NG A Y
K& - (RED A O B fE

eh oo mE 0 B % B+
#hrw EE O HE 814 B

EARSEA A BE 060 45 11 A 27 H

PG O B SeRTHEAIES 5 28 2 TE Y

"

LTS N MHAN43%E 3 A
BALRZEAR BB LR
(BL#B) MyrHEueT

L E AR H Geological and Geochemical Studies on a Few Hot
Spring Areas in the Southern Northeast Japan .
(%jtimﬁﬁ%m 23 @ﬁ;ﬁﬂﬂiﬁac:ﬁsﬁéﬂéﬁ%é@#g)

T HEERA LR BIB9S
MXEEER (FE#D)
#HO®E KR ®RE H 8B O — #

o' B — B
B8 #H K HH-E

Abstract
Introduction
Acknow le dgement
Chapter 1. Hot Spring, Geology and Structure in the Hijiori Geothermal
Field and Its Marginal Areas, Yamagata Prefecture .
I'. Outlines of Hot Springs .
Il. Stratigraphy of the Neogene— Tertiary and Quaternary Sequences with
Their Basemental Rock .
HI. Structural Geology of the Neogene —Tertiary and Quaternary Sequences

with Their Basemental Rock.
~ 565~



IV. Relationships between Hot Spring and Structural Geology .
Chapter 2. Hot Spring ., Geology and Structure in the Southern Miyagi
Province . .
1. Outlines of Hot Springs .
. Stratigraphy of the Neogene —Tertiary and Quaternary Sequences with
Their Basemental Rock .
I, Structural Geology of the Neogene —Tertiary and Quaternary Sequences .
IV. Relationships between Hot Spring and Structural Geology .
Chapter 3. Hot Spring . Geology and Struture in the Yamagata Basin and Its
Marginal Areas .
I. Outlines of Hot Springs .
II. Stratigraphy of the Neogene —Tertiary and Quaternary Sequences with
Their Basemental Rock .
1. Structural Geology in the Yamagata Basin and its Marginal Areas .
IV. Relationships between Hot Spring and Structural Geology .
Chapter 4. Hot Spring, Geology and Structure in the lizaka District , Fukushima
City .
I. Outlines of Hot Springs .
II. Stratigraphy of the Neogene —Tertiary and Quaternary Seqguences with
Their Basemental Rock .
II. Structural Geology on the Neogene —Tertiary and .Quaternary Sequences
with Their Basemental Rock.
IV, Relationships between Hot Spring and Structural Geology.
Chapter 5. Geochemistry on the Hydrothermal Sodlutions from Hot Spring.
I. Local Characteristics on Geochemistry of the Hydrothermal Solutions
from Hot Springs in the Studied Areas .
1. Classification of Hot Spring on the Basis of Geochemistry,
1. Relationships' between Geology and Chemistry on Hot Spring .
1. Geochemical Zonal Arrangement of Hot Spring .
2. Anion Index Application to Lateral Research of Geothermal Source .
Chapter 6. Consideration
1. Igneous Activity Related to the Depressional Lake Basin.
II. Igneous Activity Related to Hot Spring.
Conclusion .

References .

—566—



\)

amoX W oBF B OF

BRBHICBHT 2REROBERIICE O TR, #Ho, WE, WEESL L ORS EESLRITL,
ENENOERIICIH T 5 BRBLICBIGRT 5 HE BE 2 M L T 708, RO BHE
BEROESREL TBHT 2020 TCORENFTIHBR LA SR IN TR, ik (1959)
BLUREL (1968) [FEMIBRE « BT IR OB R I3 FHEIUC O BHER B oA 1 i3
LT3 &ML, Bkl B4 2 1700 0B REDOSLE0 2,/ 313H7E - i
miK L IS O B =404 & VHIAL O HER A1 L T AHUSICEH L T B, FET o
RAERERE L, BREBEHICBGR UILERO S 2 WEHBSZHFT 2 72900, F 722 OEEOFK
ICBE5 U /e RS E )2 g T4 5 7o o i LB IR _EEBI T B, | LE B LU02 0E8, =
SRR K RS TSRS Ic B W T, WHEHEEEITO, HEOREESXIU K —Ar
FRMEIC L Z T — 5 2k L, BEMLAERIO L, WEBERIT AT 700 F /0508 &k
& DI AT 5 fo DICRRIKDILES 21T - 72

AR OMER, BREH T 2 TiEOMRABE LN,

L RO 4 g 395 SR B0 5 BPULICE 2 ORI R A ICHER L85 11 oMk
WMFsHRES ST L TV 5. 2N 5 BHESOPH ISR OMESIC LD EL L TNW-S
EBLIUONNE-SSWEBILUNWW-S EE FHaoBSE#EE+Z0 05,

