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Geochemical Characteristics of Black Slate and Coaly Slate from the Uranium

Deposit in Deokpyeong Area

Dongbok Shin* and Sujeong Kim

Department of Geoenvironmental Sciences, Kongju National University, Korea

Geochemical study was performed on black slates and interbedded U-bearing coaly slates in Deokpyeongri area,
the representative uranium mineralized district of the Ogcheon Metamorphic Belt, to discuss the genetic environ-
ments of the uranium deposit. REE concentration (254 ppm) of the black slates is higher than that (169 ppm) of
the coaly slates and NASC-normalized REE patterns of the coaly slates show remarkable positive Eu anomaly. The
redox-sensitive trace elements such as V, Cr, Co, Ni, Mo and U in the coaly slates are highly enriched compared to
the black slates, especially for V of 24 times, Mo of 62 times, and U of 60 times. In additions, Pd and Pt are also
enriched in the coaly slates. Positive Eu anomaly and the noticeable enrichment of the elements listed above com-
pared to those of NASC indicate that those elements were not derived from common seawater but deposited under
high temperature and reducing environment of submarine hydrothermal activities. Wide compositional ranges of
major elements (SiO/ALO;: 3.98~11.88, AlL,O3/NayO: 25.62~139.06, K,O/Na,O: 6.80~46.85) also suggest that the
source rocks of the sediments are mixtures of sedimentary tocks and igneous rocks. Higher sulfur contents in the
coaly slates, 2.6 wt.%, than those in the black slates, 0.6 wt.% also indicates that the former was influenced by
hydrothermal activities containing much sulfur. These geochemical characteristics are similar to the genetic environ-
ments of South China type PGE deposits (Mo-Ni-Zn-PGE) which is geotectonically correlated with the Ogcheon
Metamorphic Belt and is known as sedimentary-exhalative deposits. In conclusions, the uranium and other metallic
elements mineralization seems to have occurred in the sedimentary basin that was affected by submarine hydrother-
mal activities and rich in organic materials under oxygen-poor environments as well.
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Fig. 1. Geologic map of the Deokpyeongri area (after Lee, 1986).
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Fig. 2. Outcrop images of black slates and coaly slates from
the Deokpyeongri area. (A) platy black slate; (B) massive
black slate; (C) coaly slate (Co) in sharp contact with black
slate (Bk); (D) highly deformed coaly slate.
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Fig. 3. Photomicrographs of slate samples from the Deokpyeongri area. Black states (A~C) consisting mainly of quartz (Qt),
caleite (Ce), biotite (Bt), muscovite (Mus), tremolite (Tr) and pyrite (Py), and coaly slates (D~F) showing abundant
occurrence of coal materials (Co) with quartz, muscovite, phlogopite (Ph), pyrite and pyrrhotite (Po).
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Table 1. The concentration of major elements in samples (wt.%)
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Sample Si0, ALO; TiO, Fe,0; MgO

Ca0 Na,0 K, 0 MnO P,0; LOI

Total

Black slate

DP-2 68.71 15.79 0.76 1.74 1.38
DP-7 4497 2146 0.45 2.90 4.85
DP-8 6193 1930 0.95 6.33 1.85
DP-9 61.63  18.69 0.97 691 1.60
DP-16 7419 1420 0.61 1.43 0.60
DP-17 70.18  14.80 0.61 1.60 1.05
DP-18 68.80  14.58 0.44 5.28 1.53
DP-19 6244  16.96 0.93 7.50 1.72
DP-23 68.43  17.68 0.95 0.32 1.27
DP-35 45.50 9.74 045  13.01 12.93
DP-41 63.10  20.06 0.57 0.95 1.09
DP-42 37.78  10.66 0.58 5.33 1.70
DP-45 4352 11.20 0.59 6.16 1.75
DP-46 4638  12.61 0.50 4.44 1.60
DP-47 42,14 1133 0.63 5.17 1.68
DP-52-3 6283  18.68 0.85 3.62 2.30
Coaly slate

DP-12 63.64 8.42 0.34 5.69 1.00
DP-13 45.09 9.93 046  10.77 1.27
Dp-14 66.54 7.39 0.34 5.65 0.73
DP-20 25.79 5.85 0.25 3.70 225
DP-25 41.27 6.37 027 2.75 393
DP-26 48.97 7.01 0.37 2.92 437
DP-27 63.64 5.36 0.15 0.76 041
DP-28 55.39 8.05 036  16.03 0.91
DP-29 59.62 7.38 034  13.07 0.83
DP-30 56.97 9.79 0.62 1.77 1.64
DP-31 5283  10.52 0.73 3.59 4.66
DP-32 42.07 9.28 047 1134 2.25
DP-33 4830 1047 0.53 2.90 1.52
DP-34 5436 1134 0.72 1.89 5.01
DP-36 5459 1040 0.64 2.36 4.55
DP-37 62.06 1559 0.64 1.94 1.16
DP-38 51.69 9.69 0.62 1.83 4.07
DP-39 5722 1047 0.54 3.44 1.60
DP-51-6  40.86 7.70 046 1092 430
DP-51-8  52.05 8.94 0.48 6.44 2.12

