Vol.13 No.1

BTNy 7wy R A

BKEEICHESIFLE R DKL ZES): BKRIZEITS
Am, Cm DFITEEIZH T HRE

EEEZ" /NIRE"

BUKMESLR (BELSLIR) MU OBKEE %2 1o XREE, 74 A NEAEATOR EE RO &2ITo7-. Mt
T HE O MERAL RO (A 1 ey DM, La/Sm b, Bu B%) 13, K,0 1 »F v 7 A (=K,0/ (K0 + Na,O + CaO
+MgO) x 100), MEHEFRAMAMHEE (8%0) LRRLTWD Z EMHLMIR 7=, ZOBMRIE, A HECHE N EUKIESE
RAERDE B L OZFDIELITBNT, BHANLEK~NTEALEBITES, £7-, BokhbEa~fnsn-<cbsr5 =
EERLTWD. Am & Cm OfLZEAELILE Ch 287 HHELEOHIRILEEENE, b L b EUK LS5~k B
FEMREBLIZE LT, Am, Cm LEUKIEAIC L Y & L VIHEBESEY T 7 2 LR HEUK~T & A EBAT L7
W L ERIRT S,

Keywords : ELAJVRSHEREZEY), +F1507+05, BEHERRE, hELS, BKEE, F1ETER, CENELTR,
FAYOI L, 2ol

Rare earth element (REE) contents of hydrothermally altered dacitic and basaltic rocks in the Kuroko mining area were analyzed.
It was found that geochemical features of REE (Light REE/Total REE ratio, La/Sm ratio, Eu anomaly) are related to K,O index (=
K50 / (K,0 + Na,0 + CaO + MgO) x 100) and oxygen isotopic composition (8'*0). This relation indicates that LREE (light rare
earth element) did not remove from the rocks to hydrothermal solution and were probably added to the rocks from hydrothermal
solution at and near the site of hydrothermal ore deposition. This geochemical behavior of LREE which are considered to be
chemical analogue elements for Am and Cm suggests that Am and Cm would not remove from the high level nuclear waste glass if
the hydrothermal solution ascent to the disposal site and contacted with the high level nuclear waste.
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Fig.1 Location of drilling cores studied in Hanaoka -
Shakanai — Matsumine district. Shaded part means Kuroko
ore body.
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Fig.2 Hydrothermal alteration zoning in GG’ and dd’ sections
in Fig.1 (Utada et al., 1983). CS zone: chlorite-sericite zone,
Kf zone: K-feldspar zone, Mt zone: montmorillonite zone.
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Table 1 Analytical data on the samples from drilling cores. Oxygen isotopic data are taken from Matsuhisa and Utada [3].

‘Alterstion zong CS zone Kf Zoane Mo Zone Mt Zone, Md zone
drilling core MR162 MRS8I SRAG o7 MR221 K135 i MR162 o7 SKI38  SKS556 o7 MRIZ1 SR46 D12 MR221 3] 012

Sopth 363.6m__30%Tm __ 2304m__ 3743m_ 3710m__ W08m__ W04m _ 300.0m__ 3%3.0m | 304.6m _ 3346m_ 3564m__ 275.0m__ JWLO0m | 3765m _ 2083m | 240.Tm __1650m_ 177.0m__ G6Sm | 1374m
o 102 69 20 7.0 59 64 as 122 T4 10.7 83 134 T8 84 122 133 111 192 169 175 194
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K0 293 411 4.76 435 54 192 3.6 143 570 448 519 430 313 6.9 261 an i L1 L1 040 301
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Total a7 99.38 9935 10192 99,12 9852 98.95 9861 9842 9915 100,71 o848 944 58.52 o881 5839 99.77 98.95 99.23 9810 %79
Al TL55 96.20 853 770 96,39 96,60 83.95 3538 96,00 64,38 7578 79,66 T8 96.92 66,86 342 48.62 3885 29.59 51.87 49.64
K0 Index 4510 .22 5477 5195 80,97 50.67 47.66 2132 64.91 53.96 55.64 47.65 50.02 74T se2 3683 40.95 1510 1578 6.35 3.6
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Ce 4546 719 g 659 683 559 476 581 BRT 463 493 ] B3 661 386 303 301 418 244 ELE) 518
Fr LX) M 418 T.62 .99 6.68 513 6.65 103 575 263 8 094 734 4.56 4448, 437 512 27 404 64
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Sm 4T 16 EL ) 6.37 6.01 528 ER- 563 7.5 23 4.31 n 686 5.5 4.31 4.0 448 4.83 163 3.48] &1l
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Gd 406 5.99 518 641 6.07 625 36 5.86 477 6.04 im 42 526 65 4.62 4.5 43 497 27 3.66 609
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Dy 361 273 621 5.66 501 584 2,57 522 65 598 368 481 424 4,66 527 532 EES] 4.88 319 4.661 487
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Er 2.68 L7 41 363 318 393 1L 3 4.56 n 17 o7 216 3 33 91 2.86 i 18 205 i)
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Table 2 Description on the samples from surface outcrops. pl: plagioclase, Kf: K-feldspar, ch: chlorite, q: quartz, ser: sericite, py:
pyrite, mt: magnetite, +++: very abundant, ++: abundant, +: present.

