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1

Fig. 1 Regional geological map of central Hunan Province: 1—Cretaceous-Paleogene; 2—Carboniferous- Triassic; 3—Devonian;
4—Ordovician-Silurian; 5—Sinian- Cambrian; 6—Neoproterozoic; 7—Yanshanian granite; 8—Late Indosinian biotite (two-mica)
granite; 9—Late Indosinian porphyroid monzonitic granite; 10—Caledonian granite; 11—Major deep fracture; 12—Geological

boundary; 13—Unconformable boundary line; 14—Ore deposit(ore spot); 15—Study area

2
Fig. 2 Regional geological map of Baojinshan gold deposit: 1—Xikuangshan formation, Devonian group; 2—Shetiangiao
formation, Devonian group; 3—Qiziqiao formation, Devonian group; 4—Tiaomajian formation, Devonian group; 5—Third member
of Madiyi formation, Banxi group; 6—Second member of Madiyi formation, Banxi group; 7—The late Indosinian granite;

8—Granodiorite —porphyry; 9—Ore belt; 10—Fault; 11—Sampling position and number
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3
Fig. 3 Petrographies of granodiorite-porphyry: (a) Granodiorite-porphyry of BJS-1; (b) Granodiorite-porphyry of BJS-2; (c)
Spherical quartz(BJS-1); (d) Spherical quartz and sericitization of plagioclase(BJS-2); (e) Spherical quartz and sericitization of
plagioclase(BJS-1); (f) Sericitization of plagioclase(BJS-2). Qtz- Quartz; Pl- Plagioclase; Srt-Sericite
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4 CL
Fig. 4 Zircon cathodeluminescence (CL) images and analytical point bitmaps of granodiorite -porphyry in Baojinshan gold deposit:

(a) BJS-1; (b) BIS-2

021 022 023 024 025 026 027 022  0.23 0.24 0.25 0.26 0.27
207pb/235U 207Pb/235U

5 U-Pb
Fig. 5 Zircon U-Pb concordia age diagrams of granodiorite -porphyry in Baojinshan gold deposit: (a) BJS-1; (b) BJS-2
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Table 1  Zircon U-Pb (SIMS) analytical results of No. BJS-1 sample from granodiorite-porphyry in Baojinshan gold deposit
Analytical Th/ U/ 207pp/2Pb/ 27pp/AU)/ 206pp/28Uy/
Th/U *Pb/Pb 16 Pb/U 1o Pb/U 1o lo lo lo
position 107° 107 Ma Ma Ma
BJS-1-1 831 3180 0.26 0.05058 0.00067 0.24791 0.00499 0.0355 0.00054 221.7 30.4 2249 4.1 2252 33
BJS-1-2 476 1894 0.25 0.04973 0.00044 0.24219 0.00421 0.0353 0.00053 182.4 20.3 220.2 34 223.8 33
BJS-1-3 599 2093 0.29 0.05107 0.00116 0.24806 0.00678 0.0352 0.00054 243.8 51.6 225.0 5.5 2232 33
BJS-1-4 365 1552 0.23 0.05106 0.00057 0.24428 0.00459 0.0347 0.00052 243 .4 25.6 221.9 3.7 219.9 33
BJS-1-5 227 633 0.36 0.04954 0.00082 0.23814 0.00558 0.0349 0.00058 173.3 38.1 2169 4.6 220.9 3.6
BJS-1-6 350 1720 0.20 0.05055 0.00052 0.24092 0.00476 0.0346 0.00059 220.4 23.4 219.2 3.9 219.1 3.6
BJS-1-7 1078 3257 0.33 0.05054 0.00064 0.24523 0.00482 0.0352 0.00053 220.0 29.0 222.7 3.9 2229 33
BJS-1-8 718 1812 0.40 0.05378 0.00380 0.21302 0.01831 0.0287 0.00141 361.7 152.1  196.1 154 182.6 8.8
BJS-1-9 253 2621 0.10 0.05070 0.00036 0.25128 0.00422 0.0359 0.00055 227.4 16.2 227.6 34 227.6 34
BJS-1-10 614 2826 0.22 0.05005 0.00033 0.25039 0.00415 0.0363 0.00055 197.4 15.0 226.9 34 229.7 34
BJS-1-11 351 1712 0.21  0.05056 0.00050 0.25200 0.00462 0.0361 0.00056 220.8 22.6 228.2 3.7 228.9 3.5
BJS-1-12 1099 1228 0.90 0.05077 0.00051 0.24715 0.00449 0.0353 0.00053 230.5 23.2 2243 3.7 223.7 33
BJS-1-13 368 1707 0.22 0.05030 0.00059 0.24696 0.00473 0.0356 0.00054 208.7 27.1 224.1 3.9 225.6 33
BJS-1-14 619 942 0.66 0.05003 0.00070 0.25335 0.00567 0.0367 0.00064 196.4 322 229.3 4.6 232.5 4.0
BJS-1-15 465 1074 0.43 0.05269 0.00139 0.24480 0.00894 0.0337 0.00085 3153 58.8 2223 7.3 213.7 53
BJS-1-16 282 1205 0.23 0.05039 0.00049 0.25078 0.00448 0.0361 0.00054 213.2 22.3 227.2 3.6 228.6 34
BJS-1-17 1439 6454 0.22 0.05035 0.00834 0.24595 0.04092 0.0354 0.00056 211.1 3444 2233 339 2244 3.5
BJS-1-18 265 726 0.36 0.05014 0.00098 0.26432 0.00778 0.0382 0.00084 201.6 44.6 238.1 6.3 241.9 5.2
BJS-1-19 504 1892 0.27 0.05101 0.00043 0.24985 0.00436 0.0355 0.00054 241.2 19.3 226.5 3.5 225.0 34
BJS-1-20 356 1088 0.33 0.05070 0.00045 0.24511 0.00430 0.0351 0.00053 227.1 20.4 222.6 3.5 2222 33
BJS-1-21 491 1420 0.35 0.04986 0.00073 0.24744 0.00520 0.0360 0.00054 188.4 33.7 224.5 4.2 228.0 34
BJS-1-22 485 1705 0.28 0.05096 0.00037 0.25003 0.00424 0.0356 0.00054 239.1 16.7 226.6 34 2254 34
BJS-1-23 607 2376 0.26 0.05079 0.00033 0.24860 0.00417 0.0355 0.00055 231.4 14.7 2254 34 224.9 34
BJS-1-24 811 2285 0.35 0.05106 0.00032 0.24788 0.00410 0.0352 0.00054 243.5 14.5 224.9 33 223.1 34
BJS-1-25 856 2234 0.38 0.05054 0.00032 0.25544 0.00416 0.0367 0.00055 220.0 14.6 231.0 34 232.1 34
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Table 2 Zircon U-Pb (SIMS) analytical results of No. BJS-2 sample from granodiorite-porphyry in Baojinshan gold deposit

