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An isotopic study of the volcanoes and the hot springs in Satsuma Iwe-jima
and some areas in Kyushu
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Hitoshi Saxar and Akira Sasaki
Abstract

Volcanic emanations, altered rocks and hot spring waters from the Satsuma Iwo-jima
island and Kirishima, Ibusuki and Kuju Iwo-yama areas in Kyushu (Fig. 1) have been iso-
topically and chemically examined.

In the Satsuma Iwo-jima island which is a small (12 km?) active volcanic island (Fig. 2),
volcanic gases from 13 fumaroles of Iwo-dake have been analyzed for chemical compositions and
isotopic ratios of hydrogen, oxygen, sulfur, and carbon (Table 1). The water vapor from high
temperature fumaroles (600-850°C) is isotopically uniform (6D = — 23 ~ — 28%,, 5180 =
+ 6.3 ~ + 7.2%, relative to SMOW), while the vapor from low temperature fumaroles
(100 ~ 250°C) has more variable isotopic data and is enriched in heavy isotopes of both
hydrogen and oxygen as compared to the high temperature vapor (Fig. 5). Three fumarolic
gases of the low temperature group (Nos. 16, 22, and 23 in Table 1) are found to be remarkably
low in hydrogen chloride content, and their 6D and ¢8O values show a linear relationship
with a slope (6D/6'%0) of 4 (Fig. 5). The §%S value of total sulfur and the §**C value of carbon
dioxide in the high temperature fumarolic gases are also fairly uniform, being + 11.5 ~

+ 12.2%p relative to Cafion Diablo and — 5.0 ~ — 8.2%, relative to PDB, respectively. Tritium

content of the steam from a high temperature fumarole is near zero (Table 5), indicating little
if any contribution of the present meteoric or fresh sea water to this fumarolic gas. It seems that
the volcanic gases from the high temperature fumaroles have retained their original chemical
and isotopic compositions that had been acquired in the underground high temperature rock or
in the source magma. However, the ultimate origin of the materials composing these gases and
the mechanisms controlling their chemical and isotopic compositions remain unsolved.

Plenty of native sulfur deposited in and around the crater of Iwo-dake has §%4S values of
4+ 2.0 to + 5.7%¢, which are slightly lower than those of hydrogen sulfide from the low tem-
perature fumaroles. Because the §°4S values of total sulfur of the low temperature fumarolic gases
are close to those of the high temperature ones and because the isotopic data of native sulfur are
lower than those of total sulfur by 6 ~ 10%,, it is suggested that only a part of the total sulfur
‘discharge has been fized as native sulfur.

Oxygen isotopic analysis of the rocks altered by the volcanic gases at Iwo-dake has shown
that the §'®O values of the altered rocks ( + 10 ~ + 25%;) are higher than those of the fresh

* FLRFRRIIGR, HMERERHE
* ERFR RIS
ORRLERE, WHERERHE

Rk gR o pR %ﬁ

*

1—(375)




WREAEN AR (B2W6E %8 8

rocks of Satsuma Iwo-jima ( 4 6.6 ~ -+ 7.0%,). This may be attributed to the oxygen isotopic
exchange between the rocks and the volcanic steam of high §**O value. The most intensively
altered rock (No. 8 in Table 6), being composed of a-cristobalite, a-tridymite, and amorphous
silica, shows the §80 value of + 25.0%,. This implies that the rock may be isotopically in
equilibrium with the water vapor at a temperature of 100 ~ 200°C. However, the §'%0 values
of other altered rocks are widely fluctuated in a range of + 10 ~ 4 18%,. The oxygen isotopic
ratio of the altered rock may have been controlled by the temperature of isotopic exchange,
the degree of exchange, and/or the §**O value of water vapor.

In the Kirishima volcano and adjacent district, the §D and §'*O values of hot spring
waters show a linear relationship joining the local meteoric water and the water of Ebino-jigoku
spa with the exception of the case for the Kurino-dake spa (Fig. 6). Itis concluded that these hot
spring waters are the mixture of the meteoric ground water and the thermal water from the
Kirishima volcano. Enrichment in heavy isotopes of the water of the Kurino-dake spa as com-
pared with the meteoric water may probably be the results of equilibrium isotopic fractionation

during water-vapor separation at about 100°C.
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Fig. 1 Map showing the locality of the geothermal areas studied, and the outline of Kikai caldera

(after MaTumoTO, 1943).
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1 alluvium, 2 effusive rock of Showa Iwo-jima, 3 effusive rock of Iwo-dake, 4 Cratér of Iwo-dake, 5 effusive rock of Inamura-dake,

6 effusive rock of somma, 7 effusive rock before Kikai Caldera, 8 hot spring, 9 fumarole.

E, Erabu-zaki; He, Heikenojo; Hi, Higashi Spa; In, Inamura-dake; Iw, Iwo-dake; J, Jogaharu; Ke, Ketsunohama; Ki, Kitabira;

M, Minamibira; N, Nagahamaj; Ot, Otani; Ou, Oura; Sa, Sakamoto Spa; Sh, Showa Iwo-jima; Y, Yahazu-yama.

