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Hot Springs along Suture Zone (3)
— Hot Springs along Maizuru Belt, Southwest Japan—

Susumu NisuiMmura”* and Makoto AxkamaTsu”

Abstract

This paper discusses on the occurrence of hot springs along the Maizuru belt of a
suture zone in Japan. In the Maizuru belt, it is found that the sea-flower crust such as
serpentine and ophiolite, named as Yakuno complex, of Late Paleozoic and Early Mesozoic.
After the geological and geophysical surveys along the Mizuru belt, it is succeeded to get
some drilling wells of hot and mineral springs in this belt. It is, however, quite difficult to
get drilling wells of any hot and mineral springs in Tamba block of the south site of the
Maizuru belt, except along Yamasaki tectonic fault zone and in the area of granitic
intrusions.

These hot and mineral springs have some characteristics, as follows : (1) These non-
volcanic hot and/or mineral springs contain many kinds of ions in rich amounts. (2) The
geothermal gradients are around 25~3.0C/100m (general geothermal gradient), and we
could not found spring water higher than 42°C. (3) They have been pumping up usually
small quantities but continued as same quantities in each wells.
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1. L &IC

Ta BRBEORAT B OFAELZ A, HURGHTHLT NI =) TOT M7 AIIRITIZ
EHROERAH OGN S HRICHER Lz, M) T THER S SN TV E0%H
L, £1H (R, 2012) TFEH, H2HME LT, TVTAGEIEESKEOTSET L — 1 &
=537 7T L— FOEATHDA T Y OWRIZOWTHRE Lz (A S, 2012).

EHICHVRATFICAON B OBEHRDSEIC L H 5. B L O SN TE 7 HETICHEA
A7 4+ T4 MBEDF I SNT, B HSREORRAWN Th 2 2 LMD bz (i, 19738).
C DOREATIIE BRI S P AERMB OB D TH L. Felt T TR FHE T 1,000m YLk
OFEICHEI L CH|MGT A I MR, MREHL LIV E ST, MERR
REAEZ L, Z025FTETH 1,000m HEOHIIC X RSB - BT RO TE
oo UL, oMM 2 k7 i, gk R e s B A E BT, 1,000m 2Lk
OWHITD, MRIMEAKI LT, 2B, FEE O3 SICHARBMH T, RIERR, SR
RTRESNDEEALOT VA ) ZREOKIFEAE ) RILEOREASTL SN D (FH - AR/,
2011). oo EMERITIE, LMo H ARV OBEZRE - HIURO KIS, £ 0wl
PR ORAT, IR, FHERICOU O NG, FHCHEME R ZERT A0 T, MEHIT L
HEDVEICD B LZIRRA D 5 A%, R OMEAIE S TV LG OIRRICOWTRNT 5.

2. SHBETOMERS

SUARHFAL S O BEAET 2 © S AR IT B B 2 R CRILIRPE SIS 200 T, HALR PR AEIC O U
400 km, W& 10~50km D45k ERER 23 5 (Fig. 1). EA X 0 B CIIPIB 20 IR & 2 20§
A, ENLVWETIHEMEOEA L 200, ILGHIEROIEBD72D%, ZD5ANIEHA Y ik
DM B, EA XD HEEZRT (1950) 12X 0 BT & frds SN722%, S SRR PEER F
TZ &0 TR (Maizuru Belt T 7213 Maizuru Zone) &I TV 5.

PR X - IOV AR RETE, SEREAMEFL VKD, 20 Lo =8RG SRR
RN HEEARESICE Y. RATEHIEEEROMR AT CTEIITERIE) ERER LR
T ERAEEOT—D20F 7444 M EMKT S (HE 1978). CORAHLT 74454+
FEPEOREEEY SBINTE ) £ T, IE5km iR 250 km OHARICHATT 5 HARKOF 7 4
F54 MTHY, HABLUETEEIL 25% 23, T2 SEITRY oS, KRkikbhis ik
EHEKIADNECE R 5 BIREE SRS RSN, ~0v L5 L0 BIGEO B E%, ~ > v
DR 2SR5, PR~V AR GEFHERY) Sl LT5Fy 7L LTETS (Fig ). &
OB R Z OB, AFEEL, BIESLILTRESNL L S OHIRIFEL, AP TE
ARG R Bk B A o 722 2 A TH S (Fig 2).

