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Abstract: Beryl is an important Be-Al silicate mineral with high economic and industrial value. Laojunshan gneiss
dome is located in the joint of South China block and Indosinian block, which has experienced multi-stage tectonic-
magmatic action and developed Sn, Cu, Zn and other polymetallic deposits and emerald deposits. This study focu-
ses on the detailed analysis of macro- and micro-structural characteristics of beryl and its symbiotic quartz veins in
the region, and limits the temperature environment of formation and deformation through fluid inclusions and quartz
EBSD fabric. The results show that beryl and quartz are rich in fluid inclusions, in which beryl has low tempera-
ture-high salinity two-phase and high temperature-low salinity three-phase fluid inclusions, and quartz has low tem-
perature-low salinity two-phase fluid inclusions. The deformation characteristics of the quartz associated with beryl

mainly develop rhombal <a > superimposed by secondary prim <c¢ >, indicating low-temperture (350 ~ 400°C)
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deformation environment, superimposed by local high-temperture deformation. The magmatic fluid in the middle

and late Yanshanian was accompanied by the uplift/exhumation of gneiss dome, which brought rich ore-forming ele-

ments, including the main Be elements of beryl mineralization. The exhumation process of regional gneiss dome

from deep to shallow provides an important structural ore-bearing fluid channel for mineralization. With the occur-

rence of fluid immiscibility, the pH value of ore-forming fluid increases, thus promoting the occurrence and precipi-

tation of ore-forming elements.
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Fig. 1

Geotectonic map of South China block and Indo-China block (a, adapted from Zhou et al. , 2017; Liu Zhong et al. , 2022)

and schematic diagram of gneiss dome structure of Laojunshan (b, adapted from Liu Zhong et al. , 2022)
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Fig. 2 Macroscopic and microstructural characteristics of main lithology in Laojunshan gneiss dome
a—AE R R, P AL LR S S TR B, T A S AT AT b— B 2 K T RS A A S R A ik, RIS TR D
iy o— R AP RBEER AR ERT WA S (Mus) KA (Fsp) FAKE(Q) 3 d—HLRBEERE™ (Py) TEFSRBE, A TER 2 FF (Br) (K
A S AT BB R AT B VIS Sy 16 5 e— SRR S R I AL I A rbnT DL R R 7 AR W AR K A
R g— BRI ICA BRI, 7T WAL T 741 (Cal) 3 h—REE L FEZEMATRE ; i—FEWZ ARE BRI, TR K
A543

a—granite gneiss, containing tourmaline and feldspathic remnants, and mineral extension lineation is basically parallel; b—Dbiotite plagioclase gneiss

body and large pegmatite vein, where shows tourmaline veins obliquely cut the surrounding rock ; c—folds in granite, the main minerals in granite are

muscovite (Mus) , feldspar (Fsp) and quartz (Qtz) ; d—massive pyrite (Py) rotational remnant, distributed in biotite ( Bt), feldspar and quartz

matrix, indicates the direction of left-lateral shear movement; e—schistose limestone body near the detachment fault, in which obvious folds can be

seen; f—limestone fault plane with obvious scratches; g—micrograph of the undeformed limestone in upper plate shows coarse-grained calcite (Cal) ;

