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Geothermal Exploration and Subsurface Structure of
Matsukawa Area, Northeast Japan

by
Hisayoshi NAKAMURA

Geological Survey of Japan

Abstract  In Matsukawa geothemal area, about 50km far from Morioka to north, seven bore holes
were made to get thermal water for bathing by Matsuo village office during 1952~1955. This was the
beggining of geothermal exploration in this area. By the drilling, it became clear that this area has a cap
rock called Matsukawa andesite in the uppermost part and geothermal steam emitted from dacite tuff and its
lava (Tamagawa welded tuff) overlain by Matsukawa andesite in the depth of 200~300m, though geothermal
manifestations are poor on the surface. Geologic columns of the bore holes are shown in Fig. 3.

From 1957 to 1961, regular exploration was made under the cooperation of Geological Survey of Japan and
Azuma Kako Co. Ltd. Geological survey and geophysical prospecting by seismic, electric and logging methods
were made by the former and drilling was carried out by the latter.

The result obtained from the geothermal investigations in this period is summerized in Fig. 7.

To get geothermal steam reserved in Tertary welded tuff and Yamatsuda formation (Figs. 8 and 9), four
productive wells have been drilled by Azuma Kako Co. by subsidy of the Japanese Goverment since 1963 .
The depths of MR-1 ~ MR-4 wglls the locations of which are shown in Fig. 10, are 945, 1080, 1200 and
. 1500m respectively.  The position of cach well was determined by using and discussing the data obtained
from the above mentioned geothermal investigations.

According to the core investigation of each productive well, the stratigraphic profile and stratigraphic
sequence are shown in Figs. 11 and 12. - A

Figs 13 and 14 are the distribution map of altered rocks. As seen in Table 2, the altered rocks of this
area are classified into weakly altered zone, montmorillonite zone, kaolin zone, alunite zone and pyrophyllite
zone. Except pyrophyllite zone, zonal arrangement of altered rocks can be seen in horizontal and vertical
distributions. From the chemical composition of drainage water of each well (Table 4), it was clarified that
alunice and kaolin have been forrped under the acidic condition. While, the temperature near surface of this
area is not so high as pyrophyllite can be formed, and therefore, it is assumed that pyrophyllite would not
‘be the same product as other minerals, but that of early stage of geothermal activity.

From the data of stratigraphic profile in each well (Fig. 11), structural contour map presented by the
depth to the top of Yamatsda formation is made as shown in Figs. 16 and 17. If the bedding planes of the
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basement rocks are nearly horizontal as seen in core samples of welded tuff, this means-that there may be

fault zone pararell to structural contour lines, namely along Matsukawa river, and then it may be assumed

that the structural movement would be associated with the activity of Marumori volcano (Fig. 17).

When drilling was being made, leakages of mud water from bore holes ocurred often in welded tuff

formation and especially in Yamatsuda formatio. From this fact, it can be said that Yamatsuda formation

plays the principal role as reservoir in this area.

Fig. 15 shows that leakages of mud water ocurred in the

hard rocks of the welded tuff formation having horizontal welding planes.

Summerizing the data obtained from drilling, the schematic profile of subsurface structure and ocurrence of

geothermal resource in the Matsukawa area are shown in Fig. 18.

MR-1, MR-2 and MR-3 wells have succeeded to get geothermal steam of 150 tons per hour in total

discharge.

15000 kilowatts at present.
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Japan’s first geothermal power plant was put in operation, October, 1966.
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Index map showing the location of test bore holes and

productive wells :
& JLk

Mt. Marumori

eI

Kyounso Hotel

BR2,MRL

&%/
)

3.1 HEARRLBORE - HE

WO ETHLL, MBHOAE-Y vorpiie Sk
WTH o THEF274E 2 HIBFI3LE £ TOWMICY 5,
Z DAL, BRI DOBESES B ZIUE, T Bk
MBM, ORI TES RIS, A hEH
WO LT, ZOEUREFANREST bhics
W TV,

