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Origin of Water and Dissolved Materials in Hot Spring
and Other Natural Waters in Miyakejima-Island,
Izu-Islands, Japan

Shinji OHSAW A and Kunihiko WATANUKI

Department of Chemistry, College of Arts and Sciences, The University of Tokyo

Abstract

There are two hot springs (Yunohama, Ainohama) and two ponds (Tairo-ike, Shinmyo-ike)
near the seashore of Miyakejima-Island. After the 1983 eruption, two hot springs (Nippana,
Kaigan) newly appeared in the craters caused near the south seashore Shinmyo-ike changed
completely its form through the phreatomagmatic eruption in 1983. These natural waters were
chemically and isotopically analyzed.

The natural waters in Miyakejima-Island are shown to be formed by the mixing between
sea water and meteoric water as first appoximation. And more detail analyses give some conclusions
as follows. The chemical components of the pond waters and low temperature spring waters in
the island are interpreted as the results of leaching from basaltic rocks. Isotopic compositions
of hydrogen and oxygen of Tairo-ike and Shimyo-ike pond waters before 1983 eruption are
elucidated as the kinetic isotope effect with evaporation. The chemical composition of Yunohama
hot spring water is under the control of a water-rock interaction, but the reaction temperature
in the interaction zones may not be so high, probably below ca. 100C. Increase of calcium and
bicarbonate ions in Yunohama hot spring water may be derived from a biogenetic carbonate
like coral. Kaigan hot spring water has the same chemical composition as the sea water. Volcanic
gases furnished from new fumaroles in the craters would influence the chemical compositons
of Nippana hot spring and Shinmyo-ike pond waters collected after the eruption. Ainohama
hot spring water may contain partly calcium and sulfate ions formed by dissolution of calcium
sufate (e.g., anhydrite) .
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Table 1 Chemical composition, pH and water temperature of the natural water in Miyake-jima island
(mg/l)

SAMPLE DATE WT/C pH Na K Ca Mg SO Cl SiO;  Ref.

Hot Spring Yuno-hama* 73/4/20 51.0 6.5 9266 469 671 950 1771 16430 120
ditto 73/5/1 51.9 6.9 9750 430 816 995 1524 17720 98 4)
ditto 73/5/11 54.0 6.3 9292 415 713 931 1557 16250 54
ditto 74/5/3 52.8 5.7 8250 300 756 910 1728 15750 nd
ditto 83/4/15 49.0 6.7 8850 386 650 858 1620 15900 114
ditto 85/4/17 56.0 5.9 8750 358 815 920 1970 17700 135
Aino-hama 73/5/1 46.7 7.1 1530 580 347 260 720 3280 85 4)
ditto 87/4/7 16.8 7.7 1570 820 260 240 820 2810 nd
Nippana 83/10/15 64.0 7.2 10472 485 609 1124 2771 19000 102 7)
ditto 85/3/29 40.5 7.2 4860 230 380 550 1420 8130 nd
Kaigan 83/10/15 56.0 7.2 10992 478 609 1247 2583 19750 60 7)
Pond Tairo 73/5/1 21.6 8.5 54 3 43 32 86 84 10 4)
ditto 83/4/15 17.7 1.6 45 4 24 23 18 64 nd 11)
ditto 83/10/13 23.9 7.1 93 6 36 28 76 159 26 7)
ditto 83/12/27 9.7 1.6 90 7 38 32 24 147 nd 11)
ditto 84/4 /14 16.8 7.2 89 5 39 36 89 136 nd
ditto 85/4/16 17.1 8.4 69 5 31 31 72 105 nd
ditto 85/7/22 30.2 8.6 66 3 29 29 68 99 nd
ditto 86/4/8 21.3 8.3 65 5 35 31 70 97 nd
Shinmyo  83/4/15 17.0 6.9 520 33 67 100 119 865 nd 11)
ditto 83/10/13 33.5 3.7 878 54 134 108 531 1575 25 7)
Spring Ohkubohama 83/10/14 18.0 7.4 31 2 14 6 13 54 48 7)
Water ditto 83/10/14 17.5 7.3 32 9 13 6 12 48 530 1)
Tsubota 83/10/14 18.6 6.1 28 3 35 12501123 30 81 1)
Yukeihama 73/5/1 17.4 8.0 70 2 25 22 29 177 43 4)
Sea Water 8.2 10560 380 400 1270 2650 18980 1

* (alculated temperature in the hot water reservior of Yunohama hot spring are 76-130°C by chalcedony (SiO,)
geothermometer and about 100°C by anhydrite(CaSO,) geothemometer.
Chalcedony geothermometer: t(C)=1032/(4.69—log SiO, #-273.15, ¥ ppm
Anhydrite geothermometer: taken by plotting on [Ca2"][SO,2] —,/T/ (1+1 .Sﬁ) diagram
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Table 2 Hydrogen and oxygen isotope ratios of the natural waters
in Miyake-jima island.

