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ABSTRACT: Volcanic-gas component observation in the field using the gas detector tube method had been
carried out in Japan from the 1950s to 2001 by the Japan Meteorological Agency (JMA). The gas detector
tube method is an easy-to-use means of observing volcanic gases in the field. Although data on three
volcanic-gas components, HzS, SOz and CO3, were accumulated around 50 years, these enormous quantities
of data have never been compiled and analyzed comprehensively. In this study, we checked all the data by
going back to the original records and compiled them methodically. This compiled dataset revealed that the
total count of gas observation data sets reaches more than 6,000 at 18 volcanoes. According to the analysis of
around 5000 data sets observed since 1970, the detection rate of gas components of CO2, H2S and SOz was
99.8%, 91.6% and 6.6%, respectively.

We found out the relationship between temporal variations of gas components and volcanic activities at
several volcanoes. At Azumayama, the CO2/H2S ratio increased just before the 1977 eruption and then
decreased thereafter. At Unzendake where the eruption continued from 1990 to 1995, the CO2/H:S ratio
decreased around 1985 and then clearly reversed, increasing around 1991 to the previous level. At
Izu-Oshima and Miyakejima, temporal variations in CO: concentrations were synchronized with the
eruptions.

As described above, the long-term observation of volcanic-gas component using the gas detector tube
method detected the temporal variations of volcanic activity at several volcanoes. It is concluded that the
long-term observation of volcanic gas component is an effective way of monitoring volcanic activity.
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Table 1 History of volcanic-gas observation by JMA.
KBIT O KL AR O g FE .

Table 2 Odor intensity of volcanic gas at field
observation by JMA.
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ZOHT, KARKEKROIBEE LY REICHEE T
LZFHEORBEKOZEDOT DO KL AGHEE LT L
LT, MBEOKBELREKIZEWNT, BITHK L LT
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FORMOMEEZFBmDDLIZELEFTEETHDIOT, K
BITIIRY: - FEFEBS & L <, LU O#IHE
BIZOWTEMMEZE LZBHT — 2 R"ERTE D
Lo, BIMMGEE ARG L, KEKEAOKEL LY
BHNZIB T 520 O HINEE 21T 5 2 (1)
KWHAADECEERT 2D kLT A (EX)
DRGBIR) LD (KRBT, 2014). F£72, WHELT
D THER L K A B % 724 15 o0 K ILBE Sk IR o HE
HEIZOWT (HE) ) o Th, KEKEKDOKEE
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D RENCHETE D FIEEBE T D720, HEKHE
B, 2RSS BN W TN i R o B i o2k
THRZLOBRT — 2 OEREIT VO, HIFHE %
TH>_R&Ths. ] EbD (NBEF, 2015).
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DK AT 2 D AR A E A B LB & B AR T
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A KINAT AW | D Frio =42 RE L, 1k
YT AT RE AR B ST BR B & B4 L 72 (8 0 - i, 2017) .
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Year Affairs
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The field-observation method for fumaroles was shown in “Volcanological @ aﬁ}_; N
1952 Observation Manual of CMO” (Central Meteorological Observatory, 1952).
AOLBLINE S R SELOBIZE H AVRan D (ARG S A, 1952). Odor intensity of volcanic gas
1968 The method for gas—concentration observation at fumaroles was shown in b Volcanological Observation Manual of CMO Volcanological Observation Manual of JMA (JMA,
“Volcanological Observation Manual of JMA” (JMA, 1968). ;;;e (the Central Meteorological Observatory, 1952) |1968)
JALBLRESHZ Z ALK LA A BRIV RSIS (RRIT, 1968) . - RILERRE (P RERE, 1952) KILERRI RS (RRIT, 1968)
An effective procedure for the gas detector tube method was proposed by Sawada 0 No odor
1970 1(1970 a). S
H AR R L5 K LA 2B 05 )7 FIEAS R ENS (R, 1970) 1 o jighf odor — s Slight odor I
The vacuum method was adopted according to “Volcanological Observation Manual of] S B D& IR C DRI ES A LTk Y S Ay S
1994 | MA (Observation Practice)” (JMA, 1994). 2 s C'I;’*;)"h‘“’i’ R s 3‘;’*”’;‘;' P
3 = A D D% ML DR L7 DFW SN L D RRE
KBTI KD B ZE A A S NG (4T, 1994) . e ST = s et
- - - 3 ightly difficult to breath Strong odor
2002 The gas observation of the field observation at volcanoes ended. I 5 R RO 7 L E BEH R SR
_ R— R Extremely difficult to breath
S LB O A7 A HE LI O Ak W S S L PR A B
Differential optical absorption spectroscopies (DOAS) were allocated among several
2007 observatories and the like.
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2015-2016 Automatic multi-gas station systems were deployed at four active volcanoes in Japan VC“ Lj: fcf < 5 1@ f &: ‘{) j( IJ_] j] A D éﬁ‘@u %f ;éfﬂi]‘ l/ T % f:
B (Takagi et al., 2016).
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Fig. 1 Procedure of volcanic-gas observation by the gas detector tube method (JMA, 1968).
T ARGENEIEIC X D kb7 ZREFNE (KT, 1968).
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L. BVOR S5 BERRICA T BTz (Table 2
). Fio, TEKNEERE L CKEERY, BN
LTWDEHIRBEITIEL, ThEREL T, Z0M4A,
W, REBL, pHZH5. ] LD, &bz, F%#
WMOMEIRRE, B FRICHEEL TV DI ENRLY),
R&E&, z2BHIL, CEREZOMELZRDLZ
L, ERoTHY, BV O K LB B RS O
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TWa. Zofft, BR (MTK) OEXHFIT LN,
BIEAB & LT, friE, @, EWE, K, Ry, R
R, &R, R, HHREE, pH, B, LE, K
£, BABENDITHNATWS. pHElEL, AEED
OWEDTHDIT7—7 - VT ADkEHAIEE (Clark
and Lubs, 1916) HWHNTW S . E BB L
WRFTETIZ RN -7 2 O YL, TR BEE L7~
Bl fThbh T\,