Sample No. Location Rock Minerals

T-1 Vicinity of Takarakura mine sericitized-choloritized rock q:+++ ser++ ch:+
T-2 Vicinity of Takarakura mine sericitized rock q:+++ sen+

T-3 Vicinity of Takarakura mine silicified rock g+ Kb+ ser+
K-1 Komaki mine, 30m far from Kuroko ore  silicified-sericitized rock gttt

K-2 Komaki mine, outcrop of ore sericitized rock q:++ sert py:t
K-3 Komaki mine, outcrop of ore silicified rock q:t++ sert+ py:t+
A-1 Point A hanging wall dacite q++ ple++ Kft+ mt:+
A-2-1 Point A ZLougakura dacite qit+ pli++ Kfi+ kar+
A-2-2 Point A ZLougakura dacite q:+ pli++ Kfi+ ka:+
A-2-3 Point A Zougakura dacite q:++ pli++ Kf:+ ka:+
B-1 Point B ore horizon dacite q:++ pli+ Kfi+

C-1 Point C footwall dacite (eruption center) qi++ pli++ Kfi+

C-2 Point C footwall dacite g+ pli++

F-1 Furutobe Mine, 300m north of mine altered basalt pl:++ ch:+

F-2 Vicinity of Furutobe mine altered basalt q:++ pli++ chi+

F-3 Vicinity of Furutobe mine altered basalt q:++ plit+ chit

Ai-1 Vicinity of Ainai mine altered basalt pl:++ che+

Ai-2 Vicinity of Ainai mine altered basalt pl:++ ch:+

Table 3 Analytical data on the samples from surface outcrops.

Location Takarakura Mine Komaki Mine Point A Point B Point C Furutobe Mine Ainai Mine
Sample T-1 T-2 T3 K-1 K-2 Al A-2-1 A-2-2 A-2-3 B-1 C-1 C2 F-1 F.2 F-3 Ai-1 Ai-2
8i0; 76.58 30.68 3413 96.53 5149 7481 T0.57 51.09 1097 7243 7522 36.63 5047 50.68 5193 4077 4738
Ti0, 030 023 0.14 008 032 0.19 039 129 0.41 0.29 0.27 0.16 0.356 0.73 0.76 0.96 077
AlO; 11.77 11.69 815 103 2474 10.60 1320 1931 13.45 13.44 1252 733 15.18 14.25 1434 1531 1575
Fe, 0y 216 0.52 0.23 0.58 3.19 1.72 imn 732 343 1.89 1.65 043 973 9.58 846 9.58 2.14
MnO 017 0.01 0.00 0.02 001 0.04 016 027 0.13 0.01 006 0.02 017 0.18 0.24 015 0.13
MgO 196 0.34 0.00 0.00 219 0.69 1.35 448 125 052 0.42 0.00 7.21 833 6.91 659 6.90
Ca0 0.06 0.05 030 0.04 003 1.60 195 333 1.67 1.25 035 0.57 617 356 391 7.89 1109
Na,O 0.07 0.00 0.49 0.00 002 1.70 32l 323 328 451 431 230 437 382 440 4.30 3.28
K0 .06 234 356 013 731 233 200 263 202 1.69 272 0.97 110 0.26 038 0.82 0.11
Py0s 002 001 0.m 0.00 0.02 0.02 007 0.52 0.08 0.04 0.03 0.01 0.16 0.10 012 011 0.12
LO1 236 2.34 1.07 1.08 6463 464 217 529 198 232 095 0.58 3.24 742 6.73 3.30 4.35
Total 99.00 9874 10008 99.50 9598 9833 9398 9875 938.74 0838 99.00 99.56 98.64 93.02 98.66 90.20 90,02
AL 97.59 98.02 87.54 7514 9942 47.30 3939 5202 39.74 277 3731 2240 44.07 53.81 46.74 37.30 3230

