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Water Balance of a Crater Lake
and Its Leakage - Lake Tachibana, Hokkaido

Kazuhisa CHIKITA, Yoshiro MOMOKI and Yasuhiko DEGAWA*
Department of Geophysics, Faculty of Science, Hokkaido University
( Received May 25, 1988 )

Flowing passages of groundwater, leaking from a closed lake, are examined by using
particular fine minerals less than 2x as natural tracers. The small crater lake, Lake
Tachibana, Hokkaido at 410 m a. m. s. 1. was formed from the volcanism about 10,000 years
ago, the geological remnant of which is “Lake Tachibana Lava”. Field observations on
water balance of the lake, performed in July 1986, showed that the water level lowered
consecutively at 0.14—1.2 mm/h before a rainfall. Correcting the water level effected by
seiches, the water leaking from the lake bottom is estimated at more than 7 X107 —2x10-2
m?®/s from the equation of water balance.

Spatial distribution of spring water discharge on slopes outside the crater rim shows
maximums of 4X107%m®/s and 3.5X107*m®'s on the western and eastern slopes, respec-
tively at 360 m a. m. s. I. The two springs with the maximum discharge are located on the
extension of an imaginary line, dividing the lake into northern and southern parts. More-
over, the spring waters uniquely contain suspended matters composed of much of montmoril-
lonite and alunite. Much containment of the two minerals is peculiar to eluviums of “Lake
Tachibana Lava”, limited to the lake basin and its neighborhood. These suggest that lake
water is leaking out partly through eastern and western fractures of the lake basin to the

spring sites.

* BIE | BEKEHERESER
% Present affiliation : The Senior High School, Attached to Meijo University
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JCHRERE TSI ALE T 4% (42°30 N 141° 87E) i3, H—THER & F 2 515 KILDEHIE
Bhic & - TS LI/ TEITH 5 (1L, 1985), Zoidils, &, ANV ABEEZIE7/ %
T b= LI, A0 7 VINRO—DIEL(897.5 m) NDEICE L b BAR FIc T 5 (Fig
). Zo@oEEIE, FMREEAOSOBIE ML 2L, S 90—190 m ook BREE (IEH
fa 16—28°) »5B 3 (Fig. 2). #&sliz, HHEN % L7222 VWEAZEM T, MRELY, RO

AL, ZOBRELHZ 2EAOEVAE, BINO LEREICHZZD, AL RIERYH D,
FEMORE, BFINIOERE, AEAOFEREC L), 2OTHR2.8kmIZBIRRE?H 5,
B d o T, HHHEICEAEEFH -2 L HEZINTWE A (HH, 1922), BlfEiLEd
O LN, OFEMAMNE#T 1 mBETH) (Fig.3), #EFIL, SKETRE 41m-1§
305 m DITITHEMAR, WHOMBIKEER, $#410m TH 23 (Tablel and Fig. 4),

SCTHET BN, 1986 ENERE (7 A) ICEML 72, ZOMMOKNFICHET 2 HFHEERT
b, KOMOKRZIZOWTIE, WHHOFEBIS.0 km, FLEA %R TORNET 248 L8 T,

1

Hokkaido
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Fig.1. Location of Lake Tachibana, Hokkaido and topography around
the lake. The Karurusu spa is seen at the bottom of a western valley.
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Fig. 2. Topography of the drainage B
basin of Lake Tachibana. Three
plots, A, B and C show stations NN NN
where water level was measured A'SONDJFMAMIJ

in July 1986. 1985 1986

1

Fig.3. Long-term variation in water
level of Lake Tachibana from
August 1985 to July 1986.

HR S (1966, 1967) %, BEERE L LICREEIT- w5, FRICE B L, #KHEEHO
WIS, WIARDEES ST KE LTRIET 522 2 0RH 5N, B KITHZz0ES, 0.4
m¥/s & Rifi>Tw5d, 22 Cld, KPEBEICED MO & DM KFHRIC v TR,

f Tablel. Morphometry of Lake Ta-
chibana, Hokkaido at high water
level of October 1985 (Fig. 3) and

its drainage basin.

