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VARIATION OF CHEMICAL COMPOSITIONS OF VOLCANIC GASES
AND VOLCANIC ACTIVITY AT SAKURA-JIMA VOLCANO

By Jun-ichi HIRABAYASHI

Synopsis

Sakura-jima Volcano have been erupted since October of 1955, and a large amount of volcanic
gases and ashes have been thrown out from the summit crater of Minamidake. Geochemical re-
searches about water-soluble fraction of volcanic ashes, volcanic gases absorbed into alkaline solution,
and HF, HCl and SO: gas in atmosphere by using automatic gas meter were carried out from 1974.

From comparison between the variation of chemical compositions of volcanic gases and geo-
physical data it was considered that the chemical research described above is one of methods for the
estimation of volcanic activity at Sakura-jima Volcano.
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WEKILIZ19554E 10 IC BB 2 HE L TR A HE TRREE L VIR L, BEILEADD SEEL KN Uik
FTW3. CO—BOMEIEERO KLY 22 ER L TUEL, £ORSEIIL SHEKLOFEER
RAEET 2 L2 HE LTHD b, Z0D%EE L RERBIFTRICK 3BMBEOBEERNEIZL
BHELT, KINKOAKEHEA BRSO, BERTvH ) B, KRS Uk A 2 55 O
HEREM 2 OFEEZROT Fig. 1 IORTBRSERAICS O TRIER D TR,

— T KL R DMRIE 97~98 vol.% A8 HiO TH b, B A HF, HCl, SOz, HiS, CO: E D hY
BEMEN AL Nz, Hy, Ar R EORIEBRA 251> T3, THORRSOMREIGZREICKE IKF
T5bDTH-T, Table 1 [TiZEHIES? KL ZRPRHDK LA 2 DITHERD SRD BT LRED
BT B KIS RDORMEHETR Uiz 2NITL B EBTALBREOENKLT AORMIBYT 2D 5
CO; & HsS MERDTH ALY, BENELNLBEEINSITMAT SOz BEENILHIICED, I5KH
Bicts s &, HeS it 5~ SO oEAusEmL, %/ HF, HCl &3 s LT85,

COBEIC K B KA R BRICOOTORRAICS ET0T, BBAKLKBVTRINSOESD S B
HCl & SO: OREAMCER L, FROFSEHEEROTE0 50N, HICHRIOHEDENERD,

Table 1. Classification of volcanic gases by their orific temperatures.

Chemical constituents Temperature range
1 H:0, HF, HCI, SO; > H.S, COz N2 < H: 1200-800°C
2 H0, HF, HCI, SO H.S, , N H
20 H‘ 2 > HeS, COz N2 > H» 800-100°C
3 H:0, (HF,HCl), SO; = H.S, COz, N:
4 H:0, SO; < HsS, COz, N: 100-60°C
5 H0, H,S, CO; N: lowere than 60°C
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Fig. 1. Sakura-jima Volcano and position where volcanic gases were measured.
(Q: Sampling station of volcanic ashes.
(O: Station where gases were absorbed into alkaline solution.
A\: Station where HCl, SO: and HF gas were measured by automatic
recorder.
A: Station where volcanic gases were collected by radio-controlled
aeroplane.

BEXLERFRTHE SN KIUTEBICE T 3 RYEAAERIEORBRE L LB L, BALOEEIRE &k
IL# 2SO E OBBRIC DN T ORI ER ST,

2. RILROKBEEN BT

BREBXLREEASLEAO»SOHKLT AEHBL, UhbHEFICRREE DELTO S0, HiE
IWTEAO TR REFIT 5 2 EREREFCRTETH S, 2CTETRUDIC 1/ OoF 5 2ABHFY
v 2 RARRKICH b fo AR ITIA B U C L omEh o kUil A 2 BRI L, HE Lickils
ARAOMIEFT -T2 % DR (Table 2) it hBARICLDELE, FRIWTRVWAEb00 HC
3~37 ppm, SOz 3 17~68ppm SFENTHY, MHEOL (Tl 120.18~0.77TEIGHEIZ0.40TH B T
EMP O M EIE T, Tl COBRBMPICER TR LB T A LROKEENBERIOMIET -7 &
T3, Cl- ONFERIZ 197 mg/kg, SO |3 1460 mg/kg TE L FROKILF ZARSBHEBE LT BT E
MHEH SN, ULHrLERSOE CI/S (k) 120.37TH D, koEho HC/SO: P &b
TEWZ EH¥H Ui (Table 3),

