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Historical background of geothermal
research in the Sengan area

By
Keiji KIMBARA* and Hirokazu HASE*
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gr=-1s ¥,

A7wv 2t OFERBCEILL, +v YA VETEHEERT ROMERENI L OREATORET —
276 BAO KB BT 2~ EES b, SR8 GREE), MR MaEER), el (Fe
fREEERE) O3 =T ACSEL, FEHMRBRFETEEOTFHRIBER T4, thboe7ard, &
JEENC O CRRBRS3ERE L b [KBEETHBRENREREEERAE) VWHPLBIET R L7
D7 4 —AFELTHENMIBINS Z bt » 7o, ABGEREIE RO RIS L €5 4 7
A=A FELT, OthE TERSNTELEB-BT — 210 & » TRSNREEWRE = 7 b7
Vv, Qo FAEN LESEEREECLEDLE L bh 2 BARM L ERMCER L, @0k
BEMARECI-THRIETA C bick b, #HREEEROHBREXT, @hb bt bitlET— 20
BEMERTLE L CHERIAEROF & = 71 OFBEETRS, LT5L0TH-1

2. PRA LI
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W&F, ST, KEENELRE OSBRI EEL, T, kel &t B, BotL, ABEiLD
ZLBREYETHAATLE—MORBMEAMH CHS, o THT CR(22 MWe), KiE(10
MWe), B A (G0 MWe) DMEGEEFIAEE LTV %132, BRI >LW T2 iTEs, FX
BOREDOENNZ W TIIBRED I HOREIETHFTHS.

BEERA D 7o dIic BEERE SRR (X AR 3 ER olES o 5 BEEL - AR
- KEE—FE)—F) T £ 708 180 km? DHI TH - T, 12T LS KB R AZE LT
%, o IR T A RS ER AR IR E AT R T oI (S - A V) DOFPREBE
ENREHIREY & HdbmSc g LT 5.
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Table 1 History of the geothermal exploration surveys sponsored by MITI in the Sengan geothermal area since FY 1974

i PEIE [1974]1975]1976(1977]1978/1979|1980|1981|1982(1983|1984|1985|1986
#HOE 4 {# %
FEFn| 49 | 50 | 51| 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61
s \ WE, B, EEHS,
IR AR A R OB f R, 80 m X 1194,
FoBE 5 1270 m X 1 &, 400 m X 1 A,
500 m X 3 4
_Mﬂjﬁ?} ] i, N, i,
& E B ‘
. ) | g, BB, W,
i BEE, Zee A
—/\mwjtg;{s 500 mx 3 &
BB RN T A . ) 500 14, 700 1
_/\'”&fﬁj”‘r’ L E I130)8 m?(: 14 "
o | | }
. 1 Fm | e, HEH, EE
Iy 3
H A T TR A - s
F57E SRR RS - l’iﬁ)”' } 1,000 m % 2 &
E —# % { 900m X 1 4, 1,500m % 1 &
FEG, M, B,
. 4oomx1$,gggm§1§,
- | 700 m X 1 7, -
SRR it AEE A bt & Lo
mx17, 1,350mx1 &,
1,500 m X 1 &
(GS)
e A (GS)
KEprthk  (GS) =
% +¥EH A (GS) [
H1TTOKEE - k3T (GS) ]
| |WWED (GS) I
v | L 2 (GS)
KILEEYE (GS)
& | (NEDO) -
B |ESEA (NEDO) M— |
| |ERHFE(NEDO)| ]
| [200 m % (NEDO) |- 200mx9 7, 250 mx67
117K 4 &
i3 - |
_ (400 m #% (NEDO) T v 400 m X 6 &
3| [800 m &% (NEDO) oo 800 m <1 &
2| 3E|1,500 m £ fpo gt 2,000mx 14, 1,700
# nEDO)| | 14| 3 A 24 mx 14, 1,500mx 4%
#|24(3,000 m #% ) | —
i (NEDO)| | | |
| = _'\’&%Do, || | SN-3~8-3f
o [FRE @3]
fbxwE  (GS)
BB ERE S (GS)
WH (GS) |ds—"
% m (GS) ‘
gl GS)
A st F e e e -
(NEDQ)

GS: Geological Survey of Japan
NEDO: New Energy Development Organization
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Table 2 Scientist’s participated in the ‘‘Research in the Sengan geothermal area’ in GS] (since April, 1980)

B % M R Chief of Geothermal Research Dept. Period
B 10 ¥ A |Junji Suvama Apr. 1980-Dec. 1980
N 2 | Toshiaki Sawa Dec. 1980-Nov. 1981
=2 & % |Kiyoshi Sumi Nov. 1981-May. 1983
i I Bt —|Keiichi YAMADA May. 1983-Jan. 1986
i o, BB|Katsuro Ocawa Jan. 1986-Present
IR F T2 3L | Project manager of Confirmation Study of the Effectiveness
W~ TE of Prospecting Techniques for Deep-seated Geothermal
Resources in GSJ
=] & % |Kiyoshi Sumi Apr. 1980-Mar. 1982
=) 3 iz — | Kenzo BABA Mar. 1982—Jun. 1982
A I B B Katsuro Ocawa Jun. 1982-Aug. 1982
k@  #£  F0|Hirokazu Hase Sept. 1982-Present
[l o 15 15T 78 | Group leader of the Sengan geothermal area in GSJ
A
4 B B Al Keiji KiMBaRA Apr. 1980-Present
[ il Hb B 15 B 98 | Investigators and the fisical year of research in the Sengan
Y R O WHESE R | geothermal area in GSJ
Fiscal Year
WFFEfE L Investigator
1980/1981(1982|1983|1984|1985|1986
IR B A B |Kikuo ABE Geochemistry & Technical Service | O | O | O | O | O | O | O
Dept.
e & % | Takashi HIRUKAWA Geothermal Research Dept. OOl OlO 0|0
B # A 5| Hisao ITO do. OO0 0
fi  F 1 i Tsuneo IsHIDO do. o100
#  Bf i k¥ Toshio KanNO Environmental Geology Dept. OO
% Hh i} % | Tsuneo KikucHr Geothermal Rescarch Dept. O OO0 0|0
& B Al Keiji KiMBara do. Olo|lO]O|O0 00O
B # 1L %{Masao Komazawa Geophysics Dept. (presently oo o
NEDO)
= i 1 | Kazuo KURODA Environmental Geelogy Dept. OO0 |10
(AN N & | Osamu MaTsuBavasHl | Geothermal Research Dept. Olo|O0O|O|0O |0 |0
ok # | Hiroshi MURAKAMI Geophysics Dept. OO0 |10
74 o ®| Yuji Nist Geothermal Research Dept. O
M f  BB|Tetsuro Nopa do. otojlo OO0
A I BE HE| Yasuo Qcawa Geophysics Dept. OO 0|0
KAHE K i | Taiji OkUBO Geothermal Research Dept. O
(retired in 1982)
KA & 3| Yasukuni Okuso Geophysics Dept. O
K fE % | Shigeo OKUMA do. OO |0
B B K 9| Tsugio Ozaxi Environmental Geology Dept. [ORNe!
(retired in 1982)
T 1 |Isao Sato Geophysics Dept. OO0 |0
B & | Hiroshi SHIGENO Geothermal Research Dept. [ORNOERONNOREONNONNS!
A M % B|Yoshiro Supa do. OO0 |0
¥ & E|Mitsuhiko SuciHara  |do. OO
2} & 55 Kiyoshi Sumi do. (pressntly Govern. Indust. OO0 10
Res. Inst., Tohoku)
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Table 2 (continued)

Fiscal Year
e Investigator T T
1980/1981|1982|1983 (1584|1985 1986

- 7% | Shigeru Suto Geothermal Research Dept. @0 | k|| ele
¥ B/ E  AlNaoto Takeno do. @) QHE D @
7 & & B3 |Masaaki TakaHasm | do. | O 1@
B 4 & BB|Shiro TAMANYU do. (presently. NEDO) OO 011 OO
& % ¥ |Hiroji Tsu Geophysics Dept. (@]
¥ 7 - | Fujio Uemura Geothermal Research Dept. Q@ '8l el

(presently Nittetsu Min. Consult.

Co., Ltd)
B B Fl  8.|Toshihiro UcHipa Geophysics Dept. Ol @ ("o ] )
F #H # =|Kozo Uto Geochemistry & Technical Service | 0 || 1O

mge | 1 |

* 108648 A 1 AYEE

foid TIUE SRS EEhi, (LA — A Y RICEHBEEI BE SA L TR D, FRBELE
BB S 2 FHAOE L REREERN THLEMMCEVEME B LTV, - X v
HOPRFCRO O ARENREEAILSTOUERERE LHEEST MR H Y, L0 L5 7E
BT FEEEC LK, B, BREE VG » ABEAERTHEEROILEORE & 7o b X 5 e KHE
FEmEE R ORFr I S h Tuk,

g~ — X v DAL LB T 5 HEMIE O E T E) BB - TEHT s HE=OHEEEE
CEBL ) eERE LT, BHit—E e B Ui AR EREE KHER Y ()N EEERIKE
Bl X - CTELSBEbh T\ 5 EHIES, 1981). HRodb@icixKmel, ARBF KL, F o
WKL, REBIEKIUAGH LTk b, FCKEBEIL RO B E K ILO R E)N, #4
#H, B oBLRBERIRELSMLT VS, L Ligh bRl s P s 7 5 AR B IR S8
CEHhTWA by, MFEHEMES L THhTheXn /B 2°0), 7 8(58°C), it/ H(41°0),
HmRGEIC)D 4 r i LEBSBHETADATSHS.

R - BE (1980) X ENIFIEO MR- & — VBV b AEICRRBBE O FRELRD, chn
FINEERKAEEOBHCBEE Lic M 7 ABMA Vv 7 5 OFEEEARS b Lo Z xR LA
F R BEELSEE L O ENBHERKEE P BE ORI R LT E0bTH-T, &
D TAOFHE =ZRITIIHBMAEPIFE SR TG ATV TSR, T LT X s7d V5 5B
S THS S FINBHEBRRKEEOBHE~ 7 <1k, Rz % 2Ma-1 Ma(EA - FfE, 1978) 1=
PHGLOD, HEAKRZ W SOBEMALER L LTH o T 5 (F#E, 1982) & EATFHIE
hie, ¥REEHREOKE, S, MR LA BRI LA T ofic ENEERKEH
OIEENZEIE L BukiEB OB LRSI EE L TR ThA 5 2 EAHEE IR (&FIEH, 1982).
FEHB N LT ERNT &L 5 B R =T L OREN IR EnD, FAETCIRLETILD
ENBEFBREKEEORBCENNEINDZ Lt~ T,

5. MREOAE, EHEHROHROES

51 HFRoONE

FTTBNI L 5L, WERER v > oA VETEHEERRO T, Efidks LTCOMERERN &
NEDO #'R—DHRET — <%z THFSEEL VRBELLLOTHE. MEOHESERI N F
TOREZBRF 1R TRY THD. FtELEY BB~ hE, NEDOIZER, EX  ER
BE(v 25 v~y oy~ MTE) G L0&BMEYIBER L, 200-800 m FyiFHHA (BITERE)

_5_



T2 081,500-3,000 m fEOHIFRHELXT 5 0L L, ThbOHE - B4 B U CETHAEREER K
OBEE L BB TS, —HEREN MY - MbEi R RAELY 58 T5 L L 412, NEDO DIt
- BEEFA L CoREE KERERR(ENRR), MACERE (LB, SOBHEIMity),
R U NEDO B O WBEE > — s OB S 4 E U CEEHAE T — 2 OB ENFEIT 2TV, (sl
DEMHHF R R OBk R 7 4 OBEXTS.

5.2 BFgeoEREH

WEFAEFH CIEAT v 2 = 7 P #RT 5 D IEROCERMBIC O\ TEh Th Bty 7 74 —
TR R, (ISR TIRE 2 FCRT L5 CHERE, HEEETOMEE LRI E TIE
NERFROWFELSE L CE . ¥7c NEDO L FBEAHER NG L &L 5 fodic, BRISSFEIOAD
NEDO Ry, AFERVCRBSHITACED RS Z LTl » o 2FEHRERRERE (2 e
v AT HMEREN O v 2 2 2 Mk TEMEAEREARERCET2MRDEHL T LTk
S BRETCHERE»SRRUT 6 fOWEENREI LS Z Lici >, R NEDO
CERRE S hi THhBEERNSHRIIRAESTAS | CHEBEMOWRERS EVEFERLLCEMLA. M
% THIEFEFT & NEDO & 0 I h EEMLHEH IEENL, BRIS6F 2 A EEERLOTIRRES L
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SR 5 E, STEE 8E, S8EEIC 2 @, FisEOMEMLE - WESRNERS, E - EEER
L, BEMERVFR S DIFERS 1B S h, HERBHED L Shit

FAFISOER I A » T NEDO DE B LMAMKO RE L2 Thh, TOERIRETCOERARAR-T
MEHAEEEE S| ROTO THMAMKE LT BEFAER S| VEEI L. £ LTEERZC VT
BEFLTED LR TS T&EMBEREEHEE] LLbicnRlE, a0 1BRHEME LTH
EEHIhLZ Linieote. FRUBOKRIERE >V TOMERER & NEDO BOEENLERE
Py > o 1 VENEHEEAL, NEDO, MEMEMMECH 1 AEHNCHEIh 2 ZZBERBHES
CREWTHRINDZ ENEL T,

5.3 BIROEB

BEFI55—565E B T dote » THIEFRER Tithisi & s b 2 MBS, MWPRE, TES, KR
th, LEHA, KB KXEOHME - MENLHERELXYERL, 2BFOEBCBDL. —J
NEDO (1FBFIS6EEIZ A » Th LA HAE YR L, Bk (FREELE), BEEE(v 27 v~
ALy —), BREEMT B kX oMEYBRESER L. £ CBR6—57FED 2 FEChz
5> THFEF LT E\T, MBEFEEE LIES L LT, $roBEFR~ /7~ 8L LTRBSH
FBEFEREEY NS LT, 2O s 5 mEEE+IRET 5 B CBMENE > TV,
200 m & X 154, 400 m & x2 &, FHU7AOBFHEREN/EH i, CoRPICEWT, =T
A FEEIE ST R 5 2 T fo TR IR A L R LR o B B R A Y SR o o INEEHL S h
oD T, FBFIS64E11—123 1225 T NEDO £ £ FEM& TitEo BRI A frbhie. Lo Lich
LSRN OIS T EROBWRBRENER I N D Z Lidish oz

HEFEF CLABRIS6ERE & h R NAIEA B L LT, NEDO @ 200 m S H4FIH L TKE
WEARENRB) 2T L Ebic, BASTEE»LRIALEF L VELRDK, v A, HHEHABO
ML EY B E LCHESEY TMEERB) L LTRE L, TOo0RMHFE LG
— R OFITEOMBY T Z bicik-Te. 205 bkREEH S LFERBEGBRSOEE E C 2B K
KBSy H—2FB L EBRKC 2V T—BOREMNERALEY B 2 LN TELDT, HRI60FEE
X b NEDO K BifiBE I hilE M Ik, Foidl v Boh s EloE, E, #ROES
¥t b NEDO DF O & W5ET 2 CIETIS6 R L b Blls S huie.
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HE - o BEOREROCRET — 2 OB ¥R LEBERTEBiT L., 2o—RELTE
TF— 2 DF L - e TG s\ CIBFIS8EE BT E DR L Efi I h

—77 NEDO Tixz e ¥ TORBEMENE ORERLY T CABRM B SO o, BR57T—
58FFEITp31 T 1,500 m X 3 HL(SN-2, 3, 4) & 2,000 m X 1 HL(SN—1), Et 4 HroREEFMEMSEIA, SN-2
MTit~) 274 —&FETARELCT 722 LoRBAERT AL v dhin. 2hiC X
D, ThE Te OHINGRE Ioh - KA O T BWEOEENZHCHMBEIND Z Litik -
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TORER, Thi CCHEY#STCEeTFBE/HBISES SO T, MBEROMAEL
BEETH X597, BREABLL LB TE LV ENRECHDL L), BoMEE 7L cBIE
ML DLEN AU TER. T LT LA E TORIMIOILMOKEEEL - AT KLUEPLE
FTHHFKIEESMtEA L D EFHED BN L - TEETH A LORH I I DI 5T E
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DX SR X D EIROHIBICIET—60EEITIL Y 2 T v Yy — i, MTHEOER - Bl
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m X 1 H(SN-6K), 1,700 m X 1 b, (SN-5) D& S S 2 FK B BE 1L K IL 0 B R OVHLAHE I B THREI 2 h
fo. —HHEFRERTC BT L IBRS—60FE I RKEBEL - ARBEAKILZ L E L ks TR
DB TKILBRFEROEELE Y AoV TOMENHEEXTT - -
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% fo b BEFIS9E 12 A 14 B O 168EIBT R R R S it T [HIBEE AT S HGT A E IS Fsir
LIREHE) LS BERE T DOFEBHIC OWTPRINERORE X T - . ok, TOBBEEF LT
AR (36%, 65, p.367-374, 1985) BN Z LTV 5D TERBEhiv, ¥ - IEFI60EE KT E
D—EH 10550 1 iEMEHEERRORHEEE ] &5 B THERAER X 0 HRShe

REFI61 5 B vk Al B IR o1 B EE R A A BT o FE4 & LT 3,000 m i DEAAH: 1 FLOREIA
BEELKLOAAEEINICHE T NEDO KL W ERIhHZ LT/t TRD, THICXHHTHE
iz 1T % BRI 2R Shiud, Q2FEBICEOEY - BriBLFEIhTHLE. Zokd
EAREOBREHRER C OFRLHinithidebicd, FOBER TRBELELE S PN
BBHEEZD. L Licris, BEECTHHERAE LD TFESh TOLHAEOREI T TRET L
Twbord, SHTFEINTOS 3,000 m DEHBHAEHICL > T hE T Boh CHERR ALK
FTHEVWHIKRT v 7 ORI REVLTYL, ZORHRCHEFRERN 2 2 h T ilE B T e
TELEBEAEFRRORE Y —F LD LTHREZBOH TCARTHRRIE VLD LEL TV 5.
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Summary of the researches in the Sengan
geothermal area, northeast Japan

By

Keiji KIMBARA™ and Hirokazu HASE™

Abstract: The Sengan geothermal area, which is located in the Hachimantai volcanic region on
the border between Akita and Iwate Prefectures, is one of the largest-scale active geothermal fields in
Japan. Three geothermal power plants, Matsukawa (22 MWe), Onuma (10 MWe) and Kakkonda
(50 MWe), are under operation and other power stations are planned in this area.

The research in the Sengan area was started in 1980 for the confirmation of eflectiveness of surface
prospecting techniques through drillings and modelling of deep-seated geothermal system. This
research is a cooperated project between the Geological Survey of Japan (GS]) and the New Energy
Development Organization (NEDO) under the ‘Sunshine Project’” promoted by the Ministry of In-
ternational Trade and Industry (MITI). GSJ shared geological, geochemical surveys and integrated
data analysis, and NEDO shared geophysical exploration, well drillings and analysis of the data. In
1987, as the final stage of the research, a 3-km deep well will be drilled on the northern flank of
Akita-yake-yama volcano.

The researches of geology, geochemistry, hydrogeology and geophysics including geothermics in
the Sengan area are summarized in this paper together with the summaries of the study on techni-

ques for geothermal exploration and data analysis.

1. ¥ z M ZF

MEENSETRICE 720 TAET A (IS thBdhl (B 1 K, KK 1) icksuC, BFISEE L H B
BE it THIEER RSB RA | (R TS DR Aihir 2 B n B 4, BBRI6242 123,000
mEHHEE o RFEORKE AT — okl MEMER TR L F - BEHRIERH
(NEDO) & /et o Tio, M s 0o h g Tic B, B Ly, HERpHEEo &S
B do o B AT - EWBRAER L T &, AMEIC L - THS R R IRET LI & H 25 X
S THMCENLR T2 D TH LY, LEF AECHNKIUEEROF e Lo ow TOMRLFENE
Lich DD, ABEEBCIBETL LN TERL-RLONETHLE., ZhHBIC DV TLK R #IEY
B L > THBRBEZINSETETHS.

AHFEEC L - TESRCPFRERRE BTS2 5 1 = F A B O KR HH Lo ks
SHNREOMBEIR A DHRNHED T ETHFET S L L b, HEOME TOEER LRI
e hboEBhhs, LT o2 TR RS T B SUERCE A B RS, thidEss, fr
RS, KBS O MBOFERCHTCHMBT 2 L b, AFEECR - CHERER»FERE L
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Fig. 1 Distribution map of known geothermal areas for hydrothermal convection system in
Japan (simplified after SUMI and TAKASHIMA, 1980)

BT & 7 — 2 BT FEOTIRICOV T LR S = 2ot 5.
2. 1 H W &

s #ug o IS e B i > T, TCIRAREORRED 1 2L LTRWI O L 9 710755 D 11
X (IE B sh B KRE 740 — 7, 1985) HEREN L H AR I TV 50T, FRlic LT
FhaBRB LT Eew. UFEhDBECHB LcBEECARE BB TV HNE S
Iz TSI O B RS OB DTN D 2 LT

2.1 EEH=R
g sth Bt R 2 IR, B o =R SEP—RAR), plEREEc EoE
R EE LM LTS (ER, 1987, 3XEB). L2 LeAbE 2 KichRmT L5, Mk
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D Quaternary sediments and Pliocene-Quaternary volcanic rocks
Miocene-Pliocene sediments

Miocene volcanic rocks (‘‘Green Tuff’)

Upper Lower Cretaceous-Paleogene sediments

Pre-Miocene granitic rocks (mostly Cretaceous)

Pre-late Cretaceous ultramafic rocks

Triassic-middle Lower Cretaceous sediments (shallow sea facies; including Cretaceous valcanic rocks)
% Upper Mesozoic sediments {pre-late Early Cretaccous)

Dm] Uppermost Paleozoic-middle Mesozoic sediments {(North Kitakami Belt)

m Carboniferous-Permian sediments (North Kitakami Belt)

g Silurian-Permian scdiments (South Kitakami Belt)

@ High-pressure metamorphic rocks

/ Major anticlinal axis
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/ Major fault or tectonic line
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Fig. 2 Compiled geologic map of Northeast Japan (TANAKA, 1977)
Enclosed area shows the compiled area for the geological map of Sengan Geothermal Area
(Research group for the geological map of Sengan Geothermal Area, 1985)



MUK P BT =R — A OB - KIS E B CEREBHIBE L TR T, ¥ h
FTOHRHEC L - ThEREECRT LI LA S/ STV o, ZHC 2V CRIRED
Lo AHEE OB A .

AL A A DB RS X (B, 1964) 12 X, Aleg sl 3 b3mak B8 & il E# A58 L ¢ Nw-
SE F AN 7k 5 MR S (Rt B RS ) O JLIEIE R 4 U < ipdbi#fdb B i@ L <5 (B 2
REMR) . RO B8RS4 2 HENABR L L QL E T IUTER AR O §E T L 0 iREl S
M-I B EH AZE-1 OIEE 2,200 m DIFCEEB Y (HIE, 1987b) 2%, % 7oHEAVISHEL & LCER M)
R TCERGER B EE, 19870 M ER IR TV AHEBETHE. ARETCIHWFRAEL LT, Ch
F T 1,500 m FRITHAEL 6 H1(2,000 m X 1, 1,700 mx 1, 1,500 mX 4 $T) NEDO i X 0 ¥l X b o3
b SRR RO A R I L EE LT ey B o TR BRI o M T i RTE T A e SiC AR
RO OfSE & A1 SO BEYIHEN OB R A oL E 5 5.

