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Observation of SO, and CO, fluxes in and around the active crater of Aso Nakadake Volcano

Masaki SAITo", Takeshi MATSUSHIMA", Norimichi MATSUwWO", and Hiroshi SHimizU"

Abstract

Volatiles of the magma such as H,0, CO,, SO,, H,S and HCI, which are the main
components of volcanic explosions, discharge to the surface of the earth as volcanic gases,
hot springs, and river waters. The discharge occurs not only in volcanic eruptions but also in
non-erupting activities. In order to clarify the mass balance of volatiles, the hydrothermal
structure and the volcanic activities, it is very important to characterize the chemical
constituents and the amount of the volatiles discharged from volcanoes.

It is thought that the volcanic gases reflect immediately the changes of magmatic activity
because the mobility of gases is the most abundant among the discharge forms of volatiles.
The diffuse degassing from soil is one of the discharge forms paid attention in recent years.
As CO, is hardly influenced by the groundwater due to low solubility in water, the direct
information on volcanic activities can be obtained by observing the CO, flux and its changes.

Aso volcano is one of the most active volcanoes in Japan, and magmatic eruptions have
occurred several times in historical times. However, the research on the amount of the CO,
flux from the soil in and around the active craters had not been performed at Aso volcano. In
this study, we estimated the CO, fluxes from the Nakadake crater and the circumference soil
at Aso volcano and compared the results with the CO, fluxes at Kusatsu-Shirane volcano.

At Aso volcano, the amount of the total CO, flux from soil was estimated to be about
0.12 ton d”'. While the amount of CO, flux from the Nakadake First crater was estimated to
be 597 =95 ton d”', and thus the CO, flux from the crater was much larger than that from the
soil at Aso volcano. On the contrary, the CO, flux from the soil was comparable to that from
the craters (fumaroles) at Kusatsu-Shirane volcano.
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Fig. 1. Map of the craters of Aso Nakadake volcano, Kyushu Japan. Aso volcano is one of the most
active volcanoes in Japan. Voluminous volcanic gas continuously emitted from the first crater.
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Fig. 2. A photo of the Carbon Dioxide Flux Meter
which was used to estimate the CO, flux from soil
around Aso Nakadake in this study.
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Fig. 3. Map of observation points and the results of CO, fluxes from the soil around Aso Nakadake.
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Fig. 4. A photo showing the proceeding of CO, flux
measurements from the soil around Aso Nakadake.