ZORRD S KWK DOKIEHAZER S Cl- & SO2 i3k R» S &N 3 kiLiy 2D HCI & SO,
DHRKED > 260 LEZ, Fig 1 IGRUCERL, FK wE, GH, BEEEOoRBRIETIINED
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Table 2. Chemical compositions of volcanic gases collected by radio-controlled aeroplane.

Sample HCl SO: HC1/80;

Feb. 14, 1975 Blank 0 ppm 1 ppm —
9ghogm 300m 37 56 0.67

Feb. 15 13h20m  1100m 8 32 0.25
13020™ 1100 m 20 52 0.38

16105m 2m 0 4 —

17p00m 450m 24 30 0.77

17800™ 450 m 27 68 0.40

Feb. 16 9hgQm 5 20 0.25
9h4Qm 3 17 0.18

12h14m 7 24 0.29

ppm=ml/1000 7

Table 3. Chemical composition of water-soluble components from volcanic ash.

Sample Cl- SO~ Cl/s*

Arimura ‘75 II 12-16 197 mg/kg 1460 mg/kg 0.37

* molar ratio

B, BTE®ROFMIKLKENREZPED S ERL, ZOKEEAEKSO I BbD ClI- & SO D4
WEfF-720 £DH, Cl- 13 5.9~8730mg/kg, SO (% 29.8~13600 mg/kg L ZNZNDKILKTE
L RHBEENELD, $REERChI-> T 3MHEEOH CI/S OER—EASSEERT bObH oM
KERAMZ0. 2~ 5DBWHRICER L T B L ENHA LM ENE »T2e 22T CI/S DEML S LD HOERD
Tl AT LOTHEERD, ZOEMEREKNLOREEEO—>TH 2 HIBREY (CkOhdiy 2.7
km B BELICEOTHEBORIES 10p DET, 20 0. 1mb Y OB 0Ffbe% Fig. 2 ik
RUto BARIRINTOS LS ICEREHKOL HEIcE CI/S obKE <, BITERODIEORIC
RZOMEANEL, C/S OEOELIIBREEOEREELENL (HELTVWAZEBHB L, ol

846

g: 610

188 4590 4.15

429 109 2259308 221 203 234229 2

cl 189 188 153 152 155 161 209
N § 174
100 1.0+
1/8
50 0.5
o o l
74 1 75 t ' [ ] | *78 1 29 I 30

Fig. 2. Averaged monthly Cl/S molar ratio of water-soluble fraction of volcanic
ashes vs monthly frequency of explosion.
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R ICHRKDBALZ ST B 7cDEE L, kb ol SRR eis LT & ioklA 2289 ETH
RICBREINDE LI LRI OLDTH 208, ZOBMEE1~2r BT LI, T ORICHITEIR
Ihic HCl & SO: # AOHMBERDIc, CORREMLS—HYD OUWNEEHAET 3 L&MET HC
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Fig. 3. Variation of daily amounts of IICl and SO; gas absorbed into alkaline solution
for each period at Harutayama and Arimura.
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BRIRBOEIC DO TRITT 2 DICHES I3 SATHEROER L EHAOFMICE T 2RBEHNOKEE
Fig. 3 iC7R Uico Fig 3 ICRINTV S &5 IKBEILTIZ HCL, SO: cEHICRIREMS L, LHic
BRALTEY, BERTRBECAHCHRSOBRNESS , BRI LT3, CORMEAR,
HEEOTREMICIERY, $ALHICRILtARSERT 200 THY, HEXLOEEHERIBEALH
FAMES, ECARMCHRKXBINGI LN S EL-To LB LTINS SERAICESY 2 BRED S
HCl & SO: iRAOHEE > THZ L, Fig 4 IURT LD KOWThOBRAT S RBSREMERERLT
BY, FiGE~K EHORNC L ZRAZOIERMORBRIILALREINIOOEEZI OGNS, &
2o h S OHOMEE ERERHE OB DNTL S5 A7®, ThoDHEOEMEN & £ OF UBIKE
R0 B BRI E 2RARICHRE LI ECA, CORERLSBEELTEFTLZ L bEIDONTS
22 TCh S 5 BRATORBINEZBRAS &0 HC/SO: OFEHEERD L OELEEHHC & DH¥E
YRREEOE R E 25~ Fig. 5 ICR L. ANicL i, BEERREKROLOHMI HCY/SO. off
A<, HicAPHBREMODEVEICIE HC/SO: Ol H/NE 15> Tk, HCY/SO: DEDZEAL
RERBROLEH L H/ELTOAE T EMBBEDON, LU TS A 8 Bithid T BRNE -
fo LBEOERRISHICH » i bbb ST 6 Ao 8 BichidT HC/SO: DML EF LR
HEEARL TG, 2O EREDERI A SBAICERIEE LEBNERIL L EEELSLE, O
BRI LEBRREELONE, COFERENEEEYRIME LTH 3t BT kLK 20 34
BALREOETORA, RXEOEE, RAMiICX38BAATOKLA ABREDENEEDOHERD 5
s, 1~24 AfioFEHs HCY/SO: OMOE(SRD dh, Thick DEREBKILOREEHOHRRE &
5252 EHHRIBDEEL L, L bRALORY AMOBRHO%ROBERLICELTR, BRVS
RET B BN OEBRT U THEKRT 5 EMRBD HNT

