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

[Objective] Beryllium is a rare metal element, which plays an irreplaceable role in national economic construction and national
defense science and technology. The Wazha W—Be deposit is located in the northeastern part of the Laojunshan granite. The
two—mica granites of the Laojunshan complex, mica schist and gneiss in the second section of the Paleoproterozoic Nanyangtian
Formation, and pegmatite veins are mainly exposed. The beryllium mineralization occurs in pegmatite veins which with obvious
zoning. Discussion on the genesis of beryllium—bearing pegmatites is of great significance to the study on the genesis of regional
tungsten—beryllium deposits and the exploration of beryllium minerals. [Methods] In this paper, LA—ICP—MS zircon U—Pb dating,
whole—rock major and trace elements, Sr—Nd isotopes and inclusions in beryl were studied to discuss the genesis of
beryllium—bearing pegmatite. [Results|] The formation age of beryllium—bearing pegmatite veins in the mining area is (187.9+1.4)
Ma, and the veins are characterized by high silicon, rich aluminum and rich alkali. The light rare earth elements are relatively
enriched, while the heavy rare earth elements are depleted. The samples enriched in Rb, Th, U, Ta, etc, depleted in Ba, Nd, Sm and
Ti. The initial ¥Sr/*Sr ratios and ey(#) of the Wazha pegmatite are from 0.702740 to 0.732013 and from —10.3 to —10.6,
respectively. [Conclusions] The pegmatites formed by partial melting of continental crust, with mineralization involving
amedium—temperature, moderate—salinity NaCl-H,0—CO,~CH#N,. Fluid immiscibility occurred in the pegmatite during the

mineralization process.

Key words: zircon U-Pb ages; fluid immiscibility; genesis of the pegmatite veins; Wazha W—Be deposit; Southeast Yunnan;
mineral exploration engineering

Highlights: This paper determined the age and geochemistry characteristics of the beryllium—bearing pegmatites in the Wazha
W-Be deposit, southeastern Yunnan Province, China, and studied on the inclusions in pegmatite and discussed the genesis of
beryllium—bearing pegmatite.
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Fig.1 Geological map showing regional geology and polymetallic mineral deposits in Southeastern Yunnan—Western Guangxi (a,
modified from Cheng Yanbo et al., 2008); Simplified geological map with the distribution of pegmatite veins in
Laojunshan area, Southeastern Yunnan (b, modified from Zhang Zhenfa et al., 2018)
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Fig.5 Chondrite—normalized REE patterns of zircon(a, modified from Sun and McDonough,1989), diagram for the genesis
identification of zircon (b, modified from Li et al., 2018)
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Table 1 Zircon U-Pb isotopic dating results of the Wazha pegmatite
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Pb Th U 27pp%Ph 1o 2PHAU 1o PPb/AU 1o PPbAPb 1o PPb/APU 1o *Pb/APU o
XZ-1-1 2923 3950 81754 0.05 0.0521 0.0005 0.2179 0.0060 0.0305 0.0009 287.1 287 200.1 5.0 1938 54
XZ-1-2 840 2444 27292 0.09 0.0606 0.0010 0.2438 0.0054 0.0296 0.0006 6334 37.0 2215 44 1879 39
XZ-1-3 2104 187.4 6068.0 0.03 0.0522 0.0005 0.2140 0.0027 0.0298 0.0003 2945 222 1969 22 189.0 1.9
XZ-1-4 464 999 13493 0.07 0.0554 0.0012 0.2229 0.0046 0.0295 0.0004  427.8 435 2043 3.8 187.1 23
XZ-1-5 41.0 18.6 1186.0 0.02 0.0496 0.0009 0.2010 0.0036 0.0294 0.0003 189.0 83 1860 3.1 1870 18
XZ-1-6 207.0 3564 6019.3 0.06 0.0549 0.0007 0.2166 0.0026 0.0287 0.0003 4093 231 199.1 22 1824 1.8
XZ-1-7 520.6 1554.8 15974.5 0.10  0.0532 0.0006 0.2187 0.0050 0.0298 0.0006 3389 213 2008 42 189.5 4.0
XZ-1-8 1284 2269 37125 0.06 0.0549 0.0008 0.2224 0.0033 0.0295 0.0003  405.6 31.5 2039 2.8 1872 18
XZ-1-9 92.8 323.7 2580.4 0.13 0.0601 0.0008 02410 0.0043 0.0289 0.0002  609.3 250 2193 3.5 1839 15
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a, b—Liquid phase inclusions; ¢, d, e-Three-phase inclusions containing subcrystalline; f-Negative crystalline inclusions

