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Historical background of geothermal research
in the Geological Survey

By

Keiichi YAMADA*
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Table 2 Scientist’s involved in the “Research in the Hohi geothermal area”.
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Kiyoshi Sumi
Keiichi YaMADA
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1975, 7-1980.12
1980.12-1981.11
1981.12-1983. 5
1983. 5-present

Project manager of Cofirmation Study of the Effectiveness of Prospecting
Techniques for Deep Geothermal Resources (since 1980.4)

Kiyoshi Sumr
Kenzo Baba
Katsuro Ogawa
Hirokazu HASE

1980. 4-1982. 3
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1982. 8-present
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Kiyoshi Sumi
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Isao TAKASHIMA
Hirokazu HASE
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Masakatsu SASADA
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Kazuo KUuRoDA
Kozo Uto
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Masayori KAWAMURA
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Satoshi NAKAZAWA
Hiroji Tsu

Masao KOMAZAWA
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Isao SATO
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Geothermal Research Dept.
do.
Akita University
Geothermal Research Dept.
do.
do.
do.
New Energy Development Organization (NEDO)
Geothermal Research Dept.
do.
Kyushu office
Environmental Geology Dept.
Geochemistry & Research Cooperation Dept.
Geothermal Research Dept.
do.
Geochemistry & Research Cooperation Dept.
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Geophysics Dept.
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New Energy Development Organization (NEDQ)
Geothermal Research Dept.
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Research in the Hohi geothermal area: outline and summary

By

Hirokazu HASE*, Katsuro OGAwa* and Keiji KIMBARA*

Abstract : Central-north Kyushu is known as a volcano-tectonic depression
region formed under tensile stress field after Neogene time and Plio-Pleistocene
to recent volcanism which took place at loci of eruption center characterizes
large extent of volcanic rocks in the region. Particularly, the Kuju volcanic field
in the region is one of the center area of recent volcanism concomitant with
many geothermal manifestations. The northern part of the field is called the
Hohi geothermal area where a large-scale geothermal survey project is continued
since 1978. The survey is a national project promoted under the Ministry of
International Trade and Industry (MITI) which aims at the verification of
“deep” geothermal reservoir expectedly develops below the currently exploited
depths. The project is called in this article the Hohi Geothermal Survey for
convenience sake, though it has a long Japanese proper name. Deep geothermal
reservoir or deep geothermal drilling is somewhat conceptual and it is generally
accepted to be the depths over 2,000 meter in Japan.

MITI entrusted the promotion of the project to the Electric Power Develop-
ment Company (EPDC) from 1978 to the end of September, 1980. On October
first, New Energy Development Organization (NEDO) was established as the
promoting organization on research and development of new energy and NEDO
succeeded the position of the trustee from EPDC after that time while EPDC
remained as the executing organization.

The project implies unconventional and unexperienced items in respect to
the assessment of deep geothermal resources and its exploration. MITI requested
the Geological Survey to give possible technical support and thus, after FY 1980,
the research work on the evaluation of the Hohi geothermal area was authorized
as a part of geothermal research program named “Confirmation study of the
effectiveness of prospecting techniques for deep geothermal resources” under the
research and development project of new energy (the Sun Shine Project) of the
Agency of Industrial Science and Technology of MITIL

Thirty six scientists mainly from Geothermal Research Department of the
Geological Survey were involved in research works on the evaluation of geother-
mal system in the Hohi geothermal area. The approach was attempted through
modeling of the area and several geothermal models were brought out from
aspects of geology, geochemistry, and geophysies. In this process, the scientists
were allowed the use of voluminous survey data obtained in relation to the Hohi

* M A
* Geological Survey of Japan



Geothermal Survey for analysis by MITI. The research works have been reflected
to the project in due course via a technical committee organized in EPDC.

This article firstly mentions the outline of the Hohi Geothermal Survey and
secondly summarizes the research works made by the Geological Survey most of
which are presented in this special report.

The target area for the drilling survey in the Hohi Geothermal Survey is
about 200 km? centered at Mt. Waita (elevation: 1,500 m). Various survey items
expected to be useful for geothermal exploration were applied in and around the
area by EPDC and NEDO which were categorized into 1) surface survey,
2) drilling survey, and 3) environmental monitoring.

The surface survey ranges from regional to detailed survey items as follows:
remote sensing (Landsat and airborne SAR data analysis, aerial thermography),
aeromagnetic, gravity, refraction and reflection (vibroseis) seismic, electric
(dipole mapping, Schlumberger method, self potential), magnetotelluric (remote
reference magnetotelluric, AFMT), geochemical (soil gas, geothermometry, fluid
chemistry), and geological (regional to detailed) survey.

The drilling survey includes; eighty one shallow depth drillings of 80 meter
depth and one 160 meter depth drilling (DA series drilling), ten 500 meter
depth drillings (DB series drilling), seven “intermediate” depth drillings rang-
ing from 1,100 meter to 1,800 meter depth (DW series drilling), and five deep
drillings (DY series drilling). Of five DY wells, DY-1 (2,618 m depth), DY-2
(2,401.5m depth), and DY-3 (2,308.4m depth) were already drilled and the
data were taken into consideration. Other two drilling wells, DY-5 and DY-6
(DY series drillings lack DY-4) are under construction. The DY-1 well gushed
28 tons/hr of steam and 176 tons/hr of hotwater at the time of measurement
on December, 1982 and the maximum steady state temperature in the well is
assumed to be about 210°C (well data are based on MITI report, 1983). The
DY-2 and the DY-3 well did not produce geothermal fluids and showed linear
temperature increase suggesting conduction dominated geothermal environment.