R & B E L A OF ) L 2 MR Ao A E K
LR R4 ) D FeST D 7= 12, 1962~1966 4EEE D 1
WA FHE (5 2F) KIS EYBLIIBE & %5 HY
fif S (KT, 1971), KA ZABENZB W TH
HBICEXDBHPITOND o7, 72, pHHlI
E S WEBEIEENS, KFEA A REIZHE LIk
BHERHT 2BEBIC LB AVLND L HIC
ol ZOEMEZT, KUBHETES (R8T,
1968) NEDFE OB, Tnikb &I KLIBHN
FEHESND Z LT, KINBEMERE S &I E
A & A% K LB L A O FE AN B AE & ER N E D
B, EROBENT K LBENE (hRKL A, 1952)
TED LN, BRE, A, By, \ECML, &5
FICEEmENMAONT. 72, BT 3Pk
727 (Table 2 /).
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INiz. HARIMEIE, WAAKE (HS), LA
# (S02) MOk #E (CO2) @ IFEIED T AR
MmE el by TERIIT 2 mmeE, b
(1968), LI FHmE Lid), WEA 7 A2®Mov Y
YV (2 OESERE 1 OESE) K OMIERSE N
DR IND. BB T, VAR O 2 0%E
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BTN IE T D & R, KAEKDEMRET 5.
EefE K 2 PEBR T 5 & L b, AREBY AL THRA
BCOWENFRZBEE CAUTAERFRT 5.
WEE 2~3mm O 7 A EIHRMBN 2 7ED - RE %
ROONFIEFTHEB LT P& > THRIE
WZRBE A A 2N L GHURE S0RR R0 48 1%, IR (1970a) ),
REAFABD (Fig. 1). 728, HAEOREIC X
S THRAGUSD T ARy N FH L TRIGLTL
FOLAERDLDL R ERDLNLoTEY (RHAE,
1970a), # A DFEANERLIREMIED FIENED b
TV, EAFER, #OICHRIZRET RIC
WrEhE=v ) oo b r2BHEOOE VRN
HLIAR, —FHOTVUIPDOEAR S EZLHIVED
OB A FRFIZ 5] Z AT, BRAMF O K G A 8z
Thhbs ko, 1 HIZHX lecc DEIASTEATS.
FRUGREBHTRL, BREMES21TH> 2L T,
3RO KINTAREE RIEL D (KRERJT, 1968).
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T D AHTEIEBR B T, T AD(EF
RE & LCik, REME (GEMEE) & & bicmk
HFEDOOESTHD. HRIE LN O TR THIE -
REZEDLR2NEOTH Y, EBRECHEIK - K%
HANWTIThbh 2BAE L RS LHMETH D DRBE
X590 H 5. b, BAEEITELIRKEY S
BOKINATADEE, FIRZRICREOBHIZE > T
AU B EEME K I, FFIC HaS K O SOz 28 & 5 Tt L 1 fift
LTLES ZEIIBT NV, 207, KFEE
WFESBRNICERE LT AZRET D Z LR 5.

1994 4E 0 KO LBLAIFR 8+ Ok FT T, BT 2 2/
AEICETFIER, 2 20OV I U PoBICHERE LT
HHOE A N %5770 OBRE CE, LTITH %
AENG, T2AEGI{fAloOv I rIoRbbhizvl
UHENEEZEIZTVIREBIC LRI E T
A& EZEE OB T¥ER AP-1 2 H)
WWEB SN, BZEICEVEBTADOEANZTO
LY OBMEFETHLWMICITAD LR, 1F¥
DHFILICEBR L., TAFERA TV 2k
100cc 75 200cc DR EIZ /2 »7=. Fio, MET
NE D P KEAIE REMIC (BEHERE / BLHK
JE) BT D) 2179 2 &NBINEn (K47,
1994). 723, ZOMIEZEAT DRI & TiE, B2 1388
1 2,000m O & IS B D HE AL TIE Om O HE &
T2%b RESBENALINDIZ LITRD. Zh
T RTOBEBICEBNTRLND DT, fmths i
TV RV IZBWTIE, ZOMERRLS THREA
R 720,

LB o kBB I 380 D ok T R B K Y
pH HIE OBIHNIL, KILOKR®FY ORBEHEE (A4H
SOWME AT 12 B & Bl L C %M S T & 7228, 2001
FEORKINER - F#zr ¥ —REICLID ABRHE
BOEKMNThi, BIHBLIIIE B 2AEE Sh - %1
Efisnie ot

3 KWWARBAOERIKR

REITITHIT 2 BB, KLBLH A #2
PERR S 4172 1968 E Y B IC TR E N 72 Sh, BE Xk
FLA R e OV 38 K LB & 17 5 X & 20 o e
K (B8] 16 Dk l) ITHRWT, FEARMIC LFIC 3
|, EHEICER ST (Fig. 2). kILBiHE
Wik, WENTKILTAZREITE 20— 0 k(L
ZERERMEEIC L DKWL ABR S FEh ST
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Fig. 2 Volcanoes with scheduled field observation in Japan

until 2001 by JMA. No volcanic-gas observation was
carried out in 1zu-Tobu Volcanoes and Sakurajima.
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W5 RBREEIEIC L DMER R, T oftho Bl
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ZOREEXRGE A K ORIBTICHE ST,
[RETIZ NG ORER%E 3 A @I kil#E (1960
EETEIMBEAR) OFTHEL TR, KILA
2T L DTEBHER & S B T RE O KL & @R
ICEVFELDBI LR, ThEFTENeroz. F
7o, KIUBLHI BRI 2> & K LR E & AT D B
TRV OEROREREND DL R bMo T
ZEn, AL, CKILBHUENEH S ORI DR
S TR ABROTERARBNHLED LT,
AR CHE T 2 kWL, BRNHE LWL
TFAE Lo T (P B AOLFE &, 153 22 W S B
Dk T 2mEAKOLITARILT A ZHITE 5
R[RABTFE LR WBEZBR 18 D kLTH D (Fig.
2). KN X o TiEkil 7 A EBUCTE L =M &AL A3
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Fig. 3 An example of a field observation report in the case of Kirishimayama by
Kagoshima local meteorological office in April, 1987.
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Table 3 Periods and total number of volcanic-gas field observations using the gas detector tube method by the Japan
Meteorological Agency (JMA). LMO and WS in Observer column mean the Local Meteorological Office (LMO) and
the Weather Station (WS), respectively. Observation of the fumaroles where measurements were carried out
approximately 10 times or more was treated as regular observations and other observations were treated as temporary
observations.

RBIT OB K 2D KA A8 O ERa I & REE. [REEEL O LMO & WSIEZh Z i <4
B e BER AR, B 10 2L EORIER T gL OB Z @ il L L, s % iRl &

L7-.
Date of the | Date of the | Total Regular Extraordinary
Volcano Observer first gas final gas number EEHRA BRRIE
obs. obs. of gas Obs. Sites Obs. Sites
P AREES AR FART |QNEE% ATEH | WAA% | MNEE% | BIAHK
Mﬁ;ﬁ;;ﬂ;ke Kushiro LMO | 1958/6/18 | 2001/9/27 | 259 250 8 9 4
T°k_‘|’_‘f$gake Asahikawa LMO | 1958/9/19 | 2000/8/2 | 244 155 2 89 11
T“:;Eﬁfa" Tomakomai WS | 1957/9/19 |2000/10/11| 147 140 3 7 1
Q;;;Ef Muroran LMO | 1957/10/9 | 2001/5/14 | 335 329 7 6 6
Hokkaido—Komagatake \
o iy Mori WS 1957/9/ | 2000/5/25 | 234 221 3 13 6
Azé;;ijma Fukushima LMO | 1965/7/8 | 2001/10/5 | 991 979 13 12 4
A;;g;;éi?a Fukushima LMO | 1965/7/4 | 2001/9/25 | 808 752 11 56 25
Bag;;'jf" Wakamatsu WS | 1965/7/6 |2001/10/12| 570 549 7 21 6
Njﬁ;;;fe Utsunomiya LMO | 1959/9/4 | 2001/10/4 | 556 556 5
K”saggégagjfesa" Maebashi LMO | 1967/9/29 |2001/10/23| 215 195 4 20 8
Asamayama Karuizawa WS | 1998/5/28 |2001/10/16| 11 8 1 3 1
Yo
O";f;eufa” Matsumoto WS | 1988/9/22 | 2001/11/5 | 31 31 4
Izu-Tobu Volcanoes Volcanology _ _ _ _ _ _ _
FERE KL Division
12;‘;;;!‘_'5”‘3 Oshima WS |1979/12/12| 1986/10/6 | 81 59 1 22 7
M"g',;.?gma Miyakejima WS | 1959/7/22 | 2000/6/16 | 181 178 1 3 1
Kujusan .
P Oita LMO 1998/7/2 |2001/11/28| 30 28 3 2 1
Agj‘;i“ Asosan WS 1971/3/16 | 2002/1/31 | 205 201 2 4 1
U";;Eggke Unzendake WS |1969/12/25|2001/12/14| 752 727 5 25 5
K'”sggﬁ’a’"a Kagoshima LMO | 1980/8/25 | 2002/9/4 | 503 465 12 38 15
Sak;;{rgjlma Kagoshima LMO - - - - - - -
sum 6153 5823 92 330 102