1.24 0.43 447 0.00 0.14 5.65
222 1.09 543 0.01 0.04 1597
2.48 035 5.22 0.05 0.17 2.15
1.69 0.50 537 0.04 0.16 229
0.07 0.09 469  0.00 0.06 3.77
0.72 0.15 5.10 0.01 0.10 5.83
2.72 0.98 3.05 0.05 0.11 2.25
270 0.73 3.71 0.08 0.18 1.94
1.90 0.55 4.91 0.01 0.12 3.16
9.86 1.33 0.75 0.18 0.21 5.62
0.26 0.57 5.60 0.00 0.06 7.40
21.64 1.10 1.83 0.07 0.10 1752
19.11 1.21 1.87 0.10 010 14.12
16.64 0.71 3.78 0.10 0.17 9.94
20.77 0.93 220 0.07 0.11 15.11
0.17 0.42 5.21 0.02 0.09 4.93

1.32 0.12 2.30 0.00 048  16.59
0.46 0.14 273 0.00 030  26.67
1.05 0.06 2.28 0.00 0.58  15.06
5.71 0.13 1.76 0.05 - 4274
5.88 0.07 2.18 0.04 0.60  33.61
1.21 0.05 2.51 0.01 042 3228
0.31 0.04 1.62 0.00 020 2726
0.72 0.28 2.53 0.00 050  14.11
0.76 0.19 222 0.00 040 1497
0.97 0.14 2.57 0.00 056 1840
1.34 0.11 325 0.00 - 2140
7.33 0.11 2.52 0.05 053 13.29
1.43 0.17 2.25 0.00 0.53  21.39
2.08 0.20 2.11 0.01 032 1536
2.02 0.18 2.00 0.01 046 1683
1.87 0.24 4.56 0.01 028 1039
0.83 0.09 3.03 0.01 043 2464
2.19 0.17 2.94 0.02 065 13.56
0.67 0.30 2.04 0.02 035 2846
1.19 0.15 278 0.02 047  21.89

100.33
99.39
100.78
99.84
99.71
100.15
99.80
98.89
99.30
99.58
99.67
98.33
99.73
96.89
100.15
99.13

99.89
97.82
99.69
88.24
96.97
100.14
99.74
98.89
99.79
93.43
98.44
89.23
89.48
93.40
94.04
98.74
96.92
92.80
96.09
96.52

- : below detection limit

Ca0(0.07~21.64 wt.%), K,0(0.75~5.60 wt.%), LOI
(1.94~1752 wt.%)9] MAE Ho|s, eddugtel 7
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wt.%), Fe)03(0.76~16.03 wt.%), Mg0(0.41~5.01
wt.%), Ca0(0.31~7.33 wt.%), K,0(1.62~4.56 wt.%),
LOI(10.39~42.74 wt.%)9} 22 W& 2 U2 Hel
THTable 1). ©EAEe S AL Hjg| S3,
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Table 2. The concentration of rare earth elements in samples (ppm)

Sample La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu (La/Yb)y EwEu* SUM
Black slate

DP-2 403 751 85 430 55 12 59 07 42 08 26 03 24 03 17 1.0 191.0
DP-7 281 463 62 303 66 20 78 11 72 16 50 07 50 08 06 1.3 1486
DP-8 452 867 95 488 69 18 68 08 46 09 27 03 24 03 19 1.2 2178
DP-9 428 826 91 468 66 17 65 08 46 09 28 04 25 03 17 1.2 2085
DP-16 265 291 38 165 21 06 18 01 069 01 05 00 06 01 47 14 828
DP-17 395 712 86 427 59 14 61 08 43 08 26 03 22 03 18 1.0 186.8
Dp-18 502 1218 109 556 71 12 71 08 43 08 25 03 26 04 19 08 2657
DP-19 4661040 97 505 66 16 68 08 45 09 27 03 24 03 19 1.1 2379
DP-23 358 736 83 426 75 25 61 07 41 08 24 03 22 03 16 1.7 1873
DP-35 270 534 59 315 51 13 62 08 43 08 24 03 22 03 12 1.0 1415
DP-41 407 733 89 45 76 23 65 08 43 08 27 03 25 03 17 1.5 1956
DP-42 206 399 43 226 30 07 35 04 27 05 17 02 16 02 13 09 102.0
DP-45 223 426 45 241 33 09 42 05 31 06 19 02 17 02 13 1.1 1100
DP-46 226 468 53 278 53 23 43 05 29 05 16 02 14 02 17 22 1217
Dp-47 273 518 56 293 39 09 45 06 34 07 20 02 17 02 16 1.0 1322
Coaly slate