B XSRS ROE 2R H RS &, (PEBUREEHRERE T TR AR —Z8K 0 R
ﬁ,@%,+v~ribkék%kﬁ%kﬁ&%ﬁa%iokaﬁﬁéﬁm A H LT NW-SE J5[8]
WCHEDN A SR IRIRE (EXE, 1987) OdLPUE R IANCAIE LT b, Z oAtk EEHSRE,» H LT OF
FEAER IR TS LD (B, 1983), EHIBICRTET 258 | fROBSERTH D = LirEE 7
W I A X0 EBEEA WS - o X o iR G L mﬂﬁﬁﬁ%%t<iﬁﬁ;&ﬁﬁio
TECTCLMBRANTRE & L oA B EO R Ll s L-OhAERE B2 S ER SRS, [
7ol X oh, (a0 L TR s B N-S TNl < FE 4 5 gk o #l (B H#) o
FHEES B LORER £ TE L5 2 EAENEE GEIE, 198D X hfEESh (R, =
L Bl 5 Lo W AT HESE Lo ERA IR TV 5

2.2 HE =%

KUK OF R =R RO Z OBEFREF o0 TE ER 1987 ARl -~ Ty AL ZAud LAudflis
MU B = R AR SRR M I 0 B s TILS SR ESS | (Z AU iR E DR ERE L —
FHLTOH)MCHRZRAECHER L T A BN T 5. HIEZRITMLOBEE L KEAE
L0 s ANBUERAR, BROERSEROCKBERHL 02 CGF (L, Fh, FifcEsShT
W), WAR, NEFATE - ENE, sHELY, pEtittogmEs s Tu . Bk o &
5&ﬂ”ﬁﬁ%ﬁﬁ%m%m19mb IUERTHIE & L < XHMIE O RN X » TS HR 2 Tils
7S | AR L STk b, SIS A O F B o B 3IE C o BREIRIIC B L
T, ABEFE - SRl s CHE BT S Lo B EW A - TV 5 2 E 2 b b (bt
ORI HIER I DERIEEA T - T b 2 b, 2 oMEEH | BE—EIOR o Mo — KRRy 7z g
ISTEOTCER Lz EEL R T5 (EF, 1987).

2.3 HE U &K

FVURIC A » T D AE S i m e BEL U, AR O BNEE) X H B BItR 3 2 WMats, 71
A, RIE OB A9 Ly KR EI B TR C » fo. Z o BERT (RO LTI
A FH M) o KIIEB R OVKILE I D\ TR AT (19872) RROVERE - L (1987 i Fl X h Ty
By, FEIRHNC F 2 EAI30077 4F LU A MU TR BB S IR KNG & DR S hte, Zhibo
KUGEBNC X » Ch7eb SN REDOKIUEHOBER, MEd Saclbricd o LREThH-
70 Lo L2 B AT Al L CHIB Lo B« O BRI S EOMBRERICERTH L A0 KEH D
LEZLNLOT, FERSNAEFCOLELSLL > THRTA.

(1) AR I TR S IS S L, 2 ofEHr - St & o o iGEREI (R4 - A, 1978)205
HENEE) & OB GRAE A o0 C & 7o AHEER M KPEHER I, S h E CoMBGEE B L TiThh
THEMAE T ENEERKEE L LT 53 CE o (EfkEs, 1981). Lo L b AREIC S,
TIRATE 2,000 m ¥ TOBHIYIN /e SRS, M@ - B8 (1980) 2 55 L RIS o



Al THEEL & fufe SN B TR HET 1,700 m F TR ERKEE L BUOBEER EB A HEE L
TBZ EHVHB Lc, & - k(19851 2 h b 3 —iE L CE/IIBRERIKEE LT, “hiEJH
BT aMER#EELY TEN» A 55| SEH L. hBENGERREEOEE N EREHE L
KEWID, 7—7r—RERDL OMREBEEOFELTRANS 2 L TE - (BEEs, 1987).

ZRE(19872) 1k = 0 L 5 e EINEZBBEK S EOFM BT T, ThaEENBEERIKES & XS
BB A 2 3h, WEOBBCEEL T 1 7280 THEIN» A7 T ] pMUEEF O, %
fe b OTEBNCEIE LTIl y L 5 5 (23 0dbdBEEEILKIGEE Tl S hicd o L~
EEHENBEEKECOVCTEAIAT SHERDOAL LR bR TV ewad, & LT 5 s8R
BArBIHERTLE »cb o &3hil, HFRINEFKERIKE & FINEERIKE L O ORRBRLIERY >
feb O EEIN TS (AR, 1987a). BRI S S CKBRHEBEDOBEA L 0 B FENEEEKELYT
fZX o RB, RA, R1, R2, R3D 5 ==, b (FBEHEE 100km® Ll E)ic X5 L, BEEE D K-Ar FRH
ERERIL, FECLAEER)OWEELASS L DD, RA1.9Ma, R221Ma DENREERE L TV 3
(EWE, 1987b). FIRCERE (1987 X ENBHEBKE %Y R4(2Ma), D(1 Ma) D 220D = = b (FEIEH
B 180 km?) KR4 L, E#EEA2(1981) 23 % L e KIBEFKRKEEOBR (P L b/ FIIRKE,
BARZRE, AEZALARE, BAE, KERE, BERFRBO 6 Bicfioll) Lixs i cila
T@E?ﬁi&@%ﬁot.&%UT¢%TM%ﬁ@ﬁﬂ%ﬁwétbmwﬁ%mi6E£Mﬁ%ﬁm
B DT, —EHOKRBERY KB T EHEREE LS et 5.

(2) AL E BRI SES AR 0 B L 5 LTRIUEEOFIKILEESA L
Twb, ZhbOKIUBBREREL Y BEREENGHERKEEXE S, FILVHROMMYm L IhTE
fo. Lo LA LAREIL X » TR - SRR 2 IhIER, ZhbofHkUER
EEN B BECEE (2 Ma—t Ma) & BRI, Fh i 0 HVEROLONELEFEELTVDZ &
B & s iC 7t - T ¥ 72 (TAMANYU and LANPHERE, 1983 ; B, 1984 ; 1985).

HEE - [ IEFIKILESED > 5, 7V o v R EEMHCET 52, 1 Ma X hH LV
BB EY, FoBIURERL L2 DRioMEINCE T 50, 1 Ma L b i\ CIERY 2 a7
WmEEHL, MESFKLUEES Ao MIC, FoBE R TTAEAOSH B = & i
LTWv5. FALUD S 3 e~ S 2 REBENoEMM s CENRFBR LB L Ts
D, & 0ol PR AEE—FL IR IL— s L 3 e S AR R S S s A S O R E N R E
fe>TWv 5.

3. H B OE &

A TR ATELED T, ChETCREOEBHBREAE Y=Y = 7 Mic X > THRE 2,000 m BE
FCOH(EE 400m L EAMIAR, 5% 1,000m L EAUE6AR) AABRIER B & £ 45,000 m B 2 h, &
NEOHHI OV THRBEES AN ERCME IR TE L. TOBERAMR TOMTRES McT5
EHRE RN L,

bk (1987) 1 X, lE s ss13 3 IR AY (BN B B (1 SN-1 BT TR B A7z 150 mW/m?
(3.6 HFU) THh 5. = OEILEBIHMEIZHE L TABIREL, 74V 205 Ay — FHK (100 mW/m?)
DISETH B, IAREONEMBREE,F SRR L LT, BfaigtR o Ficiio Xz
WOERENTET S SR IERL T A, FAlE - [1U(1987) $90°CLLEDRR - R LHIER
B OMWBMBEER OB LT LEH LU KILEE R - Cu B b Tidiew 2 SicFH L, i
DT EIICILBFE300F FELERECE S ¥ TORCERE 2> DER I KUEBE2 L b LE X
= = PEEONFEL, ThhbEESh B ENIEISROMBER N L CTEERFREHY R LTS
LOEHEFELT A, ZHBEELUTMNNZ 98713, (iEE it MTEREC I Y= 7~
HES B AHEM O B 5 30-100 Q-m OEHIKTE 2 EE 20-30 km W EHT S H TR b, FRiciligE .0
B\ IR TR L OED Skm BE ¥ TRECE - TV ARXEA LTV 5.
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bz koo, (S H fo i) 2 7R e BRI 3 = D i oo M FEESRIcRET A B Kie < 7
<REEHTH-T, ZhrZ OO TEREXLEMNCESD TOaH 2 L0 ifFEh s, Lo Lichb
HERE 2,000 m BEE & Colh FIRESH S BAR O Tk, SN-1 SR S iz ENNERSEIR S8 0
WOz FEE L€, SN-5, 6K ZMRHI S 7o BEl, AR F7c & 0B KIS S it oo Ji A4 B A BT
Bh, BEOFELBFELA RO LUCEIEBE KIS L0 Licw 7<) ThHDH 2 LitkED
SEA L S ICBL B,

P KIS SIS, Fh7 e VIS AT SR N B ERCE S it F LT
WAHI Ehm LI, ERBEA D, EEEATIRNE O % AR b HEEE A 0 5 o F IS AT
LUCRFROEWTH D, om0 b HAILGE OBE - L CoOFHEARRETH L. miiiEt® T
BEEHFCERT M X O SRAEET L 2 205, AiEs (19870 13 EEAFIH L Cid
N ISR A 1T - Fo. & OFS R AR AL OER 590 km? 2 RS A X O MiFE82(H o 5 1542 % 11 7] & A
DA PE - T D 2 R RV L, BEEEMNESTETAEY ML, BEECARTHD
CEAER U, F Ao S RSB LT AIE A (1987b) 13RO L o+ h B E b o RE Y o 1O HEAR
MIBOOFETH 722 ELBME LTV 5.

P - M U987 AR & » THE LS RoEE 2 Mois Uiz, ZoRIIE iz
OEMZERFER, QELFEH, OHAEEER EMERLH5)0 3 24 TOBEIL ~ v F HRDHH
hz, © QRUCHOHEHMEITINGEEEIERICL L L F 5 RREREEEERC, SN TR
IO PR RO A L FOBOEREF IRIE (ZHE(1987b) 12 X % 5E 80| HNBHER ) HE B (44 (1987)
BB ETED 5 & OBEA 1.5-1.0Ma & B - TV 3) & TORBE TS —dnBiERhic L 540
THAHH EWE LTS, ok KAE - AREU9BT)ILERHE T — 2 OB 2T -7 & 2 A, AliE g
A B TR ERIEE AR e TR D, THILSNSICHOA L L 5 HBE=Fbho B A EEROE
HZRFOEREROFENomnd Litle w2 E 2 Gl LT 5. @O FINHEVE E ER (235 2 ol
BTl BCEBEL, AT KIURTICOBERH LR TE D, AKFREER G BT 5 8058
DFEWTH S, £I-POHNE, FEH s E AR S &5 Qo SALIEH AL i T on R —#ER R
BT 5RO L O THLRREE O Z EER I LTV 5.

4. B¢ W B &

3.OMEMEE DIETlid A 7z £ o, SRR TS O M BGTIE S IRET S R, T OB
A B CIMR T A 2 S AVIERIC e 5 T E Ao L Lie B ABE R A BRIl X ¢ 5 709
ik, FO XS M ERENT, Hl2E200°CHF T L 0 B AT LT B E 90y, Buiiiah
ERRIEENTEET 50 & 0 R R L i o, il o, & LHIBT S EBF o chy
IR Toledr iy, 2 BUREA T AT TRE oMl S A BVE B E i A B Th 5.

— B ENE L AR O L O E DO RS A e VIR 7 5 2 ) BIOREBE L
2R TR D, FOBMEREER L RERRRPERED 1 Dt > T b, B Tl E DS ER
W EBEEICET AMUOTEABRIL Z L n, MBS BRT LR ZE - L8
M TE D, COEWTEHIER TR ST B, 1987).

MV RO BB EIRETEE S E S RS E L TV 5 L Ebh T4, KA T NEDO 7 L
AR B R L TR O S - MR (MT) A S AT % v 2 T v v v —
HIEEAD 2 EETH S, NEDO M5O MT EEEERA 7 — & & #EAEHT L7z MiNEs (198712 L hug, R
B <~ o 7RO ARSI RS ENRE-CH TRES AL X CRMLTV 52 4, 10
Q- m LR O RE 2L - ABEE, BI7c IR h AHERE L IRHIELTuWA T b s
AR AL, 0 Q SOn HURPUE S AT RS R Ty, BELL - ABEE, R, R S EMEE S B
TGRS CURE 1-2.5 km PLURICH B I 5 10-20 Q-m Bl FOE I HE BT S h T
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—HHEEA U8 IE > = T vy —ERIEET — 5 O 2 RICHNT AT - T B2, Bl - A
1 b o0 i ek (TEdmHE 747 O I DSBS LAY LT 2) i SIS B b i Tk b, 20
FRE LTEBLEELDT VD, Z0LSMTEE Y 27 v <1y —EOBEFERLIEE
IR B —Fa R LT b, EINEE, B, KB, 42, BLRRic o ET o800 -
AR R SR O ER BRI EC I T 2 BRI E 2 ST 5. s 2 oMl
DVCTIRHAEMSP)EFHEL IR TR ), Bk EFCRRT A LB 25 h 5 BHE e IE %% E)
b E OFRIOHE & A B O R F B X TS B - BRI, 1987). Ziuckr LTE
RS EEIRCE DR BT A/ IR IR E MT i, o 29 v~ oy — L I & v 32100
Q-m DL EOSHIEMA S L Tl 0, < &L EE 5 km BRIE ¥ -CoB & Co BT RES O 1711 A
BEMEDEL - LR e h .

MWERCHH L D ELRDER, B0k, # A30HIH T O BT E (S B3 2 BN 7o iF L2
WELTCDAREMELH D DT, TOMICFNNE T CEETH LS. KH - FIH(1987) (2 ildT iR
L OB HNAHIBODIRR - BUKBEHC U TBR LR & n 2, AMibliciko 4 5 1 7 OBOKES
DT HETAREEL TS, QAR SRR EEROFLE R X 40 % M Co g
AR, @rhiRAUK BLECROTEAEAE 2 BB Mk (B s @ IR A R OVE 88 = 345 A el |
@Bk D B/CLE A <, BEEL O S 58 S R0 ip i HER S A & CRVOK R0 FE A AR & 5 s (78
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Plate I Landsat/Radar compdsite image data of northern part of Northeast Japan (Courtesy

+, 1985) OHEE

of NEDO)
Enclosed arca shows the compiled area for the geological map of Sengan Geothermal

Area (Research group for the geological map of Sengan Geothermal Area, 1985)
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Plate 11 The central area of the geological map of Sengan geothermal area (Research group

for the geological map of Sengan Geothermal Area, 1985)
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Geological structure and geotectonic history
of the Sengan geothermal area

By

Fujio UEMURA*

Abstract: The Sengan geothermal area is located in the backbone range of the geotectonic divi-
sions proposed in the Green Tuff region of the Northeast Honsyu and in the north of the Nasu
Volcanic Range. In the area, the Neogene formations and the Quaternary volcanic rocks are widely
distributed on the pre-Tertiary basement rocks. Many hot springs and fumaroles are associated with
active volcanoes such as the Yakeyama, Iwate and Akita-Komagatake Volcanoes. The Matsukawa,
Kakkonda and Onuma geothermal power plants are situated in the neighbourhoods.

These geothermal manifestations are devided into three groups as follows:

1. Hot springs and fumaroles which are distributed in the Quaternary volcanic rocks in-
cluding the Tamagawa Welded Tuffs.—The Gozaisho, Appi, Toshichi, Matsukawa and Amihari
hot springs etc.

2. Hot springs which are distributed or deposited in the Sakamoto Formation and the others
correlated to the Onnagawa Formation in the Oga district.—The Hatonoyu, Hebinoyu, Takinoyu
and Kunimi hot springs and the exploration wells at Matsukawa and Kakkonda.

3. Hot springs and furaroles which are distributed or deposited in the Hanawa Graven Struc-
ture characterised by a large low gravity zone trending N-S direction—The Toroko, Zenikawa,
Sumikawa, Goshogake and Fukeyu hot springs and the Onuma exploration wells.

These facts show that geothermal fluids have been stored in the Quarternary volcanic rocks in-
cluding the Tamagawa Welded Tuffs underlain by the impermeable beds of the Neogene formation
which have been widely altered into argillaceous rocks, and geothermal fluids have been also stored
in the alternation of mudstone and tuff in the Sakamoto Formation and open fractures in the
Neogene rocks under the Hanawa low gravity zone.

It is important that radial and concentric structures are located under the Quarternary
volcanoes such as Yakeyama and high temperature geothermal fluids are likely to ascend through

these structures.
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‘sapyoad TeotSopoeny ¢ -Sig
EEGER K%

RN HENE

(#2VE2aT)
HETINNRRL m
==

(] =4 £ W - Zq0) g 7
R i W

TEF

HIEUH=EY 0 O ST A KA

v v v i

%% ¥ O [ 92 My
7 -
TESIEIE SN N7/ GBI R ¢ 4 [eres

- B Y S g S% 7

Y
V v
“““ i pe=re

W3 g



Hrbich, TEESEA 2 o B b A S0ls - e, chbeouw T FolEs
BHos, EROFHFCERBCED T 5.

4)  EEPMCEREORIR - A, 1956) K UHH L4

AEE, PRSI DR B, TBAFHE RPN DR LK Sk oML Twh. ZOMETILE
KBRS - BIKE DR, TWACE S X E A, BEELRok iy &

AR (AR & BT AR AT A HE & LT, S oMikodt, LA S LT A THILER
BROHLE L, BoisEfmcsfi L CuamARB S 2, TUREIHRE - 7+ — b do
A ST EIKE RS L BERINEOBEE RO KBEE B h, AU TCRIE E 71 51 » OFSE
Mbioh, WHEKE  BKABEOEBROEKE L b - W - BIKED IR LET. BB,
IRFEOD R OEEHE R A E LT 5, FolRIUB, FTHREZRE - S LT h b o ki
B, EHTES - BIKE  BELALRS TS,

5)  BURRE (R - dekd, 1953) ROHH XSS

WARR L, FAEEZMOV, BRI Z PG DML T 5. o2 ClaAEr, BEIHAE
DEE—WEORS CBUBRKE,BR Y, TREOEE L KEXHA TS, BED L
Cyclamina 7¢ EDOHFFLER GH2, OB G bR Z Ly, RECHST 28 & L, R
R s iUE B &R ERE, AR ALK OSIRRE2 H 5. R B ARG & s
R D, BT A P RUEDO KPR B, BHEEEORE L ZREDESYIEA T
B, FRENEREFOERTHLEBINCG M LT SRR, BIK OO HERE & IR vkl
HFEC, KR AAST)IIECEEO FiE LTw5.

6) NEFHIE - LEEE P - dek, 1953) RO 4E

NEFRIBIFEANOZRADEFTTIR T, M —PRodad e U, BREKCE - B - BHCHEB
Hh e, Patinopecten 75 & 0 BALH, Linthia 75 & O 7 = b, Diaphus 75 & O BFELE 2 Rffo - T
L. FRUEEB R U LRI T T S BIREWS L b hRs, RB SR, B
FEBIKEW, B S E L0 sh. KBS Macoma 75 & O HALT &, Metasequoia 7 &, K3
(1962) = L MM > = — 7B+ L ARSI cE b a2 2ET 5. BEAIPFEOWL
EMEEKEEOMEE, WE, RENDID, Anadaa i & O BALR Y &1, - 2 TR /DNER
BifE & & TR & A TV 5.

B A S 3 238 & Uiy, AR ics it 2 KIRB2H 5. ZomEr, fa- HFEEo
BOBK S BB SORETLRGLDEN D> T 5. KBS, Anadara 1o K O HALH &
Ammonoia Te. & OIBEAILBICA A BMA2 - T 5.

7) EHEBUR - A, 1958) KUY E

RE AN ERARAMNEO GBS THM LTV A, Tabls - BE - v P EROEREK
BBl 0, Tsuga, Fagus 7o SR O E L HET 2 (EH, 1963). /A ZHBHELEE LT
i, ZoMEoILE, AU T st s A OHESSH S, ARBXTH»HEE BEoAL VER
&, BEEBKEDICE » T\ 5. REH S Fagus Ie Y EEB U ElEELET S (KO,
1969) .

8) BRI L H TSGR EE HH)

BAREIN By, WWERBO B EE LB — T A 1 b D KRS EERSRIKCA TR LT
WA FBRANOE, THARE SHTHL DRI ORECR UEH LB EIRKE RS bR
B, B RGECR NFIENBE S 7 & 8 LT, B EE LT T R I i AR KL ) &
I BN BRI EE O e G b TR (EEE, 198, LaLihbd s, EMokAH
DIHE E T A 1 L OBEREEK S L EER & K-Ar RO 7 4 v > 5 v b 7y 2EREIT O
BAREF, KREE EFHOIEEORE S LR L, 123 Ma, BlBEFEE: - LMo Hic
B ENMEE T o o (B, 1985). —IF 5 FOBE LT HMAUS DEEKEL, TAoO%H
=R & OBIR, Pl BRSSO TR OITENE - ORISR ORG-S EKBEEr Rboh



e b, FIFE=EREYRTRAECHDIEORER L&D, K-Aric X 5592 Ma OFRMER L
T, TEFRIC L 550 % b OB A TR (A, 1985). 10550 1| iUhiBeER T, =
NOEBEOHBATHLIBRERKEECERBIBELOTBTHHE / BRKERE LC, (LEHABX

h-Efzk e,

F DHERE1987) 1%, EMNOFNGBBEIERHC W THEBH R HED, B EHOT 11 b IBREEEK
B (D) L FAEBERIKED > b EFONV (TK, 5\ 1k RO X ENGHBRIKEHCHEEE L, Mis
BHEKEDTH® 5 5 I - (TK-TK; $ %\ 1 R1-R3) # 18 / BEK EE O BREEIKE & e HE
NEBRHEKER &4 L.

ERANBRERANERCRUEBEEBD EicER-Tvwb, L LEINLEHEFDOTHRTH S/
B Ecx, BB L Y TRORKEHYLEORIER O LI BRI OME Th 5 EE/IGERKER
AV EEER - TR Y, REHRIKARCNEFE S ILBRBCAY TS LOREThTV5
AR B B

HEIGHEKEEL, SHAETHE  SEALEDHEDKE VW REDHMEBERZROBRKE L,
BOBKERHATHS, itk YiREREDREEF ¥ EA TV 5. 2ICELVAEERA®ZT T
Wb,

WENBRE RS LT 2B i a T & LT, EEERROBE— WMEcER LT3
FEBIRE (7 WA ERKERB) 1 b 5. FFEIRBRABLATRTFM 41 t HELEOBBERIKE
TH5. ¥l OMIROIHORIUMFTIC ST 5 KRILFRH S (BREEIKE) & 7B HE O RS ES
ik, K-Ar &R E LTHNRFNS51Ma, 4.5Ma OENBL R TV (IEMBMEREE 7L — 7,
1985). ZhbH EENBBRKERCED R L O Lo,

2.3 F 1R

ki, dos OB E, EINGEEEFCEE, FHKUEE, KUK, BEERMROHER /L
& hHR%.

1) db s SONE GaE - R, 1964) RUHHM4RE

AR odb, dbs NoHHR O EFICRLRE L L Tw%,. RB TEHIRKE RS &
bbb, FHTBAEEOBIK SN bt TV A, BEDOKINCILT I+ & REREELENZEDS
h, RS Rohs.

Jes UNBHYE & LT AR 0FUINRER I 5+ 5 5HE, BUEEOHERIIIBYRESS.
IHBRFECREEOBABRKED Lt - T\ 5.

2) FEINGEEGEFEE G - B, 1964)

EF - B4 (1964) (2 RTRE O H E) BRI EHCHY T2 b0 &5 T, F fotefkiEs (1981) (1BIH
HE R NERLE) &/FEIDRKE G5 B EREICEECEY) et chiZhEll
BREBAE LA TGS, L, 2oRETr, b/ XWE X b EEoREBORE—T 1 1
FEREEK A BER L TR IARSRKCEE LWL,

B, ENOZRANFEIFHEC a3 5130, FOBEOKRE, MRBIATE s &Py s s
b QB S LT 5.

AEFOTHIBEOHMY & FURSE OBEHRKE, TR EMIAEEOBRELTRA EE TR
FAFA N OBEFEREKE (BAB LHER TV b ThEhic > Tvb, IWEhEMERRSE 7~ -
719851 2 b D 5 bIACEFEEKA(TV)IX TSI, T, I, Vod==, b, FT44
A MVEEBRKETL 2=, PESTTGS. L LEDOBRERE18DIE, chbDdh, (VEAEXEHE
EFF Ty, QERBEMEFESWTHOBRH CLBHERART, 3)K-ArF£A2 1-2 Ma &R
ToERREE LT, FA 9 FERERRE L TAEEREKED S b=, F V(RY) 2 EJBRES
REBEE L, Coflidd BEBERIKE DLt

TRHDEBIcOT, TR h LAV, BB BEAETOAITER T A 4 b, BER

31



EEANEEERTERRETHS.

3) BIRILEE

FEHIL, BIRR AREHNYSURINOF - LRI oML Tk, BREEIUSORES & KR
Enbich, 2ECBEOROMEENED NS Z EAERTHS. ChbRBRAI0ITERE
NEB%&E->T\5.

