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Abstract: Guangming fluorite deposit is located in the north of Xitian granite pluton in the eastern Hunan.Aiming to investigate the
correlationship between the biotite granite and fluorite mineralization in the mining district, systematic geochemical studies of the rock
mass and the orebody, as well as zircon LA—(MC) —ICP~MS U~Pb age, trace element and Hf isotopic characteristics of the biotite
granite have been carried out.Biotite granite in the Guangming deposit is characterized by elevated SiO,, Al,O, and total alkali contents,
with A/CNK ratios of 1.07~1.14, showing peraluminous. Low—U zircons from three samples yield weighted average **Pb/** U ages
from 215 Ma to 218 Ma, indicative of Indosinian emplacement. The granite has zircon ages ranging from 237 Ma to 133 Ma, yielding
three relatively concentrated age peaks at 230 ~210 Ma, 190~ 170 Ma and 150 ~ 130 Ma, indicating the influence of multi —stage
magmatic activity. The biotite granite has strong Eu negative anomaly with weak positive Ce anomaly, being enriched in LILE(Rb, Th,
U) and depleted in Ba, Nb, etc. The fluorite has moderate negative Eu anomaly with relatively depletion of Rb, Ba, Nb, Sm, Hf, Eu and
enrichment of U, La, Nd, Zr, Y.The granite has () values of =11.2 to —10.6 and the corresponding T},,, =1793~ 1837 Ma, while
the fluorite has £,,(133 Ma) values of —11.3 to —10.0 and the corresponding T),,,, = 1741~ 1848 Ma.Hafnium isotope compositions
showing a large variation, "*Hf/'"7 Hf =0.282234 ~ 0.282420, &,,,( 133 Ma) =—16.70~ —8.45, T}, =1756~2214 Ma, indicating the
crustal model age of Paleo ~Mesoproterozoic. The comprehensive analysis suggests that the biotite granite in the Guangming deposit
originated from the dehydration melting of muscovite in the mature crust, experienced multiple magmatic activities from Indosinian to
Yanshanian. The biotite granite experienced strong differentiation and finally formed in an environment with low oxygen fugacity. The
Yanshanian granite and the fluorite have similar characteristics of rare earth and trace elements, as well as the identical Nd isotopic
compositions, different from Indosinian biotite granite, suggesting that fluorite mineralization in the Guangming deposit is related to the
Yanshanian magmatism in the area.The ore—forming fluid is dominated by magmatic hydrothermal with minor addition of meteoric water.

Key words: Yanshanian granitoid; fluorite; Xitian granite complex; eastern Hunan; South China
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Fig. 1  Geological map of the Xitian granite and Guangming fluorite deposit(a)and geological profile of Line 3(b)
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Table 3 Zircon Lu—Hf isotopic compositions of the biotite granite in the Guangming fluorite deposit

