R & R OGS 21,
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R3 CESSHKARITZETWLERD TN (w(B)/%)
Table 3 Compositional changes of micas from different zones of the Renli No. 5 pegmatitew (B)/%)
H oy I 4 Ms 14 Ms M4 Ms V45 Ms V4 Li-Phg Vi Zwd Vi Ms Vi Zwd VifLpd Vi Cs-Pln
) JWHE 46.6~493  45.1~50.3  42.9~49.5  458-~53.1  52.1~55.0  43.1~48.3  43.1~502  44.5~478 488623  52.8~56.5
S0, M 48.1 48.1 46.2 46.2 53 45.7 46.9 46.8 52.8 54.7
JUE 38.0~402  37.4~39.6  29.5~34.0  31.4~393  229-253  22.5-24.6  31.7~39.1  20.8~284  16.7-29.1  16.9~19.4
ALO, W 3940 38.70 31.80 34.00 24.00 23.60 35.80 24.50 24.90 18.10
JWMHE 0.128~0.364 0.155-0.411  2.61~439  0346~5.10  6.61~9.70  11.7~13.4  0379~3.61  1.62~6.52  0.476~4.73  0~0.029
Tre0 Boffz] 0.256 0.268 3.68 2.37 8.77 12.60 1.39 4.61 2.68 0.015
JWHE 0~0.110  0.042~0.133 0.081~0.281 0.023~0.321 0.676~0.787 0.843~0.893 0.042~0.772  0.563~2.36 0.159~2.433  0~0.038
Mno B 0.063 0.098 0.165 0.163 0.742 0.868 0.356 1.15 1.31 0.019
W 0~0.040 0~0.062  0.344~0.426 0.019~0.529 0.415~0.812 0.558~0.678  0~0.315  0.004~0.256  0~0.29  0.023~0.031
Veo ¥fE 0.010 0.015 0.378 0.343 0.668 0.618 0.041 1.15 0.523 0.027
JWHE 0~0.022  0.005~0.042  0~0.084 0~0.269 0~0.08 0.02~0.036  0~0.183 0~0.078 0~0.106  0.024~0.028
0 ¥ 0.010 0.021 0.024 0.036 0.030 0.028 0.030 0.020 0.031 0.026
JLHE 0.321~0.534  0.282~0.413  0.441~0.645 0.117~0.550 0.045~0.100 0.124~0.147 0.044~0.583 0.058~0.260 0.022~0.181 0.018~0.024
N0 YA 0.436 0.334 0.541 0.367 0.069 0.136 0.308 0.132 0.087 0.021
JUFE 7.44~8.64  7.28~8.79  8.09~10.6  6.24~103  8.13~9.46  7.44~9.81  5.85~10.2 ; ~ 6.49~10.0  543~103  1.18~2.37
K0 Hyfi 8.13 8.14 10.10 9.19 8.86 8.62 8.82 9.23 7.34 1.78
JWHE 0~0.030 0~0.121 0~0.050 0~0.095 0~0.114  0.050~0.05 | 0~0.653  0.452~1.003 0.117~0.677 0.372~0.415
k6.0 Ml 0.006 0.022 0.003 0.025 0.054 0.037 0.284 0.603 0.394 0.394
WHE 0~0.044 0~0.035 0~0.011 0~0.042 0~0.024 . 0.003~0.021  0~0.704  0.203~4.95 0.056~4.00  14.8~18.0
o0 M 0.012 0.010 0.002 0.010 0.007 0.012 0.114 1.30 1.68 16.40
JLHE 0.148~0.541 0.297~0.821 0.957~1.669 0.245~1.881  4.91~6:59 | 2.899~5.038  0~3.19 3.44~6.45  0.178~11.8  7.84~7.87
r ¥fE 0.296 0.495 1.27 0.937 5.80 3.97 1.12 5.62 8.20 7.85
) W 0~0.093  0.179~0.017 0.222~0.444  0~0.510 1.45~197  2.82~4.32 0~0.916 3.23~4.17 445833  5.61~6.67
107 HIME 0.024 0.078 0.320 0.216 1.73 3.57 0.274 3.88 5.62 6.14

H:Ms— A aty Lpd—fl =t Zwd—8kEE & 7F; Li-Phg— B #E 2 REF &8 Cs-Pin—H S EHL A /E . I oC R S AR DG A 3]