h—breccia developed between the upper plate and lower plate; i—micrographs of detachment fault breccia, mainly composed of feldspar and quartz
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Fig. 3 Macroscopic, microstructural and petrological characteristics of mineralized quartz veins containing beryl
a—W A BENRAR FARA, RS A AP (Qtz) B4 (Bel) H5HLS A (Tur) 3 b—ASRIKELA AR BB 6 FA; c—AM SRR AN
IR TR, FE R B (BY) AL AT A (Grt) , R GRS B W 0] RAF 5 d—HUBDRL A7 3 5 BRI ' R Uk:
BWARIERE ; e—ICHDRGAT A7 5 0038 FEERAA 1 JH BBl B A SR EE B/ s (—BELE AT S B R 5 KB B IK AR ( Quz+Fsp ) 28 S5 B BB K
11 (Ap) AT A o0 ASERK TS, RERRT (Mag) H TR L AU IR B 5 h— SO N MG 50 <5 i—REDE TRy
TP (Apy) 5 j— IO FELLEAMEAE A B L k—IIOE T R @MBEK A IO T R @B KA S G st A
a—mineral quartz vein specimen, mainly composed of quartz (Qtz) , beryl (Bel) and tourmaline (Tur) ; b—quartz vein surrounding rock garnet mica
schist specimen; c—the microscopic characteristics of garnet mica schist are mainly composed of biotite (Bt), quartz and garnet ( Grt), the mica
forms aggregate bands and the minerals are well oriented ; d—coarse grained quartz is characterized by wavy extinction and subgranular microstructure ;
e—long columnar beryl and quartz , the grain size of quartz around beryl is smaller; f—apatite (Ap) and garnet at the junction of surrounding rock
garnet mica schist and feldspathic vein (Qtz+Fsp) ; g—tourmaline in the mineral quartz vein, and magnetite ( Mag) occurs at the edge or cracks of the
tourmaline ; h—magnetite and tourmaline under reflected light; i—arsenopyrite ( Apy) under reflected light; j—orange beryl has banding characteris-
tics under cathodoluminescence ; k—green apatite under cathodoluminescence; l—green apatite and orange beryl under cathodoluminescence
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Table 1 Characteristics and analysis results of fluid inclusions in beryl-bearing quartz veins

I I IOV, T A B
LJ2140-10 1 Bel R4 L+V 10 -3.1 345 5.11 375 390. 94 6. 650 -0.227
LJ2140-10 2 Bel K4 L+V 10 -0.91 265 1.58 295 413. 67 5. 894 0.020
LJ2140-10 3 Bel R4 L+V 10 -0.86 273 1.50 303 405. 69 5.920 -0. 005
1.J2266-2 3 Bel  JFZ: L+V 20 -7.4 321 10.98 351 423.01 7.616 -0.358
1.J2266-2 4 Bel %4 L+V 20 -3.1 260 5.11 290 425.82 6.249 -0. 055
LJ2140-10 4 Bel R4 L+V 10 -2.9 351 4.80 381 389.21 6.713 -0.242
LJ2140-10 5 Bel  JEA L+V 10 -2.9 321 4.80 351 389.76 6.369 -0. 068
1.J2266-2 6 Bel R4 L+V 25 -4.3 318 6.88 348 402. 49 7.531 -0.123
LJ2140-10 6 Bel  JiA L+V 5 -3.6 357 5.86 387 400.75 6. 803 -0.215
1.J2266-2 7 Bel  JFZ: L+V 20 -4.1 286 6.59 316 412.70 6.803 -0.099
LJ2140-10 7 Bel  JFA: L+V 5 -0.56 368 0.98 398 335.42 6.754 -0.233
1.J2266-2 8 Bel  Ji4:  L+V+L 20 -3.9 290 6.30 320 409. 20 6.903 -0. 121