COBEHFOWEIE , BUETIIRELL, WO T VI ) 74 70D 28 GHERLD
BB OFEAEI D TH 4R, HFIEHIXERTIE R, &8, BUEORIE A3 IomE R
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Fig. 1 Maizuru belt and distribution of hot springs (Geological map is modified from Shimizu,
1987). O : Hot springs are shown as numbers (1-10).
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Fig. 2 The distribution of mineral deposits in north part of Kinki District (modified from
Nakamura, 1987).

2 EEITIROLELER ((hH, 1987) 2ZFIC/ERK).
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Fig. 3 Distributions of micro-earthquakes (1977-1979) and active faults in the
northern Kinki and eastern Chugoku Districts , Southwest Japan.
Lines extending from NW to SE denoted by 1 is the Yamasaki Fault System, and
1, Yamsaki fault ; 2, Yasutomi fault ; and 3, Yamada fault (Kishimoto, 1981).

X 3 FERmBAOIEHMA &S CICKRAEME TORNMBE (1977-1979) OEES#
EWBOA . ABE—RROBIGILBHERERL, $5C, 1 ILIGHE, 2: REWE,
3. WHEKETRY (Kishimoto, 1981).

WEORENSL DT, I TREXINOEIRS X% RY (Fig. 3 ; Kishimoto, 1981).

3. EBTOESR

I T, W 2 & 00 SO FHER TIEMH L T RS o e Gl on
Tz, THEEOHRFEEE LT, W - R~ (2011) 12X - T, 84E 1T ORR O%E, i
HIFEEAT SN, Z OfEEIEENTIC 1,000~1,300m OHHNC X b, 11 2 OFEREISETE 2. L
ML, &SI OFHEN Tl LW E R i e fE i e 1y % o T BIE T D KIREE A SR IENIC
TR RS Z sk kB R (B - ARES, 2011 Fig. 1).
PR IE, PHE - HEOKIIGTOMEAR (60C/100m Ml) 82D, 1213 25~30C/100m
DZOWHOBHEOWBMAREZRL TV, ZOMEREZFN L CoMilimn (Rl 25° DLk 34T
Kii) PESN TS, HRBEICEAL2DDE, kO 1L REFETHS (Fig 1 oPIZF5 &2 M0M1F
o). SO ORI 2 0 IS TR e SRR RICL 5. 20k, HER
R BRI S BRI L C 3 2N W A ST b (Fig 1 Okt 3R (3 B
it~ 4 —, 2003).
Figure 1 ® 11 R %2 FFNEIRENT 5 &,
O  FEEW AN S Y A —RMOKFEE - HALWES  BhIRA 1 B 265C
WA AT 1176 1/ 43 pH 8.1 ; 783878 3,213 mg/kg.

@-1 EREWEEET SOV 55 0 5 Y A—pEAKEE - iR BiRA L
R 3127 5 (kA LR 651/ 4 5 pH 7.3 #IEFRE W 3270 mg/kg.

@-2 INZER2EFR (YVZHERE 1 FROS00m BT 2) @ SEREE—F MY 7 A
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—IREEKFEIE - BEEEIE - EALMIER S © B A T 5 JRIR 394C ;5 RA = 2631/ 45 s
pH 7.7 ; 73858 W 4,631.6 mg/kg.

