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Geochemical Investigation of the Hot Springs
in the Zao Volecanic Region

Takeo Kato
(Department of Chemistry, Faculty of Education, Yamagata University)

The Zad volcano group rising in the boundary between Yamagata and Miyagi pre-
fectures, consists of Rytzan, Za6, Byobu and Aoso volcanoes. Among them the Zad
volcano has been the most active mountain in geological history, The most recent erup
tion of this mountain took place in 1939. In the Zad volcanic region several hot springs
are fround. In 1963, the author examined the thermal waters of these hot springs. The
results are as follows:

I. The thermal waters in this region are classified in three types:

ISOE— type: Zao, Kamoshika, Gaga, Togatta, Yamagata (Narisawa), Sakunami.
HCO;— type: Aone.

lCl— type: Kamasaki, Akiu, Kaminoyama.
II. The relation of Nat > Ca2t > Mg?+ exists in almost all spring waters.
III. The hot springs near the active centre of the Zad volcano are of acidic SO2- type,

while the thermal waters change gradually from SO2- type to Ci- type as the springs
are situated far from active centre.

IV. As for Kamoshika hot spring, it is supposed that hot acid water gushing there
is formed by mixing of groundwater and volcanic gas under the ground. In the case
of Zad hot spring, volcanic gases of magmatic origin probably contribute mineral matters
to the thermal water by reaction with wall rocks.
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2.1 BEXLHBOERE: HERSHIELKLOESEAKONI 4 f L, BIE
v, —elll, ZENR X OCSENOFRRBRKCBEREL T 5. FROBHEILN 50 TH5. v
P L FRR L EEAROE 2T HEROBH T 23 WRrLKS. —EIl, ZE],
= Ik BT 52 3O CRIENOIM 1 B RMMZER TSN, HIERRIC
FHAINS.

pd LAERIREKLOEOWEREAKONCEY L5FEARF (FFRAD R RESCAE
LR ofmEic RE S5, C2icid 1940 £ X D EKASHBR U, BIERERTICEKIL
R0 UBKOBEEEER 171C 2577, 23 LrBREIBERT 2 X5 HTORITHESK
CHTAMBEALTEL DD EELDLNS.

2.2 WEWEBHBOERE: A ERJIE RO ERABE T 5. 2TCHER,
M FE D NI W FR IR S CIR BB S T 5. BANERRICIEERE RS Licd
FERABEEMAINRTY 5. WTFRSEIHEBCKRET S, IS <WERIGEL T 300 m #
ETH D, SRR AEERALOTREBICAEL 4HRARD 5. ThOITHRBHOL DL
BHESCL5h0LRHD, EEORE LK EERRIIERE 35m OEBERTH 5.

2.3 BTIAGHBZOERE: LINEA? CIESEGEMERATRIC 19~68m X< L2
PE LE=EhE 180~270m ELZ3WRENRDD, ThThBINEEE2TEOTY
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JBRE LRI Dl B3 % HERALEA DS 127
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LT DI DRKITFIW R LEBFR L. RREFRERZGEBEEA R XD Rk
Lic. BRSO FEILE IXELEEY D “URAITERE” W Lok, DL LDR
BEET. 7 pH 37 7 ABBEZAVWTHllEL, ClI- ik Morr ¥, Br~ X I- K%
LW ok, SOLA WERER, SO dEEM BigM7rv = -kt X ok, ¥/ Nat, K+
WA A ViE gk, Cat, Mg WA 4 ik EDTA i, Fe* X o-7 .7 v irl) Vick5
ik, Mn®*t jx KIO, ffiOkMEE, AR 27403 7 VI X BHEEEPEHA L. LB
ERREBED Cat, Mg OSHTICL DT P Y =2 7~ 7 3 VEVWAWiEII VT EDTA
WAL W,
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e L s o |l aE | s LwpmEly | K+ | Nat | Carr | Mg
No. | L A 4 | $KARE | ) | ¢y | PH (mg/l) | (mg/l) | (mg/l) | (mg/l) | (mg/l)
1w % | 1959 W 20 | 32.6 | 42.7 | 7.8 2670 19.4 | 805 55.0 | 8.0
2| k i r VI 16 | 24.7 | 64.8 | 7.7 2693 22.3 474 315.3 2.7