Analytical Th/ U/ 27pp/2%ph/ 27pp/A3U/ 206pp/28yy/
Th/U *Pb/Pb 16 Pb/U 1o Pb/”U Io lo lo lo
position 10 10°° Ma Ma Ma
BIS-2-1 439 1820 024 0.05093 0.00096 0.23342 0.00643 0.0332 0.00067 237.7 427 213.0 53 2108 42
BJS-2-2 627 1898 033  0.05057 0.00038 0.24263 0.00409 0.0348 0.00052 2213 174 2206 33 2205 33
BJS-2-3 221 733 030 0.05045 0.00063 0.24296 0.00475 0.0349 0.00053 2158 285 2208 3.9 2213 33
BJS-2-4 356 1644 022 0.05129 0.00050 0.24774 0.00445 0.0350 0.00053 2540 222 2247 3.6 2219 33
BJS-2-5 367 1327 028 0.05010 0.00046 0.23829 0.00420 0.0345 0.00052 199.5  21.1 217.0 3.4 2186 32
BJS-2-6 379 1251 030 0.05033 0.00067 0.23906 0.00480 0.0344 0.00052 2103 305 217.7 39 2183 32
BJS-2-7 1151 3021 038 0.05067 0.00031 0.25195 0.00409 0.0361 0.00054 226.0 143 2282 33 2284 34
BJS-2-8 445 1533 029 0.05060 0.00042 0.24998 0.00430 0.0358 0.00054 222.8 190 2266 3.5 2269 3.4
BJS-2-9 865 2170 0.40 0.04725 0.00563 0.22243 0.02671 0.0341 0.00053  61.6  261.6 2039 224 2164 3.3
BJS-2-10 1073 5127 021 0.05027 0.00023 0.25012 0.00393 0.0361 0.00054  207.5 106 2267 32 2285 3.4
BJS-2-11 592 2282 026 0.05046 0.00044 0.24904 0.00433 0.0358 0.00054 2162  20.1 2258 3.5 2267 3.3
BJS-2-12 866 2629 032 0.05003 0.00043 0.25121 0.00437 0.0364 0.00055 1964 197 227.6 3.6 2306 3.4
BJS-2-13 420 1163 036 0.05060 0.00049 0.24443 0.00437 0.0350 0.00053 2227 222 2220 3.6 2220 33
BJS-2-14 534 1817 029 0.05044 0.00039 0.24202 0.00416 0.0348 0.00053 2151 180 220.1 34 2205 33
BJS-2-15 693 2393 028 0.05067 0.00042 024769 0.00424 0.0355 0.00053 2259 189 2247 3.5 2246 3.3
BJS-2-16 390 1460 026 0.05070 0.00043 0.25158 0.00435 0.0360 0.00054 227.3 197 2279 3.5 2279 34
BJS-2-17 656 1621 0.40 0.05012 0.00053 0.24522 0.00452 0.0355 0.00053  200.4 245 2227 37 2248 33
BJS-2-18 586 1096 0.54 0.05037 0.00253 0.25214 0.01325 0.0363 0.00055 212.1 1126 2283 108 2299 3.4
BJS-2-19 647 2207 029 0.05074 0.00036 0.24500 0.00413 0.0350 0.00054 229.1 164 2225 34 2219 33
BJS-2-20 392 1155 034 0.05212 0.00161 0.24839 0.00854 0.0346 0.00052 2907  69.1 2253 7.0 2190 32
BJS-2-21 1128 3768 030 0.05044 0.00049 0.23904 0.00427 0.0344 0.00052 2154 223 217.6 35 2178 32
BJS-2-22 567 1750 032 0.05076 0.00042 0.24419 0.00420 0.0349 0.00052 2300 192 2218 34 2211 33
BJS-2-23 823 1834 0.45 0.05074 0.00040 0.24955 0.00422 0.0357 0.00054 2292 180 2262 34 2259 33
BJS-2-24 1105 2808 039  0.04854 0.00074 0.23974 0.00512 0.0358 0.00054 1258 353 2182 42 2269 3.3
BJS-2-25 509 1495 034 0.05006 0.00054 0.24214 0.00447 0.0351 0.00053 197.6 247 2202 37 2223 33

