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Changes in Water Chemistry and Color of Mizugama,
a Crater Lake of Kusatsu-Shirane Volcano and
Its Implications for Volcanic Surveillance

Joyo Ossaka! and Yoshikazu Kikawapa?

Abstract

The phreatic eruption had occurred at the Mizugama crater of Kusatsu-Shirane vol-
cano in March, 1976. Before the eruption, the color of the Mizugama crater lake had
changed from the conventional yellowish brown to bluish color due to the supply of the
spring water with high concentration of Fe?’" from the lake bottom. In the summer of
2005, the Mizugama water changed to yellowish green with the increasing of the Fe?"/
Fe®" ratio in the lake water, while the water color had been brown since the 1980s at least.
After that, signs of increasing volcanic activity have been observed around the Mizu-
gama crater since 2007. The chemistry and color of the Mizugama water thus may be a
good indicator of the volcanic activity of Kusatsu-Shirane volcano.
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1. FC&®HIC

BRI, RS OESNCIE T 2 FHEARILIE, 4 H bkrciEEi 26t 3G K0
TH 3 (Fig. 1). 1976 4 3 Al i UTEK OO —>, IKEBAKITB W TKESIERMIFEL, 20
%, 1982 5 1983 FFIC I ¢, IAD KO TH 2B KT VT bIKESIEFDSFE L1
T OKEKINTE T BKELIEFRL, BIKLE LTIE 1942 LK 34 330 OIEKTH - 72, BHE
TERYE PERETE, 20l S, FIKIBIROES L, BEK (ER) FoHBRbErHEE -
W5E21T-CTh 0, 1) FEARKND 3 FEEKFLL O EHIT 2 7 2D HoS HhiT, B SO, 25 %
N5 &I -t 2) BSHIEAN T HoS OMRERATLA L 72, 3) Hid#kic X 5 HeS JHIE OFE R
SRR Y — 7 OBBREDEN L 72, O IWTEKEMNHEIC SO, 288 7 2AESHNZ BB L. 3
otk y, FEKILOEEOEFRIEBHEA TS EDFERICE L UNR, 1975 ; HETEK
2P AR - BEURSFE 2RSS, 1976 /NS, 1978). & 51T, & LEENDH 515 5KEHT
ORJFEENE W EETFRL T, EAREDOKH 2 AN KILE K FREE S IOES LT, dL
D THIBR L2 TEIC L B, KIME K OFEERS RTINS L e, B8, KEKOodtfisi e
HOMER, HBVEBOERIEAGED o1 (12 & Z21E, [RIT, 2009), 2008 4F 7 HicldiBE Kok
SR ONBEICHIRE SR S N A5 L, HOKEEITOKLEHOERILOKES R SN 5
LS, ARETIE, 1976 FEOKEEKORIRICHEA 5N IKEBIKOZLEEE L, T o KIiE
& ORSEMEARET B, B, KEITHE X 1982 0 5 1983 FEIC I TR L 252 0/KE &k
LGS & DRERICOWTIE, BIEE < oFEmMLEInNTwW5b (72 & A1E, Takano, 1987 ; Takano
and Watanuki, 1990 ; /N &, 1997).

(a)

Kusatsu-Shirane volcano,

Gunma Pref.

Fig. 1 (a) The location of Kusatsu-Shirane volcano in Gunma Prefecture, and (b) a map
around the summit of Kusatsu-Shirane volcano. Contours are in meters.
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2. 1976 SRR KRR DIKZEHKDMHEMEIL

Table 112, 1976 O KFiRICERILE N 7o KSR DIL2EAHE 2 7R 4. FRES A8 & KR O
KODHEEZ XD TRONISDTH Y, FELIEFESRDEESIZITHI > TV 5 D Id 1966 4F,
1975 FED 2 A LA 73\, IKZE T, 1976 FFEDIKZARKUBTIC K - THIRICH U7cfr 7o @K FLo 72
mu%nif@mmﬁkﬂﬁmtﬁ%b,#ﬂimmﬂﬁﬂtt@(mmmnn Z DTED 1977
FITRBAOCHABRO B 1. T OBEOKEHIKIZ pH 252.35 & 3 % N3t Th v, Hk1
FUvn3EAEEGENBOVDITHL, WA A VI3 100mg/L D4 — 5 —TEFTN TV S DHE;
@&éié.:@iiﬁmgm%ﬁi@km®ﬂm*ﬁmf@ﬁk%'ﬁ%éﬂtﬂ*'ﬁnf%
FEkCTH 5. T THKD 8 » HREID 1975 -7 HONHTEA R 5 &, Fe* [REDBAE S EAHEE
b%ﬂ,%@mﬁ,mbEQﬁLfFéﬂkM“&@;R@k%<@%LthL&@b# . C
D& BEAE, BKOFIIRRRIETE2HDOTH-1OTREONEEZELTVLS,