3| F | 1963 v 12 | 28.3 | 41.8 | 1.69 3995 17.2 61,3 80.5 87.0

4 ” » VI 9|27.3|38.1]|1.70 3485 16.5 53.8 63.1 33.6

5 ” » VI 8|27.0|42.7|1.81 3229 23.5 83.7 6.1 46.8

6 ” » VI 8|21.2|52.9|1.78 2936 33.1 118 80.6 85.5

¥ ” r VI 9| 27.5|40.6 | 1.87 2584 22.9 81.3 64.4 49.7

8| iy L » VI 61|17.5)89.0 | 3.78 439 1.1 4.7 30.5 11.1

9 | I8k % 7 VI 5|21.41|58.5]|6.87 810 8.8 160 62.8 6.1

10 | & poRs r VI 5|22.7|42.0 | 7.53 577 10.6 140 20.7 11.0
11 | 3% A @ r VI 5 24.0 | 55.5 | 6.37 © 1866 | 21.2 400 99.6 26.1
12 ” » VI 5/|24.0|59.5]|6.53 2110 23.9 450 205.0 5312
13|46 | » VE5|27.5]|42.1]6.66 2079 | 25.0 | 925 | 122.4| 16.5
4% | » m 1|26.5]|58.0]|7.17 2023 | 68.4 | 1200 | 518.8| 21.8
15 | 1E bR ( 1957 X1 19 — [ 43.0 | 7.7 930 17.0 185 108.0 1,52
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HUDIEEERORENERCHEBRENS X5, BT =4V, 2F+ VOLREBEHHHR
ZE L C key diagram (552 8) tEkbL Tk, 7 =4 v&L Tk S04, Cl,
HCO:;~, # 54 v& LTk Kf, Nat, Ca*, Mg 2 URIGRAK. ThupbRp2< T L,
HER AL REIUEBRBOE R E BT AR H IR Z 0 TELELLLTH
%, pd LR RESEECE W T ORCHEERIECEEL CAET 525, L LEPITHE
PRICTS. BERBHBOERIECR S LOHLEELLTOELE DA LNEW. X5
7 = VIEER L THEREDRNS COMBORREBRF L THDL L, ThBIEDED
Lo HEIND.
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| HCOs~ > SO #kf%

LB U TRES S04~ BERT HCO:m BMIIHRERLZTITHS. S KILMEBOH
DU TR SO BOEMEABHT 52, L0 ERS 2O THED SO& BT
L, 25 C- B~ REMERT ST LD 5. OXCABREC DOV TENL DR
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1. /‘i I OAE R B
Fett | Mot | A+ | C- | B- | F | SOg | HCO; | HBO, | H,SiO; " o
(mg/l) | (mg/l) | (mg/l) | (mg/l) | (mg/l) | (mg/l) | (mg/l) (mg/l) (mg/l) | (mg/l) %
4.88| 0.0 0.45 | 149.5| — — | 1620 9.3 | 23.7 | 39.0
0.49 | 0.14 | 4.1 | 732.8| — — | 702 27.1| 9.72| 19.0 | F [ g &
45.0 | 3.7 | 114 552 | 2.38 | 0.41 |3378 | %L | 26.1 | 141 | 7 g
42.8 | 3.6 |162 495 | 1.63 | 0.49 | 3105 P 426 | 145 |% W
16:8: |- 5.5 | 154 43 | 4.32 | 0.57 | 2135 206 | 141 | % JI
f MW R7es
135 | 7.6 | 104 557 | 2.68 | 0.58 | 2111 ! = & I
” 2.6 | 161 | E
13.6 | 3.8 |143 390 | 2.16 | 1.63 | 1795 27.6 = B
| me | E
0.55 | 0.23 | 4.6 7.2 0.03 | 0.006| 161 p 2.6 | 23
1.18| 0.27 | 0.75| 27.7| 0.11 | 0.021| 258 | 204 2.6 | 124 |@ T
0.57 | 0.23 | 0.70| 45.7| 0.20 | 0.038| 125 | 274 1.6 | 57.9 | = m
0.21] 0.07 | 3.6 | 200 | 099 | 0.19 | 729 | 520 9.5 | 68.2|3 & g n
0.72] 0.08 | 3.0 | 221 | 0.87 | 0.21 | 87 | 80 | 11.3 | 703|414 B
1.68| 0.26 | 0.94| 684 | 3.41 | 0.65 | 778 | 793 | 42.1 | 80.6 ﬁ o
0.90 | 0.40 | 0.30|2154 | 4.36 | 1.95 | 213 [1013 | 14.2 | 93.0 |1 % s
RE WL S AN XA (FTE — | 480.0| 10.9| 13.7 | 26.0 “.E’f"f??jﬁﬁ
# %

