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Abstract

Rb and Cs contents in various waters such as boiling waters, non-boiling thermal waters,
cold groundwaters and steam condensates in the Beppu geothermal field have been determined
to study the migration processes of geothermal fluids. The highest Rb and Cs contents were found
in the boiling waters both in the northern and in the southern arease and the values were 1750
(RDb) and 942 ppb (Cs) for the former and 1140 (Rb) and 782 ppb (Cs) for thelatter. The next
highest values were found in the non-boiling thermal waters, SB and SC types, containing
bicarbonate. To the contrary, the groundwaters and the steam condensates had trace amount
of these elements.

The Rb and Cs contents of the northern area showed a different pH dependence from that
in the southern area; the acidic waters of pH 2.5-5.5 showed the highest amount of these elements
in the northern area, in contrast to the weak alkaline waters of pH 8.5-9.3 in the southern area.
The acidic waters in the northern area contain sulfuric acid which is formed near the surface by
the oxydation of hydrogen sulfide originally dissolved in the deep thermal water. These waters
are considered to increase the contents of Rb and Cs during the upflow process, since they can
leach the elements from the wall rock.

In both the northern and the southern areas of the Beppu geothermal field, we f ound that
the non-boiling thermal waters are classified into three groups based on the relationship between
the Rb/Cs ratios and the Cl content. In the northern area, they are i) a group with high Rb/Cs
ratios and a small Cl content, ii) a group with Rb/Cs ratios close to those in the boiling water
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(1.9) regardless of the Cl content, and iii) a group with Rb/Cs ratios proportionally increas-
ed with the Cl content. In the southern area, they are i) a group consisting of the non-boiling
thermal waters (C1>1500 ppm) with Rb/Cs ratios close to those of the boiling waters, ii) a group
consisting of the steam-heated waters (C1<1500 ppm) with Rb/Cs ratios of ca. 2, and iii) a
group consisting of the bicarbonate-rich waters (C1<1500 ppm) in relatively deep underground
area with Rb/Cs higher than those of the steam-heated waters. These findings suggest that the
study on the relationship between Rb/Cs ratios and the Cl content is an useful method to elucidate
the migration processes of geothermal fluids.
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3. e AHE
Rb % L O'Cs & RO #7113 PERKIN ELMERAHBELAN 500055845 & 7 5 X < B 8407 (ICP-MS)
BEROCTT o, RICR LIMELETHN LR A K2-a,b L E3-a, bR LE. &
ERAZE L 7Rb & Cs OERFRA30.01ppb % £ 1°0.001ppb TH o fo. FOMDTEEE L OB
Doy ML B TIT - 2.

F 1 ICP-MSHIZ & BRb &5 L UCs DRI
Inductively Coupled Plasma Mass Spectrometry ( ICP-MS)
(PERKIN ELMER: ELAN5000)
Lower limit of determination
Rubidium  0.01ppb
Cesium 0.001ppb
Internal standard : Rhodium

Operating conditions

RF power s 1050w
CEM woltage #2103 .4 Ky
Argon gas flow rate
Plasma ;o 15L/min
Auxiliary : 0.8L/min
Nebulizer : 0.7L/min
Sample uptake rate o 1.2mL/min
Sampler cone ;o Pt
Skimmer cone S Pt
Resolution > Normal

