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Abstract

In this contribution, systematic mineralogical and fluid inclusion study were performed on the Shaliuquan
No.1 beryl-type pegmatite dike at northern margin of Qaidam Basin based on its internal zonation to explore the
magmatic differentiation and evolution of ore-forming fluid within the pegmatite. The evolutionary trends of mi-
crocline and mica compositions suggest that the evolution of magmatic differentiation of the No.1 pegmatite from
margin to core is mainly controlled by fractional crystallization, and the degree of differentiation increases gradu-
ally. The differentiation of the pegmatite-forming melt is accompanied by the decrease in the fluid salinity. The
ore-forming fluids evolved to CO,-bearing, weakly acidic fluids during the beryl crystallization. The ore-forming
fluid hosed by quartz belongs to the NaCl-H,O system with medium-high temperature (200~427°C) and low salin-
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ity (w(NaCl,,) 3.2%~9.9%), whereas that hosted by beryl belongs to the NaCI-H,0-(CO,) system with medium-
high temperature (213~363°C ) and low salinity (w(NaCl,) 1.1%~10.2%). The early-stage NaCl-H,O fluid
evolved to two distinctly different fluids, namely a NaCI-H,O fluid and a NaCl-H,O-CO, fluid at the late stage.
The presence of abundant CO,-rich fluid inclusions and daughter minerals including siderite (FeCO;) indicates

that the crystallization of beryl was facilitated by fluids enriched in CO, (CO; ). The Be mineralization hosted by

the Shaliuquan No. 1 pegmatite is likely the consequence of both melt differentiation and fluid evolution.

Key words: mineralogy, pegmatite, fluid characteristic, fluid inclusion, Shaliuquan deposit
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Fig. 1

Tectonic sketch map of northern margin of Qaidam Basin(a) and geological sketch map of the Shaliuquan area(b) (after

Feng et al.,2024)

1—Quaternary sediments; 2—Neogene—Paleogene conglomerate; 3—Paleoproterozoic Dakengdaban complex (gneiss group); 4—Paleoproterozoic

Dakengdaban complex (marble group); S—Paleoproterozoic Dakengdaban complex (schist group); 6—Pegmatite dikes (numbered); 7—Quartz

syenite; 8—Diorite porphyrite dike; 9—Granite porphyry dike; 10—Hornblende syenite; 11—Geological boundary; 12—Fault and its numbering;

13—Sampling location
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Fig. 2 Schematic illustration showing the internal zonation and photos of the outcrop and hand specimens of the Shaliuquan No. 1

pegmatite vein

a. The internal zonation of the Shaliuquan No. 1 pegmatite; b. The outcrop of the Shaliuquan No. 1 pegmatite; c. Quasi-graphic texture zone;

d. Graphic texture zone; e. Hand specimen from the feldspar zone; f. Hand specimen from the beryl-bearing muscovite-quartz zone;

g. Hand specimen from the beryl-bearing quartz core

Mrc—Microcline; Ab—Albite; Qtz—Quartz; Ms—Muscovite; Tur—Tourmaline; Brl—Beryl
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Table 1 List of rock samples from the Shaliuquan No. 1 pegmatite
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Fig.3 Photomicrographs and backscattered electron images of rocks from the Shaliuquan No. 1 pegmatite
a. Albite, muscovite and quartz in zone | ; b. Microcline and albite in zone I ; c. Albite, muscovite, and quartz in zone | ; d. Quartz, muscovite, and

CGM in zone Il ; e. Muscovite, albite, and garnet in zone Ill ; f. Microcline and tourmaline from zone Ill; g. Microcline and albite in zone IV ;
h. Quartz, microcline, and apatite in zone IV; i. Beryl and plagioclase in zone IV; j. Muscovite, microcline, and albite in the pegmatite;
k. Albite, microcline, and apatite in the pegmatite; 1. CGM in the pegmatite
Ms—Muscovite; Qtz—Quartz; CGM—Columbite-Group mineral; Grt—Garnet; Ab—Albite; Mrc—Microcline; Ap—Apatite; Tur—Tourmaline;
Brl—Beryl
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Fig. 4 Mg-Li vs. Fe+Mn+Ti-Al" diagram of mica from the Shaliuquan No. 1 pegmatite vein(a, after Tischendorf et al., 1997)