LJ2266-1-1-1 8 Bel 54 L+V 30 -6 291 9.21 321 422.20 6. 895 -0.258
LJ2140-10 8 Bel  JEA L+V 10 -0.91 375 1.58 405 346.35 6.880 -0.244
LJ2266-1-1-1 9 Bel KA L+V 35 -5.8 232 8.95 262 471. 60 6.071 -0.011
1J2140-10 9 Bel  JFZ: L+V 10 -0.41 348 0.72 378 339.79 6.499 -0. 166
LJ2266-1-1-1 10 Bel  J5Z: L+V 30 -4.6 298 7.31 328 410. 11 6.953 -0.235
LJ2140-10 10 Bel  JEi: L+V 10 -0.32 353 0.57 383 334.32 6.533 -0. 166
LJ2266-1-1-1 11 Bel  JF/: L+V 35 ~5.2 296 8. 14 326 414.87 6.941 -0.212
LJ2140-10 11 Bel  JF/: L+V 10 -0.4 359 0.72 389 333.91 6.623 -0.218
LJ2140-10 12 Bel W/ L+V 10 -1.2 171 2.07 196 429.18 5.795 0.196
LJ2266-1-1-1 12 Bel  J5i/: L+V 40 -4.2 306 6.74 336 404. 39 7.155 -0.112
LJ2140-10 13 Bel W4 L+V 10 -3.8 239 6.16 269 449. 67 5.919 0.075
LJ2140-10 14 Bel  Ue/E L+V 10 -1.2 175 2.07 200 425.79 5.789 0.188
LJ2140-10 15 Bel = WA: L+V 20 -2 268 3.39 298 413.97 5.967 0.035
LJ2140-10 16 Bel  JFA L+V 10 -4.2 288 6.74 318 412.22 6.111 -0. 143
LJ2140-10 17 Bel R4 L+V 5 -4 296 6.45 326 406. 92 6. 140 -0.023
LJ2140-10 18 Bel R4 L+V 10 -1.3 294 2.24 324 389. 34 6.036 -0.024
LJ2140-10 19 Bel R4 L+V 24 -1.8 310 3.06 340 383.10 6.201 -0.034
LJ2140-10 20 Bel R4 L+V 35 -4.8 312 7.59 342 407.17 6.310 -0.039
LJ2140-10 21 Bel  JF4: L+V 35 -5.2 315 8. 14 345 409. 49 6.351 -0.264
LJ2140-10 22 Bel  JEA L+V 35 2.1 310 3.55 340 385.93 6.215 -0.024
LJ2140-10 23 Bel  JiA L+V 45 -1.3 299 2.24 329 385.57 6.056 -0. 042
LJ2140-10 24 Bel  JEA L+V 35 -8.7 309 12.51 339 431.62 6.325 -0.250
LJ2140-10 25 Bel  JiA L+V 50 -1.8 282 3.06 312 401. 58 6.015 -0. 002
LJ2140-10 26 Bel  J/: L+V 45 -5.7 340 8. 81 370 414.96 6. 647 -0. 187
LJ2140-10 27 Bel — W/E L+V 40 -5.2 265 8. 14 295 434.20 6.033 0. 027
1J2140-10 28 Bel Wk L+V 40 -4.8 254 7.59 284 441.21 5.981 0.037
LJ2140-10 29 Bel  JFA: L+V 35 -6 284 9.21 314 425.95 6. 124 -0. 147
LJ2140-10 30 Bel W/ L+V 35 -4.2 260 6.74 290 432.04 5.995 0.026
LJ2140-10 31 Bel W4 L+V 30 -5.4 270 8. 41 300 431.56 6.057 0.025
LJ2140-10 32 Bel W4 L+V 25 -5 268 7.86 298 430. 51 6.042 -0.017
LJ2140-10 1 Q JEA: L+V 5 -0.53 325 0.93 340 239. 02 6.720 -0.219
LJ2140-10 2 Q JiAE L+V 5 -0.71 328 1.24 343 241.76 6.782 -0.226
LJ2140-10 3 Q AR L+V 5 -0.73 292 1.28 307 231.55 5.981 -0. 040
LJ2140-10 4 Q JR L+V 5 -3.7 298 6.01 313 242.21 6.142 -0. 041
LJ2140-10 5 Q JR L+V 50 -3.2 341 5.26 356 267. 46 7.078 -0.259
LJ2140-10 6 Q JRA L+V 35 -1.7 287 2.90 302 233.51 6.030 -0. 046
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Continued Table 1
R R AL s oo R
LJ2140-10 7 Q wA: L+V 25 -0.73 167 1.28 177 176.99 6. 107 0. 169
LJ2140-10 8 Q WA L+V 20 -0.45 176 0.79 186 175.32 6. 080 0.123
LJ2140-10 9 Q JRg L+V 45 -3.15 339 5.19 354 265.37 7.053 -0.258
LJ2140-10 10 Q JR L+V 50 -3.6 293 5.86 308 240.29 6.119 -0. 054
LJ2140-10 11 Q W L+V 10 -0.8 278 1. 40 293 231.08 5.934 -0.119
LJ2140-10 12 Q R L+V 5 -3.6 303 5.86 318 243.72 6. 649 -0. 417