General geology of the Hohi area was compiled as the “Geological Map of
Hohi Geothermal Area” on scale of 1 : 100,000 by the Geological Survey in 1982,
The central part of the map is shown in Plate II and III. There exist many inde-
pendent voleanoes, among them, Mt. Taisen (elevation: 1,787 m) in the Kuju
volcanoes is the highest peak in Kyushu Island, Most of the area is situated at
the northern mountain foot of the Kuju volcanoes that has comparatively gentle
slope northward forming a voleanic highland.

Subsurface structure of the Hohi geothermal area is assumed mostly by
gravity data with subordinate aids of refraction seismic data and so on. Burial
depths of Pre-Tertiary basement rocks are comparatively shallow at the south
with abruptly increasing the depth to the north in the area. Pre-Tertiary base-
ment rocks are impermeable schists and granitic rocks of Cretaceous age and
they were reached by three drill holes (DY-2, 38, and DW-T7) at the southern
part. However, the DY-1 well which was drilled at the northern flank of horst-
like structure of the basement rocks did not reach the basement rocks thus leaving
ambiguity to some extent in the three dimentional analysis of gravity data.
Voleanism and volcanic rocks were studied in view from both principal heat
source and reservoir forming rocks. With the aid of age data and paleomagnetic
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data, historical evolution and the mode of volcanism became clearer. The radio-
metric age data of Plio-Pleistocene volcanic rocks in the central-north Kyushu
show that the age of voleanic activity is isochronally zonated since 1 million year
B.P. to recent, whose zonation is older toward the rim of the tectonic depression
zone and vice versa toward the center. The Hohi geothermal area is one of the
center area of recent volcanic activity but the scale is comparatively small and
it gives present thermal situation in the area.

Stratigraphical correlation among voleanic rocks is time consuming and not
necessarily conclusive at present. However, correlation among drilling points
is effectively revealing the existence and the amount of throw of faults particularly
at the area near Takenoyu, about 6 km northwest of Otake.

Concerning the assessment of geothermal system in the area, special atten-
tion was paid for that of deep geothermal system and it was attempted through
the examination of such data as temperature, heat discharge, alteration, fracture,
chemical data on surface water and geothermal fluids from drill wells, self
potential data, and so on. It was concluded that there develop at least three
up-flow centers in the area where the burial depth of Pre-Tertiary basement
rocks is comparatively shallow. Lateral flow of geothermal fluids from the up-flow
centers was assumed both horizontally and vertically on the basis of character-
istics or change of extent in chemical composition of fluids’ data.

Whole data obtained for the Hohi Geothermal Survey were standardized
and stored in the geothermal data base system (SIGMA) of the Geological Survey
and using the system, a simulation of convective movement of geothermal fluid
was done by means of a finite element method. Flow vectors shown in vertical
sections are concordant with lateral flows assumed by geochemical approach
and it gives a mathematical basis to chemical approach.

As a part of the Hohi Geothermal Survey, such monitoring as of ground-
water level in observation wells or of seismicity are continued. It is not the
time to fully evaluate these data at the moment but they will provide valuable
informations for the evaluation of geothermal system in near future.

For a concealed deep geothermal reservoir in the area if any, we still do
not obtain sufficient evidence to assess it at present. Taking into account of
other informations such as magnetotelluric data, the Hohi Geothermal Survey
stepped into the final drilling survey. This report was presented before the goal
of the survey. In this meaning, this report is a semi-final report for the research
work in the Hohi geothermal area. Final evaluation on geothermal research
in the Hohi geothermal area will be made adding suitable informations on
monitorings and the result of the final drilling survey. (Jan. 10, 1985)
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Fig. 1 Tectonic map of Kyushu Island. Original data by KoBAYAsHI, 1935.
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Plate 1T Geological map of the Hohi geothermal area.
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Volcanic activity in relation to the geologic structure in the
central-north Kyushu, Japan

By

Hiroki KAMATA¥*

Abstract : The radiometric age data of Plio-Pleistocene voleanic rocks in the
central-north Kyushu (Fig.1) show that the age of voleanic rocks is isochronally
zonated in concordant with the east-west elongated voleano-tectonic depression
(VTD) zone (Fig.8). The volcanic rocks within the VTD zone that have
previously been inferred as of middle Miocene are proved to be Pliocene, and
thus there develops no volcanic rocks older than Miocene and pre-Tertiary base-
ment rocks within the quadrilateral VTD zone (60kmx40km). Radiometric
ages are older toward the outer rim of the quadrilateral zone, where coincides
roughly with the area surrounded by the 0 mgal contour line of Bouguer anomaly.
The area is filled mostly with lava and pyroclastic materials, and sedimentary
rocks are scarcely distributed. These facts suggest that the voleanic activity
and tectonic depression took place concurrently in the VTD zone during 5 Ma
to present under regional tensional stress field. The volecanic activity since 1 Ma
limitedly took place within the area surrounded by the —10 mgal gravity con-
tour line around Machida (15 km north of Kuju Voleano), where Yabakei pyro-
clastic flow deposit (0.99 Ma; Jaramillo normal event) was covered by the
younger volcanic rocks (Fig.9). The voleanic activity centripetally converged
to the area surrounded by the —30 mgal gravity contour line in 0.5 Ma to 0.8 Ma.
The profile (Fig.7) indicates that this large depressional area may be a
buried caldera on the base of the graben., Since 0.07 Ma (Aso-4 pyroclastic
flow), volcanic activity is located on the northeast trending Volcanic Front,
which obliquely crosses the direction of the VITD. The distribution of Yufugawa
pyroclastic flow (1.6-1.9 Ma) and other volcanic rocks show that the volcanic
activity were not dominant after 1 Ma in the gravity low anomaly of the Shonai
area and the Beppu-wan area, except of the Machida area. The newly deter-
mined K-Ar ages (Table 1, 3, 5, 6) and natural remanent magnetisation measure-
ments (Table 2, 4) of the 69 volcanic rocks in central-north Kyushu are also

reported.
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Fig. 1 Locality map of the studied area.
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Fig. 2 Locations of volcanic rocks whose ages are determined by radiometry in the central-north Kyushu.
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Table 1 Results of the K-Ar age determinations of the volcanic rocks
distributed in the surrounding areas of central-north Kyushu.

