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Abstract : Major geochemical characteristics of geothermal fluid in the Oku-aizu system are
discussed based on previously reported analytical data.

The system is characterized by high temperatures (aximum 340°C), high salinity (about 2
wt% TDS) and large amounts of non-condensible gases (1wt% CO, and 200mg/kg H,S).
Enthalpy data, in conjunction with CO.-H,S and CO,-H,-CH, data, indicate present aquifer

boiling.

Although the dominant components in the geothermal water are Cl and Na, the ratio of B/
Cl and Br/Cl indicate no sea water interaction in the system. Ny;-He-Ar gas compositions
strongly suggest that magmatic gases are mixing with the geothermal fluid.

The geothermal water has at most several tens of mg/kg of Pb and Zn, and estimates Au

of 0.06 ppb (a previous report).
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The origin of these metals is uncertain at present.
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Fig.1 Location of the Oku-aizu geothermal system.
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Fig. 2 Geological setting of the Oku-aizu geothermal system. Compiled from Yamamoto (1992) and
Nitta et al. (1987). Abbriviations - C.F.Z.:Chinoikezawa fault zone, S.F.Z.: Sarukurazawa
fault zone, O.F.Z. : Oizawa fault zone.
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Fig. 3 Distribution of major fracture systems, hot
springs, area of surficial alteration and
geothermal wells in the Oku-aizu geothermal
system (Seki, 1991). Abbriviations - CF.Z, S.
F.Z. and O.F.Z. are the same as in Fig. 2, T.F.:
Takiyagawa fault, N. S. : Nishiyama hot
springs, R.T.: Takiyagawa river. Symbols-

A :fault and dip, .~ :inferredfault, i :

geothermal well (production), € : geothermal
well (reinjecton), @ : geothermal well (others),
"X : hot spring, _-": border of surficial
alteration area.
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Fig. 4 Temperature cross-section along A-A’ (Fig.
3) in the Oku-aizu geothermal system,
indicating high temperature center locating
beneath the Chinoikezawa fault zone

(modified from Seki, 1991).
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Fig.5 Chloride-enthalpy diagram for -calculated
reservoir fluids in the Oku-aizu geothermal
system (Seki, 1991), illustrating two series of
dilution trends expected (1 and 2).
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Table 1 Analytical results and discharge data of the Oku-aizu geothermal wells (Seki, 1991)

Well 0OA-4 OA-6 84N-1t 84N-2t 84N-3t 84N-5t 85N-6T 85N-10T 86N-11T 87N-14T 87N-15T 87N-16T 87N-17T 89IN-21T  89N-22T
Sampling date 84/2/3 83/12/26 85/6/14 85/11/8 86/1/16 84/12/8 86/12/20 87/9/26 89/1/8 87/10/30 87/12/7 89/1/8 89/1/8 89/12/26  89/12/25
W.H.P. (b.g.) 0.2 0.2 1.1 6.2 0.6 0.0 21.0 10.0 8.3 9.6 62.7 8.6 8.0 8.5 15.3
Pep (b.g.) 0.04 0.0 0.04 0.14 0.20 0.01 4.53 6.50 6.42 6.57 6.50 6.46 6.45 6.42 6.42
Fam (t/h) 5.8 0.6 5.9 24.1 2.8 1.9 59.4 49.9 42.6 48.9 87.7 35.8 41.7 51.8 63.3
Fya (t/h) 4.7 1.1 20.9 33.4 3.5 3.4 135.2 34.5 55.7 67.2 134.0 63.2 38.6 25.2 28.9
Hy (kJ/kg) 1660 1210 908 1365 1415 1220 1295 1920 1596 1565 1519 1447 1773 2092 2121
Steam sample (vol%) } ' ;

H,0 96.60 — 90.12 96.37 - 95.85 96.79 90.67 96.68 92.88 97.16 96.62 97.37 89.94 97.82 95.21
Gas 3.40 — 9.88 3.63 4.15 3.21 9.33 3.32 7.12 2.84 3.38 2.63 10.06 2.18 4.79
Gas CO; 96.5 — 99.0 96.3 99.1 98.1 96.6 97.0 97.6 96.5 96.6 97.8 97.4 96.3 95.6
H.S 2.7 — 0.1 3.0 0.3 1.3 2.6 2.3 1.9 2.8 2.7 1.6 2.0 3.1 3.8
R. gas 0.8 — 0.9 0.7 0.6 0.6 0.8 0.7 0.5 0.7 0.7 0.6 0.6 0.6 0.6
R. gas H, — — 0.4 7.10 2.0 6.0 3.10 9.50 4.70 3.80 10.30 3.40 18.5 11.7 21.4
Na — - 98.4 92.3 97.0 92.0 96.1 89.5 94.6 95.2 89.0 95.7 77.9 87.4 77.9
CH, — — 1.2 0.3 0.6 2.0 0.50 0.67 0.54 0.66 0.42 0.58 3.28 0.515 0.448
He — — — 0.05 0.03 — 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.047 0.047
Ar — — — 0.27 0.41 — 0.31 0.21 0.11 0.32 0.20 0.24 0.26 0.254 0.196
Water sample (mg/kg) _
pH (at 25°C) 7.05 5.50 7.98 6.44 6.30 6.89 6.37 7.03 6.90 6.70 6.56 6.67 7.68 6.38 5.64
Li* — — — 9.8 16.9 — 5.3 - 7.33 — — 12.0 3.9 10.5 10.7
Na*t 5300 2700 5560 7120 10600 6990 3600 3770 5170 6210 7170 8020 3010 7770 5310
Ky 1400 180 644 2050 2550 1350 1030 940 1060 1640 2000 1940 547 1950 1780 .
Mg+ 1.10 0.10 3:22 8.05 20.8 15.4 8.9 5.16 8.11 3.63 - 9.81 20.4 3.84 9.63 6.55
Ca?t 230 42 26.0 1160 1750 788 609 385 586 1030 1060 1330 81.2 1220 647
A 0.43 0.10 0.87 0.19 0.40 0.09 0.12 0.28 0.29 0.02 0.64 0.14 0.21 0.55 1.47
Mn?* — — — 419 185 — 129 17.0 46.9 125 290 311 0.9 266 356
Fe?* 0.92 70.0 0.69 0.31 1.47 0.2 0.93 0.42 0.49 0.02 1.69 0.61 0.11 1.07 50.1
Cu — — — — — — — — — —_ — — — 0.25 0.18
Pb — — — — — — — — — — — — — 1.8 1.5
Zn — — — — — — — — — — — — — 1.01 1.28
Sb — — — — — — — — — - — — — 2.9 2.7
NH,* — — — 2.90 4.40 — 1.93 — 2.69 — — 2.55 1.53 4.84 5.86
Cl~ 8800 6900 7780 15000 21800 13400 7930 7360 10000 13300 15300 17000 5300 16500 11700
SOL~ 36.0 191 771 4.0 6.2 50.2 61.7 102 48.1 62.7 7.1 65.4 34.5 22.4 34.3
HCOs™ 83.0 4.3 956 41.1 5.2 122 27.0 53.2 23.5 44.3 35.9 <5 145 20 11
F- — — — 2.70 ° 1.94 — 1.45 — 1.78 — — 1.90 1.8t 2.64 3.25
Br™ — — — 29.1 43.0 — 11.2 — 17.3 — — 34.0 10.8 31.4 22.6
- — — — 4.1 5.9 — 2.0 — 2.8 — — 4.3 1.5 2.8 2.9
Si0, 680 439 450 990 866 662 605 642 771 787 1010 821 632 887 952
HBO, 568 — 304 628 846 — 337 — 462 — — 624 370 693 693
As 8.00 2.20 8.2 12.4 14.6 6.4 6.52 6.70 7.73 11.7 17.2 12.6 2.20 17.4 0.87
Hg <0.001 <0.001 — — — — — — <0.0005 — — <0.0005 0.0006 <0.0005 <0.0005
H,S 1.5 <0.1 — — — — — — 6.7 — — 2.5 13.3 1.9 <0.5