TAMANYU e al. (1983)1T LiuE, AEED K-Ar ERI31.62 Ma K U1.36 Ma ThH h, ZDERLHE
FHBR TV B ENNBERKEEOEN, 2-1Ma LB3IFRUTHS. AULL 5 CHEBEOBAZRE
ik, PARR ERARROEOKLE LS i+ 5 KMABERIEE L, BRBOBHEOBRMERT 5HT
BREAERIENSS.

4) ARFFRE (EEEs, 1981)

ABRENO LHEFZTRTHAARPFROTHMCHM LTS, L0 CHEERSHME SN-5, 6K 5L
ED LR GMHMLT 5.

AKBIHEENBBBRKAEEYTESCE Y, BUXKLUOEHEpCER TS, AEBIIIKEOIRRSE, K
—fERAOBKEWE, BENE L D) EEECE-

BEKILUEE CER SN 2200m EHESF H- 140270 5 5, EE163.25-193.10m I 5MH LT 5
ABOWELIRENSLEOTERANFER I NI (LA, 1983). Ziuc T hidAB L, FERBE
FoAuhE L2 S BAB AT T (#1.5-1.0 Ma) L 12T AR EHEE IR T 5. BE ENBEE
REESPHRNZLER - BEFRABRHE RIS,

5) FHAKILEE

Z OB IS - BFIL - BRI ERILMEE BB LKL S L. CABIBAE(AD
ABVBERIBEOES - KBET, REETHS. #ECASEFENGEEREHEL vH LV 3R
TR, BB - BFIU - AR Bis & O KIWEHH KR T, K-Ar £ 1-2Ma TH B
ZERHD, FLEE LB, ENEERFEE L AR E RSh 2 BB KIS EOBR
BRAEFHCL > TELR TV AEENRMAL2 D, BERBRTHLZEXRLNnEk-T. L LEE
BN E FCE b piel, =L TV 5,

6) KUK - KILEE - BRHERED &

FHFE KW - AEF KR EoUECRIA < KUK - KILERE - BIEERDEV DR LT3, Th
BIZ DWW B4 (1983) 23 b L HRE LT 5.

7) BEMRY - WERE

ORI OR, JtEINHREC A MREESFEEL TS, ARV ICPRER FED 6
hERERYSH LTS,

2.4 X M

ZOMBOFE=ZRROEEROMER T -7 (B 15). IFwbB7X 5, = Ok
Whilto Tk D, FEZBCL ) SFLWBEANVFER IR 5. 10550 BB ER T, RE
fEFICEIL » TEFHEEOER LT, ChbyKARBEFOERERF N L. ifLoo
WETRIZOREED > B, hOHIBICT G IBOBF KT 5ol

ok, XFWHIBAI L 5 i E B IR B RRE 7 L — 7 (1985) 10 X % E) | 8K EEO 5
b, MAEBERRRKET-TE, RUB BRIKERBE & Lo ENBRBRKEEL LT—ELE
FonENEHRKESELYBRENIBOWE L Ly, Eodifs +0ZHTh /Mo FTHRT
ik, HABERAURERBYEERE > TV 5. KEBEKEEO THIERBIIE L b FTioEFmE
IR L AR EAAO TR D B .



3. 8 B W &

TOMIROE, bR TiiFEd TR oBER, EE-ARRAE, Ch X b ERAdE R
W - HAR L TEREEN, AR Y v TR ISR, B ERE L TEREEY RS L
THESROKIUEHEMBAFRFRG LTS, F oL ECIRIPEKIECET 2 KA &
S SR O KIUMASM LT\ B, OB OMEREYE 3 Rcigd 5.
BHloblthod - HAERE, BREBIC L - CLi#E s B HEy S hEfBcgsr o sht
Wb,

B 7Y v a T, X XrHEERC R TR BT 4 K, RE=RomE LTRSS
BEASFHL TV, HFE=ZFR0OILETHOANELHEMEL, chboEREHS FicEx Yy, Ml
ORISR LTV A, = OO SO R B8RS & S IUEEAR S S LT w5
A, CREDOTMEERCER LTV AHESRE, T/ EFTE - LEmEL &R B o
HERThHD, FBEAEOKEC L > CHERERCE LI Lk l, Ry EBEEr S
LTWw3 4Rl ENC, HILABCEC2FAE=ZROGREEL —H LT3 LMWL T
. ZORBERMEERES(F LR NABPERESE) LREh TR ), RENENSH2LRTL (5
B ZEE, 1987), POTRABTCHENTEENRER L t- 5. Z0ZREEO ML KT
EAE 2RO BB SRS AT I R D . C OB EAERM e X - TEIER o KIUEED
T B O SAAED bR TV AR E —FK LT h, a7 2REE L s

o odt, BRI O BRI & EHE O& WA T TIHIE 34 km, JLx KEaE T
B I AOTERZMAFEEL T AhA. COZMIENOEREEFC—HL TR ), A THEM
FORB & 2 bh 5 REFBHREY T HHEGHERD Y E <, TERBESEIIER S RihTvw5. &
DMK TR EHMOER THHAVEECBER T R s hiswa, BENDERFEEFIIO B
HEN - BRI AFETCKERD R E T TWA, ZOKENEBLEHEENEETFLES. 16
BTrRE O BRI, JEERA T TN RETE EMER TV A% B OB T, ¥l iEmE L
MEh D EEBOMMB CEhThROR TV 5.

AHUKOFE 76, ARMOTCHILFAOBKENRELROIRS. JOREIL, BOXKE—HTEL
CROENWASEIEHMOEENREHOER E O WERNIES L Eh, B TRERE ST
LEMBARLhE. FREHEHOFRAMIFA UL EARAOBRECEENRE R D LI, KA
BERENR TS, CORBEEORER, FAMBLFERIENBCL - TREROR T3

El o EE & %O TH 2 KERD ST O FHUR /0 TERBIIIRE & & FNBFHREKER
BOZED Lo WEEEIKEENLL SR LT5, Z 0@IKEER, DETL b KRG AEEFRLE
THREWBELHDTELS BETHEELOR, COBEL “FNHA7 77 (&K - #ask, 1985) &
Eh Tk, TOBRIEREI ES, TOBE, POBTREIML00m CETHEREEIFE
L, The#d CHMEEOEEY RSB EHRIKES S LTS Z DB LM & fr - 7o (FE
1987). L LZOZRESEOFLTH D RKRFMAZ, ENSALLRLLARLI hGENEEY
RLTWwA, Ch3ZOMNEOBERKEFTEEHCL VEEBEDEREE > TV5Z L0,
BRMESNVCABRS L 5, TROFBEZFORESLKVEEVBERERE2ZT T, BEEDS
BB ->TWbBI &, FhERcEEfftEmeEloREtr#fEINRTVWAZ L ENEERENORERD L
Ladidslbm,

Byt o ki, BFEW, FHEY HiE 0 X5 B E, KEE, NEELLEO X5 B
Kiit, WFRLFOFROEBE ECSTHLT -5, By, 1LE-W iR, ZEE—HEL, KBE—5
FIE KT (TE - FAR, (1959) (2515 K EBEIL & ABETR KL% Iz TARRE KILBEoIs), %
fotkE A E UL BFI & A TWS). 2.N-S JiE, ABFE—KER KL, 3.NW-SE HH, WEE—
KEAZAIUZ, SKHEE Yy H—RELKLT, ETHS. ZhbokilED D kI Thi &

33 —



BEIREBELI-HLTEY, LEABE—KER, AREE—EFILURVEAE RIZFLUOE kLT
THEETHD. FRABFE—REEKLTNECAL Y, NP RERO B, WMEER—XKAZTALTIC
SEGCERBIISEZNO LR T, ShboKIUFIcEs - THXLEEOEEROBEE B L Ty
B B, BRANE, WWEABLEDBHPBNCERT £ TafiLTu5).

VIR D K USRI E K IUFIRTRL LT\ 2 2 sk, “hbad, E-W, N-S, NW-SE 7+ L &
A DFROBEER—EINE, BRZ0RACB- TR IRZ &, FRKkUFIcE - CTEENREN
Fooh, KEEOERERSEI AL TV5Z &3, KIEENTH - T2 h b OBEHRICE » Tl
DEFRI Bt TR LTS,

FEHREOSEARKILL EORB KLO WL, B KUEXREORROBEVRD bR S 8K,
1972). = OMIRTIEF KL - AL KILUOIUBCERROWE L HicENEECELLELONS.
Fhok OBz h AT F 05 BT » THERKOMBARD bR 5. EFKUTIE, 21T FET
EAOHRIC, RIUEOERVGEEL TR, 0 1 2REYHERCECEREEAEET S Lo
BEEE LB TS, &bl BIRSHEDORICE, Ml EEBEILKILOUR, BEFRA:EE
BEREPHINFDOND., F I 2oFAE—MRILALFIOMAC, chiBEADOFRICHKR - L
T BE R KO LR CEBSHARE LTV 5 GIE - bR, 1964). FKHEEBELALTIE, #ER
## SN-5 R U SN-6K DFERBRBEOAR CHABRFRENEG-C LD BRT WA, ZhbER
RO RS L, XEF0KUERCRE s il oREIC L - T URMER A L - TER Lo T
H55.

4. (ER - HR - BVEEH

F4RBR - HIOMBELRL TV, ThoosMixRs L, ‘
1] SRR D K LI R SRR S & 15) 033 fi LTV 5 & ol LEoiR 5 - S —
TR - L - BE - 111 - 83 - BRI - WHR - Bl L

2) FHE=R05H, WAR RERBLSIBHLUBABEH L TV-50, TOEBEORR - BS5—
W - B AR B BRK Y,

3)  TEEwA M O R TR & 2o g OMEROEENAFBORSR - BME—tr = - §
IR I RE: Ve -

HEEEHO S B, B - BIRENERENR G, #T1000m fHE0)BHLE G, LBERE) D
RBE EBREOLIBM S, ¥RABREL, 3)OEREFRSEOECEENEETH D, HhHD
BUHEZROMERS L KEHOLLLALERThESERHBE LTV 3. ST ZhbOKEER
BT3B,

Fo KILEBZ, TURER HPERCE RBRELE . S0 L@ BKABEL KL O ILEE TS L
IoHEIF SN-5, 6K FHFHIC R T EF oAU O R ILEFRED, BESERB R TWT
RLBLVCEREEYTRL T2 bW b THS (F=5 1 ¥ — BEBTREH, 19862, b). =
DORAEAIHTROBBECIBEL T B EFE2BRL, —IF5 THOHENEBERKSECRLER -
EEHECERR S, ToR ERIBILc L3R S ORBRB E - T B, oMl oS
ODMOM TR, FIESRFEOBIEYZTHLE LT, KHMTRE, ok RATEL - T
HERBRID., ZDI LLEIE SN-5, 6K ZHiH s\ €, FKABEILEHEY E & ENRERIEEED
TR BT A RRPRBOBBHEESDH, ThLEREAEYR LTS E0108 5082 5.
VBT ERE EERE, COBRKEBIIOMT AL, WiBLEcRohEShAsBUTERLTE
oKUK A, KBS L - TR TERIRCERBAS.

WARB EENBHYEORER, —RCRKOBEAEEL, “hitB o hBELTHBCED
E BRI E OHBE T A OEE Y. ZOMIKOFE, IHEBEOMEIERTCE, EARBSE <
BHLT5. 2O CRIBE L BKEDOERTA LI KFERLH T ANBH LTS, &

— 34



- W
LR D HE — [0
Sy R
EISES
HIRE £
& MBI
B UR% )

NEMYEEEY — L
Nig MY Mg g
SIYITIEEY, — Hr + 5 Mk
NETMY METY —ME 2
g MY M¥klE — B3k
IE MY TENY — 42\
s S (T
LEE(FEYNHUY ©
LEFCETTE @
LEECENHY) ©
TRVEZET, ©
FENEBLHZT O

[

BN BEEE ||

{mdg

WY - o H

&= oW

FyMEY

EE¥EY

‘dewr [eanpnng  § Sy

REHEY Ky




DEEHD R TEHABORE L BKEOEE T KORFBCH LT 2130, ZhblTRPEKD
BEELTLBEL T2 E29 5. ool o Z RS (g 7 RS 1, CoRictT
KOFERENT TR h, BREEOPOTCHET 2 TR, BMREREEI M %@ U Tkl
AT EDHREZTROONTCEREEORU»LEHRL TV EELbNS.
TERETORMEROBENRFTEIL, KBHBAREFNLPLICES OMBREFRCEEALD
5. ChoORHERZI AL, 2o TRLLT L ARFRESHHAUEEIEL i\ (5-Rizd,
1973). At = O O EE NEFEHETER AT ORI 63 L b BRI S i i i f Cidfoe,
FH(1985) 1k, ZOfMIRERKEEC L Y RREACELIEN Y, I oMBEEC L HMBEREE LR
HTEH, BKFBBRFEZLEFOENBOS EGORMCH B, L LTWA. EHIL, L&
OTEERERF I N-S FROBER TH Y, FULOFE, FINERBEKEFHD S L7 A 1  GRsE
R (BN OHERE (1.0 Ma) AR E-W HREIOERETIC L b F LB L. L L oo
OEENREH T, FIE=RCEREEIMBECHEICR - THrARD, £ 0fRAER IR,
ZORERBTOBEIINE LI 1o, LT LLEREALY, BERLh 3 BENEI/IER S
727 EEZTGS, BEAShAESCHBREL, ToROMREEERFOBELLICL»T, &R
DHTRNER DO KILT A LELOHBEZT TR I EEbh5E. L LIOEENRETOE
Brrow Tk, EHA8)NLbHLBELTED, T Tikli~iw.

5. iBGRERES & X OB

FPEC kG URR - BR /s & OMBEIEY, RARBL CHEOMBABIE LTV 52, FERD KL
FEEROTEHEENREH L CVEEOBECH > THM LTV Z 20Tk, &< iC 2 OHiR
IR FEET D ARBEE IE~— X)) &, AP EDGHRT5RLHOMTRD LR E/NE
il - IWBARCBERELEORRICREET 5/ MEO RS (ILE v 7 2R », MkokmEic
BOTHLTBZ EVRHLML LT,

—IF 5 HBERE DAL, FEROEBBERNGE LTS L i, WABNLANEF TOMBRK
REEOEHPEE, HEBE LToFEE MbhTuwb, oz, 55, S6EERITHREO—RE
LTERLACHEERRERO o0 ERE T, AEOFHE=F7B<BEHE LTV ABEAED
11,0005 0 1 DA — b=y 7 EREMOERERMEER L. TOEE, CoMBoRE=R1AEEH L
BERRTHHEILHROBHCHBICR > CEB I LCBENEZELIELL VB L3 - .
AU L5 @i, FKILEEeFBERKEENE < 2T 5 hoilic T AT TH D
BEOFR - v I7ERIC L > CLME5 2 AR S, HEEERN (3 X)X, K-V v /&R0,
BT MR S OREREA N TR L (s MR ES  BEfr 2:1 &L, EEIOBESX
TW5). HEL, WhWRENERY BCEREEOS M LIIFIGET, FlE ci~NokE
NREIREEN 5 AT % BN EROKRFEMAEOFEIHIL, BREEKEOEBRERC L 2EEELRY
YERELELTEEL, BEMLERT-k.

COMHERTRS &, ANBREROE » HEG L AFILEFEYESBOFERMTE, FHILOM,
FTUMAEOERRIE, AXNBRAPEI LAAE—Y v 7ILE 0B LTV, Bt DEROIEEBH
BRI COANBOMBEAM - TOoBELFTBECHABRL TV A L3N THS. 20 TITHHBHME
BE LT 5 B BB C EERGR L IR O RS (B 2 (SRR £ KIWEENCR ST, HE=
SRR DWW T FDTRIC 2\ TR S (5 ). 7ok, SRERSELFOEXBF THVH
ROV HHBEY AV, #RFERES, SERCBFRILE - FRiz»(1982)1c ks [BEROME7
IS

1) PRI (24-16.5 Ma) = OB, EFEZLOFEERD LITH LG KIER B F - B TH
5. o T, bR oRBBE STV 5 ER—A AR OB E LY KILES) & itk
BED, KXE - £FEAEL S ECEEHORIUEORE L KFFEV R L. RLECHERLOI

— 36



ISR 7, y il
’7+++ Gty / Illl /‘
// Wtprprit? A%”???OA

555 BRSSO FoE A R T RS HRER.  OLEKE 3 Kok O

Fig. 5 Schematic profiles showing geotectonic evolution (simbols as in Fig. 3).
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Geological structure of the central part of the
Sengan geothermal area, northeast Japan

By

Shigeru SUTO™

Abstract: Geological study was carried out on the core samples from 37 wells, whose depths are
from 200 m to 2000 m (Table 1), drilled in the central part of the Sengan geothermal area in nor-
theast Japan (Fig. 1)

The rocks in these wells were divided into following 16 formations or units; New Volcanic
Rocks, Pre-Yakeyama Lake Deposit, Dacite Welded Tuff in the Tamagawa Welded Tuffs, andesite
pyroclastic rocks, conglomerate, Kantonosawa Formation, Rhyolite Welded Tuff 2 (R2) and A
(RA) in the Old-Tamagawa Welded Tuffs, crystal rich felsic tuffs in unknown age, intrusive rocks,
Yamatsuda Formation, Koshitomaezawa Formation, Ryukawa Formation, Kunimitoge Formation,
Aniai Formation and Obonai Formation. The last six formations are considered to be of Miocene
age. No Pre-Tertiary basement rocks was found from these wells.

The rhyolite welded tuffs which include about 30 to 70% crystals (Fig. 4) are distributed in a
limited area of about 10 krn X 10 km in the studied area. The deepest base of these tufl units were not
found even from bottom of the deepest well (SN-1), deeper than 1400 m below sea level, so the total
thickness of the welded tuff units which include Rhyolite Welded Tuff 4 in the Tamagawa Welded
Tuffs exceeds 2700 m. Each unit of the welded tufl from wells have the same features as including
large amount of large quartz and plagioclase crystals with little change in lithofacies in downward
direction. But they are roughly divided into two units by slight difference of the size of the crystals
and paleomagnetic data (Fig. 5). Megablocks of few tens of meters in diameter are included in some
of the tuff units, but no lithic fragment rich layer was found from base of each tuff units.

Miocene sediments, mainly composed of siltstone and tuff, exposed around the distribution area
of tuff units mentioned above, and they stratigraphically underlie those tuff units at about 970 m
(SN-4), 430 m (SN-6K), and 320 m (SN-2) below sea level, respectively. The correlation be-
tween the Miocene sediments from wells and those from surrounding area is so difficult that struc-
tural feature of the basin, which is thought to be a caldera, is not clear.

Another basin structure was found under the distribution area of the volcanic products of Akita-
Yakeyama volcano (Fig. 8). The diameter of the basin is about 7 km and the basin was filled with
talus breccia, andesite pyroclastic rocks and soft sediments of sand, silt and tuff. This basin was also
considered to be a caldera, but no genetical relation between the giant volcanic activity and the for-
mation of the caldera was found.

The presence of the north-south trending fault is expected at the eastern margin of the upheaval
zone situated at the eastern mountaineous area in the studied field. Dacite Welded Tuff which

erupted about 1 Ma ago, is cut by this fault.

* AR

* Geothermal Research Department
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Name ! Location Depth (m) Organization

51~-HM-1 I IR HETE R 502 HPREER
51-HM-2 | ERMETE B 702 v
51-HM-3 FH RGBT B3R 805 ”
51-500-27 MmERTEL 274 ”
52-500-43 FRETHEE 397 Z
53-KW-1 L HEIRMETR 2 5 602 ”
NSSHT-1 | RRETZ B 802 "
NSSHT-2 | BBHEL 1201 "
N55HT-3 | RREAEE 1500 "
N5SHT-4 [ OBRRHII 1351 "
N55HT-5 AR TRl 508 g ”
N55HT-6 REAERER 1003 ”
N55HT-8 MR 404 ”
N55HT-9 BREFBR 1002 4

H- 1 FHRIRT /N Fo 250 F= o F — B EBRE
H- 2 FH IR /) 250 ”

H- 3 FR R 250 ' "
Hy2 RTS8 R 250 1 ”
H- 5 BHRMIETE SR 201 i P
H- 6 HIRBIET % 2 LR 250 v
H-7 FHRIIETE 2 SLR 201 ”
H-8 HIREET R 2 LR 201 ”
H-9 FRHRBIRT 5 7 LR 201 ”
H-10 HEHREIRTAE 15 251 ”
H-11 FH IR IET AR IR 201 ”
H-12 HIREHET KR IR 200 v
H-13 H RGHHT AR IR 200 ”
H-14 5 BTl e o oS 201 ”
H-15 FHIRQBHET /| Fsi8 250 ”
fife R AT P 3 ' 401 7
H-17 FH RGBT /N 404 »
SN-1 H RS /o 2002 ”
SN-2 HIIRBIBT AR IR 1501 4
SN-3 R RHET 7+ R 1505 »
SN—4 HH R85~ SR 1501 ”
SN-3 BEAT 7R 1701 ”
SN-6K HH IR BIET AR IR 1501 ”
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Fig. 1 Localities of wells in the central part of the Sengan geothermal field.
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Fig. 2 Geologic map of the central part of the Sengan geothermal field. Cross sections are shown

in Fig. 7.
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346401 m : BKAE. BIKE—RFEYEL, £2-3cm O L 25h B &1,

401-422 m : v b WEARE. BR—KAAE21L, v s - BE, BEREREEOEB R
bk,

422-430 m : BERKAEE. BIIBIKERY L b EM LD, BEREIRK10cm THS.

430-597m: VA +E - BREEE. BBRED L FEEPMBOBIKECTERL LS. K
BEHEROBKEFCIE3am BEDO LS E5hBANEENS,

597-710m : BERNEXF VL 1 - BIKELRE. B-R2RKEO Vv MEEELL, TH E
DRI EOM—IRBIERB @R b h b, EEZLIELEE 633-635m, 669-672 m KU Z OWH D
M E# BRSO FEER 5. BR—BRACEBEL TR, v bEE0BERMTORKELH
T,

710-838 m : ¥ L M EXPUAEERIUE. Kgt—MHEaoAERIUE®L L L, RAGADO YL Mg
wABMES . ZEELINETERE 710-723 m, 728-770 m, 782-789 m, 795-799 m % {F 804-838 m 1ZZ8& >
h, WFhLFEEHC X D REROBES B TR,

838-947m : ¥/ ME. KE—REBEO VL rEEEL L, PEBOTERUEROWE X,

947-963 m : ZHLIE. BREABL, TEL TV AHE8E RS 2Tty

963-1,182m: > v ME - WEER. K—KABO YA PELE1an BEOBYVESTUWEOHE
Phich. WHIBEBKETHAEZ 0%, 2BCFHLTHEE /- T\5.

1,182-1,223 m : 4. IKBEOEECHNBE» LI, v M EEdD.

1,223-1,265 m : ZFHRILE. KE—MEHELZEL, ZHL V5 D8RR OEEZBE Ck .

1,265-1,358 m : v FEXHUWE. K—KEEOFEGBHELLILY, REGAO L FEL .

1,358-1,409 m : >/ b, BREBOEE LV L P ELLIRD, THRCEERIUERUVDENZED L
ha.
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1,409-1,505 m : ZEZIE. BRK—KELET 5. ZELTEBECHH, ABROBELHR TR
Ve BT THRARE 2mm ORRER20-306 G0 BRI ks, MROBRERSRDLK, ik
BEEHC L HEEMEELLRS.

SN-4
30~340 m : SW AT ABEERKE. BROFEL, BEHBTREGKE LK -Tw5, BAF I
ESem UTFOZ EBHEVABADLDIEZX 13em, KEHEDR L 6ecm U ETHD. BEER L L
TR 329-340 m THRAR 35cm O &L 7 Fa MR EBICSTn3snE, R1-2cn 0FEHK
B EHPEEGLOATHS. HARESom UTFTORERUHMELGAYELL, VEOEE LI~7 4

v 7R ST, HEPCIBERELY30-40% Th S

340-356 m : ZEEWES. SHGMMCEBRHBRIKEDNHE L, MEOWRWE L B, FEL T
B bR LR T\ S, KPR RHERES) D 2 IKHERES) & Bt 5.

356-820m : LRI MMM EBEHEIKE. RBK—IKEAEXEL, B12m OB, F a5, RE
EHURAE 7o TR2om BE T TOL00EL, PEETNA. HFE 506508 m Bici, B
BEAERDLRICVERENRD SR BEH, ZHTEROWREELD S, BRI RAR 10 mm
DAEERUOHEEILE D, EEPCHN40-50%FEh 5. EE60-820m iz Fh L b Lo o
ERNRTHGEOR RN E L, BELATR.