DP-12 611 1247 111 604 106 35 133 1.8 112 26 83 11 67 10 09 1.3 3174
DP-13 577 787 125 592 124 34 190 31 220 53 167 23 136 18 04 1.0 3078
DP-14 5551084 105 572 96 33 121 16 103 24 78 10 63 09 09 14 2869
DP-20 492 702 84 445 121 57 91 12 76 18 56 08 43 06 1.1 25 2213
DP-25 279 453 57 294 95 45 66 10 70 18 59 08 55 106 05 26 1520
DpP-26 8121583 160 812 144 46 120 14 77 18 57 08 47 07 17 1.6 3906
DP-27 302 511 53 289 51 21 39 04 22 05 16 02 12 02 25 21 1329
DP-28 885 1406 183 881 175 48 205 27 165 38 119 16 100 1.5 09 1.1 4264
DP29 574 746 120 577 119 32 151 21 140 33 106 15 90 13 06 1.1 2737
DP-30 369 692 77 408 203 118 72 10 64 14 46 06 39 06 09 40 2124
DP-31 573 1063 117 622 132 55 {15 17 114 26 80 11 62 08 09 2.0 2995
DP-32 568 1046 130 670 163 61 105 12 60 12 37 05 32 05 18 2.1 2906
DP-33 377 69.1 76 402 210 125 67 09 59 13 43 06 37 06 10 42 2123
DP-34 378 729 83 435 197 115 92 14 98 23 71 10 59 09 06 37 2313
DP-36 378 727 83 437 188 105 83 12 75 1.7 53 07 46 07 08 36 2217
DP-37 264 468 58 290 1065 54 47 07 42 09 32 05 30 05 09 33 1414
DP-38 458 748 92 478 159 79 95 13 88 21 67 09 59 08 08 29 2375
DP-39 387 681 78 400 140 75 68 09 39 13 42 06 38 06 10 3.3 2002
DP-51-6 430 568 93 458 70 15 89 10 62 13 41 05 33 05 13 0.8 189.4
DP-51-8 739 1133 152 780 11.9 35 156 21 146 35 112 1.5 90 12 08 1.2 3546

ARt NEot Antd oz ey o] Raly 4AE
BAETHFig. 4). £3], o}52 NASC(North American
Shale Composite: Gromet et al, 1984)2 ZZ=3)3}
Az @AM SARL B8] Ewt A3
F3l=lo] Yeiet Eu ol B Eunaso/Eu naso)®)
FARIGIME 08~220(8F 12)0)3, BEAE
Az Rt F7HE 08~4.2@F 23)0) ol&t). o]
ol e guigbol e Lavl 371 v, Cedllde
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5.3. MELEHIXIA] &[F8l2 (Redox-sensitive trace
elements}

SAFENH At gig S8 AskgedA]
A 9&, C; Mn, Co, Ni, Mo, Th, U)s} T &0
Sc, Ti @ Zr 945 NASC(Degens et al, 1958;
Wedepohl, 1974; Gromet et al, 198)2 EF3 et
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Fig. 5. Concentrations of some redox-sensitive elements
(V, Cr, Mn, Co, Ni, Mo, Th, U), as well as Ti, Sc and Zr for
(A) black slates and (B) coaly slates. The values were
normalized to NASC (Gromet et al., 1984), except V
(Degens et al., 1958) and Mo (Wedepohl, 1974).
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Table 3. The concentration of trace elements in samples (ppm)

A - 244

Sample Sc Ti \" Cr Mn Co Ni Zr Mo Th U S(wt%)
Black slate

DP-2 144 76441 1287 156.0 8.2 8.7 18.0 85.2 9.7 197 6.7 0.3
DP-7 125 45406 4780 1496 134.3 34 67.9 102.6 459 173 213 0.2
DP-8 212 94934 1422 97.6 5481 137 23.7 1063 09 191 33 0.5
DP-9 214 96920 1366 870 4299 194 31.1 91.6 08 199 34 0.7
DP-16 12.8 60907 1492 91.1 289 0.5 1.7 53.8 173 204 9.5 0.0
DP-17 135 61311 1248 94,1 131.9 257 152.4 68.7 21.8 187 9.3 0.4
DP-18 11.9 44084 65.9 76.7 4985 84 16.1 1316 05 305 4.7 0.1
DP-19 203 92841 1864 1213 7549 206 41.8 313 08 196 32 0.3
DP-23 185 95078 1990 1281 58.1 0.5 1.7 1585 277 170 83 0.1
DP-35 169 45102 99.8 80.1  1773.9 95 108.5 64.4 1.2 103 33 52
DP-41 21.9 57302 3954 1209 9.3 0.9 5.0 79.2 92 163 87 0.2
DP-42 142 5802.1 104.2 388 7396 159 28.2 66.5 02 100 13 0.0
DP-45 13.9 59404 1267 648 9872 189 326 73.8 03 108 1.4 0.0
DP-46 106 50255 114.6 68.5 10141 7.1 20.5 538 66 110 5.0 12
Dp-47 145 6343.1 1163 666 7472 129 25.8 384 03 110 1.4 0.0
DP-52-3 198 85470 2695 36.7 173.0 6.7 358 1555 19.1 140 48 NA
Coaly slate