WHP.: YIS, Pep: SEEES], Fom: RIR, Fuu: BUKHE, Ha: SBHEKOZ v 50 E—~

Abbriviations : W.H.P. : well head pressure, P : separation pressure, Fym : steam flow, Fya : water flow, Hi

: total discharge enthalpy.
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Table 2 Measured, geochemical and enthalpy temperature of the Oku-aizu geothermal wells

Well OA-4 OA-6 84N-1t 84N-2t 84N-3t 85N-5T 85N-6T 85N-10T 86N-11T 87N-14T 87N-15T 87N-16T 87N-17T 89N-21T 89N-22T

Tres (C) 267 286 254 311 217 265 296
Tz (C) 249 219 — 285 272 250 242
Taee (C) 297 203 262 290 281 263 280
Tu (C) 349 275 212 304 312 277 291

296 297 284 301 281 285 309 341
241 260 262 286 267 241 266 2171
276 264 281 289 277 266 281 303
371 340 336 329 318 361 3714 >34

To: LIEMALEEET  (Fournier and Potter (1982) WHESEBHE =Y I V¥ -4 BEEKEABUTHIE), Twe: 740 Y MMLFRES
(Fournier and Truesdell, 1973), Tmes: ERBSDEE (HHEE 120 Bi% OEERE), Tu: 2BEKEDOx v v —1cET < B

Abbriviations : Tme : maximum measured temperature (120 hours after drilling), To, : temperature of quartz
geothermometer (Fournier and Potter, 1982), T :temperature of alkali geothermometer (Fournier and

Truesdell, 1973), Ty : enthalpy temperature
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Eitc X 28EE N2 GBTRD. £/, £ 0T
vy E-BREIEIRSEE 26 ER->Tw5, =
vy e —REN, HLERED 3V IIERSERE X
DEBNEVS T LT, BHMBFEGEO Yy s L E~
S, HULEHRE S 2 W ITEARE IC B 3 8fTER Lo
BkObDT vy E—kD b REVWT L EEKT 3.
— AN C DL S BE vy s L —DREBIZE B

FOR HALFERE & EHRE
@ : (ALY B (Fournier and Potter (1982) ic&—J
SR v 5 Ve -2 BBIEK L B LUTHIE) &k BIRE,
O: 7% ) #LEERESt (Fournier and Truesdell, 1973)
Wk BRE
A:OA-4, B:0A-6, 1:84N-1t, 2: 84N-2t, 3: 84N-3t, 5:
84N-5t, 6 : 85N~6T, 10 : 85N-10T, 11 : 86N-11T, 14 : 87N-14
T, 16: 87N-15T, 16: 87N-16T, 17: 87N-17T, 21 : 89N-21T,
22 : 89N-22T

Fig.6 Plot of geochemical temperature versus
maximum measured temperature in the
Okuaizu geothermal system, illustrating good
agreement between temperature of quartz
geothermometer and maximum measured
temperature. Abbriviations - A:OA-4, B:
OA-6, 1 : 84N-1t, 2 : 84N-2t, 3 : 84N-3t, 5: 84N
-5t, 6 : 86N-6T, 10 : 86N-10T, 11 : 86N-11T, 14 :
87N-14T, 15 : 87N-15T, 16 : 87TN-16T, 17 : 8N~
17T, 21 : 89N-21T, 22 : 89N-22T, Symbols - @&
: temperatuture of quartz geothermometer
(Fournier and Potter, 1982), []: temperature
of alkali geothermometer (Fournier and
Truesdell, 1973).
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11991).
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Fig.7 Plot of geochemical temperature versus
enthalpy temperature, illustrating enthalpy
temperature being much higher than
geochemical temperature, which indicates
aquifer boiling. Abbriviations are the same as
in Fig. 6.

(1990) ® & > BWFHIEHEZITR S LENH 5. Seki
(1990) OWIEERFIABRARICBI 3RO RETE
BATORSAROHEHEER L1250 THD, KIE
BEISHEE M TIREZSAS, = O B IC 3L OTNIRE
FoyBPRBEENL, LkL, HHoBHSHE FTolt
NEERBREYOFEBENELTBD, HTLD
ETOHRHTZEDOTF—sBBLNATHEI DT TR,

CCTHVWREBUKMEE (B3%) 1, LoEELH
Btk RDI-bDTHB. THbL, BExVS
VeE=HiFeH LT, BRSOz v vE— (&@ET
VI NE =&Y BB HEE L S RAS TOR
H—HDb T vV E—LDE) KHNMT 2ESER
NF BREILEETEAITE - 72, 883 %D SFdh #HHEA
HMTORKBARTH Y, 2MEHREDOBBEERSE
EiC factor=1/(1-SFdh) 233 &k b, REUK
HOEEEABLTWVWS., Likdi-T, Seki (1990) @

Jik GEIEfRE = (1-SFaq)/(1-SFdh)) it Tlr»H 5 &
HEBNTORRNE (SFaq) % 0 LA LTEHE LK
s EBRITBEBANTOERISE (SFaq)
2, 0.01-01REIHESNIOT, HBROEMick?
BMEIRATIOBEEELEILNS,

SEEEUK D pH 13 55-8.0 DEIFHICH 505, £ 13 6-7
ThHy, FERPEPpHAERT. H#REE L L T Seki
(1990) OHEE L 72 COy: 1wt%, H,S:200mg/kg % H
W, BRI B S MERAO pH B & BLEEERE
#ET 570/ 5 4 PECS (115, 1988) iz & b JESVK
O pH AMET 5 &, 41-55 L7053 (E4HR). HiBEE
BB 3FEKIOBRUK L D (& pH 2R 25,
ZoHEREFFELE L CEE T TOKOMEEEDOETZ KL
b0 THY, ERHAOHHEEEE BT 5k pH
(250°C-300°C T#9 5.6) 75\ LEGEREEE 72 > T 5.