and zoom-in view of the boxed area in Figure a (b)
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Table 3 Major element content of mica in the Shaliuquan No. 1 pegmatite vein
1 113 Va7
4oy
P1-10(2) P1-5(4) P1-6(5) P1-9(4) P2-3(3) P1-2(3) P1-7(3) P2-5(2) P2-7(7) P2-9(4)
w(B)/%
SiO, 46.70 46.83 46.91 46.08 49.39 46.46 48.25 46.13 46.74 47.34
TiO, 0.01 0.06 0.05 0.17 0.04 0.02 0.13 bdl 0.03 0.08
AL O, 36.62 34.30 34.80 34.22 29.75 35.51 29.69 34.06 35.70 34.41
FeO 1.77 2.50 1.98 2.79 3.11 2.46 5.80 3.98 2.54 3.03
MnO 0.08 0.07 0.11 0.17 0.25 0.13 0.13 0.20 0.11 0.19
MgO 0.63 0.33 0.49 0.41 0.89 0.37 1.20 0.25 0.27 0.24
CaO 0.06 0.02 0.02 0.02 0.02 0.01 0.01 0.07 0.02 bdl
Na,O 0.06 0.36 0.27 0.46 0.15 0.37 0.14 0.26 0.26 0.26
K,O 6.45 8.79 9.20 8.87 8.84 9.49 8.97 8.80 9.09 9.13
F 1.47 0.69 0.75 0.94 1.87 0.87 1.15 1.58 1.04 1.32
Cl bdl bdl bdl 0.02 bdl 0.01 0.01 0.01 0.01 bdl
Li,0* 0.89 0.38 0.42 0.55 1.14 0.50 0.68 0.96 0.61 0.79
H,0* 3.84 4.14 4.14 4.00 3.58 4.11 3.90 3.73 4.05 391
O=F,Cl 0.62 0.29 0.32 0.40 0.79 0.37 0.49 0.67 0.44 0.55
SR 99.20 98.76 99.46 99.10 99.82 100.68 100.55 100.70 100.91 101.25
(O OH F)JEF4i=24
Si 6.164 6.290 6.257 6.210 6.637 6.162 6.506 6.180 6.174 6.260
AV 1.835 1.710 1.743 1.790 1.363 1.838 1.494 1.820 1.826 1.740
AIV! 3.863 3.721 3.729 3.646 3.350 3.714 3.223 3.558 3.732 3.623
Ti 0.001 0.006 0.005 0.018 0.005 0.001 0.013 bdl 0.003 0.008
Fe 0.195 0.281 0.221 0.314 0.350 0.273 0.654 0.446 0.281 0.335
Mn 0.008 0.007 0.013 0.019 0.029 0.014 0.015 0.023 0.013 0.022
Mg 0.123 0.066 0.098 0.083 0.179 0.074 0.241 0.050 0.052 0.048
Ca 0.009 0.003 0.003 0.003 0.002 0.001 0.002 0.010 0.002 bdl
Na 0.016 0.095 0.071 0.120 0.040 0.095 0.037 0.068 0.066 0.067
K 1.086 1.507 1.566 1.525 1.515 1.605 1.543 1.504 1.532 1.540
Li* 0.472 0.206 0.227 0.297 0.618 0.267 0.370 0.515 0.323 0.420
OH* 3.384 3.709 3.682 3.594 3.206 3.633 3.508 3.330 3.566 3.449
F 0.615 0.291 0.317 0.402 0.793 0.365 0.491 0.668 0.433 0.551
Cl 0.001 bdl bdl 0.004 0.001 0.002 0.001 0.003 0.002 bdl

A8 5 AT U8 “bd 1 2R 5 iR A R 7 PRz e 2 il T3 i

TRHE AT Or 5 71~98, Ab 5 2~25 (& 5a) .
(3)FRAHEm™ FRAHBkm 1Y £ TR M R 5
TS, 15k gks £ 25045 T WA Fn VA7,
ZRUHRAR B B0 A BSE B E oy AT,
30 PR 4540 (81 41) o T 8B k™ 1) 32 22 4y
H Nb,05(62.94%~70.10%) . Ta,05(7.46%~10.23%) .
FeO, (12.96%~17.45%) . MnO (3.76%~6.64%) . TiO,
(0.56%~0.97%) 1 WO, (1.26%~1.80%) . #H%: T I
WA T, VA7 48 40 Bk 5™ P w(Ta,05) (10.18%~
35.14%) «w(MnO)(3.11%~8.69% ) Fl w0 (WO5;) (0.14%~

3.43%) B JT TF &, w(Nb,Os) (44.30%~63.32% ) .
w(FeO,) (10.79%~15.45%) F1 w(TiO,) (0.06%~0.59%)
A PTREAR