K70 Index 59.45 35.45 37.54 7514 76.50 36.36 2354 1926 24.57 21.19 277 22.40 533 1.64 247 4.16 0.53
MgO Indexd  33.14 12.57 0.00 0.00 2292 10.94 1585 3276 15.17 6.52 5.04 0.00 38.25 5217 4427 3364 3228

La 19.0 15.4 795 2.70 12.4 200 1515 133 15.6 15.9 14.7 10.9 592 6.20 3.63 4.88 4.79
Ce 43.6 34.1 15.9 615 32.8 447 3524 341 EXR 30 29.1 224 14.7 14.7 183 12.0 11.8
Pr 5.50 4.31 1.72 074 435 539 445 430 4.60 335 324 2.34 209 1.38 245 1.61 1.56
Nd 229 17.3 6.09 117 1835 216 19.54 231 19.3 124 123 84 9.60 829 10.57 7.84 .71
Sm 535 372 1.12 0.75 490 541 434 695 4.95 2465 257 1.85 264 196 2.82 2.02 210
En 1.02 0.660 0.264 0.133 0.667 0.823 1586 137 158 0.456 0.562 0.257 1.01 0.633 1.00 0.8305 0.306
Gd 169 303 103 0.87 475 510 517 .14 5.01 242 266 1.63 110 251 325 259 244
Tb 0.592 0415 0.136 0.158 0.761 0.790 0.796 153 0828 0.360 0.421 0.309 0514 0396 0.542 0437 0.440
Dy 276 233 1.15 112 453 551 540 10.8 524 234 289 2.09 14 242 317 284 267
Ha 0.585 0.475 0.263 0238 0.847 1.12 1.100 216 113 0.466 0.600 0.471 0.748 0534 0.2 0.603 0576
Er 222 145 0.634 0814 267 351 33 606 332 143 207 1.65 211 1.52 194 1.90 1.72
Tm 0.231 0.211 0.113 0.092 0362 0.508 0439 0.367 0.436 0.239 0.301 0.258 0.207 0.222 0.285 0.234 0233
Yb 239 142 0.937 0.758 235 334 3332 316 337 1.54 192 1.86 197 1.51 1.76 1.31 1.48
Lu 0.251 0.221 0.143 0119 0.293 03538 0.500 0.797 0533 0.255 0321 0.299 0323 0.218 0233 0232 0237
La/Sm 223 261 447 226 156 233 197 120 198 376 360 370 141 200 190 1.52 1.43
La/Yb 5.36 7.31 5.73 240 3355 332 307 1.74 312 6.96 316 396 203 27 333 1.82 2,18
En/Eu® 0.66 0.58 0.74 069 041 047 096 0.72 0.96 0.54 0.65 0.44 1.08 0.95 0.99 1.07 1.08
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Fig.10 The relationship between La/Sm ratio and K,O
index, and Eu/Eu* and K,O index of surface outcrop
altered felsic rock samples.
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Fig.11 The relationship between La/Sm ratio and K,O
index, La/Yb ratio and K,O index, and Eu/Eu* and K,0
index of the surface outcrop altered basalt (this study) and
drilling core samples (Post ore, Pre ore) ([5]).
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Fig.12 The dependence of concentration of K*, Na*, Ca?*
and H,SiO4 in equilibrium with K-feldspar, Na-feldspar
and quartz on temperature (Shikazono et al., 2002[6]).
A-B: Na' concentration in solution in equilibrium with low
albite and adularia, C-D: K* concentration in solution in
equilibrium with low albite and adularia, E-F: H;SiO,
concentration in solution in equilibrium with quartz, G-H:
Ca concentration in solution in equilibrium with low
albite and anorthite. I-J, L-M, O-P: Temperature changes
during adiabatic ascent of hydrothermal solution whose
initial compositions are in equilibrium with silicates at
points I, L, and O and changes of chemical compositions at
the site of mineral precipitations (J-K, P-Q) and
dissolution (J-N). Chloride concentration is assumed to be
1mol/kg-H,0.
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