DP-12 7.7 3419.1 44279 2755 83 135 314.0 527 7515 112 670.0 2.6
DP-13 8.0 45530 55994 1834 00 164 10343 1417 33609 126 589.8 49
DP-14 89 33533 75666 2144 0.0 103 592.3 507 7137 82 577.6 25
DP-20 38 25216 29088 1483 5311 112 713.0 519 9965 101 1101.0 2.0
DP-25 44 26527 41682 160.1 4182 7.5 124.0 493 6928 121 755.4 1.2
DP-26 5.7 37134 44913 2252 94.9 55 72.1 59.1 8307 122 101.6 1.4
DP-27 56 15479 25461 1372 0.0 34 99.8 278 2363 3.6 164.5 1.7
DP-28 9.5 36436 78363 4843 86 164 335.2 59.5 611.8 9.8 449.9 79
DP-29 85 34254 72207 3693 00 168 325.5 839 5473 7.9 431.1 7.2
DP-30 72 61513 13418 2456 40.2 58 24.6 50.5 197.0 119 163.5 0.9
DP-31 99 73093 1541.1 2035 313 110 273 1065 2915 162 302.8 1.9
DP-32 9.5 47317 14992 1695 4681 337 573.8 57.5 709 131 83.5 4.0
DP-33 6.1 53420 11878 209.8 0.0 107 102.5 440 2211 125 1335 1.8
DP-34 136 72028 16463 285.8 100.3 82 59.2 84.0 1775 110 166.2 2.0
DP-36 114 63715 17086 2235 82.1 82 76.5 80.6 2221 115 129.1 1.9
DP-37 149 63617 17954 236.0 116.3 46 76.3 99.7 1026 138 532 0.6
DP-38 69 62050 44923 301.1 74.6 7.1 48.5 87.1 4857 113 290.3 1.3
DP-39 92  5439.1 1370.1 213.7 187.9 9.7 160.2 86.6 2059 9.1 108.9 1.6
DP-51-6 83  4601.0 98240 6229 2390 23.1 1161.7 88.0 5863 6.3 3792 NA
DP-51-8 102 4840.0 122500 266.4 151.0 129 799.5 1157 10143 105 566.8 NA

NA: Not Analyzed
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Table 4. The concentration of platinum group elements, Re and Au in samples {ppb)

Sample Ru Rh Pd Ir Pt Re Au SUM(Pt-Group)
Black slate

DP-2 <100 <100 3127.2 <100 <100 <100 <100 3127.2
DP-7 <100 <100 4958.1 <100 <100 <100 <100 4958.1
DP-8 <100 <100 3908.0 <100 <100 <100 <100 3908.0
DP-9 <100 <100 4365.2 <100 <100 <100 <100 4365.2
DP-16 <100 <100 2558.0 <100 194.1 <100 <100 2752.1
DP-17 <100 <100 2761.6 <100 <100 <100 <100 2761.6
DP-18 <100 <100 4518.1 <100 <100 <100 <100 4518.1
DP-19 <100 <100 3931.1 <100 646.5 <100 <100 4577.6
DP-23 <100 <100 4583.3 <100 197.8 <100 <100 4781.1
DP-35 <100 <100 1994 .4 <100 <100 <100 <100 1994 .4
DP-41 <100 <100 2981.3 <100 <100 <100 <100 2981.3
DP-42 <100 <100 1888.6 <100 644.7 <100 <100 2533.3
DpP-45 <100 <100 2073.6 <100 982.3 <100 <100 30559
Dp-46 <100 <100 26428 <100 1026.5 <100 <100 3669.3
Dp-47 <100 <100 1451.7 <100 947.5 <100 <100 2399.3
Dp-52-3 <100 <100 6122.7 <100 <100 <100 <100 6122.7
Coaly slate

DP-12 <100 <100 3334.0 <100 <100 306.8 187.6 3334.0
DP-13 <100 <100 6803.9 <100 <100 1389.5 <100 6803.9
DP-14 <100 <100 2788.4 <100 20607.6 537.1 <100 23396.1
DP-20 <100 <100 33323 <100 1625.6 3115 <100 4958.0
DPp-25 <100 <100 3965.2 <100 <100 317.0 <100 3965.2
DP-26 <100 <100 1879.0 <100 <100 798.5 <100 1879.0
Dp-27 <100 <100 900.3 <100 5018.4 253.5 <100 5918.6
DP-28 <100 <100 6917.6 <100 <100 849.6 <100 6917.6
DP-29 <100 <100 5340.5 <100 <100 765.0 <100 5340.5
DP-30 <100 <100 2045.0 <100 <100 <100 <100 2045.0
DP-31 <100 <100 3858.1 <100 <100 376.9 <100 3858.1
DP-32 <100 <100 32979 <100 <100 141.2 <100 3297.9
DP-33 <100 <100 2542.6 <100 <100 236.4 <100 25426
DP-34 <100 <100 3985.1 <100 <100 235.5 <100 3985.1
DP-36 <100 <100 3834.8 <100 227156 381.2 <100 26550.4
DP-37 <100 <100 3703.7 <100 <100 183.7 <100 3703.7
DP-38 <100 <100 3074.2 <100 <100 617.5 <100 3074.2
DP-39 <100 <100 3281.0 <100 <100 3259 <100 32810
DP-51-6 <100 <100 9554.8 <100 <100 582.3 <100 9554.8
Dp-51-8 <100 <100 5982.7 <100 <100 1009.8 <100 5982.7
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6.2, ME-EUXA S FeL

ATAE SEAHAY iR V Cp Ni, Mo %
U Fo] ZFAIRWNASC) ¥ ozt SR Tte) v
3 F3kE e RoFd(Fig. 5), gutgles B
Adode 471 9496 Cd, Zn 2 Ag 59 &
o] Hlwa EspA vheidth e $¢ds) ¢
2 FI1EES] EA7L ol YAEY H3le FH ¢
Qe Aoz d#A SIvhBrumsak, 1986; Thomson
et al, 1993). E3], V o] A Uehls 2l o]
A9 Vol gid Weme A& #do] Jlom(Lee
and Lee, 1997), V& 283N = 8ot 18t
=4 HAE Vol F3d AL ¥714 =HEHI
& AARHH(Francois, 1988). 38, AT k3
THIE F3l¢] TaE HAEMME V,0; 3ol 13
wt%o] o8 Ao LA Ai(edwab ef 4,
1989), F=2] ALY F4S vleshe AldaM=
V,05 ol 5 wt.% 7o) o2& Ao=E wyE
u} K Coveney and Nanseng, 1991).