RBUK DI EOBRE RS E LT, 2BEERS
B2wt% U LiET 2BVBERNEBESS T 5N 5.
BERATS - L S BESEV ClI- 0ifs, Bivkdo
TREE 12 6,000-14,000 mg/kg iZE L, #EAOFEMRHE
LEREBERBHESR G, 1985 ; Akaku, 1990)
ZRE, BRTRESTH B, Cl, SOL7, HCO;™ oF
Bl vOBEBHERBECIBREAEDOHHT
97% YL b, BEHROHHTI% LI EEMEEFL T
3 (HE8XD. BA A~ & LT3, Na® £53,000-7,000
mg/kg EHEEEL, K, Ca?" Bz hicikl.

BN ELTR, BEBvkF#E ¥ me/kg DR,
W, TFEVBLIU05me/ke BiRORAESL T &
DBORERD ORI LTV S 13D, S84z »r—
HSTEBEE % 8TN-15T ¢l 0.06 ppb D&% EH T2 &
WESOL TS @HIED», 1991). fhobidkkn b2
pH MEWV 8IN-22T I~ 2 * F LEFRLPPHL
A, E5I—KE pHETICE - T, $10mg/kg I
ET 58, EHESEEKPEGIENDEE (BEE
HiZh (BR) RARERD. 7z, YHBRTIE, £ 05
HeREBuKkFIZ 200 mg/kg 2L 5 v A vngGEh
3. Low vy vEERE, EROMHIROHEUKCE
RIKEERTE LTS, EBRELIROE=%55
WEEBROEE=Rho < v # VIR @R ERT
BOJREME D 5.

B A 4 v EE IRV, B/CLHE XU Br/ClH
BOFNSBKROEZNEL R - TH Y, MBGHfFFO Cl
PHEOHKE BEBRTHEEERELTWVWS B
9 X). Shigeno and Abe (1983) I3, Hi#ukthd B/Cl t,
=0.02 (BEM) HEEERE LT, 2Ll LosiEkhek
HEEOEREIC, ThUTHKIEEOHEBICXIGT
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Table 3 Total discharge composition and estimated reservoir fluid composition prior to boiling in the Oku-aizu geothermal wells (Seki, 1991)

$3k SHHBREOFERD & CHE S n 2 BEUKO L (Seki, 1991)

Well OA-4 84N-1t 84N-2t 84N-3t 84N-5t 85N-6t  86N-10T 86N-11T 87N-14T  87N-15T  87N-16T 87N-17T  89N-21T 89N-22T

Data 84/02/03 85/06/14 85/11/08 86/01/16 84/12/08 86/12/20 87/09/26 89/01/08 87/10/30  87/12/07  89/01/08 89/01/08 89/12/26 89/12/25
Hi 1660 908 1365 1415 1220 1295 1290 1596 1565 1519 1447 1773 2092 2121
Taq 249 221 285 272 250 242 242 261 262 286 267 242 266 272
Huvap. tag 2802 2802 2773 2788 2802 2804 2804 2796 2796 2772 2792 2804 2793 2788
Hiig. taq 1081 948 1262 1195 1085 1047 1047 1139 1144 1268 1169 1047 1164 1195
SFan 0.336 0 0.068 0.138 0.079 0.141 0.497 0.276 0.255 0.167 0.171 0.413 0.570 0.581
factor 1.057 1 1.073 1.160 1.085 1.164 1.988 1.381 1.342 1.200 1.207 1.704 2.324 2.388
Total Dischange Composition (mg/kg)

Na 2372 4336 4136 5889 4484 2501 1541 2930 3594 4334 5120 1447 2543 1664

K 623 502 1191 1417 866 716 384 601 949 1209 1238 263 638 558

Mg 0.49 2.50 4.68 11.6 9.88 6.18 2.11 4.60 2.10 5.93 . 13.0 1.85 3.15 2.05

Ca 103 20.3 674 972 506 423 157 332 596 641 849 39.0 399 203

Fe 0.41 0.54 0.18 0.82 0.14 0.65 0.17 0.28 — 1.02 0.39 0.05 0.35 15.7

Al 0.19 0.68 0.11 0.22 0.06 0.08 0.11 0.16 — 0.39 0.09 0.10 0.18 0.46

Mn — — 243 103 — 89.6 6.95 26.6 72.4 175 199 0.43 87.1 112

Cl 3939 6067 8713 12110 8596 5509 3009 5666 7698 9248 10850 2548 5400 3667

SO, 16.1 601 2.32 3.44 32.2 42.9 41.7 27.3 36.3 4.29 41.8 16.6 7.33 10.8

SiO; 304 351 575 481 425 420 263 437 456 611 524 304 290 298

HBO, 254 237 362 470 — 234 — 262 — — 398 178 227 218
Estimated Aquifer Composition (mg/kg) )

Na 3775 4336 4439 6833 4867 2912 3063 4046 4823 5202 6178 2466 5909 3974

K 939 502 1278 1644 940 834 763 830 1274 1451 1494 448 1483 1333

Mg 0.74 2.50 5.02 13.5 10.7 7.20 4.19 6.35 2.82 7.12 15.7 3.15 7.32 4.90

Ca 155 20.3 723 1128 549 493 312 458 800 769 1024 66.5 927 485

Fe 0.62 0.54 0.19 0.95 0.15 0.76 0.34 0.39 — 1.22 0.47 0.09 0.81 37.5

Al 0.29 0.68 0.12 0.26 0.07 0.09 0.22 0.22 — 0.47 0.11 0.17 - 0.42 1.10

Mn — — 261 120 — 104 13.8 36.7 97.2 210 240 0.73 202 267

Cl 5936 6067 9350 14050 9330 6414 5981 7824 10310 11100 13100 4342 12550 8758

SO, 24.3 601 2.49 3.99 35.0 50.0 82.9 37.79 48.79 5.15 50.4 28.3 17.09 25.8

Si0, 458 351 617 558 461 489 523 603 612 733 632 518 674 712

HBO. 383 237 388 545 — 272 . - 362 — — 480 303 528 521

T.DC.: &HREO MR, EAC  FEBEABEEE SOk (REK) OHEEFEMER Ha: SHERED T ¥ 5 M=, Toy: EEKOHFRE (GIM{L#EE : Fournier and Potter (1982)
ESEBRT Y SN —EBRRESE A U THIE), Hypu : FEKOBETCORS OO Y # VE —, Hijgu: REVKORETOBK—MHOSDx Y # 0 —, SFa: FHFRAROEISR, factor:

LA TR DR EEED & HBOK DA B E KD 3 7 D ORIERE (FXBH)

Abbriviations : T.D.C. : total discharge composition, E.A.C.: estimated aquifer composition prior to boiling, H: total discharge enthalpy, Ti :aquifer
temperature based on silica geothermometer (Fournier and Potter, 1982), Hyap 1o : enthalpy of vapor at aquifer temperature, Hiq, taq : enthalpy of liquid at
aquifer temperature, SFa, : steam fraction at down hole conditions, factor : correction made to T.D.C. to E.A.C.
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% 4%k PECS (FTE, 1988) i & 0k 7-EHBUKkD pH B X CEESH ORIFIE

Table 4 Saturation indices for major alteration minerals and estimated reservoir pH calculated by computer code PECS (Takeno, 1988)

Well OA-4 84N-1t 84N-2t 84N-3t 84N-5t  85N-6T 86N-10T 86N-11T 87N-14T 87N-156T 87N-16T 87N-17T 89IN-21T 89N-22T
Sampling Date 84/2/3 85/6/14  85/11/8  86/1/16  84/12/8 86/12/20 87/9/26 89/1/8  87/10/30 87/12/7 89/1/8 89/1/8  89/12/26 89/12/25
Ta C 249 221 285 272 250 242 242 261 262 286 267 242 266 272
pHas 7.05 7.98 6.44 6.30 6.89 6.37 7.03 6.90 6.70 6.56 6.67 7.68 6.38 5.64
PHraq 4.99 5.83 4.64 4.22 4.89 4.35 4.74 4.64 4.63 4.71 4.60 5.35 4.43 4.43
IS. 1.82e-1 2.00e-1 2.68e-1 4.12e-1 2.72e-1 1.88e-1 1.74e-1 2.26e-1 2.99e-1  3.10e-1 3.80e-1 1.23e-1  3.60e-1  2.45e-1
cation 1.92e-1 1.99e-1 2.48e-1 3.82e-1 2.57e-1 1.7le-1 1.65e-1 2.14e-1 2.74e-1 2.85e-1 3.47e-1 1.20e-1  3.29e-1  2.24e-1
anion 1.64e-1 1.93e-1 2.50e-1 3.82e-1  2.5%-1 1.80e-1 1.68e-1 2.15e-1  2.84e-1  2.96e-1  3.5%e-1 1.23e-1  3.42e-1  2.3%e-1
QUARTZ 0.10 0.11 0.10 0.11 0.11 0.16 0.19 0.17 0.18 0.17 0.18 0.18 0.20 0.21
CHALCEDONY —0.05 —0.05 —0.05 —0.04 —0.05 0.00 0.03 0.02 0.03 0.03 0.03 0.02 0.05 0.07
CRISTOBALITE -0.17 ~-0.18 —0.15 —0.14 —0.16 —0.11 —0.08 —0.08 —0.08 —0.07 —0.07 —0.09 —0.05 —0.04
ALBITE. LOW —0.02 1.48 —0.99 —1.45 ~0.76 —1.73 —0.45 —0.64 —0.92 0.02 —0.87 0.47 —0.59 —0.25
K. FELDSPAR 0.26 1.52 —0.79 —1.28 —0.60 —1.37 —0.14 —0.49 -0.67 0.21 —0.68 0.64 —0.39 0.08
MUSCOVITE 1.92 4.62 —0.70 —1.54 —0.41 —1.89 0.90 0.09 —0.82 1.63 —0.67 2.48 0.24 1.57
CLINOCHLORE. 14  —5.72 2.46 —4.23 ~7.95 —2.64 -9.71 —5.49 —4.70 —7.37 —1.28 —3.88 0.94 —6.03 —5.67
EPIDOTE —0.40 2.30 -1.98 —4.46 —2.14 —5.29 —2.10 ~2.13 —2.42 0.83 —2.37 0.30 —2.23 0.05
KAOLINITE 0.55 2.05 —1.08 —1.39 —0.91 —1.51 0.11 —0.41 —1.12 0.40 —-1.17 0.90 —0.33 0.58
ALUNITE 0.55 —5.04 —11.86 —10.96 —9.53 —8.73 —6.83 ~8.34 —9.23 —9.40 —9.34 —8.08 —8.70 —6.88
LAUMONTITE —0.50 1.14 —1.80 —2.97 —1.66 —3.29 —1.04 —1.42 -1.93 —0.03 —1.93 0.28 ~—1.38 —0.66
WAIRAKITE —0.52 0.75 —1.39 —2.70 —1.67 —3.40 —1.15 —1.29 —1.78 0.40 —1.72 0.16 —1.14 —0.42
ANALCIME —0.43 1.08 —1.44 —1.89 —1.18 —2.19 —0.93 —1.13 —1.42 —0.49 —1.38 —0.01 —1.12 —0.79
ANHYDRITE 0.05 —0.09 —0.21 —0.30 0.53 0.56 0.72 0.65 0.87 0.13 0.92 —0.16 0.41 0.46
CALCITE —0.49 0.16 —-1.01 —1.57 —0.22 —1.20 —0.63 —0.87 —0.70 —0.88 —0.77 —0.08 —1.17 —1.38
DOLOMITE —1.43 1.10 ~2.20 —3.10 ~0.27 —2.39 —1.31 —1.71 —1.95 —1.82 —1.43 0.37 —2.51 —2.83
SIDERITE —0.47 1.22 —2.13 —2.21 —1.38 —1.64 —1.19 —1.53 —1.53 —1.22 —1.68 —0.48 —1.81 —0.07
PYRITE 0.58 5.52 1.50 1.68 2.72 2.84 3.18 2.59 2.58 2.45 2.38 3.52 2.19 4.00
PYRRHOTITE 0.52 2.02 —0.76 —1.01 —0.38 —0.70 —0.25 —0.43 —0.43 0.16 —0.53 0.45 —0.62 1.12