Fig. 2 Generalized geologic map of Satsuma Iwo-jima.
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Ar, Arayama; Kb, Kobachi; Km, Kamanokuchi; Kr, Kuromoe; Kt, Kotake; Nk, Nakanoe; Oh, Ohachi; Ok, Okabeshita.
Fig. 3 Generalized map of the crater of Iwo-dake, Satsuma Iwo-jima (modified from Yoshida et al.,1966).

Closed circles show the localities of fumaroles studied and the numbers correspond to those in Table 1.
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Fig. 4 Map of Kirishima district and adjacent areas showing the localities of the samples for hot
springs and surface waters. The numbers correspond to those in Table 2.
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22T, XD, BG %0, £35S THY, Rawm, WE M LB e mibE— L & bicEZgEd
Riggatpis 7 0 2 h 3Bk X CEERBORMAE T 800Cifis, —EMURE L T2, RE D 7 AR
(D/H, BG[2C, OO, 721k *S/*S) 2 Zb {1 FHER  EODLOR, 777 74 MR LERKHT T 1,0000
BHE LT, KSR XU 1: SMOW (Cratg, 1961 b),  RBLHILAY AL L, ZheBEicE» LBRIO S
fi5Rix PDB (Grate, 1957), Figix Cafion Diablo [RF 77 v A M & I8BI L7ctk, WERSBVSIRE Nz THilkB L
FOrrATA P THD HEOKERARIUMT L 5.

0.2%2H5NEERI VIRV, KEIL1%THD SED RN LIER, &A OBRR T HERER T,
2, BETOKBERKCSOWTEEREESR 2L£2%  ChISMIMILAFRRFEF CfTbhie. 2B NI F

BETHD. - & MBI R R KSR I R L e
BRSO 7 2 REHER O FEIC k) F Ui

KDKE @BY T ic k585 (BlosLese 1% . ERBLUER

2, 1952). 5.1 BEREEOEILITER

KOBE k& RILRRD SHE (AR 13 5, BERERRE B OMAIC o T, FULIRELE T LSRR

Table 1 Isotopic ratios and chemical composition of fumarolic gases from Satsuma Iwo-jima,

Kagoshima and Kuju Iwo-yama, Oita, Japan.

No. Locality Date chélp- Tsotopic rlatlos, o Chemical 08%1{/015%:1(;)'; 100
6D 20 [6*¥Oms0 513Ccozi 0%85g | 5%*Sg0q| 0%SHes| HCI | CO, SOta 'l SO, | H,S
Satsuma
Iwo-jima
1| Arayama-1 8/8,/74 | 835 | —27.2 1 +6.6 | — 5.5 +12.1 +11.6] 4+ 9.9 0.62 0.25 0.96] 0.88! 0.045
2 ” ” —25.3% +6.7%
3 | Arayama-2 ” 751 | —26.8 | +6.9| — 8.2 +12.1 +I11.7| +11.2] 0.60] 0.38 1.34| 1.09| 0.043
4 ” " —24. 1% +7.2% — 7.6 +13.6] +11.7 + 9.1 0.68 0.11| 1.12| 1.04{ 0.068
5 | Arayama-3 ” 247 | —25.6 | +7.6 | — 5.2/ +I11.7/ +12.8 + 6.5 1.07| 0.33 1.40| 1.15] 0.161
6 | Arayama-4*%* 8/11,74] 176 | —25.8 | +7.5
7 | Arayama-5%* ” 850 | —25.9| +6.5
8 | Nakanoe-1 8/9,’74 | 732 | —24.4| +6.6| — 6.2 +12.2] +12.2| + 8.9 0.64] 0.25 0.96|0.88] 0.125
9 | Nakanoe-2 ” 235 | —22.1| +8.8| — 4.8 -+ 8.5 +10.0 + 2.9/ 0.92] 0.26/ 1.40| 1.29 0.358
10 ” ” —21.8| +8.4
11 | Nakanoe-3%* ” 106 | —27.0 | +7.2
12 | Kuromoe-1 ” 751 | —25.9 | +6.3| — 5.0 +11.5 +11.8 -+ 9.3 0.38 0.34] 1.13 1.02] 0.085
13 | Kuromoe-2 ” 596 | —22.6 | +6.8| ~— 5.7 +I11.6] +12.0/ + 9.0 0.85 0.31 1.08]0.95 0.051
14 4 8/12, 74 —27.6 | +6.9
15 ” " —25.2 | +6.9
16 | Kuromoe-3 8/9,’74 | 144 | — 6.9 | +9.1| — 5.4 +12.5 +13.7] + 2.4/ 0.03 0.19 0.50| 0.46| 0.037
17 | Ohachi 8/11,’74| 140 | —17.2 | +8.7 | — 5.4 +10.0/ +11.5 -+ 3.9/ 1.33 0.38 0.92] 0.80| 0.190
18 ” k% 8/12, ' 74] —16.0 | +8.6
19 | Kobachi 8/11,’74| 150 | —16.7 | +7.6 | — 6.4 +12.2] +12.6| + 5.2/ 1.30; 0.20| 0.61] 0.54] 0.076
20 | Okabeshita-1 ” 145 | —18.8| +8.3| — 5.8 +12.3 +12.6 + 5.7 1.13] 0.24| 0.72| 0.66( 0.095
21 | Okabeshita-2**  18/9,/74 | 105 [ —15.1 | +8.6
22 | Kamanokuchishita [8/11,/74| 100 [ —24.9 | +4.6 | — 5.6, +14.0] +14.8) + 2.2 0.01] 0.18 0.35]0.35( 0.018
23 | Kotake 8/9, 74 9 | —17.9| +6.1| — 6.2 +13.8 +14.7 + 3.3 0.01] 0.14| 0.26] 0.25/ 0.006
Kuju Iwo~yama
24 | Iwo-yama-1 8/20,’74 120 | —40.3 | +3.5| — 8.5 + 4.9 +17.8) + 2.2 0.14] 0.44] 0.57|0.20] 0.31
25 | Iwo-yama-2 " 155 | —30.9 | -+5.4| —15.8 -+ 7.9 + 7.1 -+ 7.0 0.22] 0.24 1.47| 1.20| 0.67
26 | Hokkebira ” 340 —29.8 | +7.2 — 8.9] + 5.7 + 5.8 -+ 4.5 0.27| 0.47| 1.85 1.39] 0.34