N 0Ar rad K
O (10-5cc STP/g) (%)

1

2

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

0.024
0.025

0.024
0.026

0.019
0.020

0.018
0.018

0.020
0.020

0.023
0.025

0.017
0.018

0.014
0.014
0.017

0.014
0.016

0.020
0.020

0.032
0.037

0.025
0. 026

0.012
0.013

0.022
0.023

0.023
0.025

0.023
0.026
0.027

0.022
0.023

0.032
0.033

0.037
.038
. 040

.019
.019

. 028
. 030

. 024
. 026

.021
022

025
025

024
025

030
031
029
029

012
012

SO 2o OP 9O 9O 9P 9P 99 £ O

1.61
1.63

1.58
1.59

1.53
1.54

1.98
1.99

1.79
1.80

1.96
1.96

1.85
1.86

1.56
1.57
1.57

1.61
1.62

2.26
2.27

1.88
1.89

3.11
3.13

1.76
1.78

1.71
=7

2.05
2.05

2.42
2.42
2.42

1.37
1.37

1.72
1.72

1.84
1.88
1.86
1.00
1,00

1.71
1.73

1.57
1.59

1.68
1.70

1.45
1.45

1.57
1.59

1.47
1.47

1.63
1.63

1.63
1.65

Rad 4Ar

(%)
19.
24.

11.
12.
14.

9.

8.
10.

7.
11.

10.
13.

13.
12.

WUIUT ~IN U b Ul 00 Ho 13

Ti ERi
(Ma) (Ma)
3.81 0.48
3.97 0.37
3.89 0.88
4.22 0.93
3.18 0.59
3.35 0.93
2.33 0.77
2.33 0.60
2.86 1.08
2.86 0.67
3.02 0.78
3.28 0.66
2.36 0.47
2.50 0.52
2.30 0.53
2.30 0.38
2.79 0.82
2.23 0.40
2.55 0.47
2.27 0.35
2.27 0.29
4.36 0.86
5.04 1.01
2.06 0.29
2.14 0.33
1.74 0.53
1.89 0.35
3.31 0.33
3.46 0.29
2.88 0.47
3.14 0.46
2.44 0.34
2.76 0.44
2.87 0.51
4.13 0.97
4.31 1.09
4.78 0.40
4.93 0.65
5.11 0.43
5.25 0.46
5.53 0.51
4.88 1.93
4.88 0.93
4.18 0.40
4.48 0.59
3.90 0.38
4.23 0.48
3.19 0.48
3.35 0.45
4.43 0.58
4.43 0.56
3.90 1.32
4,07 0.85
5.24 0.70
5.42 0.81
4.57 0.65
4.57 0.59
1.88 0.74
1.88 0.51

aver T
(Ma)

3.9
4.1
3.2
2.3
2.9
3.2

2.4

2.4
2.4
2.3
4.7
251
1.8
3.4

3.0

2.7
4.2

4.8

5.3
4.9
4.3
4.0
3.3
4.4
4.0
5.3
4.6

1.9

aver ER
Ma)

0.3
0.6
0.5
0.5
0.6
0.5

0.4

0.3
0.3
0.2
0.7
0.2
0.3
0.2

0.3

0.2
0.7

0.4

0.3
1.1
0.4
0.3
0.3
0.4
0.8
0.5
0.4

0.5
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Table 2 Results of the natural remanent magnetization of the volcanic rocks
in the surrounding areas of central-north Kyushu.
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2.26X1071 |322.43+41.53

f‘*(.f” BEHH BE

35.6
72.4
19.9
68.9
+54.48

+25.

—51.

—85.1
—83.0
—33.9
—72.8
=175,

—31.4
—28.9
—64.8
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345.8
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153.2
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345.2
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70.4

305.9
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2.9

27.4

28.7

39.2
24.50=13.31
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155.6
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56+27.74
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170.5
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33.9
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175.3
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174.0
182.9
177.41+3.39
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176.1
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—57.1
—48.1
—65.4
—58.07

53.8
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Table 3. Results of the K-Ar age determinations of the volcanic rocks
distributed in the middle area of the central-north Kyushu.
WR: whole rock sample MS: mineral-separation sample

