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Long-term stability of geochemical environment at deep underground
——Case study of minor elements in carbonate minerals——

Takashi Mizuno” and Teruki IwaTsuki”

U Geological Isolation Research and Development Directorate,
Japan Atomic Energy Agency, 1-64 Akeyo-cho, Gifu 509-6132, Japan

Fracture-filling and fracture-lining calcites may preserve a signature of the chemical evolu-
tion process of groundwaters. To develop a methodology for assessing the paleo-hydrogeological
evolution of groundwater systems, especially with respect to understanding variations in redox
conditions, calcite fracture mineralization was studied using two deep boreholes (ca. 500 m and
1,000 m) drilled in the Tono area of central Japan. Calculated Eh values based on the variations
of Uand Fe concentration in calcite were plotted in the range from 0 180 mV to O 275 mV, from
0 104 mV to O 268 mV, respectively in the case of pHO 8. By combining the content of U and Fe
of calcite, based on the cathodluminescence characteristics, it is suggested that the redox condi-
tions have varied with a range of 90 mV as the calcite grew in the evolving groundwater in each
studied grains. Thus, the present study suggests that redox conditions in this area may have
changed little. Therefore, redox-condition of groundwater will be kept in reduction condition
during calcite precipitation. It is shown that the methodology carried out in this study is useful

for assessing the long-term hydrochemical evolution process.

Key words: calcite, redox condition, cathodoluminescence, rare earth element
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FigllD Sampling points and geological overviews
of DH-2 and DH-9 boreholes. Note that
“masl” means meters above sea level,
“mbgl” means meters below ground level.
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Cathodoluminescence microscope photomicrographs of sampled calcite. Each

point and number on images indicates analysis point and analysis number of
LAMP-ICP-MS, respectively. An area bounded by white solid line in sample of
DH-9 552 is micro-chemicaly map area shown in Fig. 5.
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Tabled LAMP-ICP-MS analysis result.

Sample  Sample  Analysis Fe U Rare Earth Element (mg/L) Com/Conc®
Number  Depth  Number (mg/L) (mg/L) Y La  Ce Pr Nd Sm Eu Dy Er  Yb Lu NN

DH-2321 321.55 1 47 024 420 187 281 336 161 392 244 552 295 156 202 0.85

2 331 243 415 668 162 222 116 33.1 1.99 655 489 346 475 1.0

3 459 0.69 819 294 832 096 808 3.78 026 1079 9.8 533 0.70 L2

4 448 026 574 136 476 0.1 373 186 011 608 441 374 062 12

5 577 071 196 220 409 565 372 105 085 201 176 124 201 0.88

DH-2430 43045 1 5027 045 174 129 245 275 119 305 145 245 110 787 113 0.99

2 249 027 280 249 4% 512 202 435 255 359 200 140 174 1.1

3 291 0.07 180 990 220 274 118 328 169 259 132 898 136 1.0

4 264 0.15 150 339 952 123 642 218 127 237 122 106 1.53 1.1

5 336 0.17 316 365 718 694 257 581 3.08 425 212 158 194 1.1

6 564 643 151 810 184 235 93.1  27.1 172 227 113 982 136 1.0

DH-9386  386.80 1 230 048 576 0.8 033 007 021 0.19 020 024 007 0.72
2 280 061 370 - 0.23 - 024 - - 0.14 019 0.17 0.02

3 2999 246 965 163 305 345 139 542 050 753 689 6.2 065 097

4 1373 1.67 428 166 3.14 057 342 3.60 .11 296 296 404 6.51 0.77

5 3929 394 453 868 172 253 136 103 298 499 411 474 800 0.88

DH-9537 53730 1 10164 1.25 031 0.1 0.5 004 - - - 0.09 - - 0.55

2 8529  0.06 435 614 105 113 585 1.69 331 261 228 030 0.95

3 10134 0.05 155 454 585 064 288 042 135 1.09 1.10 0.14 0.78

4 9531 1.28 059 0.5 046 007 0.15 - - - - - - 0.88

5 5746 0.09 530 105 133 180 742 1.56 0.10 4.15 340 338 044 0.73

6 8529  0.06 435 614 105 113 585 1.69 - 331 261 228 030 0.95

7 10134 0.05 155 454 585 064 288 042 135 1.09 1.10 0.14 0.83

8 10366 1.08 087 0.0 0.17 0.03 0.06 - - 0.10 0.12 - 0.72

9 9531 1.28 059 0.5 046 007 0.15 - - 1.1

DH-9552 55280 1 4243 0.17 141 513 793 9.6 394 106 028 160 126 147 195 0.88

2 3454 0.56 201 143 293 325 142 325 1.06 293 173 199 280 1.0

3 5911 0.26 158 795 145 193 856 320 098 247 151 140 251 0.89

4 4673 2.14 156 305 48.1 607 282 534 022 137 110 125 178 0.85

5 6763 22.6 280 202 387 442 178 420 125 447 285 351 515 0.98

6 6616 14.2 246 11r. 220 281 115 2998 078 434 309 399 569 0.95

7 8547 13.4 253 122 241 281 119 303 080 375 272 335 488 0.99

DH-9644  644.70 1 12468  49.7 361 151 362 357 164 450 683 557 301 336 546 1.2

2 28773 7.89 210 445 924 116 526 210 255 347 211 337 434 0.98

3 13495 0.06 199 391 134 222 137 888 473 280 218 323 448 1.1

4 15449  0.04 229 402 155 249 134 953 538 345 246 316 441 1.2

5 13885 0.13 193 134 339 451 208 10.6 559 265 159 202 277 1.0

Cecn/Cecn*=Cecn/(LacyPrey) "
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Figd Calculation results of Eh based on U and Fe concentration in calcite. Each
calculation is carried for pHO 8, 9 and 10, respectively.

Tabled Data set of Tono ground water(d Furue et al.00 20030 for PHREEQC analysis.

Chemical Composition (mg/L)

pH  Temp. Al Ca C Cl F Fe

Mg Mn N K Si Sr Na S

U (ug/l)

85 221 0.06 12 39 22 27

046 042 003 29 66 72

16 20 1.8 0.7

OCOO0OOO0OO0TableDOO O O OO0PHREEQC
O Parkhurst, 199500 0000000000000
coooooooocoobooooooooooooo
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FigllD  The calculation results of concentration of each chemical species for

U and Fe using PHREEQC. In result of U concentration, solid line
shows quadrivalent species and dotted line is hexavalent species.
In Fe result, solid line shows divalent species and dotted lines are

trivalent species.
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Figtld  The micro-chemical mapping result of Fe and Mn concentrations in area of

sample DH-9 552 shown in Fig. 1
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