Ko TH ARG B ORI S, B, gL,
EEILTIE, RERILBEAXANLZED KL AR
EFEICHEEB SN TOWAIZE b 59, kA
MO IWEE T T KkIL T AZEHT2EKLNE
SRHBTZ67R, HD5WVEIETEAERBE L2,
Bl Z0%, FIERIL TR, PEAKALATAILT A &g
H 2ERLBN RN 5 D1E, HRERSLBOAR

RTARHNBHBkmBEND. ZDd, T bok
WCiE, R D OA ARBULM & TR
W fThbh Ty, Z=EBEO LI ITEAREZOD
B % O— R LI I CO2 a5y LM 0 S du7e vk
Wb dbote. Fo, HIKADOEHEOERLH D,
Fl— DKL TEMBICH > TBR 2k T T
WRWIEAN S D.
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Table 4

A & AT

List of fumaroles with gas observations. Site name, place, coordinate, number of observation and date of the

first and final observations. Obuki, Mt. 1042 m of Meakandake, X-lupper and X-1' of Adatadayama are fumaroles
using the author's nomenclature.
KT ABLRN R FE e S TR AL O R4, BT, M, R,
H. HMERTHEE D Obuki, Mt.1042m, %2 KR LD X-Llupper X O X-1" 13 E#F fnd OMESAL.