4-1 BEKLUMHOBRE: HERRHEI»DLIEARBOCEENS. pH 1%
B 1.69~1.87, #E1x 3.78 TL i SOL OB TH S, ME L DIANEERTEET X
IHDVES) & BELBRE AT 52 LR LT 50, FHEIICERD. EFEERBYEMT
RERRBBETIE 2,584~3,995mg/l THHORL, »dLAERTIE 439mg/l 3 X7k
V. IHICREOBEBAVSPICT HDICEEAS 4+ VOLRBRERE 2RICRT. BERR
BT ALY By 54 vOERERL H+(Ca* +Mg?)+(Fe* +Al*) = SO~ 3 52
6. ZOXHT LT OROEEMEF FIE HeSO: T, TR Al:(SOu): TH 2D Z EnaSh

. —FHPLULRERTIECNEEmAR BRI, #F4 vOEKE Cat, Mg T A3 3z h
Vo% (Ca*t+Mg*)+Al* = S02~ OBIRBRLNS. FibbZ DR RI1F CaSO, ¥
WA OFEEREL L, FOFEMET HSOs itk 5bDEELONS. ZOEMTIEE I Cl-
WEDEWZ ENEZD. 44+ V{LEMBEL TRABCEEY PBRERABTC OVTHE LT

Fok BE KWLM O R R

B R % Cl- SOz~ H+ Nat+K+ | Ca2t+Mge+| Fe2t+ Als+
(meq./l) | (meq./l) | (meq./l) (meq./l) (meq./l) (meq./l)
3. % E| 15.6 70.4 30.7 3.09 7.07 14.3
4. p 14.0 64.7 23.5 2.94 5.93 22.5
5. p 12.5 44.6 14.0 4.24 7.01 ¥F.7
6. P 15.7 44.0 15.2 5.97 11.1 12.0
7. » 11.0 37.4 10.0 4.13 7.33 16.8
8. b L 0.20 3.4 0.04 0.23 2.44 0.70
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WELDT, TOEOHETIERERILERRE No. 3) &b LARMCRDOT S OHDE
B ok. Aheh HS & LT 19.4mg/l, 53.4mg/l HiliShie. A ERMRHED
FE DS 40~50°0C DFEAD D DBLV DKL, 2b LaRE 89.0°C ORlZRT. Bk
OWEITINZ T, FEHOROWEY S LCEKSY OMELERT 5L, ThbORRDERE
FEoED X STIEESNS.

F PR TEAIETIE HaS, SOs, HCl 72 &2 EMRE 5 KIUMFEHM S HARETHT LD
FF LS ERL, ERMEOEEZERLESLHHDCHET 2 bO LRSI 5. Th
ﬁﬁﬁﬁummﬁmLt%ﬂkM@ﬁ%ﬁﬁ@@H%ﬁmﬁm%am.znmwbﬁ%bﬁﬁ
ﬁ@m@@mﬁﬁ,msEEQER?é%%K%T&WKQVTmTKﬁﬁJdJ:%@&%
2 Bng. CORMCESEL CHEEHOMKILND D, TOMKAHR (1710 TKHE

I

%, HS #ERA LT HTLER, COWROKIAMIL 0.5/ BT, REHLOH

X\
FRE (89.0°C) THsfE HoS A ESAZ W LR EF TS ZOREEZRNF T DD LV &
5

4-2 BELBHBOREE: e, FER, FOUA, HSEORER CHICTE LB REE
2 b Y MR TRV 40~60°C OFARNCH 5. MEKIIOIEBIOH LB IE L LA~ 7H
X 5. Key diagram TRAEEICESWC IO 4ERII—HAIKICEL LS. 2F4 VO
SHBCOVWTIEE IRCALND X S5TWThD Na* > Ca?t > Mg* DlF%#:R7T. 7=
FVICEHT B &k, BOUEE SO2 M, FhLx HCO: M, fistix Clm WORMRTH S
L abh b, BERSD 5B Clm X Bl A OIICHAIEL < WpE A in L, HCOs~/Cl~
45 L 08 Na*/Cl- 0Dk L & Ve B OB LEVICEZ BRI T 5. CoL5
IR O TIR D B RE OB 2 % X RS H IR IS & —2OEASLINS. £
ol LT DR RERI L TR REY, HBO: K&, CI7/S08 REeZ X Th5
&,vfh@@momf%mk,ﬁMm,%%@WKM&?é.Cﬂif%ik:&#%~ﬁ
B E, T OREOERSII KRG B O H LR B3R X 7> 51 DT L DS AEH O R
WUT, LU AMREOABKEEDREFIAE AT 2D TRV P LEDIS.