* Gases collected through a stainless steel tube, others through a quartz glass tube.

**  Samples offered by Dr. Minoru Yoshida, Tokyo Institute of Technology.
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Table 2 6D and 60 values and chloride concentration of thermal and surface waters from

(% 26 % % 8 5)

Kirishima district, Ibusuki district, and Kuju Iwo-yama.

Tsotopic ratios
No. Locality
Temp. °C pH 6D %, 580 %o Cl ppm
Kirishima district
1 Kyomachi Spa (Yatake-so) 58 8.2 —48.5 —6.5 6*
2 Yuno-o Spa 75 8.2 —50.0 —7.1 499*
3 Yuno-o, ground water — — —43.9 —=7.2 —
4 Sendai River (Kurino) — — —44.7 =7.1 -
5 Kurino, ground water — — —47.5 —7.5 —
6 Kurino-dake Spa(Hachiman-Jigoku) 94 2.0 —34.0 —=5.1 2%
7 Shiratori Iwo-yama Spa(municipal) 41 1.8 —46.0 —6.9 207*
8 Hillside of Shiratori Iwo-yama, Spa-1 75 1.6 —47.0 —6.1 —
9 Hillside of Shiratori Iwo-yama, Spa-2 58 1.6 —47.0 —6.5 327*
10 Ebino-jigoku (prefectural boring) boiling 4.4 —41.1 —3.5 —
11 Fudo-ike (pond) — — —39.7 -5.9 -
12 Onami-ike (pond) — — —41.1 —6.2 -
13 Hillside of Onami-ike, ground water-1 — — —49.0 —=7.5 —
14 Hillside of Onami-ike, ground water-2 — — —45.4 —-7.3 —
15 Myoban Spa (ruin of Takachiho-kan) 63 3.0 —45.8 -7.1 36*
16 Iwo-dani River — — —47.5 —7.6 -
17 Kurikawa Spa (Seiryu-so) 46 5.2 —47.0 -7.3 —
18 Kurikawa, ground water — — —47.1 —7.6 -
19 Kotani River — — —48.0 —-7.7 -
20 Yokoze Spa 57 5.2 —47.3 —7.1 183*
21 Anraku Spa 48 5.0 —47.2 —-7.3 138*
22 Hayato Spa (Matsunaga) 48 5.2 —48.0 -7.7 126*
Tbusuki district
23 Ibusuki Spa (Suriga-hama) boiling 5.8 —22.2 —3.6 7,640
24 Ibusuki Spa (Sunamushi) 83 — —22.6 —3.4 —
25 Fushime Spa boiling 8.0 —15.0 —1.7 13,700
26 Lake Ikeda — — —20.8 —3.1 —
27 Nakahama, ground water — — ~39.4 —6.8 -
28 Kariya, ground water — — —492.1 -7.0 —
29 Tosenkyo, ground water — — —26.6 —-3.8 —
30 Unagi pond — — —926.9 —4.0 —
31 Unagi, ground water — — —42.0 —7.0 —
32 Unagi Spa boiling 8.2 —16.3 —-1.1 —
Kuju district
33 Kuju lwo-yama Spa-1 78 1.4 —48.1 —4.4 —
34 Kuju Iwo-yama Spa-2 88 1.4 —40.0 —1.4 —
35 Handa Plateau, ground water — — —61.9 —9.8 —

*  Analyzed by M. Kamata and H. Sakamoto.

DEFRERE, LEREUOKERLA ¥ (E1RITTF
F. ¥, SERELKRRAR X C#RKIZOWTD
RREPE2EBIUE S RILRT.

SERIE S NI EER RS OB © (LR 13 8iE
(1964) & %5\ ix Matsvo i3 (1975) ik V& Sh
TWB LD ERIF—FH LTS, ZhbOEKIMmo Xk
Nz e THALKFRESRIOE S E Y O & T 5
U, TEMUARBRBE VEWE S Th B, SEOFERTII,

(REOERILOFIZEABEEPE LI ENLORD
D (B3, 0N, IMNE). Chb CRAMERED
KL 2o T2, ELKFZE CBE TRy, —@k
BREE LHALAKFT O (SOL/H,S) X EROBEIL Tk 7~
BTHIORFLT, KBOSDTIE4~T7 Lh&ELlk
>TW5, L L, HILKRBEOE LIENEBRILT
FRIZI2~40 L REL o TWD, TNETHREND S
A IS KIS T, BRRO b OB RRILRRE L <,
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Table 3 6D and 680 values and chemical composition of thermal and surface waters from

Satsuma Iwo-jima. Chemical composition data, except for Cl~ and ¥CO,, are

after Kamada (1964).