2R, BERNOBRA~Y v/hbihE b, 3t
FIWFSE D ELFE 3o & OB R B R CHR M) S o7 BRGHETL - 4k
EFHOMBEXRRE LI DTHB,
ZORMNBEHBNE X5, BREBROBRA—Y v
VIR - RIS AT TS A, R - BHAHE
BET 1A, SOCBINTHRERTAER SR T
%o ZD5b, No.153 (FE1L6].2m), No.233
(159. 35m), No. 3 53 (327m) ¥ X No.7 &
(161.0m) (TR DIDEMW L, Boks Bz i KES
P L7,
IRNBLODOFR~Y V2L, ABRKUDH AT T BEDIE
REBLIIEGI® D, RROBEXANE LTH
EhhIlcDTH 0, EEN LT T L OBRIMNE L
Th, WD THECOWTKRD L 5 11k d 5 55
Rabxtc, Tiobb, oL, HThxsL5

IR DR LI B BT

THHN, BOKOFAELZ ORINZL

EO T REIILNIEE O Frhic

BFHIhbEWSZ ETHD,

Z OB, BRI RE ST
7 No. 2, No. 3, No. 7 Z3#Hop=7
—DBEBENDAIBR, BREUEED
B BRI NS & LD T
i3, FUEETREE DRTE A & ¥ S htc,
Tihobb, HIRE, A—Y vIilo
R EFLEREY R LICLDOTH A
Ky ZD5HLDH DG DOMBLIRNRL
HOMAIP, WRIER TH 51 $h
b bF, TOTFORKRLIEEOH
Bt & RWMCREN EATS
ZEDHEBP LI Wz B E VRN

R BvkoREBBCH LT, vwWhd

HIEEOHEE YR L TBEVHZ L

THhh, ZOBKOHEBLELLND

ARZEE O, #TEIGES

BIKER L ASF ohich, BEoi

BROE~) v 7 OEREMS
1) RIS Tk, i R R AR
AT b b b3, FUREBEE <, B
CETR O BKDFET 50

2) BNZLUENRRNEBRZ S Tnien b2 b
Tk, O TROFIEHERKEE S LA
CEENEAT 5,

3) ThooBErL, MBI VLS B iEE
OB E T L, BoKEEEEEKE O il
Ihb, .

TENHBAED, WBBREOE A LT KT
7ol EHIHEA THEBHT & BV & LI « BigE
AT HMiED D LHB I BB SO TH B,

3.2 HEWREHMICHITIRE - X

R0 X SCBERDOE~Y v 7Lk 5T, BN

MBAGARBEMNIRE LCGERShD ML T, #
BRBAMTHEE®HT5C & bEIRELMC SR,
—JFEAE T, BREETLA BT 2 IRE Dok
X LIS B I, BRI2EDHY:, No. 7 53
HHE D L, —%&, BEOWE - FF - BE OGN
AT D Z &R B Lico b\ 5 O HHIRLMIE L Lic
R, BWLDTIR, RWbDT6 7 ATIEILL
TLED EWIHIFMMB TR E CLUIE LITEE I hich
LThbo ZDFRERE LTIH50~60mEAgEC 7 — v v




EI® (a) 18HERE EIE (b) 2 BHERE

(>

Geologic column of No. 1 test hole Geologic column of No. 2 test hole
'!'emperaturc iR E (C) ) Temperature i FE ('C)
0 Q 10 20 30 40 50 60 , 80 90 100 110 120 30 40 50 60 70 80 90 100 110 120 130 140 150
* e T T T T 1T T T -~ T T T T 1
20 .
T e - 201
’y[ VVV
MM
o 404 w 404 P
o
B ii} ) .
.. 601 o 60
b ks
: 1 =1 804
K 80 bt o
% < oY
(m100 | = 1004
" i
1] |% 1201 foor
h L3 MW
1607 (m)1409 [ ]
1807 —_— 160
200- ' 180 1
. ' o WY s 7 mned
220° . M ==
220+
EIR (c) 6HHARE FIF (d) 75K
Geologic column of No. 6 test hole Geologic column of No. 7 test hole
Temperature i % ('C) Temperature il 1 (°C)
0 10 20 30 40 50 60 70 80 0 0 20 40 60 80 100 120 140 160 180 200 220 240
= 0
204 207
%
40 % 401
[H]
o 607 5 601
L] o
S — £
2.
80 . 807
iR P
w0 |% . 1001
. n =
(m)120- ik 120
(
® m)
140 1404
k=)
1604 160-
1804  |—
= 1801 ”
n BE f il
. Ilﬁ 7/ weak altered
2001 L% ] oAk
silicified
= #Hitik
2204 argillijzed