SAMPLE DATE oD 0'%0
Hot spring  Yunohama 83/4 /15 —7.8 —125
ditto 85/4 /15 Sl o =09

Nippana 85/3 /29 —17.7 —3.8

pond Shinmyo 83/4 /16 —28.4 —4.4
Tairo 83/4 /16 —24.9 —3.8

ditto 83/12/21 —23.6 —4.4

Rain 84/6 /13 3749 567,
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0s=Xsear*dsea+ Xmweimw, Xsea+Xmw= 1
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ZLDHbhieh - fo. HIBLEOREFC L3 BREFEEREOHE-ERLHE 2 T i)
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Table 3 Deviation of chemical composition of the nature waters from reference sample: sea water,

low temperature water (pond water and low temperaure spring water) .

Aand A" show the deviations on the basis of the sea water and the low temperature water, respectivly.
The low temperature water’s value is the average of pond waters and low temperature spring waters(A) .

SAMPLE DATE ANa AK ACa AMg ASO, | ANa’ AK’ ACa’ AMg’ ASO,”

Hot Spring Yuno-hama 73/4 /20 1.17  0.77 1.75 —1.33 —1.17: —4.32 —0.72 —22.66 —23.89 —12.09
ditto 73/5/1%) { —0:95 - 0.39 £ 2211 =167 —1.98; —6.44 —1.11 —22.20 —24.14 —12.90

ditto 73/5/11 2.38 0.50 2.02 —1.41 —1.62:; —3«ll - —0:99 .=22.39., —28.87 —12.53

ditto 74/5/3 —4.04 —0.09 2.38 —1.34 *1.10% —9.583 —1.58 —22.03 —23.90 —12.02

ditto 83/4 /15 0.03 0.39 1.75 —1.89 —1.39! —5.46 —1.10 —22.66 —24.46 —12.31

ditto 85/4/17 ' —9.56  0.02 2.21 —2.18 —1.05 —15.05 —1.47 —22.20 —24.75 —11.96

Aino-hama 73/5/1 —13.86 14.22 7.49 1.80 2.95 =19.35 - 12.73 —16.92 —20.77, —7.97

ditto 87/4/17 0.36 24.64 6.32 2.70 5.62§ —5.13 23.18 —18.09 =19.87 —5.30

Nippana  83/10/15 —0.80 0.50 0.97 —1.13 0.23! —6.29 —0.99 —23.44 —23.70 —10.69

ditto 85/3/29 6.39 0.75 2.27 0.11 1.29§ 0.90 —0.74 —22.14 —22.46 —9.62

Kaigan 83/10/15 0.03 0.38 0.86 —0.55 —0.33§ —8:46 w1411 =23.66 —23.12. =11.24

Pond Tairo 73/5/1 13.33  0.99 42.89 45.10 32.63§ 7.84 —0.50 18.48 22.53 21.71
ditto 83/4/15 23.48  3.47 31.57 43.06 5.13; 17.99 1.98 T7:16 20.49 —5.78

ditto 83/10/13 4.40 1.66 18.16 15.92 12.49E 1709, 0 =6.26 | (-6.65 1.57

ditto 83/12/217 8.61 2.38 21.00 21.99 0.92? 3.12 ..0.89; —3.41 . ~<0.58. -—9.99

ditto 84/4/14 15.12  1.38 23.50 28.84 19.00§ 9.63 —0.11 —0.91 6.27 8.08

ditto 85/4 /16 15.54  2.50 24.25 33.30 20.15: 10.05 1.01 —0.16 10.73 9.23

ditto 85/17 /22 17.01 1.02 24.05 32.96 20.19§ 11.52 —0.47 —0.36 10.39 9.28

ditto 86/4/8 17.54  2.58 30.05 36.85 21.48; 12.05 1 1,09 5.64 14.28 10.56

Shinmyo  83/4/15 6.90 1.64 4.99 17.10 ﬁ0.0SE 141 0.18 —19.42 —15.47 —10.99

ditto 83/10/13 0.17 1.29 5.66 0.24 7.29: —5.32 —0.20 —18.75 —22.33 —3.63

Spring Ohkubohama 83/10/14 2731 1.047 21.07 , 6:44 - 73.73: --2i76.(=0.45 —3.34, '—16.12+ —T.19
Water ditto 83/10/14 17.01 2.15 22.09 8.47 4.07§ 11.52 0.66 —2.32 —14.10 —6.84
Tsubota  83/10/14 58.13  8.16 101.33 48.57 23.14; 52.64 6.67 76.92 26.00 12.22

Yukeihama 73/5/1 —24.81 .79 10.53 8.70 0.89:—30.30 —2.28 —13.88 —13.87 —10.02
A 5.49 .49 24.41 22.57 10.92: 0.00 0.00 0.00 0.00 0.00

|
= O

Sea Water 0.00 0.00 0.00 0.00 0.00: —5.49 —1.49 —24.41 —22.57 —10.92
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Table 4 Relative mobility of chemical elements from rocks to low temperature waters
on chemical rock weathering.