(4) BEK A Wi KA EimIuH: a4 R 9] TR
6. Wi KA FEE 3 A T UM 15 IR A 1A IV
i, 2500 KA 78 BSE BRI s BB 135, o]
LA AR Ak (B 3h) o AT A il oA 1 32 2 o
Ca0 (52.49%~53.04%) .P,05(39.47%~40.60%) .MnO
(2.94%~3.33%) . FeO, (0.44%~0.53%) . F (3.82%~
6.13%) 1 C1(~0.09%) . AH LbT M A7 B A, IV 2
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Table 4 Major element content of feldspar in Shaliuquan No. 1 pegmatite vein
P IKii3 115 Viy
) A (64 45) A (24 ) A8 A (25480 PiEA (1240 50) KA (231 80)
w(B)/%
Na,0  0.59~0.87(0.78) 9.11~10.56(9.88) 0.44~2.41(0.80) 8.65~11.65(9.74) 0.21~0.85(0.52) 8.94~11.18(10.02)
Si0, 63.35~66.04(64.54) 67.89~68.76(68.18) 63.54~67.63(65.85) 68.13~71.07(69.71) 64.14~66.72(65.56) 67.72~71.05(69.53)
P,0; 0.02~0.30(0.16) bdl1~0.05(0.03) bd1~0.80(0.18) bd1~0.20(0.08) bdl~0.25(0.09) bd1~0.20(0.07)
K,0 14.24~14.83(14.58) 0.11~0.19(0.15) 10.53~16.03(14.52) 0.06~0.22(0.13) 13.70~16.62(14.91) 0.06~0.19(0.11)
ALO; 18.92~19.64(19.27) 20.51~20.96(20.72) 17.53~19.02(18.40) 19.05~19.78(19.33) 17.01~18.51(18.13) 19.10~20.23(19.40)
SrO bdl bdl bd1~0.06(0.03) bd1~0.07(0.03) bd1~0.07(0.03) bd1~0.06(0.03)
Rb,0  0.05~0.15(0.11) bd1~0.01(bdl) 0.13~0.40(0.23) bdl~bdl(bdl) 0.05~0.45(0.21) bdl~bdl(bdl)
FeO bd1~0.05(0.01) bd1~0.02(0.01) bdl1~0.10(0.02) bdl1~0.06(0.02) bd1~0.10(0.03) bd1~0.09(0.02)
MnO bd1~0.04(0.01) bdl bdl~0.05(0.01) bdl1~0.08(0.01) bdl1~0.09(0.01) bdl~0.11(0.02)
N 98.06~101.45 97.26~101.77 98.02~100.03 98.28~100.75 97.86~100.39
A 98.68~99.45(99.10)
(99.49) (100.11) (99.18) (99.49) (99.30)
Ab 6~8(8) 98~99(98) 4~25(8) 98~100(99) 2~7(5) 97~100(99)
An 0~1(1) 0~1(1) 0~5(1) 0~2(0.01) 0 1~2(1)
Or 92~94(92) 1(1) 71~96(92) 0~2(01) 93~98(95) 0~1(1)
4855 N RR IR “bd1” Fom 3 AR TR B
100
o II#H
o [VH#
75
~~
Z
. 2 At
E [o  _EEV(RET
~ ! c
g | eEpE T
Wl oo /o
G &
= 4 g & Af{ﬁy
25| /o &;
a| /¥
A
0 L 1
0 25 50 75 100

&5

Fig. 5 Or-Ab-An triangular diagram of feldspar (a) and columbite-tantalite group minerals of different genetic classification

Mn*~Mn/(Mn+Fe)

BRI AT B9 Or-Ab-An = F £ 8] () S VPHIR A s e 4R BB I8 By AN TR] A 232 €] (b)

map (b) of the Shaliuquan pegmatite

K AT W w(F) (3.30%~6.24%) Fl w(FeO,) (0.03%~
0.70%) T+ , w(P,05) (38.26%~41.26%) [ , w(CaO)
(51.98%~55.37%) A1 w(MnO) (1.31%~4.31%) Jo I .
Ak,
43 WETESHER

(1) =t} = BRI R 45 R TR 7,

15 kb A = BEE 404 T T RV Al 3% 2 454
Ay = Be .Sc.Cr.Zn .Ga . Ba . Ta #1 Pb &1
PR T 100x10°6, 47 = B BA BAK A w(Ta)
(8x107°~26x107°) , H1 4 i w(Nb) (161 x 107°~369 x
10°°) , %5 &5 B w(Li) (451 x 10°~1373 x 10°°) | w(Rb)
(1939 x 107°~2717 x 107°) F1 w(Cs) (31 x 107°~138 x
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Table 5 Major element content of columbite-tantalite in Shaliuquan No. 1 pegmatite vein
IKiis Vs
ik P1-9 P1-7 P2-7 P2-9
il il # #—il il il il

Si0, 045 0.88  0.01 0.02 0.04 319 413 0.01 0.02

Nb,O, 6885 6872 70.10 68.10 70.02 62.94 6332 58.07 57.38

Ta,0, 812 803 746 844 810 1023 10.18 21.55 21.60

woO 1.80 1.58 1.59 1.26 1.61 148 097 076  0.99
Sc,0, 0.11 0.08 0.07 007 005 008 0.06 014 0.10
CaO 0 0.12 0 0 0 0.04  0.09 0 0