QAr rad K Rad #°Ar Ti | ERi aver T 'aver ER i . o
(Ma (Ma) =

No.' B F | P (qg8TP co/i) (B (%) (M) (Ma) (Ma} i =
29 BEepielEdEE WR O 4.09+£0.21 2,00 17.5  0.52 0.03 0.54  0.03 | N — K-27
4.31+0.24 17.3  0.55 0.03 M-17
30 " WR  5.07+0.13 2,18 37.6 0.60 0.02 0.62 0.02 N — K-24
5.45+0.11 38.9 0.65 0.02 M-15
31 " WR | 5.34+0.13  2.225 30.0  0.620.02 0.63  0.02 — | K-19
5.49+0.15 3.2 0.64 0.02
32 " WR  3.81+0.11 1.46| 27.2  0.67 0.02 0.66 002 N — K-28
3.66:£0.11 30.1  0.65 0.02 M-18
33 " WR  4.54+0.18 1.82| 22,2  0.64 0.03 0.67 0.03 |N - K-21
4.85+0.15 27.8  0.69 0.03 M-13
34 " WR  5.00+0.08 1.93| 46.6  0.67 0.02 0.68  0.02 — | K-20
5.12+0.10 42.5 0.68 0.02
35 u WR 4.97:0.26 1.945 12 0.66 0.04 0.68 0.05 — | K-25
5.26:+0.35 13.3  0.70 0.05
36 /N f F S WR O 5.96+0.15  2.845 30.0  0.54 0.02 0.55 | 0.02 — | K-29
6.19+0.14 36.5 0.56 0.02
37 4 x % %= WR | 2.62+0.08  1.465 27.6  0.46 0.02 0.46  0.02 |R — | K-30
2.600.11 24.2  0.46 0.02 M-19
38 ” MS 3.30=0.17 1.70 17.9 0.50 0.03 0.49 0.03 = IK=18
3.13+0.19 14.3 0.48 0.03
39 " WR = 3.33+0.26  1L.75| 11.9  0.49 0.04 0,51 = 0.04 ~ | K-31
3.55+0.21 14.9 0.52  0.03
40 " WR = 2.42+0.11  1.075, 22,9  0.58 0.03 .59 0.03 N — |K-26
2.51+0.11 22.1 0.60 0.03 M-16
41 ” WR  3.09+0.07 1.30| 31.0  0.61 0.02 0.64 0.02 N — K-32
3.35:£0.10 31.0  0.66 0.02 M-20
42§l v % WR L 2.38+0.24 1.35| 14,9  0.46 0.05 0.45 | 0.05 N — | K-14N
2.30+0.23 i1:3: 8 0.44 0.05 M-9
43 " WR | 2.53+0.20 1.49| 18.4  0.44 0.04 0.42 | 0.04 N — |K-I5N
2.28+0.19 17.6  0.40 0.03 M-10
44 " WR 1.90=0.06 1.42| 27.6  0.34 0.01 0.41 0.02 — | K-22
| 2.60=+0.07 32.7 0.47 0.02
45 e LEs WR O 2.87+0.13  L1.31| 295  0.56 0.03 0.55 = 0.03 — | K~4N
2.75+0.14 &ilee- 1 0.54 0.03
46 P WR | 2.94+0.08 | 1.195 30.0 0.63 0.02 0.63 0.02 N -—  K-3
2.95+0.10 282 0.63 0.02 M-3
47 M B & &S WR O 2.86+0.12 | 1.925 325  0.38 0.02 038 002 N — K-IN
| 2.82+0.13 31.0 0.38 0.02 M-1
48 P MS = 1.78+0.09 1.18 16.1 | 0.39 0.02 0.42 0.04 | N - | K-2
2.01+0.16 16.5 0.44  0.04 M-2
49 | B SE oy % & WR . 1.60+0.38  1.285 3.5  0.32 0.08 0.34 0.08 - K-8
1.78=0.41 3.8 0.36 0.08
50 " WR & 1.81+0.20 1.29| 16,4  0.36 0.04 0.36  0.04 | N — | K-6N
| 1.76--0.15 18.0 0.35 0.03 M-5
51 " MS | 0.74+0.53 | 0.42 1.3 /046033 — | — |N|-]|K¥7
1.360.47 2.4 0.84 0.30 M-6
52 BE R IF % & | WR | 1.66+0.71 | 1.645 3.6 |0.26 0.11| 0.27  0.11 | N —  K-10N
1.80+0.69 4.1 |0.28 0.11 M--7
53 WR  2.27+0.37 | 1.8 5.6 | 0.32 0.05 0.32 | 0.05 - | K-12
2.26+0.37 5.7 0.31 0.05
54 " MS | 2.42+0.13 |2.09| 17.9 |0.30 0.02 0.33 | 0.02 N | — |K-11
2.92+0.12 18.6 | 0.36 0.02 | M-8
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Table 4 Results of the natural remanent magnetization of the volcanic rocks
distributed in the middle area of the central-north Kyushu.
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G EREEE (R, 19830 ERE)

#4141 0.3220.05 Ma

e K EMROBR A S TH S, B L LTHER - A0 - ST - EWREhE &4,
FThiCBER - AL &L, ANEHESCIBLANT 2RO WD, ALY 7 2 - BER - BT -
REWE - DM, ~AT7et7 7 « v ZHMETT. LEETT T, @B {UES
BT Si0:=65.02%, K.0=2.15%, Na.0=3.90% Th 5.