S AR ROLSARIC OV THRAZRS LS. Wha, FR, BANHOIEREZRS L,
%ﬁb(i%&%@ﬂ&ﬁKS@F+mﬁfin+Cﬁ*Eé%%%ﬁ@ﬁo.C%Kﬁﬁ
ﬂ@k¢@%imﬂhéaw&,ﬁwmmﬁm®%ﬁ%%®i%m1hﬁ@,%ﬁﬁ%@i&
Zx NaHCO, Th % kasbind. SReionaiid Clm+804 +HCO0™ = Nat 7%
w1, NaCl #%Ems, NaSO: ZEIRA L T2 LEMS

4-3 BTEAGHBORSE: HHREMOMKE - EEFEER & TPRMAOITE - BIUFHE R
LR OMCETS. ThbD4HITTRRARL 51T key diagram Flelsnwitake LT

#3% R T LB o BN

C- | sOg- | HCOy- | Na+ ‘ Caz+

Mg+ HCOS—/CI~' Na+/Cl- | Cl-/SO.2-

B A | (meq./l) | (meq./T) | (meq./D) (rneg./l) (meq./l) |(meq./l)

9. % < 0.79 5.38 4.83 6.95 3.14 | 0.50 4.12 8.79 0.147
0. % 4| 1.31| 2.60| 4.49| 6.00| 1.03| 0.90 | 3.43 4.65 0.504
11, HAH 5.66 | 15.2 8.64 | 17.4 8.98 | 2.06 1¢51 3.07 0.372
12. ” 6.24 | 17.4 13.6 19.6 10.3 6.38 2.18 3.14 0.358
13. 4% 25| 19.3 16.2 13.0 40.3 6.1 1.4 0.67 2.09 1.19
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FaFE W E R HF b o R AR
B4 Cl- SO,2- HCO;— Nat Cazt WmMg”
L 2 1 (meq./l) (meq./l) (meq./l) (meq./l) (meq./l) (meq./l)
1. 11 9 4.26 33.7 0.81 35.0 2.69 0.66
2. F 1 20.7 16.5 0.45 20.6 15.7 0.22
18, %% g 60.8 4.4 16.6 52.2 26.0 1.79
14. g W 3.3_0 10.0 0.18 8.05 5.39 0.11
DEEEDERIIEV. LI DOT, T2 THERMIMCHERREREZRTIcE Eoiwv. 5
TEWHERSOGFEEY 105003 VYFICHE LA L TERT L. 4RI

Hd Nat > Ca*t > Mg OBREZHED, WE - fEIE SO& M, Ry - #kfkx Cl- B
RCTHHTEDNDDPD. IHCTEPSBETD LW - (EWE R T SO = Nat 2350
7% NaeSOs PNEFERS DRSS & 5. BILRRRICH W T Cl- = Nat, SO~ = Ca®t,
Cl- > SO~ DB ASN NaCl, CaSOs 7 EZ2 LS & T 52 EXMN D, FAER TIX
o iz iz LT Cl-+HCO;~ = Na*+Ca?" 235 L, NaCl, Ca(HCOs): 7 &%k
BYSTERS ETH EbD %, 20X 5L, COWOHRBIT N NREZ T 510
L#E2BN, &L LTIRE LI OLERZRI L.

5. #%
R E L E A O 2 IR LSBT IIJE L T & D X 5 ki35 b/,
1) 7 =% VRS OSFYLLED D - OHIROEMITOE DM S SN 5.

ill]

SO~ W: E, 2bU, Mix, A, WY, R
HCO;~ #U: %(
Cl- 8. §Ss, BKEE L.

(2) BhHF+ vOLRERBEIZOVWTIL, 1TEAEEMOREFIC Nat > Cat > Mgt @
BIFRANEL D 2.0,

() —HITIEE KIUDEBO L L O FITEEMED SO WTh 2y, Trbithd
LT CHM: « 740 0P SO2- M, X Clm AL REPBITT 5.

(4) BEER ST KU BRI T T XY EA LD T, b LARRIEHRSI
HTEITCTHTANMRBALILDDO EHEEINS.

ORI HICHE D LUEEO/NEPETFEESTIH T S X OERC L. E BT
AEEETFE LS OFETEE SN, X ST IR LT eI /EAL R O 244k &
N, BESSOFACENTHLENTDS.
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