Bk AR T B IRS - 7OV ) PERREIRIR ¢ BB A T L JRIR 201°C ¢ TR TR 4941/
555 pH 87 ZBFEFE W 790 mg/kg.
REH—EIFIFAIEDOH  F UL - Ty a—HAbWiRE B kAa BT Bk
322C : A LT R 1431/ 4 pH 89 1 #5555 8638.1 mg/kg.
BWRWEN BEEEERS SRR — v A—BRERE G 8L 5L+ FIW R 9.8°C
HIER 081/ 4 ; pH 6.2 ; #5855 W 19123 mg/kg.
RN =HH  ZH R S sn s o Bk L s kA biF e 1581/ 4 5 pH 66 ;
FEFEFRAE Y 4018 mg/kg.
pH 2D b DI, ZEILRFZZETA, T LREIRICLE ) &, REBAKEER (Y
W) &Y, pHIZSHEILR D, KiMROMMANFRIZL 5 ERWS5% Table 1 12/RT.
INLORIFEOFTIE, QOFEMEEIRITIEF ITHRCEREN CTHE L T2 51IET, JH4E
A% Z I TCWBEG 2 LEB L Twh, fillld 1,000~1,300m #EOHHIITH 5. @OAEFFOR)IE
RGP O AHROWE R OWEITH 1, FEEIITEEN IR S RS, PRI X Dl
FHEMT & SNTV LM EOCICEIGS 5. FEEEAT MM, ARBanil, BIIEsL, KE58
ITREBESNDBORIIRDZ L A SN, TOEKIEZ OB/ & ML L e S b (Fig 2).
INSDORETHICERT 251, BABT 74454 F OO R RIZHEERE ML HED
DO 1,000mg/kg LFTH 525, BBELRIFFIZZ V. T2, RIS REOEE

@ BRTHANCZOW @ F N7 A—REBKEE - Tl o Bika L 5 ik 29T
WA AT 3801/ 43 pH 80 : ZEFEHREIW 991 mg/kg.

@ BRHVENT L SR A G LRE—F YUY A - 7R v Ak - REEKE
B BB A LT R 282 kA LIFR 301/ 45 5 pH 6.6 5 ZEFEFEEY 5543 mg/kg.

® FEXWRIEN @ F MU 235 bWEE  Boda 1 SR 315T 5 pH 7.0 5 2855
12550 mg/kg.

®  #FELH MR © HAER © By kA BF 5 JRIR 275C 5 kA BIFR 241/ 47, pH 82 #
FEF W) 668 mg/kg.

@

©

Table 1 Main chemical components of hot spring waters in the Maizuru belt (Numbers are shown in Fig. 1).
k1 SETORROEEEEY (BRRANK, XOESI Fig. 1 DBSICHET 3).

il B A A+ > [ AR A
No. S
(C) Na* K" Ca* | Mg" | Fe* | F~ Cl SO#” | HCOs™ | COs™ | SiOs” CO; | H:S
1| #EsT AR 265 | 1,347 | 126 10.6 1.9 19 | 103 987 11 1,883 40.2 — — —
2-1 | AHFMT SOV 7 st 195 | 312 | 1,650 | 24.2 25.1 102 | 167 | 6.11 783 | 1,110 1,870 6.33 32.2 703 | 0.03
2-2 | AHRNT SOV 75t 295 | 394 | 1,246 | 130 125 77 0.6 69 | 4846 | 2754 2,140 1.5 164 60.3 —
3| Al Z o 29.0 410 | 219 6.42 134 | 157 0.7 120 194 634 240 5 10.6 —
4 | JVEERT & 43R iR 282 | 1680 | 445 96.3 53.1 17 — 2,350 8.96 2,880 — 155 | 1,110 —
5 | BaER 315 | 5500 | 41.8 204 279 | 144 — 8,490 13 663 048 108 116 —
6 | AR 275 277 | 544 548 117 | 017 | 763 11.3 7.86 634 6.05 2238 845 —
7 | AEEPET, BRI 29.1 548 | 507 42.1 29 | 016 | 198 6.25 0.6 220 417 204 0.74 —
8 | —HIEIZAH XD 322 | 2020 | 885 | 1430 04 | 036 — 5,180 1.99 44.3 2.38 22.1 0.11 —
9 | FMEEIR R 9.8 43 | 026 | 551.0 318 | 226 | 031 386 | 1530 106 — 536 105 —
10 | RN =H Him — 1,166 | 12.7 342 86 | 104 — 1,964 942 338 0.01 136 — —