69 %@ﬂ%ﬁ%@ﬂﬁﬁ%%%ﬂﬁm%ﬁﬁ(KdLh&&

FEHL : RDRAEANTA SRR 5 4 OFR 0.3km

JEE IR IEE (R, 198301 s

1E 1 0.334:0.02 Ma

BT REOFNESETH O RREEARSET 5. MR L THER - ANE - B - Eann -
REWEE &5, ThCBREREE. ARV 2 #8R - E - TEVEY - 2OEr6M
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Fig. 4 K-Ar ages of the volcanic rocks distributed in the middle area of central-north Kyushu.
Figures in each parenthesis show the K-Ar ages and their errors in ten-thousand years.
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TJﬂkﬁ}ﬁﬁ“é, LB A VA4 MEEE, REEE KHERTEE LA AEEEIESH:
M%E'd\a{%r"“ﬁ W g s - PR AR R b R, ﬁﬁk%ﬁi@&@éigwu FEE Y E
5. RWEEOREENE LTI, #Mizh (188l KEB7 403 =2+ T o 74 (0.91£0.23
a), £FE - 43R (1982) ik B K-Ar #{t (0.5--0.3Ma), =¥ - (1985) 1=k % K-Ar £t
(0.69£0.08 Ma) 2l EN T3, F, EEEFEEEI BN IFEEHIL 0.54-0. 70 Ma,
INEERTEEABIL 0.55 Ma, Hi4 7 i ESHIL 0.46-0.64 Ma DEMEAED N CREE, %ik), &
WA D FRAORBREHITEE S (BEMRMACEES) 751 K-Ar 48 0.7+0.3Ma) 2@s&
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Fig. 5 Stratigraphic sequence and estimated eruption age of the volcanic rocks
distributed in the middle area of central-north Kyushu.
K-Ar age represents in ten-thousand years.
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SRS LB R M SO N E RIS T 2 ANEREIE TR e R s S, BT
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Bhb, WELSSOHEBEMR 0.4-0.5Ma & E 2 5h 3 (B5X). @HILEEOBRBEAES
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Tuig\oied, HHAEE QWAL 0.38-0.42Ma FLeZ 2 bh 5.
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MEAEIEE 2 2T T e hh, FEHELOEHERL 0.42Ma ikeFE2bh b
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Fig. 6 Location map of drill holes on the north-western flank of Kuju Volcano.
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s E AEKLILEEOIH =7 kiliE K-Ar FREME (1)

Table 5 Results of the K-Ar age determinations of the volcanic rocks of the drill core (1).

No. st | # IR e I R O AR
55 DW-2; 401.8m bi hb and lava 0. 000076 2.03 6. 06 1.3 =
56 DW-2; 500.0m bi hb and lava 0. 000122 1.55 9.63 2.1 =
57 DW-3; 622.5m hb bg px and lava 0. 000076 1.87 3.74 1.3 -
58 DW-3; 905.0m px and lava 0. 000188 1.78 9.87 3.2 -
59 DW-3; 1,050.0m px and lava 0. 000213 1.69 14.83 3.6 =
60 DW-4; 850.0m px and lava 0. 0060052 1.99 4.88 0.9 e
61 DW-4; 925.0m px and lava 0. 000226 1.66 8.16 3.8 -
62 DW-4; 1,000.0m px and lava 0. 000233 1.58 18.52 4.0 E=
63 DB-11; 451.5m px and lava 0.000127 1.71 12.62 2.1 =

#6F AEALTEHEOHI = 7 ko K-Ar ERAERE (2)

Table 6 Results of the K-Ar age determinations of the volcanic rocks of the drill core (2).

b 40 40 : ¢ larmr T S 7S

No. sitas (hulfy  # T e store () | 0| (V) (M| CoMa) | oy | B

64 DW-6; 462.0m bi hb and lava 0.6547 3.12 34.39  0.54 0.03 0.63 0.04 =
0. 8691 31.89  0.72 0.04

656 DW-6; 902.7m hb bg aug and lava 0.4259 2.42 9.16 0.45 0.10 0.41 0.11 =
0.3483 7.41  0.37 0.11

66 DW-6; 1,494.0m hyb aug and lava 1.393 1.43 7.09 | 2.51]0.75| 2.42| 0.75 —
1.290 11.33 | 2.33 | 0.42

67 DW-7; 1,487.5m px and volc breccia 0.7227 2.30 19.62 0.81 0.08 0.78 0.08 +
0.6715 25.08 0.75 0.06

68 DW-7; 1,640.5m hb px and dyke 1.403 1.87 17.19  1.93 0.22 1.83 0.44

1.247 8.25 1.72 0.44

69 DW-7; 1,787.5m px hb and dyke 3.114 2.89 8.20 2.77 0.71 2.23 0.71 -+
1.879 9.41 1.68 0.37

B X D ER S e, AHWEORIEOE S KR Y (BEHERY; W 1957) Td 5 Rk
REZLRD. Uh LHEREROSHEo ERBRE L R 2B Cuiv iy, ZITRF7Y 72
7 vy - HiFRY) (SIEBERT, 1984) & LTk <. HEREWoSMmiE Kl pLL T 5BERRTC L,
KA S E E B 2N TN DEE L FE S AR L, BT 2 8 E OB R
D T ETHERE D HARIR A LKL - FRAKLOMBC H -2 b 2R T (F3R). Lo LEEIZ O
BEWILBEE 7 L7 73R by, Bkl - TRALOEEMTEE 2B T2 FKIEE, 2
DEFTVT AT vy HEREHEED o0, WHEIREORKFSCEBIh e ELLAS

© HiHz 7 kilED K-Ar £

AEKACFERE TSI S R bk o 7 A b h 5 kilE D K-Ar EREER T 7. HiHHE 500 m
#% (DB), 1,500m #f (DW), 3,000m # (DY) o 3FEAD LB, HYIHONME®F 6 KR
DW-2, 3, 4 Bt Kot DB-11 Hio = GIIE L S A E T s i L, DW-6, 7 IHD
ERINTEZESE () PRIFEFCEE L2, MTIIEE « DFERIEFEE RS,

(i) DW-2, 3, 4 #i#f K DB-11 HipH:

K-Ar FEREEIZSEZFCOWTITo 72, BRAEE —80 2 » ¥ 2/ b +100 4 » ¥ 2 WHENL,
Ko giy Perkin-Elmer 303 MBS 7% a5 eyest & A L, Ar Ol zFAA#HIEC & Y Bz
BPeFT RMU-5G TUE BT 2 JHVC TiT o 7o ERMEIE FHET N (1969) il#lsh T\ 5.
F5FI K-Ar BRI EREETT.