Isotopic ratios Chemical composition
No. Locality Te}gl" pH 6D %, 60 % Cl ppm|SO,/ClICO,/Cl Naj/Cl K/Cl Mg/Cl Ca/Cl
Satsuma Iwo-jima
1 Nagahama, ground water — — —33.0 —6.0 — — — — — — —
2 Higashi Spa 56 1.5 —32.7 —5.3 1,880 4,80 0.051 0.614 0.109 0.214 0.370
3 Sakamoto Spa 45 8.5 —14.5 —-2.9 9,690 0.112 0.018 0.802 0.019 0.218 0.050
4 Heikenojo Spa 71 L0 —186 —2.2 6,210 - — — — — -
5 Showa Iwo-jima, Spa-1 55 5.6 + 2.4 +0.5 19,000 0.117 0.018 0.912 0.027 0.209 0.041
6 Showa Iwo-jima, Spa-2 49 5.6 + 1.6 +0.7 19,500 — — — — — —
Sea water 0 0 19,000 0.103 0.0043 0.858 0.018 0.195 0.037
8180 s %o
~10 : By +5 +10
e
®
5§D =286"%0+10 L /
@
B N e’ © o%
e o
/0
o a
)
@ High temperature fumarole
F~50 O Low temperature fumarole
® Low hydrogen chloride content type
- ® Hot spring
O ‘ground water

Fig. 5

Plot of §D vs ¢80 for fumarolic gas, hot spring, spring, and ground water from Satsuma Iwo-

jima. The line of 6D = 8680 +-10 shows the relationship in common meteoric waters (Craic,1961a)

RIRIC 72 513 ERifb/ksE 3 L, 300~400°CLLT Tidhi
EARFEDIE O REL 2B LRE N (Matsvo, 19615
KusaxaBg, 1969), &[E D FEE T 1100 ~ 250 C DKL T
DR ERRE D I1E D BEELE Y. M LRRRE I
KIZEARTRREL, EEOBRKILTRREEDO SO &
D HEL RTINS,
BRPOKEZD DEL SO EORMFZEE RS & (&
58, Fl, oI, X OERHERO 600°CH Eo®
BO SO, ZIEH—T, 6D = —23~ — 28%, 640 =
4+ 6.3~ 7.2% DFVEHRICEE->TNWD, —F, =
h b OHIEE X U Do Mo EIE OEEIL (100~
250°C) » o/ bIIAKERTE, BHEOEIRILOM

BAEZER LUVBBROEVFRMALIEMET 2 FmIcSAm L
T3, Lal, BEARBEDCEL EWERILIZZ
RSO DI bR ID—HO K (FESK) T, kY
FHREERNCET, FOAEITN4E THB. Ma-
Tsuo {34 (1975) it X DG S T3 S EOEKILD
EHIZEZOFEAETTS, HHD 600 fHixsE 5 Ko
EED b1 %IEERN.
BEOEBSILOKKINBEE—RRAMELEEZ
Lz, ThoBHTCRERCER (b3Vik~vsw) &
HFELTWEHOERZZOEEFERLTNS Z L ETFR
LT3 X5 icBbhd, EEREROEIILEEICS
WTIXI96LELSRERERBIERZ SN TETNBEA, %
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WEHEER AR BE2W6E ¥ 8B

DRERIT LB LIBUEEIER Th - B0 O KEEH
BARAETE I0CUTIRALTWADI LT, Mk
BRI © b - 7o I IR AR A T b siR o
KILEAL, EREFRIKEL 2> TW3 ($H,
1964; EMH, FME). O LEIHT 25 OBOEES
BROFAZI VT TBY, LirbEoFAOENY
BREPBAREB LTI LERBLTWS X5 B
bhd, ¥z, ERLERILT20~5000COEED LD
BFLAERNZ LE, HTHEOFEROYZOTEN
KEL, HERETZETRHEVAHESARVDO TR
B tBbhs. ZhboZ ki, BEOBIILOK
HKEVXHT CRIBROER LHF L TW RO RMELE
BEFEL TS ET2E2 LRMT2 X IcEbh 3.
—7, EROEKERRSFRMELAERD b0
LRITWBZ b AT, FROBRIFEROEEK &FH
LCREWREHEENS. 275, MITF»6EIh2 N
RBBPD RV DHBMHTETHR &R, ORIt
BB X RN I BN E LR b0 LEZ BN
3. REBEOEIOHEMARBESRFROEIDN 1.5~ 2
& bLAFHIZE LB RoTWBZ Lk, #kk
RBBAROKCBERENLT NI L6 AHT, WHIOE
B ORISR > TnB 2 L ERE LTS X
SBbhsd. Lrl, BELWI LEBELATEARN
Cralc 37> (1956) 38 L1 Cratc (1963) 3RO AL
HERRERERIER Tk, KM —IRBS BB ORI AR BIE
iz X v BEARFE L ERELAE (6D/6*0)3 OHERTHE
WEh3Z L2EHLTWS, HEbARBRENELUE
WHERALARGER 4 OBBERLTBY, £Z0MoE
BOLOD, BROLOMS Zh L BEVTREGTE
BELTWBZ &iE, ZhbORALKE KAk
DEORIMESIWERIC L VL TH SRR K E
WwWiksicBbhs,
FROBRIL TKERD O FER+ 6.3~ 4+ 72% T
HBZ L, Matsuo g (1975) L+ Tz LT
52r5ic, BRTOERA L OBBEFMERTRIZED LD
THAH. Bl SR, B X UHEMREEORILEE
PEED 580 {H1346.6~+7.0TH Y (IE6H), B
DREBEKOELIZER LTS, T RABORIA LK
BRI OMRFILED FEREE 5 ED B H > T
IRER D B0, TEOHCBRRRMEDFHIREE A
EELZVWEI RREBTEECh- b0 LBbhS.
HRELAWICOVWTH B L, 2MBORMEL (628)
& + 8.5~ + 14.0% 0z A Y, BROEIILTIE+
2% TIZIE—E TH 2. KEOEKILTEIHLIY
LRRENLD DS, E, HILKREBESEL K