KB OHEIC B WT, KEKURFEIC X 0 E U BEZEKILONEEIC, BEOEBA LS EKD
FAENHEE SN TWS (Photo 1c). DX 5 15 1976 FEDIKZETIEFEIC & 0 4 U 71820 KFLN I TE
BENIGEKRDHEE Table 11T/r L7, TN SEEAKD pH 37KEBIK (pH 2.35) &[EED 2.3
ﬁ%28?%© KBRS L TldR 3 0 KEFIK E[E U A A itz LS, WlEA 4~

IKEDLDTEATVS, T, BERDEEMCBKENKE O BESEETHY, BET 284
v DETIEFe Thote, TOXIEEEED Fe?' A 4 v OFIENFERIICEEBOLE (Fe?'
L Fe’ EDRGKEEILY) #HELERIZDTHAS. Lih-> THEARIOKEHIKD Fe?' /Fe?t
HEEHOKREBETIL, O BEKOBE~NOMHBICLE D THEEEZLNS.

—J5, WEKELED 1977 FITHOBNKEHIKIE, SEREDY 300 mg/L 2#iZ, BKEHITENT
D TEWHEE A2 RT D TH 12, £, £D Fe & Fe?* OBHIGEHIRIIC F Icg88 60
THoto, TNRED LS Fe ICEOFKRPIERKALAICHEE o 7o T EEZRL TV A, KEITIE
WMAT BEIBFEAEE T, T DHKIEREK EKEKONO/ NS EKIC KD RSN T0E b0
EEZONBET EMD, KEHKDKEGEZDEFHL, 0L ITKONDEKDIKELZ DHLE
BoZfbic s Tws EEZL N5,

Table 1 The water chemistry of lake and spring waters in the Mizugama crater before and after the phreatic
eruption in 1976.

. Atmos. Water Content (mg/L)
Sempling Nt Temp. pi -
(C) (C) Na® K* Ca’" Mg?" T-Fe Fe?'" Fe*' AP CI° SO H.SiO;

6-Jul-1966 — — 2.8 5.6 1.294.4 3.7 15.8 — 39.4 0.5 637 36.4

11-Jul-1967 4.2 174 273 — — — — 328238 9.0 — — — —

4-Aug-1968 225 21,5 28 — — — — 43.6 13.430.2 — — — —

Lake 29-Jul-1969 5.3 189 26 — — — @ — — 133 — — — — —

water 24-Jul-1973 186 206 269 — — — — 12.8 6.3 6.5 — — — —

29-Jul-1974 18.6 20.3 2.70 7.5 1.5 101 3.6 52.8 9.3 43.5 — — — —
29-Jul-1975 19.3 21.6 2.7 5.8 1.2 95.9 0.29 39.9 31.3 8.6 37.6 0.7 518 42.5
2-Aug-1977 19.5 27.2 2.35 23.8 2.8 252 15.9 310 300 10.0 172 1.3 2496 170
13-Mar-1976 —8.8 10.2 2.6 33.8 10.4 260 18.1 78.0 78.0 0.0 195 2.6 2080 183

. a
Spr}[ng 1-Aug-1976 21.0 18.9 2.31 28.8 8.4 288 6.9 332 294 38.0 208 — 2864 195
water

b 1-Aug-1976 19.8 22.8 2.8 20.7 5.8 305 5.9 55.9 51.6 4.3 135 1.7 1553 182
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Photo 1 Photograph of (a) Mizugama before the eruption occurred in 1976 (July 25, 1975), (b) the new
explosion crater formed by the eruption at Mizugama in 1976 (March 13, 1976), (c) the “black”
spring water found in the new explosion crater in 1976, (d) Mizugama on August 1, 2003, (e)
Mizugama on July 29, 2005 and (f) Mizugama on October 29, 2008.