ZrO, 0 bdl bdl bdl 0.02 bdl 0.04 bdl 0.15
TiO, 065 070 0.62 059 056 097 056 023 023
MgO 012  0.16 0.12  0.11 0.08 0.05 012 0.02 bdl
ALO;, 003 021 0.02  0.01 0.02 0.12 013 002 0.03
MnO 3.76 469 389 483 417 6.64 311 483  6.84
FeO 17.45 1594 1629 1296 1546 1474 1281

15.69 16.59

Cr,0, 0.21 0.51 0.15 bdl 013 075 211 0.02 bdl

54.58
25.63

0.02  0.08 bdl bdl 0.08 025 0.06 bdl

14.13

w(B)/%
0.07  0.08 0 0.02  0.01 0.02  0.01 0.03  0.01 0

5550 62.20 60.49 53.70 53.29 5299 5537 5732 4430

23.15 16.72 1573 2640 2725 26.62 23.76 20.66 35.14

0.55 1.05 1.01 .70 058 029 0.14 2.08 1.61 2.69
0.11 0.14 008 009 015 009 017 015 0.07 0.10

0 0 0.04 0 0 0 0.06 0 0 0
0.15  0.08

009 016 047 055 006 0.14 008 0.13 035 0.12

bdl bdl 0.02 002 0.04 005 0.03 bdl 0.02 bdl

0.02 004 0.02 003 001 0.03 0.02 003 001 0.02
5.77 8.69  7.81 804 734 782 725 796 812 798

10.79 1146 1224 1122 1145 11.50 1143 12.19 11.09

bdl bdl 0.03 003 0.03 0.03 bdl bdl bdl 0.16

SF 10155 101.36 100.61 99.38 101.09 99.46 100.26 100.37 100.17 100.96 99.66 99.85 98.90 99.59 100.70 98.89 100.93 100.51 101.67
O J5iF4i=6
Si 0.034 0.066 bdl 0.001 0.03 0238 0303 0.001 0.002 0.006 0.007 bdl 0.0l 0.001 0.002 0.001 0.002 0.001 bdl
Nb 1749 1.728 1.802 1.782 1.797 1.561 1543 1.600 1587 1.527 1.555 1.676 1.644 1.528 1502 1.519 1.541 1574 1.293
Ta 0.124 0122 0.115 0.133 0.125 0.153 0.149 0357 0359 0431 0390 0271 0257 0452 0462 0459 0398 0341 0.617
W 0.026 0023 0023 0019 0.024 0021 0014 0012 0016 0.009 0.017 0.016 0.026 0.009 0.005 0.002 0.033 0.025 0.045
Sc 0.005 0.004 0.003 0.004 0.003 0.004 0.003 0.007 0.005 0.006 0.008 0004 0.005 0.008 0.005 0.010 0.008 0.003 0.006
Ca  bdl 0007 bdl  bdl  bdl  0.002 0.005 bdl  bdl  bdl  bdl 0003 bdl  bdl  bdl 0004 bdl  bdl  bdl
Ti 0027 0.029 0026 0.026 0.024 0040 0.023 0.010 0011 0004 0.007 0.021 0.025 0.003 0.006 0.004 0.006 0.016 0.006
Zr bdl  bdl  bdl  bdl  bdl  bdl 0.0l bdl 0.005 0.001 0002 bdl  bdl 0002 0008 0.002 bdl 0.004 0.003
Mg 0010 0.013 0.010 0.010 0.007 0.004 0.010 0.001 bdl  bdl  bdl  0.002 0.002 0.003 0.005 0002 bdl 0.002 bdl
Al 0.002 0.014 0.001 0.001 0.001 0.007 0.008 0.002 0.002 0.001 0.003 0.002 0.002 bdl 0.002 0.001 0.002 0.001 0.001
Mn  0.179 0221 0.187 0.237 0200 0308 0.142 0249 0355 0302 0456 0395 0409 0391 0413 0389 0415 0418 0.436
Fe 0.820 0.730 0.789 0.772 0.774 0.595 0.697 0.751 0.655 0.731 0.559 0.571 0.615 0.591 0.597 0.610 0.588 0.619 0.598
Cr  0.009 0.023 0.007 bdl  0.006 0.033 0090 0.001 bdl  bdl  bdl 0.001 0001 0.001 0001 bdl  bdl  bdl 0.008

bl FR AT TR R

109, BT MW A =B, Vi A= 8 wNb)
(157x107°~326x107°) B AR , w(Li) (938 x 107°~1488 x
10) .w(Rb)(2164x106~6409x10°) .10(Ta)(22x 10"~
96x1076) Fl 1w(Cs)(36x1076~502x107°) Ff- 15