Mne SAETEEASHE D AHo] glor}
(Klinkhammer et al, 1983), 97AY A BoMe =
T o] Yehdth o]FA W Mn FEe 37
4 BAsA EeFgo Hr) Bt 5o
Mn**Z H8=8A Mno) H3E] JAE + g7
W Eo 2 s "briLibes, 1992).

9, AAAFE Be B4 AUdME Nigt o
Eo] Cort EFAIEQ] NASCH wis] Ratg Aoz
4HA Jork(Shearme er al, 1983) FFA|GolM =
] AgolA Co FEE EFAEY vAx) &
ke Zo® vehdthFig 5). 2E, S AdE B
o2 3= Ni-Mo EFE7|434e] slvtis 5=
SR A BaE ul oM (Lott ef al, 1999; Steiner
et al, 2001) 7AE NEZRIH FAMIS BoET.
ATAY SAHTAAA Mo ko] A 3360 ppm
o o]& AL A A& Rishe AMlolH,
o) FradE gifE F 12 ume] S0Y |
FHE B2 EXHo] de] BE¥shs o2 ¥
3 HHJeong and Lee, 2001).

BEdAA $2l5S Ht 360 ppm TFHFS B
olgd 24 2 #HEL $EUbo| E(uraninite)
7t FF o|FH o] gl Bajuiglo] E(brannerite), &
ELolE (autonite), WEFEHLIO) E (metatorbernite), £
oFF Lo E(metatyuyamunite) §o] FHEE Ao2

ByH v} dckLee ef al, 1981; Lee, 1986; Jeong,
2006; Kang et al, 2010). 8714 @78kl USH(&
84) ol &e U ESA) ol s o2 9
3 HHE U0, el JA= =], o83 Lehe3d
2 sy wEHEol 25 I, S F3HEEY
Ao FHEAA JAAE 5 e AR g4 ok
Mills et al, 1994; Butler and Nesbitt, 1999). ©]
o} A3 Lee(1986) B AU SEhg FE0]
AQY N3 AT AAE HolH AE3AL 3UE
U3 o] 58 HAZEL AER A% v}
HH, SAHEQbIA S U ko] e 6 ppme] ¥H,
AHHGNME 53~1101 ppme] HS HAE 2
F21e] 79 BEARNASCY s B < 1364
7V H3lE AL A7 kel gyl SR
HE]9] o] ofd ThE 71 ¥Fe WSS
AlAtgic,

V Cr, Mo, Ni 59 39480 F§dstE Ud
EAIA ZAIG A3 25 e ol
= JvErdtHFig. 6). T3 SAEAGLS SR ugt
Ho} AdFez 2 JABAIE Ho|XL oA T4
9] ¢ Al OE RN HHHIAY 32
Aol F ozl YaEe] AR LS ARS A
o2 M€
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6.3, YHFHUL

AAAZ o2 HAedel HFEdaEe] FHE AR
o] FolA BaHoe] gom, o iEe 34
AL 25 #Ho| dch(Hulbert et al, 1992;
Whitehead et al, 1992). o1&} EA}Eo] o3t Wiz
49 719E G5 9§ Fo=m o7|a e
(Pasava, 1993; Distler et al, 2004), £3] Z4t9]
7173 B As diFE Pdt Pt g &
EAJo] 9yrkSawlowicz, 1993). 4713+ vle} 7o) W
FEYA| TR T SFehe SR '
AR 3 A0lE el S| ERULS) vt
A2 gARTde] SAFAY vE 52
< Bt} Pt ST viE) el &
A3 & whH, Pde vYiRsiAY ot 22 HAE
HoZt}, 0|2 213 PYPd ¥lE 8-l T
0.20(0.04~0.65)°19 Ao], A 8M= 3.11(0.49~
7392 2 g BAFE} o] Bl Re 3= &2
Aol A3 =A vERdth

SAALE HFEFL s 9dl wet o
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Fig. 6. Correlation diagram of U and other metallic elements for black slates and coaly slates.