HEHRIEERE 1, 2REEB Y, HERMVKERZIZERL
Tag: ¥ #iREEE (Fournier and Potter (1982) o550 @ %x v ¥ V¥ — 2 BEEK E 472 L THIE LRBE) K X 0HEE L7:FBEBORRE, pHys : 25°C 1081 % pH, DHpag : Tag ICB1 5 pH, LS. 1 A & Y IBEE

Abbreviations : Temp.aq. : aquifer temperature based on quartz geothermometer (Fournier and Potter, 1982), pHys : pH at 25°C, pHraq : PH at Taq, LS. : ionic

strength
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HoRBEeMEMAL. $IXOEAC (EEEHK) HES
<. Pk LUEBERTE T D HCOs™ OZLIZZR L TWHEw,
Fig. 8 Cl-SO,~HCO; equivalent composition of Oku-
aizu geothermal water prior to boiling,
showing chloride domination among anions.
Abbriviations are the same as in Fig. 6.
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Fig.9 B/Cl and Br/Cl weight ratio of Oku-aizu
geothermal water prior to boiling, showing
that both ratios in geothermal water are
different from those of sea water.
Abbriviations are the same as in Fig. 6.

5& LT, BREEHIER T, RS 0.01 5RO b OH
£, WHBEBREOREPHRCEE KILBES GERIN
&) ths&EFNT S,

Giggenbach (1988) @ Na-K-Mg=f 54 77 5 4
Do, HERAKERES L DOVEHOESEERTE 5.
HBTRA & B & ORI SER R LEEEE BRI L TV 3
B&icd, DToRIGHEKSO Na, K & Mg OERE
Za v buo—ivd 5 (Giggenbach, 1988).

albite-+ K+ =K-feldspar+Na™* (1)
0.8K-mica-+0.2 Mg-chlorite+5.4silica+2K*
=28K-felspar+ 1.6H,0+Mg?** (2)

RAEMBROYH 7 — 413, OA-6 R £ THIE
o4 v EMAEHS 4 v EDRB W UM S 4 vAHE
7ay b Eh, HEGFEESRALORSETORAE,
A b DB & 300°C Btk TV IREE
TEELTWAILERLTVS (E10XD.

BB OAF I & 0 HEE L HEvkilli o LT, T8
1S BOKE BB 2 fEFIE £ 58 o — F PECS (4T
B, 1988) ALV TERD I GE4A4R). zhickhid, &
HELYHTRITOO LRy, fafitRd. VIVEABX
U7 uN4 bbidEALONFT-1-1ThHD, 1FiFa
MEBEES, Y ¥4 bREL OHHTORIHRLHB—
iz 2-4 LBEEMETRT OMH 5. FRAR-10-2 &
NI ERREVS, £ OHHTAMEFIREIZS 5.
AAYFA Mid—2-2 %KL, fEFEL LARSERIREEI
b5, WAL 0-12RL, 2CobHciRIZafniReE
Khd., FRAREIEALOFHET-1HEBTHIDY
PICARERI AR, EHILIE—2-1 2R L, SV L
REFIREEIC S 5. BRERAWE 5225 v EBKEL
2, 2L OHFHTREAMERL -TWVWE, 74584 bid
—3-1o#Eficd b, REIERIHFHIEZVL., 1ay
NUAROA-4 ERLATOYHT-5-—12 2R L,
ELWRIFIIREBIC B 5. FE#ILIE 1-6 £70 b, @Efafn
REDYFHHE .

R RorERBoMKENE IR, Bgduwl
EEEEED, S5 AE-TEAT - LSEYIRPFHES
3. FEESRET ZREMEORETICE, AL
BOBLEESA LN 5. BEARTEEED SirEE
FEECHITRBEEDOhE, 74U+ b REERE
BE X D ERGERMICS AL TV A, FRAR—EO
B OEF C/OBOMIRDEED & 5 DAIZH, ZEHRGEIE
e k- TRV REBRELTND. —F, REA,
TASHAVIBEAE, LavnvEEREADLN
.

PR ORER B L CREOHMNT LERE, 2L
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Na/1000

H10[ Bokiid Na-K-Mg 51475 5 &
FREFEREE L

Fig. 10 Na-K-Mg diagram of Oku-aizu geothermal
water prior to boiling. The upper line is for
full equilibrium conditions with feldspars
and clays, and the region of immature water
corresponds to the composition of waters
related to rock dissolution without any
control by mineral equilibria (Giggenbach,
1988). Oku-aizu geothermal water is rather
close to the equilibrium. Abbriviations are
the same as in Fig. 6.

ToksicEHans, 1) BHETEORKEISBET-
ffIER L, boFEEEREORKREM T (B BT
BT 290 - A, BAE, BESES L. 2) Biafn-ta
fiemL, BEHECSEmEIIC IAEFIAHT 28
Bl TN b, Y H A FEE 3) AR AR
L, BIRICOTGT B : v A )54 b, 8L F
BRATS S, 4) REEF-# LW AREIZRL, SFs (3
EAL) AONIMVEY)  REEA, Y4584, a
YN VEISE, 5) BATFI-F L WREERI F THIFIE O
5y EBREL, LEHCOHT 589  RIBA

Th o EHMBFHREE OBRRETO XS EBZ S
3. 1) &, BEOHBGAD O EBELE L8, 2)
i3, BAEOHBGAS AT IRET 5 BRI U ik
M, 2V ITHIBGRIR & OB ISET 5 TRIEH
T U REEROHY). 3) 3, BEOLMT Tk
HEIFNTE LB 24 U gk, 4 &, THEOHBRE
Mmook (BEAE) HBET, ThBRCOEELR
Mo tcTHH I 5) 3, FHRET, BEOHBR
& SRR L 7o b HIBGRIANIBIRE L, T/Bick-T
i3, WECBKRPERINALEIL OFEEL TWLT

B A 9 Y.
5. HZDHEH

SRS EROES I 2-10vol% (BRI 5-21
wt%) OFAHEEND GE1R). # ROk, CO,
78 96-99vol%, H,S 28 0.1-4%, Bb ® 1% /HER, K
REOMDOIT AN B, COHADBERLTWSE (B
NED. 2RhREROLF2EEFRIZ 2-10wt% iEL
&5k F12X), ENOMOHBEGREENTHAELE
WEEE > T3,

FERATZARSTH B CO, & Hy,S OERE S X UEE
hiEas3E, GIHBTNSYENELET S, H2OKME
-SRI, 2 OBEB L CHREOREIC
&HFT 5 (BlAE, Giggenbach, 1980). F7:, RikH
oo (HEHEEMEREL) OBVICE-TDH
HERELETA L 2 R[EMHEEO 7 2 EEIIAREE
b5, TORER, EBRBEEZEC LTwaiHc,
B CEEuk» 54 UG, BETE->Td, 7 2EE
BLUEREN AMOBEILAKE (ELT 3.