(2) KA KAMNMEITRERSIIERITES,
1 Sk EAPLILB.Sc.Cr.Cu.Zn.Sn.Sb & H KL
T B . T B A A B w(Li) (27.1%
107) .10(Ga)(14.6x1076~28.0x10°) 10(Ge) (2.0x 107~
5.0x1076) 1 w(Cs)(0.28x107°~104x1076) , A% T-1I
WK A, VA K A w(Ga) (17.4%x1070~29.3 x
1076) Fl w(Ge) (1.8x1076~4.1x 1070) FA AR , w(Li) (105

1076) . w(Rb) (0.5 x 106~164 x 107°) Fll w(Cs) (0.20 x
1076~29.2x106) FH 5 .
44 MEBEMEEBEERFE

JEAE AR EEA AT 1SRV
WAL LIV 2 Vi skt ad . R 4E Roed-
der (1984) I /5 e 35 %5 (2004 ) $2: HY 4 90 1A 410 2 1A 7
IR T B A IS UE DI I 25 58 R TR B R AR S AR
b, X AR YA 5 Hh R A A BE AR AT T R 4
(%9),
4.4.1 AEPHRACERK
M ) Vg p A A9 &k H Q1.Q2.Q3.Q4
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Table 6 Major element content of apatite in Shaliuquan No. 1 pegmatite vein
11 Kii kit
Moy P2-7 p2-3 P2-9
B—il B—il N——il —il B—il
w(B)/%
Na,O bdl 0.03 bdl bdl bdl 0.04 bdl 0.03 0.02 0.01 bdl bdl 0.03 0.03 0.03 0.02 0.02
MgO bdl 0.03 0.01 0.01 0.01 0.01 bdl 0.02 bdl 0.01 bdl 0.04 0.02 bdl bdl 0.01 bdl
ALO, bdl 0.01 bdl bdl bdl 0.02 0.01 bdl bdl 0.01 bdl bdl 0.01 bdl 0.01 0.03 bdl
Si0, 005 004 0.0 004 007 0.1 0.03 002 006  0.09 bdl bdl 0.01 0.07 007 005 022
P,0, 41.02 4027 3947 40.60 40.08 39.95 40.14 4079 4126 4121 40.61 40.09 40.03 3826 3890 39.41 39.85
Cl 0.04 003 009 002 002 007 002 bdl 0.01 0.02 bdl 0.01 0.02 001 0.05  0.06 bdl
K,0 bdl 0.01 0.06 0.01 bdl bdl bdl bdl 0.01 bdl 0.02 bdl 0.01 bdl 0.01 bdl bdl
CaO 5291 5249 5250 52,68 5258 53.04 5231 5394 5443 5198 5274 5290 5340 5537 52.01 5218 54.77
F 403 396 382 422 613 508 332 342 366 371 330 406 406 441 424 421 6.24
FeO 056 050 053 044 048 049 035 003 016 036 031 070 051 021 040 039  0.07
MnO 3.35 2.94 3.15 2.95 3.33 3.19 3.95 2.75 2.58 4.31 3.34 3.34 3.08 2.60 4.20 3.81 1.31
TiO, 0.02 bdl 0.09 bdl bdl bdl bdl bdl 0.14 0.02 0.16 bdl bdl bdl 0.05 0.12 bdl
-O=F 1.69 1.66 1.60 1.77 2.57 2.13 1.39 1.44 1.54 1.56 1.39 1.71 1.70 1.85 1.78 1.77 2.62
B 10029  98.65 9822 9920 100.13 99.87 98.74 99.56 100.79 100.17 99.09 99.43  99.48 99.11 98.19  98.52  99.86
Na 0.006 bdl 0.011 bdl bdl bdl bdl 0.011 0.005 0.002 bdl bdl 0.010  0.009 0.011 0.006 bdl
Mg bdl bdl 0.007  0.002  0.002 0.003 bdl 0.006  0.001 0.004  0.001 0.010  0.004  0.001 bdl 0.003 bdl
Al bdl bdl 0.002 bdl bdl bdl 0.002 bdl 0.001 0.002 bdl bdl 0.002 bdl 0.002  0.006  0.002
Si 0.036 0.008 0.007 0.017 0.006 0.011 0.005 0.004  0.010 0.016 bdl 0.001 0.002  0.012  0.011 0.008  0.005
P 5.582 5876  5.853 5798 5852 5.689 5907 5.881 5.858 5953 5915 5816 5796 5579 5.763 5.787 5.907
Cl 0.001 0.011 0.008  0.028 0.007  0.005 0.006 0.001 0.004  0.005  0.001 0.003 0.005 0.004 0.015 0.019 0.006
K bdl bdl 0.002  0.013 0.002  0.001 bdl bdl 0.002 bdl 0.004 bdl 0.002 bdl 0.003 bdl bdl
Ca 10.102 10.204 10.142 9.853 10.081 10.070 10.145 10.595 10.112 10.055 10.068 9.946 10.011 10.120 9.966  9.795  9.973
F 1.823 1.841 1.940  2.000 1.794 2202 2.193 2403 2347 2312 3265 2.158 2.151 2.095 2274 3249 2719
Fe 0.051 0.005 0.022 0.052 0.045 0.100 0.073 0.030  0.058 0.057 0.009 0.079 0.071 0.077  0.063  0.067  0.069
Mn 0.581 0.397 0367 0.623 0.487 0.484 0.447 0379 0.623 0.561 0.184  0.481 0.428  0.463 0.425 0474  0.458
Ti bdl bdl 0.018  0.003 0.021 bdl bdl bdl 0.006  0.015 bdl 0.003 bdl 0.012 bdl bdl bdl
T “bdl”HR “ F R TR R
K Q5 AR A BEARRE (R 9) . QUEIEEy 25 Q1 BRI, HoOR/N A 8~15 um, “URH /34X