I
PR 15

AEEH, BB SH, BT

Volcano Site name Place Latitude Longitude  |Altitude Number Pate of the Pate of the
of obs. [first gas obs. | final gas obs.
X ¥ €] 5T BE 2364 #e | AEEHK ARG BART
° ' ° ' m (yyyy/m/d) (yyyy/m/d)
Meakandake P-1 RoTFrIUEIARD 43 22 575|144 0 348 | 1375 16| 1988/5/21| 1996/10/3
{0k P-2 RovFriygkn 43 22 553|144 0 32.0| 1359 20| 1960/7/17 1971/6/7
T-9 RUZFRIUE2ROLE4XODE 43 22 563|144 0 309 | 1364 34 1972/6/5| 1987/10/6
Obuki PIYFRIUEIKOBEKALE (KEMA) | 43 23 307 [144 1 34| 1210 24| 1958/6/18| 1969/10/7
u-11 PIFRVUE2ROBETA 43 23 354|144 1 35| 1236 51 1970/6/3| 2000/7/31
B HBAR Y B XILRAER AL 43 26 16.7 |144 6 938 430 17/ 1958/6/18 1968/6/5
W-4 XL FESRA 43 24 215(144 4 118 789 68| 1959/6/27 1968/6/3
Mt.1042m 1042mIL FIESFLEE 43 23 4941144 2 30.1 974 20| 1958/6/18 1968/6/3
Extraordinary observation of other sites BgrsE8:AI 9
Subtotal 259
Tokachidake u-1 HDRCR 43 25 57.0|142 40 349 | 1537 78] 1958/9/19| 1996/6/26
T Z-1 IAE X OCH 43 24 338|142 39 426 | 1460 77] 1959/10/6 2000/8/2
Extraordinary observation of other sites BEges#R:8I 89
Subtotal 244
Tarumaesan Z-B F—LmfEAIES LR 42 41 20.6 |141 22 344 978 25| 1957/9/19| 1968/10/11
MR Z-F F—LLRBRTHEIA 42 41 32.0 141 22 494 934 105| 1965/5/24| 2000/10/11
Z-J F—LBRESAHE 42 41 220 (141 22 46.0 942 10 1980/8/5| 1983/10/4
Extraordinary observation of other sites BB 7
Subtotal 147
Usuzan P-2 INEBERE 42 32 27.8 140 49 401 455 8| 1998/7/29| 2001/5/14
AW P-3 LK O ¥ fE D 42 32 29.2 140 49 413 457 45| 1979/10/24| 1995/5/11
P-4 D=} 42 32 27.0|140 49 427 451 13 1981/5/7| 1998/10/7
Z-2 MERARE 42 32 29.6 |140 51 493 295 61) 1957/10/9| 1984/7/31
Z-4 F—LREIRE 42 32 3291140 51 59.0 276 91] 1957/10/9| 2000/8/24
Z-6 F—LIE LR 42 32 342|140 51 511 390 52| 1957/10/9| 1977/10/18
Z-8 F—L L FERIftE 42 32 36.9 | 140 51 463 296 59| 1957/10/9 1983/8/2
Extraordinary observation of other sites BEges#R:8I 6
Subtotal 335
Hokkaido—Komagatake |[Y-2 BRFII7E XD 42 4 67140 41 1.8 938 116 1957/9/ 2000/5/25
dtimEB & Y-5 Bk DALl (KIE A O AL FE D 42 3 51.7 /140 41 19.2 934 94 1964/9/7| 1996/5/17
N ANFEDFR 42 7 5321140 26 575 119 11) 1987/9/30| 1998/7/29
Extraordinary observation of other sites BB 13
Subtotal 234
Azumayama W-1 J\IE G 37 43 36.6 | 140 15 0.9 | 1656 76 1965/7/8| 1987/10/17
EEuWL W-3a Ajxa 37 43 36.3 (140 14 548 | 1703 22 1966/5/9| 1998/10/13
W-3b xyjuka 37 43 36.1 |[140 14 552 | 1703 32| 1971/5/12| 2001/10/5
W-4 XAxna 37 43 347|140 14 549 | 1712 102 1965/7/8| 1998/10/13
W-5 Ao 37 43 36.8 140 14 53.6 | 1707 47 1965/7/8| 1990/11/1
W-6a xjxa 37 43 342140 14 490 | 1723 10 1991/7/8| 1994/10/7
w-8 18X Rl 37 43 2741140 14 514 | 1667 106 1965/7/8| 1998/10/13
w-9 18X Rl 37 43 2441140 14 56.8 | 1632 99 1965/7/8| 2001/10/5
W-10 18X OFA 37 43 237|140 14 520 | 1653 81 1974/10/4| 2001/10/5
W-11 18X Rl 37 43 283140 15 3.2 | 1601 69| 1965/10/18 1986/8/1
X J\IBBEDT 37 43 409|140 15 17.1| 1573 110 1965/7/8| 2001/10/5
Y SEDNT 37 43 50.6 140 15 20.2 | 1519 113 1965/7/8| 2001/10/5
z BRYDT 37 43 556|140 15 29.6 | 1483 112 1965/7/8| 2001/10/5
Extraordinary observation of other sites BgrE8:AI 12
Subtotal 991
Adatarayama W-1a IRRBESR 37 40 209|140 16 45| 1087 99 1965/7/4| 1998/10/8
REARL W-2a FEHER 37 40 100|140 16 1.7| 1183 104| 1966/10/12| 2001/9/25
Ww-3 ERRERES 37 40 58140 15 383 | 1223 107 1965/7/4| 2001/9/25
X-1upper stLFHEES (L) 37 37 55.0 (140 17 236 | 1414 21 1965/7/4| 1972/1/21
X-1 SLFHEES (F) 37 37 550|140 17 23.6 | 1414 75| 1965/5/30| 1994/7/22
X-1 sLEREES 37 37 550|140 17 23.6 | 1414 38 1987/8/4| 2000/5/25
Y-3 B/ FrAREEEM 37 37 368|140 16 33.2 | 1462 82| 1966/8/31| 1998/9/29
Y-4a B/FRELFES 37 37 386|140 16 264 | 1478 90| 1967/10/30| 1998/9/29
Y-4b B/FREAEST: EEELER 37 37 4421140 16 27.2 | 1465 59| 1985/6/25| 2001/9/17
Y-4c B/FREAET: BE 37 37 422|140 16 23.6 | 1451 42) 1986/5/23| 1998/9/29
Y-4d B/EAAES: BAHOES 37 37 37.0[140 16 224 | 1487 35| 1987/11/9| 1998/9/29
Extraordinary observation of other sites BarFEL:AI 56
Subtotal 808
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Table 4 (Continued)
Volcano Site name Place Latitude Longitude  |Altitude Number I?ate of the Pate of the
of obs. |first gas obs. | final gas obs.
P ma B HRE BE B | AEEHK BRBALE BART
° ' ° ' m (yyyy/m/d) (yyyy/m/d)
Bandaisan Y-1 KOBENoIER 37 36 599|140 4 112 | 1126 94 1965/7/6] 1998/8/10
R Y-2 XOBENo2HS 37 36 569|140 4 118 | 1163 112 1965/7/6| 2001/10/11
Y-3 XOEENoIFER 37 36 592140 4 82| 1165 105 1965/7/6 2000/6/2
Y-6 ROEENo6EST (K OB EZILEFER) | 37 36 44.6 140 4 39.8 | 1235 20 1988/6/7| 1996/10/11
V-2 BOTFFERIF 37 36 24.0 (140 4 476 | 1431 111 1965/7/6] 2001/10/12
X-1a PRHDER 37 36 478|140 3 36.8| 1302 25| 1994/6/23| 2001/10/12
X-2 FOZESF 37 36 478|140 3 36.8| 1302 82| 1965/10/8] 1992/10/5
Extraordinary observation of other sites B&pE#:| 21
Subtotal 570
Nasudake W-1a FI#RKam 37 7 400|139 57 420 | 1777 124 1959/9/4| 2001/10/4
WAE W-2 FE X 37 7 293139 57 318 | 1760 122| 1960/11/28| 2001/10/4
W-3a FM#Kam 37 7 226 (139 57 420 ]| 1707 109| 1965/9/27| 2001/10/4
\ ZHPEHK 37 8 175|139 56 48.1 | 1489 103 1967/6/6] 2001/10/3
BERMR 37 6 59[139 59 595 884 98| 1966/8/10] 1998/10/5
Extraordinary observation of other sites BEgBs#R:8I 0
Subtotal 556
Kusatsu—-Shiranesan [S-5-a KELFEHE 36 38 428 138 32 16.0 | 2065 17/ 1967/10/1] 1984/6/14
EEBRWL S-71-g HELAMEE) 36 38 475|138 32 8.2 | 2048 64| 1967/9/29| 2001/10/23
S-7-r HEILHRE(TDHE) 36 38 509|138 32 13.7| 2001 50| 1967/9/29| 2001/10/23
Y-1-a REHAEETL 36 38 0.8[138 30 39.7| 1696 64| 1973/8/28] 2001/5/29
Extraordinary observation of other sites B&rsE8:AI 20
Subtotal 215
Asamayama J-4 [tge 36 24 0.1 I 138 29 458 | 1975 8 1998/5/28| 2001/10/16
R Extraordinary observation of other sites BEgRsEHI 3
Subtotal 11
Ontakesan S-1-a 79-10K 0 35 53 18.7 |137 28 53.6 | 2905 9| 1991/10/31] 2001/7/25
fEsEkL S-3-¢ 79-71:x0 35 53 23.1 137 28 46.7 | 2923 5| 1988/9/22 1992/8/7
S-3-g 79-7:x0 35 53 23.1 |137 28 46.7 | 2923 10 1991/8/9] 2001/7/25
X BIGER 35 53 36.4 137 30 46.3 | 2017 7| 1998/10/20| 2001/11/5
Extraordinary observation of other sites BarFE8:AI 0
Subtotal 31
Izu-Oshima F-6 [ZRWwxn 34 43 407 [139 23 33.1 682 59| 1979/12/12] 1986/10/6
HFEXS Extraordinary observation of other sites B&Bs#EL:AI 22
Subtotal 81
Miyakejima T-B [ E IES B A 34 5 88[139 31 21.8 725 178]  1959/7/22] 2000/6/16
=£5 Extraordinary observation of other sites 3
Subtotal 181
Kujusan A AfRIZ 33 5 419 [131 14 134 | 1478 10 1998/7/2| 2001/11/28
B B B 33 5 450|131 14 100 | 1474 9| 1998/11/12| 2001/11/28
0] CHRtg 33 5 36.1 131 14 16.1 | 1573 9| 1998/11/12| 2001/11/28
Extraordinary observation of other sites 2
Subtotal 30
Asosan Y-3 BOBRRBHEHE 32 52 427|131 2 28 816 174| 1971/3/16| 2001/11/7
PR LI J-G HECRR 32 51 338|131 2 159 751 27| 1986/1/30f 2001/11/7
Extraordinary observation of other sites B&rsE8:AI 4
Subtotal 205
Unzendake O-1 NI 32 43 583|130 15 49.1 650 171 1969/12/25| 2001/12/14
ElE 0-2 1H/\ i h 35K 32 44 232 (130 15 40.0 672 116 1969/12/25| 2001/12/14
0-7 A AL 3R 32 44 224130 15 555 708 180| 1969/12/25| 2001/12/14
o-11 AR 32 44 26.1 [130 15 4238 679 178| 1969/12/25| 2001/12/14
0-12 B F IR 32 44 404 (130 15 27.7 654 82| 1973/9/27| 1998/8/18
Extraordinary observation of other sites B&rsE8:AI 25
Subtotal 752
Kirishimayama S-2 R EFERIAOT 31 54 428|130 52 384 | 1297 33| 1980/12/8| 2002/3/28
BB S-6 FREROE 31 54 41.7 130 52 514 | 1339 64| 1980/8/25 2002/9/4
S-11 FREAOILE 31 54 420|130 53 8.7 | 1345 24| 1983/4/28| 1991/7/18
S-13 FRE RO 31 54 488 130 52 57.6 | 1338 13| 1980/8/25] 1983/8/10
T-1 kK OER 31 53 7.4 ]130 54 350 | 1209 19/ 1996/3/19 2002/5/9
T-6 kK OER 31 53 6.4 130 54 365 | 1208 44| 1981/12/17] 1996/11/20
T-7 kR O FE Rl L& 31 53 5.7[130 54 336 | 1235 15| 1996/11/20 2002/5/9
8] RES 31 53 553|130 50 5.7 687 63] 1981/8/26 2002/3/8
V-2 FHRBR 31 54 445 130 48 496 789 60] 1981/8/26 2002/3/8
Z-2 ZUDOBRBEEL 31 56 46.9 | 130 51 104 | 1295 42| 1980/8/26 2002/3/8
Z-4 ZUDBR 31 56 42.7 [130 51 55| 1271 57| 1984/4/18 2002/3/8
Z-5 AUV OBRBRELFAMNE 31 56 499|130 51 2.1 | 1242 31 1992/8/4 2002/3/8
Extraordinary observation of other sites Eges#R:8I 38
Subtotal 503
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Table 5 Number of observations which detected volcanic gases at fumaroles which were regularly observed since 1970.
1970 4R AR o 38 5 B O VE &AL T T 2 3 R S 7z |1
Volecano Site name [Number |Number of detection Volecano Site name |Number |Number of detection
of obs. of obs.
&l 54 HITE =3 B E % Kl e IE B RHEH
H,S SO, CO, H,S S0, co,
Meakandake P-1 16 16 15 16 Bandaisan Y-1 81 80 0 81
IR P-2 3 2 1 3 EEE ] Y-2 98 98 3 98
T-9 34 34 24 33 Y-3 91 91 0 91
Obuki 0 0 0 0 Y-6 20 18 0 20
u-11 49 49 9 49 V-2 97 97 0 97
B 0 0 0 0 X-1a 25 25 0 25
W-4 46 46 2 46 X-2 69 64 0 69
Mt.1042m 0 0 0 0 Subtotal 481 473 3 481
Subtotal 148 147 51 147 Nasudake W-1a 96 96 39 96
Tokachidake u-1 54 53 16 54 WA W-2 96 96 26 96
+HBE Z-1 65 65 2 64 W-3a 96 96 40 96
Subtotal 119 118 18 118 \ 95 95 22 94
Tarumaesan Z-B 0 0 0 0 A 86 85 8 86
AT Z-F 93 93 9 93 Subtotal 469 468 135 468
z-J 10 5 0 10 Kusatsu—Shiranesan [S-5-a 16 12 1 16
Subtotal 103 98 9 103 AR S-7-g 63 63 0 63
Usuzan P-2 8 8 0 8 S-7-r 49 49 0 49
AW P-3 44 44 0 44 Y-1-a 63 63 2 63
P-4 13 13 0 13 Subtotal 191 187 3 191
Z-2 33 26 12 33 Asamayama J-4 8 8 0 8
Z-4 66 62 10 66 ZfE Subtotal 8 8 0 8
Z-6 23 0 2 23 Ontakesan S-1-a 9 9 2 9
z-8 31 31 8 31 sk S-3-¢ 6 6 2 5
Subtotal 218 184 32 218 S-3-g 9 9 1 6
Hokkaido—Komagatake |Y-2 91 3 0 91 X 6 6 0 3
dtimEs & Y-5 79 3 0 79 Subtotal 30 30 5 23
N 10 6 0 10 Izu-Oshima F-6 58 0 0 58
Subtotal 180 12 0 180 BFEXS Subtotal 58 0 0 58
Azumayama W-1 54 54 0 54 Miyakejima T-B 113 0 0 113
E# W-3a 17 17 1 17 =£5 Subtotal 113 0 0 113
W-3b 32 32 2 32 Kujusan A 10 10 0 10
w-4 89 89 2 88 AEWL B 9 9 0 9
W-5 37 37 2 37 (¢} 9 9 2 9
W-6a 9 9 0 9 Subtotal 28 28 2 28
W-8 88 88 1 88 Asosan Y-3 164 164 23 164
w-9 91 91 2 91 FAIERLL J-G 26 26 0 26
W-10 81 81 0 81 Subtotal 190 190 23 190
W-11 51 51 0 51 Unzendake 0-1 170 167 5 170
X 92 91 0 92 EE 0-2 114 111 0 114
Y 95 95 0 94 0-7 178 175 6 178
z 92 92 0 92 o-11 177 177 3 177
Subtotal 828 827 10 826 0-12 82 81 1 82
Adatarayama W-1a 85 85 0 85 Subtotal 721 711 15 721
REKRWL W-2a 94 94 0 94 Kirishimayama S-2 32 32 1 32
w-3 93 93 0 93 BRI S-6 65 65 1 65
X-=1upper 7 7 0 7 S-11 24 21 1 24
X-1 69 69 2 69 S-13 13 13 2 13
X-1 38 38 21 38 T-1 20 20 2 20
Y-3 71 71 0 71 T-6 44 44 2 44
Y-4a 84 84 0 84 T-7 16 16 0 16
Y-4b 59 59 0 59 ] 62 57 5 62
Y-4c 42 42 0 42 V-2 60 53 0 60
Y-4d 35 35 0 35 Z-2 42 40 1 42
Subtotal 677 677 23 677 Z-4 57 57 2 57
Z-5 30 30 0 30
Subtotal 465 448 17 465
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LB BRI TR 2 R BLIIRR SR S TR S h
TW5%. Fig. 3 ICZ0—fHlZr3. KA OBH T
X, MriE, BEE, RA, KRR, RO, ', &S,
By, ERE, MXURE & HESOERILN SO
WX, KA RRE (HS, SO2, CO2), KUMHEEM
WM ERAEYSEOREATRHI LTS, -8
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£ 2 KL AT A B AT oA T U 72 M AR L oo 8L RS SR
T _THWH L. Table 312, 4B o & BEEELH &
W CIT O TW B EE 152 F 72 kL7 2 8L o
B, EERCBMEERL-EEAEZED E L
7.