® 2 BREYIERSHE

Table 2 Physical characteristics of inclusions

R e SEAMEA  Rife/m & AR

oxz-l CBEVY) SRbEF WA & PO WEER LoViILVTE Y 333 um U RBEN F A kiR B A
oxz-l CAD) SHEEA WARELEER: A TR LVLEVETEY 3-37um BN R A R 5 A
oxz3AYD) SR WURBEENS: S TREENE LVILIVEFE 338 um BN AN CAYD  E B SRR 1
i sl A (WA RR, 2019), AR il GEAL S Fo PREA IR,

A ARG AT AT L 2 4Rl 2328 em™! AR IS A DK I BE RS, THA AR L B 3

AEREIFJEF N, 17 2916 cm™ WA CH, BY4FHEIR UL
14 (& 8b, Frezzotti et al., 2012) .

ARSCGERIERAE A PIE SRR A 25T W, AR
KT 7 um PSRRI AR DD 1) i AR A T
T, 0T Ry A AR — R L UK TR
K F SR BE, it ah LR 3. KPR
TR T 223.6~382.3C, IR N 259.9C,
F 2 P TE 240~280°C (& 9a) . VKALIREAN T
—6.8°C~3.2°C, P ¥{H h-5.13C, HEZHE 1
—4~—6°C, WA AL F IR B (9b) . & F it
LR Y IR G B R 229.5~273.6°C, I 4k
248.38°C, Yk B E B TP AE 240~260°C. A 1 il
AU B Y0 B AE 255.8~412.5°C, HoF- S El Ak U6 )3
371.83°C. LA L HRAERBH FLH A IR 1) 2 550 B Be i

AL AR R 53 & o SR H,O-NaCl /R Z5h -
VK5 A3 (Hall et al., 1988), U1K
W=178-Tm-442-107-Tm’+5.57-10* . Tm®
Horp, woRER B (NaCl (2 H 250 ; Tm R
VKARE(C) .
Hall et al. (1988) #lF 5% & W, 4 K s i 2 A2 Ak
En“,ﬁﬁ&/\ﬁi&*ﬁfﬂﬁﬂ*{t,,ﬁfhﬁgﬁﬁﬁﬂn
Wyaar= 26.242 +0.4928y + 1.42¢°-0.223y° +

0.04129¢*+0.006295¢° —0.00196 7"+
0.0001112¢7; ¢ =T/100

Horb, 7oy AR T AR T G TR, iR
0.1°C=<T<801C.
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Fig.8 Laser Raman spectroscopic analysis of the

SR ZEARER FE AR AL 4.8%~10.2%, F-H43h
FER 8%, b T 6%~8%([#] 9¢), J@ T b, &F
fn AL AR R R AR BN 35.05%~48.83%, T+
RN 44.99%, T 45%~50%(F 9d) . AT
Al AT LR H B, R TR LA R R A A
43 FETE

AR T 3R AR 3 A
mn 6 PR A A A, ot R 4. 53
Mras R s, AR A Kaa
B dh A S0, & i AR AR LR, 4 ik 63.2%~
73.74% . 64.55%~80.35%. 70.74%~78.36%; ALO; &
H AL TE B AEKR, N 14.72%~19.67%; 11.96%~
18.66%; 12.34%~16.36%; K,O. Na,0. CaO 5 f 1
FRIHERWERE ., FEICETELMEKR
) D R T SR R T S A T T R R, oy
AARY—, FEOSFEFES I B Fo R et

inclusions and subcrystal—bearing inclusions in beryls
BR.