(i) DW-6, 7 it
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Fig. 7 Profile of the pre-Tertiary basement rocks in the central-north Kyushu.
A-B: east-west profile. C-D: north-south profile. Figures show the
radiometric ages (Ma) of the volcanic rocks on the ground surface and that
of the drill core. Profile lines of A-B and C-D are shown in Fig. 9.
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25 7 BEOEE (2%), PAr/BAr HIECFED EE (1%), Ar/®Ar mjliEc s #EE (2
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F1F AMPIEERC 7T B kLS O BHE O B E R E
SERRERFUERAL RS 2 KiciT KA: K-Ar &, FT: 749vav - b5V 2%
hyp ¥ 0, aug ¥EEE, opx ATHE, cpx BFEEHR, px MH, ol HA bAHE, hb AMA, bi BRE, qz &
3%, cum # v 7+ vE, and @, dac F4 A b, thy WECE, pf KEE, wt EBEBRIKE, bg &%
Table 7 Previous radiometric age data of the volcanic rocks distributed in
the central-north Kyushu.
Sample locations are shown in Fig. 2. KA: K-Ar age, FT: Fission
track age
hyp: hypersthene, aug: augite, opx: orthopyroxene, cpx: clinopyroxene,
px: pyroxene, ol: olivine, hb: hornblende, bi: biotite, gz: quartz, cum:
cummingtonite, and: andesite, dac: dacite, rhy: rhyolite, pf: pyroclastic
flow,wt: welded tuff, bg: bearing.

ER M) | # 5 F o® | X i
Al 4.8 0.4  hyp bg bi hb and lava KA #em - A (1984)
A2 5.1 +0.4 hyp bg bi hb and lava KA "
A3 2.4 0.5 hyp aug and lava KA ”
B1 0.7 0.3 hb bi rhy lava KA M « AR (1982)
B2 0.8 =0.3 bi hb rhy lava KA ”
B3 0.9 0.4 aug hyp and lava KA ”
B4 0.7 +0.4 hb bg hyp aug and lava KA I
B5 0.5 £0.3 bi hb dac lava KA »
B6 0.5 +£0.3 hb bi dac lava KA ”
B7 0.7 0.3 bi hb rhy lava KA "
G1 2.8 =0.3  aug hyp hb and lava KA Hem (1985)
(] 2 E0L8 bi bg aug hyp and lava KA "
C3 2.6 £0.3 aug hyp hb and lava KA "
CH14 2.6 +0.2 bi gz bg aug hyp hb and lava KA ”
C5 2.6 £0.3 bi bg aug hyp hb and lava KA "
Cé 245 042 aug hyp hb and lava KA "
(A4 1.7 +0.3 ol bg hb hyp aug and lava KA "
[OR] 1.8 %0:.2 qz ol bg hb hyp aug and lava KA "
(o} 0.9 +£0.2 bi rhy lava KA »
C10 0.8 £0.2  hyp aug and lava KA "
D 3.2 +0.2 | opx and lava KA FiFhs (1980)
E1l 1.6 +0.5  px and lava KA RPUiEAH (1981
B2 3.1 +0.8 black and lava KA u
E3 3.8 0.6 opx hb and lava KA "
F1 4.7240.46 px and lava FT W3 (1984)
F2 4.68+0.49 px and lava FT "
F3 4.82+0.95 px and tuff breccia FT ”
G 2.85+0.49 px hb and lava FT P - Fk (1983)
H 0.82+0.18 px and lava FT #idizos (1981)
I 2.2 +0.2 ol basalt lava KA /NEF - 5 (1983)
J1 1.3 =0.4  hb ad lava KA EE (1980)
J2 1.0 0.4 px hb and lava KA "
J3 1.4 0.3 px hb and lava KA ”
Kl 0.9 0.3 opx cpx hb and pf KA % (1985)
K2/ 0.7 0.3 cpx opx hb and pf KA ”
K3 0.7 +0.3 hb cpx opx and lava KA ”
K4 0.7 £0.4 ol opx cpx and lava KA "
K5 127 =017 opx cpx cum hb dac wt KA "
K6 s =02 cpx opx hb dac wt KA "
K7 1.6 0.3 cpx opx hb and pf KA "
K8 2.1 +0.4 cpx opx and lava KA »
K9 3.7 =052 opx hb and lava KA ”
L 0.84+0.03 px and lava KA A - NE (1970)



FIHR (2I%)

£ (Ma)d =] B £ OB x N
M 0.41~0.50 bi rhy lava KA, FT KANEOKA and Suzuxki (1970)
N1 3.14+0.24 qz bg bi cpx opx hb and lava KA A - AR (1985)
N2 1.07::0.15 opx cpx hb and lava KA "
N3 0.76+0.17 hb opx cpx wt KA "
N4 1.1620.13 opx bg bi rhy lava KA "
N5 1.8640.23 opx cpx and lava KA ”
N6 0.99+0.03 hi bg cpx opx hb dac wt KIA: "
N7 0.69+0.08 gz bg hb bi dac lava KA P
N 8§ 0.63£0.05 hb bi dac lava KA "
N9 0.42+0.09 px hb and lava KA )
N10 0.58+0.11 opx cpx hb and lava KA "
1~28 SR b SRR KA FHE E1LHR)
29~54 Fu e bR bR KA AEE (H3R