1957 4EH 5 2001 4E F T kLRI A5 12 R
B ENTZRETLEDEEOMIT, 2002 412 H A8
WREF N T kIR HY, Zhbzilxd e
A[E 18 O kL TD~ 6,153 B ORIENITHNTZ. k
WA ICBHT REEKIANED LR TRY, O
KALTIT 5 BLI A & SR & MEA TV T2 KR T,
H UKL CE 10 BILL EoRIER TN E
B ORI, Z LU 2 B IR o L
ELTHEEMNICRYE 7. 2L, B o R
BV EOPEER TRIEREA 10 BITH 22V IER
FLIZ 2N TiE, EFRBINOMRILE LTH-72 (f
ZAE, BELCIUE L oML . F 7o AL oo e
K[AL T < TH 10 [FILL EREFEERED & DRI,
WHEBHOEKALE LTHo7z (BlziE, ZiEKRR
OB LI X-1"%) . ZOfES, 92 ORI TlF
BRMPITON, TOREIIORE5823 B TH-7-2
ERDbroTe. Fiz, BN 102 OEKILTO
~ 330 [ TH o7

Table 4 12, KL H A B2 FE M & 7= R AL oo H
KA, P, R, &RE, Be, Kl 2 oRER
%, BB E, BEKETHEZKILEICE LD,
LB LR A L, kL T A L b A o E X
TRENTVDR, EEET RIS T R2r T
TIT, TOMNERESEID, BRRSACEELE
B oW LT, E PR X CRE, B
KOS @ & FE L7z, 8L 2 e L o #4013
1979 FEHICH T TREND Koo, THLLH
B Z 2 T R THLEA R EZ 5N TRV D
X, BEAmALEbOEH W (B 21X, MERTE
FO”0buki”, "Mt.1042m”7%2 &), F7-, EHTIER
WAL CRERFEI & LT 10 ML EORHAH 0,

A TITAFBIOEKIILLE L THEH-TVDIHDOH
HELNGEZ 5N TR, ZhLLEHENML L
b0 W (Bl 21E, ZEKERILO"X-1upper”
mE).