D Fifg/Ma 7vb/'HE "°Lo/'HE TSHEHE tlo ept)  Hlo  Tpy/Ma  Tpyp/Ma
ZK302—1-01 77.7 0.109563 0.003218 0.282345 0.000007 —13.99 0.23 1360 1994
ZK302-1-02 95.6 0.112632 0.003343  0.282329  0.000006 —14.23 0.21 1390 2023
ZK302—1—03 148.5 0.108219 0.003287  0.282321  0.000006 —13.45 0.23 1399 2014
ZK302-1-04 177.7 0.052182 0.001538 0.282358 0.000009  —11.35 0.30 1281 1906
ZK302-1-05  221.8 0.075239 0.002341  0.282362  0.000006 —10.37 0.22 1303 1879
ZK302—1-06 133.0 0.100715 0.003117  0.282356  0.000006 —12.50 0.22 1340 1943
ZK302-1-07 90.4 0.158253 0.004829 0.282297 0.000007  —15.55 0.25 1499 2101
ZK302—1-08 84.1 0.111703 0.003640  0.282346  0.000009 —13.87 0.31 1376 1992
ZK302—1—09 174.4 0.111799 0.003516  0.282358  0.000006 —11.64 0.23 1353 1922
ZK302-1-10 218.0 0.070187 0.002153 0.282401 0.000009 =9.04 0.31 1240 1793
ZK302—-1-11 92.5 0.109851 0.003486 0.282319 0.000006 —14.66 0.21 1410 2047
ZK302-1-12 2173 0.070914 0.002128  0.282393  0.000009 —9.35  0.33 1251 1811
ZK302-1-13 5722 0.008371 0.000251  0.282493  0.000009  2.34  0.32 1052 1353
ZK302—-1-14 175.7 0.103485 0.003315 0.282362 0.000009 —11.44 0.32 1338 1910
ZK302—-1-15 2283 0.102071 0.003316  0.282329  0.000007 —11.57 0.24 1389 1959
ZK302—1-16 136.8 0.092679 0.002887  0.282372  0.000007 —11.84 0.24 1308 1905
ZK302-1-17 204.0 0.035416 0.001144 0.282400 0.000009 —9.26 0.32 1209 1795
ZK302-1-18 103.7 0.139388 0.004624  0.282284  0.000010 —15.74 0.34 1511 2123
ZK302—1-19 140.4 0.094020 0.002984  0.282354  0.000008 —12.41 0.27 1339 1944
ZK302—1-20 141.2 0.104102 0.003539 0.282342 0.000008 —12.85 0.28 1377 1971
ZK302-1-21 189.7 0.091367 0.002798  0.282381  0.000011  —10.41 0.38 1291 1857
ZK302—1-22 99.6 0.084885 0.002493  0.282363  0.000007 —12.88 0.25 1307 1941
ZK302—1-23 143.9 0.110712 0.003594  0.282290  0.000014 —14.65 0.49 1457 2086
ZK302—1—24 201.3 0.067915 0.002060 0.282378 0.000008 —10.19 0.27 1270 1852
ZK302-1-25 2919 0.065459 0.002014  0.282389  0.000009 —7.89  0.33 1252 1778
GMW33-01 231.7 0.075950 0.002295  0.282328  0.000013 —11.38 0.45 1351 1950
GMW33—-02 204.3 0.087788 0.002935 0.282343 0.000008 —11.49 0.27 1352 1935
GMW33-03 212.6 0.069982 0.002219  0.282377  0.000009 —10.01 0.31 1277 1849
GMW33-04 212.1 0.047604 0.001568  0.282386  0.000010  —9.63  0.35 1243 1825
GMW33-05 225.5 0.057594 0.001924 0.282351 0.000010  —10.62 0.34 1304 1897
GMW33-06 210.6 0.041625 0.001381  0.282416  0.000016  —8.55  0.57 1193 1756
GMW33-07 217.9 0.036130 0.001201  0.282404  0.000012  —8.82  0.42 1205 1779
GMW33-08 208.9 0.032407 0.001109 0.282383 0.000018 =9.72 0.62 1230 1828
GMW33-10 222.9 0.052691 0.001615  0.282348  0.000011  —10.73 0.38 1297 1902
GMW33-12  2847.7 0.026759 0.000941  0.281255  0.000035  9.00  1.23 2780 2739
GMW33-13 211.9 0.048844 0.001581  0.282362  0.000007 —10.48 0.26 1277 1878
GMW33-14 152.2 0.128569 0.003918  0.282285  0.000007 —14.71 0.25 1479 2096
GMW33-15 2141 0.046583 0.001505  0.282411  0.000019  —8.68  0.69 1204 1767