Lake: Area (A) 0.12 km?
10 Vo lume (V) 927 x 10° m®
Length 41 m
Breadth 305 m
Maximum depth 4.3 m
Mean depth (V/A) 7.7nm
0 100 m Water Depth : m Shore line (L) 1. 32 km
L R P Shore line development
Fig.4. Bathymetry of Lake Tachi- D = L/2 V=R 1. 08

Drainage area

bana at high water level of Octo-
excluding lake 0. 45 km?

ber 1985 (Fig. 3).
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B, WmHELoE
gy (Fig.5) i1, Xk
BR 43 A5 i E &1L
T, BB DKE
W R b 2 ESED
fils, 18 L% XL DM
Wi bomb, 72,
1 774EH, oMzl
B & 72 GBS 3
DS AT L,
DR & 7 DL
RaE S5 (1,
1985). /2, EENHE
1243, BRI R HEAE
Wik - Tk s
MUTZRR & 17z iR HEAR
W (B ZREERE)
T 5 (AR,
1983 ; 1Lil&F, 1985).
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I____J Alluvium

. Mt. Hiyori Lava Dome (Dacitic)

Lake Tachibana Lava(a. 10,000 y. B.P.; Pyroxene Andesitic)

Noboribetsu Base Surge Deposit ()35,000 y. B.P.; Fine Scoria,

Volcanic Ash etc.)

Karurusu Clay Bed ()35,000 y. B.P.; Lacustrine Sediment)

ﬂ]]]]]] Noboribetsu Pumiceous Deposit 1 (a. 40,000 y, B.P.; Dacitic)

Rampoge Pumice Fall Deposits Ila & IIb (342,000 y. B.P.;
Pyroxene Andesitic)

% Mts. Raiba & Pontoko Lava (Early Pleistocene; Pyroxene Andesitic)

Fig.5. Geology around the lake after Yamazaki (1985).
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PAZEMI TH DGO AKINEI:, IWXRERM % AL 2 LT, AR TEHLEIND,

Ah=(Qin — Qour ) - At/A—E - At+P (1)

2T Ak ALROKMZEL (M), Qn @ B LDRFEARCHTROFEALE (m*/s),

Qoue | FDOMWTFHE (m¥/s), E  MEERE (m/s), P AtHOMKE (m), A #KE#
(m?), Th2, HEEMEEE (P=0) 1213, Qui3TAKREANAE LS, MEEREE 1, KO
#&1F Shulyakovskiy ® (Ryan and Stolzenbach, 1973) ©5- 2 L1 2 E, » 5 B L5,

*HEIZ DTSR NDEENA, ERDERICE 5 "THiias" LY.
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= (0.112 #u+0.094(A8,)"®) (e, —e1) (2)
A6, =(6+6)/(1—0.378 eo/P) — (6, +6) /(1 ~0.378 &, / P) 3)
~ (6 —6)+(0.378/P) - ((6+0) e — (6 +)e ) (4)

ZIT B WHEAFEE (mm/day), u: KELE2 m ToOEE (m/s), 6, 6 @ FNEFNH
HAKRR VKK E 2 m ToORE (C), 6=273.15, & : Glcttd 2 83FIKZEKE (mb), e
HE2 m TOAERE (mb) (=e-H/100, e : 6, 12543 5 8HUKEKAE (mb), H : fEE
K (%)), P:.&E (mb), T&5.

% $, b & o Shulyakovskiy ;. (Shulyakovskiy, 1969) 1z, (3)3% T, 0.378 ¢o/P, 0.378
a/P~107 K1hb, Aby= 6 —6 &L, @QRALLND( IWH(0.15+0.112 #+0.094- (6 —
6) By nlk &, BERQ)-AWTIE, FNFNKEE 2 m BN LIEICEIFET 2 0.378 a/P &
0.378 &/P "&Fn T 3,

. s« IR % & A

1. BxEFHZx

1986 4 7 A 15—18 H O EH], I TEIEM % £/ L, W% D LIZZFDKEZ AN
2. £F, FATN—Y (BREUEE  1/100 mm) {3 = 0t RokEr % Fig 2 0 AMSICH
EL, KMLOERBHZIT-72. 7, MEEREXQ QR L RAMEL 5728, AsAfHEN
W, BRI - BGE, RIR - RE, MEKEZL TRERY, FnFn gy o2ty 7 A B,
T A BREIRET, — I A —BEHRUT A A FEHERE BE £0.5mb) o &
THBRMELL., ZBBICE 214 2%, SOBRAIREYGZOKMEATFET LI EXERE
L, Fig. 2B, Ciiaic BN AKMEIEREL 2., FLBRM2ZTFAL, R THARNES