Number of replicates : 5
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Temp . Na Rb Cs Cl HCO3 oD
No. Date C pH o S5b = Rb/Cs e ey %
SB101 Jun.89 46 .2 7.87 199 120 16.0 7.50 244 230 —50.9
SB102 Jun.89 43.5 8.00 145 75 2 10.6 7.09 167 234 =5341
SB103 Jun.89 46.8 7.81 198 96.3 13 6 7.08 239 239 —55.4
SB104 Jun.89 60.5 7.76 304 194 50.3 3.86 485 207 5633
SB105 Jun.89 71.8 8.01 453 301 68.9 4. 37 787 143 5153
SB106 Mar.90 53.1 7.30 240 107 8.55 a#l2.5 372 221 553811
SB107 Mar.90 48.7 7.40 352 359 131 2.74 435 170 =5109
SB108 Mar.90 46.7 7.75 184 145 67.2 2.16 193 173 9052
SB109 Mar.90 59.9 7.25 565 306 21;1.56 14.2 1127 266 =581
SB111  Mar.90 61.0 7.40 422 182 24.8 7.34 812 223 <512
SB112 Mar.90 56.4 7.50 198 148 61.5 2. 41 208 143 5490
SB115 Mar.90 53.9 .75 256 185 56.2 3.29 365 124 =530
SB116 Mar.90 4272 7.60 159 135 65.4 2.06 171 126 5319
SB117 Mar.90 41.1 7.70 184 106 22: 7 4.67 211 133 =523
SB118 Mar.90 S 7.80 163 143 68.5 2.09 176 132 s 7 V)
SB119 Mar.90 51.5 7.55 163 142 69.3 2.05 174 124 —54.8
SB120 Mar.90 50.2 7.85 166 136 66.1 2.06 176 127 —54.4
SB121 Mar.90 44.5 i 166 142 2.8 1.95 177 135 =542
SB124 Mar.90 — 7.80 147 111 47.8 2.32 163 137 25455
SB125 Mar.90 e 7.95 143 116 56.9 2.04 151 137 =H330
SB127 Mar.90 82.9 7.78 188 138 58.1 2.38 200 146 25453
SB131 Mar.90 56.6 8.50 374 217 133 1.63 402 182 i e |
SB132 Mar.90 51.5 815 198 103 49.0 2.10 213 156 —54%9
SB141 Mar.90 43.6 T418 585 285 125 2.28 826 163 =553
SB143 Mar.90 05.9 8.00 710 299 119 2:51. 976 241 54T
SB146 Mar.90 7.8 8.30 530 340 234 1.45 708 165 =543%3
SB157 Mar.90 44.9 7.50 233 3.2 26.7 2.74 80.6 189 —54.3
SB159 Mar.90 83.3 7.60 150 16.9 5.76 2.93 246 137 556249
SB161 Mar.90 45.7 6.90 41 24.7 4.06 6.08 38.8 124 —54.0
SB162 Mar.90 e 7.00 35.3 25.1 1.59 15.8 31.0 132 +H4%3
SB163 Mar.90 36.3 6.78 48 36.3 3.52 010.3 11.8 211 56289
SB164 Mar.90 67.6 .55 306 148 61.6 2.40 234 186 5225
SB187 Mar.90 e— 7.50 450 236 135 175 651 154 25522
SC129 Mar.90 43.0 7.85 139 106 32.4 3.27 161 134 —57.2
SC133 Mar.90 55.0 8.05 507 138 70.8 1.95 711, 222 —58.0,
SC134 Mar.90 b2.0 7.78 873 506 332 1.52 1357 274 —36.5
SC135 Mar.90 55.0 8.05 262 271 130 2.08 325 178 —568.0
SC137 Mar.90 51.8 8.00 785 444 244 1.82 1160 247 —5911
SC138 Mar.90 49.5 7:90 383 293 152 1.93 764 99 568
SC139 Mar.90 43.4 8.00 570 310 186 1.67 709 161 =52
SC140 Mar.90 42.8 8.00 268 137 61.4 2.28 339 121 =565
SC147 Mar.90 63.3 8.50 384 233 141 1.65 415 262 =561
SC148 Mar.90 44 .4 7.50 941 661 416 1.59 Y1459 gl =519
SC150 Mar.90 44.5 8.00 440 240 136 1:76 602 232 L6566
SC151 Mar.90 B4 7.80 392 190 132 1.44 440 257 5618
SC153 Mar.90 48.2 8.20 172 64.4 29 .5 2.18 116 116 =570
SC156 Mar.90 41.6 7.20 73.9 80.2 21.7 3.70 106 106 =513
SC160 Mar.90 48.7 6.70 58.5 36.1 6.89 5.24 31.4 184 =55%9
SC165 Mar.90 51.5 T-. 20 105 124 37.2 3.33 15.1 399 b5 e
SC167 Mar.90 50.6 7.55 40.5 30.4 1.26 24.1 10.4 189 —60.2
SC172 Mar.90 34.7 7.30 8443 25.5 1.15 22.2 6.9 144 =598
SC173 Mar.90 54.4 7.60 46.8 40.0 2.74 14.6 7.4 205 s 1o ]
SC176  Mar.90 e 8.30 243 48.5 19.5 2.49 80.6 542 =TT