Roda %% (2006 ) i 3 X P4 B %4 Pinilla de Fermo-
selle ffi i A AR 2045 Th = B W A5 , = B
H Li . Rb.Cs .F.Mg.Ti fil K/Rb ZE L2786 b 1) % 22748
UL Je = B AR A (Al- s b8 = b Fe-
B8 B UEM] T 45 034 T o BE W 3 h o
FERC T S 5Bk T 2 VA b i 2 BERY LiRb,
Cs.F Mg TiiZ #ihh &, 55 Bk 5 A~ 53415 1 = BE 2 A
HA A Bt o b3, 58 K A7 1)
— U T Z2IVA A = B B 2R vl ek A
WAL AR . SR, N VA iE , = B:rh ks fe2= ot
R KA I Mg Ti IEFSE R 38 w55 R FRAIG,
Li.Rb.Cs.F & 5 (& 7) , X LR U] 1 2
Vi =B e R AR AE IV AT 2 VA7 7 A
BT . SRR, 7R S5 Bk o S AL R
R A AR R T REAE IV Al 2 V air i 1 & A A8 1k,
e 2 U, A A R AR T R FR IR I B i i U )
B BE o SCHFIX — B IR AT 2 B 1Y) 25 70 A8 L E
o XIE S5 (2005) MBS R BT, = BE W) T

mn A 55 S TR (1) b 27 T 52 30 8 R 3l (45
Jo P B A ) TR A AR 38 T PRl 3 A B 2
CF B G RN GBS — i TR FE S BRI 2 BE Y
W o AT B S5 Bk g o B2 [ IV A R B
V15 W S P = ) W s AN S e R 1
B AESIAN T A o B YR AN BN
PR 30 T #ag b (B 5g ), VA b i & 81 V&
O BN B R IR R B AN TR VB e AN
MPR S B = B3 58 AR 5 AN BRI (5] 5a.
b.d.e). FE CEEFIAEE T 45 AP AR F B
FWH A, DL RCE SR A R BN A% - i) 1 R A 45
L TER A s B IR R E VA VA iR I
ANFLI 41 5T AT R AE M AR A R B AR TR
H o B AR 25 3 X MR S8 88 WS (1 3 B8
(rim zone) ¥ Ji, T i 1A R ER 4% 4 2K sl O 1A 1 4 B
FE e ARG A IR AE S5 B T e I [ 4
AN T IARYE A O (X B 524 ,2005) . Vi s
M2k A=A F L LiCapfu) 6 B 24238 = /N AR 1K)
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Fig.6 The nomenclature of the micas from Renli No.5 Pegmatite (base map after Tischendorf et al., 1997)

B 4 = B) (Trilithionite ) , MR 35 ™ 9 45 44 b/ ai {42
B A FRTE, Bk 4.15~4.20 apfu {832 /A F
= \ARIR A 4544 (Foord et al., 1995) , X FR &2
Al (mixed-type ) 2 BERANEATEE & R B, 1M V s
()& HE A B R = R s T oo R Bt i
ANSEAF 25 5 5 77 80 (Van et al., 2008) . FH52 F,5%
Jik FIV S H e R AR B T VA Al T
L Li Cs (19148 31 55 R SF- Ml F 2 (R 45 2 &
T B BRSNS S K VA RIS G
5 LN BV 2R A AR R Cs AR i, O
w(Cs,0) AT 13 ik 14.8% , i 46 Bl 52 4B 26 B 37 1k 41 o
P A9 £ 348 v, s Vs e kT S BRI AR A
i,

g5 b T HL S SRR EAT R A S AR
AN 18] BT (1 47— VaHF ) 45 A R B 2
W G T AR AE R R A R R I
B B A 2 B B Al B2 i IV AR AT R A 3K -
W B (4 Y
4.2 ¥t Ta NbRH BIIER

FEAE B T R AL R v, Ta A N B 258 55 1
BAE B K P (DR=0.002~0.08, D""'=0.005~
0.08; Chevychelov et al., 2005) , P 1 & Ze 50857 #y {1
RETE A I 45 b I B o BETE I, 1E A8 2 - T ek
PERY B, R R AR L] 2 e 3 & R R AR 2R AT
Py B T DA S 45 A R A i R A B RAE AL, IR

BN Z B EE R ARNIRE IS, AT Re 2 A
4 )@ 5 18 5 10 JT i (Kamenetsky et al., 2004 ; Vek-
sler,2004) .