(REfE 0.5mm/s L) P AMAHEOBEICKEL 72,

2. % =B

Fig. 61z, @& LN BEREZ R, K hE, FEKM,L0ES (mm) 28> Twb,
TE, MR- fREUI B IcBELL-ERTH» S, ZofEbolEmIE, TH16H
22:30—7A17H00:15C0.5mm, 7H17820:06—7 A 18 H 07 : 30 T37.5mm OFHE
EME N (Fig. 6 —b), BENEMICL D, Ak, MBS ir>7 A 17 8
19:00EL N FRLIZ LS, #RB, 18 H07: 30 TRIEAKMI LD 4.dmm D ERAHSH 72, 0
i, BESEORGEZEBL, BRKOBAIRD SN2, ZOBMLEITE, BllkmicEto
EBYH BHY Kid —1.2~—0.14 mm/h OFFE CTHEKIET L 72, Z OKGET, Ko Fig. 6 —
bO#HERE - BRKEFZEEL CORI VKDL D —(Qin —@Qoue) 13, 4 X107 —4,5X1072
m®/s T, #EL 5L DM TRFEHRHIEDLNE,
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Fig. 6. (a) Meteorological data and water temperature at lake surface, and
(b) lake water level, k, evaporation, E from the lake and rainfall, P for
July 15-18, 1986.

BEKMEHC L » T Lz, B, CHUSUKMZBIUERIE, R A aoKkn Zh &%
bohhrotz, Lal, 17 B, MMERNCREARMEEEHL 2RI, AliTRE 18 30,
Bi#iT 2045 CHAT21:30 TH), EAMTHE—3IMOTNA D72, £, 2D
REFRET, 3 A TORMREAIL L F - 228% (7 A 15 H 11 30) #kfiLlz, A, B, CHET
ZnZFN21.43mm, 14.56mm, 14.28mm TH Y, #icA - B, A—CHMTKRENENIK
Eppodz, M, BRLE, BRSTOKEBSMEE, RET, 18.0C, WEAHE k& 13.9m)
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T1.0CTHY, BHELHBGIIHFEL Lo -7, F72, KUBRMOBERIR U ZOMHP, =ik
BUapsAEE, EE 0—1.4 m/s DBz (Fig. 6 —a), Ubnz ehs, LEBEICE S
BHRENOREFEL L ZHZHEIER LA > 2%, 3 EBOKNEOBEANCEEL T2 2k
PEZLND, Fi, T, ARMEOKEIZHALEEREL TBLT, ZoKUELL M
WRENKENZ 05, KEETED (Qowe — Qe JMELBXRFHES N TV 2 Z EXTFRINS,
Fig. 713 A, B, CHENDKAICEIT 2 27 F VENDKRETH L. > 7V >0 54 A
HY 1B & AR IRV AT, S AR RBHOKEEBHORRFIL, TaiciEr»nTwb, Fig
T—bNat—vrArsHLALNL 2, A—BHE, A—CHlI%, E#E 0.21 cycle/h (B
4 88 M 2 88IC, ZANX—DOKE L REAMBG & A X¥—/h S R RBRYRT & 125 h
ns (Fig.7—a), Fig. 7—c»bH, ZORAMBS DI b, B 0.1cycle/h LI (E#A 10
ReRLLE) ©, GrAEMAIE 3R 346 —353 MidT—ENEZ AL, —F, B~ CHITI, &EEH
TEHWIb—b »2%RL, TALX—DKELEES 0.1 cycle/h LLTOMAHEMAIZIZIZTETH
5, T, B-CHT:, ELREMEEHIZZREEGICRZ »722 & 2587, BREYRS T
&, ANDZANLF—H ML D EickE& < (Fig. 7—a), A—BR, A-CHoOEKREE,IIITE
Lwoe (Fig. 2) 2832 &, Do, FLRBPLES (—ELZKIET & BEMic
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FBARMLER) 12, BERNOREEFHIC LD RUENYEL -2l &0 FELLNE, £/2, 2
E—L v 208 WS RS, BB 0.28 cycle/h LI - (B#A 3.6 BEfEILLT) T3, A—B,
B—C, A-CHOMETHAAMIAE 5, L, ZOEAKEE Y OEEEHZ L T
52k ERL, BIEKEEESLZA, B, COEDOEBN T, ZORDENMEEZL 2 E
25,

Fig. 812, KAEF OBz OWT, A, B, CHUENRIE 2 E18 L TE7 AR 2 KA (hy )
D 1B RFME (hy) & 2 U E ST TELNS R (x40 m)