— 18 —

(®




FAE BRI KB T B M

Geological map of Matsukawa and its surrounding area
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Distribution map of altered rocks in the Matsukawa geothermal area
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Chemical composition of thermal waters

‘ Hfr mg/l

® OB 4 Locality {T(%g’f'] PH | CI- |s0,-|HCO,-| HS | Na* | K+
1. # JI E ¥ |1. Up. stream of Akagawa 32 3.9/ 1.0/ 229.5| 0.0 14.9 20.8 10.0
2. Wk Z I W 4R | 2. Kyounso Hotel 44.6 3.2 3.00 94.6/ 0.0 44.6 14.0 7.3
3. ¥ #& ¥ W SR | 3. Shofuso Hotel 78.5| 3.1 3.0/ 315.2] 0.0 5.0 40.0/ 9.6
4. ¥ JI F ¥ |4. Up. stream of Sumikawa | 44.4| 5.8 1.5 306.2| 198.3 62.7 70.3 17.6
5. No. 7 Ou#E/K | 5. Condenced water of No.7 5.3 0.5 4.9 6.1 1.7 0.5, 1.3
5. " 5. " 3.8 1.0| 374.5 0.0 11.6| 57.3] 22.8

® OB & Locality Car | Mg*"| Fer* | Al** | NH, | HBO, | HiSi0y T.S.M
1.. #% JI L+ | 1. Up. stream of Akagawa 48.2 8.7 0.7, 5.3 1.5 T 9.9 36.4/ 413
2. g -3 ¥ S8 | 2. Kyounso Hotel 8.2 2.1 0.7 5.3 2.0 11.1] 29.9 250
3. M A ¥F B s | 3. Shofous Hotel 31.8 8.2 8.6 11.5 2.5 13.1 88.4 670
4. ¥ JII L= | 4. Up. stream of Sumikawa | 76.9 24.2] 1.4 2.1] 2.0/ 19.9 49.4 734
5. No. 7 DK | 5. Condenced water of No. 7 1.5/ 0.4/ 1.4 2.1 1.5 2.2 3.9 11
5. " 5. " 15.4] 15.5 65.8 4.7 1.5] 15.5) 201.5 818

Date of analysis ; December 25, 1959

Analyst : K. Maeda
SH :TTEE AR
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#;4&k(a) BUK{LERSFE  Chemical composition of condenced water and drainage water of productive wells Hfr mg/l

® B % Name Date PH | RPH | O | SO, | HCO,- \ Na* | K° \ Car | Mg+

1. MR-1® ¥ §i /X | Condenced water of MR-1 Jan. 25, 1964 4.6 4.7 3.9 3.3 1.5 0.8 0.3 0.1 0.1

2. " " Aug. 15, 1964 4.5 4.6 6.7 13.2 6.1 2.2 1.2 0.6 2.2

. 3. MR-1&&#£5 #yK | Drainage water of MR-1 Aug. 15, 1964 4.9 4.9 12.4] 1,779.9 36.6| 263.5 143.5 22.9 8.7

4. MR-20 % fff /X | Condenced water of MR~2 Aug. 15, 1964 5.3 5.3 1.7 2.81 9.1 0.7 0.2 0.4 0.4

5. MR-2icff 5 #yKk | Drainage water of MR-2 Aug. 15, 1964 6.9 6.9 5.3 114.8 45. 8 57.0 4.0, 5.6 1.3
6. MR-20 ¥ # 7K | Condenced water of MR-2 Feb. 2, 1965 5.9 5.9 0.5 2. 1! —| 5.6 3.0 0. 40; 0.24
7. MR-3% ¥ #5 /X | Condenced water of MR-3 Feb. 2, 1965 4.0 4.2 0. 5{ 72. 0| 0.0 40. 4] 16. 2| 3.42 0.44
8. MR-3izfE 5 2K | Drainage water of MR-3 Feb. 2, 1965 5.0 5.0 8.8 1,343. 3| 18.3] 204.6 84.2 28.79 2.61
9. AR-11Z#£5 #JK | Drainage water of AR-1 Feb., 25, 1961 3.4 — 3.5/ 961.3 0.0 — — 30.8 26.0