%), Mo-UV-(Au)-PGE(2Y) 2271 (Onezhsky)d),
Au-PGEEYeIA 1), Cu-PGE(ZEBaltic)® A 2et
¢l(Zechsteiny®, Z¥=)Green and Peck, 2005), €
A gdguagte] 4 o 9 B8 A7RE
o3 AANE 8 FEUS FEL T o
285 Mo-UV-(Aw)-PGE E3} $A18F Aoz 1o
™, QUZAT1Y B A GeHA ol uE
TG Gk oz guEA ) B3 &
e} Ar2H 0z A e Y523 7
T+ A S R Bl sidshes U g
ol Sl s AL Aol g ¥3F o

1o)X AE FAHe B81thCoveney and Nansheng,
1991; Lott er al, 1999; Jeong, 2006), A-7+2|¢
Aguere ety BalEhest AUE AERA Wg

= YaEF pEldadte] WAE v 23 U #

o) B& eARRYO Pt =3 WA B Vet
Uu], Pd= o Z7HE e HAAZOEM(Fig 6) A
[=]

FAS WAL FPo] by BEAET o

A5 AByol 98 % & ok
S, MEEY4E £5] Ini(0s, I Rw Pd-&
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o 413t okt B4 SHBRS sdshen 285
N shed, B @Tode A2 Wt Fniw
o 78 949 FFS WA Tagon B F
HH9l FUEHE B A7AY BIZUL 5 5
4e AN Bast Yok

7. dysd A @l

3718k ukel o] ElEEEe B |
A3 A vEh, s ArFATelM AAE bl
¢ AR 9% AV S FEeE B 4
Aok, AW EHEE AAd dig ks 372
oL URMH O R {IBo| TR A AiH
Yol HlopslAA H,S7t 4t o g U§%- B}
T U o F 71 H33F FHE Aoz &
HA g HLee et al, 1986).

I

3 Lee and Lee(1997)= S erdAmoh)
AEH = vuEHE Wewe] A steiwxdze
9] T2 g3 gzl TR HEZ §4g B) 3l

t} B S SR SAFARL SAHYG WS
< HRF(Cho and Kim, 2002), |2 Qs 243439
W7t BAgLeRBE 20 m 7] FAS 2
Sehe SETcke] a4l B a3 u WA
HgA $HES TR AAEQ FHhhe
WHale 24 g4ohke Zo® FHHTh

B A7ARoA AAE vk o] d7Xg gt
F SERRde] AT F@E)9) Eu oS Holx,
V Ni, Mo 59 gge] dubzl siridEzgn
#A R3=e] 9)ovHolland, 1979; Coveney and
Martin, 1983; Yu et al, 2009), &3] 98 W=
&(Pd, Pt o] E7) A&HE e ol80] 229
LAY deatga FREHYE 7S B
AETh 53], So FEke] SAHWRA HE 06
wt.%%] W, SRR E 2.6 wt.oEA HA3)
2o %8 ¥3ek=ul(Table 1), ol B2 ALe] A
A870] e tF ¥k G5 INE 7
£ Aske FACI o] A9 R3¢ e F
AE Yo tig Si0/ALO; ALOyNa,0, 2 K0/
Na,09] vx Z+z} 3.98~11.88, 25.62~139.06 &
6.80~46.852] HA2A 433 Y 2PHsE el

T olH AP HFEe ZUYol HAEgs 3
el EAERE 7FeAdel AlAHMcLennan et
al, 1984; Lee and Lee, 1997).

A S vieE STy ] Wt s

T E HA2 Yol 23 B F e et o
oA ERiskA] grom REHoz ebnel WRAN
yeles Aoz d#A oM Lee et al(1981)
olg olAF Fgol| & $etre AePo 3
I8 u} ok oloh #A Jeong(2006)S FWSIET
=6 e gl gz W B3 58 Ba $ES
HjEs) HgR o s nalE oy F&did 5L
e o LR FoeE BRRUAYo] AAIG
Fo] P F& HARANN Y Aoz NS
u} Ik,

<) A0l thake] Cluzel et al(1990)& St
7 Qi BN EFR o)Ak, M3l & kA
o) WA 2L WG s ATHY U (nappe)
9 Z3olgz s4si3em, Kim and Cho(2000)&
WAsplerRe] Aw 4w sPkakgel 27 13
RS ko) AMAYS] BY S03 Mol LA
o7} 8kRkE E7Y (high volcanicity rifty25-E 7]
AL 7FsAS AT

719} e AT AR BUAe) A =4
3 SHEA WPBAL 7T W) A7AG FSEHE
BEe AukAel slha e ded o] ofd )
AspIgEo] ukE HaRgot T oatHe &
SRge) gk wgkd Aow gAAL &,V Cr
Ni, Mo, Ut 2+& Abs} 3IxIA | d4E0] AR5 ¥3)
gol A2HE AL W4 BN A5 2Ee
AHA Ao o3 AL 5 den, 53, N,
Mo, Cr 5| 3492t 978 dALsS )
Z2 FFEYL Aoz 9k

X ro

AL AL

o] =R 200935 AHE @S| Alde
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< 34 gasdst e AAIA 4 e
=gt}

Brumsak, HJ. (1986) The inorganic geochemistry of
Cretaceous black shales in comparison to modern
upwelling sediments from the Gulf of California. In:
Summerhayes, C.P, Shaklet, N.J. (Eds.), North Atlan-
tic Paleoceanography. Spec. Publ. GSA, v.21, p.447-
462.

Butler, IB. and Nestbitt, R.W. (1999) Trace element dis-



53] A9 i) EAEmR gl Alrsisl 54 385

tributions in the chalcopyrite wall of a black smoker
chimney: insights from a laser ablation inductively
coupled plasma mass spectrometry (LA-ICP-MS).
Earth Planet Sci. Lett., v.167, p.335-345.