(Qoue — Qi) BEPBDBEFELTY. b DM orfrs v 0t T
P, T EOE T BB L OB RY R E
b, AANZIBRIZH 5 AMeDAS 12 & g,
SEOBEICHKIZST7THI2ZBE 13, #nF
11127 mm/day, 62 mm/day ORIEA BRI S 11
TW5, 2005, 3HETOKCBMEE»S g
D (Qoue — Q) DB, ZORTHEOWTKR  d
A Q) DBLERBEL 72D EVZ S, L el
L, TAI6E 0130 L% (Qou—Qun) M i h
BIF—F e %), Z0H%LTHLOBENICL Y, s e ——

IR U U S |
TTT T T T

(m¥s)
3

~~~~~~~~~

7 X107 — 2 X107?*m¥/s D TEHH L T
LT b L, ME,»LRHET M TAKRNO—
iz, #Rn Loz, BERNBEERDT7 T 7

Time «—

Fig.8. Relationship between the rep-
resentative, hourly water level, h,

For— iRH L L, REEN O RESFHE~ and (Qoue = Qun ) from £ 1)

LTI enEZLND, ZOFE Qou b3, BEHTARDFN & L THAMKT & iz Ed
THIENTFRENLY, SEDEM T, BRICLD QnnZEEH»KEL, ZOMEm% Fig. 8
PHELZAZEIXRBETHS.

B, FUEZEM AP (S KAIZESB) Ak, Jacob(1940)ic & 2 KRN BE =pgAh/AP (p .
KOERE, & BAMEE) &L LTE2LNE, KKTFTHIRICOWT, REMKEL (k) »5 7
REEBETEICL > ThLy FREREL, ZOEBSESAEEDBEIHBLNE, L2008
ETHBIZE  ev (7=-0.29) #%, BE=-0.00865 (=—0.0882 mm/mb #4) »% 51 3.
ZoHfE, RIEIL 964—967 mb & b2 #F TRILL (Fig. 6 —a), ZTHREZEbICL 2K
RI~DRRL, KOS D 1.8% Eled TIE W, F72, ZOREMED S, HAEBELOMRE D
BAKMEE 2L DS, KB - R P 2B ERRLEEOREKE 2 Z0F ML T3
twnz b,

IV. BT <4 BiE~ 0&E

1. BEARE
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B8 A VB, (Qoue— Qin ) 137 X107 — 2 X107 m¥/s DEXELD, #lH L OHT R
AR B & 7z, IR A O IR &, Z DR T KA O BREE M o P
Bl vz trEzons (Fig 1), 22T, #0EELFALLH, THIS-16 HD
MR, HAEOSMHED L HE L ROBHERVZIUCL > THREIAS/NIOKELZ MEL,
MGG, RESOMTKIZ, ZTORTEET, REEZOMMET2EAEL,
FMTARPORERT L RBELICIRE RN, HFERLORREZITH. HRELT, @kdo
AR F O RT, T KOIBET 2 HE
DBRACERD D Z N ZE RBL TWE Z &N
FHENSE, =7, Fig. 95 ¢/ ko
PR I3 LT, XAREER IS & 0 S5 Hr
ATV, ZOFMEROE VD S, FAKDOTE
BRI ODWTHRE #1475 72,

a) ik (A), Bk (C, D) RV (B)
10—20 [ EL, 045 X v 2 I K
T T7ANT—EECEKT A8k - THER
ZOEMRT R d<2 p).

b) BlHmE (C, D) :#IE (A) DU . . .
o o Fig.9. Sampling locations of lacust-
B, fGHRENORRELE(E, F), RO rine sediments (A, C), surface soils
we (Fig. 5) 2o BUbEEY (G) 2RI (D, E, F), and a rock fragment (G)

)
L, ftiEEIiz >WTidfise < Bl T, Ko of Lake Tachibana Lava (Fig.5)
and its eluvium (G), shown by

& > TR RZE 2 p LIT Ok, black circles, and lake water (A),
spring water (C, D) and river water
(B), shown by white circles.

2. % R

Fig. 10 12, RESME CHOBHEE L WINRR & OB H 2Ry, B EAmNrs 0, 8K
MILZ DT, BREOERZZFORBBRBMBSERT, WIREARTICHES BXiL, #daofl
FEAELLOBHBICL > THFTEMICHBAINS, i3, ZOHERED, Fi, TEKE
DANNAKEETE (BEA 13m) » 50 (Fig. 5), Znfes, NADFTBEST, WKROF 10
MBCHIEBLBEE ANAZHEER EOBER» SRR T 2MAFEERICE » THESI LT
B2 EEZLNDL, B, O, BR1IEADTINIA-TED, Tz EET 5 ERK