820-1,025 m : HHMBMAEBERKE. K—RBKEXEL, —FZEc i A itoTw5b.
BHIRAEZ Sem, KFEABOE6cm M ET, Bz, BHMIECRKAR 8 mm ORERUH
EaxLIch, HEPTHI0%EETND. BRFEESBIm FE2HE{mH, 987993 m R
1,013-1,025 m BITASIc % S h D, BEIL A MY, B, SHESEKERVKEEOB S Vi
WIEBEBRIKEIETHD., REOERBERKEIEZEH1Imb Y, L {288htetrtrn 3525, 7l
T

1,025-1,120 m : HHBHMABERKE. K—HKEYE2T%. HAEFECRAR 10mm ORER
OREA2 LD, EEPTHI0-40%FT s, FBE 1,111-1,120 m Bicii > 2 bE, BIKERO%E
WA EDERASERED LG, £h kb B TRER A,

1,120-1,300 m : P AMACEBERIKE. KAA—RRKEEXET 5. BATFCHEKE 10mm O
BERUBREL D, KEFHTHO0%EETR5S.

1,300-1,450 m : HH RS BEEKE. REA—BHEEYETS. HARXFCHEKXE 10mm OFH
ERUOFMEG» DD, REDTHMOXE TN D, HE 1,346-1,387 m KO 1,420-1,427 m (3 EHE
IE»S S, ZhLoRILEDOE EOBRIKEIL, BERPNBEL WL L7, BIWEOLET
DEIKEDOBEHITKE .

1,450-1,501 m : BELUE. BEKEYEL, FHEL TV o RORETHEThou.

SN-5
48.5-97.0m : 7 m , 7L L RIEEE. K—h#Bf,
97.0-100.5m : ~ » ¥ 7 IREIIEEE. KE®N,
100.5-102.5m : 7 & o 7L L-LILERE. KEA,
102.5-107.5m : = » > 7 RIEGS. KEA.
107.5-109.5m : 7 = , 7L LARIIEERS. KEA.

109.5-113.0 m : < » ¥ 7 | IHEE. KEA,

113.0-128.7m : 7' v o, Z{L LRIERE. BEHRO7 VY v 2 - Bbh 3. KBE
128.7-154.4m : < , v 7 R LIIEEE. BA.

154.4-161.3m: 7' r oy Z{L LICKUERE. BERO 7V vr—HLBbh 5. HEa
161.3-196.8 m : < » ¥ VI WIEES. KEBA., FE 162-169 m iz A H.



196.8-202.5m :
Py v EIERE. KERE.

CEIEERTO 7 Y v h - ReE.
211.7-238.0m :
238.0-250.6 m :
250.6-288.1m :
288.1-289.2 m :
289.2-316.5 m :

202.5-205.0 m
205.0-211.7 m

ERPPREL.

316.5-370.3 m :
370.3-374.0m :
374.0-380.0m :
380.0-499.2 m :
499.2-502.7 m :
502.7-600.3 m :
600.3-604.0 m :
604.0-703.0m :
703.0-713.0m :
713.0-728.0 m :
CWEEIKE. BRIKE.
731.8-734.9m :
734.9-758.9 m :
758.9-767.5m :
767.5-794.7 m :
CRIUBREIRE. B, TRHEAREIEL, W ThbLRBIENDES.
828.7-1,125m :

728.0-731.8 m

794.7-828.7 m

TIEEEHRO 2V v — . FEE.

= v RRIEREG. REA.

ZINEBEERD 7V v —#. KE—HKEH.

<~y Y7 RRIEEE. REBE. UREHORE/HESY S

EEWRYHE.

T, 7L LERINEES. FRARLKEAHEL/IAVEAL TRHLR, HEOR

<y v 7 RRIEEE. KRS,
7m oy 2L RIEEE. KEA,
<y Y7 RRINEES. KEAYEL, I<EELTVS.

Z T o

VLM - WEERE. BERSEEE.

A T

WEEIKE, BIFRERS 2 FHRRBEL TS,
Jva7,

WHEERRE., BKE, BEI FEEL, 1020°EA LTV 5,
WHEI S, BIKE. BOR &,

LR R,

WHEERKE. KE. FEORHLL OV BELY &

BIKE., KEXEL, AELEUOMASEERR &2 &,

TEZIE. BELTV A oABROEE I Thuy, BREYET 5.

BERZILE. BRK—RKERE L OHY R, ABRUESEL SR THD

EEPLIhEA, BEIE L GCOHBTER . BESOm T CRRABCLRE L VANSEEDL
B, 1,000 m £ TiR40-70 MHA LB OMRA % < Rbh b, 1,050 m fHI AR Tl EE
NELL, BRI ->Cn5.

1,125-1,183 m
1,183-1,479 m :

TERRE. fKEYRT5. Lo TERZUE L OBRITWEE TR
BRITERPIREE. TSR TR, AEIMLOEMTHTKE L, FERE

BRIy, BIR—ERKRELYET 5. BE 1,251,272 m BcIBERKE*ET2EEHLE
HWREENEDHR A, 1,504-1,311 m B BB L TRE Rl CTERMBENEE N 5.
1,479-1,700.5 m : MR —HRITERPIRSE. RKEREYET S, EMOER LRSS LEHITH

SN-6K

32.5-64.1m: < » ¥ 7 KINERE. KEBEXEL, BE9-62mEIrLIEHTHS.

64.1-67.8 m : RRHEREY). WIKEEL, —HMRB L Tk HfI10MHEV- TV 3.

67.8-127.8m : < o v Y REIEEE. FESTm ¥ THE—F FEOELEL, Thi v PR
TH5H., B10em LTOREHES Y &,

127.8-136 m : < » > 7 e RINEEE. KiE6.

136-155.6 m : BIEABE. @1-50cm OBNL GRS,

155.6-156.7 m

BHERAHEREY.

156.7-170.3 m : BERZIEHES. KA.
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170.3-185 m © < o v 7o RIE TS, KR

185-190.3 m : AEZIEES. #Higf.

190.3-203.3 m : ZHRLILEHE. K.

203.3-205.4m : ¥ » v 7o EIERS. IKE.

205.4-207.3 m : AEEIEES.

207.3-241.0m : ~ o ¥ T RAUBES. BEAIKEXRL, —MEHEL TV 5.

241.0-272.2m : ~ » ¥ Ve RIEES. KOTY LAEL TS, kK FREaYET 5.

272.2-322.5m v o v FicHINEES. KEOEE. ETH2 ) vy —iiobhlou.

322.5-344.0 m : BEK B R . —HCRBEE Y Eo bR, WICEB LTV, BEWE L LTEX
ZS5mm OLEEXSEET.

344.0-351.8m : v FE, REEE,

351.8-357.5 m @ SRKETHES. BB LILERETHED.

357.5-366.0m : > 4 hE. WEIKE.

366.0-405.1m : > L Mg - BIKEBR. -EEB L, FROP20°MA LTS, BEICE I SR
MR E B ICARBEOMBR R AE Smn OLEEN S GENb. REMOERBL S RBDLND.

405.1-423.0m © > /b b

423.0-473.0 m : BUKEME - BELE. ~#HRB L, 20REEM L TV5. BE 2o BEOR
B, v MEROBREN D Ich.

473.0-587.4m : EEKEME YL L, v FER . BUBREES R D KE—10 O fR A T
— RS R TV B R 480 m, 502 m, 525 m AT F R ERURE D OB AR D LR A,
WOWMEHEE L CESmm BECHENSBEEENL T D,

587.4-608.1m : L b, BUITREIEZIREROQTH S5, BB 2 BRCRBKECENL
T, MEREE-C, HRJONPGREE S B s,

608.1-649.6 m : LI KHE. NEERF-BLHAESon L TOREHMOEIKGEI L, RIKEE
OEBM SIS, FEHCIAREER 2% <, BE 632.3-637.2m HILEE, v bEREDOE Lem L
TORBESER % &

649.6-796.7 m © LILIE KPS, KEER L LRV BRSO LR LD THL. @RS, R
b, BERECHL. BEIBRT, GELRSHRSL, BEAFIRAE I mm 0OBEY &%
ISR A B IR, A M, RILEEEREDS Y, HICHE 680 m LI M3 mRiE60cm D%
B A IR S 2 B b S, FEE 750 m it 5 eom DT OMAER S G h b,

796.7-806.3 m : AHLIE. BEO T e o 7L L TR D, EROnRELSS.

806.3-815.4m : BE. —HEE L, 10°EEMHML TV 5.

815.4-874.2 m : BEE. BRI EICSHBECEBRIKETH Y, VEO YA S, HNEL &G, &
SRR BRI S T A L Bbh 2 EEN SV B D,

874.2-1,328.4 m © HEARMAUE B EIKE. KoK EY R L, ZEHCKABY 2T 5. i
Tl B LaRobh T, BEFAORIAESMORO S o 1 BEC >SS T5, REERIE
BAKE18em OFEMFOOEE LESROBKENTTHL. THCREEN #ee% 5D
BRAD, ETECRESRAE LS EEL TS I Eidy. FOOBKE &13#950° 0 BEHE Ch
LTuA.

1,328.4 1,453.3 m : @K, BAHLCkH, BKOIB—KABLYET A, FE 1,360-1,380 m {34
GRS GRS L RS, FISEHAI LTV B

1,453.3-1,460.1 m : HLENEIKA. X 2cm £ CORENTER ~ &y, REERGAE LIZKED
F2em LT OMEETHS.

1,460.1-1,501.0 m : fRIEEIKE. SIKAEXEL, BEL TV,



HT-1
20113 m : BHET A VA PEIKE. HREEIIERO B,

113-201 m : BHELILE. HEAT, BEOEASHEBE S Tlou,

201-212m : AESFE L L, FEXRETE o,

212-259 m : AE T A 1 P EUKE. BIEE XGRS by, EEEEEAE Ly, 945 D EE A
RTREE RS B RS,

259-403 m © BEEIKE. &FECREEAE L, BROURIMLL W22 L4665, AMLISEE
N OREROCBIELCE L.

403-450m @ FA A FEKE. Bamm IFOHBREX AR TH L. Biad o,
450-802 m © HifA. MEKELYZ L, K MBESRER - T A, 12 mm OREA10% DL E
St —HICEBRE AL N D, oI,

HT-2

18-186 m : F A A FIEEEEIKE. RO -BERKAYZL, < OShAEE0S 3om DAY
i E2em BE X TOAEY ED.

186-%0 290 m : 51 1 FEKE. RGO THBHETHL. B3em BEF TCOMA ST,
#7290-459 m ¢ SEE ARSI Y. BAR lom OREA{20% ST, R 2em BEF CoOMAY LR
XIS

459-845m @ BEIKE - v P EAR. BIKECIRARE4mm ORESEEINRL. v BRKEE
HEL, II1FMEHLRS. $540-550m DA P ERCELENEERD.

845-869 m : ZE K. HEROBEFE R 5.

869-952 m : WHIKS - v FEARE. BKECHREAR 2mm OREXEEN A, v EIRAR
—KEEERE L, MR R bR 5.

952-988 m : AE KILF. BEROBRE RO LS.

988-1,2001m : ¥4 M- BICEEE. v P RBKAB—IKEOAR L, @ ThHLH. 10°-20°DH
A R,

HT-3

27-68 m : RILAES. KEATE 2mm BEOMNEARAY &5

68-182m : 71 v 1 bIEFEEIKE. LI E FHIGRIKE, Pk EGar 245, hificii/E x4
em BEFTORE L v XhBECRo b s, KE L v X945 Ot & =T,

182-212m : BRI - >0 MEREB. REKEARL, AREELY G0,

212-324 m © L AHMECE IS, RAGAYE L, BARlon OERLH20% &1, BIRK 2
BECTEL V.

324-373m : FA VA PEIKE. REKEEYEL, F2mmBEF CoREAL G, BIXRA2cn
THIR DL DML EGEND.

373442m: ¥ b - v PEEIKERER. o0 FIKAB—IKEAER L, 375 m B BILEY
ETH. 425mETIET  FARBICED LR, HI0CER LTV A,

H42-176 m ¢ T A A PEKE. BIKEAE L, BE5om BBE F TOMA NS < &

476-553 m © H LA RUS RIS, REKAEYE L, AR 4 mm OLEA &

553-#J660 m © FA 1 FEIKE. BRKAETEL, EHCHBEBHESES bR, TRl L aEgE
BN D.

#J660-749 m © HELLFAUEBEKE. AR 2mm OEEAF 5 % &

749-933m P b G, TICKEMA, —HAAREEL, BIFKETHS.

933954 m : HEEARBHRYE. BEKAYEL, B2mmEE F TOLEYET



9549 1,310m : HE v L v B, KAB—REAYEL, LIXLEBHEEESADLhS. 1,150~
1,280 m P LIRS - GRALSREE - HEHL DL P BEETH 5.

#91,310-%7 1,450 m : ZHEZIE. BERKEYEL, HREEI OO0 055.
$71,450-1,494m : > ME. REBEHEJKEABYETS.

HT—4
40-110 m : LEAMBAEKE. REFOATFOEEL T4, E4mmBEOLEAEDLNS
110-249 m : ZFEHLILE. BEREYEL, Bl BEOAMMERH S EZS L. AL

TWBHEGNE L, WECREBEEY R bh 5.

249-256 m : WEHKA. FELXEL, @FKELT I FHEDHBRA.

256—%9 423 m : HHLAMITECEEEIKE. RBKEXYE L, RAKE1len OREX10-20% &Y. HH XL
cm IR CEA . 374 m ECRHEREE» L{EDbh, #30°EML TS, K FoBRHIL>
ST Teo,

1423497 m 1 74 w1 PERIKE, KEXEL, BAB4imm OFEXBLIESD. F2aBE %
TOWAY LS. 436 m ETIRREYIRD LIS,

497-555m @ v b KEEEL, 3FKFLT 1 75RO LRE.

555-577 m : BEEWE. KEEYE1L, Bz,

577-585m : v/ k.

585610 m : HHEMMACERKE. RKEAYEL, R4mn BE I TORELPVEERD.

610-#7 640 m : KB, KEEXEL, B2 BE $ TOBEY L &t

%1 640—#7 910 m : B S IRATEBR A, 750-830 m (BB AR ER s om OFABRREY % &, &
HIIRFILLTE D, BIEKFETHS. 820010 m it L & h 5.

$9910-1,019m : 741 ¥4 FEIKE. KAGLZ2L, RAR3Smm 0OAXEZVEST. BiX2om bl
TThs.

1,019-1,338m : » v FE. KEBE—IKBEYEL, BHETHL. —TCILHERE BDORS.

1,338-1,351 m : ZEKILE. HREFESZOLWLIEREREAN IS,

HT-5
31-53 m : LILEEIE.

53-78 m : EILIERE.

78-157m : T4 4 MEEREKE. REALXEL, IL28hhBREABOLIS. BROHEL
1:5-1:20ThH5. BIFKFETHSE. Bl s, Badinn.

157-159 m : > /b b2,

159-284m : HP AT A 1 PRBRAEEKE. BEIAGT, B2 BE X TT25h TV v
AEEFEAE 4mm TH10%EEh 5.

284-336m : v b E - BHKEALE. oA P EICIRBIERERLT L FORELTO S,

336-360m : 7 A FEIKE. BRF|OLYEL, R 2mmBE X TORELLRETD

360-#3 410 m : 74 A FEIKE. REBAEYEL, M ThHD.

#7 410508 m : HHLAMACEEHKE. KAR HKAELZE L, F8mmBE ¥ COREXN0%EL
483 m BT ILIEBEE A GED bR, TR X D TAITEERE LTV 5.

HT-6

56-254m : 74 %1 tF ERGHBLEKE. L L TRABGYEL, BRRE 2o BE T TTHOL
hTuwicw., —8cidiE KRB E 255, BARSmm DEEN 10X S Eh 5. BITE
4em FCTTEIZE L g,
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2547300 m : T A A FERIKE - v P EERE.

#7300-375 m : HSHAMACERIKES. Bk REAYE2EL, BEAR 6mm OREXHI0X% &1
375-465m : Wi - MKAELE. K—HRAYEL, BRETCIE2mm ¥ TOREINE TR D.
3BOm FCILRILENEEhE.

465-634m : FA 4 FBEOERKE. €FL L TRKAEYREL, 3 ¥ CORABAYEL. B
Fixosh o, =B LTE D, @IEKFETHS.

634-763m : YA b, BKELZTRL, HICERNLET (727X {@nbh5.

763-806 m : EEIKF - L b ELE.

806-905m : T A VA PEIKE. REBICEBEL TR, MThH5.

905-1,003 m : ZFERIEkHE, GEXYEL, Blan UTOKUESHOESAr LS.

HT-8

33-158m : 71 A bIEREERKE. REKEYEL, I<o25hkE4im BE L COBRAGLED.
BEKPECTHD. B 2em IFTHS.

158-252m @ 74 v FEEIKE. MR CE 1 mm DToREY &,

252-305m : 74 A MRKE. RBEYEL, BARSmm OAELET.

305-340m : v b BEKEERE. 300miBICitE Y 54 VERKENEGEFRA.
340-360m : 7 A 1 FEEIKE.

360404 m : HEEMMECERIKE. RBEYEL, RAE 8 mm DEEL 0% &1y

HT-9
58-198 m : 7 A 1 b IEEEEIKE.

198-263 m : Il

263-493m : 74 1 BEKE.

493-601 m © B IRACE IS,

601-688 m : BEKEWE - oA MEEB. BEHcnRomm BE I CORELSREE TR D, 680
mFCIRE S EEND.

688-810m : HHGHT A %1 PEIKE. 4L LTRBRELYEL, Elan UTOGBERY &,
BRI 2SR Ty, AEERAR6mm CTIONEEEINS. BIE 2cm £TT, &b,
810-1,002 m : BEKEB AP o4 E. BIK—BREXEL, 7 I 7@ DH6h5. KFE--20"fEK
LT3,

51-HM-1
15-199m ! ZE. REFIETEIELLHEKE, Thi ) TRREBA—FREEYELBTETHS.
RS Lk v v RROBEEN L O R, BENBRAy 2 —DIEMETE R, F2em ¥ TOBRY
VEED.

199210 m : FAENEIKE. BEYEL, R1lanBED YL P ELEOREBE S &

210281 m : BIEBIKE. ZELCKh, BRE—KBYETS. R3mBET CORAL SR
EEh, 7 4 9 ZHYHEEBCEDBNS.

281-383m : FA WA MEKE., KAB—HRELREL, BCEEYSF 5. BREIEDBRK
Ly,

383-431m : W - v MERERE. BREIKAGYEL, BE Tk, REDEED.

431-501 m : PR ERIKE. HAB—KEAYEL, RAR Tmm ORELH0% L. 2R
DRRLEL, BRELTWWTTRER Y B 5.



51-HM—2

26-177m: W - v b E - BKAELE. ARV v VELBKETHS. BiEE—IKEELE
T5. 3370 EHEEL, KPFEAOEB AT,

177-315m : 5. BREFIR2cm T TOABLEIm F TORBEERLGARO LR, BKET
H5. BOMEERECEATHS. BROBELK A THL2, —HcEL., THREEEDEHEG
&L, AR 5.

315-702m : A+ 1 b, KEABXEL, FHELTVS. —HIcAlBRRINALRBIEMET » v
TTHDH. BROJFNEIPEZT LIRS VRDOONE. AMHERKIADLNTBETHS.

51-HM-3
22-304m : ¥ LA, B - BKEOHEYHD. REKEXEL, T i 0@obhE. 71
DEFNLI0°-60"TH S,

304-410 m : KIUBEIKE, BOH> bROKEVLORRAEMG EEEDRKETHS.
410-519m : SHLMEEGIKE. BAR 4mm OREXH S5 %K atr. BRE—RKELYETS.
Wit L o8h B A 2 bR, FOBENIN30°-50"TH 5.

519-629 m : KIUMEEE. REO—IKELEL, MBEERMEAOE BY £ &

62949 700m : v M - BEELE. v VRERKEYETS. BIIMEE - BAE L B
#1700-775 m ¢ KILUAEE. £ L THRBEXET 5. BILMHEE - WKE s LB,
775-805m ¢ T4 4 b, REFEKEETE TAEBMEIRED BRI,

51-500-27

35-39.5m : KIEES. RKEEXEL, <~ v 7 ThHb.

39.5-133.3m : ¥4 1 b EHBRKE. EEOBIL L LK —REK—IK—RKELELTS. B
BREE—BERKEOLYETS,. BLOREEK0cn €, LR CRBEHAOR L KEHEOBIL 1
2-1:4, FERCILL:3-1:5, FECIE1:5-1: 10BETH S, ERERKE0CEM LTS, E
BCerEHIHEBRTHY, THEREBETHL. BRTHOELLEET, BRILIIBRHLELTV5.
T L #RE Lo E OB ohTuinns, FEJREEEL TV 2L LT 10em BT &Ml S h
5.

133.3-217.1m : >4 M - BE - BRELRE., BRECIBR4om BEE TORFEBEAS ST
2, BEELTRLT, I XCEBRKETHA. B L A - WEOEANLS-10°THS.
217.1-271.0 m : LR KBS, BREBOBREAE2L, FEHAZT TV 50 THT UL EE R
Ty, BAR 40 em OEEKOEBWZINERROCREOMNDEN B,

52-500-43

0-397 m : RIEEE. HENEG <, v 7RO L7 0 vh—bitd. ~ .y ¥ 733
mBEFTOKENLLRLZ ENDH DB, 8mBEUTRHEEHCI VFEIR TS, HAEIZP
PECEATED, 138mE12m BETEPASLARHEHLE L Zbh, 192 m HE-328 m & Tl
EREHG&»TETHS.

53-KW-1
28-257 m : HSHMASEBEREBEKE. REREAEL, BAR 10mm OGFEE2 SEETD.
257-410m : > A b, KIUEEEL LB, AELHBERIRSbA . ABRTEBRKE
HETHKIUENLRLAEB LT D, REIB—RGOLYET 5.

410-602 m : SPERTMECARRERE. REREYEL, RAR10mm 0OREZ LEETr.
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4. BIKAFDERFIZoWT

A LIcE ORI BIKEY S <, ThbOFOEN OBRCEEOFM AR O EEER T
BAEESOHECE L THEECTHS. BEAEIMETTHLO T, KBEE TR SN-6K LOBRE
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DEERE (1987) 7R LIcHBEE AR TR R2DELRA U TCH D, FAG5HIBEHK LB 05
ChBEDERIR2 EWEEIRD., TRIDVTFOLE2=, PP TRAEGORBIIKEVCEHE
Ay,

6. HLLDERAMS

FAE LGB0 EEERIKEY % {, ¥ -Fhbo—MiERCH T 28R e EHEREL T3
&, BRKACHEMENA LI LIERILUCE ) ==y POREANSRE L 2 L2352 ERUHEORIK
BOMEKBRAMKAES B TH -1 2 b (HEE, 1987) 05, HELABO—HoOBRBRANEL T -
72, BEHIENEA D XL CERRUE X 2.5 cm OFEMCER Ui, EBEMBDEF CRIE L.
MEGEEMECKBE L. HRITREBERC LD, ZTK50mT £ TOFEx L~ TiT- /.
HRrE s Kiort.

6.1 BIKEOHRBEHWIINERLR

RADEADIC L W RALFLOEN 2 —FANHET 2 2 LR TH A4, H5 Hr b &hidtd
DEREDOBAL TR OIES & LT O X 5 T L.

H-145:1F, H2¥ : 1E, H-380 : "B, H-7 50 : 483, H-85t : IF, H-9&{ : IF, H-10 i1 @ i,
H-11 5T : 83, H-15 81 "B, SN-1487 @ E##&500m (2IE, Fh kL o Tikah, SN-2 H1(252-879
m) 3, SN-4 3T : Ei# 340 m (LI, Fh X ) Fidads, SN-6K HL(874-1,328 m) : ¥, KW-1 i : 3
HT-2, 3, 4, 5 B X0 HM-1 31(431-502 m) { I 7~BH.