3. JuMHERdER o KIEB DR & 57

BT RCR UKL ORI ERE L, AHE OR L 2 AR K-Ar SR 2
HE, HE8XTIE0.5Ma Z i iHEMRER 7 e L, BIR (1982) o7 — ¥ —EHEE, RV
B (1985) DS IIE ST Y BERtbEtd ORRT. 20X 3 CHMFIILO KIIE DI
EME, HWoMa pRHE LTRAIG XEL b RHRELRL, 22 2oZhb0RBRIENEETED
FER EFEINGTH D, FEREO BREREOTLT, AEXLIHTHEEPEO —30mgal K#E T 5E
HEBEEOFLE =T 5. Tibb 5Ma-2Ma OMOERELFEN DO —5 mgal ZE fiino SMilic
ST B, 1Ma X 0 H LWERIEEHLY - HEL - MEl e &30 —15 mgal FEARO
WS4 L, S5’ 0.5Ma kY #H LWERERETEEZO —20 mgal ©MFEOHFE RO A
ST S, oz kit, 5Ma b 2Ma T kIGEENE, R0 75—~ (volcano-tectonic de-
pression; VTD) OIEALEEHC - T% (B, 1985) O LT, 1 Ma LifED GE#hL 7 >
~NY DOFICE TN AMEORE SR RE SN TH Y, RECKTEOREEHE ML Tha e
e EFT. AEIUS R EEIOE AR RN ORI T, 0.3Ma IKE 5% TR b E < Kl
EEIHE L e B2 bh b, FOBROKUERNY, HEECHE LS —~y 28587 %, JLHE-FHE
FRDKILT = v HIEif - TR - AEALL - BB AKX ¥ OKUEETERT 5. Sh b
8XC 0.1 Mi ’;kH?%fr Luklifg (a‘;fg?:: Aso-4 KEMFHEREM & ¥ Lo ki) & L TORLA.

259 PO LN B K R HERE ) B OV e R AT I K P e o s 2, KL E OB FERX e Ehdb
b O RT. BHEAEHREYNL, S R 330 km?, 48 23 km® O AMBOFHERY C D
v (MATUMOTO, 1963), MPILMMMEHA Y FE L Y X ELEMHEXETH 5 (i ah,
1956). IR AHHERI O SAniRs, EHARBOEIRE &< —%% L, —10mgal F&EIEHDOIMA
CRLGRE 37 %, SO RROHEHORBE (FH, 1981) 22618, HTHOPLLPESFD —20
mgal HEHFONMCEHEARD Hh 5 (BIKOH). Zhf TREE S h -MEE AR HEEY
O ERBRBRLHAT S TIEWRE R L, HROBKERKECELND (GRIEH, 4E). HEE
KRIEH DR ERL, B8EDLIIL 7 1o ¥ aY « b T v 7ENE K-Ar ERICH DV EENRD
ha2, S % (1985) 11 K-Ar 4% (0.99+0.03Ma) » ko, MEBAESINAAT 334V
} (0.90-0.97 Ma; MANKINEN and DALRYMPLE, 1979) 1< L7-Z & #EIS iz Lz, HRER A
Pt o5t —16mgal FEAMOARHTR O AN Lk, 1 Ma YERCHEBEOHEI L 22 K UrES)
A, BRI OMHEORER B otz LB 2 bh b, IEBE AT O s —20 mgal
HEOmAOBEFOFRERD BB Z 21X, ZOEAEEF O, IBRAFGOEN L EEE



HBE BB RTHER Y DO BEHA

Table 8 Radiometric ages of Yabakei pyroclastic flow deposit.

FAE (Ma) PE i F B 3 ik
0. 40 KRR 7 fguy FT BmA&IEA (1977)
0.32+0.19 KB PIRIT IS R FT E4E - fEA (1983)
1.3 +0.2 KREBEK AT KA ZFE (1985)
1.4 £0.2 REGEISRMT IS8 KA FpE (1985)
1.7 0.7 KEFER 7 famy KA g (1985)
0.99:£0.03 | KRAEKLMTA KA FHB - ZHHE (1985)

DKIEPRC & VB EN AT L 2RIE T 5. B 7 RIS S =R AGE U iR #£50T,
Buge (1983) DI AR (HEREFE p=0.4g/cm®) % {HELAMEREZRY. Z ORERIZHE
BT OENEREHIBC I\WT, SESREREN 77 — 2y OEHTE HITEL 7 0 i bRk

LAERZBETHIEETRL TS ZOZERBEBNBREENEFECE L7 T —~ v O &£ 13251
DR, T b Rk 2 W L 2 fall back HERSWIC L VB S N B2 55 k40T
E, ALFIR77 -~y EREBERA T SAREESE LR S,