%13 ML, M 2RHFRET O COy/H,S th#, 1%
BB REFTOCO BEAE > FAT 75 4
(Hedenquist, 1990) T& 3. T QNI R L 7= HigpEE i3,
CO, % 10,000mg/kg, H,S % 200 mg/kg &L REUKH

CO:

Wi

4  R.Gas

B 2HiEToRKk-/KES-F 2R OERL
FERHEOREF L. [kl 167°C (65bg) K THE
Weight ratio of water vapor, liquid and gas
in total discharge from Oku - aizu
geothermal wells (under separation
pressures). Gas contents range from 2 to
10%, being higher compared to the other
Japanese geothermal systems. Abbrivia-
tions are the same as in Fig. 6.

H=8 1 2

Fig. 11
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Table 5 Gas concentrations in total discharge

Well OA-4 84N-1t 84N-2t 84N-3t 84N-5t 85N-6T 85N-10T

Sampling date 84/02/03 85/06/14 85/11/08 86/01/16 84/12/08 86/12/20 87/09/26
Abbreviation A 1 2 3 5 6 10

F. tot (t/h) 10.5 26.8 57.5 6.3 5.3 194.6 84.4

F. stm (t/h) 5.8 5.9 24.1 2.8 1.9 59.4 49.9

F. wat (t/h) 4.7 20.9 33.4 3.5 3.4 135.2 34.5

P. sep (b.g.) 0.04 0.04 0.14 0.20 0.01 4.53 6.50

S.F. (at Sep.) 0.552 0.220 0.419 0.444 0.359 0.305 0.591

S.F. (at 168°C) 0.462 0.096 0.318 0.342 0.248 0.284 0.591

Gas/Stm (vol %) 3.40 9.88 3.63 4.15 3.21 9.33 3.32

Gas/Stm (wt %) 7.75 20.8 8.20 9.50 7.34 19.7 7.54

Gas/F. tot (wt %) 4.28 4.58 3.44 4.22 2.63 6.01 4.46

Well 86N-11T 87TN-14T 87TN-15T 87TN-16T 87N-17T 89N-21T 89N-22T

Sampling date 89/01/08 87/10/30 87/12/07 89/01/08 89/01/08 89/12/26 89/12/25
Abbreviation 11 14 15 16 17 21 22

F. tot (t/h) 98.3 116.1 221.7 99.0 80.3 77.0 92.2

F. stm (t/h) 42.6 48.9 87.7 35.8 41.7 51.8 63.3

F. wat (t/h) 55.7 67.2 134.0 63.2 38.6 25.2 28.9

P. sep (b.g) 6.42 6.57 6.50 6.46 6.45 6.42 6.42

S.F. (at Sep.) 0.433 0.421 0.396 0.362 0.519 0.673 0.687

S.F. (at 168°C) 0.430 0.415 0.393 0.358 0.517 0.672 0.686

Gas/Stm (vol %) 7.12 2.84 3.38 2.63 10.1 2.18 4.79

Gas/Stm (wt %) 15.4 6.42 7.75 6.01 21.1 5.12 10.7

Gas/F. tot (wt %) 6.68 2.70 3.07 2.17 11.0 3.44 7.87

F. tot : KR, F.stm: ZKSHER, F. wat: BukiER, P.sep: SBEFESN, SF. (at Sep) : FHE N T CORKS®E, SF. (at 168°C) : 168°C T

2F 3B

Abbreviations : F. tot : total flow, F. stm : steam flow, F. wat : water flow, P. sep : separation pressure, S.F. (at
Sep) : steam fraction at P. sep, S.F. (at 168°C) : steam fraction at 168°C

H:0 (lig)

H20 (vap) 50 Gas

FI2N FEHFRABSOENHE BERE6HEEL

Fig. 12 R. gas-Hy;S-CO, in total gas of Oku-aizu
geothermal well discharges, showing CO,
domination. Abbriviations are the same as
in Fig. 6.

BEE L7 BRIcE U B, [ EEMHEZ N E 1D COy/H,S
HBIUOCOBEEARLTWA. REKDD CO, B &
U H,S B3 Seki (1990) OHEEMEAM W, ThZh
DOHFRD FIRICR L EER, BEORBEETH Y,
BT oe 25 CEOZSERME TS 5.
BYHOENF - DEEAER, FHEKSHERLT
£ U AR EBHOMR~7 OflickEN 3. Thi,
FHIRAT A BARET i rEBRERIC X AT
SHISBRENCAIIEh TV 2 &2 BT 5 EIRT
X, HEREES vy VE—REEOLEL LEMN
BfEREBTIILTVS, KL, HroF— 5 2R
TB5E, PRIz I vE—DF— 9 h LBERTOR
AR 68% LHEES N B 8AN-2t 43, HRF—FickE
S EBESBERRLEABENERBE, BECIES
LIBVWEbH 5.

—7J, CO; CH,, H, DRICI, HIBGRDEH T TR
DEHEBROIL - TWBEEZLRLTW S
(Giggenbach, 1980).
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FI3K SHEFARDO CO-COy/HS ¥4 775 &
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B &V CO/H,S M (URSIREE & 5°C M FTEHD.
FTOERERT. FERECLEFEL.

Fig. 13

1
10* 10° 108

ZhZh Qg U e SR S BERE (°C). B=AHIRSC AT »

CO, content versus CO,/H;S ratio for total discharge compositions of Oku-aizu geothermal

wells, showing the gas loss from a boiling liquid and/or a two-phase mixture of liquid plus

vapor.

Calculated gas loss trends for a boiling liquid (in 5 C steam loss steps) and an

equilibrium vapor phase are also shown. Numbers at the top of each line are initial boiling
temperatures. CO, and H,S contents in aquifer fluid prior to boiling are 1 wt% and 200 mg/kg,
respectively, which are estimated by Seki (1991). Abbriviations are the same as in Fig. 6.