FE i A A/NK FAE S8 B 7E 1.07~14.7, “F- 41
2.87; 5 FNFE B (A/CNK) S5 Bl 0.91~4.16, F-15
{H 1.32, J& THRIMA RS, 75 A/NK-A/CNK 5 fif
([ 10a) i1, FE& T A/CNK B A $230E, R4
AbTHERR BRI SR B2 ] . AR S SRR (o)
T 0.35~8.14, KH A A1 )8 T obE—85 08 2251, 5
Si0,~K,O Kl ([ 10b) —%k . BRFESh XZ-1 S A
Hidia F XZ3-1 B3 i dlh s i 45 50 (DD
66.62. 77.74 4, HAHKES 195> S AR BRAE 97 A4,
RUPEIRES by R RS, A KB IIR OC
R4, 2016) .
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Table 3 Microthermometric data of the beryl inclusions

5 S5 EeW EE KAVum KA V/T AL EThs/'C &I —EETYC KGR % Tm/C
XZ-3 1 goEa R 14.82 L+V 60% 251.6 -4.9
XZ-3 2 SRA VUK 14.2 L+V 30% 226.9 -3.8
XZ-3 3 SREA A 16.67 L+V 40% 230.6 45
XZ-3 4 SHa fuiE 2775 L+V 30% 253.8 —4
XZ-3 5 A Wide 12.28 L+V 50% 266.8 -3.2
XZ-3 6 ES Y S W1 28.5 L+V 55% 255.8 256.4 -3.3
XZ-3 7 A AR 19.42 L+V 55% 254.8 —4.6
XZ-3 8 SEA A 2546  L+V+S  60% 412.4 273.6 -52
XZ-3 9 SREA A 18.74 L+V 60% 273.7 -5.1
XZ3 10 SRR AEN 33.59 L+V 50% 294.9 -3.6
Xz-3 11 A e 36.58 L+V+S  45% 254.6 —4
XZ-3 12 @A AE 23.5 L+V 60% 251.8 -6.5
XZ-3 13 @A A 14.76 L+V 50% 2323 —-6.7
XZ-3 14 SR AEN 15.46 L+V 50% 262.5 -2.9
Xz-3 15 A A 20.9 L+V 50% 318.7 -34
XZ3 16 SRR AEN 12.19 L+V 45% 266.3 -6.2
XZ-3 17 SR AN 13.81 L+V 40% 253.4 -5.6
XZ-3 18 A AF 15.63 L+V 50% 290.5 -3.3
XZ-3 19 ZEA S A 14.46 L+V 40% 256.5 -3.6
XZ-3 20 A AR 13.72 L+V 30% 254.7 -52
Xz-3 21 AR AE 17.89 L+V 40% 258.6 -5.7
XZ3 22 GRA ik 16.32 L+V 40% 223.6 -6.7
XZ-3 23 SR UaE 1422  L+V+S  35% 412.5 241.5 4.9
XZ-3 24 SR AN 15.08 L+V 50% 249.2 —4.1
XZ-3 25 &Em RE 15.2 L+V 40% 226 —4.9
XZ-3 26 A A 10.68 L+V 60% 255.9 -6.7
Xz-3 27 A AN 20.41 L+V 45% 256.7 -5.6
XZ3 28 SRR AEN 11.53 L+V 35% 250.9 —-4.7
XZ-3 29 SR AN 12.32 L+V 40% 267.9 -5.6
XZ-3 30 g A 18.64 L+V 50% 258.6 -6.1
XZ-1 31 @A WA 10 L+V  30.00% 267.5 —4.4
Xz-1 32 A WHE 17.1 L+V  55.00% 256.5 -6.6
Xz-1 33 A WE 1552 L+V+S  50.00% 359.1 229.5 -6.8
XZ-1 34 SRR AEN 2147  L+V+S  55.00% 275.4 -5.5
Xz-1 35 A WA 9.05 L+V  35.00% 266.7 -6.2
XZ-1 36  ZAEHE S AN 10.21 L+V+S  65.00% 409.7 246.3 -5.1
XZ-1 37  &4EfA RN 10.88 L+V  40.00% 274.1 -53
XZ-1 38 A A 10.61 L+V+S  35.00% 381.5 243 -53
XZ-1 39 A AR 8.81 L+V  50.00% 254.9 -5.1
XZ-1 40 SHEA 0 ME 10.42 L+V  50.00% 268.2 -5.3
XZ-1 41 SEA HidE 7.51 L+V  50.00% 2419 -6.8
XZ-1 42 SR TEN 14.41 L+V  45.00% 251.2 -5.7
XZ-1 43 S@4EA 0 A 9.68 L+V  30.00% 255.7 —4.9
XZ-1 44 A AEN 7.73 L+V  50.00% 252.6 -6.1

e LHV="URPAR R, LHV+S=5 T =AMa %M V/T="UAF 5 E 70t The=T MAMGIRE; Th=2¥5—RE; Tm=iKfHEmt