Table 4 Isotopic compositions of total dissolved
carbonate and solid calcium carbonate in hot
spring waters from Kirishima district, Ibusuki
district, and Satsuma Iwo-jima.

No.* Locality 5;:‘10 618,;?0 * Z;ng
Kirishima district

2—1 | Kyomachi Spa —2.6| — 539

2—1 | Kyomachi Spa, CaCOj, deposit| +0.6] —14.5 —

2—9 | Yuno-o Spa, CaCOj; deposit -1.3 —16.2] —

92—21| Anraku Spa —6.8 — 719
Ibusuki district

9—93| Ibusuki Spa (Suriga-hama) -8.71 — 83

2—95| Fushime Spa —5.3 — 5.7
Satsuma Iwo-jima

3—3 | Sakamoto Spa —5.5 — 220

3—5 | Showa Iwo-jima, Spa-1 -2.71 — 427

3—6 | Showa Iwo-jima, Spa-2 —2. 4 391

*  Numbers correspond to those in Tables 2 and 3.
** 3180 relative to PDB standard.

WESILTIRBEEL RoTW5, BROEELD+12
%o Bl DMEITIRED YK DOIEERLEE A A > DOfE (+20+
1%) XYEdhibEl, 2~ M OLEHE
OfE (2E+ 1 %) (Sasakr, 1970) X Vi3 3 M iciEmn
o kLES (RAFTER (32>, 1958; Sakar and Nacasa-
wa, 1959; Kusakase, 1974; /7o, FAME) @ 04SE
ik — 5~ + 5 BoDEHIL A S b DAL,
Fl—DEEIic oV T, B LRibAkED 84S
B it s &, ZBUREOIE I BEWERZTL, &
BOBKILTREOEINES EROLDOTEIREL A
BEMNAD S, Z OFEMZFMESERE? b FRISH
% %D (Sakar and Nacasawa, 1959) L —ZF LT3 3
KBDO LD TOERDERE» L FHENS LD LY X
INEWERRH B
ZIREIRRED SBC L — 5 % TIRIEH—ThHB. T
DIEIHEAK P OBETRREBLEHOE (—2~ +2 %o, HilZ
¥ Kroopnick (E7», 1972) X VgV, KIUER, E
Rk, BUKSEEZR Bick b b IRE(LEH O 6°C fHix
BIEL BB 525, —5~— 10% O&HEIz A S b0
B v (Rye and Onmoto, 1974; Osaxki, 1973). 4[H
PE L im0 7 i X IRB 1B ANEE L
BRTHDE, BERBAAYO MCEZZEH Eh
—8.7, — 5.3% ThH 5 (E4+H).
BROBKAHMT TEREOBR LEEL TV ROF
PR B W LR E 20 EEHRFL TV E LT
b, ZOKB ECMORFOBEESHTO< S < LR
THE23PEIPRJDOEETHD. HRIPLBELLER
7K BV ITHEKRPEROER LR LT B RIEEE L&
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Table 5 Tritium content* of fumarolic steam, hot

spring and ground water in Satsuma Iwo-jima.

No.** Locality Tritium content, TR¥**
1—13 | Kuromoe-2, steam 1.8 1, gk

3—1 | Nagahama, ground water 54 +9

3—2 | Higashi Spa 66 =3

3—3 | Sakamoto Spa 19 *2

3—5 | Showa Iwo-jima, Spa-I 6.4+2

* Measured by N. Ikeda, K. Tanaka, and M. Koizumi, Tokyo
Kyoiku University.
**  Numbers correspond to those in Tables 1 and 3.
wek (T/H) x 10
#%%x  Frrors show the differences of duplicate analyses.

z2bhBH, BR—2 OBKRLL b EERKIzONT

FYFULABERRETS L, LEBTRY THY EOMT
7K (54TR) 5 WIEFHEDOWAK (K 10TR) (Z2ighs,
1974) REEICEALTHBEBREED RN (85
7).