Fig. 5. Map showing measurement area of CO, /SO, ratio in volcanic gas around the Aso Nakadake crater.
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Table 1. Observed CO, Fluxes from soil around Aso Nakadake using the Carbon Dioxide Flux Meter.
& e WU pemiovessy ORI g e W tm wassy O
T GV €10 90 1 SN ¥ J I @ (3B 1 I
1 E+14 12/17  32.88751 131.08427 0.00 47 N20 12/16  32.88146 131.09214 0.00
2 E+15 12/17  32.88770 131.08534 0.00 48 014 11/20 32.87978 131.08570 0.00
3 F13 12/17  32.88697 131.08326 2.02 49 015 11/20 32.87998 131.08677 0.00
4 F14 12/17  32.88711 131.08437 0.00 50 016 11/20 32.88014 131.08781 0.00
5 F15 12/17  32.88726 131.08546 0.00 51  O17+ 12/16 32.88014 131.08976 0.00
6 F16 12/17  32.88744 131.08650 0.00 52 018 12/16  32.88023 131.09029 0.00
7 F+13 12/17  32.88654 131.08336 0.00 53 019 12/16  32.88046 131.09132 0.00
8 G16 12/17  32.88664 131.08674 0.00 54 020 12/16  32.88065 131.09242 0.00
9 G17 12/17  32.88681 131.08775 0.00 55 O+15+ 11/20 32.87959 131.08743 0.00
10 G+13 11/22  32.88608 131.08296 0.00 56 P13 11/19  32.87853 131.08491 0.00
11 H12 11/22  32.88541 131.08191 0.00 57 P14 11/20 32.87902 131.08628 0.00
12 HI2+ 11/22 32.88552 131.08254 0.00 58 P15 11/20 32.87910 131.08713 0.00
13 HI6+ 12/17 32.88584 131.08743 0.00 59 P16 11/20 32.87923 131.08807 0.00
14 H17 12/17  32.88592 131.08797 0.00 60 P17 11/20  32.87909 131.08946 0.00
15 112 11/22  32.88455 131.08215 1.24 61 P18 12/16  32.87925 131.09047 0.00
16 117 12/17  32.88493 131.08769 0.00 62 P19 12/16  32.87953 131.09158 0.00
17 J12 11/22  32.88368 131.08240 0.00 63 P20 12/16  32.87976 131.09262 0.50
18 J17 12/17  32.88403 131.08793 0.00 64 P+14+ 11/20 32.87865 131.08674 0.00
19 J17+ 12/17  32.88411 131.08842 0.00 65 Q13 11/19 32.87767 131.08515 0.00
20 J+13 11/22  32.88343 131.08362 0.00 66 Q14 11/19 32.87789 131.08650 0.28
21 K12 11/22  32.88281 131.08268 2.61 67 Q15 11/19  32.87796 131.08733 3.35
22 Kl2+ 11/22  32.88290 131.08322 0.00 68 Q16 11/20  32.87810 131.08842 0.00
23 K13 11/22  32.88303 131.08373 0.00 69 Q17 11/20 32.87828 131.08946 0.33
24 KI3+ 11/22  32.88312 131.08419 0.00 70 Q18 11/20 32.87846 131.09043 0.00
25 K17+ 12/17  32.88325 131.08864 0.00 71 R13 11/19 32.87681 131.08534 0.55
26 L13 11/22  32.88215 131.08397 0.64 72 R14 11/19  32.87700 131.08650 0.73
27 L16 11/22 32.88285 131.08725 0.23 73 R15 11/19  32.87711 131.08753 0.69
28  L16+ 11/22  32.88291 131.08779 0.00 74 R16 11/20 32.87725 131.08864 0.00
29  L17+ 12/17  32.88235 131.08890 0.00 75 R17 11/20 32.87741 131.08976 0.14
30  L+15+ 11/22 32.88230 131.08689 0.00 76 R18 11/20  32.87759 131.09095 0.23
31 L+16 11/22 32.88238 131.08741 0.14 7 S13 11/19  32.87594 131.08558 0.00
32 L+l6+ 11/22 32.88250 131.08787 0.00 78 S14 11/19 32.87614 131.08666 0.00
33 M13 11/22  32.88126 131.08419 0.00 79 S15 11/19 32.87621 131.08775 0.41
34 M15 11/22  32.88176 131.08650 30.50 80 S16 11/20 32.87636 131.08882 0.00
35 MI5+  11/22 32.88184 131.08703 0.00 81 S17 11/20  32.87654 131.08999 0.14
36 M16 11/22  32.88195 131.08749 0.00 82 S18 11/20 32.87669 131.09119 0.00
37 MIl6+ 11/22 32.88202 131.08805 0.00 83 T13 11/19  32.87510 131.08588 0.00
38 M17 11/22  32.88209 131.08856 0.00 84 T14 11/19 32.87526 131.08689 0.00
39 MI7+  12/17 32.88144 131.08916 0.00 85 T15 11/19 32.87533 131.08797 0.00
40  M+15+  11/22 32.88141 131.08713 0.18 86 T16 11/19  32.87549 131.08904 0.00
41  M+16  11/22 32.88144 131.08761 0.00 87 T17 11/20  32.87566 131.09029 0.00
42 NI16+ 12/16  32.88083 131.08864 0.00 88 T18 11/20 32.87581 131.09134 0.00
43 N17 12/16  32.88090 131.08898 0.00 89 Ul15 11/19 32.87448 131.08819 1.01
44 NI17+ 12/16  32.88098 131.08952 0.00 90 Ul16 11/19 32.87462 131.08924 27.61
45 N18 12/16  32.88110 131.09007 0.00 91 u17 11/20  32.87477 131.09047 1.56
46 N19 12/16  32.88128 131.09111 0.00 92 Ul8 11/20  32.87493 131.09150 1.01
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Fig. 6. Photos showing the proceeding of CO, /SO, ratio measurements
in the volcanic gas on the rim of the First Crater of Aso Nakadake.

Table 2. Result of CO,/SO, ratio of volcanic gas from Aso

Nakadake crater.

CO,/SO, F (E/L L)
2004/10/04 1.89
2005/04/25 1.24
2005/11/19 2.26
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Fig. 7. Photos showing the COSPEC and the data collector installed in a vehicle. A rectangular prism is used to observe SO,

column density through the roof window.