IR,

1 (La/Sm)y “FYME 5510 3.27, 2.41, 3.33, K]
R 1 0 K P LA R Y 4318 s (La/Yb)y HUSF-2
B4 1K 2.44x10°0, 2x107° 1 7.77 x10°°, J Bhf &
i 0 Z I B — 2 B R E . FEfE T
A MR AR AL B 4 B rh (8] 11b), S 35 e B
W IERE T, 54 Rb. Th, U, Ta % KEF %A

&, 7 Ba, Nd., Sm, Ti FHFHEITER.
4.5 Sr-Nd Ffr=

PERCHAT RN 3 - A AR i (A A
i KA A AR ) #5471 Sr-Nd (A 2
R, ST A R W 5. KA (YS/*Sr)=0.702740~
0.732013, ZEFLIE IR, R AEAZ BA WK 5 POlAE
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Fig.9 Histogram of homogeneous temperature for the two types of inclusions (a); Histogram of freezing point temperature for the
two types of inclusions (b); Salinity frequency histogram of gas-liquid two-phase inclusions (c); The salinity frequency histogram of
subcrystal-bearing inclusions (d)

R4 DESRGREEEEETE (%) HEXE (10°) HWER

Table 4 Analysis results of the major elements (%) and trace elements (10°) for the Wazha beryllium-bearing pegmatites