Cho, M. and Kim, H. (2002) Metamorphic Evolution of
the Ogcheon Metamorphic Belt: Review of Recent
Studies and Remaining Problems. Jour. Petrol. Soc.
Korea, w11, p.121-137.

Cluzel, D., Cadet, J.P. and Lapierre, H. (1990) Geody-
namics of the Ogcheon belt (South Korea). Tectono-
physics, v.183, p.41-56.

Coveney, RM. and Martin, S.P. (1983) Molybdenum and
other heavy metals of the Mecca quarry and Logan
quarry shales. Econ. Geol., v.78, p.132-149.

Coveney, R.M. and Nansheng, C. (1991) Ni-Mo-PGE-Au-
rich ores in Chinese black shales and speculations on
possible analogues in the United States. Mineral.
Deposita, v.26, p.83-88.

Degens, E.T., Williams, E.G. and Keith, E.G. (1958)
Application of geochemical criteria [Pennsylvania],
part 2 of environmental studies of carboniferous sed-
iments. AAPG Bull,, v.42, p.981-997.

Distler, VV, Yudovskaya, M.A., Mitrofanov, G.L., Prokofeyv,
VY. and Lishnevskii, EN. (2004) Geology, composi-
tion, and genesis of the Sukhoi Log noble metals
deposit, Russia. Ore Geol. Rev., v.24, p.7-44.

Francois, R. (1988) A study on the regulation of the con-
centration of some trace metals (Rb, Sr, Zn, Pb, Cu, V,
Cr, Ni, Mn, and Mo) in the Saanich Inlet sediments,
British Columbia. Mar. Geol., v.83, p.285-308.

Green, A. and Peck, D. (2005) Platinum group elements
exploration: Economic considerations and geological
criteria. In: Mungall, J.E.(eds.), Exploration for plat-
inum group element deposits. Short Course Series
v35, MAC, p.247-274.

Gromet, L.P, Dymek, R.F, Haskin, L.A. and Korotev,
R.L. (1984) The “North American shale composite”:
its compilation, major and trace element character-
istics. Geochim. Cosmochim. Acta, v.48, p.2469-482.

Holland, H.D. (1979) Metals in black shales - a reas-
sessment. Econ. Geol., v.74, p.1676-1679.

Hulbert, L., Carne, R., Gregoire, C. and Paktunc, D.
{(1992) Sedimentary nickel, zinc, and platinum-group-
element mineralization in Devonian black shales at
the Nickel property, Yukon, Canada: a new deposit
type. Explor. Min. Geol,, v.1, p.39-62.

Jedwab, J., Blanc, G. and Boulegue, J. (1989) Vanadiferous
minerals from the Nereus Deep, Red Sea. Terra Nova,
v.l, p.188-194.

Jeong, G.Y. (2006) Mineralogy and geochemistry of met-
alliferous black slates in the Okcheon metamorphic
belt, Korea: 2 metamorphic analogue of black shales
in the South China block. Mineral. Deposita, v.41,
p.469-481.

Jeong, G.Y. and Lee, S.H. {2001) Form of molybdenum in
the carbonaceous black slates of the Ogcheon Belt.
Jour. Miner. Soc. Korea, v.14, p.52-57.

Kang, S.A., Kim, YJ. and Lee, YJ. (2010) Genetic con-
sideration of uranium and vanadium minerals in black
slates of the Ogcheon Belt. (abstract), Korean Soc.
Econ. Env. Geol., p.95.

KIGAM(Korea Institute of Geoscience and Mineral

Resources), (2010) Total cycle technical development
for securing of domestic and overseas uranium
resources. KIGAM report, 122pp.

Kim, J.H. (1989) Geochemistry and genesis of Gury-
ongsan {(Ogcheon) uraniferous black slate. Jour.
Korean Inst. Mining Geol., v22, p.35-63.

Kim, TH. and Cho, M. (2000) Distribution and igneous
texture of metasedimentary rocks in “Munjuri For-
mation” of the Ogcheon Metamorphic Belt: existence
of high-volcanicity rift. (abstract), Petrol. Soc. Korea,
p.86.

Klinkhammer, G., Elderfield, H. and Hudson, A. (1983)
Rare earth elements in seawater near hydrothermal
vents. Nature, v.305, p.185-188.

Koh, HJ. (1995) Structural analysis and tectonic evo-
lution of the Ogcheon Supergroup, Goesan, Central
part of the Ogcheon Belt, Korea. Ph.D. Thesis
(Unpubl), Seoul National Univ,, 282pp.

Lee, C.H. and Lee, HL.K. (1997) Geochemistry and min-
eralogy of metapelite and barium-vanadium muscovite
from the Ogcheon Supergroup of the Deokpyeong
Area, Korea. Econ. Environ. Geol., v.30, p.35-49.

Lee, D.J. (1986) Mineralogy of low-grade uranium ores in
the black slate of the Ogcheon Group, Korea. Jour.
Korean Inst. Mining Geol,, v.19, p.133-146.

Lee, D.S., Yun, S.K,, Lee, J.H. and Kim, J.T. (1986) Litho-
logic and structural controls and geochemistry of ura-
nium deposition in the Ogcheon Black-Slate Formation.
Jour. Korean Inst. Mining Geol., v.19, p.19-41.