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3 Fiy/Ma 0yb/7HE YOLw/'THE VOHE T HE o eye(t)  Hlo  Tpu/Ma  Tpyn/Ma
GMW33-16  186.9 0.079904  0.002483  0.282305  0.000016 —13.12 056 1390 2023
GMW33—17 205.6 0.106696 0.003257 0.282268 0.000024 —14.16 0.86 1476 2103
GMW33-18  227.1 0.035354  0.001148  0.282370  0.000009 —9.80 033 1251 1847
GMW33-19  229.9 0.035796  0.001210  0.282372  0.000012 —9.69 0.42 1250 1843
GMW33—-20 232.7 0.025720 0.000860 0.282404 0.000011 —8.45 0.38 1194 1767
GMW33-21 220.8 0.022977  0.000802  0.282379  0.000009 —9.56 030 1226 1827
GMW33-22 2125 0.044409  0.001405  0.282368  0.000008 —10.23 027 1262 1862
GMW33—23 225.3 0.050889 0.001689 0.282329 0.000011 —-11.37 0.39 1327 1944
GMW33—24 236.9 0.031680 0.001017 0.282371 0.000012 —9.55 0.42 1245 1839
GMW33-25  213.8 0.063082  0.002097  0.282342  0.000011 —11.21 039 1323 1925
GME-2-1-01  516.6 0.031990  0.001196  0.282315  0.000017 =553 0.60 1330 1804
GME—2—-1-02 208.9 0.046352 0.001514 0.282354 0.000010  —10.80 0.34 1285 1895
GME—2-1-03  316.5 0.118779  0.004223  0.282271  0.000007 —12.05 023 1513 2056
GME-2-1-04  233.0 0.062348  0.002145  0.282352  0.000007 —10.46 026 1310 1893
GME—2-1-05 195.2 0.122612 0.004076 0.282282 0.000010 —13.98 0.37 1490 2083
GME—2-1-06  181.5 0.115470  0.003891  0.282283  0.000013 —1421 0.45 1481 2087
GME-2-1-07  199.8 0.084925  0.002608  0.282360  0.000007 —10.94 024 1316 1897
GME—2—-1-08 71.9 0.182906 0.006059 0.282102 0.000027 —22.85 0.94 1868 2539
GME—2-1-09  217.7 0.063458  0.002110  0.282345  0.000013 —11.04 047 1320 1917
GME-2-1-10  230.8 0.054088  0.001859  0.282354  0.000023 —10.42 0.81 1298 1888
GME—2—-1-11 228.5 0.089284 0.003200 0.282283 0.000011 —13.15 0.40 1451 2057
GME—2—-1-12 204.7 0.084999 0.002554 0.282356 0.000009  —10.96 0.33 1319 1903
GME—2-1-13  205.9 0.099748  0.003253  0.282324  0.000009 —12.18 033 1393 1979
GME-2-1-14  163.5 0.098653  0.003537  0.282319  0.000012 —13.22 0.44 1411 2012
GME—2—-1-15 224.0 0.126375 0.004774 0.282293 0.000009 —13.14 0.32 1503 2053
GME—2-1-16  226.9 0.024166  0.000840  0.282362  0.000015 —10.03 054 1251 1861
GME—2-1-17  144.7 0.123112  0.004257  0.282234  0.000010 —16.70 0.34 1571 2214
GME—2-1-18 188.3 0.029116 0.000990 0.282420 0.000016 —8.86 0.58 1176 1759
GME—2-1-19  213.0 0.061467  0.002038  0.282369  0.000028 —10.28 0.98 1283 1866
GME—2-1-20  233.3 0.039615  0.001215  0.282295  0.000009 —12.34 032 1358 2010
GME—2—-1-21 210.3 0.027236 0.000927 0.282393 0.000014 —9.33 0.48 1211 1805
GME—2-1-22  174.6 0.128474  0.003948  0.282343  0.000013 —12.20 0.46 1391 1956
GME—2-1-23  838.0 0.033263  0.001033  0.282038  0.000039 -8.28 139 1710 2224
GME—2—-1-24 160.9 0.105005 0.003191 0.282324 0.000014  —13.07 0.49 1390 2000
GME—2—-1-25 225.1 0.118336 0.003862 0.282320 0.000009  —12.02 0.32 1423 1984
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Fig. 3 Frequency diagrams of zircon U—Pb ages(a) and Tp,,,(b) from the Xitian granite