4H,+C0,=CH;+2H,0 (3)

B 4REIRIG (3) iBId 2IEEEREE M, Hk
BEE (VUABLTTANY) EEEHCE -S4 T
7'5 & (Giggenbach, 1980) TH 5. TORLET, F&
A& OHFRBSMTMOERIC 7o v P &h, FEEAN
W THE U RSHSRIR AL TV S &9
BEZEFELII,

Ng, Ar, He #2{3, @HEOHBMAOEMT T3k
RisicBg5e9, ThooREIET 2 8HMERELT
W3 EEZONBIYD, O, OHBEZRAD< I <
HFREOBSIc>WTERTE 3. BEEOREF AR
DENSG O H R FEBHILE ETHIN S h 3 FEKLA =
OHBRITH B D EVWBIL 72y b Xh, <7/ <EED
HROFENBMLIRENE EI5X). & (1994)
i, BR-FH 2B oA ERKLYT ZOFEDRE
EA 10 BEEEFEb > TV A3,

6. HERMAOEH

BLHEMBT O HBGEEOKEZRAELE, S8Rk
th T —36-—18%0, ABERSH T —50-—26%, 2R
T —40-—23% &1 5. ¥, BRELALLE, o8
BoKd T —0.2-+45%, ARERSHT—45-+16%, £
HHFAR T — 15-+25% QBRI 55 (5 6 5).
DT oERcReEfHkddoRAELER W 3.

16 K3, BYHOLKEFHHETOKE - BREFA
HEBLUOHERBKDO Cl - BEE 7oy P LEBOD
Tdh 5.

IRF-BRRE AR (B 16 A 1, FELER®
BRIKD Z OHURORIK EHIBOK & DREKTHE T &
ZHHBICRLTWA, F7:, HBGHEEOKE - BBERILL
Ko SmER N, S 1, 1) MBGEES, KkE +10-+
15%0 i & TBRREME Y 7 b Uic “IbhRilK Lo
GkTHDETERAEL, 2) Thd, brEOBEE XL
A 2 DFEKAEE, (Matsuo et al., 1974 ; Matsuo et al.,
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Plot of temperature (of quartz and Na-K-Ca
geothermometers) versus Log K for reaction
(3) (Giggenbach, 1980), illustrating the effect
of steam gain due to aquifer boiling.
Abbriviations and symbols are the same as
in Fig. 6.

Fig. 14

N2/100

Air saturated
groundwater

Crustal
10He

BI5R BEA PO Nyr-He-Ar 54 775 &
EESRECRELFEL. v/ ~vES AOMEMIE Matsuo ef
al, 1982) 1 & 2EHILO KL A 23478,

Ny-He-Ar content of gases from Oku-aizu
geothermal wells, illustrating significant
contribution of magmatic gas to the Oku-
aizu system. The composition of magmatic
gas is defined by volcanic gases of Mt. Usu,
Japan (Matsuo et al., 1982). Abbriviations
are thesame as in Fig. 6.

Fig. 15

C1™ (mg/kg)
0 10000

580 (%e)

FSW

8D (%)

+10
HIBGEE (BRHRRAE) P oKRBRARRMAEE G
HiZh (1987) i< Seki (1991) iThn®)
J-HTVG : AARD KA 2 OERHEE (Matsuo et al.

) (1974) and Mizutani et al. (1986). (1) BX T (2) i,
Sakai and Matsubaya (1974) itk 5.KKk5 1 v
GW : #i#ok, HSW : R5RK, RW : #JIl/K, SMOW : ¥
7K, FSW : {bfi#g7k
6'®0-chloride and 6'"0-6D diagrams for
geothermal well discharges (GW), hot spring
waters (HSW) and local meteoric waters
(RW) (compiled from Nitta et al., 1987 and
Okuaizu Geothermal Co. Ltd., unpublished
data), illustrating significant magmatic
contribution to the Oku-aizu system. The
compositional range of Japanese high
temperature volcanic gas (J-HTVG : Matsuo
et al., 1974 and Mizutani et al., 1986) and the
composition of “fossil sea water” (FSW) are
also shown. MW (1) and (2) are local
meteoric water lines according to Sakai and
Matsubaya (1974).

16K

Fig. 16

1982) & Z oMK ORK E EFEA KB T 7o v b
EhBT Eho, HBMEC < 7 T ERENFS L TO
3E9 3, SlOoDRHEMENS B.

—F, IKRRENKL &1 4 BE L ORGE» S
i3, Clivs, =¥ WE—-54T77546 GESKD oL
B “possible parent fluid” IZiEW &E 2 5 B HiE
K (6T, 21T, 3tHE) 2V0EDDx Y FAvN=—&
LT, 1) RKEBETBI V=7 (2t, 6T L) &,
2) Kk& b bEOWKEEMAELE SOKEBET S
NV—7 (17T, 11T, 22T X&) D5tc>OREARBGERN
BHETBEIICRLB.

8, T TRKE-BERLMELE LT, HRTS v
t OLEEBUK E ABERS T ORIt E hEh o BER
HAERUCTEBLAEE AV, TR E LbiHHEA
T AMBGEEBK—HETREL, FEBABRITLD
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FE6Kk HWBRAORMESIHE (MR @ORART—4)
Table 6 Isotopic data in the Oku-aizu geothermal system (OAG, unpublished data)

Well . 84N-2t 84N-3t 85N-6T  86N-11T  87N-16T  87N-17T  89N-2IT  89N-22T
Sampl. Date 85/11/8 86/1/16  86/12/20 89/1/8 89/1/8 89/1/8 89/12/26  89/12/25
SF. 0.419 0.444 0.305 0.433 0.362 0.519 0.673 0.687
Hro (kJ/kg) 1365 1415 "1295 1596 1447 1773 2092 2121
Water D (%) —22.2 -21.1 --35.8 -21.9 18.1 -19.9 ~21.4 22.8
Water "0 (%) 4.5 4.1 -0.2 3.7 3.5 4.0 4.4 4.5
Steam 8D (%o) —49.5 —415 -49.3 -31.9 —36.9 -95.9 —34.2 -29.5
Steam 640 (%o) ~1.2 —-1.3 -4.5 0.5 0.4 1.0 1.6 1.6
T.D. 6D (%) —33.6 —32.8 -39.8 —26.2 —24.9 -23.0 —30.0 —27.4
T.D. 840 (%) 2.1 1.7 1.5 2.3 2.4 2.4 2.5 2.5
H (T.R.) 1.0 1.3 3.0 0.6 0.3 0.4 1.0 1.0
54C (COy) --2.9 - 2.9 -5.2 3.4 - 3.6 ~5.8 —4.6 —4.3
Cl~ (mg/kg) 9350 14050 6414 7824 13100 4342 12550 8758

SF.: iR O £SR3 H  Hep: 2IRHEHEO T v 5 v —, TD..: RIKHFEAEO AL

Abbriviations : S.F. : steam fraction in separater, T.D.....