R LV A 2K (29 15 70%~80% ) , 5 /NEEIR B A
SRR T 15 kA A a0 o HR/N R 5~15 pm, X
FHA BN 10%~20% (& 6a) , A B 7] 1k 40%, 45 %
AR A DY 507 5 Q2 U LA SUAH LV A%
TR F (29 4 10%~20%) , 52 /NERIR ™ H 5l 5 Q1 Al
U BEARRER A L HR/IN N 8~18 pum, ARSI N 50%~
80% (&l 6b) , A — M A ASHLIIR Ao [ 7 1 46 5
Q3 B 7 CO, LLV [ 2R 4 Bl (29 (5 3%~5%) (]
6¢), ZE/NEEIR AT IV | Var SaEia A g At
H HR/INA 5~18 pm, JEZS S RITE A R sAS L)
TE45, COMMARRVAR LK, b7 A AR AR 30%~
80%; Q4 Fl = H M5 T it — A AR (2 i 1%~2%) ,

N 10%~40%, LA AW IEDE TSN LNDE 45, 7
i 2 TE (B 6d) S AR HUNR 5 QS 74 Fh 40y AH f 22 44
L (25 5%~10%) , 2 2 /NFER 310, K/ R 5~
15 pm, JE 25 S RTE s HUNITE 4, 5o 2 AT
REsZ 2N W BN, T HE e, IR & A ik R (1] 6e) .
A FEAR— BT W 2408 5541 (1 6f) o
WA Y ORI AN AL AR A b
DA 2 1R S RORH P A K TR R R, KN 5~
12 pm, A ECN 10%~20% , T 25 9 A LR A6
[RIE 55 46
442 SFA TR EGE
SR R T H BB EENE, H

H

>N
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Table 7 Trace element content of mica minerals in Shaliuquan No. 1 pegmatite vein (w(B)/10°)
s T VA
P1-5(51 ) P1-6(6145) P1-9(24 ) P1-2(10150) P1-7(5445)
Li 937~1020(969) 451~589(535) 1267~1373(1320) 1223~1488(1374.987) 938~1260(1133)
Be 20.3~22.2(21.1) 28.9~58.7(39.7) 19.9~26.4(23.1) 15.5~33.8(25.7) 28.3~36.8(32.3)
Sc 8.3~9.0(8.7) 3.5~19.9(14.0) 21.3~21.7(21.5) 6.0~11.5(8.3) 1.8~3.5(2.8)
Zn 290~327(312) 179~231(201) 274~300(287) 248~4164(351) 345~417(386)
Ga 167~187(173) 113~174(151) 170~175(173) 150~166(156) 142~162(154)
Rb 2478~2717(2577) 1939~2170(2043) 1973~1982(1977) 2164~3831(2485) 2580~6409(3832)
Nb 286~322(300) 161.4~310.8(236.3) 369~369(369) 208~326(279) 157~282(234)
Cs 43.9~54.5(48.4) 45.1~138.4(78.1) 31.6~32.0(31.8) 36~150(69) 59.1~502.0(230.2)
Ba 0.3~0.4(0.3) 0.6~3.4(1.7) 3.8~4.1(3.9) 0.4~0.9(0.6) 0.8~5.5(2.7)
Ta 23.9~26.4(25.3) 7.7~19.9(15.0) 21.6~22.4(22.0) 22~58(29) 26.6~96.2(54.7)
Pb 2.9~3.6(3.2) 4.3~10.5(6.6) 4.5~4.8(4.6) 3.1~8.9(4.2) 3.1~5.0(4.0)
K/Rb 33.7~36.1(34.9) 44.5~47.0(46.0) 48.1~48.6(48.3) 23.5~41.8(37.3) 15.2~34.1(27.1)
K/Cs 1610~2038(1865) 656~2104(1507) 2979~3036(3007) 602~2447(1562) 194~1488(903)
Nb/Ta 11.3~12.2(11.9) 13.6~21.3(16.4) 16.5~17.1(16.8) 3.6~14.7(10.5) 1.6~10.3(6.8)

T AR NP IME . H(E A 1.