"R KIS IE Z 0 pH HHI T HoSIOs THAES 2452 2121 SiO8 ofie L Cigik L 7z
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L., FURAF YHRERT V=T YA T 7524 (Fig4) 2R &, 11 RETRERZD
DS, T DZALIRI A M T OO B DR £ D bINv. FRIZEHA A Y TERT VA
WA, ANV LNRMRLESEA L, B+ Y dRBOKFEEZZ &0, Bt A 4 > b REBIIE W
BT A, WHEEF M) 7 2OMEB—FR (Fig.5) 2%, 7T )74 7 ¥ XD HMIE

100%
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Fig. 4 Trilinear diagram of hot springs in Maizuru belt.
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Fig. b Relation between Na ion and chloride ion contents of hot spring waters along
Maizuru belt (Numbers are shown in Fig. 1).

5 BBETORRKOEMYPIAFLEFMITLLFOHEE (RFDESE Fig. 1 ICXHIET 3).
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B, WA+ VLA 4 VIR e s s A S S (Fig 6). o 2 Mg & T, i
HETRRAL R FZEOEG IV v, R OHEIZ Table 2 1R T & 912, HAbM i BRKFEL IR A iRk
FIEL R AR L TV 5.

Thbb, ZHORG%EA, BET 28T OTFMIZIZER T 2 IEH G REOE]
NHPSRALZ SN B)HG & FCRTH 668~1,000mg/kg DHEFEEWE &, TH 5.
ZhuE, FBICBUREERPIEIEL TV 2 L LIS, BAWOTROFHEZRLTWS, kot
BHEEDS R DD W E D SEHHIMEAR, HE - FHEOKINMATIC NS &, ARk
e U L milg 42CUE) RS,
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Fig. 6 Relation between chloride ion and sulfate ion contents of hot spring waters
along Maizuru belt (Numbers are shown in Fig. 1).

6 EWTORRKDERYAF > EHBA 4> OHEE (RHPDESE Fig. 1 (CHIET 3).

Table 2. Quality of hot springs along Maizuru belt (Numbers are shown in Fig. 1).
® 2 SEFTORED (RDESIL Fig. 1 DEFESIIHIET 3).

iR D
F MU AR - SRR @®, @-1
F MU A-BERK IR - TR - AL R @-2
F MUY A-REOKFIR - RS ®
F UYL TRy LAY - AR @
FRUTL - BT L TR A-TREE - LR
F R LA ®
BV TR O]
F Y A=A AL
TV A ) P AR @
Hpls ®

i) HeidE 1S

333



VR, SRR 5 MR

4. FEEAOHVWEATDEEBETDERDETED

FaR H AN O IRRO KIEEA R SN AEE, FHEICE, SiROBERSEONDDS, ZFok
Mg, WAL - PAROHERS £ FRICE AT AEMAIRT, Z oMM EEET, IR, S
WA A, 20 BOERT F CII MR, BFHEN, PR T, RESEOLNICCwEFSbNRT
Wiz 2025 ORI, MELRRARAL (M - WHEEER) ZITVREAT T S BN T, JHH
WL DEREVBELNTWS.

ZTORHET LD L

® 7 b7 AWK, FZa AWk - 7 VRV D IROES T IO HEN TH A%, FEHNT I

BAETIIMEIRI S5 L hoTwad. Lo L, ETHOHE K-> T0h. HIRARA 25
~30C/100m & G ENTWT, KIEEHHI TR - & 25CLU EORREIHE SN TV 2.
@ FruRk - 7RV IURO X9 BREAHT T, BUEBUKIFEIATI S, HEBG /B
DK BOKEEIRA S N5 A3, ST CTIRABAERDTE <, B - BT - KSR TR
KIND LI L ERBKFIRVASNS.
@ BEATOIRR O EIREIE, EERGDBEMRTERED. BRBIEWDL L . 7272, Hv
REATHOMBICHRTEBILREZEOGHIID RS, RBKER (EW) 22 &5HT 5.

@ OIS, BHEIL VI LV, HHEIRBEIC X VEET L AR,

TENETFOND.
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