The Miyakejima island (MJI) Relative mobility
Rock (basalt) low temp. water of chemical elements
wt% * molality percent. | mmol/l percent. MJI Basalt* Granite*
Si0, 53.50 0.891 58.4 0.68 9.99 0.17 0.37 0.17
TiO, 1.15 0.014 1.02
Al,O4 15,:32 0.150 9.84
Fey04 3.39 0.021 1.38
FeO 9.82 0.137 8.98
Na,O 2554 0.041 2.69 3.67 53.9 20.0 5.2 2.2
K,0 0.51 0.0054 0.35 0.13 1.9 5.4 2.4 0.4
CaO 9.13 0.163 10.7 1.07 15.17 1.5 3.8 28.8
MgO 3.98 0.099 6.47 1.26 18.5 2.9 2.0 12.7
MnO 0.23 0.0032 0.21
P05 0.12 0.0008 0.05
total 99.69 100.0 100.0

$ Average of 19 data, Data cited from O. Ohsima (1984) 28

* Data cited from H.D. Holland (1979) 2

¥ Relative mobility is given as the ratio of fifth column and the third column.
T—icMg?, Nat 2SO DA L, Ca?* ML TW2D b5, ZhiZeDREGCEIT
B9 5EEDOMTRLIEISI, BRERMBROBETHD, BKREERLEDHOMEDOBEII X
HbDEFELLNL. IO LEDWTERELY, MY LFAKLERY LT3, KELE
WD LR E RSB KONat OF AL Cazt L DERE, BAENCRKEROERAL, Mgt
DOWA TR ASEA, SO DAV IEAFOWEE LTHHEIATHWE. LrL, =ZFED
BETRRAKOER LIRENS0CLU ETEH4100CTREE & Bhh 5 (ERDOHE TSR B 2 EjER
BEEH®), MAEBREA D YAVWEHEELC LS  BBORKRIIE L1 OFRIR L) D TMg2t
DOWPIFAARAI TR AA T 24 MEO BRI DBEECENTHAHH. T, Ktdbdnic
MO RTICTE . ChE—BEBEKFOK OB ERA, HIVER HIER
FOIYEELFHCINLR I TR Y EEEDOHER, ERAEDHFEMNELZLND), &R
i 513 EBOKOK/Na UM 2 HAEH 500 TH A9, LEARGOREBROL AT L
RO Z LG BED L, FEFRS PR EDORERRE Lich, ThbbEFmg
DOMAREBEEWEFT AL, Ca? DUBREITH A Z Enibnb. & OBEGITFIRDOER DB D
BALE RS E B2 b BB, KR ZETT 5 0vd DITHNER, EREKDFHEFE 3 DAL
)% HE#L LTRELTAL L, BORRBRDOCa?IL LARY LTWEDT, Ca2 @O
FERAYEELLOBILBEHTIRT A2 LI TE V. SREIOEAKTE T, FARMIORESER
ik IR BB EATWE—BEDERRADR, OV Y IO—HIEHEMED L DT
Bl E IR TS, Lich s T, ZREDOBRAMIEO TITEWRREDO—ED “CaCOs
SR MBETHZ ENTHIEBEL DN, —RICER—EAEELIEROMINC KB EELT 5
£ L EZ HbEE, HlziXCaCO;+HT—Ca2r+HCO; &\ » e KIBI X D Ca? R E K
WHME I N AAEERD SH. FE, BORERDOKIZHCO; /Cl {EAHEK, KIREKIDHEL
MIEREWGGOE $ 9.3x1073, #BK 1 4.3x1073 (KREK : 1.1x1073, FE TEREREK :
4.5x1074: F— & ICMR14, 17, 4, TED51H). —75, FETHARER TiXCaCO; DU A E
CoTWbEBEZLRTREDD, ThMRBEKDOHCO; DEADRAETH BN E <, =
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FEEDBE EMBHTH D Z LI RERKFE . BERR TIHMEETIROHA D RZD LT,
WAL A A VIBENEKEGEAERLTHAZ &b, HRKBFNO0~60CITED b icd D
BB EMTES.