FE b 44 R HAAHmE KA A5 A M ahE
s  XZ-1  XZ-3-1  XZ-3-3 XZ-2  XZ-3-4 XZ-3-5 XZ-4-1 LAZ-1 LAZ2  XZ-3-2 LAZ-3 XZ-4-2
Si0, 6320 64.54 73.74 64.55 73.60 75.35 80.35 75.17 71.07 70.74 78.36 66.17
TiO, 0.55 032 0.02 0.01 0.01 0.01 0.07
AlO, 19.67  19.39 14.72 18.66 15.02 14.41 11.96 14.47 16.13 16.36 12.34 19.29
TFe,0, 670 5.26 0.55 0.01 1.12
MnO 0.08  0.10 0.01 0.06 0.25 0.14 0.03 0.11 0.01 0.03
MgO 252 129 0.09 0.19 0.09 0.09 0.10 0.09 0.10 0.09 0.12 0.51
Ca0 0.72  1.19 0.38 1.79 0.47 0.50 0.51 0.61 0.44 0.48 0.48 0.50
Na,O 0.85 5.64 2.61 5.23 5.33 5.85 6.39 8.25 434 5.61 5.13 6.55
K,0 1.87  0.07 8.78 8.03 5.16 3.49 0.35 0.17 7.75 5.92 2.96 438
P,0, 0.01 044 0.03 0.66 0.06 0.05 0.03 0.03 0.04 0.06 0.03 0.03
LOI 290 093 0.16 0.54 0.21 0.29 0.59 1.68 0.67 0.95 0.75 0.78
Total 99.07  99.17 100.52 100.3 100.2 100.2 100.3 100.5 100.5 100.3 100.2 99.43
A/CNK 416  1.68 1.02 0.91 0.99 1.01 1.01 0.97 0.99 0.99 0.99 1.17
A/NK 14.07  2.09 3.43 2.17 1.71 1.50 1.14 1.07 2.26 1.77 1.46 1.79
Li 109.4 5.77 5.34 1.96 7.70 6.96 4.94 3.23 3.54 4.04 5.93 26.40
Be 3823  13.57 2.13 4.06 188.80  127.40 10.57 6.40 3.30 34.77 7.58 514.20
Sc 1057  3.90 2.71 2.40 2.91 2.80 2.01 248 2.77 0.48 2.05 3.87
Ti 4465 2188 13.1 128.5 8.1 16.9 11.6 19.2 18.3 7.9 35.7 361.2
P 44 1921 131 2882 262 218 131 131 175 262 131 131
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i dm s XZ-1 XZ-3-1 XZ-3-3 XZ-2 XZ-3-4 XZ-3-5 X7Z-4-1 LAZ-1 LAZ-2 XZ-3-2 LAZ-3 XZ-4-2
A\ 55.93 29.06 0.93 6.84 0.49 041 0.48 0.33 0.40 0.17 1.33 11.85
Cr 29.62 15.19 3.22 3.24 9.33 1.31 0.72 1.11 1.59 0.88 0.82 1.00
Mn 421 525 8 313 1201 737 144 29 3 518 14 123
Co 15.48 9.70 0.58 0.60 0.38 0.25 0.17 0.14 0.12 0.24 0.24 2.16
Ni 16.19 6.63 1.04 1.73 2.20 0.68 0.47 0.49 0.61 0.93 0.60 2.17
Cu 13.24 10.04 3.01 6.22 4.46 3.52 2.11 1.81 2.19 3.47 2.21 4.49
Zn 133.8 388.6 4.75 17.27 5.70 9.69 6.13 6.43 11.37 4.83 8.01 57.00
Ga 31.86 30.47 9.60 18.28 16.17 14.77 14.09 16.62 11.62 13.92 11.90 21.56
Ge 2.88 3.58 5.49 3.96 6.13 5.50 4.36 4.67 4.42 4.30 4.05 5.01
As 2.31 4.61 36.24 1.51 8.37 22.50 7.93 0.93 1.54 7.89 0.98 8.36
Rb 221.0 1.8 821.6 1035 442.8 298.2 16.9 5.4 556.4 415.2 186.0 275.5
Sr 30.99 13.27 18.71 266.6 11.89 17.26 16.44 8.23 26.83 25.63 14.28 42.33
Y 9.78 6.30 0.05 5.51 0.82 0.51 0.50 0.39 0.22 1.17 1.87 3.40
Zr 38.99 5491 0.84 16.30 21.91 8.02 19.46 1.66 4.15 2.85 30.75 11.44
Nb 9.38 36.51 4.29 9.86 25.87 41.10 0.67 5.15 3.61 17.44 2.42 13.39
Mo 0.36 0.08 0.10 0.15 0.12 0.10 0.79 0.10 0.12 0.11 0.12 0.09
Cd 0.21 0.06 0.00 0.04 0.13 0.09 0.04 0.01 0.00 0.06 0.00 0.10
In 0.10 0.04 0.00 0.03 0.01 0.01 0.02 0.00 0.00 0.00 0.00 0.01
Sn 88.82 26.21 1.19 25.77 4.70 2.86 1.16 1.65 0.94 1.88 1.88 7.17
Sb 0.09 0.09 0.29 0.15 0.11 0.11 0.07 0.12 0.19 0.08 0.11 0.17
Cs 34.70 2.52 265.70 45.17 58.35 36.64 4.18 1.78 63.71 50.97 22.01 61.55
Ba 111.0 1.06 27.03 3104 27.09 21.27 12.68 3.32 46.02 46.71 24.75 96.16
La 15.43 8.07 0.03 3.08 0.19 0.22 0.10 0.10 0.06 0.34 0.22 1.73
Ce 20.79 18.65 0.10 6.77 0.15 0.38 0.11 0.05 0.09 0.41 0.18 1.29
Pr 3.73 2.12 0.01 0.67 0.03 0.04 0.02 0.02 0.01 0.07 0.05 0.33
Nd 13.40 8.22 0.02 2.16 0.14 0.15 0.09 0.07 0.06 0.25 0.18 1.15
Sm 2.65 1.87 0.01 0.52 0.03 0.04 0.02 0.02 0.02 0.07 0.09 0.36
Eu 0.41 0.14 0.01 0.21 0.04 0.03 0.03 0.02 0.03 0.09 0.06 0.17
Gd 2.45 1.83 0.00 0.66 0.04 0.05 0.05 0.02 0.03 0.08 0.17 0.50
Tb 0.37 0.27 0.00 0.13 0.02 0.01 0.01 0.01 0.01 0.02 0.04 0.12
Dy 2.08 1.30 0.00 0.80 0.11 0.05 0.07 0.05 0.04 0.11 0.22 0.70
Ho 0.44 0.21 0.00 0.15 0.02 0.01 0.01 0.01 0.01 0.02 0.04 0.14
Er 1.22 0.52 0.00 0.48 0.06 0.04 0.03 0.04 0.02 0.06 0.11 0.38
Tm 0.18 0.07 0.00 0.08 0.01 0.00 0.01 0.01 0.00 0.01 0.02 0.05
Yb 1.17 0.47 0.00 0.60 0.08 0.04 0.04 0.04 0.03 0.08 0.13 0.40
Lu 0.18 0.06 0.00 0.10 0.02 0.01 0.01 0.01 0.00 0.01 0.02 0.06
Hf 2.72 5.45 0.08 2.66 4.96 1.69 3.88 0.23 0.64 0.49 5.41 2.56
Ta 2.23 24.02 2.86 12.37 11.87 24.42 0.49 3.90 2.35 7.45 1.33 6.14
w 7.70 5.15 1.61 1.06 2.73 3.28 7.84 1.04 0.83 2.07 0.48 3.86
Tl 1.50 0.09 4.85 6.15 2.78 1.81 0.26 0.11 3.29 2.40 1.18 2.22
Pb 10.52 5.73 51.77 43.48 32.58 22.59 9.04 10.55 37.65 29.70 16.19 25.35
Bi 0.08 1.28 0.67 0.82 1.35 1.44 0.40 0.75 0.46 0.78 1.46 0.31
Th 11.70 7.91 0.05 3.34 0.68 0.55 0.25 0.22 0.16 0.68 0.77 2.51
U 3.76 3.35 0.39 5.29 2.17 1.13 2.05 2.37 1.70 1.20 2.63 8.95
SEu 0.48 0.23 6.54 1.11 3.60 2.03 3.07 2.51 3.33 3.69 1.40 1.21
oCe 0.65 1.08 1.71 1.11 0.44 0.89 0.60 0.29 0.83 0.62 0.42 0.39
(La/Sm)y 3.76 2.79 3.66 3.80 3.83 3.53 3.13 3.44 1.90 3.21 1.62 3.10
(Gd/Yb), 1.74 3.23 0.74 0.90 0.40 1.06 1.07 0.51 0.95 0.82 1.05 1.05
(La/Yb)y 9.50 12.36 6.10 3.66 1.68 4.02 1.78 1.86 1.61 3.24 1.18 3.13
A 520 (X354, 2020), T H2Y Sr & &M T N
5 e