14 LAk hy SR 1) A & T A K o 5 AR
AT AHGEAFE R I — SR R W], Al (925 3 5 A
FHATREAS 2 LUE s HAT 2 5 M E I Je 400 IR , A K
5 ARG AE H 3t B X FR kAT e 8 ) ) T 0 B 1T
M B %2 (Chevychelov et al., 2005; Zaraisky et al.,
2008) . {-HL5S Rk [ A5 E & 7 e 8kn a9, =
Vs B A0 A (5005, 2017) - AARET AT, H: Nb-
Ta® W) A R +RE T R P+
BRERE™ (VA7) RAE (PR BERE, e R 3R e T
ARG MAER T &MY IE F R o
(Zhang et al., 2004; Rao et al., 2009; Yin et al.,
2015), 1 VAl 4l i A1 1R H BN SE 729 i VAl 2 4
HEA L AR AE F R = 0 $8 Br B (Partington et al.,
1995) o A WG PR B AR VR AL 523
T U S E Tal PB4 &, WAl CGM H Ta
8 A 34 (Nb/Ta [ A4IX ) (Green, 1995 ; Partington et
al., 1995) , R ARVE I it TR b Ta s 46 . 1=
55 KA 0 SCBEAL 2 4H A REAE R Y, 5 SR - A
T RSO R Z2 v HR  ) dt AS 1) P JB X I8 B L A A
TEAR 2 PCE I AN o B 3% A8 ik F vp  F LI oG
FAER AR B AR T IR A I B A
3 D F B O, M/ WKL 44 AR, I3
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AAE B BB A B 100 2 - [ALO, ] DU THT A A= B
75 [ 85 7 AP* (Keppler, 1993) ;@ Lit & #1542 J& A
A, A0 4 i 5 18 R 7 X 1 T i SR AR
3 05 M A A TP AR B EUAL(NBO ) SR AR #E Nb  Ta 7
0 R VA B B N (Linnen , 1998) , M 1T 2 5 48 A
H S P W IE B BE J7 (Van et al., 2011) o BRF .
Li4b, B R b HAth T R A 25 5200 Nb ( Ta [i2 B fE
77, Parker 55 (1968) i 52 W], Nb 1 Ta, JUH JZ Ta
TEF S 0 4 SRR Sl T 2 5 Na Cs it
e, A7 S S RAR RS Aot i, B4R N FLLiLCs
TR S AW R, Na ey o 0 2 2t S0 i
B, R M AR S 4R F L LCs Na [P T, X
Nb . Ta Jt HJ2: Ta B AEUUIE A FIRBE S A1E

{~H Nb-Ta-Be-Liffiif7 & JE i it a 0 KAY Ta P15
i 5 (w(Ta,05) 4 0.036%) , Ta St 224 @ A R 9 T A
T EZE I, STNka B PR AR s e B
PRAS At T A B A 8 DR AR A, T AR e Ay
55k oh =B T AL A EE R R AR HE AR 80 1 (A TR A
W5 W0 5 B ) 2Z 0] (9 A 27 PPl o 7 W A 4 R
Nb. Ta JUHUZ Ta i@ 42 TIEE EZIEN. 2L
ST R AL B B B AR E AR AT B 1 Al
i A 4 JRAT PR Ta ey B2 5 AR I A, TS B IR S
IR e B W I A 1 v B A B AR

PR IE S A Ta it (AR E B T 4
5 45 &

(1) E AN A% RS A5 Sk R i = B )
A s> 8 Ast -8 s 1
— I =B YRR EE A =0, A VAR SR/
Y ESDI R Y e Y (A . A= A N F I A
gk, Var s B 26k A o B =B, Vil
W =22 DL A BRI B0 3 B Rk Y 2 4 R
BRI 2R B0 BUE E Cs R AR 72
MR, =BT P i oede s B 5 %
5 db e DA B 0 40 S AR AR B, HLA AR ER AT [n]
A% VA P R 48 v

(2) SSHKEADT T Mo -3k 2 B Beid Ak il 2
M T A=V =AY LivRb Cs . F Mg . Ti & & 2 i
Th &, K/Rb Fll K/ Cs b AR 32 i AR, 1 IV 47— Vil
Mg Ti[&{%, Li.Rb.Cs F & 283 25 5 VA = 726
R 278 AR IV A AR 1T B8 H 25 5 B B i i it 1 3]
I BL, VA e AR BL

(3) TR B Bt i e A4 AR A~ BL8™ R Nb . Ta JC.
HOZ Ta 8 EHUUE R A HEEZAEH B KW A
4 JE 1 U AR ] REHREE = AR B B .
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