BRAD 6D fEE 600 EOBREAD L (B3R,
5, ROERE LT, KBRS Lo (BRHH
B), Ak LT ROEEY (HAR), BLW, ThiZET
DEBENBALLEEDbNE LD (HEBER, EROWR)
Bhb. ZOREAL THBHEKIZFMELR & CbEE
BrbHBLIFELEAYEELTELT, Wb3d “HR
BERA” o7k (MATSUBAYA [E7y, 1973) 7Y — %
7 HIR O —ERDIEIRIK (Sakar and MATsuBAYA, 1974; 1
EMEH, 1975) KAHLNB L5 R, WKVERDOSA
EERL, BE L 5 BREUK (Sakar and MATSUBAYA,
1974) FE»bhihole. ZhHDEEKD MY F 7
LPEEZRS L (B5RKR), WREEORER 11364
TR CEREDHK L KER L, HARRRE 19TR Tk
LT AROFEOELZRL, 6D EL 60 EDBGEH
BHEM S h iR & —% LT3, HERIT66TR Tl
TFAED BEL RoTWBER, ZhiFEKBRER-T
BY, FOVEHHEEBREIEN Lickd LBbh 3.
WARRRIZOWT 6D fED 5 VILER A 4 VBREN» L
HEheBAkicX s, BALTWSBHTKD MY+
U AMEEFM 30 TR L), BOHMTKELIYIEWES
EEREEE-TnBZ Lithd.

ERADEFRBILAY O 6°C X, HABRE TR
— 5.5 % LIRBEOEK T O ZBLKENE L 1ZER L
TH N, BRFEEZEDREN I Y LB HKOMHEIE
W (B 43). SRBIBE CERA A VBEOLE £ 5
&, bbb HKDIRIFE BT, BRREEDIE D BN E

1) TR @EhYFYLEMGT, MYFYL (T) LAFE (H) ORAEL
(T/H) ©&b7T &, ITR = (T/H)X108 TH5.

KOBHERBICADOFBELFICHRIZTI TS LITE
PAS (B30

5.2 FEEODEBREE
HFMETOBRIC L D HADOEBORRIT, KERL
DT ED X 5 HBFEFALEZEANE - TV 2 X ER
HEMETHS. BEEZT VB EROREO—EIC
SWTHIE S Wi 080 EEFfEnaR T 5EL &
bIZEORITRT. &L LT, BEEZITS L0
EXEL RbEmALONE. LiL, FOERIEE
ETC, MBEOFEZBBCERTISNEERNLO R
LIBhBELEHL o TWALDETHY, hiRIEE
BEATHTHZRIEEEN MO FHERIRNWLO D
»5.
MBEEDOKANTEE LR LVEEPESL, BERL
i 4 AE L 723k (No. 8) 11+25.0% & W 5 EWEE
RLTWA, 20k 572MER, 100~200 CHOEET
GBON +6~ 4 9 o DIKIRR, & NI BT B - Tc
LLUTHBT A LN TES. %, K$E (KAE) T
BE L R RREO A SE L Ty A BPERE
4 (No. 12) 1X +293 % L S bicEWHEE RT. HHIZ
s (1966) wk By, DXy BEFEYIESR

Table 6 80 data of silicate rocks from Satsuma
Iwo-jima.
. 5130 %,
No. Sample description

Whole] plagiodlase
rock |(phenocryst)

fresh rocks

1 Isa‘i% )of Iwo-dake, andesite (IW74(+ 6.7| + 6.3
2 1235'32& of Sorama, andesite (IW74S-|4+ 6, 8| —
3 | welded tuff of Somma(IW74S-31)|+ 7.0 —
4 |lava of Showa Iwo-jima, andesite|+ 6.6 —
(IW74S-41)
altered rocks from Iwo-dake
5 | andesite (IW74S-1) + 7.4 + 6.7
6 |andesite (IW74S-37) +10.1 +18.6
7-1 | andesite, outer part [white] IW |+11. 3| —
748-3)
7-2 | ditto, middle part [gray] +11.6/ +15.1
7-3 | ditto, inner part +11.1 +14.8
8 | white siliceous rock (IW74S-4) +25. 0] —

9 |sediment on bottom of crater (IW|+13. 2 —
748-9)

10 |ash around high temperature fu-|-+12.5 —
marole (IW745-96)

11 |rock coated with molybdenum|+18. 3| —
blue(IW74S8-137)

volcanic sublimate from Iwo-
dake

12 |silica sublimate (IW74S-138)

+29.3 —
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WERARER AR BE2WBE F 8B

FOWM 7 vk A BROEROEENE L KR Thk sy
BL, YABICR-bDeEZBRLTVWS, Lkdio
T, ZDX) Ry A BEAEYOBRRMAELE, Zh
BECIEZ AOERAKOENMALICHE FESh S &
Ezxbhd. SHEHOREOERA, BEN/ADRAEHL
RPDOABEOELRTLTHBLT5L, KEDER
+87% (B 1%o No. 17) THBHDT, FDEL 20.6
%o & 72 B, T DEDEEIX100°CHI#Z Td 5 H3, CLavron
12 (1972) ok Y EBRMIZRD b TWBHEHE L KD
MO SEREE 100CIA RT3 &, 211 %2y, &
DNELBIE—ZTS. LiL, FELAOBOBRERM
BT EAREIR I+ SRS BB E £ - TR BT (Bor-
TINGA and Javoy, 1973), &7, ERBOr A B L FHT
i, Thb EAKRLOBOSEREICERD D Z LHTHR
Sh, FRNAERBREECH? LWIET L3 TE R
W, 7z, 100CHI#DOFREIAK LKELKDOHTHIS %
1F & DRI L R] (Bortinea and Cralc, 1968) 233 %
DT, BERAPEICHESEEL, M OKER LFAL
BB H B L T5 L, BREKORAGLITERT
DKFER LD KIS %<, +HUBMORITTHE. £
DAL, FABBREYLOZEZISEE L 2 b,
100CHIBTORRLADBDOEL D IINEL 3.