20x107° I, Sr [A) {57 Z W) 46 (B AN /2 LAVERf S e A
FESVEF (Romer et al., 2012) . BEdh (“Nd/““Nd)=
0.511856~0.511870, &, (£)=—10.3~—10.5. 7£ Nd [F}fi;
Fu AL, R TR AR XA N (18] 12),
7~ il Al RESR B Tt E H S PR A Rl

5.1 iR

SRAT AT A A AL B B O Y R A
IKEEW & & SA B A KT . A PIA K
AR DL I BT I AR AR SR, ™ ARy
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Fig.10 A/NK—A/CNK (a) and SiO, versus K,O (b) classification diagrams of Wazha pegmatites and
related granites in Laojunshan area
The data of Tuantian and Nanlao granites from Xu Bin, 2015, data of Nanwenhe granites from Xu Wei, 2007, data of Laochengpo granites are from
Pan Jinbo et al., 2015
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Fig.11 Chondrite-normalized REE patterns (a), primitive mantle-normalized immobile trace element diagrams (b) of bulk rock
samples from the Wazha pegmatites.
The data of Tuantian and Nanlao granites from Xu Bin (2015), data of Nanwenhe granites are from Xu Wei (2007), data of Laochengpo granites are from
Pan Jinbo et al. (2015). The chondrite values are from Anders and Grevesse (1989) and the primitive mantle values from Sun and McDonough (1989)

x5 RESWHRE Sr-Nd B RAN
Table 5 Sr—Nd isotopic composition of the Wazha beryllium-bearing pegmatites
BESL RS Rb/107° St/107° RbA%Sr St/%Sr 26 Sm/10° Nd/10° /Sm/"“Nd '"*Nd/"*Nd 26 #/Ma (“*Nd/"**Nd), ("St/*Sr); e(9) Toom