3. 1976 FEXFIDHMKEDEIL

1975 X SN IoOKEOREEE KR HRE L/cE A, ThF THEO/KENmIZEEMm
K> TRATOWADIIEL, COHEOEETREZO—HrERmICM > TRA 2HMHEES L
(Photo la). Thd, HZ 513 Fe'" DKE(LID S 73 2 BEYIC X 0 #1802 52 L T Wik
D, FeM IWEL K DI o fofedic, #RE L THBEHRANUTRA 2 XD Ichscbo L
N5, I KORHRDKETIE, EARICHEF s N/ Fe’ ICEUHKDOAEDE FICY 7z 58]
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ESFEKE FTICKUEsED SN TB Y [FIBHA KRG, 1977, BAITEK - T, KEBIKIC Fe?'
DIEEDEY, PRELVFEKS LR L, HIRNEMEIN TV EDERESNLE SDTH
5. FEHEO—AND/NRIT, #F EREZTKEEES O RGPS Sk LEFEE OIS, MESEOE
HO/NK IO MIK DO SRRSO F o ZREE I ELL TV 2 0%2 LIFLIZEEY 572 &, Kl
EENCBAES 3 b n s kilBo R0z i, o kiliTblEsnsboThH S (lo& AT,
JIEE S, 2002). D &5 8K D EFFHZ LA KILTEENC L S FABRBEOZ(LZ % FThoD &>D
T E155 T EEBEEWIT L,

4. KEZEDODKESH L VHKE & XILEE)E DBIR

VIE, cCFTmRlickdic, 1976 FEOKEKITB I 2 KICE L TlE, TORPRERERS
N5, Fer" BEil Lok ofts &, ThictE ) kBB s S Fa~OZ LB sht.
TNRKEKORTOKITEBOERILICHT  SNBHRTH 5 LBbh, Fe*' Z2EEFIcEE X
DD CRILIEEKIE, (WEMTORKPEHEORFEORICKOK,» SFRLICES b0 T
BWIEEHSATH S, BT 5 FEFEHHICTERILZR L T 7oKE R OIS E) I B L 7
HbDTHA9.

Z D%, 1980 LI I EBE G L BIBOEE L COchKEBIKTH 248 (Photo 1d),
2005 0 F I HIK S BRREICEL L TV 3 D2 S Ntz (Photo le). T DORHIZICE T Bk
DALZFHELE Table 2 IR EB D TH D, 2005 FOEMICBWTIZ, AET 284 4 v OLTH
Fe’' &7 - Tk, T Fe*'/Fed BE o2 FR B X OBIKEBOZLIZ 1976 OB KEiD
IR @ s 2 7o fow, KEEDTOKITEHDZE(LEHELE T 2R - 72 CRIIE S, 2006). Z D
Ko, 2008 4E 7 Hicid, KEEHEY 2EEOILAINRIEICH 72 12 BVEE) & KA Ro 0,
Ditg, Zo#EiHZLT 25X 51t~ £z, KEOIMAFIHE O BGEEIC &iEFR L& HFH R
MEONEZENHSMICE >, o OBIRERICE S &, [T 13 2009 4 4 A AR
W U TRITEE OTEFR L2 R T K THREREZ L, 7235, 20084 11 HDRics i 5
KEOHIKEZ, 2005 FEMO L S5 BEBKRIFI TRV L DO, AL MIHEROEBEE FHE
15 B gD - B2 HEFF L T 5 (Photo 1),

5. ¥ & &

1976 D KFIDKZETIE, ESREIC Fe?' 280U EKMHIKICiFE SN, TOBIKEIEED
HoFBICE LU, F£72, 2005 FEIICIHUOBIKEDOZLAED 51, 0Dk, KERIIC
BB KIEBOIERAL A RTBVEEINE S /ICE - 72, D Kk S ITKEHIK D[ LFHK & Eao
ZALR KGR S BERRICBAR L T 0B EFEZ 5N, SR OERRS T LEEEAL Tl TEn

Table 2 The water chemistry of Mizugama lake water in recent years.

. Atmos. Water Content (mg/L)
Saréq;léng Temp. Temp. pH
(C) (C) Na® K* Ca’" Mg?" T-Fe Fe?" Fe*" AP’ Cl- SO H,SiOs

1-Aug-2003  15.2 18.4 2.54 11.0 2.3 103 3.6 36.6 7.2 29.4 44.7 0.0 822 11.2
29-Jul-2005  23.8 19.6 2.76 4.8 0.7 47.2 1.7 32.0 32.0 0.0 20.4 0.8 429 55.6
29-Oct-2008 2.3 3.8 2.73 7.5 3.3 84.5 2.9 32.3 12.6 19.7 29.5 1.0 622 53.4
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