LJ2140-10 13 Q JRAE L+V 5 -3.7 310 6.01 325 247.29 6.732 -0. 187
LJ2140-10 14 Q JRAE L+V 5 -1.6 281 2.74 296 232.62 6.001 -0.036
LJ2140-10 15 Q WA L+V 10 -1.6 231 2.74 246 238.41 5.851 0. 059
LJ2140-10 16 Q wA L+V 15 -1.9 267 3.23 282 232.84 5.959 -0. 004
LJ2140-10 17 Q wA L+V 10 -3.9 245 6.30 260 239.51 5.975 0.025
LJ2140-10 18 Q WA L+V 10 -1.4 129 2.41 139 187.72 6.038 0. 160
LJ2140-10 19 Q WA L+V 10 -3.9 131 6.30 141 200. 51 6.037 0.207
LJ2140-10 20 Q JRA L+V 40 -1.7 294 2.90 309 234,74 6. 059 -0.154
LJ2140-10 21 Q W L+V 15 -0. 81 270 1.41 285 231.41 5.904 -0. 009
LJ2140-10 22 Q W L+V 20 -0. 81 274 1.41 289 231.19 5.920 -0.083
LJ2140-10 23 Q W L+V 15 -0.75 268 1.31 283 231.53 5. 891 -0. 128
LJ2140-10 24 Q AR L+V 15 -3.6 281 5.86 296 237. 64 6. 069 -0. 059
LJ2140-10 25 Q WA L+V 30 ~2.6 267 4.34 282 234.16 5.985 -0. 020
LJ2140-10 26 Q R L+V 15 -2.8 285 4.65 300 236. 11 6. 064 -0. 053
LJ2140-10 27 Q wA: L+V 35 -1 265 1.74 280 231.93 5.901 -0.075
LJ2140-10 28 Q WA L+V 10 -0.9 156 1.57 166 179. 49 6.136 0. 167
LJ2140-10 29 Q WA L+V 10 -0.91 156 1.58 166 179. 51 6. 136 0.163
LJ2140-10 30 0 KA [+V 10 -0.95 167 1.65 177 177. 11 6.111 0.035
LJ2140-10 31 Q W L+V 5 -0.9 170 1.57 180 176. 44 6. 105 0. 135
LJ2140-10 32 Q WA L+V 10 -0.89 165 1.55 175 177.50 6. 115 0.032
LJ2140-10 33 Q WA L+V 15 -1.4 175 2.41 185 175. 80 6. 106 0.093
LJ2140-10 34 Q wA: L+V 15 -1.3 190 2.24 200 172. 64 6.092 0. 060
LJ2140-10 35 Q WA L+V 10 -1.4 185 2.41 195 173. 66 6.097 0.043
1.J2266-2 1 Bel  Jiif: L+V+L 60+25+15 -0.7  9.87 218 0.27
LJ12140-1 4 Bel  JiA: L+V+L 70+20+10 -2 9.85 265 0.31
LJ2266-2 2 Bel  JiiA: L+V+L 70+20+10 -0.6  9.54 241 0.95
LJ2266-1-1-1 2 Bel  JH4:  L+V+L 70+20+10 -0.65 9.12 239 1.79
LJ2266-1-1-1 5 Bel  JH4:  L+V+L 70+20+10 -1.2  9.08 269 1.87
LJ2266-1-1-1 3 Bel  JF4:  L+V+L 70+15+15 -0.6  8.95 330 2.13
LJj12140-1 3 Bel B4 L+V+L 70+20+10 -0.65 8.8 328 2.42
LJ2266-2 10 Bel  JBZA:  L+V+L 60+25+15 -0.64 8.76 295 2.50
LJ2266-1-1-1 4 Bel  J/: L+V+L  60+25+15 -0.58 8.75 229 2.52
LJj12140-1 1 Bel  JF/Z: L+V+L  60+30+10 -1.56 8.75 294 2.52
1.J2266-2 5 Bel  JF/: L+V+L  65+20+15 -1.32 8.7 299 2.62
1J2266-1-2 1 Bel  Jii/: L+V+L  60+25+15 -0.75 8.76 238 2.50
LJ2266-12 2 Bel B L+V+L 55+25+20 -0.98 8.74 258 2.54
1.J2266-2 9 Bel B4 L+V+L 65+20+15 -0.55 8.72 282 2.58
LJ2266-1-1-1 1 Bel  Ji4: L+V+L 70+20+10 -0.86 8.7 292 2.62
LJ2266-1-1-1 7 Bel  JEZ:  L+V+L 70+20+10 —-1.04 8.67 325 2.67
LJ2266-1-1-1 6 Bel  JF4:  L+V+L 60+25+15 -0.87 8.61 314 2.79
LJj12140-1 2 Bel  JBi4:  L+V+L 70+20+10 -1.05 8.55 319 2.91
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Fig. 4 Distribution characteristics of fluid inclusions in beryl-bearing quartz veins
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a—irregular primary fluid inclusions in quartz (Qtz) ; b—primary fluid inclusions in quartz; c—linear secondary fluid inclusions cut through multiple