COFETOFO LY KX AREREKLICEG BRI LI kD 1~ 2 & B Cl/S OffiHs0. 5~
0.70—EAE <120, HKERICO. 28IHINS {125 C LMD NTHD, BBkl ZEILD HE
K& LTOROKEKLTR EROETREBBEFICEDN TV 30 L Bbh s, FLRROER AL
B AEURES S OMEKLY TORBBERTIREARERO HCY/SO, itHicE LERREDECE
BHRT, ChiEx 0 KLOBEOEDPRINEOREETICL3bDLEL DN 5,
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Fig. 4. Variation of HCl/Soz molar ratio of gases absorbed into alkaline solution at each
station s averaged daily frequency of explosion for each period.



KB RAFFER H245B-1 (1856.4)

16
N/day
HCl1
S02 HC1/80;
1.5} ]
1N A
1.0f ] b
[
\ I
'
1
] 1}
oSt i
A
0 " T , " ¥ ’ ' » '
76 77 78 L) 80
Fig. 5. Variation of averaged HCl/SO:; molar ratio of gases absorbed into alkaline
solution at five station vs averaged daily frequency of explosion.
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Fig. 6. Variation of HCl and SO; gas concentration in atomosphere by automatic
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F£7 LD HC, SO 4 2@ HVEGEE DR LER Lichs, HC 2 0.0008~0, 98 ppm, SO; % 0. 0002~
0.61ppm &FELWVEEHBED SN, TR, -0 1 EEEEOEEH b K&, UL bEsRT
BT E0W\ohdiistc, 2O ERAODLL—EHI SN, KRR L > THEES O 2 EA 2]
FELUTVW AR, BEESEORREMICHELZIELLEBVHEELI LN,

wicehETORELREkic HC, SO: 3Oz - T, ZOEMKDNTHRE Ui, Fig. 7 IKik
C DEDEAL & EXUBRRIFT CHE S NS KL OFEEIRGICEY 5 SERIERF N RIE ORR O L
Sk Uiz, BIBE—BEIiC HC/SO: 05 HEOBE FAMEOZE/LE, F_BEYUTICHIRRER,
KOET lkm {3 TRETZ </ 2DREFICE>TRS EEZ SR TS BRHEOARERM (58
MOBBESE), KLUHHEEBEHOREE ¥~ (kOd S Lekm RIENIBIOFENETONE,

5 HROBEFEE), kOBET 2~5km T~/ < OBEICEE L TRET 2 ARME O HAIREERR
OELRIRICR Uice 38 —BE® HC/SO: OFLICDWTH B E THET HH 5 10 Fithid T L0~
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Fig. 7. Variation of HCI/SO; molar ratio at Harutayama vs several geophysical data
about intensity of volcanic activity.
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Fig. 8. Averaged monthly HCI/SO; molar EA&De coLIikilA 2o HC/SO: 0ZbER

ratio at Harutayama »s monthly
frequency of explosion.
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Fig. 9. Variation of daily HCl/SO: and HF/HCI molar ratio at Harutayama.
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OFERILCKE U TREOHIRRSBICEETH S C LA L,