Test method: SIMS; Test unit: Beijing Nano SIMS Lab, Institute of Geology and Geophysics, Chinese Academy of Sciences.

6

Hf O

Fig. 6 Hf isotope compositions (a) and O isotope compositions (b) for granodiorite-porphyry of Baojinshan gold deposit
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Table 3  Zirons Hf-O isotopic analytical results of No. BJS-1 sample from granodiorite-porphyry in Baojinshan gold depoosit
Analytical =\ o onfa THETHE 1o SYBHE 1o LWHE 1o anht o ol some 20
position Ma
BIS-1-1 2252 0282495 0.000009 0.022826 0.000162 0.000948 0.000007 -50 0.6 1403 0910 032
BIS-12 2238 0282507 0.000009 0.019328 0.000199 0.000791 0.000007 -4.6 0.6 1379 0937 026
BIS-1-3 2232 0282500 0.000009 0.027605 0.000672 0.001132  0.000026 —4.9 0.6 1397 0906 043
BIS-1-4 2199 0282521 0.000010 0.020444 0.00324 0.000841 0.000013 -42 0.6 1354 0896 028
BJS-1-5 220.9 0.282532  0.000010  0.024769  0.000606 0.001023  0.000024 3.8 0.6 1334 0.962 0.20
BIS-1-6  219.1 0282558 0.000011 0.024579 0.001142 0.001018 0.000046 -2.9 07 1283 0859 027
BIS-1-7 2229 0282539 0.000009 0.027212 0.000138 0.001101 0.000003 -3.5 0.6 1321 0879  0.34
BIS-1-8 2251 0282532 0.000012 0.027327 0.000424 0001107 0.000016 -3.7 0.7 1333 0885  0.25
BJS-1-9 227.6 0.282544  0.000011  0.024410  0.000400 0.000994 0.000017 -3.2 0.7 1307 0.964 0.21
BJS-1-10  229.7 0282540 0.000010 0.021444  0.000811 0.000912 0.000033 -33 0.6 1313 0893 041
BJS-1-11 2289  0.282541 0.000010 0.023967 0.000636 0.000977 0.000023 -33 0.6 1313 0879  0.37
BIS-1-12 2237 0282729 0.000012 0.072467 0.003883 0.002795 0.000146 3.0 07 961 0824 026
BJS-1-13 225.6 0.282535 0.000010  0.023423  0.001205 0.000976  0.000047 -3.6 0.6 1326 0.903 0.25
BJS-1-14 2325 0.282495 0.000009 0.023008 0.000551 0.000980 0.000021 4.8 0.6 1401 0851 028
BJS-1-15 2137 0282494 0.000010 0.027248  0.000643  0.001096  0.000024 -53 0.6 1411 0886  0.33
BIS-1-16 2286 0282604 0.000011 0.037229 0.001713 0.001463 0.000065 —1.1 0.7 1193 0912 028
BJS-1-17 2244 0.282528 0.000010  0.033934 0.001877 0.001351 0.000072 -3.9 0.7 1343 0.925 0.31
BJS-1-18 2419 0282567 0.000010 0.034057 0.001626 0.001343  0.000061 -2.1 06 1259 0853 023
BJS-1-19 2250  0.282528 0.000009 0.022449  0.000215 0.000920 0.000008 -3.8 0.6 1339 0969  0.33
BIS-1-20 2222 0282515 0.000010 0.019815 0.000697 0.000794 0.000027 —43 0.6 1364 0973 032
BJS-1-21 228 0.282558  0.000010  0.026795 0.001427 0.001094 0.000054 2.7 0.6 1281 0.861 0.42
BJS-1-22 2254 0282510 0.000010 0.033483  0.000362 0.001349 0.000014 -45 06 1378 0957 036
BJS-1-23 2249 0282526 0.000010 0.024462 0.000193  0.001001  0.000007 -3.9 0.6 1343 0913  0.39
BIS-1-24 2231 0282510 0.000010 0.022526 0.000835 0.000912 0.000032 —45 0.6 1374 0959 04l
BJS-1-25 232.1 0.282543  0.000012  0.025537 0.000606 0.001014 0.000024 3.2 0.7 1308 0.921 0.33
en(f) -5.9~3.0 -3.98
Tom2  0.96~1.45 Ga 1.35
Ga ¢"0 0.824~0.973% 60
((0.5340.03)%)*" end(f)-U/Pb Age (