crystals; d—isolated primary and linear secondary fluid inclusions in quartz; e—CO, fluid inclusions in beryl (Bel) ; f—brine two-phase fluid inclu-

sions in beryl; g—linear secondary fluid inclusions and isolated ellipsoidal primary fluid inclusions in beryl; Lcoz—liquid phase carbon dioxide;

Vcoz—gas phase carbon dioxide; LHZO—liquid phase water; VHZO—gas phase water
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Fig. 5 Distribution characteristics of gas filling degree (a), density (b), homogenization temperature (c) and salinity (d) of

fluid inclusions in quartz veins containing beryl
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EBSD pole diagram and inverse pole diagram of quartz associated with beryl
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Fig. 7 EBSD pole diagram and inverse pole diagram of quartz near beryl minerals

7 THE

7.1 METEMREERERBINERE

ZH A4 (fabric/texture ) B FR & 4% H0 1 (lattice pre-
ferred orientation, LPO) N A T KEMNH WLs M
G IL S R, T8 50 Y 0945 o 7 2 1
ARTE A (Jessell, 1987 ; Law et al. , 1990; Heidelbach
2000; Law, 2014; Hunter et al. , 2019; iR L

et al. ,

4, 2022; TMUIESE, 2023) , AR T B A
WY Z— W R AW, A iy £ 2B AL a5
ﬁfﬁﬁﬁﬂf“f IR Ry A R S T 2R T R 2

VLI i BT SRS e A i T E G A T TR
ﬁE%&%ﬁf 1 AT B HE 45 & (Stipp et al., 2002;
Stipp and Kunze, 2008) LA M 7E 4 il IR 55 —FEI/JL
OFRURIRG (R LA, 2022) o AT BRI, B4
PR R K E SRS ] i, M s TR IR U s 30
TV 2 M T <c> M <a> JiTi<a> ZEfi<a>( & 9) ,



272 = 5 44 3

{IO—I]i

10?814 thra pmnls
= 10.12, Max=2.99

558754 data points
Min= 0.01, Max= 5.64

8 LRHEAH YL DKL £ 019 EBSD B 1A 5 R
Fig. 8 EBSD pole diagram and inverse pole diagram of quartz near beryl with different particle sizes
a 0001

HE i <a>
R

[f<a> G
e JE i <a o110
i
([OFE |
:[fi <¢
JE T <> H",l- el
#i e
1010
b
350°C  400°C  450°C  500°C  550°C  600°C  650°C  700°C
Takeshita, 1996 KEffi<es
Okudaira ef al., -
1995 I FEi<e>
Bahattacharya ef al., 9 T |
o ol ¢ BT X CHElid<e>) |
Mg @
1986
Schmid et al.,
1986
Kruhl, 1998 8 SRR (I <a>)
Kurz et al., 2002 e O <a>) )
Stipp, 2002 ol [ ] [0 | Vs | YaiE |

PO A A ) T A% ZR 7 SO T SRR TR (Y A3 A RPAIE () 7 3 R 2E0 B R IR (b) [ 4 Toy 45 (2008) |
BSR4 (2011) B8]
Fig. 9 The distribution characteristics of different slip systems of quartz on the pole and extreme pole diagrams(a) and the
temperature range of the main slip systems of quartz(b) (modified after Toy et al. , 2008 ; Xia Haoran et al. , 2011)