Li#Es (Fig. 90 D) THOFHMEIT 4 X107 m/s ¢, BALREIRL VBB L iz, —H,
BRI ToOMEIIL, BERKURBENN— X4 —CHEWTH Y (Fig. 5), ko@Eibiz, KHE
DIBHERE & DT OKIUKG & OFTHL Lz, &/, s, HEME S Lk 360 m
BETALN, ZNEIF, 1.1X10™ — 4 X107°m¥/s T, G2 REICW 2R ETREW, 2
g, KRB - X2 P B ETICH2ZERICEL 77 7F v —5h ), ZOBRLENDEFHET.
5X107°m¥/s 7 b, IO T MR Qoue > 7 X107%— 2 X1072m¥/s HD—EhA I N & £ 4 b2
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Fig.10. Spatial distribution of spring and river water dis-
charges (m?/s) around the lake, measured on July 15 and 16,
1986.
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L, BB EERE e CEHL TWBHEEMS T, La L, kol sic, 7812
13 HICKE M2 D, MELEOBKIE, ZOMKNREIC L 5 LBERNOKSIFED L NFH
ICEDL eI REZ NS, FIT, LRSI HOREED S, BARD OB %
FL—%—¢ LT, ORHBZEMICOWTE ) ML LREFTEIT- 7.

Table 2 Z, ko a) & b) DMK FICHT 2L HHERTH S, KRB EE LKLY
Thb, TEVOFAF, 454, &IRA (chlorite), #4 1)+ 4 F DEIZDOWTIE, 4k
wETENZH, 15A, 10A, 7A, 7TAOKSE— 7% K, Sudo et al. (1961) & Oinuma

(1968) DFHEIZ L), ZOMOEREFHFEE5 2 Twb, F2, ZOMOEELH G <
497454 bR B LI TEHOBITAA (alunite) 12DV T, FOE—7E» Lk
v HELERERL T3,

BALEY?E I ESn bk nwbnbd ey ) v+ MIFEET S &, fithiis 2 % < RN,
5.03=47 A6%NDKEL TV X E LD, U, TORKED, HOREL- RS P 2 IUESOE
bl (D), BTFLEZENERS (E, F), Z#Airzkhtg (C) RUWiiEEDBILE
B4 (eluvium ; G) TH ) (Fig.5), ZOMHERCEEI RES RLbeHEEZL, Larl,
Z DR KAE A7.46% % R T EHT, BEHOD T34 <, LI L WGBS BILEREY TH 5,
U, KIEBREEHIRHELT 5 & &, FHIZORBIKELBIELE LT, Btk
LT OREICH -7 2 & 2RET 2 (BME | BIERSE AHKREER). 272, CHEns L
WAKETE & DS OBIL L, H4 ) F A FOFHEERIEL, X LICHIBH T, FRHEEI R
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Table 2. Five clay minerals and one mineral (d<2y) characteristic of
suspended matters in the sampled waters and the sampled sediments
(Fig. 9), identified by X-ray diffraction method, and concentrations (mg/
) of the suspended matters. The numerical values for four clay
minerals show the percentage in weight among them. +++, ++, +
and tr. show reflection intensities on a chart, very strong, strong, weak
and very weak (or traceable), respectively.

Sampling Montmori- I[llite Chlorite Kaolinite Pyrophy- Alunite Concentration of
Point Llonite . Llite suspended matters
( mg/l)
Water
A (Lake) 2.95 38.31 10. 18 48.57 tr. 2.32
B (River) 2. 87 10. 14 5.98 81.00 tr. 0. 555
C 23..30 11.37 2.22 63. 13 ++ tr. 1.60
D 26. 56 9.70 2.35 61.38 ++ 3.75
Sed iment
A (Lake) 13. 09 20. 83 3.72 62. 37 +
c 1.52 22. 47 3.41 72. 60 +
D 10. 36 18. 44 7.58 63. 62
E 13.78 43. 48 17.73 25. 01
F 5.03 53.47 21.57 19.93 ++

Lake Tachibana Lava
G (eluvium) 47.46 9.17 20.07 23.31 +
