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Abstract: Located in the suture zone of the Cathaysia and Yangtze tectonic belt and lies on the southern side of Jiangshao fault, the
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Xiangshan uranium orefield is the largest volcanic uranium orefield and is also the earliest discovered volcanic uranium orefield in
China. Its basement is a set of ancient metamorphic rock series. Micro palacophyte fossils and previous studies indicate that the
basement metamorphic rocks formed in the Qingbaikou period of Neoproterozoic. This paper mainly discusses the composition of
metamorphic rock and analyzes its formation environment. Most metamorphic samples are characterized by intermediate SiO,
content, high K;O/Na;O and Fe,O;"+MgO, and obviously low CaO content. Analytical results of all samples show larger total XREE
values and abundant LREE, as well as depletion of Eu, implying that the rock samples originated from the continental crust. The
overall compositions of various sample patterns are very close to each other in the REE distribution diagram, and REE patterns of all
samples are of right—oblique type, similar to patterns of the post—Archean shale and the upper crust. From the Simonen and Nielv
diagram, the authors infer that the original rocks of Shenshan Formation were mainly composed of complex mineral sandstones and
feldspathic sandstone, the original rocks of Kuli Formation consisted mainly of quartzite sandstone and feldspathic sandstone, and
the original rocks of Shangshi Formation comprised mainly feldspathic sandstone, with a little siliceous marl and shale sandstone.
Combined with residual structural features analysis, it is inferred that these metamorphic clastic sedimentary rocks formed in a
shallow shore — shelf sedimentary environment. Th/Sc ratios of all samples vary in a small range (0.5—1.1) , while Zr/Sc ratios vary
quite considerably (8—24), revealing the complex composition of the source region of the metamorphic rocks and the probable
existence of several sedimentary cycles. In Th—Sc—Zr/10 and La—Th—Sc diagram, most of the data fall into the continental island
arc area, indicating that this set of rocks might have been deposited in the basins near the continental island arc. Hf—La/Th diagrams
indicate that the provenance of the original rock mostly came from ancient strata of uplift and erosion, and acidic arc source region
only possessed a small proportion. It is thus obvious that the magmatic activity during its deposition was not obvious, but the source
region was accompanied by tectonic uplift. Combined with geochemical characteristics, it is held that the protoliths of basement
metamorphic rocks in the Xiangshan uranium orefield were formed in the residual basin of an extension environment, resulting from
the post—collision between Cathaysia and Yangzi Blocks.
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Fig.1 Geological sketch map of Xiangshan area
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Fig.2 Photographs and microphotographs of metamorphic rocks of the study area