Lee, JH. and Kim, J.H. (1972) Geologic map of Goesan
Sheet 1:50,000. Geological and mineral institute of
Korea, 24 pp.

Lee, MLS. (1978) Geochemical study of granite intrusions
in the area of uranium bearing formation of the
Ogcheon System. Jour. Geol. Soc. Korea, v.14, p.113-
119,

Lee, M.S. and Chon, H'T. (1980) Geochemical corre-
lations between uranium and other components in U-
bearing formations of Ogcheon Belt. Jour. Korean
Inst. Mining Geol,, v.13, p.241-246.

Lee, M.S. and Kim, S.W, (1985) Uranium distribution pet-
terns and U-mineral in the U-bearing clay slate of
Ogcheon system. Jour. Korean Inst. Mining Geol.,
v.18, p.135-138.

Lee, SM.,, Park, HI, Kim, SJ., Park, B.S. and Lee, S.H.
(1981) Genesis of the uranium deposits m the
metasediments of Deogpyeong area, Goesan-gun.
Jour. Geol. Soc. Korea, v.17, p.53-68.

Libes, SM. (1992) An Introduction to Marine Bio-
geochemistry. Wiley, New York.

Lott, D.A., Coveney, RM. and Murowchick, ].B. (1999}
Sedimentary exhalative Nickel-Molybdenum ores in
South China. Econ. Geol., v94, p.1051-1066.

Manikyamba, C., Balaram, V. and Nagvi, S.M. (1993)
Geochemical signatures of polygenetic origin of a
banded iron formation (BIF) of the Archaran Sandur
greenstone belt (schist belt) Karnataka nucleus, India.
Precam. Res., v.61, p.137-164.

McLennan, S.M., Taylor, S.R. and McGregor, VR. (1984)
Geochemistry of Archean metasedimentary rocks,
West Greenland. Geochim, Cosmochim. Acta, v.48,
p.1-13.



386 S5 - A

Michard, A. and Albarede, F. (1986) The REE content of
some hydrothermal fluids. Chem. Geol., v.55, p.51-60.

Michard, A., Albarede, E, Michard, G., Minster, J.F. and
Charlouy, J.L. (1983) Rare-earth elements an uranium
in high-temperature solutions from East Pacific Rise
hydrothermal vent field (13 degrees N). Nature, v.303,
p.795-797.

Mills, R.A., Thomson, J., Elderfield, H., Hinton, R.W. and
Hyslop, E. (1994) Uranium enrichment in metallif-
erous sediments from the Mid-Atlantic Ridge. Earth
Planet. Sci. Lett., v.124, p.35-47.

Parr, JM. (1992) Rare-earth element distribution in the
exhalites associated with Broken Hill-type mineral-
ization at the Pinacles deposit, New South Wales,
Australia. Chem. Geol., v.100, p.73-91.

Pasava, J. (1993) Anoxic sediments - an important envi-
ronment for PGE: an overview. Ore Geol. Rev,, v.8,
pA425-445.

Ruhlin, D.E. and Owen, R.M. (1986) The rare earth ele-
ment geochemistry of hydrothermal sediments from
the East Pacific Rise. Examination of a seawater scav-
enging mechanism. Geochim. Cosmochim. Acta, v.50,
p-393-400.

Sawlowicz, Z. (1993) Iridium and other platinum-group
elements as geochemical markers in sedimentary
environments. Palacogeogr. Palacoclimatol. Palaeo-
ecol., v.104, p.253-270.

Shearme, S., Cronan, D.S. and Rona, PA. (1983)
Geochemistry of sediments from the TAG hydro-

thermal field, Mid-Atlantic Ridge at latitude 26°N.
Mar. Geol,, v.51, p.269-291.

Sotto, D. and Yoshiyuki, N. (1999) Rare earth elements in
seawater: particle association, shale normalization,
and Ce oxidation. Geochim. Cosmochim. Acta, v.63,
p.363-372.

Steiner, M., Wallis, E., Erdtmann, B.D., Zhao, Y. and
Yang, R. (2001) Submarine-hydrothermal exhalative
ore layers in black shales from South China and asso-
ciated fossils.insights into a Lower Cambrian facies
and bio-evolution. Palaecogeogr. Palacoclimatol. Palae-
oecol., v.169, p.165-191.

Thomson, J., Higgs, N.C., Croudace, LW, Colley, S. and
Hydes, D.J. (1993) Redox zonation of elements at an
oxic/post-oxic boundary deep sea sediments. Geochim.
Cosmochim. Acta, v.75, p.579-595.

Wedepohl, K.H. (1974) Handbook of Geochemistry.
Springer-Verlag, Berlin.

Whitehead, R.E.S., Davies, J.E and Goodfellow, WD.
(1992) Lithogeochemical patterns related to sedex
mineralization, Sudbury Basin, Canada. Chem. Geol.,
v.98, p.87-101.

Yu, B., Dong, H., Widom, E., Chen, J. and Lin, C. (2009)
Geochemistry of basal Cambrian black shales and
cherts from the Northern Tarim Basin, Northwest
China; Implications for depositional setting and tec-
tonic history. Jour. Asian Earth Sci., v.34, p.418-436.

20113 8% 13¥¢ YA, 2011 109 20¢ AAE