BERER, PRV FAFLLTWB LB L0
(Nos. 7-1, 10) T+ 11~ + 12 %o DERRT DL H Y,
B L IR RN 2 B - 7o & T
SHTE 5. L LEROEEIL(E 1 0 No. 13) o
DPORELEEY FF U IN—DNE LIEES (No.
11) 3+18.3%TChHY, TV FF U A —RRETBE
EM400~500C 22 bhTnWs (FHED», 1972) =
EPBHRDE, TORETEILEHCH I L TR
BT ED SO EER o TS,

BEED 00 e E 2 284, KERLORMER
BPTON KRB, TR EOBRETbh 2D
EERMBETHS. MEEOHRETHrE VEAPEAR
b0 (No. 6) IzoWTHD &, FEADRMEIT+ 18.6%
LRRYVEWVECRE o TWBIZbirb b, £Eik+
10.1%TH Y, SEROHENRYT I ABOWST LY bFE
RENC BRI E R L TWB Z L ERLTWS, Al
2 & No. 7 oRBICHLRONS. ZoRBHIs IR
BEFARLELTHER, NEIZKREEZEL, fIEAD
HRbE-TRY, —REBOERECE DS IO IE
bhd. Lal, BEMET I, PLETLE -k
BRDOLNSG. 2ED M0 EiFsE L NETiziE—
BELTWER, NOFRREOHRZIZLELY b 3.5~
3. 7% BmWMERRLTWS, 20Ok HREEOEOME

RN D% RIAT 5 7o izid, BEOBRE TEHE
REMRED LD EEL TN, FLTEDORICE
DREDOFRATEANES 2, BB BEOHELHEE LR
MERHOEENFI L THENEINEEELTNLZ
ERBRBEOL S Bbh3. E, BEEBERELTK
ERORMELEPIET 2R RS LT hid e b
RNWI S BEbis.

5.3 BAHEORMEKE

SEHRE LI BB O RNEH I £ 7218 & A EJIE
ENTWARNW, FEEERE B EE O IIMIRO F3 R
BREAS +5.7 %o, REETHEKILOFERES, +4-1 %,
FATE AR, RADOHEE Y DR OIFEET CHRE Ui
EOBNFLREEED +2. 0% Th - 7z

Fil & RET OEZEEOEZILOFILAROE (B
1K) LEHBT2L, ML LERRBEOEI B 1%
L 72oT03, ZhbDHRMER & UBOEE,
BEELALCThoeeT5E, ZhbDOERIITHRE
B Is ) 2 FNLIR Sy BMREL (Saxar, 1968) 2 b FHI&h
b0 LIBE-BL TV, HARMED &S EIMKE
OEFROBLAFZEOME L KER L, BRTOLRHEI
HREFZENMEZRTZ L, BLIY, EBROEE 0L
RO SMS (EA IR ORI AR TRIZE { 720 TR
W klnbhdl, BRPOFHEELEHD T —H
PEARE L LTEESh, KSR AR T icmE LT
WahDLEEZLRB.

5.4 BERMEBOERR
FZEHIROBRAKIZOWT 6D fEL 50 EORE
FEOHITRYT., EFRREREBR L, ZhboEiIxzo
HI O MFKROEE — & L THERIZIE | DR TEN
[FIALR & BT B FMIcA TS, 2 UDOHRRE S
BWEZRL, Rz, 2COEROHKEBERER, bl
AFORET, BOR, »BWIEHTORBREE LHENT
W3, ZEKUOEFTOLDIZO>NTIE, EEKUI»PL
BEh B iz o THIFRKDEIESE, BbEWEANRR
TRHFADE LRI Cicie o T3, Zh b DERIE,
BAR (1974) dEH LTS X591, BEKLICHEET
BEARBPHTKEEL OBEETREALTWARERLED
N3, 20X 5 RETEFTICERT 580K L iFEKORE
AOFNFFRKUTEHRLNTWS (REED, 19725
Kusakase, 1975).

REERICOW THEERBLEY O 6°C HE: A 3 &,
HFORE, BORLEFOREE CRENEDLONS
(B 4FK). ko 6BO EEETH, K, BORDIZ
SWEVMEE R o TR Y, BHDO—HORERE L ITRE
PRZTHOTCREVWREBEDI B,
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Fig. 6 Plot of §D vs §*80 for hot spring and surface waters from Kirishima district and adjacent areas.

The line of 6D = 8580 + 10 shows the relationship in common meteoric waters (Craic, 1961a).