a, b—Blastobedding structure; c—Garnet biotite quartz schist; d—Garnet biotite phyllite; e~Meta—sandstone;
f—Biotite quartz marble; Bi—Biotite; Ms—Muscovite; Q—Quartz
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Table 1 Geochemical composition of the metamorphic rocks basement of the Xiangshan uranium orefield
(major elements: %, trace elements: 10™°)
[t LY
i H e T-Hs AR L Ee AT
DO0150.1 D6005.3 DO153.1 D6003.3 D6004.6 D6005.2 DO149.1 D0159.1 D6002.2 D2311.1 DO0138.1 D0138.6 D0143 4
SiO, 63.31 64.49 71.97 67.36 67.05 4891 73.02 73.74 67.88 37.35 70.54 7534 63.06
Al O3 17.24 15.33 13.15 1523 14.45 22.37 13.19 12.38 14.49 7.92 14.05 11.79 18.06
Fe O3 2.78 3.99 1.45 3.12 1.14 5.19 2.02 1.13 2.71 0.74 1.99 1.19 1.56
FeO 512 3.55 395 2.55 4.42 4.88 292 4.02 325 3.39 3.68 348 56
MgO 2.36 2.81 1.62 228 2.32 3.97 1.53 1.52 2.33 1.77 1.92 1.36 2.41
CaO 0.35 0.29 0.47 0.15 1.38 0.47 0.11 0.31 0.86 24.49 0.30 0.41 0.37
Na,O 1.41 0.842 2.635 1.31 3.206 0.578 0.33 1.929 2.015 0.40 0.73 225 1.58
K,O 3.26 329 1.69 3.12 2.39 5.82 3.52 243 1.44 2.33 3.59 1.94 3.96
TiO, 0.93 0.81 0.63 0.83 0.85 1.167 0.59 0.59 0.85 0.38 0.68 0.63 0.82
MnO 0.16 0.07 0.12 0.07 0.13 0.08 0.03 0.09 0.103 0.45 0.04 0.06 0.11
P,0s 0.11 0.17 0.15 0.04 0.18 0.25 0.05 0.08 0.16 0.05 0.1 0.10 0.15
N 261 4.14 1.87 3.76 2.08 5.96 2.47 1.51 3.65 20.6 22 1.25 1.93
B 15475 5194 169.89  39.96 4496  603.07 5638 538 50.32 1.62 493 1527 23.87
F 4554  450.19 3435 42588 4402 707.2 316.8 3393 231.4 497.0 475.6 353.1 565.01
Ba 362 805 230 753 459.10 1164 371 325 373 360 410.60 320 409
\Y% 124 110.5 82.47 147.4 132.05  211.1 91.75 86.08 113.8 449 110.15 81.64 157.7
Cr 106.86  66.34 68.70 7891 70.62 11034  72.69 7735 74.12 35.50 82.97 82.40 99.13
Zr 281.53 19255 239.69 18838 188.89 25588 209.56 22687 185.04 829 172.66 2822 17574
Sc 19.99 18.07 13.11 2141 17.68 30.89 14.49 11.8 18.32 10.9 15935 11.64 2398
Sr 47.77 89.8 76.48 91.41 24905 1085 38.99 58.69 155.7 409 51945 7946 67.12
Ga 2293 22.1 16.1 23.99 19915 3346 18.64 16.27 19.42 14.8 19.85 15.02 21.76
Li 49.72 61.05 41.03 48.06 38.38 90.26 4327 37.05 4931 384 4927 33.04 54.06
Be 2.82 2.20 2.36 2.80 3.38 433 2.31 1.60 2.75 1.81 227 2.05 2.26
Co 2397 18.51 18.01 14.95 17.54 3321 11.79 15.08 16.51 18.8 2141 1528 19.53
Ni 50.32 37.00 27.78 39.79 35.67 7727 2342 2631 3494 343 38.00 26.86 41.70
Cu 28.72 4416 13.83 39.32 16.01 41.26 53.78 19.42 3318 2.64 67.26 42.19 8.34
Zn 103.50 117.90 88.08 10430 9739 16140 9324 92.12  101.60 60 89.93 83.27 51.22
Rb 8543 59.85 4243 62.26 53.74 99.92 7231 60.41 54.10 142 75.06 56.15 7421
Nb 14.34 5.40 9.53 13.65 8.08 21.37 10.56 9.41 10.49 13.1 10.80 9.46 15.75
Th 17.32 10.59 13.61 12.60 10.93 17.42 15.02 11.78 10.68 12.3 12.82 12.86 18.27
U 3.28 1.73 243 1.89 1.90 3.13 2.57 2.32 1.79 145 2.46 2.63 311
Y 40.47 2471 23.39 28.33 21.81 40.90 19.23 19.23 21.94 11.6 20.57 23.32 35.60
La 50.81 29.54 31.80 36.14 32.57 4788 31.23 30.54 15.63 20 2424 3322 36.81
Ce 93.79 56.17 64.83 68.39 63.84 10146 63.77 61.60 27.66 383 50.41 64.71 78.96