55 2 1] BUEINE  oH 8 L RS S B T A S A A DK Y e SO i 55 R AR B B 7 S 273

SR SIS S W] 4 e A% 2R [ AR A2 B3 4R Fr)

B/
w

i

(BR 5%, 2019; 252 3%, 2021; T OBUIE %,
2023) , ASCFEA I EBSD dUA i Bl , A7 e 2L

KB RIH <a>THHZ  ZINAHHMEIR LI,

R AT B AT DA U A A 1 S R 3l 4 R
R, R AR Ak R ATz, 2K
B 1 AR BRI A 7R LUK T <o > B R A
dez v B AL PG R AR L, AR LA A o
Aili A JFC A AR Ui 2 4 TP AR 350 ~ 400°C, A 4R 1B ) AR
220~260 MPa( 8110, % 1), %KM REEME E4

8.0
L LU R AL OR L i)
© A JErh PRI A R R Y * .
75 *
* sl
7.0 1?* Fe
- ol o
ba of -~ @ *
= ’/’ - o] ﬂ**,
6.5¢ e &
<" Owmgoo .° 2" =X\
- ¢ * 4 -
6.0F © I,’ *O*Oﬁ-’
-« L
a ,/’ - = s
5.5 - - — |
100 150 200 250 300 350 400
¥)—g/C
s SREETT I s 02
12 L0 A A G (2 *
Sty 520 A 5 1A R
A .f}::tﬁllj'glll R b 2 14 * L
{1V} BN A
/ i
| * *
8 \ X x Lk
4 * x
~ * * <
W -
= O ® ﬁ:“:—’ ‘_--“‘“-.’*
e 7 S
2 _, <ok o * % h
= 4 ¥; o \\
= ' +* ]
[ =
Pare 5 !
SR S . N
= o \ . B Q L
S oL ‘9,’ *
ol o Aotk aezete WK
c
i L I 1 i 1 L 1 L
100 150 200 250 300 350 400
¥B—Eg/c

Eh

gl B AR T E 4G O 3 AR AR B AR, 3
EBSD 414 LU i <a > 52 0y 3, X R A8 T2 21 44 T
FE 5 AR AR AR W) 5, 6 7R — AR I L )
ARG (] 11) T2 2 30 IR 0 2 0k 3 B0 A
g AaT Y, K EEPTE 2. 0% ~6.3% 5
6.8% ~9. 2% Z |8], ¥4 —i& & K 230 ~320°C , Jf H ik
A — BRI R (R 1), 283
TR BN A A S A v i = A AR f A,
— R AT A, o 230 ~ 320°C, 2R N 2. 1% ~
2. 6% %o I — PR AR B R AR (BT 10, R 1),

03F & -~ " e SEEE A AL A0 R 2
Sah
oy, Lommmm Ik ik
02f L *
-~ Cb\\ TR .
S \ e 8 .
~ . @ \
0.1k S S A
S %“ﬁ@ §
0t x\n\‘ %u:‘,\
i TNy Kk by
-0} R, % X Ny
0.2 Ay T8 ¥‘*
\\ +* \“‘- ;‘\
0.3 % e
A
04F b R
L " ' i L " L i A
100 150 200 250 300 350 400
- IJ g 1 E_ c
03F A 0 o ST P PR (e 3 A 245 502
* o O Fi JE MR I AL B U R
02 :g %
O A \‘
0.1 Lk .
W .
\\ \‘
N .
0.1 N @9
3 A
B N,
0.2 R **51;,,(23‘\
* N
“ e
NN e
03f % i
\\ \\
04t d S X
5.5 6.0 6.5 7.0 75 8.0
pH

B 10 &840 A sk IR EARS RS pH(a) Eh(b) b (c) X R E M pH 5 Eh XRE ()

Fig. 10 Relationship diagrams between temperature and pH(a), Eh(b), salinity(c¢), and relationship diagram between pH

and Eh(d) of fluid inclusions in quartz veins containing beryl
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Fig. 11 Pressure-temperature diagram of fluid inclusion system
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Fig. 12 Thermodynamic data of fluid inclusions in beryl-bearing quartz veins (revised according to Xie Wei et al. , 2020)
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