*8 WHIR1ISFERERKATYHETES=(wB)/10°)
Table 8 Trace element content of feldspar minerals in Shaliuquan No. 1 pegmatite vein (w(B)/107)
g || kit
P1-5(61 1) P1-6(94- 1) P1-2(61~ /) P1-7(154~45)
Li 13.5~27.1(20.3) 4.4~6.9(5.7) 13.5~62(42.2) 9.3~105(42.6)
Be 5.4~14.6(7.9) 4.1~6.6(5.3) 3.7~10.1(5.4) 4.1~14.8(9.1)
Sc 0.6~0.8(0.7) 0.5~0.8(0.6) 0.5~1.2(0.8) 0.5~0.6(0.6)
Zn 1.0~6.9(4.1) 2.1~4.5(3.1) 2.4~9.9(5.7) 1.1~13.7(3.6)
Ga 19.5~28.0(23.4) 14.6~26.0(18.8) 17.4~24.7(21.4) 17.8~29.3(23.4)
Ge 3.2~3.8(3.7) 2.0~5.0(3.0) 1.8~3.9(2.9) 1.9~4.1(2.9)
Rb 0.7~104.6(34.5) 2.1~2088(356.9) 0.5~128(39.8) 0.7~164(24.9)
Sr 0.9~2.2(1.4) 2.0~5.7(3.3) 5.7~24.6(10.3) 1.1~4.7(2.4)
Cs 1.9~10.4(5.2) 0.3~104(14.1) 1.7~29.2(10.7) 0.2~16.0(2.4)
Ba 0.2~1.3(0.7) 0.2~8.2(1.6) 0.2~14.2(2.8) 0.2~0.9(0.4)
Pb 3.0~10.4(7.3) 3.1~70.9(11.8) 4.6~8.3(5.8) 3.2~7.9(5.5)
K/Rb 57.8~1291(653) 68.9~558(251) 43.7~1697(580) 52.1~1287(667)
K/Cs 224.9~744(552) 754~3169(1342) 156~553(307) 390~4669(1543)

TE AR S PN IME HE A 1.

1k H B1.B2.B3 B4 UM A AR RE (SR 9) .
B1 A Ry & WAHPIAH LR, 2 5/ N i, DR
PSR 0 (B 72) , KR 5~15 pm; B2 Bk & <M
ARG AR TR — A AN FLULAR W6 BE K S5 0E
(I Tb) , KN 8~20 pum; B3 AL & — Ml 5
I, Z ISR W SR BB R, R/ 10~ 45
25 um, ¥ 2 2R HARINIE A5 (18] 7¢ . f) ; B4 Y

R WAH CO, AR, 2 ST R, KE4K
5 WO A A A AR IE A R/ 10~25 pm,
TEARFIE MRTE AL S (K 7de) . CO,H
AR, AR SR L 30%~70%, X 4 Ff
AU SEARTEAE VA AV A7 9 A A b A 40 A
iy N2 LNNG &) A= a1 A A L i
AR FEHERE 15 K P A1 5 SR A o8 5 A
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Table 9 Types of fluid inclusion assemblages (FIAs) hosed in quartz and beryl from the Shaliuquan No. 1 pegmatite vein

. N " @ (B)/%
A ET Y F RS Y I3 AR P pr s e e
ERAHLV AL (Q1) kA M2 VAHy, IS 10~20 80~90
AU LV 2R (Q2) Hift 2 Vi, MBUFER 70~80 20~30
A A % CO,LLV 21K (Q3) TN Vi 40~50 50~60
T AR A (Q4) I 10~30 50~60 10~20
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Fig. 6 Fluid inclusion in quartz from the Shaliuquan pegmatite

a. Liquid-rich two-phase fluid inclusion; b. Gas-rich two-phase fluid inclusion; c. CO, Liquid-bearing three-phase fluid inclusion; d. Daughter crys-

tal. bearing three phase fluid inclusions; e. Pure liquid phase fluid inclusion; f. Secondary fluid inclusion
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Fig. 7 Fluid inclusions hosted in beryl from the Shaliuquan pegmatite

a. Liquid-rich two-phase fluid inclusion; b. Gas-rich two-phase fluid inclusion; c, f. Three-phase fluid inclusion containing daughter minerals
including gypsum and siderite; d, e. Liquid CO,-bearing three phase fluid inclusions