Pr 10.64 6.93 6.99 8.37 6.95 11.36 6.87 6.58 3.53 4.41 5.53 7.13 8.76
Nd 44 .54 2941 29.43 3523 29.12 4941 29.09 27.07 1533 15.8 2321 29.66 37.28
Sm 9.37 6.12 6.42 7.28 583 10.35 6.09 5.39 3.35 2.96 4.89 6.05 8.31
Eu 1.80 1.36 1.37 1.63 1.33 2.08 1.24 1.12 0.89 0.58 1.01 1.26 1.49
Gd 7.70 498 5.15 571 4.61 8.30 4.90 425 2.88 293 3.89 4.88 6.53
Tb 1.35 0.86 0.89 0.96 0.75 1.44 0.80 0.71 0.55 0.41 0.69 0.83 1.17
Dy 7.71 4.96 493 538 4.17 8.06 4.18 3.85 3.55 222 4.08 4.63 6.94
Ho 1.52 0.98 0.92 1.07 0.86 1.58 0.79 0.75 0.81 0.41 0.84 0.91 1.37
Er 4.48 2.81 2.74 3.20 2.69 4.65 2.35 2.30 2.59 1.18 2.56 2.73 4.02
Tm 0.65 0.41 0.40 0.48 0.41 0.66 0.35 0.35 0.40 0.18 0.39 0.40 0.58
Yb 4.09 2.48 2.62 2.98 2.68 4.04 225 2.20 2.65 1.28 2.52 2.58 3.54
Lu 0.57 0.33 0.36 0.41 0.37 0.55 0.32 0.32 0.38 0.19 0.36 0.36 0.48
>REE 239.01 14732 15885 177.20 156.15 251.83 15424 147.01 80.20 90.85 12461 159.35 196.23
LREE 21094 12953 140.84 157.03 139.62 22254 13829 13229 66.39 82.05 109.27 142.02 171.60
HREE 28.06 17.80 18.02 20.17 16.52 29.29 15.94 1471 13.81 8.8 15.34 17.33 24.63
LREE/HREE  7.52 7.28 7.82 7.79 845 7.60 8.68 8.99 4.81 9.32 7.12 8.20 6.97
Lan/Ybn 891 8.54 8.71 8.70 8.72 8.49 9.96 9.97 424 11.21 6.89 9.22 745
JEu 0.63 0.73 0.71 0.74 0.76 0.66 0.67 0.69 0.85 0.60 0.68 0.69 0.60
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Table 2 Geochemical composition of the metamorphic rocks basement of the Xiangshan uranium orefield
(major elements: %, trace elements: 107)

i) fliZl PAAS
SHIE AR THCE Humd TR ARth o
D0144.2 D0143 D01422 D3671.2 D3675.2 D3007.2 D3670.6 D3672.2 D3673.1 D3675.1 D3674.3 D4582.2
Si0, 76.95 6645 63.09 59.52 6752 5427 6314 6501 6789 6286 7045 6676 628
AL O3 1123 1619 17.88 19.71 1503 1849 1683 1659 1449 1846 1419 1574 189
Fe,0s 1.13 1.67 1.82 2.86 291 1.72 2.12 221 1.39 2.96 1.86 1.39  6.50
FeO 318 502 562 3.68 345 5.88 4.65 3.98 397 295 278 4.48
MgO 138 223 224 2.62 2.04 3.15 2.81 2.56 2.06 232 1.86 223 220
CaO 020 033 0.60 025 0.24 1.74 0.47 0.17 1.61 0.09 0.39 0.010 130
Na,O 1.53 1.01 1.78 0.96 2.11 1.57 0.83 0.47 1.99 0.06 1.44 223 1.20
K,O 219 368 346 4.70 228 434 4.00 3.89 294 437 3.08 256 3.70
TiO, 054 077 084 1.01 0.78 1.17 0.83 0.87 0.67 0.98 0.76 0.80 1.00
MnO 005 009 0.13 0.04 0.08 0.14 0.07 0.04 0.09 0.05 0.07 0.034 0.11
P,0s 008 0.13 0.31 0.19 0.11 029 0.18 0.14 0.16 0.06 0.17 0.14  0.16
N 1.41 2.09 1.84 421 327 6.53 3.76 3.82 239 4.69 2.82 332
B 94.09 78.68 3893 107.75 2937 150.74 6297 9287 4796 7531 6761 2650 650
F 310.05 556.47 530.01  571.74 267.87 620.10 486.01 476.19 42734 385.06 42445 638.00
Ba 261.25 367.60 363.60  1160.0 51580 683.20 996.80 98590 730.70 1132.0 697.95 426.00
\% 76.66 131.00 12730 14530 10390 15455 117.00 120.00 100.90 15730 117.50 91.40
Cr 61.70 9022 97.46 97.63 7630 10511 7147 7337 6243 9516 6959  81.50
Zr 196.39 187.81 186.55 297.09 21375 29598 22982 21834 20870 19640 207.70 231.00 210
Sc 1142 2090 2323 2085 1428 2253 1569 1741 1336 2276 1587 1630 16.00
Sr 4794 6479 64.07 7732 6267 15815 141.10 5985 28940 63.14 13460 51.70 200
Ga 1534 21.75 21.59 2574 1936 2689 2231 2173 1871 2524 1825  21.00