Fig. 4 121%, &K IIOEKALTEME S 72kl
A SNt R DAL X 2 R T, A& KO @)1 kL JE
DO Z R U, (D) EARR K T 28R 72 S
T AR O 2R Lz, IR oL B EA
b o JREAE AR A BB NS AT L7 K0T 2018 4F 3 A HL
TED E L BRpr e T M 2 Aoy, =25 Ok
W=e, ZBEILOFRE KNI, TO%OEKIEET
HMIERRKRELSEDL-oTWE 2, BHIYEERKEO K
LAY

WEBIOEK[ATITON BRI OREER O
2h, L, HEF, KX, KRRk, BRO®ES, MK
REOBHKEOTTE, KUjl, KA,
#& (Appendix) 1t 0 £ &L=, £H4k (Appendix)
TIEHERROKLR, XM, TR FORERL A2 —
L7zPSME, TE AR RARICEFEICTR L. 2
F, 1968 FLIHENICIZHEER (Cl2) A4y D BLHSE R o
bR EINER, Wb TREEhT) 5
Wit TR Thol-molfuEis L. /-,
KL B HLBL RS O AR 2 R TE R WA, kil
T O Wi & R L7z

BVOBETERNL DO TIERNE DD (Table
2), KIWHADORELHERD DAL DY, F
7o, FHEFHEY O B PIX A O kB
DWESIREAHET Dbl 5> 5FRTHD.
LIrLedb, THODHBEDE Y F L DT O
DICHED.

72%, 1968 4 K LBIHIFEHIZ X 2 KL T 2 D@l
W TFNE A3 e S2 9 2 LART O JEME I 138D LVWMEDS H
Y, FEIZ SO2 DR FE AN KIC LR H AL TV S [ A
HD. ZIIE HS I XD SO R AE ~D T ¥ i
A& Bbisn, KoM (Appendix) (ZIEEA
DEEFTFHLTND. bl sy, AME~DORH D
Ry 4 A D FHIC BT 574 (IRA, 1970a) I L v,
T ORELZMABHAFIE (KRF, 1968) 234
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Fig. 4.1 Location of gas observation points at Meakandake. a: Regional topographic map around the volcano. The

coordinates of the upper-left corner is N43.4403°/E143.9940° and the lower-right is N43.3691°/E144.1248°. b ~ f:
Detailed map of area surrounding gas observation points (crosses), corresponding to inset squares in Fig. 4.1a,

respectively.
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Fig. 4.2 Location of gas observation points at Tokachidake. a: Regional topographic map around the volcano. The
coordinates of the upper-left corner is N43.4358°/E142.6515° and the lower-right is N43.4003°/142.7164°. b ~ ¢ :
Detailed map of area surrounding gas observation points (crosses), corresponding to inset squares in Fig.4.2a,

respectively.
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Fig. 4.3 Location of gas observation points at Tarumaesan. a: Regional topographic map around the volcano. The
coordinates of the upper-left corner is N42.7095°/E141.3438° and the lower-right is N42.6736°/E141.4085°. b:
Detailed map of area surrounding gas observation points (crosses), corresponding to inset square in Fig.4.3a.
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Fig. 4.4 Location of gas observation .points at Usuzan. a: Regional topographic map around the volcano. The
coordinates of the upper-left corner is N42.5631°/E140.8143° and the lower-right is N42.5274°/E140.8796°. b ~
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Detailed map of area surrounding gas observation points (crosses), corresponding to inset squares in Fig.4.4a,

respectively.
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Fig. 4.5 Location
volcano.

The coordinates of the upper-left corner

and the lower-right

of gas observation points at Hokkaido-Komagatake. a: Regional topographic map around the
is N42.1923°/E140.4091°

is

N41.9752°/E140.7998°. b ~ c: Detailed map of area surrounding gas observation points (crosses), corresponding
to inset squares in Fig.4.5a, respectively.
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Fig. 4.6 Location of gas observation points at Azumayama. a: Regional topographic map around the volcano. The

coordinates of the upper-left corner is N37.7429°/E140.2205° and the lower-right is N37.7042°/E140.2842°. b ~

Detailed map of area surrounding gas observation points (crosses), corresponding to inset squares in Fig.4.6a,

respectively.
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Fig.

4.7 Location of gas observation points at Adatarayama';'a: Regional topographic map around the volcano. The

coordinates of the upper-left corner is N37.6778°/E140.2211° and the lower-right is N37.6004°/E140.3510°. b ~ d:
Detailed map of area surrounding gas observation points (crosses), corresponding to inset squares in Fig.4.7a,

respectively.
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Fig. 4.7 (Continued) X-1" and X-lupper are located at same place of X-1.
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Fig. 4.8 Location of gas observation points at Bandaisan. a: Regional topographic map around the volcano. The
coordinates of the upper-left corner is N37.6256°/E140.0406° and the lower-right is N37.5875°/E140.1059°. b ~ c:
Detailed map of area surrounding gas observation points (crosses), corresponding to inset squares in Fig.4.8a,

respectively.
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Fig. 4.9 Location of gas observation points at Nasudake. a: Regional topographic map around the volcano. The
coordinates of the upper-left corner is N37.1568°/E139.9044° and the lower-right is N37.0789°/E140.0348°. b ~ d:
Detailed map of area surrounding gas observation points (crosses), corresponding to inset squares in Fig.4.9a,

respectively.
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Fig. 4.10 Location of gas observation points at Kusatsu-Shiranesan. a: Regional topographic map around the volcano.

The coordinates of the upper-left corner is N36.6591°/E138.5004° and the lower-right is N36.6201°/E138.5656°. b
~ c: Detailed map of area surrounding gas observation points (crosses), corresponding to inset squares in

Fig.4.10a, respectively.
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Fig. 4.11 Location .(.)f gas observation point at Asamayama. a: Regionél"topographic map around the volcano. The
coordinates of the upper-left corner is N36.4221°/E138.4870° and the lower-right is N36.3833°/E138.5513°. b:
Detailed map of area surrounding gas observation points (crosses), corresponding to inset square in Fig.4.11a.
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Fig. 4.12 Location of gas observation points at Ontakesan. a: Regional topographic map around the volcano. The
coordinates of the upper-left corner is N35.9154°/E137.4605° and the lower-right is N35.8759°/E137.5259°. b ~ c:
Detailed map of area surrounding gas observation points (crosses), corresponding to inset squares in Fig.4.12a,

respectively.