7(a))
((227.0%2.2)~(225.2%1.7)
Mal*®) ((225.1%=1.5) Ma 6"80-eni(t) 7(b)) Hf-O
(223.3%1.4) Ma) 227~223 Ma
5.2 20%4741 BJS-1 12
Hf-O eHE/ TTHE end?)
( 6) Hf-O 3.0 3 4
VOHE/ TTHE 0.2825 Hf
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4 BJS-2 Hf-O
Table 4 Zirons Hf-O isotopic analytical results of No. BJS-2 sample from the granodiorite-porphyry in the Baojinshan gold
deposit
: Age/ enr/ Tomo!
Analytical TSHETHE 1o °YO/HE 1o SLu/HE lo e T som 20
position Ma ¢ Ma

BJS-2-1 2233 0.282487  0.000011 0.016702  0.000381  0.000700  0.000016 3.8 0.6 1337 9.19 0.30
BJS-2-2 220.5 0.282511  0.000010 0.030778 0.001362  0.001219  0.000051 3.8 0.7 1335 9.03 0.34
BJS-2-3 2213 0.282544  0.000011 0.025340 0.001246  0.001009  0.000047 —4.8 0.7 1392 9.31 0.25
BJS-2-4 221.9 0.282494  0.000010  0.023034  0.000061  0.000956  0.000002 —-5.9 0.7 1449 8.85 0.23
BJS-2-5 218.6 0.282539  0.000010 0.015681  0.000263  0.000663  0.000010 —4.8 0.6 1389 8.86 0.22
BJS-2-6 2183 0.282537  0.000011 0.019808 0.000212  0.000817  0.000009 —4.8 0.6 1389 9.16 0.25
BJS-2-7 228.4 0.282471  0.000011 0.032466  0.000760  0.001312  0.000029 5.2 0.7 1419 8.66 0.29
BJS-2-8 226.9 0.282592  0.000012 0.021845 0.000197  0.000917  0.000009 —5.2 0.6 1418 9.26 0.21
BJS-2-9 2233 0.282539  0.000011 0.027870  0.000758  0.001145  0.000029 5.7 0.7 1439 9.30 0.21
BJS-2-10 228.5 0.282544  0.000013 0.034676  0.000578  0.001407  0.000026 —-3.9 0.7 1344 9.12 0.28
BJS-2-11 226.7 0.282545  0.00001  0.023038  0.000109  0.000938  0.000004 —5.2 0.7 1419 9.38 0.29
BJS-2-12 230.6 0.282514  0.000011 0.022905 0.000110  0.000941  0.000004 —4.5 0.6 1380 9.13 0.23
BJS-2-13 222.0 0.282433  0.000010 0.019175 0.000180  0.000793  0.000007 —4.5 0.7 1375 9.48 0.24
BJS-2-14 220.5 0.282525  0.000010 0.021314 0.000102  0.000873  0.000004 —4.3 0.6 1363 9.31 0.33
BJS-2-15 224.6 0.282509  0.000010 0.022285  0.000183  0.000915  0.000007 —4.0 0.6 1346 9.40 0.27
BJS-2-16 2279 0.282425  0.000009 0.015069 0.000386  0.000637  0.000015 —4.1 0.7 1354 9.39 0.25
BJS-2-17 224.8 0.282411  0.000010 0.039812  0.001206 ~ 0.001568  0.000045 —4.2 0.7 1362 9.21 0.20
BJS-2-18 229.9 0.282453  0.000014 0.023493  0.000288  0.000955  0.000012 —4.2 0.7 1366 9.11 0.30
BJS-2-19 221.9 0.282525 0.000012 0.020411 0.000192  0.000841  0.000007 —4.7 0.7 1385 9.23 0.35
BJS-2-20 217.8 0.282556  0.000010 0.029296  0.001034  0.001186  0.000041 5.6 0.7 1432 8.83 0.39
BJS-2-21 219.0 0.282524  0.000012 0.032111 0.001688  0.001288  0.000064 —2.3 0.7 1252 9.35 0.27
BJS-2-22 221.1 0.282286  0.000010 0.022139  0.000119  0.000908  0.000005 3.9 0.6 1343 9.25 0.28
BJS-2-23 2259 0.282538  0.000011 0.013333  0.000223  0.000569  0.000009 —5.1 0.6 1411 9.11 0.24
BJS-2-24 226.9 0.282529  0.000010 0.027524  0.000113  0.001133  0.000004 —3.6 0.6 1327 9.15 0.25
BJS-2-25 2223 0.282428  0.000012 0.021802  0.000321  0.000903  0.000012 3.8 0.6 1338 8.90 0.25