SC177 Mar.90 a4.2 7.98 234 104 74.8 1.39 120 405 =595
SC179 Mar.90 44.8 6.35 815 692 438 1.58 1107 4 s sl
SC181 Mar.90 41.5 7.60 191 107 81.1 1.32 217 131 25823
SC182 Mar.90 44.0 T8b 342 145 148 0.980 442 138 —=56:5
SC184 Mar.90 50.0 7.92 435 216 205 1.05 589 144 588
SC185 Mar.90 43.2 7570 248 202 109 1.85 316 96 =588
SC186 Mar.90 46.0 T. 65 226 192 81.4 2.36 388 179 ~57T
SC188 Jun.89 40.8 7.48 326 224 136 1.65 556 60 ~BHT
SC189 Mar.90 49.0 8.00 730 420 190 221 976 263 =agel
SC191  Mar.90 50.4 8.00 344 156 56.8 2.75 418 269 =595
SC192 Jun.89 47.8 7.80 373 187 68.2 2.74 533 182 s
SC196 Jun.89 43.5 7.74 638 425 290 47 925 103 —56.6
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Temp. Na Rb Cs Cl1 HCOs3 oD
Ner Date X PH  pom  ppb  ppb  BP/C5 o pom %
B119 Jul.89 96.4 8.77 882 643 324 1.98 1285 76 =~46.4
B127 Jun.89 98.0 8.73 631 502 369 1.36 820 71 =819
'BI'31 Jun.89 97.6 8.65 888 699 434 1.61 1268 54 =521
B136 Jun.89 95.5 2.99 293 281 132 2.13 ©292 0 ~53.9
B158 Jun.89 97.2 2.45 1422 1750 942 1.86 2403 0 <5219
B169 Sep.79 99.0 5.48 1051 991 585 1.69 1545 789 517
B 180 Jun.89 99.1 3.29 1160 1130 590 1.92 1790 0 =519
B185 Jun.89 98.4 4.23 1188 1290 708 1.82 1856 0 —48.5
B 202 Jun.89 80.0 4.14 1051 1240 688 1.80 1826 0 —49.6
B 220 Jun.89 99.4 2.77 1003 972 585 1.66 1483 0 —50t1
B227 May.89 66.7 2.70 488 669 281 2.38 ©733 0 —49.3
B232 May.89 65.1 2.51 463 618 253 2.44 715 0 224735
'B233 Jun.89 76.5 8.37 366 220 137 1.61 309 134 —51.9
C 10 Jun.89 15.2 6.55 5 7.13 0.601 11.9 e 41 57968
C,A1 Jun.89 22.7 6.60 64 37.8 5.99 6.31 111 74 029
Cy:2 Feb.80 35.5 8.30 50 41.1 1541 29-.1 24.4 8.9 Tabbed
Cp:13 Jun.89 1.5..2 17 5 1.2.6 0.272 46.3 2.72 51 208
Co-14 Jun.89 15.1 T 20 6 10.9 0.135 80.7 2.33 26 —56.8
CpA5 Jun.89 20.7 7.03 10 9. TT 0.203 o48.1 4.50 60 D69
C,A6 Jun.89 17.7 6.88 9 15.5 0,264 -58.7 3. 14 58 D2
C. A7 Jun.89 16.6 7.10 6 10.2 0.126 81.0 4.62 51 994
C 18 Jun.89 19.9 6.74 19, 16.1 0.925 17.4 17.9 83 333
C 19 Jun.89 17.8 6.78 12 12.9 0.378 34.1 9.79 63 046
C 20 Mar.90 21.1 8.00 24.5 24..0 2.92 8.22 26.4 95 =949
FhE 4 Jun.89 96.5 282 3.50 0.538 0.016 33.6 1.22 0 —— <5315
FLa b Jun.89 119.3 3.95 3.37 0.425 0.009 47.2 0.498)¢ —— £35214
S 25 Jun.89 132.1 5.78 4.48 1.88 1.10 1.71 0.583 —— —48.4
S 31 Jul.89 98.6 5.54 4,13 0.884 0.233 3.79 0.1990 —— SH1316
S 33 Jul.89 98.1 10 6.37 1.26 0.213 5.92 1.03 A —T74.6
S 91 Jul.89 921 .3 6.52 4.18 0.736 30£177 G 4.16 0.203)€ ==+ =53.16
S 108 Jul.89 99.1 —_ 4.13 0.641 001031 020.7 0.109¢ —— =69.4
#3-a BIFFEEHRICE T2 —ERODITRER
Temp. Na Rb Cs Cl HCO3s 6D
No. Date C pH 5Ee 5bb Sbb Rb/Cs S ey o
SB 8 Mar.89 44. .55 76 45.3 19.4 - 34 30.2 546 D399,
SB 9 Mar.89 42 . .40 87 50.1 217 s 3l 42.8 443 TR 2%
SB 12 Mar.89 88. .32 318 245 219 . 12 173 214 =02y
SB 14 Mar.89 47. .86 144 101 84.2 <20 165 218 —51.
SB 16 Mar.89 56. .65 112 83.7 41.5 .02 46.6 615 03,
SB 17 Mar.89 44 . < 1D 107 58.5 48.6 .20 57.9 206 =82,
SB 18 Mar.89 48. .69 152 80.0 65.0 . 23 196 332 =04
SB 20 Mar.89 46. .60 83 49.3 23.4 .11 43.7 423 5202y
SB 22 Mar.89 85. .50 135 92.5 67.7 < 3T 69.5 424 a4,