XZ-1 221 31 20.63 0.757856 0.000006 2.65 13.40 0.119488 0.512017 0.000012 187.9 0.511870 0.702740 —10.3 1806
XZ-2 1035 267 11.24 0.748481 0.000006 0.52  2.16  0.146287 0.512039 0.000012 187.9 0.511859 0.718462 —10.5 1823
X7Z3-1 2 13 0.39 0.733003 0.000004 1.87 822 0.137313 0.512025 0.000011 187.9 0.511856 0.732013 —10.5 1828

NaCl-H,0-CO,~CH,—N, A& % ; f 1R — & B A

F 240~280°C, KB4 1 K 45 Hh 7F 240~260°C,

IX 5 LR ) P PR PRI R AR — B ZRAE A

U A B 2 A 14 R 2 ik s TR RE T SR, S L

4.8%~10.2%, K LE 8%~10%, FII{H N 8%;
FOA A A P AL AT BT H R B 1 AR A B,
I G R VAR A R B AR AR . LA R B
AR A BT A —F A NaCl-H,0-CO,~CH,~
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Fig.12 Nd isotopic evolution diagram of the Wazha pegmatite
and related granites in Laojunshan are
The data of Tuantian and Nanlao granites are from Xu Bin, 2015, data
of Nanwenhe granites are from Xu Wei, 2007, data of Laochengpo
granites are from Pan Jinbo et al., 2015

N, O B AR A R
TELRAE A7 i A BRI R e B T RN IR Y
BER: (D AR EAIE, AL Z A

-
< |
20 pm

(3) & A T i A ELEAR 5 SN S O PIAT £
FARILAE (A 13b, o), MRS A B[R 26 R A0 LA
AR — AR, (HER AR UK, SRS b7 =
FHELEERR [ T ER B R AR, TR P ARTEIE i
e, B A R A AR T O 245, 2004)

BEAh, FELRAE AT R AR, i 2 BT 3 A A il
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Fig.13 Boiling evidences of the inclusions (L—Liquid phase; V—Gas phase; S—Subcrystal)
a, b, c—Three—phase inclusions with subcrystal coexist with two-phase inclusions rich with liquid phase, d—The two-phase inclusions rich with gas
phase coexist with two-phase inclusions rich with liquid phase
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Y& R EE2 s Ul Sveconorwegian 44 ) Hidra, Evje-
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e IS h HBIEEIE B, Lii et al. (2018) #ff
SR, FEDNHT AR IS T, 38 5 el = A PR A 24
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SRR WA G SEE BRI RA . #

SRR S B RO T A T 4 L AR LA
RIS M8 25 i — 3R, S LA IR B B ST TR
A B 7=y (JR B ST, 2024; JRlE KU, 2023; T,
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AN 83.3~87.5 Ma(I{H445, 2010; Feng et al., 2013;
Zhao et al., 2017) . ZHIA K 5 A CH s P
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Ma(F 6; 75, 2007; 183K, 2015; WEHE % 4, 2015);
B LA, QSR RO A fh A IR S 1 K A 1 o A
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Table 6 Isotopic ages of the granites and pegmatites in Laojunshan area
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AR i ik B 389.444.9
p— A= B A s Bz B 141 Ar—Ar
REEfHES 2R R Lk 112 Ar—Ar i
— % oo — RS, 2013
P E@w KAfhimA Eif 144 Ar-Ar
B RRE Bt 121 Ar—Ar
HIH IR WA rel 80 TIMS U-Pb  XIEF4E, 2007
LSBT IR R == KAk A el 83.3+1.5 SHRMP U-Pb  GHERSE, 2010
88.9~93.9 LA-ICP-MS U-Pb XIffi 5<%, 2014
s . ) 84.3~91.7 LA-ICP-MS U-Pb &%, 2013
Rl ferde Gl 86.9  LA-ICP-MS U-Pb X%, 2007
86.02~86.72 LA-ICP—MS U-Pb Feng etal., 2013
H LG 6 Rk iRife <s B A 434~438
LA B AR e A A U85 LT AR 5 R iyl 430
& et H N TN — [ENgEE Jerke
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LR B AR X AL L FRYRRLAE K A iyl 89.7+0.8
e PEA A 86+0.5
oy o SHRMP U-Pb. .
[ReR PtasEs) B 405~444 TIMS U-Pb TRf, 2007
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