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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
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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
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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
B, 400m x4, 800m X1 HOMFEEFAL NEDO oERAEL LTEBIMZINZ & &1L, 1,500
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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)



BRI (st disn B (et #oh b BIRGRE 7 v 7, 1985) O EEH

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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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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