.89 300 119 109
.05 390 121 129
.95 330 143 164

.09 186 673  —54.
.938 286 636 —54.
.872 309 585  —563.

SB 33 Mar.89 47.
SB 34 Mar.89 54.
SB 35 Mar.89 54.

SB 38 Mar.89 34. .42 73 44.1 25 .72 39 298  —53.
SB 39 Mar.89 54. 181 77.0 67 80 608  —53.
SB 43 Mar.89 54 .00 225 80.7 65 .23 118 582  —54.
SB 46 Mar.89 45. .39 118 76.9 37 .03 57.6 566  —54.
SB 47 Mar.89 40. .30 96 58.4 25 .28 114 344  —54.

QEoIRNQRORRS
DN

SB 51 Mar.89 53. .30 310 146 5. .8 197 965  —55.
SB 57 Mar.89 53. .44 133 67.6 52 .29 61.4 435  —54.
SB 60 Mar.89 50. .49 98 59.3 31 .89 61.5 455  —52.
SB 61 Mar.89 39. .53 83 40.4 18 W17 45.2 340 —583.
SB 63 Mar.89 57. .41 182 99.5 40 .43 210 641  —55.
SB 64 Mar.89 43. .25 90 43.5 27 .58 99 377  —51.
SB 68 Mar.89 48. .75 144 55.2 2.056 26.9 159 335  —o52.

.25 187 813 —54
.47 - 192 714  —54.

.09 254 134
.01 308 105

SB 69 Mar.89 52,
SB 70 Mar.89 51.
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SB 71 Mar.89 50.9 7.15 101 57.3  32.0 79, 69.2 461 —52.6
SB 72 Mar.89 53.4 7.19 230 102 5.02 20.3 176 666 —54.5
SC 7 Mar.89 51.1 7.60 138 AT 8.95 7.94 74.4 760 —56.0
SC 25 Mar.89 48.0 7.75 94 50.8 50.1 1.01 41.1 364 —56.5
SC 27 Mar.89 54.9 7.51 228 104 47.9 2.17 114 1190 —57.6
SC 28 Mar.89 52.0 7.60 212 90.0 28.6 3.15 118 1130 —56.8
SC 29 Mar.89 47.2 8.01 206 90.9 110 0.826 84.3 508 —55.9
SC 31 Mar.89 55.8 8.02 225 93.1 5.09 18.3 113 680 —57.3
SC 48 Mar.89 53.9 7.49 256 139 13.9 10.0 131 1210 —56.9
SC 49 Mar.89 44.9 7.55 206 110 2.30 47.8 109 922 —57.7
SC 50 Mar.89 45.8 7.40 230 142 5.79 24.5 119 1280 —58.1
SC 54 Mar.89 61.2 T-509 242 95.7 61.2 1.56 155 T3, B 755641
SC 55 Mar.89 51.6 8.10 253 56.9 1.29 44.1 109 526  —57.7
SC 73 Mar.89 37.6 YA 124 59.8 0.215 278 76.1 614 —57.0
SC 74 Mar.89 47.8 7.71 124 50.6 0.105 482 68.7 564 —56.0
SC 77 Mar.89 48.5 7.70 191 99.9 0.862 116 103 998 —56.3
SC 79 Mar.89 43.9 7.50 125 80.5 2.81 28.6 139 727- + =56.2
SC 80 Mar.89 40.4 7.99 143 61.8 0.405 153 67.4 632 —56.8