G (Rock) 5.23 25. 60 25. 96 43.20 +HHt

+Ei, 4w T4 T4 PARLNA, ILDERIE, HOoTIofhikic, BKERIZLZE
B o122 & e TRET s (ARG, 1983). LB @lEiEtEY (A) OLIWHBIL, Dit
HEOFNELLCOTEY, ZoiEiE, KRB K> P ILEEORLETH S & 2RT.
% 72, BTN RE OGS e LT, BOKERIC L 2 E8REEOBRERI NS, HITA
F (alunite) HBHLN, Eh b, FNPBHMEBELREETLI L2005,

okt FIcoOWTid, C, DOBHMET, 22 CoOHMBERAR EEEE, A4 US4+
DEHRHB, o CHETHE, TOMEOME (AN AKELE) ICHEN L s fe74 7
£ LALILDL, DU, Fokd, BHSEETEEIEROBERTERELARL T2
X ERTT MK, BRhoEY ) aF A MIOowTE, EFOZTHEEHNC, DENLEN, 23.30%,
26.56%TH Y, HRAK (C, DENFN, 1.52%, 10.36%) &V L %0 &E, REART
EvE)utd b EEEOECWE (22T, KiisEnBALREY) ZEDAA TRIIHE
HETRET 5, & 512, DHEOBAICIE, BEFRNICOATET 5, BEEREDHIZA
FOREIC AL N5, il s DILEDOBIC I, TBAEDFEWREIL- K>t 2 liEEsH ) (Fig.
5), E5IFNEILY (D) nEZE) at A L EFEEPBERNZ 0L, RANZOBEELEZ
2 FONER % @B L THFRE L CDSIsET 22 Li3F 206w, BEnZ iy, £ %))
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T A FREHITAGEREE LK, REWL - R b 2 IEE T 2 EEE D7
S5 Fe— R FNELFLFEREL, DHASICET 28T, Ere2)atA b eBFARES
CELAFDBALE RS & B IAA TRIZTEESEA S, —F, CHbnBEKIE, > othd

FOEHERIZE A, HITARORIID L, FITOWEBRFN 4074 74 F LBEFCA
S5, T, ZOFERAS, K E BUSTHERR PO BEREEIC 0 CRFRIKOm T ICER %
LR AR,

XA TR, RAEPOBELWOLEICHTIERE KDL Z LIIRETH L, 202
%, BEME Tlx, Table 2 (SR §HKDIEHEYEIBED L, ZOWEBBENOFGELFET 22 L1
T&ELw, UL, LR, S, WBOMEREL £ L, MTROEERESZDEELIRK
MR EPRANL—FEE LT, MRS (22 T3, B arA b EBRITAH) 2HTKE
V=t LTRVAZ L RAEMTHE L2 5,

V. % & o)

A ENGH TOEMDOANZ BRI &, 5 DT RFEH (Qoue) & HMA H DT KA
(Qin) ENE, (Qou —Qin) D77 X107 — 2 X102 m® /s & T X 11, #iD &5 DM T HR A D
SNz, fib, EEEMEE, HEREMIOERSSE CHAOFHEFZMEL, HRELTHERE
I LM ETRREL -7, 23, ZOAFHET.5X107°mY/s &5, G#EiD 5T KD
—8A%, REBETOBOEEHMICERS 77 7F »—FRHEERKE L, BAEEEL TV 5145
WERET S, 22 C, HEIOMEDRHY H, MRSEMEHTRKIL—H—L LT, BKkD
R EHLCTEI E2E 22, Tk, #IK, @bk, BKCEFNLEERT, &
U R DR T (d< 2 p) O E, XBREITERIC L - TR, #HRELT &K
BB T THET, BRAPOBBEFOELT) oF 4 F EHEIE, BRI TEIZTAE
(alunite) # £ < HFA Tz, 2o 2 &, WL DAGHT 5 iGithES 0 B EREWES
DFHETHD., TN Ehh, WEREEL T, HMTRPBHREENNT7 77 F»— 28T 3
%, TDFEBELNOBAK T *BAELBHLZ 2 EZ 505, 4%i3, XEEIFRC L 581
Yo sE &AL & i, RAIBEOF KIS O TEET 22, & 512, BEI~DOHTARKA Qi D FE,
BRUBELLRIBOM TEE 2 W\ IC T 5 2 & T, HIKDRHIER % BT 5§ 2 LED
H5b.

A ANEEZ F LHBICHLY, ARLHEE 2TEC I EBKERE  FRIKIYBRBIRICE
BB 2. Fo, XBEHFEIC X 3 0MREEIC DV, #OEBRY 2 EHeE L 15 - 2 iKY
AHKEBIRICE BB LR LT, FARIC B2 - TS, BOKFEHE  REME. B SN
WEBENTF - FHED - BEEEORRKRUOFEINRRIE NEERRCBMERCL) LA,
a6 IR L £ 7.
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