SUBZMWBTRAL, P OSHESERIICZRICHALT
W3, Lkch->T, HKAROSTHELRESER SR
Akt z oA, FHAlE U CRAMROF R H
ATEBVT &L 3, WRIFHOHYLERERT PHA
BEREER» U S h 2B ORE & 250-300°C
THH, TOREFERCE T I5HE-KHE KR ER
FORS SRR (1,000In=61-6v) FZNEN—3-
—4, +1-+2 T& % (Friedman and O'Neil, 1977). %
KOO BREBEBOLZEM XD, £ 5 REEHD
S oRMALEEDY 5 5. UL, REMELE A
REZ WG RERMBRFEIBZ L BETVRLLE
SN 20T, FHRABOSIKSHORAMALDZE
i, ELREORMESEREEKEBVWEEZZ OIS, L
7o T, PHNCKHESBIRIICTEALTS, Thic
L DT B KK EBRBORIMAFHLOHEERE I hEh
3~4% LN E WD T LI h, TTTH TR - i
BEEEFEEELW,
RAEMAROMBKD R SE N ) F 9 abiktish
3. ZOMEIR03-3TR OfFIcE 20 6K,
Mt » ALl 2B L i clpss < ITRF
R (RaEE (R RARERD. Rkdicgsh
LMEHERIAICRTH 5 b ) F U L HIEKRIC R &
N5 &R, HBUKICKKIEBEE L TWS T LEERYT
%, 1960 FEf i KA EBRSHE T b 2Rl AR
&, BAKPD MY F9 ABEIRIBIEISTR TEELT
BO, O FRBIR 123 TH L. Lih-T, H#
Bk EL ZRENRKTH B LDOREDOS LI,
U F U LBE, SHBEKOFERMENETE 5. HEES
SRBAER TN, BEITRUTRE20KET

. : Isotopic value in total discharge

BRI 50 ELLETH BH5, HERIC L B3 EEE Nk

L L CERHWRERE LTEHET 5 & IR
HEEDEE 5 (BAZES (1986) E-T<). BaE
HRTld, WBEREKOREEE L TRKOAR LTS <
EREGESLTVWEEEIONEOT, ERICR R
DL D b & SIKEMicb I 39 1 7 )V THIRGRED
HKELTwB EHESN B,

HBEGEAR D CO, # 2 DB C DAL, —3750
L—6% %2Rd (Bemish (), RAREH ; £6
£). ThidHIEGEFO CO, D 65C O—BIEETH
% —2-—6% (Faure, 1986) O#ific&Ehs. 1,
FORBEAGDBEAKLNFZICOEDTEFBELE L, —
H, F=RRLETOBRRERES O 6%C 3131 0% TH
n, HARARDKEZECEEN S CO, DREEE LTHEE
HORBIESEZEZ S EIZE L.

. F & 0B

RAEHER T, FHUESEE 340C I8 L 3SED
Hok SHAMBGRTH 5. HBFE L, SEROWER
e & & 12 5 B b B iR S h, BRI
iAIE F I T 1,000-2,000m X b HiH~NRAT 3.

BIRFMOERIIAEE LTRBEL TOEb -
B, TVINE—BLIOFRADOF— 5 Eh oML
T, BETRHOBLTHEENHEEBILTVS
CEZOoND, ZTOFERIE, BARICE b HEWAD
WHWCHRERT 2B HOET IS 3 EEZ 6N 5.

RIS K DRD S N7 JFBUK T O LIETERRS R
2wt%, CO,BER# 1 wt%, H.S BEE3#200mg/ke
TH, ENOMOMBEGRICHNEIRIBRE, &7 B
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DEHAE S,

BRSO FXEE Na, CLTHD, #0512V TK,
Ca, SiOs B, Mn OEEAEV. H#loktdho Na, K,
Mg i3, BETROEFRE 7 VERSSOEBEEY L
300°C Hi COEMHE W LA HIcEN T 2 BE L
o THY, MEGE S L ORIGSELEECEA
TWA T EARRLTWS, TEIESYICEEY 280K
ORIFNER, AESHER, HVEAE TS FHIEE
HIRD, VYA b, BREBABLUHAA Y FA b AREIRD
1w LiBsarn, BAE L 3@, HIRG 080 L R Eaf,
EHSLASRRIFN I W LBRERn, gL, 74 Ih 1 b,
3 a U VAR, HERSK BRI &85, BAFIE
HEOERMSEN-BENAER L, PoFRBEREDH
WErEEHCRHT 2RE, BAE, #ESEusE, &’
HEOMEF AL SEBELB LD LELON S,

B/ClLt, Br/Cl i & OKZRME-E 1 + VB
&, HEVKIcBEAEOEKOTEREB W L &R
LTW3a, Fi, HBukhS5iE ITR LITF A5 EBH
CrYFoapREENE T ERD, POMTRKER
BKkELTEATVS, EERNRERCEEL EBAK
i, PR RE T O I0ELRBL LN,
—7%, Ny-Ar-He # 2 Ok ® & OHIBOKD/KFE — BRF%E
Ef ALK, < ofmBReEBX LT 2 TRESH
oSN ANEELTVWA I EAHRIRET S, &
WCIm BE MR V2 REMICHRT 500, WhW3
UGk RETH 3 0L2RED T 2RIV, &
nNooT s, REBMBAROEBEEICE T 5
BRikiE, HE» SEREEP I TEBELERO< S~
L DED LN (B TK) ZXEEL, Dl
&b, 2o oS NEBRO < <A RS
WEAENTERENLbDEEZOND,

BB OBk 1288, AT L DN — R A FIHE
“$10mg/ kg & h 5 13h, HEATS v+ ORERLE
KRB EESUCLERIY Ry — kiS5 &b
5, HIBUKBRICRN—2A A P VDA LTFEBOBEEL
TWVWBEEZLND., TNOLDRN—R X FILPERITE
DEBESOREE LTI, D) BB~/ <ichkd 5
ahetE &, 2) THOHBICHEES W TOWIdER Ok
#) » o OEBOTRE, BENEL LN LM, BEFK
TROVWTNLERET 5108 BRI S,

HE ZHEFWME, HEBRCK, MERITE BEREZ
KA U» & T 2 ReRmBKRA B X CZHEEIK
EHALHOEE, S, Vv 7Y v IPEMIEE I
LExOFE, THAZEL L biIT, RAREROM

HAZ#FA LCTEWR, 7, YREYERBIW.
Hedenquist 4, &HAE#E 8L, MHEEETEEA
Ht, SREREELS L OCHER LT L EL» S |’,
BNOFEEHIBLEL, OFBREEV, ThdD
F5 2R B L B B,
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