TRFETRATE HCL, SO2 # RFSMCINZA T, ki Activity BEL 13 » B AICKUS AP TE
DEEDMT 2 EEX 505 HF 220 T 80E 7 Ao 5 &M LBRIBICE O CEkRlE 2B L
Too TNETREBSNIBRICKNT, 7 A 5128 2 ToHFEHBEORFI 0.00001~0, 0024 ppm T,
C OO 0.00029 ppm TH Y, HCl @FEHfE 0.0133 ppm, SO: 0 0. 0306 ppm iCE~TEL
CBEMSEL, TLINOZBOEHROTNGBI/ -V THECENHLMEN T, FThLE
B O HFEEEY > HF/HCL & HCY/SO: ZE{beky Fig 9 IR U, HiCB oL S iciE
DEMENRE->TED, FORENHZLICBEDLNE, HICT ARSIV A s 8 BXTTOE
IC2>TH B &, HCI/SO: it~ HF/HCl K& {, £D#% HCI/SO: hRLTNB L & %5EZ
% &, HF/HCL s HCI/SO: LD 00K UTEA L EbEI SN0, S 2EABR GG,
SHOBRRERICH LIz,

5 = & 9

INETERTELL DI, BEKLICBY 2R8BEUERICL 3 KUTROBREZhick DRD SN
BT EISDEDKTER & ED & 5 I HENSD 2 h 2RI - ERLU T, Z0#REBSN HC/SO,
(CI/S) DfEId0.2~2. 0DFFICH b, ThRINFETOMDKIUTOKILA 2B Xk LRDKEBAERK
SOE™? LHBELTATHERMON AR AR L TH D, BHEKLMSESHICE D L X VvOTEERES
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(1) 197AEDIFED K LK DKM ER S ORIE T, CI/S OEMIZEAL0.2~1L50&EMIcHy, =
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() MEBWNS FINCKE LABER T vr ) BIETR, £ 0RBERBERINCL » TR, K
OEECL D KU ZADOBINESE UL BI2505, 2O HCY/SO: 0EOE/LIIZIZEYM LD T
B0, ToOEZREZRERDO B EERRNROET & LB LTV, 28 BH0ROERIL
1B L Tid HCI/SO: DEhssefT LTHINT 5 2 380 o,

(B K# 2OFGEEBREORERTIE, FRAOBERE LEHTICEMHOLEE T, UL
HCYSO: oERHTERAMEr A HoBBMO%OBERILOKIC, ANETFTTHREYT 2 BAMRORER
BOENLD 17 B, REEHTH 2BEREROHEMED b1 7 BREFLUTEUEAT BT M
Ao ohic, FTIBRIER L TEIBHIMICAS L, HC/SO: (LI HBRMBENENEIC L 5758
REDOENER T 2L 1B,

PLBBXNCE Y 5 KUF ARAOEIR, £NENFE, RS EBOTHOFEERANTHZ0
HCl & SO: QEAERDEZT LR L > TREESDBLUOKOBE FTRIESOEMEH2BEEE LI &
Ak, L bBRYORORERIETRTACENERELIICLEbDEELS,

FRAREFTICHID, CO—BEOMAEED BEEE I - 1B LETR BRI AE - BESH
BHAES SUBROMEIEK I 2BETLBYD, TRy OKEOERELL CBEFL
T & o 1 FERER KRS K LB RIEEN BB BB L T, AR ROMTICH
DIRBEIEEERD  ULRERTERENELTEE, ROoCKBAARREBER WIS ULBEK
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BXLBRFROREOEH, SEBAEKEE I UOERBREMETCYREOERE, BREEAZHEEEE,
RAEHERRFOSMICOHALA L LS E9, b IKANEDOS  REE SRS K LBRFTIC AHETFE
BEUTHEERFINE LT > b0 THDE LT, ZOBEEHIZ o0 E L UEBE 5
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