ERE

@,

o

CEZE#Hw

i

Fig. 4.13 Location of gas observation point at 1zu-Oshima. a: Regional topographic map around the volcano. The
coordinates of the upper-left corner is N34.7498°/E139.3610° and the lower-right is N34.7100°/E139.4266°. b:
Detailed map of area surrounding gas observation points (crosses), corresponding to inset square in Fig.4.13a.
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Fig. 4.14 Location of gas observation pb'int at Miya

kejim

N

a. a: Regidnal topographic map around the volcano. The
coordinates of the upper-left corner is N34.1029°/E139.4916° and the lower-right is N34.0570°/E139.5728°. b:
Detailed map of area surrounding gas observation points (crosses), corresponding to inset square in Fig.4.14a.
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Fig. 4.15 Location”{)f"gas observation points at Kujusan. a: Regional topographic map around the volcano. The
coordinates of the upper-left corner is N33.1212°/E131.2043° and the lower-right is N33.0786°/E131.2695°. b:
Detailed map of area surrounding gas observation points (crosses), corresponding to inset square in Fig.4.15a.
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Fig. 4.16 Location of gas observation points at Asosan. a: Regional topographic map around the volcano. The
coordinates of the upper-left corner is N32.8924°/E131.0263° and the lower-right is N32.8519°/E131.0918°. b ~ c:
Detailed map of area surrounding gas observation points (crosses), corresponding to inset squares in Fig.4.16a,

respectively.
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Fig.. 4.17 Location of gas obsér-\'/ationlr-)oin-t's,atl Unze

hd;ike. a: Regional topogra

phic map around the volcano. The

coordinates of the upper-left corner is N32.7688°/E130.2461° and the lower-right is N32.7276°/E130.3115°. b ~ c:
Detailed map of area surrounding gas observation points (crosses), corresponding to inset squares in Fig.4.17a,

respectively.
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Fig. 4.18 Location of gas observation points at Kirishimayama. a: Regional topographic map around the volcano. The
coordinates of the upper-left corner is N31.9591°/E130.8018° and the lower-right is N31.8805°/E130.9210°. b ~ f:
Detailed map of area surrounding gas observation points (crosses), corresponding to inset squares in Fig. 4.18a,

respectively.
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Fig. 5 Relationship between fume temperature and
sum of main gas-component concentrations in the
case of U-1 (Yunosawa) fumarole in Tokachidake, a
fumarole with varying fume temperatures.
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Fig. 6 CO2/H2S ratio of fumarolic gas at Meakandake.

Red arrows indicate eruptions.
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d) of fumarolic gas at Tokachidake.
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Fig. 9 CO2/H2S ratio of fumarolic gas at Usuzan. Red
arrows indicate eruptions.
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CO2/H2S ratio of fumarolic gas at Azumayama. Red arrows indicate eruptions.

EFE O FLH A D CO2H2S . FRFENIME k& 7.

AUW-4, W-8, W-9, KN W-10 TiX 1985 4FLEH b
CO2/H2S Lh AN FRAE A I M KB ¢, 2000 4FETIZ I
1977 E L RBRE D 100 L 722> 7=olcxk L (Fig.
11b~e), X, Y KT* Z TiX, CO2/H:S iz K& %
fbix7e <, 5~10 FRE TH > 7= (Fig. 11f ~h).

G2 L Ul T A B BT ELREE <, B O fif
HHEB OS2 T CHET 5.

5.7 z?a_xﬂm
EARBINZB W TS, 1965 F12 k1A 2GR

ﬁé‘i D kR T DAV TZ . 11 HS o B O M A

LT, 808 MIDBMA 72 STz, 0)9%SOIEIUL

B N7 10 OMEKILD CO2/H2S b DRI L &

Fig. 1212779, Z® 955 W-1la (HRAER), W-2a
CHTEr iR S ), W-3 (BB IRRMER) IXIITEH 2 5

ALVER 4.5km OFEEN 7= ATICALE L, CO2/H2S X

W BEER A~ RRETH Y, Bz X O iR Ak
Zxd (Fig. 12a~c¢). Y-3 (B / Fr ALK #), Y-4a
(B 7 ER), Y-4b (V8 7 96 WA TEARI

WEER), Y-4c (H 7 FHEGFES : 200D, Y-4d (H

VTR M OMR) IXIIEEOE kN

DENEEPH (K 500m DM AN) ICf7E L, 1985 LA

FEi3AEda 0.3~10 DA THHMICEB L TH Y,

ZOEBHERBIZTNT oML THREY L TW5 (Fig.

12f ~j). 1985~1990 =D HIMIZ X, Y-4b TIX# 10

E LRI E TELT 2 72 £ CO2/H2S T HIRIC

BFLTWD., ZOHHOESBHICOVWTIHER - 5

[ (1989) THIEM STz,

LR B LTI K OTE B I R AL T B I 7
SN o T=D T, CO2HS LE D2l & DRIf%
Wk C& 2w, L L, 1990 FR o % HNELE 7 F
THEKIEEAOCIEFI L, 1997 FITiT kL y R

_21_



SRR 83 &

a CO,/H,S

10000.0

Adatarayama W-1a CO,/H,S

1000.0

100.0

1.0

0.1

f CO,/H,S

10000.0

Adatarayama W-2a CO,/H,S

b s

10000.0

1000.0

100.0 5 o0
o

6 o OO
100 1 o, 0P @y 0 s Ootace O
C%":)goggo%aoo%a? o o0 Foee
°

1.0

0.1

§ co,/m
000.0

C s Adatarayama W-3 CO,/H,S

10000.0

1000.0

100.0 o

10.0 o0 ° oa
o BT R BogoPorTiestos “beceo

1.0
[~}

h CO,/H,S

10000.0

Adatarayama X-1 CO,/H,S

[¢]

0.1
d CO,/H,S

10000.0

1000.0

100.0
[e]

10 4 oo O%: P @c’mgeme
. o

0.1

L3
| CO,/H,S
10000.0

€ cons Adatarasan X-1' CO,/H,S

10000.0

1000.0 4 °

0
100.0 Q’ ‘30 e
°e 609 O° °

10.0

1.0

[¢]

0.1

i

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Fig. 12
LZEERKB IO LA A D CO2/H2S ft.

(H2S) 12 X A& IL#F DR HH AT L= CEM,
1998). Z OEEHIIE CO2/HS KB NTNDERALT
LT L TR, FAAIIC HS AT R L Tz,

5.8 ZEEAIL

BB ILCIE, 1965 42T K LT A BRI 46 F 0 ke
Bictrbii. 7 R o@mEBRNOES L & T,
#6570 BB 2 SN2, 2D 9 5 80 [ DL HELHI
ENTZ 5 ORI D CO/H2S D EERIZE{L % Fig.
13- T. WP O st CO/H2S it 10 FRE T

Adatarayama Y-3 CO,/H,S

1000.0

100.0

10.0 -WW

1.0

0.1

Adatarayama Y-4a COZ/ HZS

~
[

1000.0

100.0 °

10.0

Lo °90°9%’ oa%aep?ﬁeg ?%°£G°°
, O

0.1

Adatarayama Y 4b C02/H S

1000.0

100.0

10.0 )

1.0 %

.
Adatarayama Y-4c CO,/H,S

0.1

1000.0

100.0
10.0 o
% ©o
1.0 di’—&&gg—o
o

0.1

Adatarasan Y-4d CO,/H,S

CO,/H,S
0000.0

1000.0

100.0

10.0 o
BooF G o
1.0 009 0 °%Q

0.1

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

CO2/H2S ratio of fumarolic gas at Adatarayama. Red arrows indicate eruptions.
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Fig. 13 CO2/HS ratio of fumarolic gas at Bandaisan.
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CO2/H2S ratio of fumarolic gas at Nasudake.
Red arrows indicate eruptions.
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Fig. 15 CO2/H2S ratio of fumarolic gas
Kusatsu-Shiranesan. Red arrows indicate eruptions.
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Fig. 16  CO2/H:S ratio of fumarolic gas at Asamayama.
Red arrows indicate major eruptions.
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Fig. 17  CO2/H2S ratio of fumarolic gas at Ontakesan.
Red arrows indicate eruptions.
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Fig. 18  CO:2 concentration of fumarolic gas at
Izu-Oshima. Red arrows indicate eruptions.
FHREOEKILH AD CO2 .