1446 My B IR GEOLOGICAL BULLETIN OF CHINA 2023 4F

F4 XRATREZBAENENZAIE BIRBETEINER

Table 4 Results of major,rare earth and trace element compositions of biotite granite and fluorite in the Guangming deposit

BEE 2R GM-E- GM-W- GM-C— GM-W- BaE  ZR302-1 GM-E- GM-W- GM-C— GM-W-
2-1 3-3 2-1 3-1 2-1 3-3 2-1 3-1
FEMBEI B ERE Ak il fireal MR KA KA Ak A fireal
AlL,O, 13.83 12.02 12.46 / / Ga 17.1 14.4 18.7 0.67 0.75
CaO 0.59 0.31 2.76 / / As 4.18 6.25 3.83 0.70 1.58
Fe, O, 1.33 1.12 1.15 / / Se 1.25 1.00 1.30 0.47 0.53
K,O 5.50 5.02 5.88 / / Rb 382 359 612 0.72 0.57
MgO 0.23 0.18 0.71 / / Sr 49.7 37.9 42.2 68.2 74.0
MnO 0.05 0.04 0.07 / / Y 39.3 30.4 43.0 35.3 64.7
Na, O 3.16 2.73 0.15 / / Zr 103 88.5 89.6 1.11 0.80
P,O; 0.04 0.03 0.03 / / Nb 18.1 16.7 17.0 0.07 0.06
TiO, 0.13 0.11 0.11 / / Mo 0.46 0.34 0.45 0.55 0.21
SiO, 73.75 77.34 72.62 / / Sn 14.3 17.7 18.6 <LOD <LOD
ek & 0.86 0.78 3.65 / / Cs 17.7 19.3 63.6 0.07 0.08
Bt 99.47 99.69 99.60 / / Ba 105 65.9 101 3.67 2.96
K,0+Na1,O  8.66 7.76 6.03 / / Hf 3.63 3.23 3.39 0.02 0.02
A/CNK  1.13 1.14 1.07 / / Ta 2.33 2.62 2.73 0.01 0.03
A/NK 1.24 1.21 1.88 / / Yb 3.76 2.87 4.00 1.71 3.22
Li 76.0 32.8 40.2 0.69 1.08 Pb 99.4 82.7 54.0 0.29 0.17
Be 459 6.97 7.26 0.23 0.44 Th 455 37.5 39.4 0.13 0.16
Sc 3.17 2.79 4.53 0.09 0.08 U 28.3 24.2 255 0.13 0.15
Ti 797 674 671 4.89 3.81 Nb/Ta 7.75 6.38 6.21 459 1.98
\Y% 7.05 5.95 6.03 0.65 0.52 Zt/Hf 28.3 27.4 26.5 53.2 42.4
Cr 2.42 1.50 7.12 2.78 16.5 SREE 193 161 194 34.6 44.6
Mn 348 281 624 21.4 7.84 SEu 0.15 0.13 0.14 0.50 0.44
Co 1.16 0.95 0.94 0.14 0.25 5Ce 1.04 1.13 1.01 0.96 0.97
Ni 2.15 1.05 3.42 2.18 8.42  |(La/Nd)y 219 2.24 2.18 2.00 1.65
Cu 0.34 0.83 0.74 0.17 0.42 (La/Sm) . 3.10 3.27 3.08 2.18 1.55
Zn 33.8 30.6 34.8 <LOD <LOD [(La/Yb)y  6.78 7.24 6.47 2.15 1.13
(Gd/Yb) & 1.37 1.39 1.31 0.84 0.72

T ERITE SN % , M RS LR AR 107054/ R ORI ; <LOD FoR LT H B

Rb Ba Nb,Sm Hf Eu, X &% U . La,Nd . Zr, & BAERKAREMT Sm 88 5.94X10 °~7.83%10°°

W BIE Y SR 7RGl J0 K I Ih g by o AL E Nd & 54 26.7%X10°~34.0%10 ", " Nd/"*Nd {ﬁ
fift (K 5-b) W, W A R S SR B T A A, H 4 0.512016~0.512045, 2 {45 A FF 5 AT Sm %
Cr Ni Sr.\Y &k KTk, aEA®Rml  &E00008 1.58%10 1 2.20x10° ,Nd & & 73 5] K
Y/Ho H(59.9~60.3) , B & & T 41K (28.4~31.7) , 5.29 X107 Fl 6.32 x107°," Nd/"™ Nd 18 4> % K

F6n TSR ZU A IRAARTE 8 (Veksler et al.,2005) 0.512113F1 0.512071,, BAHAERK AFEM A Nd [F7
3.4 BERBHRESEA NIEAE ZH A T I 218 Ma 1 133 Ma 1555, 15 1

Sm—Nd [AVZEAHTZE R (£ 5) R, 3 B L ew(OESHIHN-105~-10.0 Al-11.2~—10.6, Ty,
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Fig. 5 Chondrite—normalized REE patterns(a)and primitive mantle—normalized trace element patterns(b)

RS ARATREZBENENEAG N RULESIWER
Table 5 Results of Nd isotope compositions in biotite granite and fluorite from the Guangming deposit
/107 WG/ (" Nd/ ena(t) Tpvp/Ma ey (1) Thy/Ma
Feil S R 2 tlo
Sm  Nd Nd HNd) ¢ (133 Ma) (218 Ma)
ZK302-1 ALk 7.66 334 0.1385 0.512016  0.000003 —11.15 1837 -10.5 1855
GM~-E—2-1 ViasEa 594 26.7 0.1347 0.512024 0.000003 —10.93 1819 -10.3 1834
GM-W-3-3 ViAsEa 7.83  34.0 0.1391 0.512045 0.000004  —10.60 1793 —10.0 1811
GM—-C—2-1 sl 1.58 5.29 0.1801 0.512113  0.000006 —9.97 1741
GM-W-3-1 firal 220  6.32 0.2102 0.512071  0.000002 —11.29 1848
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Fig. 6 Diagrams of zircon characteristic values vs.U—Pb age
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