Li 2878 5334 5296 6562 3423 5366 5990 5470 4477 5097 4272  34.00
Be 1.40 247 211 3.26 1.77 3.13 3.16 2.76 223 279 223 1.98
Co 1223 1999 18.06 2388 1794 2716 2030 2069 1824 1496 9.94 14.70
Ni 20.87 37.17 3801 4933 3789 6542 3843 4696 40.14 4595 2905 4340 55.00
Cu 3149 4573 10.20 4947 2943 3890 3426 4472 3863 4325 1744  21.00
Zn 50.27 66.54 6212 137.60 9650 13920 132.00 132.70 110.00 14390 101.90 109.00
Rb 6283 7245 73.62 49.13  47.67 6294 7430 5554 4746  61.17 5258 114.00 160.00
Nb 7.17 1204 1320 1553 1059 1501 1123 11.75 9.56 1399  11.05 1890 19.00
Th 1143 1570 17.62 15.70 8.36 1816 1286 1414 10.17 1244 1245 1150 146
U 2.31 282 345 332 1.69 322 2.64 2.70 1.97 241 1.99 1.85 3.1
Y 18.68 33.13 45.65 3370 2620 3844 3026 2667 2260 3778 1594  26.50 27
La 2588 3512 5092 4754 4003 4971 42,66 4872 3469 4905 2560 347 38
Ce 53.09 7372 105.63 9448  36.65 10277 90.70 7971 6437 5553  63.66 69.9 80
Pr 569  7.86 1138 11.18 9.55 1127 1018 1121 7.64 12.52 5.61 859 883
Nd 2407 33.11 49.78 4589 4021 4779 42,69 4428 3196 5382 22385 327 339
Sm 526 7.5 11.15 9.10 7.93 9.83 8.44 8.48 6.45 11.01 432 6.77  5.60
Eu 1.09 1.41 1.99 1.93 1.82 2.04 1.86 1.80 1.52 232 0.98 1.57 1.10
Gd 416 576  9.04 7.19 5.83 7.91 6.72 6.52 525 8.15 3.54 586  4.66
Tb 0.71 1.06 1.61 1.20 0.96 1.33 1.11 1.07 0.86 1.34 0.57 089  0.77
Dy 388 632 912 6.56 5.08 7.52 6.02 5.67 4.66 7.11 3.17 504 440
Ho 0.75 1.28 1.78 1.28 0.97 1.48 1.15 1.07 0.88 1.40 0.62 096  0.99
Er 225 387 524 3.79 2.87 4.44 3.38 3.11 2.57 4.14 1.98 268 285
Tm 034 058 074 0.55 0.41 0.64 0.50 0.44 0.36 0.59 0.30 039 040
Yb 223 368 459 338 247 4.00 3.08 2.79 232 3.56 201 256 2.80
Lu 032 051 0.61 0.46 0.33 0.54 0.42 0.39 0.32 0.49 0.29 037 043
>~ REE 129.71 181.43 263.58 23451 15510 25125 21888 21526 16386 211.02 13551 17298 185
LREE 115.08 15837 230.85  210.11 136.19 22340 196.52 19420 146.63 18425 123.03 15423 167.7

HREE 14.63 23.06 3273 2440 1891 2785 2237 2106 1723 2677 1248 1875 173
LREE/HREE  7.87 6.87 7.05 8.61 7.20 8.02 8.79 9.22 8.51 6.88 9.85 823 9.68
Lan /Ybn 833 6.84 7.95 10.08 11.63 8.92 9.94 1253 10.73 9.87 9.15 9.72 8.81
J Eu 0.69  0.65 0.59 0.70 0.78 0.68 0.73 0.71 0.78 0.72 0.74 0.74  0.66
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Fig. 4 Discrimination of rock types
a—Simonen diagram"®; b—Diagram of (ALOs+Ti0.)—(SiO-+K,0)— X other components for metamorphic rocks of the study area'
I —Quartz sandstone; Il —Quartz sandstone with minor amounts of other minerals or quartzite sandstone; [ll —Complex mineral sandstone;

IV —Feldspathic sandstone; V —Calcareous sandstone and iron—rich sandstone; VI—Weak chemical weathering (a—Mainly greywacke; b—Complex
mineral siltstone; c—Argillaceous sandstone and continental clay from boreal and temperate climate zones; VI —Medium chemical weathering of clay
from boreal and temperate climate zones of marine and terrestrial areas; Vll—Strong chemical weathering of clay from humid climate zones;
IX—Carbonate clay and iron—rich clay; X —Marl; XI-Siliceous marl and iron sandstone; Xll—~Iron—rich quartzite (jaspilite)
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