(1) 7&K @ 9 5 s L OB B A OB RIZ, EREEE « B R s &
FlBRIC, ZNENHEICOMRMEMBHERBINT » v 7 5 HEY GRIE) B L O F KL
BoNHES LEEBELSTHHAFEONW-S EHZVIEINE —-S W HaOWER» ML
TB T EPHER L7,

(2) B K e hi @ 3 5 (R Rc B » Tid, R - KEmER IR0z

BELOEO2 iR & U< 3EHE NW—S EAmoR / jilE, K& -BREs»scns
NHEH LT 5, b/ iR EEEHRBEBNEOSHBRBICRET 2 NEYD L/ LiE
WOBI LTV D, ZERER (RILHD BLOLERELR (B 3, et OmBHERIES fig
BOFEICIET ANE OFRWESL JUOERTE» S ZhEFnEd L, FH GEEITHD,
i (R mERE, ERICERET 2ERTLBICHEST S5 NW—S ESAOMEBO»SBEHLTH
5EELON D,

(3) BEWRMITICEY T, B HERRISEIEOMEERE L B ERR OOk, X0
In R B R RRR OB QRN EWIE, G5t OBEHEREINIBOAHIBEB S 5 0 I
HEHERE OB A T h 5 T OEXHBOSFHERIC Zh 2 NiEH LT3 T EABE L 72,

—b67~



N SR b g 4% BT OV E HERE S i KB N AR BB B I i 9 S TSI RS AN E ~ S
WHEOIESZR 2 S U, F iRt bl U < it i o MliE R R Y ;
FEONW—S EAHMDOMERLSHH L TWAEEZONBILE 5712,

(4) fREMERYGRA —H 1 it R O MIEHER B R EFE O miEEgic L@ L, 58 O#)
BrRoFks L CAELKLIEHESOEKKBEFZEL/IZNE —S W, NW—S E BLUPNWW-S
EE 3AHMOWERFEEL T b, RIKRRIIHT (NWWHD , A (NE%) 8LU0HE
NINWEED BrEO D ND, CNoOBBICHERODNLBARICHINL CHDLEHEZ N5,
Fio, FURBRIIFSEEL SESBICESMBEAYANE HEONFERE, SHEM L T 5 T &b
HRAL 720

PIE® 3R HIRER (EHR) 740 & BB HERE & R BRGROBRADH L T3

, ARRFFRHER D S BIEE LR ICBN T 2 IRR 2RO 85 ikt 5 170 @ o BEHA (B
RBHREST) GREEEMFSERBER—EOSHEAS U BEBAAISIEE O_ LT OWIE R & F
HLTWE T EWHEE LT, 98- T, Ba#EMBHEREE Mg EE S Lo ik s 3 iR
R S HRICERT A HETH S C LRI N B ICE - 1o,

2. BRKIZEANICERIER (B4 TER) OA RN, BHR (NaHCO3) DCHE, LU
ChpSADhE~T 5 ) EaR L, NaCl , CaS04 8L NagS0y ODREEREANLINS
B BIFIC X st B0 HEIE KL ic ARETORE 2R L1db,

TR LS T ik TR TR R O T4 < OREHTICE W T ABIE Al & U CB BUEEE
KU CRBDHRAMCH T 5 I2IBRMRORTHRIINBED 6N b, —F, HEEKLHIETH
RHWTE DFMICB 3 KU CRIBHIC L DR D BRI HEREF TH A L ENHL D ETE - o,

Flo, RERBBMREE CEINBRCEIKERD, FeWEd 2ERHIcED 32 BUHD
REEBAA V2541 % 75 o ET—HICBIANEDONE S, EEAEDGE, BXLAL
T EDVHBA L 7oo BE - TZNFNOHFET I B0 BHEAEET 2 C EHHERIN 5,

3. BRADTNAVH (K/Na) 8LUBRA4 v (S04 oaFi s IERM, S
B #S L OCREMIIRISICER T2 BRI T ORI T T 7= FiicBifd 5 L & 3,
R 2L, AR TE, EXUHE BN 2 RREETE K UHR R, KL i3
L, 2 Z D8N 7 =iE8icld 2 BREZIFENIERRE EEhEna&G L, ERESokiEE
OIEKILTERERE XA L 7,