FRBEOMIRLEORE LMo H D Z E0ED B, fliE H-1, 2, 3PLNISITEAR
WA RZMECHEEI S, ZEOBEREHZE I LA . o cEERR OO I TnctkEiz &5
LS,

) Fok SN-6KIFORLEKREDOL
6.2 WEHOBEMKIERSEENH S

Table 2 Chemical composition of the

SN-SHLOHEE 455 m ¥ T, SN-6KHL DO HE 322.5m andesite pyroclastic rocks in SN-
F TR OB00-43YL D EERE 328 m ¥ TILIER B, HM-1 6K well
DR 199 m ¥ TR U500-43L O EEE 328 m LUF 2 i & No. 1 9
ik & T LA Depth 641.3 m 797.1 m
LA b oo#sE b ZEHE (1984, 1985) R OVZERE - AL (1987) - -
) Si0, 58.62 54.79
HWEEFABOBRIEMEATELLL» S, SN-5 ROV SN- TiO, D i
6K HLAR D I 5 (IR BE L K ILBERE i, 500-433T DR ALO, 14.68 15.33
EE 328 m ¥ CI AT KILFEE I O /ME B fREE (T - FeyOy 3.87 +.90
A, 1987) 1, HM-1HLOEE 199 m ¥ TLRRZER KL ot Zf Zﬁ
. . ) MnO 0.13 y
TEH i, 5004355 DR 328 m BTN ILEE MgO - %10
%él"gh?ﬁﬂ: Lf:. CaO 5.70 7.87
Na,O 2.58 2.59
6.3 BEAEOBRIEWMIHEHE K0 1.07 0.96
SN-5 HLO R 1,125 m LAF @5 54 5 A S i35 :% \ o ?i
4.38 3
RARTRENS CRBLh D, R TE, g o) - 245
2 B .
%E@Eg'ﬂi@gﬁg t%EQﬁVCQiﬁ:L‘ U\J:D%%f)“:)i Total | 99.70 99.65

DEAEHAREC L O REDHELER LI, BB 1 : Orthopyroxene?-clinopyroxene andesite
BELEEC LV REAEEORBREARE VO LHES R 2: (Quartz-bearing) orthopyroxene-

2 clinopyroxcne andesite
' Analyst ! Japan Chemical Analysis
Center.
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H3FE

VAR O 45 K-Ar E£AE—%

Table 3 K-—Ar age of the rocks from wells

Sampling | Formation Isotopes age (Ma) “Arrad | %Arrad | K

DG, [, Wigl-119, depth (m or unit Rlosk average (105 ml/g) (%) (%)
1 |H-1 151.0 | R2 Rhyolite w.t. 2.6*0.4 25+03| .014 20.7 | 1.41
3.0:£0.8| .017 11.0 | 1.43

2 |EF 1 250.1 | R2 Rhyolite w.t. 1.4+£0.4 1.3+0.5| .006(9) 7.2 | 1.36
1.6£0.5 | .008(2) 8.5 | 1.36

3 |H-2 120.6 | R2 Rhyolite w.t. 2.1+£0.2 2.1+0.4| .008(8) 15.3 | 1.06
2.140.3] .008(8) 18.0 | 1.08

4 |H-2 2145 | R2 Rhyolite w.t. 2.2+0.2 2.2+03| .011 178 | 105
2.2+0.3 | .011 19.0 | 1.28

5 |H-6 152.6 | R2 Rhyolite w.t. 2.2+0.3 2.1+0.4| .010 141 | 1.24
2.34£0.4| .011 16.5 | 1.24

6 |H~ 6 246.6 | R2 Rhyolite w.t. 1.8+0.2 1.8%£0.3| .010 18.1 | 1.40
1.8£0.2| .010 20.4 | 1.40

i (o= I 117.9 | R2 Rhyolite w.t. 2.2+0.4 22+05| .009(7) 10.8 | 1.15
2.2%40.5| .009(7) 109 | 1.17

8 |H-7 195.9 | R2 Rhyolite w.t. 2.2+0.3 2.1+0.4| .010 1348 | 128
2.3+£0.5| .01l 12.2 | 1.24

1.27

9 |H-8 101.5 | R2 Rhyolite w.t. 2.340.2 2.3%0.2| .008(8) 23.0 | 0.98
2.3%+0.4| .009(1) 16.2 | 0.99

10 |H- 8 199.0 | R2 Rhyolite w.t. 2.2+0.3 2.1+0.4| .009(2) BB | a2
2.34+0.5| .010 1149 | ie12

11 |H-9 99.6 | R2 Rhyolite w.t. 2.4+0.6 2.4+0.9| .007(5) 7.6 | 0.79
2.4+0.7  .007(5) 10.2 | 0.79

12 |H-9 193.5 | R2 Rhyolite w.t. 1.940.2 1.8+0.4| .009(2) B8 JI083
1.940.4| .010 14.7 | 1.33

13 | H-10 1525 | RA Rhyolite w.t. 16203 15103 .009(4) 1.9 | 1.64
1.7+0.4 | .011 11.7 | 1.65

14 | H-10 250.3 | RA Rhyolite w.t. 1.5+£0.3 1.4%0.5| .009(0) 7.3 | 1.66
1.7£0.4| 011 11.0 | 1.69

15 |H-13 129.5 | Awt Opx-cpx altered 8.6+7.9 7.4%+12.1| .004(4) 1.8 |0.15
andesite tuff 8.9+7.4| .005(3) 3.5 |[0.15

0.16

16 |H-13 192.0 | (pebble) | Hb-opx rhyolite w.t. 1.4£0.2 1.5%£0.3| .009(7) 13.4 | 1.67
1.3+0.3 | .008(4) 132 | 1ide7

17 |H-13 195.4 | (pebble} | Rhyolite tuff 1.7+£0.5 1.7+0.4| .0U1 12.7 | 1.66
2,0+1.1| .013 50 | 1.67

18 |H-15 95.2 | R2 Rhyolite w.t. 2.240.5 2,1%0.7| .012 8.4 | 1.44
2.3+£0.7| .013 9.4 | 1.44

19 |H-15 213.7 | R2 Rhyolite w.t. 2.2+0.4 2.2+0.6, .010 945 | LA5
2.240.5| .010 11.6 | 1.19

20 | SN-1 600.1 | R2 Rhyolite tuff 1.940.6 1.9+0.9| .007(3) 59 | 1.00
2.0+0.9) .007(9) 6.5 | 1.01

21 | SN-1 800.1 | R2 Rhyolite w.t. 1.740.5 1.6+0.8| .007(4) 6l || 152
1.8£0.7 | .008(4) 7.6 | 1.22

22 | SN-1 1000.2 | RA Rhyolite w.t. 1.6+0.3 1.6+0.4| .010 9.7 |1.65
1.7£05( 011 9.5 | 1.65

23 | SN-1 1200.2 | RA Rhyolite w.t. 1,503 1,5%£0.4| .010 10.5 | 175
1.5%0.4| .010 102 | 1.77

24 | SN-1 1498.6 | RA Rhyolite tuff 1.740.5 1.7£0.7| .007(1) 6.4 | 1.10
1.8+0,7 [ .007(6) 7.2 | 1.10

25 | SN-1 1597.3 | RA Rhyolite tuff 2.2+0.7 22%1.1| .010 59 |1.17
2.240.9| .010 6.7 |1.18

26 | SN-1 1719.1 | Boulder | Altered andesite 2.9+1.5 29425, .007(9) 3.4 |0.71
in RA? 2.9+1.7] .007(9 48 |0.71

27 | SN-1 1790.6 | RA Rhyolite w.t. 1.8£0.5 1.8:0.7 | .009(0) 6.9 |1.27
1.840.7 | .009(0) 7.0 | 1.28

28 | SN-1 1899.1 | Boulder | Dacite tuff 2.1+0.8 2.0%+1.1{ .008(0) 5.1 | 1.02
in RA? 2.2%1.1| .008(8) 5.5 {1.03

29 | SN-1 1990.5 | Boulder | Andesite 2.2£0.6 2.2+07| .007(8) 8.3 [0.92
in RA? 2,2+1.1{ .008(1) 6.1 | 0.94

30 | SN-2 280 RA Hb-bg opx rhyolite w.t. | 2.3:£0.3 2.2:+0.3| .014 19.3 | 1.60
26105 .016 13.8 | 1.62




3k (0I3F)
Table 3 (continued)

Sampling | Formation Tsotopes age (Ma) QAr rad ‘ “Arrad | K
ING | Wielllo depth {m or unit Rock average (10=>ml/g) %) | %)
T

31 | SN-2 363.8 RA Hb-bg opx rhyolite w.t. | 2.2+0.3 2.1%0.4 013 | 13.0 1.55
2.3%£0.5 014 12.4 1.57
32 |SN-2 572.1 RA Opx rhyolite w.t. 2.4+0.8 2.2%1.1 014 5.8 1.60
2.6+1.2 .016 6.1 1.61
33 | SN-4 366.2 RA Rhyolite w.t. 2.3%0.3 2.2+0.4 .017 14.3 1.97
2.5+0.5 019 12.0 1.98
34 |SN—4 541.7 RA Rhyolite w.t. 2.4%£0.5 2.4%0.7 014 9.5 1.51
2.4%0.7 014 9.7 1.51
35 | SN—4 675.5 RA Rhyolite w.t. 2.7%#0.7 2.6x+0.9 015 7.6 1.49
2.9+1.2 017 7.1 1.50
36 | SN—4 869.8 RA Rhyolite w.t. 2.4+0.8 2.24+1.2 014 5.3 1.62
2.54+1.1 .016 6.7 1.65
37 | SN—4 1014.3 Boulder | Dacite w.t. 5339 4.8%+54 .004(5) 2.6 1024
in RA 5.6+5.2( .005(3) 3.2 |0.24
38 | SN—4 1328.0 RA Rhyolite w.t. 1.84+0.5 1.7£0.7: .012 6.6 1.82
| 1.8+0.6 | .013 8.4 |1.82
39 | SN—4 1373.1 Boulder | Andesite 3.1%x1.2 2.8x+1.7 007 (4) 4.8 | 0.67
in RA 3.2+1.5 .008(4) 5.9 0.67
40 | SN-4 1422.5 Boulder | Andesite 6.0+3.6 5.6%+5.6 .006(3) 2.9 0.29
in RA 5.7%x5.7 .006(4) 2.9 0.29
6.7+7.3 .007(6) 2.7 0.29
41 | SN—4 1428.0 RA Rhyolite w.t. 2.1%0.6 2.1+0.9 .013 6.3 11.60
2.1£0.8 .013 7.7 1 1.61
42 | SN-6K 797.1 At Opx-cpx andesite tuff | 1.2+0.4 1.2+0.4 .003(3) 752 0.73
1.41+0.7 .003(9) 55 |0.74
43 | SN-6K 915.0 RA ! Rhyolite w.t. | 0.940.7 0.9+0.9 .005(0) 2.8 1.46
0.9+1.2 .005(4) 2.3 1.47
44 | SN-6K 1301.7 RA Rhyolite w.t. 0.420.5 0.3+0.6 .002(0) 1.5 1.60
0.4+0.9 .002(5) 1.8 1.61
45 |HT-2 299.8 RX Rhyolite tuff 0.540.6 0.4%+0.7 .001(2) 1.7 0.73
0.6x0.8 .001(7) 2.1 0.73
46 | HT—4 272.7 RX Rhyolite tuff 0.7+0.2 0.7+0.2 .003(6) 7.9 1.38
0.7+0.2 003(7) 7.8 1.38
47 | HT-5 410.0 RX Rhyolite tuff 12201 bidist=052 .006 (4) 14.6 1.50
1.24+0.2 .007(1) 15.5 1.51
48 | HM-1 499.9 RX Rhyolite tuff 1.1+0.4 1.1£0.6 .002(7) 5.2 0.64
1.2+0.5 .002(9) 6.2 0.65
49 | 53-Kw-1 414 RA Rhyolite w.t. 2.2+0.5 1.8%0.6 .009(0) 7.8 1.32
2.5%0.7 .013 9.6 1.32
1.30
50 | 53-KW-1 500 RA Rhyolite w.t. 1.840.6 1.7%0.9 .009(1) 5.4 1.35
| 1.9+0.8 .010 7.1 1.35
1.34
51 | 53-Kw—1 600 RA Rhyolite w.t. 1.5+0.5 1.5%0.4 .009(3) 9.6 1.64
1.7+0.9 .01 5.2 1.65
52 | 51-500-27 45 D Dacite w.t. 1.3+0.6 1.3+0.7 .006(2) 5% 1.21
1.2+0.9| .005(5) 3.6 | 1.24
53 | 51-500-27 82 D Dacite w.t. 0.940.7 0.8%x1.1 .003(5) 2.1 1.18
0.9+0.5] .004(2) 55 | 1.18
54 | 51-500-27 119 D Dacite w.t. 1.60.7 1.5%0.9 .006(2) 4.7 1.06
1.7+1.1 .006(9) 4.2 1.07
55 | 51-500-27 245 And Altered basic andesite | 5.745.9 5.7%8.9 .002(9) 1.9 0.13
5.7+7.7 .00209) | 2.2 0.13

Opx: orthopyroxene, cpx: clinopyroxene, hb: hornblende, bg: bearing, w.t.: welded tuff.
The constants for the age calculation are: ;=4.962 X 10719/y, 1,=0.581 X 10~19/y, ¥K/K=1.167 x 10~4.
Analyst: Teledyne Isotopes.
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MEEE R SHRIEHAO —BR E LT NEDO 23 E i U /e ko B 0 5L 5 T fEik NEDO »
EFEOMERICE IR T BHDT, KB TN fTireds - 7. IS ER L 7o SN-6K ek
DEBELBHERED O T oS K ERORE 7 v o 2 O5HiERE 2FRT. S0 22050
KDL, B edRCiiawny, BNEEBKE OMMUE RO T A 1+ IRRSEICE (HEE - E4,
1978 ; ZHiE, 1987) L i3RI S Z LIHLTH B,

8. K-Ar FAL

A b D B Y B o S L R OV B RS O B 0GR 15 5 fooh i B 0 K-Ar FENE T -
oo TR AEEA MG T LA IR L, BRI e R RO ST R A 3 iR, R
OB REZE O B R A (1987) M UE I O AR B > OR Lc b D ER U TH 5.

BohleaHEomizin Vo aEmnE L e RS G, KRR 742 v AD
EENKELSBENKREVESLD O, —HCkim Ubiewn U FREICORTBFK 5 & s E R H
oV A

LBl b K E O G WHE 2 e D RS E RSB 2(R2) ROVH ARA) D 2 Do = = bR
WOV TTHL. R2ICOVCTELNI6DFEN(EIL 14404 Ma—2.6£04Ma DFIACHH, Fh o
DR FAEE O BT 21 Ma TH D, [ U< RA D21 OFUEL 0.420.5Ma—2.7+£0.7 Ma O
e b, FhbohitEREOBMESL1.9Ma THS. RAGR2 DO FMICH D, RA TMHR
R2EIFMI @A =Y. F/R2 LD LD R4 D K-Ar FRETFHE(1987) 10 LAt 2Ma TH b, BHH
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Fig. 7 Geological sections in the central part of the Sengan geothermal field. The localities of the

sections are shown in Fig, 2.
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Large scale felsic pyroclastic flow deposits in the Sengan geothermal area,
northeast Japan—Tamagawa and Old-Tamagawa Welded Tuffs—

By

Shigeru SUTO*

Abstract: The large scale felsic pyroclastic flow deposits in the Sengan geothermal area, Northeast
Japan (Fig. 1) were divided into the Tamagawa Welded Tuffs and the Old-Tamagawa Welded
Tuffs (Table 1).

The Tamagawa Welded Tuffs are divided into the Rhyolite Welded Tuff 4 (R4) and the Dacite
Welded Tuff (D) in ascending order. Both of the tuff units show the wide distribution of about 50
km from the north to the south and about 50-60 km from the west to the east (Figs. 2 and 3). The
Old-Tamagawa Welded Tuffs are divided into the Rhyolite Welded Tuff B, A; 1, 2 and 3 (RB, RA,
R1, R2 and R3) in ascending order. The Kantonosawa Formation which is composed of loose
sediments and pyroclasts overlies RB, and the Mataguchigoya Formation covers RA. The Old-
Tamagawa Welded Tuffs are exposed in the south of Akita-Yakeyama, in the central part of the
Sengan area. The estimated thickness of each units are as follows; RB: more than 200 m, RA: more
than 900 m, R1: more than 200 m, R2: more than 1,300 m, R3: 160 m, R4: 700 m and D: about
200 m. The volume of the deposits of the Tamagawa Welded Tuffs are as follows; R4: 130 km? and
D: 50 km®. The volume of each units of the Old-Tamagawa Welded Tuffs are difficult to estimate
because of the old ages. All of the rocks of the Tamagawa Welded Tuffs show reversed magnetic
polarity (Fig. 25). RB, RA and Rl of the Old-Tamagawa Welded Tuffs also show reversed
magnetic polarity and R2 show normal magnetic polarity.

The eruption ages of the Tamagawa Welded Tuffs are estimated to be 2 Ma for R4 and 1 Ma
for D by K-Ar age determination. The eruption age of R2 is considered to be Gauss normal epoch or
other older normal epoch in the Tertiary. The Kantonosawa Formation, overlying RB, was intruded
by the Miocene dike rocks.

The apparent flatness of pumice clasts in D are greater than those of other rhyolite welded tuff
units (Fig. 12). On the contrary, average density of D (2.19 g/cm?) is far smaller than those of RA,
R1 and R2 (2.45-2.50 g/cm3 in wet condition, Table 4). So the cffect of load pressure is considered
to be less important to the degree of flattening of pumice clasts. The most of the apparent flatness of
pumice clasts in RA, R1 and R2 are from only 1 to 4, so the high densities of these tuffs may be due
to the sealing alteration.

The amount of phenocrysts in pumice clasts are smaller than those in the matrix of each tuff
unit. Total phenocryst amount in the matrix of RA, R1, R2, R3 and R4 are from about 34-46%
(Table 5), and those of D is about 16%. The average phenocryst amount in pumice clasts in D is

about 10%, so the one third of the fine ash ejecta were estimated to be scatterd into the air while the
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explosion.

The eruption vents for each tuff unit were inferred to be narrow in the deeper part, because of
the presence of only few amount of the Pre-Tertiary lithic fragments in these tuffs {(Table 3).

Chemical compositions of the rocks from D are similar to those of other large scale felsic
pyroclastic flow deposits in northeast Japan (Fig. 23). And those of R4 show high content of SiO,
(73-76%) in comparison with those of other deposits in northeast Japan.

The distribution of the Old-Tamagawa Welded Tuffs are restricted in cauldron, named the
Old-Tamagawa caldera which is located in the south of Akita-Yakeyama. Because of the lack of the
outflow deposits, correlated with the Old-Tamagawa Welded Tuffs, the problem between the order
of eruptions of the Old-Tamagawa Welded Tuffs and the depression of the Old-Tamagawa caldera is
still not clear.

The presence of other younger caldera was shown by the well log analysis beneath the Akita-
Yakeyama Volcano, and was named as Pre-Yakeyama caldera. And there is a large posibility that
the Pre-Yakeyama caldera was formed by the eruptions of R4 and D of the Tamagawa Welded

Tuffs.
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oMorioka

2 B O THIR O, ENNBEERICHE O 56, Lo s KB,
Fig. 2 Distribution of the Tamagawa and the Old-Tamagawa Welded Tuffs in the Sengan

geothermal area. See fig. 3.
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FENE LLSRS B HERR A Pre-Yakeyama Lake Deposit TRAEBEERAE 1 (R1) Rhyolite Welded Tuff 1 (R1)

FERA LB SR New Volcanic Rocks XONEE Mataguchigoya Formation

S FAv 4 asEBRIRE ©) Dacite Welded Tuff (D) U} mseisssitis A RA) Rhyolite Welded Tuff A (RA)

x D AEEEE & T B Borehole site, finding D

B RE Kantonosawa Formation

EEREENE 4 (RY) Rhyolite Welded Tuff 4 (R4) -—mme BAS Intrusive rocks

TALE B RS A 3 (R3) Rhyolite Welded Tuff 3 (R3) @ TR A RIS B (RB)  Rhyolite Welded Tuff B (RB)
S RECEIBIBIIE 2 (R Rnyoiite Welded Tuft 2 R) N\ Wwitmfs, Fi-&@ny  faratsuda Formation,

Aniai Formation etc.
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Fig. 3 Geologic map of the central part of the Sengan geothermal area.
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Fig. 4 Topographical map of the central part of the Sengan geothermal area. X: Localities of

samples for K-Ar dating. Numbers arc the same as those in Fig. 27 and Table. 8.
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B HFRFEANERAIIERR, KEREWEHET.
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EREHEMAPI TR ARITEA 7 A 1 b BIKE (1843)

FEHL B E RN IR B/ IR R 910 m.

M8 plEA(<2.0mm), #AFRHG(<0.7 mm), HAMA(<0.7mm), FiHAANE(<0.9mm) i
CR¥E(<1.6mm). ERAMNTIEERE, TEEIRFOBMAYRT.

EEH  BRU-3mm) LOH 7 A, BAICRRE LTS I RESR TV A,

AERSHSRANE ARG R TG 7 1 N BEIRCE (TB4M)

FEML A TFREFEAN BRI LR ZR, BFRXERGETTH 900 m, L 1,040 m.

i RERA(K1.8mm), G (<0.8mm), HMAHEH (<1.0mm), HHANE(<0.3 mm) &
U (<2.4 mm). #HEHIZIE dusty zone 23 BEFIZ A LIS,

HE: e AF, VYT, BOCEREORSAREIR TS,
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Hok BE/ REHTOEARD K-Ar £

Table 2 K-Ar ages of intrusive rocks in the Kantonosawa Formation.

Sample Isotopic Ar rad *Ar rad K,0
No. no. age (Ma) | (10~5mi/g) (%) (%) Analyst
1 1853 12.5+10.3 | 0.004(9) 23 0.14 1)
0.006(8) 2.9 0.16
24 1853 20,1+ 4.7 0.00939 8.3 0.153 (2)
0.01026 5.4 0.144
3 1913 7.9t 4.3 0.005(2) 4.1 0.20 (1)
0.005(3) 13195 0.20

The constants for the age calculation are: 15=4.962x 10~1/y, 1,=0.581 X 10~ 10/y,
WK/K=1.167X107%
(1) Teledyne Isotopes (2) Kozo Uto.
Sample 1853: Opx-cpx-bg basic andesite, Kitanomatazawa, 970 m above the sea level,
Shizukuishi town.
1913: (Ol-bg?) opx-cpx basic andesite, Akagawa, 1,210 m above the sea level,
Matsuo village.

FR ABOEBERY BERTREERBEL . Tl mBHEEI S, YR EFE AR
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Fig. 11 Average maximum grain size of pumice and lithic clasts in tuffs from the central part of
the Sengan area. Localities of surveyed route are shown in attached fig. 2.
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Fig. 14 Fa of pumice clasts in tuffs from the central part of the Sengan area. Localities of
surveyed routes are shown in attached fig. 2.
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BAEODRFLOBER&AC/NEL, FLLORBEHFAOEBETE LAV EERESNS.

7. & 3

KPR R OB OBPRRE, EHES S OB EER,» L OREIC L - TELTHE
EHAHBRTED, AFETLE 4FCT LAEE CHEER | mX2m O LR EIEOSER
OEXAE L. FREEROSE rCEBOMELHETE TE 2 ML H B DT, AR v AR
BB X D EEYHIET L.

7.1 BRONEE S

HERBEH A TRE LR ARRERI0EOE R ORI B0 EA 515, 16BIRT. FIERHERIKED
D & R4 TROAAEO DL CHEERSKE CERAI RS BRI D. FI7EIC T RABEH 5 & DR &
BEOMBEA T L. D RO RS & LEHM O E THEBEENK S VHANSED bR, &5 TR
B S OEFEE KuNoetal, (1964) 7 VR LGB ER UTH 5D, D RURE L4, FHEBEM
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Fig. 15 Grain size of lithic fragments in R4 and D. Average size of the largest 10 fragments from
each outcrop.
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Fig. 16 Grain size of lithic fragments in tuffs of the central part of the Sengan area. Grain size
symbols are the same as those in Fig. 15.
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Fig. 17 Average maximum grain size of lithic fragments in R4 and D plotted against distance
from the assumed source.
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BOEBENT TS TIATE L SR -10 T, F0 X5 BRI/ -7k

F 72 WALKER (1985)1IC X - TF b biie & 5 7lEHE Nyl 5 CHHICEF IO & BB E L o HER
Wik, DR RACOGCTIERSBRch -1

7.2 HhOREOEEFROEAL

BREOBE A, (At OO RFEAME L — » TOER ONEOBE TR OB A HIL
(e o

BCR L2 X 5 RINBEEKED D T, DR — F HER ST h » 70 THEEORRE
HE OB L MR TE fd - o, BABLLFITE ) O BYCS Cir D OFCRIE D K E VAR R
ELov v XROFG RSB EIE-1). ZhixpHsd 7 e —= =, O PSS &R
ERDA, DL S IO BEESII MO S TR B e - 1

R4 DWVCEREEILIKD TSUHRAR), OR, G/ 0, YUS 2 R LK), OK(KEF) R SY (>
VPRV FR LI L 9, bl THRERSKEVCHANES bR 2 HELH 5. KIROER
ALEFROFERL L TOBEIC LY, BESIKEVCDUEKRELORETHROATHAELE, D )
HEESOREI HCE ST hAEHO bR ERdD.