TRRENEME K 2 R
a coms Kujusan A CO,/H,S
1000.0
100.0 1995 erup. 1
10.0
1.0 Cas)

0.1

b c,s  Kujusan B CO,/H,S

1000.0 A

100.0 1
10.0

1.0 - S

0.1

~

Cwms  Kujusan C CO,/H,S

1000.0 1
100.0

10.0 -
1.0 o
01

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Fig. 20  CO2/H:S ratio of fumarolic gas at Kujusan.
Red arrows indicate eruptions.
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COz concentration of fumarolic gas at
Miyakejima. Red arrows indicate eruptions.
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CO2/H2S ratio of fumarolic gas at Asosan.
Eruption symbols are not indicated because of the
frequent occurrence of eruptions.
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Fig. 22 CO2/H2S ratio (a ~ e), H2S concentration (f ~ j) and CO2 concentration (k ~ o) of fumarolic gas at Unzendake.
Red bars indicate the period of the 1990—1995 eruption.
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Fig. 23 CO2/H:S ratio of fumarolic gas at Kirishimayama. Red arrows indicate eruptions.
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EBRBLTCONNL, T4 2EMLTCEEZHOR
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SRR 83 &

8 (Appendix)

1950 {82 5 2001 45 F T2 18 DKL TifTb iz kKL A ABHD 5> &, B@EBAOEKILIZSONT, §3TO
KIWATABRFEREZRICED T L O (—EOKLE 2002 FF T). BRAMEIEICL > TOH 7z HS, S0 K&
W CO2 DKLU APREDIZ), BRIER, KR, JiE, BROoESI SRELBER LEZ. 2k, 1968 FH L Y Ao
HARE T D LWMEZE T, *1: R (F: 1REE, S: M, sC: #%, C: %, R: W, Fo: %, Sw: &, D: %
). *2: %R, *3: EMROES. *4: BKIEE. [S.0.) XFHRIFEE X, (trace) &, -] B2 L, Ix
R, ERERE GegkZa L) 2T

Appendix 1 Gas concentration analyzed by the gas detector tube method in addition to the height and temperature of
fumes at Meakandake. Gas concentration values before around 1968 are disputable. *1: Weather (F: fine, S: sunny,
sC: slightly cloudy, C: cloudy, R: rainy, Fo: fog, Sw: snowy, D: drizzle). *2: Air temperature. *3: Fume height. *4:
Fume temperature. “S.0.”: scale out. “trace”: very small. “-”: nothing. “x”: no observation. “ ” (space): no

recording.
Volcano : Meakandake
Point : P-1 RTFRIYEIXRD Point : P-2 R FRIYE2KA Point : T-9 RURFRIYELKALEIRODE
Year Time  |WE™ [ At | Fh*®| Ft™ Gas concentration Time  |WE™| At [ Fh*| Ft™ Gas concentration Time  |WE™| At [ Fh™® | Ft™ Gas concentration
(m/d/ hh:mm) (°C)| (m) [ (°C)| H,S (%) | SO, (%) | CO, (%) | (m/d/ hhimm) ()| (m) [ (°C)| H,S (%) | S0, (%) | CO, (%) [(m/d/ hhimm) (°©)| (m) | (°C)| H,S (%) | 80, (%) | CO, (%)
1960 7/17 96 0.19 120 15
10/18 96| 0081 4.55 2.86
1961 6/20 96 0.33 03 5.0
10/16 95 1.75 1.1 1.8
1962 6/23 95/ 0125 08 35
10/6 92 0.89 6.6 5.6
1963 6/17 92 1.05 45 6.4
10/4 96 23 12.2 95
1964 6/17 95/ 1533 19 11.0
10/9 94 0.47 1.75 0.55
1965 6/23 96 0.12 20 0.43
9/9 95 1.45 55 58
1966 6/14 95 1.05 22 8.2
10/5 95 1.4 05 8.8
1967 5/22 95 0055 1.3 55
1969 6/4 1300 S| 14] 2| 94 0.1 2.6
10/712:30] 8 2| 96 1.7 18
1970 6/31220 F 7] 2| 95 20
10/212:00 c| 6| 2| 83| 0002 1.0
1971 6/7 1545 F| 12| 20| 95 0.4 0.25 10.0)
1972 6/51500 C| 15| 5 6.1 0.1 36.0
10/171300] S| 7| 2 8.0 0.0 13.0
1973 6/6 1500 S| 18] 2 5.0 0.03 45.0
9/21 14:00 2 56 - 15.0
1974 5/29 1000 c[117] 5 12.3 - 15.0
10/312:40] ¢| 4| 10 9.3 - 300
1975 5/29 1035] Fo| 78| x 14.0 - 19.0
9/25 10:45]  s[120| 50| 74 - 63.0
1976 5/26 11:00] Fo| 95| 1 15 - 17
9/28 10:30| Fol 65| 1 11 - 54
1977 6/6 11:00| sG[152| 2 35 130 230
9/2210:00] F[ 80| 2 2.8 4.0 105
1978 6/711:10] s[175] 0 30 175 160
9/2110:00] _s[130] 1 1.8 2.0 63.0
1979 6/13 1200 F[103] -] 0.10 7.0 35
9/281230| S| 8] 0.24 0.83 3.0
1980 6/51200 F| 17] 1 0.1 35 75
8/8 1200 F|224| 1 55 40 45
9/1811:30] ¢l 97| 3 3.8 35 40
1981 7/41300] Fo| 11 3 72 - 55
9/3012:30] S| 9| 1 39 0.00 45
1982 5/19 1400 sn[ 2| x 20 0.58 40
9/20 12:00 ¢l 10| 4 4.0 30 40
1983 5/231230 [ 10 5 70 10 50
9/1912:20] F| 14| 3 8.0 10 80
1984 5/291350 S| 15 3 11 7 30
9/26 1400 C| 5| 3 14 24 40
1985 5/271300] ¢l 10| 10 0.00 0.00
1986 5/28 1410 F[ 15[ 3 50 9 250
9/2910:35| Fol 9| 5 130 1.2 400
1987 5/29 11:20) F[ 14| 5 140 10| 200
8/2 1030 S| 24| 100 s.0. 250
9/1210:35| S| 10 5 110 s.0. 250
10/6 13:30] ¢| 12| 1 5 27 20
1988| 5/21 14:35] | 13] 100[ 95 12 6.0 54
9/2911:30, S| 6| 50| 321 65 100 50
1992 6/312:50] | 13| 30| 171 20 10 30
7/2913:10] C| 22| 30| 320 7 30 S0
1993 7/27 16:40| G| 16| 50| 268 15 30 175
9/2911:20] C| 9| x| 378 10 15 150
1994 6/7 11:05| s| 14| 50| 111 25 125 75
7/191300 ¢| 22| 50| 137 18 15 35
9/2711:40 ¢l 8| 20| 153 10 - 50
1995 6/7 12:15] ¢| 11| 30[ 99 12 19 59
7/1911:200 S| 21| 20/ 97 12 38 7
8/2210:30| sC| 16| 20| 118 59 15.3 118
9/111:40| sC| 13| 30| 150 413 159 177
1996 6/6 13:00] S| 12| 30| 254 118 s.0 S0
7/16 1050| G| 17| 40| 349 354 | so S0
10/311:10] ¢ 6| 30| 310] 118 s.0 590
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Appendix 1 (Continued)

Volcano : Meakandake
Point : Obuki PRFH IR OE S AL (KE3E) Point : U-11 PYFRLYHE2ROBERIL Point : B By 7R KL A