EFERBREIBVEKFEDLEIBBRETHY, D
Y HFRAKICHEATEWRMEZBREL TS, L,
BEABROEERERBICHE_RTELL (GRIEK5), i
DEFETRAELNRVWERTH . HEFOEIM I
THhEBLBIEENRDY, FcEKEDOBEENZ
DHFE O OBIKIC N TRE L FEKIS ZRL TS
(KusakaBe {323, 1970). Zh & DEWFRLE D BRI
TKRIER L BB SBET 2R OFMFSIER I X5 D
LRbhE. ZoHs, KRR L TBKOBED R
WigY, BAR~OBEWEREOBRETE L 25, XF
FBRBIEBHOBF»OAT, HITrLAERK L LTE
HLTE 7 bno—EB3 R TERL, BRALR2D,
B OKBERIRKPIEHLTW b0 LEbh 5,
ZOHTHE L AAEERZ OHIRORAEZERE L,
FREEICEE L TWARWERET D L, 6 KTRK
DIE L = DEBKOEEEIBOFENS L2y, KFE
& LB LiciRskid 100 % CREERRICH 5 = &
2%, TOBE, KER LBk RO RS BlEK
$ETC25%, BETCS%HTHDDT, KEFEHLTHY
BAEKKD D [EIZH— 60 %o, %0 fEIFAT—10 %o & H
EEND. ZOHIROFAKDOREAMELE, ZOEHLT
WBKIERDE LR L cBRRAKOECREF R Td
Y, ZOZ LEEELZRRK LR KRR TS
ETOoTHBZLERLTND.

6. ¥ &

1) BERAESOEEOERIL, OEKILEEIHE
{272 A 2EL— LR ERD, RS ORME
HHiEBE—TH5. ZOKEKZZ D = —23~—28
%o, OO =+ 6.3~ + 7.2%, £FEFEILAWIZ 68 = +
11.5~ +12.2%, —ERfViREE L 68C = — 5.0~ —8.2%,T
b5, ZhLOEIHEKIZERTZ LD LIEIRR-TE
Y, ERHBREROZREBE~ BT b0L b
BroTnd, BEFOKERD MY F 7 ABE»BH
Br¥a L, HECREROHMTAS L UHRECHKNRLEIC
BALTWAEHNIFED bk, ZhbOBKEHT
TERBRDER, I VRERUEBE~ S~ LEFLTOR
BOMBRERHFLTCNB L BEDLREN, ZOWED
RIS X ML & B WIFALR 2 3 LT 55
BRSO LI HHL TR,

—7, EROBK THBEERE L OERL O FALE
HoZERALNS. BROBINHFHIETAREH
Bigie, HRAMOSBBEY, [LFMRS X V%R
DOFRNEEREL LEL D L Bbh 3.

BEILEIICIA L %5 1B BRMED 68 I KR
DEZFORAEOE LELL TR Y, BRIPORE
{E&#HD 5 b I —HHREE S KBS RR P ek
LTWBZ EERLTNS,
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EEMBEEOBRFIZONTIE, FEREAKDOEBAIRE
DENBR, WANEROEAE LR LEL S RBRIT
PN 3 N

2) HEERESHEERETIE, BRIKI2EBR0EED
B ARER L EA OB CRRFRMAREIE > TW3E T
LRBOBNG, BEE S IFEATIE M0 BEL &
BIERAD D, HRALLEN46.6~1+7.0%Th 50
ZRLTC, + 7 ~+25% L 5 BWEERT. 2hbo%E
BHED 000 X, FMEBATOhIARER LU
BORE, RBEEOEREY, b5 VIIHEFOKD
PO HERLIZEVEEShTWE, BERSR T AF
LERTZ D DIE+25.0%TH Y, 100~200°CH KR T
RERMBBRIE b -l bEL DR, LEL, B
BLIRILBZOWTH S RERS L 85RO Tk
FNLERBOBECH L pREFPED b, PRIEE
PEATH AR EEIIEL TV ARVWESLH B
Lo LBbh3.

(8) BEKXUB IV %D FEBHIR OB RA © D E
& 00 EOERIX, EEHER/UBHRER L, &
DOHIBIOMFADE L BEWFAMEEZRLBEREL TS 2
COHROE L FESBR EICREER. 20z LREEK

Wiz lsk3 280K L HRAKDBERICL VAT HZ LA .

T&E5.

BRI B HOR T EERSR I e~ TEKE DR
BREL, T TS ARRLE LTERLTERLR
KRR DOAK 100CHETEDO—EER LIbD LB
bhs.

B SHEHOTEAR, BRSRFHSHEBARE, Kik
BB 07NV — 78 X ORRTERENMNRT ZRREI#E
2, SHRELOO I V—FLARTIThbhi. Zhb
DF & CTBEMFAER TURBRECEHLTWwANS L
TEENC R E, RISAERICITEEOEMIT OV T
REBHEFEEZ WelEWie, ¥, BEHSOREEC b
- T, $REERE L OBREXZEBEARFEERIIZNS
WABZEBHC LR, EEREEOHEAERICONT
THUE T N RFIEE O ZERICA D L 2 ABKE
V. XBREHT ST ERRET B BEEE R ED L,
MY F U ABREDOREEIERATREMARERRR LS
CCHPETF - MEBAOARIZXL VfThhiz. 2hb
NFHxCELBFHT 5.
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