HENEEBIKE D R2 12OV Tik, HEERSTFER L Ovinn 2 E08% <, Ko — b ELBEoHE
FRADE B b i -t — b KB(AAARCDGTIE, R2 O R CirmokiE s
L RECE LSRN, chidflo==, b E LTI SR BXELO0E Liiol .,

RIGES IR LA LS ICERY S G L TSI b ha 2 =, P THD. L LihBS
EEEESH T ImX2m &\ 5 2 EiFR A % F L CEE R A Lo, RIBOBENAELALE MW
FDE TR E Tt 2O L9 HEE TIIBROME FELINEZ HUNENLED.

RAIE4FUOR LI L 5, 6/ BIERMTT T TERC E Tl L THMmTa & TR T
WAL AT — P TSHEED Tl RA DBEFUETRE S KE - TVv 4. Licdi- T -k
TS OB THATILRADHL 7r —2 = PO FEHARLTAL D% L.

7.3 HhofEE
ENBROHENEEEREFO &2 =, b ZEOERFOBEROCZORBLYHE 3 KRy, St
SRR, BHRE, B, LA P ENORESALNS. ChLOERL, EHEL < ot A g =
FeOFECHERER CH D (s BB E KRS 7 v — 7, 19857¢4).

B3E FINRCETIERGRICEHOER OB, (P
Table 3 Numbers and percentages of the lithic fragments in the Tamagawa and the Old-Tamagawa Welded Tuffs.

lava tuff  |sandstone|siltstonemudstone wiﬁ;d granite | chert classrilf-ied total
D 112(27)(129(32)|  63(15)| 52(13)| 7( 2)| 8(2)| 2( 0| 0 36( 9)| 409(100)
R4 344(37)[154(17)| 197(21)| 26( 3)1 73( 8| 3( 0)| 20 0)| 2( 0){132(14)| 933(100)

Tamagawa Welded Tuffs |456(34)(283(21)| 260(19)| 78( 6)| 80( 6)| 11( 1)| 4( 0} 2( 0)| 168(13)1,342(100)

R3 20200 50| 0 0 1(10)] 0 0 0 2(20)|  10(100)
R2 188(39)(112(23)| 40( 8)| 52(11)| 55(11)| 1 0)] 1C0)| 7C 1) 34( 7)| 490(100)
RI1 71(56)| 15(12)| 11 9| 20 2)| 10( 8| 9( 7| 0 0 7( 6)] 125(100)
RA, RB 96(29)| 32(10)| 19( 23| 22( 8)| 56(18)| © 3C 1] 0 109(32)| 337(100)

Old Tamagawa Welded

Tuffs 357316417y 700 7)) 760 8)) 122(33)) 10 1) 4C O 7( 1)] 152(16)| 962(100)
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R LICTERBEE RO F + — PO TRXTENE=ZROEANE 50N TV, BEOHALLIER
R, BNEBEIKEDOXL L, HE/BFRKE TL8% U EIFHEZRCHART2H0TH
5, EHLIBE/ REBPCHAOELALAS X 51T, FEEZRPCIEHAZROERAETh T
BrbbdD. BEHLAREERERLSIHOT, BOBREILT LLBLA TRV, Thbi &
Th, FNROEE/NEBERKEPOEN ORHSIEHEZRCHET L Lo TR, IT<&RVGE
GOERMSIDZ LRHEETHD.

KOARHEEPOER I, < 7= hhicioidEhicb o, EEFRCKERICIOATAICL D
ROFHEFCE DA ENICHEOEA R EAEGSER TGS BRD - FH, 1983). W TFhicd I APET
HBRIRERORFEEREBEOT VALTIEE T I EAHBENCI DT, DTFD3onE
FANELLND., ThbbOQBREY L1726 L~ 7~y OESRORE T TIEr -1, @< 7
~HHIERCH - TL, KEVRL, EFH=F4 B LARIR EhAr -k, RUEFHE=R
DD A ST K BRI LB % 2 5 7o, FOMBYBRERR ST, Thuik-okEx
B L KPR O AL TER LTV 5. ThLDWLTFhBAEORRTH L ERFORELT 1D
BB CE RV DTS BRI LCBENAEDSBLELND .

8. Hi i}

BHSEICRE Lo o, FEINEFKEKEO DR 12m ©, 72 R4TIEE 1-3m O GEERES
AL D LN 5 (EK6-2). HEINBEREKED R2 TiE, £ht X b2 0.5-1 m O
HENLEDLRS.

D RO R4 TiE, EEMEOIEEHELO LICHREE DB, ChbOfMENATHLEH LIS
L ->THEBLILAD EHEEZINR D, HEBHO LHE» S O&ENC X » TER Uic 2 E 2B itk
BT E SRR S Tuiene,

R4 Gl LIE LIEEE:, BEX12m ORREEARES RS, CHIBELES UKo s o
KoL lo-> TR2 % (KRK4-2).

HENEEEIKE O R1, RA RU RBIQILFEE LB HFRERS by, ChixBERRCHER L
TOUABFCREENCEehole, HHDEIRALD2 =, PR ELETLGHEENTE b i
febtEZORhS. ZhbDF=2=y  OBADRKFALOEEIVNI LD &7 S b EEOFREED
KEWEHEEhS.

9. BEIOHEDRRE

KFHERY OBEROCEDHBRIIBREOBREORE L It 50T, WEENEMIGS(1962) D7k
CInBEROLRELXHEL, BEROFDRHBERLER L. RIER S2L£582.5cm OME
PReBEFR LicborAuvic, A1 BEAL-3EEELHME L. B—EHEL b EBrealsio@o
ASOXTHYMEBRORZVEBTIZAE VY, £5 Thuihor 20 TikEsRRL—HERL
Ve

9.1 #H==, b JEOHMEROFHHRE
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T. ==, VRNTOSGMHMERCERES RO
WS, PERR A0 FHER OBE SR
DWTIEE = =y FECHEAENES bR,
Teh b EEBIKE O T D RO R4 2 AR

Fagk ENBRCHENNEFRKEDO == » b
DOFE R OVH IR O FI9{E.
Table 4 Average density and porosity of the
Tamagawa and the Old-Tamagawa

Welded Tuffs.

EOMEOWEAIE <, R2, R1, RAKU RB TiiEh nos.of | pdry | pwer | chective
PUNE LS. BT D oL BRI AT L < il i e
EUCEAPRDBND. WA DR T RE TILH D 86 1.96 2.19 922.5
WHHEREBESL0X L v A EFCRBREZOH L, R 150 2.3¢ 2.44 10
R2, R1, RARU'RB Ti110% & h/h s dong &3 y — o Kt
. WEomonLie, proRsous | T3 |1 |
i, TLADTIKREL, R2TH/PEI W, LA RA 12 934 2.45 11.0
> T=2=, FEOBHEOFFLORE L BENCER K.F. 26 186 | 213 27.8
DEE L ORICIZIEDMEEA R, TihbbBED K.F.: Kantonosawa Formation.
REACHT2EEORIETEEI N E -1
(SmrtH, 19602) L D EEZ Bh 5.
10 D
9.2 R4KUDDEERVAZMHE 5—_ ey T
B & 56 L ' ‘ ' '
R4 O D OHBERE DS % H19% b
AT, R4 TRTEBM AT CRE 40t R4
ZEBRR &<, BAOEBREAR 201
VERGHTTIRAZ . D TIRFHEEN I ; - I :
WAL TL SRS s oxn B 2 e e b
By, mHOAL BN OER T F % Em:
MREAE . WHELOEMCELIER P T JJL R2
M EYERELAA R, ShizkBmE S -
ADBECLEORIENEL LI LXK §rof ‘ A
BeLTu5 a0 LHESNS. 5 oL R1
9.3 BERUVEYHEBREOERE S 2 : y y :
B DAL, 101 RA,RB
s L O R FERTHE L - Mgk 5 rJ'J-l'L_Lﬂ
BB B REBRE Y BRI T, KR L I ‘ : ‘ ' K.F.
foEE A TR, EEEN4500m b T 2 = FﬁJT, | |
SAL== 5 b CHEHERELS E b O el paneg T
RELECC ERALNTHE. PRI 0 o s BRI E D &= = 5 h RIS

soN (19790/%, WEFEBIEF T, B
TRE LI » TRADRHLOBRE L& Fig. 18
BOBENKNELL B BIER LI, A
WERCHED XS REAZESORT, %

OEER. KF. R RE.

Frequency diagram of effective porosity of tuffs from the
Tamagawa and the Old-Tamagawa Welded Tuffs. K.
F.: Kantonosawa Formation,

7o R4 2 R2 CTHEERZ+SEIC L 20 b TRA O RP(LORE X PETERSON (1979) 2375 L7 fE &
DB hE. TOFRRR R4S TEEHBHENE L REL 220 bbnb L5
SEOEEENTEVGC L, R2, R1, RARD RBOEE A E W L2 TIHERIERROCE-EEM
X AEBOFIEA TN ENFELTOE3D0EFELHID.
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Fig. 19 Effective porosity distribution of tuffs of R4 and D.
5k o=y b hOBIEOE— FROKIE.
Table 5 Average modal composition of phenocryst (%) and the size of phenocryst (mm?)™*.
modal composition size of phenocryst

nos. of nos. of plagioclase quartz mlil;szils total plagioclase uartz

locality | thin section %%) (%) (%) (%) {mm?) mm?)
D 52 128 15.0
D (pumice) 10 10 10.4
R4 29 80 20.1 18.2 0.6 38.9 4.20 6.69
R4 (pumice) 3 4 22.5 12.7 0.2 35.4 5.64 5.41
R3 1 3 19,1 14.8 0.2 341 2.92 4.59
R2 26 72 20.0 18.4 0.3 38.8 2.61 4.82
R2 (pumice) 5 5 18.1 15.6 0.0 33.7 3.22 5.96
R1 6 18 24.5 20,9 0.3 45.7 5.02 7.34
RA 5 10 21.4 243 0.2 45.9 4.06 7.42
RA (pumice) 4 4 18.5 23.3 0.6 42 4 4.70 8.96

* Average area of the largest 10 crystals in each thin sections.
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Fig. 20 Effective porosity of tufls from the central part of the Sengan area. Localities of surveyed
routes are shown in attached fig, 2.
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B4 BN LI CH RO — FROKRELRD . HREO VIV EERIRED = — F 5o g
LT, Lipman (1967) i3 ERHIC L 2 E T BF A B v s LTERBEY M 12, KR
AR BNV D TLEBNIS% H D, 72 RA—RB CikFR L D &0 T4 - CllE L
Fof L R4&—RB TIIHGORBEOKEL L0085 D, R4 THEE 13.7 mm O GERL | J{CiER
2EDA% L LSO HFNALRI. CORBE MG LR SHAFER LTS LT, TELRETE
HEOHHEEEDL L5 L. UTERETHSD & — FROKIRILEE | o bk fiiz By L
LOTHA.
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PR EV, R4 & R2VEEEFEORIFIC L » THHIRICIK G 3B, R3OV CREIERB A D
DTHETE Tew2, BLHORRIZB L UL R2 O ELUT 5.

10.2 HHEBAEOHALD € — F RO

KPR b o FE L B OB R OO T IR LipMaN (1967) DEEHTE B/ 0G5
L. Tiobhb KR HERC, MR o kU r 5 A B KRR L e, X R BE R < o
NCOREEARELTOABRATL H LIEEA I L DIBET S, X 5 KBHRTEOME TEBLR
LB ERE R E T A B o TEIRTNCHERE U, WEMERC o 2 SIEREIC b s,

AP CH o - FIER OB ORI Ve, FRBRREECHE T hEEL T
BLEDNED S DI BITAERIEB B o720y, —fia k< & D, R4, R2, RA & & HEHrho
BB NERPDOL O L HH .

FRHAOREA TS L, ReFFOTEELIR &, WTFhoBE L EEho o RrEa o
LOETAE . 2k Ross and SmitH (1961) . U° LipMaN (1967) iR X v w5 L 50, HEH
REROVK TR, BEAPOMMIMELY SRl LT, HEROB L L 0%  EE
BArZiicfiReELbh 5.
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crystals in each thin section) of matrix of tuffs from the central part of the Sengan area.

Localities of surveyed routes are shown in attached fig. 2.
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DXKEBEROBEARN O B RKPCHE SR, Mililbetbte 7 . 47—V —vdhTilEdLA, W
mEAD L, FRBSORENPIVCESOBRIZY v KRG LT EBRRCH 5.

D OH B OS5 fi% HA MR, FABEM ST IOERF ORI 185 0#EcE L
T\ A, —HAe EINRE OBz 5742 D ORH&HEIIFETI05% Th v, b dinl. X
DGO LIUFD DoV TIRBACEEO fcd RIF SRR B LT - FRIERTL ah
=i,

KBFHBEY OXEFOMBERILES BN s 2 LB < 200 KERER ISV TR
E R T\ % (LIPMAN, 1967; WALKER and WILSON, 198375 &), FENEREEIKEDS S, BMAECE LT
ERACDCTIEFHEBEEES X 0 40 km BE & TR - 2B bid/c <, D2V TRRAULH
20-30 km ¥ Tilas7s DB T, Fh X hi#EFA distal facies (WALKER and WILSON, 1983) TH % L\ 2
%. R4 O distal facies (CHHS T AW, LV EACHTHALICLDOEFHEINLY, REETHA.

10.4 BIAELR O &M EOREF EOZL
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FERGBORIRENKED > D TERRKROGHRIERA L ZIT ot Lhf, el LAREROREY
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2, oA — P TRED LS BEFIED O TIRIE-ETHD.

WAL CfTbh Rl TL, MEEFERKEDE&E= = FROBGRORLCRZ LD E )
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FO X 5B~ F~FoNTHERE L, MR, W, EWMER RIS < 77K < E
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ENEEBEKED D CHBAEROBGED P2 10.4%, FTHEMEMHME B EM 20 km IO
POXEFOWMEROFHNI58% THE DT, BEBEHBMX L. o=+, Tbb
R4, R2 RUO'RA Tif, HIEINBATORGELIEEFO N ERER L, Lich - TREE T
ThZhbthrc 1 EBELEH IR 5.

WALKER and WILSON (1983) (¥ Taupo ignimbrite TOREEH45% & L7z, Lipman (1967)i%, /NE
(1965) D Asolll, 3 7cd>H/NEFIZ0(1977) D Aso—4 DEEFHROW LB LA H 4 F F FH 5 10 km—50
km OEEA THBELOFOB-D 2B THH LR Lic. TOEN D Aso-4 BEHEHCIIEBHEDES
PREPRCREL, LHAKBME LTHELL O LHEESRE.

FNEROEREINGEEGEREFOE= = » TR RED 2 i T, Dk S WREE AR
Thoo, fio==, P CEELLPDEC. REBILOBEEE 4.5 km #1508 SN2 Hih O £H &
TR BB IR T DB, B LE 2 & HBE (1987) 1T KSR~ O R E L H32% L RFEL -/, Re, R2 K
U'RA T AGF~OMBHEORBEEN B ih - oo IESERF b b d e
TERGA, ZhEOEHYOME KERFBEEZETE TR ZThABET S 81 7 Tidik
KAOnbHesMBA X9 ICMB Liox A 7 THotobDOmd Litial .

1. b % 8 K

EINEREGRIAE RO H RN EIKE O ER S LA B iTE - AR (1959), Tanpa (1961),
(1970, 1971), (kBEEA(1976), ZHRE - F4(1978) RUVARE - AFH(1987)1c, F % D Sr R AL
13 TOGASHI ef al. (1985)ICZ N ThREN TS, SEFCHT LCAMOEMEYE 6 iR L, BE
HFOME &3 HO(F) RV HO(—) &R\ TEHI00% s L 3 FHE L BCEBRC T, + L
7,

ZlE - EAE U978 L SHMOMAEEIKE &, HMGEDOD T 1 A4 P EREE, ERMLFEAR
XSG &b & Uz, $5iIT TiO,, FeO, P,O; BABEEIC R 0, ThbhitthZh#ks 2 VBt
WHHROY v A BEOELFATNTH D 2 LaEHmL.

EHENEEBRKEIENEFERKACHERTELLELZAL WS Z &0 5. HIK R2DPOBERIL
WL RE S CEERANCH R ' AT TR D, D LAEEOMAB O~ 7~ DM E
FRLTWALDEEbRS.

ENEHE BIK S O R4 12 Si0, EA73-76% DEIFRMIC B 0 (LU TEE{LY D wid% 11 H,O(+) R H,
O()HBROCTEI00% IR/ 5 L 5 HHE LICEEHV5), K.OEBXRVG Loty EOELOMRE
L/AhE. KO B E LR 7247 =V — VHOBERATHCERALSHS., Err7 A7 — /-
VERTIIEIC NayO BAARA T A RS bhicd -7, 5 Lic RE RO RERITH 8 %0 H24%
FTENCBEATVEY, ZOBLELSE(HEERD SIO, B & OMOHBIISH E hBRD L. AR
ELHMETRIGEGCHEE S D, BT L9 AR TORERD S0, BIXfI60% THB. D2
DR AITE & A EFHCRED EFLERRERAVNCPESEET HDT, £ 0 S0, BOFHL LS HE
LIRIER L/ b, AEBOSD L EEFWED SIO, & & ORICITRVAE 0 L Bbh s,

—7F D O LB BRI, Si0, BA66-73%, FeO™(Fe,0:X0.94+FeO) B 53.8-5.5%, CaO EMH:
1.5-4.7% &, HEMARELOEIREL. DIREAESE TR T WD T, MRV B2 5 L S
O, BN A EMILED LI A, L LRALHAENIER U THAAEBRAO S EHKR TL 2P
{LDIEAKEV-DTC, DIXfbEER i RE G EIIHE TR b0 & Bhbh s,

Ak B A o fill o it SR — 5 Fr it g e O B R B AHUEE K B HERE ) D L M R T AL HE B R (H B e
£y, ABEE, R di), BROEME TR TV 5 (TaNDA, 1961; KaTtsul, 1978 ; FAREHs,
1984 ; IKEDA, 1984 ; 7c &), Th b D{E% HO(+H) RV H,O(—) B\ TEH00%1c7e 2 L 5 BETAE L
BB 7 r ., P Lic. TRBDEADSE S OMRE, FINEREBKED D DM E HER X <
BT b, DitEh b & ERTRRTIO B, FeO* B2% ¢ Na,0 B2V 7. FHILA KO KBEEE

— e —



#H6FE FEINROHEENEHREKEDLEHARN.
Table 6 Chemical composition of the rocks from the Tamagawa and the Old-Tamagawa Welded Tuffs.

No. 1 2 3 4 5 6 7 8 9! 10 11
Sample No. BJ3C | YBID | TS8P | YM5SP | NMS8P | KB11P | 1461A | 1461B | KK4 |KBI19M| Td22
Unit RA RA RA R2 R2 R2 R2 R2 R2 R2 R4
8i0, 72.36 74.30 T2 5 66.71 67.31 71.70 70.19 75.16 70.61 73.24 72.93
TiO, 0.30 0.26 0.27 0.39 0.37 0.26 0.21 0.22 0.24 0.30 0.27
Al O 13.24 13.09 13.84 16.34 16.17 13.93 15.55 12.70 14.65 13.97 13.22
Fe 05 137 1.67 0.99 2..15, 1.63 0.92 1.60 1.32 1215 1435 0.80
FeO 1.01 0.47 1.65 1.01 1.83 1.15 0.57 0.86 1.98 1.19 1.44
MnO 0.06 0.02 0.04 0.10 0.07 0.03 0.04 0.04 0.05 0.04 0.06
MgO 0.92 0.47 0.43 0.48 | 0.69 0.14 0.65 0.51 0.62 0.19 0.37
CaO 2.81 1.76 2.07 2.59 2.80 2.66 ‘ 2 4501 2.66 2.96 2.46 2.17
Na,0O 3031 3.52 3.42 4.46 4,52 3.36 | 4.28 3.70 3:32 3.85 3.68
K,0 1.52 2.90 2.97 3.06 2.94 1.98 2.71 1.47 1.00 1.82 2.43
PO, 0.05 0.04 0.06 0.07 0.07 0.06 0.04 0.04 0.05 0.07 0.05
H,O(+) 1,75 0.81 1419 1.90 1.02 2.55 0.79 0.33 0.94 0.88 1.69
H,0(—) 1.23 0.53 0.18 0.36 0.46 0.74 0.28 0.28 | 2.18 | 0.46 0.24
Total 99.93 99.84 | 99.88 99.62 99.88 | 99.48 99,42 99,29 | 99.75 | 199.82 99.35
No. 12 18 14 15 16 17 18 19 20 21 22
Sample No. 1596 1597 TB3 1536 1537 2030 2031 OR10 | OK2 | TH7M | 1594
Unit R4 R4 R4 R4 R4 R4 R4 R4 Red D D
$i0, 71.85 72.81 73.28 74.16 F1.27 73.54 73.30 DN 72.76 63.51 64.61
TiO, 0.26 0.27 0.21 0.25 0.23 0.27 0.26 0.21 0.23 0.77 0.74
Al O, 14.09 13.25 13.60 13.51 14.35 12.81 12.31 13.34 14.01 15.95 16.01
Fe,O5 0.75 0.71 0.64 0.83 0.75 0.69 0.96 0.51 1.27 1.92 1.80
FeO 1.83 223 1.72 1.29 1.51 1.40 1.11 1.98 1.22 3.59 3.52
MnO 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.06 0.04 0.11 0.11
MgO 0.56 0.41 0.38 0.38 0.46 0.68 0.56 0.42 0.48 1.14 1.25
CaO 2.31 2.14 2637 1.44 2.22 1.64 1.56 2.1 2.46 4.41 4.51
Na,O 3.70 | 3.70 3.87 3.39 3.93 3.82 371 3.62 3.33 3.40 3.31
KO 2.40 2.51 2.24 3.28 2.64 2.91 3.18 2.74 2.60 1.43 1.44
P,0;5 0.06 0.05 | 0.05 0.06 0.06 0.04 0.03 0.05 0.08 0.18 0.18
H,O(+) 1.19 1.17 1.06 2.44 1.96 1.83 2.10 1.29 0.75 2.38 1.18
H,0(—) 0.31 0.12 0.34 0.18 0.10 0.12 | 0.12 0.38 0.58 0.54 0.84
Total 998377 99.43 99.82 99.47 99.54 | 99.81 99.77 99.46 99.81 99.33 99.50
No. 23 24 25 26 27 28 29 30 31 32 33
Sample No. 1598 HAZ2P | HAIP 1514 YS7P YB6 KA3P | 1842 1495 1488 1506
Unit D D D D D D D D D D D
Si0, 70.38 | 66.69 | 68.77 66.69 | 67.62 68.80 68.82 64.83 68.37 67.53 70.46
TiO, 0.61 0.73 0.68 0.73 0.76 0.61 0.68 0.77 0.59 0.63 0.62
Al O 12.92 14.36 14.31 14.36 14.85 14.49 14.31 15.54 14.34 14,24 13.67
Fe,O4 0.64 2.71 2.83 2.71 3.39 1.44 3.27 202 2:32 1.40 2451
FeO 3.20 1.94 1.69 1.94 1.37 2.77 0.86 2.55 2.62 2.8 1.40
MnO 0.09 0.10 0.09 0.10 0.07 0.09 0.06 0.16 0.10 0.11 0.05
MgO 0.75 1.1 0.75 1.11 0.58 0.84 0.62 111 1.40 0.93 0.54
CaO 2.72 3.66 2.62 3.66 3k19 3.34 2.86 4.23 3.96 3.41 2.67
Na,O 3027 3.128 3.05 3.23 3.24 3.44 320 3.04 3.37 3.32 3.38
KO 1.97 1.58 1.84 1.58 | 1.68 %79 1.68 1255 1.58 1.74 L.75
P,0s 0.17 0.15 | 0.16 0.15 0.13 0.15 0.14 0.16 0.13 0.15 0.14
H,0(+) 2.61 2.41 1.39 2.41 1.92 | 1.04 1.62 2495 0.64 2199 2.01
H,0(-) 0.06 0.52 1.10 0.52 0.66 0.52 1.04 0.48 0.04 0.16 0.32
Total 99.39 99.19 | 9828 | '99.19 99.46 | 99.32 99.16 99.64 | 99.46 | 99.41 99.52

Analyst Nos. 1, 2, 17, 18: Japan Chemical Analysis Center, others: Tokyo Coal and Mineral Institute.
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Table 6 (continucd)

1. BJ3C Hb-bg opx rhy. w.t. Bijozawa, 530 m a.s.]., Tazawako town.

2. YBID Opx-bg? hb rhy.w.t. Ushiroyokobezawa, 490 m a.s.l., Tazawako town.
3. TS8P Rhy. pumice in w.t. Tanashirozawa, 620 m a.s.l., Tazawako town.