Fig. 8. Route map of the SO, traverse observation around Aso volcano.
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Fig. 9. Schematic sketch showing cause of SO, estimation
errors estimated in the previous analysis method.
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Fig. 10. Time variation of SO, column observed using COSPEC
on a vehicle.
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Fig. 11. Comparison of SO, flux variation between the old and new analytical methods.
Table 3. Summary of the observation results in this study.
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DR 5E % A K I2AT - T S i bR FR 2 5
HTBRETH D205, TR0 HMM 42 MBI X
D, WADOHIAT - 72 MERRE VDS X2 2154
otz ZOREIBEKIE, KIDEEE L XL 2
(R RIGIE 0 KITEEY)  AT20044E5 B DLSRAkEE L CTw»
HIRE TR E R AGEIIREO LI R <, KLy
ADEALL Vhah otz EZ N5,

KA A DCO,/SO, MLl E DFE R, 2004410 1
AHAT o 7255 (1.89) %, K25 O [ bh ik
TR R E O 121X, 20054E2 H4H AT - 7258
SR UCARFZE Tk L7223 MF 5 AT )5 8:2)
ZHOWTRDHR (460=73ton d!) ZIHW2. £
ORERFERHE L — KO S S h b L%
|IX597+95 ton d' & WG D Sh, HEASKIEH
% AL R OR50000% & 7 o 72 (Table 3).
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Table 4. Comparison of activity between Aso and Kusatsu-Shirane volcano.

P KOMPHD  COMEH Wk COLBEM M HIELE SCHk
CoMtik  HutB  (md)  /E
(tond"  (tond™) (ton d' km®)
o gk 45K 12 597 0.12 1.56 0.1 2004 EN I
B AR 3.1 1.4 0.051 27.5 2003 T 2004
[ 100 20 - - 1999,2000  Shimoike et al. (2002)
HERIL 39 2 19.5 2000 Hernandez et al. (2001)
" 340 2.65 128.3 1999 Hernandez et al. (2001)
n 120 2.65 45.3 1998 Hernandez et al. (2001)
FERE 3 5 0.6 1997 T, 1999
R 4300 41.44 103.8 1998(Sept.) Hernandez et al. (1998b)
n 3200 33.4 95.8 1998(May) Hernandez et al. (1998b)
Teide 380 0.53 717.0 1997 Hernandez et al. (1998a)
Vulcano 206 0.42 490.5 1995(Jul.) Chiodini et al. (1996)
" 200 0.65 307.7 1995(Apr.) Chiodini et al. (1996)
Mammoth 130 0.145 896.6 1997 Gerlach et al. (1998)
" 350 0.145 2413.8 1995 Gerlach et al. (1998)
Solfatara of Pozzuori 133 0.09 1477.8 1994 Chiodini et al. (1998)
Nea Kameni Santorini 15.4 0.037 416.2 1994 Chiodini et al. (1998)
Yangbajain 138 3.2 43.1 1994 Chiodini et al. (1998)

Table 5. Result of CO, Flux of various volcanoes in the world including that of this study.

R 2% 1L EHE AR (L
Ty
AR ORI D) TR s
ko (BRI CO, &+ 13 Co & 597+95 ton d”! 4.5 tond’

Kkm (ERIL) L ERD COE
KO JERD O ) B PREORH S D CO, B

3.1tond"! (FFiE 2004)
l4tond' (FERE 2004)

597+95 ton d”!
$0.12tond

ke (ERFL) - 5000 : 1 2:1
3, # = F 72 TEAL G E QPR I R P RO B A

REFZED P EAEF X O MR KO L Tk
PO EN D T bk FEALEIS I EINS
LR FRORS000R5 & ), BRI
TRIIZEAEDKRINFTZANRKOANSHRHBENTWAS
CENHLNE R 5T

ZRODOFFREBH»IRD L, ZOMITIFHE KD
VEAE R T I 0 g 20 & T AR D HLFIOI L A
AOND. F - EKIOBER IO ILH0SE Takagi et
al. (2006) T SN T2 MMM E) D= L —
BLTWD, BRI L ICEZKO~ELKODK
CER 2 5131 & A L AL E DL S
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TWiaWn

I E TIThA e RILCfrb 7 R b FH =
DOHERE R Z Table 4121, Zhzxiad e, MERKI
OTBLRERBEAFHIZEBORIZZ VA, KO
JB O 38D S IR S b ZER b bR A
b HATHAE 572 ) ot E S o KL ~E B
2wz elbrs. I, MEILTIES 7 <0
SIEA A U7z AL FZEDIT & A EDKIOAD S T IV —
LELTHHLTWARLEEZOND.

3.1, EEARWLUE D

INFET, BHE (2004) 12X D EFEHRL T
ZAL253.1 ton df, TIEDS1.4 ton d'O AL E
BB EINTNWDE 2 EH50o>Twb (Table 5). =
B AL e A w2 E AR IL T Ud4.5 ton d-1TH -
72DIKF L, FI#RILITIZ597+95 ton ' TH Y, i
BRI ~2H b 2 v, 2oz i, BUEOMEEL
AR 7GR OBEVERIZLTED,
FH PRI O B OB GE B A9 R TRESE
BTHEHOIKL, MBI RS R~ 7~
EAIEE 2D ELTWE I E RN TH 5.
L PE B ) DR TS B0 & B B R 111 oD 1 Bk 7% 12
L, RS1~1.5kmiZBK7ZZF D23 5 L S
N Tw3% (Kaneshima ef al. 1996). & HICZ IHhHHl
KoOXKOWKC@D> TS 7 5 v 7IROREE (KiE)
HDHZENRHLPITEN (Yamamoto ef al. 1999),
T OWEBEY AT LDEEEZHSPICHRY) DD
5.