10. BR-1iZ#E 5 #7K | Drainage water of BR-1 Feb. 26, 1961 6.3 — 3. 5{ 146. 5! 372. 1} - — 33.9 1.3

EN I Name Date | Fer | ar CO: | HS | HBO' | HiSiO; |T.S. M. | Free s
1. MR-1D & & /K | Condenced water of MR-1 Jan. 25, 1964 0.45 0. 38 15. 4' 11. Qi 0.1 2.3 21.5 14.0
2. " i " Aug. 15, 1964 '4.30 0. 35 73.7 49.8 0.1 6.5 44. 0 6.2
3. MR-1iZ#¢ 5 #7K | Drainage water of MR-1 Aug. 15, 1964 507.7 28.6 — tr. l 248.2 825.5 3,843 —
4. MR-2D & #& K Condenced water of MR-2 Aug. 15, 1964 0. 004 0.18 81. 43 60. 7, 1. 2] 1.7 15. 0| 3.9
5. MR-2iZ#f 5 #yK | Drainage water of MR-2 Aug. 15, 1964 0.11 4.2 — tr. } 43.4 594.1 853 .
6. MR-2D & #i /K | Condenced water of MR-2 Feb. 2, 1965 0.01 0.1 50.1 101. 0, 2.0 2.6 21.9 —
7. MR-3D ¥ #i /X | Condenced water of MR-3 Feb. 2, 1965 18.61 0.1 53.0 14. 9| 4.8 34.7| 173 —
8. MR-3124f 5 2ok Drainage water of MR-3 Feb. 2, 1965 389.5 12.8 *{ tr. 65. 3 773.5 3,015 =
9. AR-1iCf5#yK | Drainage-weter of AR-1 Feb. 25, 1961 86.0 10.8 0.0 6.1 — — — —
10. BR-iC1f£5 #yK | Drainage water of BR-1 Feb. 26, 1961 20.1 1.5 85. Zi tr. — — — —

BARD) £EHLLHESHIERDOT AHH

Analyst : K. Maeda S¥T L BTAEER

Chemical component of gases separated from steam of productive wells in Matsukawa

. Components Vol. %,
Name ! Date Vapour : Gas Vol. % RS ‘ <O, 1 50, f roN | Re
MR-1 Ang. 15, 1964 99. 80 0.20 13.7 82.1 trace 0.0 4.2
MR-2 " 99.78 0.22 14.1 81.8 trace 0.0 4.4
MR-2 Feb. 2, 1965 99.52 0.48 13.37 83.47 trace 0.0 3.22
MR-3 " 99.41 0.59 9.78 87.20 trace 0.0 3.01-
Analyst : K. Maeda 447 : BiEZE_HF
® (® (- (b
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geothermal area
BFAFENREREDEOWEIKHEY R T
Numbers show the height of the base of
welded tuff formation with the unit of
above sea level :

o .
_— Pl

on
- o s
- o
\ / e W \\\
i ~100%
= 1508
=

N
&
-
&
o 500m 5y
.

(»

®




®

(‘

HELEEAELTREL, FEICIZ IO X 5 Lic

T, BT X » THREBLIRICHE fo X O PEHli -

R X Sl & B EBDONRYTHAH,
Wk B E, RITRCICH R 3B 0 . WiE o
25, IO = v 24— F A4 VIEFEFLTEDE WS
ETHD,

FRTE, 2DOXS5KNT0°E & N65°WD 2 FlEic
FEEIE L AREIMMCERT 2065 BB E T

Bo SOMMMAKHEL Bz, HITRT, AHELEOW
BOANT T7E TEDILBIBUROWERIC, = DR
BRI AN THhic,

ZORIERB L, LRLOWEBE, TR EIEIA
THAET S EMNHD, & ONKDOILT RS
VT, Tl RRET Lic AU SN S LS h
TV5BH, BITRITABR Y, & O ORI,
HBEEEDPRAODEDMBLE SR O 2B D LI

BT & I i T RS X

Subsurface structure in the Matsukawa geothermal area
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