4. YMS5P Rhy. pumice in w.t. Yunomatazawa, 550 m a.s.l., Tazawako town,

5. NMS8P Rhy. w.t. Nakanomatazawa, 510 m a.s.l., Tazawako town.

6. KBI11P Rhy. w.t. Kabazawa, 720 m a.s.l., Tazawako town.

7. 1461A Rhy. pumice in w.t. Kowasegawa, 480 m a.s.l., Tazawako town.

8. 1461B Rhy. w.t. Same locality as no. 7.

9. KK4 Hb-bg? opx rhy. w.t. Kokakurazawa, 805 m a.s.l., Tazawako town.

10. KB19M  Rhy. w.t. Kabazawa, 890 m a.s.l., Tazawako town.

11, Td22 Hb-opx rhy. w.t. Kotsunagizawa, 390 m a.s.l., Moriyoshi town.

12. 1596 Hb-bg opx rhy. w.t. v. zone. Kotsunagizawa, 390 m a.s.]l. Moriyoshi town.
13. 1597 Hb-opx rhy. w.t. v. zone. Kotsunagizawa, 390 m a.s.]. Moriyoshi town.
14. 'TB3 Hb-opx rhy. w.t. v. zone. Tsubusamazawa, 395 m a.s.l. Moriyoshi town.
15. 1536 Cpx-bg opx-hb rhy w.t. v. zone. Hinokinaimatazawa, 360 m a.s.l. Nishiki village.
16. 1537 Cpx-bg opx-hb rhy. w.t. v. zone. Same locality as no. 15.

17. 2030 Hb-opx rhy w.t. West of Yasunotaki, 695 m a.s.l. Ani town.

18. 2031 Hb-opx rhy. w.t. v. zone. Same locality as no. 17.

19. ORI10 Hb-opx rhy. w.t. Shimokanakurazawa, 580 m a.s.l. Tazawako town.
20. OK2 Opx-bg hb rhy. pumice in w.t. Okurazawa, 735 m a.s.l. Tazawako town.
21. THIM Opx-cpx dac. w.t. Taiheiko, Moriyoshi town.
22. 1594 Cpx-opx dac. w.t. Taiheiko, Moriyoshi town.
23. 1598 Cpx-opx dac, w.t. v. zone. Taiheiko, Moriyoshi town.

24. HA2P Cpx-opx dac. pumice in w.t. Nekonosawa, 840 m a.s.]l. Kazuno city.
25. HAIP Opx-cpx dac. w.t. Nekonosawa, 765 m a.s.l. Kazuno city.

26. 1514 Cpx-opx dac. pumice in w.t. Nakanosawa-rindo, Tazawako town.

27. YST7P Cpx-opx dac. pumice in w.t. Yanagisawa-rindo, Tazawako town.

28. YB6 Cpx-opx dac. pumice in w.t. Yokobezawa, 720 m a.s.l. Tazawako town.
29. KA3P Cpx-opx dac. pumice in w.t. Kantonosawa, 1,025 m a.s.]. Tazawako town,
30. 1842 Opx-cpx dac. pumice in w.t. Kantonosawa, 1,070 m a.s.l. Tazawako town.
31. 1495 Cpx-opx dac. pumice in w.t. South of Toshichi, Matsuo village.

32. 1488 Cpx-opx dac. pumice in w.t. Southwest of Iwatekawaguchi, Iwate town.
33. 1506 Cpx-opx dac. w.t. Yamaya, Tamayama village.

Hb: hornblende, opx: orthopyroxene, cpx: clinopyroxene, bg: bearing, rhy: rhyolite, dac: dacite, w.t.: welded tuff, v:
vitrophyre, a.s.l.: above the sea level.

EE KRR CEINGHRKE D D LW hie h Bie 2 D dtisa bl (B b D Th 5.
THOETIAEY S FUECHEINERERIKED RE LTV, L Lichb Lo Re &
Ui Tidie <, SiO, &, KO Bk TRAEh 5.

EHGOLENNEGTETHAALR 0L, FEINEBEKAED D 3HGEAELYRIICLr1bES, §
e A AD MO H R A & RKHBEERE KB RAERY & AU TRk ), R&FTh B ERD. it
FHEAE (1984) (1B REIES B AT 2 BKED S HHHEL R Lz, 2 OFREZEER Bk R
LTS, AL 6 Ma LIETTH 20 T(LD, 1986), SENIEEOFEIC Lich - 7.
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23 ENNERSBKYT, & ENERSERE RO HAL B Ao o> S A — FHi i O
FH A KFHERE D O, O (+) U HO(—) &V Ti100% 107 % £ 5
S LA Ao ST ET - R (1959), Tanwa (1961), f (1970, 1971), &
M (1976), A - FE (1978), Ak - T (1987) ROAKHEO L Ok, £l tk o
fll4X Tanma (1961), Katsur (1978), HARIEA (1984), O Ikkva (1984) D H D 7w o, b L1,

Fig. 23 Chemical composition of rocks from the Tamagawa Welded Tufls, the Old-Tamagawa
Welded Tuffs and other large scale felsic pyroclastic flow deposits in Northeast Japan,
free of volatiles. Data of the Sengan area are from KAWANO and AOKI (1959), TANIDA
(1961), TACHIBANA (1970, 1971), SATO et al. (1976), SUTO and TAMANYU (1978),
SUTO and IsHII (1987) and this paper, and those of other area are from TANIDA
(1961) , KATSUI (1978), AOKI ef al. (1984) and IKEDA (1984).

12. 5 % M K

EN RSB ICE B O s B AR IK A T o SRR B L UERE 13 92 (1978) JL OV AR (1979, 1981h) IZ7R &
NTLE. WTFhORE L FLESHEORD VI, BT L L £EOBRSEE I T Shid Tt/
VCOT, D TRAER EHAD—Ric VTR, sl B AR o fiithis o SR~ B ETEATE D
BB B R K PR B o SR M B L AL B R (IkeDA,  1984) D & D2V TRER TV D DA
DT, SENIERF TR - .

121 & & A

FINEERIKED D RO R4, HENEKEKED RA DREADHEM Y An—Ab—Or ZF 44 7
75 A b T ey, P LORT(E1X) . BN Do R EFIE T ROodE BBV, REICDOWT
IEACEBHE S, RA BB BIEFME L D FRFRERL, EPMA THH Leb0THDH. Frofiikiz
2 (1978) 42 Do\ THREBEHOB ), R4 1Z O\ CRBRZHE 7 IRR OV it 2 LR 0
OFHHEA T L. FR I LT RA RO R4 b o RE TR ERFTHESE R+ R Loz
X<, #1 R4 TiL An/(An+Ab) (LU TF An &15-9)30-350 2\ HHIANIC R S D, RAHD An 40 %
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Fig. 2¢ Chemical composition of plagioclase from RA, R4 and D on the An-Ab-Or diagram.

B2 A MBI OMR TH S, Re BORETD SiO, BOFHIHI60% TH 5.

D ORHEGEMEORS K E V. TibbiEROI LI Tt An 65-88, &3 T An 5565 T
Hh, EEFHBRROCER A ODEIEIN L 55 ADHMIC H~TE L An K BT Aa ok
B PR O LI MBI R O L O N T An RIS E T T LAV WO
DHEUTIEIFR L TH S,

PRGHD FeO* BIZ RA KU RE DL D110.2-04% THH DAL, DFDO L D10.60.8% T
HH, BWIL->TRLD. DEBR~/ L5, RA & RAFOHMEROAKITLOMTVE25, Do,
Db e R s. FLDHRDOREGOTNTOQM TR TL = 7= LSRR - 7o
E 9 D3 52T,

12.2 ## ral

Do TR 7 R b EIA - (R, 1981) R OHRARBUR o 7 (13 0, 1978) DR KD
DWEARERT 5. EFWEIZLERNIB AR L Tw5. 4784 Ca: Mg : Fe Foit a7
BROWVT3.1-8.5 1 55-59 & 3842, BEMEAIC DG TILA U <4041 : 3941 : 17-21Ch D, Fiooh
LT ELVCERRESIR IR, DROBAEOMKL, THEELEBASSOHFENE L B
HATOEIRS LTV, Zhbad_XTRA—0==, M EHMF Lz & &FF L.
RO T R 4> (1978) VR IEIRZ S 2 ROBEE PO L OfE, Ca: Mg : Fe =2
54 1 44% R L7,

13. BHE WKW E

B4 BOR L & 5 & i S CE AL CEREL L 223 Eh3 T California Electronic MFG ##4o> 7
Ty P ASA h R IE N A= B BT LT0% L CREL AL O IEE O B A JISE L. SEEAIRE IE
THE LT OfRREE 7T RORT. EMATORIE AN EREROHBE I« Th b, — s
HARCHERENE GRELIE. ce b m 7 o 07— Ve Vil L0 AA LSO ERD
FELLIE . MREAZRESE oA L b, AT L 0 75 mT 205 50 mT F TFff - 2. 87 #bCit
KOS 2UTOESGIIK R ag IR LT, BMEOCHFRTII2HEETH L. SEIOHE
KRB OBICEN T TH D, MBOEBICET TR THLDOTCiTblih -1, ==
b EDWERE O B RITE SO ORME LA B5RIR Lic, EPEOBRERIETOKRE I THRL
foo FRAVERIEA OO REMNIGHE L — F TOPEBRLEWBRTR L. BUTFg==, b Z &
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Fig. 25 Magnetic directions of the Tamagawa and the Old-Tamagawa Welded Tuffs, after
demagnetization in the alternating field. Solid circle: lower hemisphere, open circle: up-
per hemisphere.
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Fig. 26 Magnetic intensity and inclination of tuffs from the central part of the Sengan area.
Localities of surveyed routes are shown in attached fig. 2.
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Fig. 27 K-Ar ages and paleomagnctic polarities of the Tamagawa and the Old-Tamagawa Weld-
ed Tuffs. K-Ar age data are quoted from SUTO (1982a), TAMANYU and LANPHERE
(1983), SUTO and ISHII (1987) and this paper, paleomagnetic data from this paper and
palecomagnetic time scale from MANKINEN and DALRYMPLE (1979).
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Hi1-1 RBHDE Y 4 VEKRE. BREI - KARAHA.

Plate 1~1 Pisolite tuff in RB. Junction of Kakkondagawa and Oishizawa, Shizukuishi town.

i BT - Rl g fATah "',"2}_“ 41 ., ‘3 "
MhRk1-2 BIW ./ REFOBARKYE. KERLHR.

Plate 1-2 Pumice tuff in Kantonosawa Formation. Upper stream part of Obukazawa,
Tazawako town.
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- i - "‘-‘.J-Ln LEET
Kik2-1 XA/hBRESOBEY S BUEKE. KRR - BRIREHA
Plate 2-1 Tuff in Mataguchigoya Formation, including lithic fragments. Junction of
Obukazawa and Yudamatazawa.

i .‘:"!1'1‘- 2 el .‘"‘-' S

_ e

BBi2-2 RiGOBEE. 4/ LR KERAKAE.
Plate 2-2 Lava fragment in R1 tuff. Near the junction of Nakanomatazawa and Okurazawa,
Tazawako town.
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¥ i L -. ok _'I‘ ¥ -
Mk3~1 R2FROEER. &/ LRAFH.

Plate 3-1 Pumice clasts in R2. Yunomatazawa, Tazawako town.

BIfR3-2 R3 ROSMAERKE - MEBHKEERE, kEXa#es.
Plate 3-2  Alternation of phenocryst-rich tuff and fine tuff in R3. North of Akita-Ojiromori,
Tazawako town.
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BUf4-1 R4 HEF, PROABBIFFED, toLoBBEREE o7 47—V~ KEHY
FRAD=—AT5 v F A%~

Plate 4-1 Basal part of R4, with light colored non welded part and dark part of vitrophyre zone.

Youthland skiing ground, west of Akita-Komagatake, Tazawako town.

RfR4-2 R4 FOBEECHORETHE. KFHEHRAER

Plate 4-2 Vertical platy joint in R4. Tsubusamazawa, south of Taiheiko, Moriyoshi town.
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Je bl o Bk U TERE (Gr) 2 B 5 D. #B&#Hsem, e, (7 —V—v8
cm, FHEEHEER ¢ 60 cm, MMERIIIR A L DEEH S m. BT KBERY (V)ICBh D, B
LA RS

Plate 5-1 D, underlain by the weathered granitic rocks (Gr), with 5 cm-non welding, 8 cm-

vitrophyre zone, 60 cm-partial welding and more than 5 m-dense welding zone.

Stratified air-fall tuff (V) overlies D. Shirasawa, Tamayama village.

[Rhk5-1

e e L LA i G Lk

XFE5-2 FBERHERY I TR LA AEET 4 D. AFIInEAE, dERE-.

Plate 5-2 Valley fill type D, overlies stratified fluviatile deposit. Iwatekawaguchi, Iwate town.
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Rlfi6-1 D Ao B RER. HHERECE.

Plate 6-1 Lithic fragments rich layer in D. Bunamori Ranch, Tazawako town.

RIff6-2 R4 ORAREE. AERIR.

Plate 6-2 Columnar joint in R4. Obukazawa, Tazawako town.
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At b AL AR O KILE O RS & KILTEB D HER

T I A O (IS

Volcanic history at northern part of the Sengan geothermal area,
northeast Japan, on the basis of paleomagnetic study

By

Shigeru SUTO™ and Sakae MUKOYAMA**

Abstract: Paleomagnetic study were carried out for samples from ‘“Young Volcanoes’” distributed
in the northern part of the Sengan area (Figs. 1, 2 and 4). The results with supplement of a few K-
Ar age data of core samples (Table 4) are as follows: Early stage volcanics (erupted in Matuyama
reversed epoch or more older epoch) include Shibakuradake, Bunamori (northwest of Tamagawa
hot spring), Hachimantai, Appidake, Mokkodake, Morobidake, Obukadake and Shimokurayama
volcanic products, and Late stage volcanics (erupted in Brunhes normal epoch) include Akita-
Yakeyama, Bunamori (west of Fukenoyu hot spring), Maemoriyama, Chausudake,
Yanomunedake and Nakakurayama volcanic products.

The youngest volcanoes in the Sengan geothermal area, Akita-Komagatake and Iwate
volcanoes lie at the peripheral part of the area. On the contrary the Early stage volcanics mainly
distributed in the central part of the arca. The relationship between the localities of distribution of
hot springs and fumaroles and the eruption ages of the nearest volcanic products is not so obvious in

this area,

1. 3 U &

BH - BFREOIISEEL (511 )ik, KU AR £ LTRIUE, B A KILEE L
T THMKIIEE] EMBRT5) 085114, 250 KIUBHEYM RO AR S S+ 5HEEE A
MK FERHERE ) T b 5 TR ER S AMEIL S w7~ 7 <8 0k, FRF Aoz B - 1
TOREXREL L EFHTES.

RO D KUEHE O 5 & ENEREEIK B O TR AT (1987b) 1, Al i Bt & 56 o 7
KR O TR AR (1985) Is T E i #n v, FHOEBEI LB e rT 0, 13 E)
BREBICE B OMEMYTH 2 7 1 ¥ 1 P BREBIKCE OB RN, 1 Ma X 0V 2 EXBe R E
HAME ) & R A g Ay, F/t 1 Ma & h i D AL AT BT I & K S huts. AT
FeCIR e B IR AL A 2 F A N E O B RRIE & TV, o KL o fER i 2o
TEEL.

AR Y v A VIRRSTEI O HIBE A I G A RS L UThR b O TH D, KR
DEMIZEE L CIMERERMOA i R TR, B, &5, NFRE, -
AR 2 vy 2 v b)) EALZE R =5 0 F — B ERRBER, HibAHoFAR 86

TR ERED Y (MBRALE
* Geothermal Rescarch Department
** Kokusai Aerial Surveys Co., Ltd.
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Fig. 1 Locality map of the Sengan geothermal area, northeast Japan. Quadrangle in a broken
line shows southern part in SUTO (1985) and that in a solid line shows northern part in
this study.
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Fig. 2 Geologic map of the surveyed area. Sh: Shibakuradake, Bu: Bunamori, AY: Akita-
Yakeyama, Ha: Hachimantai, Mo: Morobidake, Ch: Chausudake, Ma: Maemoriyama,
Ob: Obukadake, Mg: Magarisakiyama.
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Fig. 3 Columnar sections of the volcanic products of Akita-Yakeyama Volcanic Group in wells.
Localities of wells are shown in Fig. 4.
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Table 2 Paleomagnetic data of volcanic rocks from wells.

before cleaning L after cleaning
Well Depth Demagnetization
e no, {m) Inclinati Intensity (13%) Inclinati Intensity
ncimation <A/m) nchnation (A/m)
1 H-14 20.1 59 9.49 x 107! 15 59 7.02x 1071
2 H-14 30.2 63 1.26 15 61 9.38x 107!
3 H-14 40.0 61 9.80X 10! 15 61 7.03x 107!
4 H-14 50.2 61 2.40 15 60 2.09
5 H-14 39.1 —55 8.99 15 —58 8.32
6 H-14 69.6 —62 1.03x 10 15 —63 9.90
7 H-14 78.9 62 4.05 15 61 3.12
8 H-14 90.5 59 8.63x 107! 15 66 4,19%x 1071
9 H-14 101.0 73 6.16 X 107! 15 67 3.18x 107!
10 H-14 110.0 —75 9.21x 107! 15 —71 3.90x 10!
11 H-14 120.1 61 1.14 15 60 4.01x107!
12 H-14 129.9 57 7.88x 107! 15 62 3.69%x 107!
13 H-14 140.6 —75 8.98 X 107! 15 —70 3.69x 107!
14 H-14 149.7 83 5.34x 107! 15 73 2.24x 107!
15 H-14 158.0 —58 1.65 15 —63 1.58
16 SN-5 131.3 43 9.93xX 107! 30 17 2.72x 107!
17 SN-5 282.5 63 9.18x 107! 10 57 4.57x 107!
18 SN-6K 89.8 73 9.31x10™! 10 40 2,11x107!
19 SN-6K 277.8 54 1.11 10 59 8.40x 107!
Shibakuradake— Akita—yakeyama Hachimantai—

Bunamori Morobidake

lower
hemisphere

upper
hemisphere

<20<  Ogg

Chausudake— Obukadake—
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g0 X RMEEAIER R
Fig. 5 Direction of magnetization for volcanic rocks in the northern part of the Sengan geother-
mal area.
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ROsns, EFMOBEOHINYHBOEE X » LA ch s &¥E L.

FEIL-FEIUDEHTCH BAHIT 0 X D ATE Lic KIUED—E EE 2 b T 5 (FiEh,
1987). SEORA TIRRIFABHIIS HR s hT, BERIAEL 1 HADORICOVTORT-
o, BREEFHETH -, AROITOELBRT 5 ERTUHWARL, KBEHOFELUOER
BIEHHEETRT. 2ok, L LAFTTUELAETEAE LVERY LTWiL EEETS &, B
I LB M HiETE Lic LT TE 3.

4. K-Ar Ff%

AETIRHAEMENOMEO KILERK TS £ TAESR TV 3 RBROKAELEL KU LT
WHl S hie 3 KOMHFORKOERYBRET S, FHILEEYB V. BREYE 3, +FoR.
B3 FDOFEF no. 1 O 2 X\ 35 b BEBEL K LLBE & /A KILEE D 5 A58 o f o #) I i 7R 1
THREELEINELSD. WED K-Ar FRLH 4-5 Ma DE%RT. Boh-ERNEORHE
RETTON, H5VCEBEHC L VER - LERETRTONEHELNTHRLOT, ThbDERNhE
#H, BEFHOVTIICET A0 ETERVA, KBRS TR - o KU R I K e & iE

3R HEABO K-Ar FRUERHRE

Table 3 K—Ar age of the volcanic rocks from outcrops in the northern part of the Sengan geothermal area.

Loc, | Sample Isotopic AT rad “Ar rad o Longitude #x
No. no.* no. age (Ma) (10~5 ml/g) (% K(%) Latitude Rock
1 103 1764 4.9+0.4 0.021 20.5 1.12 140°47'57" Qz-bg cpx dacite
| 0.022 24.5 1.13 39° 59" 48"
2 104 1794 4019 0.019 4.2 .09 140°47'55" | Opx-cpx andesite
0.019 4.4 1.23 39°58 58"
3 105 1835 1.6%0.5 0.004(8) 5.3 0.89 140°55'43" | Ol-bg opx-cpx andesite
0.006(0) 8.3 0.89 40°00"01"

* nos. as same as those in Fig. 4.
** abbreviations are same as those in Table 1.
The constants for the age calculation are: 4,=4.962x107%/y, 1,=0.581 X 10710/y, K*/K=1.167 X 107*

Analyst: Teledyne Isotopes.

HaeE VIHARAMO K-Ar ERNEEE—E
Table 4 K-Ar age of the volcanic rocks from wells.

No. Well no.* g L af;e‘”("l\‘ff;) ( lgﬁ’ ,fj? y 40‘?%“ K(%)
1 H-14 43.9 ' 1.0+0.3 0.003(8) 9.1 1.02
0.004(2) 6.5 1.03
2 H-14 128.1 0.9+0.3 0.004(0) 7.1 1.17
0.004(1) 742 i W17
3 SN-5 131.3 0.4+0.1 0.001(3) 6.6 1.21
0.001(4) 35 1.21

0.001(9) 9.3
4 SN-5 282.5 0.5+0.1 0.001(8) 8.1 1.00
0.002(3) 6.9 1.01
5 SN-6K 89.9 0.5+0.1 0.002(2) 8.7 1.27
0.002(4) i 8.5 1.28
6 SN-6K 277.8 0.4+0.1 0.001(8} 6.0 1.18
0.001(9) 8.4 1.20

* Localities of wells are shown in Fig. 4.
The constants for the age calculation are: 13=4.962 X 107%/y, 1,=0.581 X 10~1/y, K#¥/K=1.167 x10~*,
Analyst: Teledyne Isotopes.
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Fig. 6 Sketch map of volcanic history, localities of fumaroles, hot springs and geothermal power

plant. PY: Pre-Yakeyama caldera, OT: Old-Tamagawa caldera, Oh: Ohnuma, Ma: Mat-
sukawa, Ka: Kakkonda.
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ZEHE (1985) DS MBEHK OFTH K ILEB ORI - B0 58, SEVEBH LR TR TR
THRGIMa L0 LVAHECAES 200REZ5EEAHFRALLLOTHS. ZHITBEER
MEFLIHEHECBOR TN &, RUHEIZ 1 Ma 5 50.73 Ma io T ToH LUWERI 2V T
BIERAEI BRI T - ol bic kb, SEORE THLECH LV IEHAEREIHE L bty
DT, FAREAIS) DFEEZAVS. LI LAERRC I W EREE TN 7Y o v RIEFHLSO L b
HOEFM, LT~y b BT aafettsish 2B R H I hic, £0bRlE Tl EE
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Distribution of the landslide landforms in the Sengan geothermal
area and its environs, northeast Japan

By

Kiyoshi Sumr*, Kazuo IKEDA**,
Keizo SAITO™* and Shigeru SuTo***

Abstract: Mapping of the landslide landforms by airphotointerpretation in the Sengan geothermal
area and its environs was worked out in order to employ it for hydrothermal alteration survey as a
geothermal prospecting. Mapped area is 1,500 km?. Total 927 sheets of airphotographs used were
taken from 2.3-6.0 km in altitude in 1968-1976. The mapping was carried out with special emphasis
to detect nine kinds of topographic features showing the characteristics of landslide landform.
Leading model of this work is the landslide model proposed by VARNES (1958).

The mapping was originally drawn on the topographic map of scale 1: 25,000. Then it was
schematically transferred into the topographic maps of scales 1: 50,000 and 100,000. Twelve kinds of
dimensions of the each mapped landslide such as length, width and height were measured. As a
result 569 landslides were mapped. Total area of those mapped landslides is 330 km?, i.e. 21% of the
studied area.