INETORMPOWBAREEADOHEFAORE Y RTHETLEL LTEIMg 1 A Y HRENT
BHEZ LRI, T TRORNTEEINS /N T A— 2% BATAH L HEFRHOETE Y RK
HAHZEDEETHA.

oMg=[(Mg/Cl)s— (Mg/Cl)sea]/(Mg/Cl)sea x 102
2L, TZTHWAA AV ORERMIIppm T, s XABK, sealliikitdobbd. HOK
BR, FARBRLLVLBEOLOOANLEDOREDT — 2% RALTMgE2RDHEESD
LOCIB. HGOE - ALBORBRPHADOERR TR, BECEKZMHEELTED, Mg
DA, BbK—aRaMHEEARTZIHET LT 5DINA L, FAIRRN1983F DM KEEKIC
TERERTHD, WK—EAEGHEEFEAREL T CETL T2 ExERbDiMg fEIE
ARLTWA. 2L, TOMgENEEBNRERCHATE 20 E DL, SBERTNER
BTH 5.
Tbale5 Degree of sea water-rock interaction speculated by Mg/Cl
deviation of water samples from Mg/Cl value of sea water.

SAMPLE DATE Temp. (TC) Mg/Cl Mg (%)
Yunohama 74/5/3 52.8 0.0480 —13.1
ditto 83/4 /15 49.0 0.0469 —19.4
ditto 85/4 /117 56.0 0.0519 —22.4
Nippana 85/3 /29 40.5 0.0688 3.0
Hachijo 73/ 2 /26 83 0.0285 —57.1
Sea water 0.0665 +0
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KICHET fe —E LR DpH 6 Ll _E TOmEEIC X 5 ELRREE < 23 GEEEES  1074~10"257 (SO,
oW TOER—KRKIE), ERIT 15~ 2 BHEE), BREKOPHR 6 L EDOB I +HITHE
LN AEETHE. T, BbAZESBEIEHCIAK EEML T 5 REDKDOFTEIRE
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E5>Thsb. SEOEATEZDOKIUNACEHT? BAURDTITE D, ZOkALLHEE
T KIUH ADENTED 5 Te b ELTIWTHH Y. HABBIIOHE K OKDBESLICIES
BOKE Lo ARBICHEE LT kdniE e bitbC L3 BBRIEE I, Lich->T, #
BEAOKIZOERICE > THEHE - MENC L SNICAEENE . BAROHERIX L
DOKDOPHMNS. TEZE LLEL D, LM KILT ADBERSDEARD TcLBbh b Kb
S FEMIC B AHEEA A v OFRE ML R0, FARERFRE KL DB E PR
fbAkFCREBRTSEEE2DNRS.
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KAKDEF L AIEFEEMAESHRLET TIHPPEETH S, & ORFITH LWEKOAIAE
BLIEBERTHDZ &b, KINEEOEEYILALLDOE T T ARMEELD 5.

BHELERSWE LTE, RN SHFET HBORRBRIC DWW TIREKE i L TMgk SO,
NRAT B EDREN, ZOBRIEBKEEADHEERACLAAAZ 24 bOARR, BAHE
DOWBEE LTHBAEINS. BEKFDOCa EHCO;™ DI R K FADCaCO; DIEMRA X
ZhDEEZBR, CaCOz & LTHREMADOH TEEET 2 ENTRBIN TS Y I8,
BEOFGOTEENDS. BADERYZTHELORE KEDOKE X OHEOHE kO NIA
B L e B BB R KL KU ARFEDOEE A 4 v ORADRE 2 b D, KK, BAITOHE,
EIREKIEEDEA 4 v K BAREIMOERCHS. ZOZ LFRBARZEANF VEEGAR
KK L ABEEDILEMRALDFERTH B LB 5. itk, B A4 v OB £ IS
DEVWREELL EAFCHECE TN AMEEMWOBEOTEEL—RTHELLELLNA.

WK B S D — D T o TeFTE i TR KO KB X D KL A ARFEDE OGRS N
foo =79, BKERNCARMCEEINTHIAREOABESE Y B KIUFAH B\ hichE
T 5HEBEKDOBACERTAEEEOD L ENRBEN, BRDSLETHELH, BFRART
BEHID, HFLUBHCIEELh 5. Lk LEBRMGECHEET S5 RAKOBKERICET 5
KEZEALOBE &\ 5 BENRREY SBROTDCRRTERLIDEELB.

g, REMEREY LT R0l KEHE OB S ER BT KR), BEFERTERER
TREHKLET. RECHI), ZE5OME - W FBRBEEBT DV TWANALEH
ZTFE > HRAHBEEZHFHMRB ¥ A ZRHRLHBCERB L ET. T, =505 S
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