Sd—Siderite; Gp—Gypsum

J¥ w(NaCl,, )53 200~427°CH13.2%~9.9%( 55 10; /%] Cl )N 1.1%~10.2%, FE AT TE 2%~6% (181 9d) .
9a.b) o b4l i S Db ™ it 1A 1 35—

T JEE AN R B w(NaCly) 22 91l 4 211~427°C R 3.2%~ 5 1} i

9.9% o 1l A2 S I IV ATV iy A 0 b sl I i

(1 35 — I B R &R BE w(NaCl,) 43 51 4 200~409°CF1 5.1 {FREKNS REL

1.2%~11.1%, ZRFE A7 A B R B 1 — B R 213~ sl T P N R 2548 5 o 1 AR A TE SR T
363°C, {H FZAEHTE270~330°C (K 9¢) , #h B w(Na-  Hidhar o i i B M5 8, Bl =B KA fgede

F10 PRI SERERARMEEAGRARERFERAHY—BEMEE—ER
Table 10 Homogenization temperatures and salinities of representative fluid inclusion assemblages in quartz and beryl

from the Shaliuquan No. 1 pegmatite vein

Fedh o E6Y VBERREI B A VKAIREESC  H—REESC w(NaCl,)/%
P1-3
bl Ql 79 —6.5~-1.9 211~427 3.2~9.9
1| Kifd Vg
P1-6
Q2 6 -3.8~4.8 315~396 6.2~7.3
P1-9
P1-2 n Ql 48 —7.5~-2.6 221~409 43~11.1
Vg
bl \Eil3 Q2 6 —3.8~-4.8 309~359 5.9~7.0
LA Bl 22 —-6.0~-1.0 213~363 1.7~9.2
Ve 1 22 —-6.5~-2.8 200~348 1.2~9.2
Pl-4 Vi Q

S A Bl 24 —-6.8~-0.6 277~331 1.1~10.2
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Fig. 8 Raman spectra of fluid inclusions in quartz (a~c) and beryl (d) in the Shaliuquan No.1 pegmatite vein
Qtz—Quartz; Sd—Siderite; Gp—Gypsum
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Fig. 9 Histograms showing homogenization temperature (a) and salinity (b) of fluid inclusions in the early quartz and histograms

showing homogenization temperatures (c) and salinities (d) of fluid inclusions in beryl
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Fig. 10  Substitution mechanism of muscovite and Li-containing muscovite (a, after Roda-Robles et al., 2007), K/Rb-Rb diagram of

feldspar (b), K/Rb-Cs diagram (c, after Zhou et al., 2013) and K/Cs-Cs diagram of mica (d) of Shaliuquan

No. 1 pegmatite vien

The "[J" in Figure a represents crystal vacancy. The dashed areas are the K/Rb values and Cs contents of mica and K-feldspar from different types of

rare-metal pegmatites and barren pegmatites. Among them, Li-Cs-Ta pegmatites are represented by the Tanco super-large rare metal deposit in Cana-

da (Goad et al., 1981); Li pegmatites are represented by the Karibib pegmatite in Namibia (Roda-Robles et al., 2007); Totoral Be-Nb-Ta pegmatite in

Argentina (Oyarzabal et al., 2009). Barren, Li-Be-Ta and Li-Cs-Be-Ta pegmatites in Cap de Creus, Spain (Alfonso et al., 2003)
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Fig. 11 Binary plot of (Fe + Mn) versus Ca of apatite (a) and binary plot of Fe versus Mn of apatite (b) in the Shaliuquan

No. 1 pegmatite vein
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Fig. 12 Box plot of the F contents in apatites (a) and variation of F contents in individual apatite grain from core to margin (b)

in the Shaliuquan No. 1 pegmatite vein
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Fig. 13 box plots showing salinities (a) and homogenization temperatures (b) of fluid inclusion assemblages from the Shaliuquan

No. 1 pegmatite
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Fig. 14 Homogenization temperature vs. salinity binary plot of fluid inclusion assemblages in the Shaliuquan No. 1 pegmatite vein

(a) and Homogenization temperature-salinity maps of fluid inclusions in other pegmatitic deposits (b)

The area highlighted using black dashed lines represents the homogenization temperature and salinity range of fluid inclusions in Be

mineralized pegmatite, and the area highlighted using grey dashed lines represents the homogenization temperature and salinity

range of fluid inclusions in Li mineralized pegmatite (Xiong et al., 2021b; 2022; Lii et al., 2024)
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