4. ABIUBRBHOERKOHMTRELEA AV EOHBEMEGZEN ST =Y <1 VT I 2%

—568—



TRoOMEHRL, WEBHBEET =AY o 4 V5w 7 2 L OBGAERET L,

A, T =W x (ClCl+804)+ Wy X (ClL+8S0g/Cl +804 +HCO3 ) FEiE X LiHIE
F /i3,

; =W X (SO4/Cl +SO¢) + Wz X (Cl+S04,Cl +SO4+ HCO3 ) GE KL
A, T OB/ Th Zh OBEHEE OB EOFMIC R BB L mBRIcER L TEY, #
N, WO, RS OMEREICTRISN TR T &AL 2,

5. it RIOMEMEED S5, EIollnE, 2ENBELUCREFBIEFENFN T
Bl —BRICiEREBICE 2 8 A, T & U TRER A BRI BEEE 5O LR BEUKE 5 O ik
NHEVKBRHERE (ZhEnIRFE, ARINE, B PEIIREE) rElL b, Th
5D REHRHEREY S TR IO L LI LSS AWTE L, »o7 /Ny b BEERERT $17-
—BREUSEE DRI IS EEHE M S TR D35 4 A 75 & T & ORITB R DI & it kL RIS 5
ThHHTENHIA LI, /- TINSDOMBERBLEHROENETES (1969) KEBHALFT D
SEEY KILEEEREL ST EEZ 5N B,

Z Dot R IO BBHEE O BELWEE L B EKENBERBiIc 50 T, TRE
TN S DKBHRERYOBBIIIAEETIERZVINE, BERE IR0 AR IEEBRIKE
HOWAET 5 T L AREET 5 L2 NTHOBMBE S KILMHEEICHEYT2bDEEZL ONBIKE

07’:0

6. W77 MWD &b 4 BOHRBRESAD SN, 2 DR KERIEOIRD
FRZVEBIKEBPHEL TO 5, FEBOMBEIRT « @IIMEROBIFEZ 2 SN ARHTK
PR DMK« RIIC KO SN T b, —F, HRBROBELICBHRT 2%/ §ilE, £K
RS DK~ S KRR TR O, & 5 ICSIRIE R ORRITE (3 F L < S
DOHERERER RS L BETH 5, IR « KES LOHIKRRIMEXLEO KL S RE:
2 THE T &, KRR O KILETIC X 2 KIENE SR O PEEZ R T 2 &, HESR
DKPRERD O K WEBE CHOMRROBMEE L TERLTWEEEZ 5N 3,

—b69—



MY EEOMROEE

A EAC A oY, £, KE, 3R, EREENm, /NE, fik, EE
R, SRS EORFBMIBIC OV COFMMMEREOEICS D&, BROBH &KLk
b sk & OBIMRR U Z DB & LU Thaikatt L 7o WSSO RREEAZR L T %, kit ol
BRI I SRR IR O SRS I 0 ¢, NWRUNE R, Hfick > CRNNEKRUNW
WHRO SR 2 oM lsGt 1T A o0, O WNEICITEEERE»REL T 5,
Z D5 HIER L IR 3 2 I B OV it B o I8 R U 55 PHAC oD A 15 1 5 PR HE R P 4 A
DODNWHBHWENE REEHSEHL T0b. —HIEKLHE OBR, KEORRE %R
DML E R HIRON WRHTE» &, /7 IHRREEREEONE /g n 6B L, SR
BN, /NFE, SEEEDRR G F MBS AR OMEEMNE (NE /23 NWR) o
flEh, sSRBIER GIVEHREOSHBRAZICMEL, NE, NWKUN WWHRHEEWTE
b T 5, L bliiEHEREE IO IEHNEE < ES, BROF oKLE
B FEEMICEEL TERINEELSN5,

CTh S DRBEHMLFI I ET UL, Bt GREEERM o AR, HHR (NaHCOs%) O
CH, BRI 74 Y # ( NaCl , CaSOy4 KU Naz SO OESHR) ROB E LK,
EXLHE T ARSI E L, ZO/MILIKBERUCROEBRSEMRICEBIEIL T 5,
~ 5 IERE KL TR BHETBICR > TB KU CBIVRIRBEEINA R4 54, ABERRE
5N, UL, ERKD K Na BRYG SO BH ol i, EEXLIEORRTS
CORFE~ r~EG LR H B, $MTRE LA A4 v EOHBMGRL SRDIEA 4 v
TR DB EDHER R B BIR U 7o R e e LU, T B IE 03 bt PEHE 4 D M B i i 32
BEENTHBEEOIHMAEETV 5,

DL D IRARLTREILHGRHICHH L TOBEROKEAE, &< icHE B & bsenbt
BEODVTHLOVERLZROHLTEY, 2 oi@EENEL L TIFEEEZITE 5 K hBRE
EOMERAEFHEET HC EE2RLTV5B, & - TADBIER I O S B 0% H
XELTEBEBD S,

—570—