Zirons Hf isotopic: LA-MC-ICP-MS, State Key Laboratory of Geological Processes and Mineral Resources, China University of
Geosciences (Wuhan) Airons Hf Isotopic; Beijing nano SIMS Lab, Institute of Geology and Geophysics, Chinese Academy of

Sciences.
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Zircon U-Pb ages and Hf-O isotopes of granodiorite -porphyry in
Baojinshan mining area and their geological significance

LU Yu-long"?, PENG Jian-tang" %, YANG Jie-hua’, LI Yu-kun', CHEN Xian-jia', ZHOU Xi'*, LI Gan-long®

(1. Key Laboratory of Non-ferrous Metals Metallogenic Prediction, Ministry of Education,
School of Geosciences and Info-physics, Central South University, Changsha 410083, China;
2. State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry,

Chinese Academy of Sciences Guiyang 550002, China;

3. The Second Corps of Nonferrous Geological Prospecting Bureau in Hunan Province,

Geological Exploration Institute, Xiangtan 411102, China)

Abstract: Baojinshan gold deposit is Au-dominated polymetallic deposit discovered recently in central Hunan, its
mineralization is considered to be closely related to the magmatic activities in late Indosinian. High accuracy SIMS
zircon U-Pb age determination was used in this study to obtain the ages of two granodiorite-porphyry dykes at
(225.1%1.5) Ma and (223.3=%1.4) Ma, indicating that this deposit was the product of extensive magma activity in late
Indosinian. The '"°Hf/'"""Hf values of two granodiorite-porphyry dykes intensively distributed around 0.2825, with the
corresponding eyg(f) ranged from —5.9 to 3, averaging —3.98. The Tpy;, model age was estimated from 0.96 GPa to 1.45
Ga, averaging 1.35 Ga; the §'*0 value of granodiorite-porphyry ranged from 0.824% to 0.973%. Hf-O isotope analysis
shows that the granodiorite-porphyry is mainly formed by the rock remelting of Mesoproterozoic lower crust, and
mantle-sourced materials are considered to participate the diagenesis. Contrastive analysis on the granodiorite-porphyry
in Baojinshan with Ziyunshan granite suggests that both of them are the products of comagmatic evolution, which
indirectly indicates that the metallogenetic time of Baojinshan gold deposit ranges in 227-223 Ma. The
granodiorite-porphyry is formed under the multi-plates convergent dynamics background, and affected by the northward
squeeze of Indochina Block and westward subduction of Pacific Plate.

Key words: SIMS U-Pb zircon dating; Hf-O isotopes tracing; granodiorite-porphyry; Baojinshan gold deposit; central

Hunan Province
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