¥ 72, BRILICYURE & O BFZEIC X 2 B #1117 TR HE
EDOHEEIZ L > TH, HMET200mB L ClkmizLIZ
10Qm PLUF OfKILICHE 23 it S, K E O AE
DHEE SN TS (Hase et al. 2005). L22L, HHAK
1R 8 Cld 2203 36 56 22 KLGH S & 25w E
WCEDLN, H-KOEEBUAMC IR E SR SN
v (2 20E, HBINED 1998). S D720 T 5
DHAADIZEALED, WTOBRKEZEFE D » o BN
B EHE LTV A HEE - KII2 @ L TR A<
WRICKEINTWEIDEEZLND.
—HESALEEEONZE T, EEARILTY
KT T % 8% 8 O IR IR LI PLaIR 23)A8 A%
STEY, FBICHKRDPFHEZELTWD LN SN
Twa (B2 1996) 2%, BB HRERAKDIRET,
FIBH D K VBED & DA AR b A2 <, B#ReE— K
OoB#ETYEITHECRELET DL, Tz,
FAEDKIUNEE IR ELTBREN TR E RoTnD 2

EMS, INTHESHFSRO BB EIE i <, T oK
WEAERICBENLL TV, ERICHEoI TR
WL EOEKIGEHTELLZEEZELZORTWS
Mo 2R E R AL A I IA > TR Y, s
IO R SN LR R R D & oM BRI R
BRI NI o T b (B 2004) .

O LERL, HEARLTIRBT OKES
BERIONO KT A ORRHIEL v 212,
KOTAFOHENDKINT A DR LZIEIZHb72 D
MRENTWDE D, KORPWKILr Skt shs
TEMbRERE I ) Ao T RIS S h
5 BALRFEDOHEGNV L hoTnd i shs.

4, £EO

B gk P KT 200 S B0 S % KL A o C0,/S0,
& RO 5 o AL s ol =, B X K JEE
T3S O AR R ER R 2 WE L, BgEET
HEERP ORI ND B LRFERZ D 5 7.

2004~20054F D 4ZEZ B\ TR gk K2 5K
HE N Tws BILH 13460 = 73ton ' TH Y, K
WA A DCO,/S0,M121.89TH -7z, F7z, KHH
WD SPFRE ST B B b e FE R 1Z0.12
tond! & {llE N7z,

IS OB R2 SR HE KO SRS
T b A b #ER 12597 =95ton d & B S h,
BT 1 ClE 2 5 0 A L e E e A%, 0 11
2O OHHOBE X D IEBIICEB L TWw5bZ L 25H
bt ol —75, BEEABRLTIEHED S IR
B E s b FEEE, KIT (HAIL) 25K
MENL ZBILREZERICERLTWS, ST
TETRA & DY K I~ D F AR, KB
TIPS OKIUFT ZARBORENEHRLTVDLHD
M s, BAEOMERILE EEARILO < 7 <t
DBV EREL TS EFR 5.

A OE

AR EAT) (ZH7 ), HEEBAREIIZERT 1 E R
AL Yy —OBEEEE IR O » 5 S h
2 KINA 2 DB BN FAT L TF— % 2 &
FTVWEE LB, BECDHHLRIHFZ W
727, FPTHUE TSI ZEER M O 8 WS, B
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KER B BRAE R TR R M h BR B2 0T 78 i 73 X LLE 7
t vy - OHEER R B, ) EKIZIEBI o FE
272> TTHFIIv7272w72. [Carbon dioxide flux
meter | 13 URBR 52K 7 Bt 357 W 28 Hh BR B S W 8 it i
oM L7z, F 725K KA sear o £
T L OERIEERTH o 72, UM KRF RSP
WEFERE D 4G WEBUZ I IZER TR OB A I8 T
Ernne, IR LTEET 5.

nB, WEHDI1HTH HRIEHEKIZ20064E9 H2
HizdiZ s 7z, HIKIZ20FEH £ ) 1272 ) COSPEC
w7 IR oM E 2 H AR Hh oo KL T H i
LTBY, AKOBIHYR— MR LTARNZEE £
LODHIFLILIETEL P72, TIIHBEOER
BIF5.
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