According to statistical study, 14% of 569 landslides in the whole studied area are accompanied
with geothermal manifestations such as hot spring, fumarole and/or hydrothermal alteration halo.
However, concerning the central geothermal area of 600 km?, 42% of 182 mapped landslides are ac-
companied with the geothermal manifestations. Among them, 17 large-scale landslides larger than 2
km? in each area occupy 65% of the central geothermal area. Such a close relation between landslide
landforms and the geothermal manifestations suggests that most of the landslides in the Sengan
geothermal area are genetically related to prehistoric geothermal activity. From this consideration,
the airphotographic survey of landslide landforms is useful to the reconnaissance of geothermal pro-

specting.

. ¥ z »n &

MBS il SR DEE O, LIE Lo 28 L%, shid NRBEM T | Ll
T, I SEEO—20&EREL AT =) — L 3hTw5 UM, 1973). HEE SR IR+
Lah, FRucEo Gy NERMT X0 | 2ARAE LT Tths. w2, i hiFonsm
A RIERENC AR L, bl B & OBIERA D A s, T 0 I O R E S5
FEMOMBME A TR T LAREELSS S, MBBEED ~Fhe L TomBEETMNEE iz,
1974) AT EE O BHIMC e » T AR S h e AEH 2 #HES R L LT05H. Lich

PRI TR B U B Y T O TR S Y R

* Government Industrial Rescarch Institute, Tohoku ** Asia Air Survey Co. Ltd.  *** Gceothermal Research Department

— 159 —



S THT RO OEFEEMAENEENREREN L FEFRLAD S HTHAH.

LasL, Ko< by, ko, BEMAERE, BERE V- ERR KLU EU L
T A 2D T, Thb EMT XM L ¥ KT 5 HEaHLT s LENDSH. Tichd
NN, —RCEGEEC RS TWAED T, EREEOHHREYEM THRIET S22 & LMNET
HB. X TEEGIIETS—S6MERICHIc ) THEEERNSHRIERE] 0—8E LT, IERE
M 43 & 2 DR, B T1,540 kim? DIEEIC o7 » T, TN b Wi 0 Zerh BRI S0 & v i
B - L.

COFREOFIL, 1968F D T A HFZ OB R O19714E D b B =51 Ko KB #hEdhiFic B8
THIEM (A, 19828 xR 5. fo& X, BIIHBFEAFKAUO 2 7 5 HOBEMAEL
OEBZMIET 2 & X TR - /A, 1961), A7 5 L Shic BRI RO/ TD
OEEETH D, FEMELEL IRAERESHTND OBERE Tllicb b &V s BV EChcoT
Hb. TOLDIINFECHEFEHTL L TBADNEET L HCEE0 AR VTFENBHMHAEL T -
Fen,

£ [E D BF55-56 - OFHE Tix, VARNES (1958) DTN h £ F A2k b i 5 S A e
#ELTERFEHFRIC L » T A L. ZoFE, REMCIEBMIEE T 0F
DI B\ T, B560lDMT N b+ 5 2 LA TE, Th EEEHIR L 05 H EOBIHR S H
Ll ot FOREEOOLTHUTRRET .

COWRICET HHFRIEELT © 7 MAKREH OB NG CER L. R0 —scinibl - &
BEDEA, WALERE, RREE, LUB—, IEEFE, I R, ExRE—ROABERO &L,
L7z, HRFN545E, ARFHEOTERHNCILPRREORRENEE,H, TORAMLICOVTHERY Y
MmAH T kA HER. BAREIBICILE OBIBRISS-564FIC L 7 O TS — 2 OMIEE Y EE, ok
W oML Eh o, BENESENMERECISTYET L TAERRE RS vi, &
RBOEMICHE BE L ET.

2. HWHEENTR

s B L B T KL R dul & 375 RBIB e KILBE O R B2 ST 5. CoKIUBTAKRT
LA O KE B EVE KUBET, FOEBE800km2 L Th D, AMBOMETH G- HHALH L
HiZiE s - TEFESACHERSE, £FE=RIERE, FE=R, B EHitEIESRICEERD
FHIKIEED 5 DKl ah 3. ToOMERAE 1 iorT.

EFESOHRAE L EFHERERE & AR O BN R o H+ 5. —H, PRBLE
WCHE=RIC L > TEbh Tk ), TOEIABKRICEVTH0.5-1 km ZET 5.

FEZFELAT - FREED “7) v x 77 LRt S EEEhe 2 CO#ERERIC KA 2 h
B, Vv i7" BBEHELLCBELKURBRBEE LD, THEHECRS - e - BESN Ebh
itk oL, BEH R OEHC ST 5. A O PO TR EH I X 5 T1L1-1.6 km DES B\
T 7V va7” PHEREIRTVS,

MRS 7Y v 7 RESICkEG, FhEMPESTYRT. BB, T O¥ER
EEOTHCRREHESERL, A ARmTBWtREYETS. —F, EHEBEEL Y, BE%E
DitFEZ e, choOHEEHIARBREM A EHB LIS,

FINEEBEREEIFESR2TEEC BB, HELCLTM 1 P EHOBEW KB bR
D, GBS, & DFEMIL2.8-0.9 Ma DIEWEEEIIC T - Tk b (FHRE, 1982), #92007
FOMCKEBHE LD THS. L Lro—Ficiy, TROFE=fHEREER EH (Y 8-9 Ma,
HHE, 1982) I\ FHHEIOLOL EFTh LW ESE D 5.

FHKILEREG 6 2o kIR, bbb ARTE, S, 5F, Wi, FERORECS KRS
D MERENER, WRTEEE, p. 5851
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Fohn (¥ - FAR, 1959). Z0 5 B, HFROEY &0 3 BEELER B ADRE H 5
ChEFiZAy, 1981). T BOKIUBER R THE~OKLUD 55, @EAEDKINTRIEE R\ LE
REEOHEKIUTHL., Lo, < 20DfM0RH5. ol i, NETFKILUD 5 HAREF T
ZURBEEPLLHEEETH Y, BILKINCIEF A #+1 + - F—apfEbhTub, K-ArERR
UHHIER T — 21 L 5 &, A PROFHEKLFEO XS, SFUBOTEE, Kiblohodic
SART HEHW132.43-0.69 Ma BTO LRI O L O TH b, ¥ —EE BRI FTXh0ilF
% (ZFEE, 1985). BF KIUBFOEMEILEOEF KNLUTHKILUTH L. FOMKERIL V< &£ 102
MafiE TEDIFHZ ENTES (L, 1985).

BENRE ST St BsbE B RRE 7 v — 7, 1985) 205 4T, VS B #IE50 km, #7
40 km O KB /AR & 25 h, FONMLENEHRKEE &Sm0 QEE & X - T

140°E

o
Sapporo

Takinoue

xD
Akita Morioka

! Sendoi
oshi

Mori
V&\/y \

4

N/
NN N

Matsukaw
Oo v

iop, -
pLNal —~Iwate

A Tar A\e @

v A k\/A U \ 4 \

A3 a4 /)5 o6 er 08

H1E e R 0 O B O W E 3 0N s 447 ) (Suml and SuTo, 1981, —
EIEIE). P RWSSEREE G AFFSHEME, N3 0o L RUHERE,
W ENERSEIREE, Q  #KILE, a: FPOCHERY, 1 M, 2 ®7F8, 3:3EXID,
403K, 5 AT IROUKA, 6 R, 7 ALY, 8 BB

Fig. 1 Geological map of the Sengan geothermal area and its environs with the distribution of
geothermal fields (SUMI and SUTO, 1981, partly modified) . P: Pre-Neogene sedimentary
rocks, G: Pre-Neogene granite, N: Neogene volcanic and sedimentary rocks, W:
Tamagawa welded tuffs, Q: Younger volcanic rocks, a: Quaternary sediments, 1:
Folding axes, 2: Faults, 3: Extinct volcano, 4: Active volcano, 5: Caldera and crater, 6:

Hot spring area, 7: Fumarolic area, 8: Geothermal power plant.
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FRTCA, FLTHEDMEC T “7 ) v a2 77, REESOEEE, s R NS L
T B, HIBVEEL - OREBRPNCE S Tofi L, ZoBE mMERSERCHE Ly 2 xR L
T\ b,

g MBS P O AR, T7ob bR, R R OB E R (B AR /e & o4 il St
A e L (3 (A BB B KRE 7 L — 7, 1985 IR IR T 5, MR R CEREEFINLEED
B GHMLTED, O S8 1 Ry bEM I L. (IEhEMIE s E R i o B B H O
AR E S KRt Zh b OBEFIRI K LERC - v a e, I EIEERIKCE B
Bz b 5L T A, MIEVEEE LS - BRSO MBI AR —RK L Tw58, BEW
AT UL —5ed, fiE LRI HEE S CHEGEEI O MR OBRAESE Shicb o, BENVETE
DHBGER F DL DR EEZLRD.

3. Pk o ©F 3

3.1 A B O 3 b T BT A fESk D T 9E

Al 2t oo o3 0 I o ik, EF - ERF(1954), BRIz 4 (1957) ROVERHE - KAR
(1973) DFEM T H 5.

FIEF - B (1954) (R EFAALBER A O 720012 2 7 5 T 0 1 M MA IR 0 1315 £ o s E
fafry, BF - FEOR, Kk AFMWEURREO 3 oo BT X oA E#H L, Th b
KEEC I HLDTHHEEEL A, TABRETRAENARLCRE LicliT <o D 5 b,
[ABEF-—33, 34, 35, 39040 Kb O TRAE—1, 2, 40°8] OMT N ociii+5. o
U THEATG—8] wB LT, AE - Efhiii -~ h Mo S+ AR CoORTHB L 035 L k<
o T h, L THARRES A\ 3T 0 gAML & Licb oA, WE - ERhfo Kilo st
i, HRKOEHL Bk DEELTVD,

TIEHE A (1957) 1%, TR O MEHEEWRE OB EIHRR MM T 6 S0 h e il L
Tb. FD5HO 3 AR D TEIMRRE—3] iS4 L, Boo2o, WIERMERTEBKRARD
DLV R ER TEINRR 19RO 4] oMo MBS L T2, REBO L DILKRHILT
BRI T L,

B - KAR973) 135 mOREHIKOBEE, 2755 Foo 1 B TRmEEy - &), [T, TER
R RO TR OZMBRBE T+ <0 AL, ThlhoFBEE ST EBLRLA
LTwb, ZThb O+ ARRC T Lt oLz b A L —FH L5, 7ok, &
- KASRIEOBR R ILTT O KRB 0 I (KR TEKEED » §22.1) 20 Tt T DES
BEHOREX THEL T 5.

3.2 Hi TN h OZEREEYIFI T S kOB

e E TR T R OB OREIC L > TEELSHFNAFERTH S, RVGHIROHGIZ L - T,
MR TR 7 A R RIS ST 05X ) DIEM a3 T 556 CH D (DAVIS et al., 1976).
LA OESIERER L LA TN OWIMRFED < = 2 7T ARBE LTS (DAVIS e al., 1976 5 /)
&, 19715 K, 1979001982 5 B - 54, 19767c &), R oEHZ TN ) O BEXPEE RO
BEHOZBICONTIE, KEAT 7= FAEEESD Varnes (1958) D4 D x kichkA L Tw5 (8
2R, FrurHi TN h HMAMERRYESEINCI > TTEL, T UM UH S bR
ESEFEOUT T B (VARNES, 1972). HI9-X ) OFEENC N UCTFFET TR s L, MLl L
GERIDEMT A 2 L LD T, FORRMT N OMEEEEA TR L LB L - T, M
TR FEHOYIE TS H I N TS,

SFE(1983) 1T K LD M~ 0 MOS8 & LT, 7)) IB%EICFREAMNC I BE £ ik, WrE
FCRBmETAVHIR R R o b A)EET v o 20 Lb A EERICHE LT L 0 EHNT, BEE
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GROUND SURFACE

TRANSVERSE
CRACKS

// N

TRANSVERSE

RADIAL
CRACKS

B2 oo B O BF(VARNES, 1972). BFHOARILAIERE.
Fig. 2 Nomenclature of each part of a landslide, after VARNES, (1972),

IZEDIECINC S FTH 2 EafEBL, £oEA L L CIuiEEETS KN EREAE O HH R & S
T %, ThOEBOEREE T AR KLIFRRE 1984012 BH ST 5.

4. RBFFROBIEFE

SEIOZERG AL L, VArNEs (1958) DB E T LD 5 B b

1. ZEFEM (main scarp)

&l M (minor scarp)
f&z£ 7 5 » 7 (transverse crack)
HEAE T = (longitudinal fault)
17 fE 2 (transverse ridge) B O
HeBtk 7 5 » 2 (radial crack).
@6%%@%@45 1970 L %) %8B0, Zhic
7. #i9~H A8 (landslide debris)
8. [WHh (depression) R T¥
9. S (talus)
D 3BERA AT 9 M ER A R L.

Mg~ b B (3 VARNES € F 4 O B (head) & 525 (toe) & o BT 541 -3 % 4 &L # & (disturbed
material) D3 Hi 35 Ml &89, “EB7 OFEAH 2D Varnes (1958, plate 1) D “#5JF (debris) 1%
45 (s0il) &5 R (rock detritus) ¥ ERE-3 5" LU 5 BED, (RO N h oI E D E k4
I<ELLTV 2B THE

B L e ¢5EM£I%MTWWWT%6 RO DRPELBR4SIUETH D, HHR R
WEF2HFSFODOIREIERL, RWTZhR 5 HSD I RRCI0G50 1 I~EE L, #E& 3o
XA ER L 7.

HFIFEC BT 2 RAOMBUIIABIIED L 5 ek B R OMT 0B a ik 5 86, EREOR A
X TR E S, pDiEEI X ofmﬁéhb_&fﬁa.$m&®%¢“bm%®ﬁkkg
FATUL VARNES & T A DFEFEAPIINC L > THI D EBRTLE » T d. 20 L5 B E L MEEDH
KT ERI L THD. FRHEMBEBROBSENK 7 7 70 RBET Y — L BEED 50 ThEE

ChU‘l»-F-bal\'}
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Table 1  Airphotographs used for this study.

BEES i3 24 oy N = HEMEE | ol AR R H AT | RS iz
CTO-76-2 51, 8.27~51.10.23 | # 7 — | 151.61 mm 1:10,000 | RC-10 | 2,275m H £ 7
CTO-76-3 51, 9. 5~51,10.18 | # 3 — | 153.27 mm 1:15,000 | RC-10 | 2,750 m E o+ 5
CTO-764 51, 9.26~51.10. 8 | » F — | 153.27 mm 1:15,000 | RC-10 | 3,600 m H 4+ 7
TO-71-6Y 46.10. 9~46.10.19 | <v 7= 152.22 mm 1:40, 000 RC-8 6,000 m 6] 4= Hh B 2
TO-70-7Y 45. 8.10 A 152,22 mm 1:40,000 RC-8 6,000 m [ P
TO-68-11Y | 43.10. 5~43.10. 9 | ~Sv 7 m 152. 30 mm 1:40, 000 RC-8 6,000 m [Eakob:tiBEi

BT a-A% | BHHS | a- 2% | FHEES | 22 | BEES | 2 A% | BHEES

C17A 25~29 C17B 3~14 C21B 6~30

C18A 25~29 C18B 3~13 C22B 18~40 c2eC 4~6
CTO-76-2

C19B 4~20 C23A 27~44 C23B 3~12

C20B 4~13 C20C 1~19

C1 5~25 Cc10 2~21

C2 5~25 Cit 2~292

C3A 3~15 C3B 3~11 C12 2~23

C4 2~22 C13A 2~16 C13B 3~8
CTO-76-3 C5 3~23 C14 2~20

C6A 3~10 C6B 3~14 C15 2~21

C7A 2~9 C7B 2~15 C16 17~19

[of:} 2~20

CYA 2~15 C9B 1~8

C1 3~20 Cc5 2~21 (of:] 2~21 C13 2~13

. C2 2~23 Cc6 2~922 Ci10 2~19 C14 4~14

CTO-76-4

C3 3~22 C7 2~23 Cii 2~18 C15 4~12

C4 2~22 cs8 2~22 C12 3~18 C16 1~13

C1B 9~26 C5B 10~26

C2B 9~14 c20 3~15 Ccé 14~27
TO-71-6Y

C3A 21~25 C3B 1~15 C7B 16~22

C4B 10~27
TO-70-7Y C5 21~25 C6B 9~16 C7B 10~18
TO-68-11Y C9 3~6 C10 4~7 Cit 4~8 C12 4~8

L TR )
ORIt
) - HERK
T i
hCF
l ‘
et
hFT
% _______________ ]
pe——[CF > l lFT

3 MO M EHOBEITCOER ALK, 1979).
Fig. 3 Definitions of the dimentions of each part of a landslide.
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HoFV L DDHR R L, L.

BT 0 0+ 4 XA HFRRER O ECRIE Uiz, #d < b #if o g T S o\ Tk
3D X HITAARNIT) DEFEIC L - 7. BETEIC O\ T LEAH (head), B (foot) R UL (toe) D
TR BRI L, £hEFh We, We BN Wr & L RIS LB O\ TiLE 3 KB B,
FIERAE - SR Q976)I X B). TliL, WEMNLERIBERICL - TRELTCVDHZ ENEVDT,
FOBE I TN MBORER Y EMmRE AL, TOEY W & L1

5. #F % & B

R BEEHFC X - T, HFEICRT560EDHT N ) A b Uic. 569 D3~ b i o B
11330 km? T, RENFHBEEREOUX LTS, chbiiz2F 5 FT50 1 ERECEH LES
RHLTHS. 220 oMM ¥ £228% 3 X 0 T 2\ TILTETA (crown) DL X - Tl
R &gt FETHERE ha(~27 £ — 4, 0.01km?) TERIN T3,

FTRTCOMTROMBO 5% 2ER (F 41 K ROHSTREE 42 KN~8 4-12 ) wRd. #M5R
D= A7y FIXEIMEED 5 F5O 1BRTH S, 1o LERLOF T, HRIObicfEh S
T, BERIWIH5THOL Lie->Twb. BHrRFOMT X ) MFOFES LHEE.2 km? L Lo
LD (LEEDS5IINITDOVTDORIBALTH S, BABFEEAMCREETH S, Tk
BTN 03I & R LB CREICIE A LTH B.

6. WIERBROEE

6.1 M3 h T L HUE & OB

S569E DTN DT L E & DR EE L TAL, T Nh iy, To&BHECY -T, H
B=%, FNBFSBRKEEROFMKLCThZhsfi+5 D3 kG T5 &, FREhoREE
B~ bR OBERE D34, 2R TBY ED5.

FLTIND SHIB AT 50~ O3 X ) IO BE L MBESL ELDD LB 2RO IS
A, A IREFE=RMIBOMT X)L ERO ETReA01/3% 5050, T0EEAL
730.6 km? KGO/ NEBEO L 0T, B L EEEETAADND L5 i onsv. EIE
K S EIR o TN 0 i, FESRMIRO L O LT, 0.7 km? Rz ST 0 st
<, ThAEGCHEZAC b EIERE, MR, BERRESEE L Tva. | KA T
0.8km* ¥#iz HAEVHITNOMENIBIEL - Tk, HMBHHEEDL EILBEETHS.

DL R E N O T N 0B OBBEOTER Y X 5RN T A DB MO S F ST
ARPEE L. COMTRERBMELXDTO 7ECMaLTH 5.

A FE=RALER,

B. FrESICHERREE,

C. FFREEKEET, THCHESRIEE,

D. F/IERERIKEHE,

E. HKUEECTRCHE=RMEFRE,

F. #HKILEE T ENGERKESE T
RO

G. FHAKLEH

HeMmb, LR~k or, HE=SR(A LB X )L EIBERKERC & D), FNEEERK
EHEX D FHAEBEE F & G OIS KRBT X0 BR L 0 S 5T 5 2 LR
ha, CoZ LaERCEKIUBABIICHK S, BEGHATEEC > TV 5D THS
5. EHLIEATREERELTEZLRD Z LIE, B2HRCLRT IS BT HEEOFETHS.
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Fig. 4-4 Distribution of landslide landforms in the study area—no. 4 Hachimantai and the

eastern half of Tamagawa-onsen quadrangles. Legend is shown in fig. 4-1.
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FRBNRERCHEE N XEmE-ETtEs. A

Ha-6R HT N BB OFH—T D6,

+-1RER,
Fig. 4-6 Distribution of landslide landforms in the study area—no. 6 Totorinai and the western

half of Ugotamagawa quadrangles. Legend is shown in fig. 4-1.
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Fig. 4-9 Distribution of landslide landforms in the study area—mno. 9 Kamihinokinai and the

$4-9

western half of Tazawa quadrangles. Legend is shown in fig. 4-1.
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the castern half of Tazawa quadrangles. Legend is shown In fig. 4-1.
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eastern part of Akitakomagatake quadrangles. Legend is shown in fig. 4-11.



- 176 —

FLBEREE

I

TLOFETTR0E v 2 A

=
H

ERERGE e

Hd U H) M O A —% 012,

H4-121%

o
£
S
o
o
&
o
5}
2
2
8
WL
£
2
E
¥4
o
=
S
[
o
I3
=
S
s
©
3
@
Lo
=
£
@
g
b
e
°
=4
=
o
=
)
©
g
3
=
S
o
5
A~
-]
& 2
% =
23
4 A
o
=
|
-
o
=

western part of Shizukuishi quadrangles. Legend is shown in fig. 4-1.
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Table 2 Relationship of size, topography and hydrothermal alteration halo to geology of the basement in the Sengan
geothermal area and its environs.

Geology Neogene Tamagawa welded tuff Younger volcanic rocks
Size etc. formation Small Large Small Large
Area (1072 km?) —60 =70 70-200 - 80 70-1, 800
{{(m) 300-400 100- 1,000 | 1,000 2,000 200-500 800-2, 400
W (m) 100-300 100-300 700-7, 500 100-900 400 -1, 700
Size of landslide | Wo/Wr 0.6-1.0 0.4-0.8 0.2-1.6 0.6-1.0 0.4-4.0
landform
/W 1-3 1-2 0.54 0.56 1-3
hep(m) 30-110 30-120 50-140 40-100 60-170
0(deg) 18-25 18-23 8-13 15-25 10-13
Main scarp (@] O O O ©
Occurrence of Minor scarp X A O O ©
microtopography | Depression Ay (@] O O
Transverse ridge AN O O
Hydrothermal alteration halo X X A @] ©
Numbers of the mapped landslides 192 106 15 180 76
) (33.7) (18.9) 2.7) (32.2) (13.7)

Abbreviations on size are shown in fig. 3.
@ : rich, O I common, A “rare, X lvery rare.

Freg RHUE O M 0 e L1 [ BRSSO /DB 7o T 0 L B E R IR L A E A
BRI, TN B o AR Aot o T s R E B R B B s . FH KIS
FEHE COMEBL A T s 4 LEE L MR O BB A Vb iy, BB A< o T
LA CKBBERHAALN S, 2O X5 i3~ 030 & MBVEEH & o 554 EO BRI fRic o
TR T UL EBETE, AEENIDH, RoHMBOREHR (KD G, E RO F) i A S
FTNODEHELE LA E D K.

6.2 HP D MO A & B & OB R

SREIOFEMIN A, HBGEBOWERE /oA .0 L LT, HiBuhi, sl R oJEshEie 3
Urc. IR ER S H A% &, §T 2 H2LEN e AR O R, #HEF O FMTIizE ST
L. L LEBIIHFHCE N L 912, B5ROBRC 255 T4 0 1 KIEn1/2(#550 km?) % BiL L 3
LfEEeb DL LTHD. SHEOEBEI I Th FIkOWmY ThH5H.

i I 590 km?  38%
HafiiHh i 430 km?  28%
FEHFM, 520 km?  34%

it 1,540 km? 100%

—F, W3- o o R, FOmEB oW TRESE IR <20, =20, =50, =100, 2200%
2500 10~2km? O 6 BB 5. F LT Lo 3Bk, 6 BEOBBEN O o Lt
DR & BB ET L, EPFmEIC OV CoOEFHIE 3 Kom b T, FEMRO &+
M3 XD MOBEREOHI320% Th LA, L3 D 5 b o Tl r o ERO33% (> F b1/
Mo L > ThHe B TwA, —F, PRIHUECIE B T, s E o
HU D 10% 1 0M18% A b H Iz & e\,
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Fig. 5 Distribution of hot spring, fumaro