%£3-b RIS T MR (B), AHITA(C)d L VR HHEALBREKIL(F) & L UHEH

ERHF(S) DA R
Temp - Na Rb Cs Cl HCOs oD

i T C pH ppm ppb ppb b ppm ppm %o

B 1 May.89 98.6 8.97 322 137 213 0.643 240 409  —55.0
B 2 Jun.89  98.9 9.04 436 345 367 0.940 594 131 —51.1
B 4 Jun.89  98.7 9.30 384 288 288 1.00 377 190 —51.8
B 6 Jul.89 99.2 8.76 669 702 640 1.10 947 94  —52.5
B 7 Jun.89  99.3 8.74 524 487 477 1.02 771 95 —52.1
B 44 Jun.89  98.0 8.63 558 485 382 1.27 671 90 —48.0
B 45  Jul.89 98.7. 8.60 1021 1030 782 1.32 1516 71 —50.5
B 46  Jul.89 98.8 8.59 910 1140 629 1.81 1192 86 — —49.6
B 59  Jul.89 98.1 9.09 152 86.6 57.8 1.50 46.8 246  —49.8
B 65 Jun.89  98.9 9.33 327 220 183 1.20 111 641  —53.3
B 67 Jun.89  99.3 9.22 298 204 192 1.06 168 251  —53.2
B 68 Jun.89  99.3 9.18 264 174 135 1.29 84.8 472 —52.7
B 69 Jun.89  98.8 9.32 306 250 186 1.34 126 171 —52.2
B 77  Jul.79 99.5 8.60 535 406 401 1.01 606 99 —50.6
B 77 Jun.89  98.7 9.25. 371 281 280 1.00 262 155  —50.9
B 81  Jul.89 96.5 8.47 403 216 244 0.885 351 237  —51.9
B 82 Dec.88  87.3 8.53 233 118 129 0.915 77.5 494  —55.4
C 1 May.89 —— — 25.0 3.86 2.51 1.54 4.67 —— —51.2
CI29 i Aug.7T7T  28.1 7.15 16 25.8 0.950 27.2 17.5 141  —52.8
C 3 May.89 23.4 7.00 54 25.1 0.880 28.5 57.4 110  —53.3
C 4 May.89 23.3 5.80 49 10.7 0.987 10.8 42.1 142  —54.2
C 5 Jun.89 18.0 7.75 T 13.4 0.603 22.2 3.03 47  —57.8
C 6 Jun.89 19.6 7.40 25 1.33 0.073 18.2 21.4 112 —56.6
C 7 Jun.89  19.3 2.81 16 9.82  0.094 104 12.0 0 —52.3
C 8 Jun.89  20.1 7.25 26 14.8 0.676 21.9 23.9 109  —57.4
C 9 Jun.89 13.6 7.1 5 9.76 0.144 67.8 3.24 38 —55.5
F 1 Jun.89  99.3 e 3.34 0.383 0.010 38.3 0.317 —— —58.9
S 22 Jul.89 98.1 7.38 235 26.3 7.64 3.44 38.8 104  —46.5
S 63 Jun.89 115.1 7.62 3.9 1.46 1.06 1.38 0.397 — —75.2
S 72 Jul.89 98.9 6.07 4.28 1.20 0.848 1.42 0.349 —— —66.6
S 76  Jul.89 99.0 6.86 57 55.0 40.5 1.36  85.8 0 —170.9

4. BREIUEE

pHERb DRIFE# K 3 iR Lic. Rb& &I, JL#ibiTidss7 v U I t~pH 2.5~5.5
OBHERICE ER R ST, —, B TEpH8.5~9.3D5 7 /v h U I D& &\ il
RESR, WHETHLACRLE5M%E R L. ZOEAECs THRETS -7

SRR T, INEEE O FESINa-CLEDBASHMR I AT 2LE2 0TS, 7
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A ) RN B B RR R UK ORD/CL (ER) IDE S NET 5 &, BB RITFR LD
EVHEERLTWALDONE . O ik, —BICEATRICIEENDRL, BALD
DEH DD EFELBNRDDT, BRI E TN T bk H 2 iR
< THEE (BA MR R D SO4 & BT O Pl RIT 2 W ID) IR L & h, = DO ANE HBE
CHHEEED DR, Cs % “RNICEHRMAMEL TER IR T LD EHEINS.
RIRECLOBIREY K4 /R Lic. JE6E8, o Mgt SBA, SCHI iR & i 13:30~607C fiz
THLHD, AMBHIOSBRIC I LI LDIETEVIORREONS. ik, JLIHHIRO IR
DOFTREOE AR NE SN ESNED, TALIREREFEAKMERRELLEDTHS.
BRDERS THANa L CLOPIRE RS & (K5), JLERHUIE Tl EllER 03T H EiwSBHEI, SC
BUDME L TWBE T &b, SBRE, SCEIIASIC L - TED bR FKKEEREDRET Y -
TAERINTHWALDEEZLNRED, ThALDARBEC OWLWTIIBTE L EET L. B
M TR RO T 7y hOMEE LSBR, SCHD 7o v b DEEARMICRR AT & hbRK
CEBHEMFRTIEHWTE . 2 THCO3 &Cl L DR EY B2 L (K6), dLEHikowh
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