259 XD HA [ SR HE R vy, REOWEEKETH Y BERLAE L Y 212& (I, 1963).
FAF N KRR HB SR ki b (DNEFRE], FAE), 2.4 Ma il Lz bim & lisys s (B -
ASFE, 1984) %7 5. ZEHIE (1985) VX)L FR 2 8 5 B EE KAt K-ArER (1.6+0.3 Ma)
T U, FE - JE (1985) (RiA)ILARERC bt 5158 O K-Ar {8 (1.86+0.23 Ma) %k
@, HAF)RFL 1.6-1.9 Ma G U 22 FTREME 2 S & & i~ e, [HAR)ILKES O 59 R
WTED —30 mgal K B BIEORNARE LEE - Tk ) FEIX), NEBAEROSHD L 51T,
A 1 Ma X D3 LW KD E bR B & 3 FHEIA D bRV, SUNFRIEO 75 —~vigin
FTHINAT » FERT « JIFFED 3 DO KR EABHAREHEARDON B2, EAFTOELEETO
FLIRTL, A 2 d 1Ma L 0BT KRB EBI e o e B A BN D, FBIME
D Bdr —30 mgal i & SE R EF I O B EUE R - T b7, EANME e Ffc 1 Ma
DI D K LETDORL T oo B 2 bR 5, 20 L S CAINPIAHOEE Y 7 —~ > 0T 1
Ma BIRED K UEEIAERTh - o thigiy, THEEIOE A REHIENCIRE S %, T/4bbiu 5
Ma B BE L 2Ma 2 C7' 7 ~ v O2RACERRBOLIAEEREH L VID I, 1.6-
1.9 Ma i 76 i OB HASE CHlAN KRR 2B L, 1 Ma Hi#ac 1T H O 579 1T THE R 1
TR U7zst, 1 Ma RO KRR HEZoB AR FHIRCREL TEZ Y, BEHARED
LRI TR K UNER OB AN L T o2 B2 bh 5

FNFPIEERD 7' 5 — v 2 B AWIER (B 7)) ©REhsd ko, fFE=mERSIE LV
1,000-2,000m [ LTk Y, ZOREE TRIEEAMERL, HEBeOEE&IIER/ S, £
Fa 7 kbED K-Ar ERERTERIESEERL, Wihd 4Ma L 0#H LW, 77— OFT
FeEE T ATHAR L B S B D KIS O TREME & LT, SKREFAOLEE (13-15Ma; SB[ - /NEF, 1974;
821375, 1980) MOCKAHILKAE &S (14 Ma; $EH, 1978) A%E 2 bh 5% (8iM, 1985), 8 X
ERTEICINBIRT S — Ry R LV SDRHEED L, BEELRCERS L end, &
Z—NVECHBEEINTOATREMILECEEZ DR A, /42 13Ma b 6 Ma £ CoO/MO K lER
Pt clE SN 7— 7 TRAMNPIERITFE D b Tohib e dd, TOMDOKILENTZ —~ v e
MRS RO B H BT R 2 E 2 D h 5. 6o THIH T 7 klED K-Ar £23, Tz &l ErF
La24Ma FOBECERRTI LWL, 77— 5Ma DI iEE BB L, ke b dioEs
PR THREOEFVEE L, Zhba o r MiRe s & 5wl L2 & (EiH, 1985)
ERT 5.
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K-Ar SO0 RO E R B0 FIC B L CEIZORTEV 72, HUERAHNFRE, SRiER,
B, NGRS, BEREASEIMAER, P KSRHEET O AERIIERE A AR il
TEENCBE L TRt L Tl . Zh D DB A ELS LR L LT 5.
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K-Ar age determination of volcanic rocks from
the Hohi geothermal area, Kyushu, Japan

By

Kozo UTO* and Shigeru SUTO**

Abstract : Seventeen volcanic rocks of Pliocene to Pleistocene ages from the
Hohi geothermal area were dated by K-Ar method. Ages of about 0.4-3.1 Ma
were obtained more precisely than before. Obtained age data are shown in
connection with previous stratigraphic classification: “Kusu Group and its cor-
relatives”: 0.6-3.1 Ma, “Hohi volcanics and its correlatives”: 0.8-2.0 Ma, “Bungo
Volcanics”: 0.4-1.1 Ma., “Early Younger Voleanics”: 0.4-0.7 Ma. Above results
suggest that previous classification on the basis of the lithologic similarities does
not represent time-stratigraphic relations of the volcanie rocks in the Hohi geo-
thermal area.

In order to evaluate previous K-Ar age data in the Hohi geothermal area,
some volcanic rocks either from the same outerops or from the same strata as
those of the previous age data were analysed. Both sets of data are concordant
when considering the analytical error, and previous K-Ar data were found to
be reliable.

£ =

L IS, D T — S I AL TR R S DV T K-Ar SERUIBE B 1T 72850, £90.4-3.1 Ma
DT, ZhETLY, BEOCRVERELEBRZLATEL. BohEREY Ch T TOMBR S
ChTdDE, DUTFTDLES5Rinsd, “KERBHAUMEYE": 0.6-3.1 Ma, S0 JL 238 200 Y
J8”:0.8-2.0Ma, “EBHKILIEHE":0.4-1.1 Ma, “Hifijil &HATH" 0 0.4-0.7 Ma. Bl LOERHA
5, ZhF COEMEOHELUMIC IS T AET, BEMEMBO X LEFZIEL RL TR I e
ﬁzbﬁiof:.

W IR T, ¢ TRARES A K-Ar ECER i 200, W2 0R—BE, b L <k
Fl—HE 5 8L e oW TERIIER T2, FOME, S EORFRE & HFENREE T,
MEOHPFANT—HLTEY, 2hTTOK-ArERELFFEBETE 200 TH DI LA L.

1. & € & K

JUHAE A O BIE K i, (55 1D ik, SRRl & 0 AR A0 To L EER L L,
B GHLTHY, HAEFROHBEME &7s o Twa, FHUSOXILEEL, SHRoOBHOAE, Ha
IEAOEEROKEEE e LT LT Y, Do FIS & =8 < O o SAa gy G

* vt EENE * ** Geological Survey of Japan
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Fig. 3 Locality map.

1985a). Z DX 3 i KILUHIRD KIBCo72 B KILEF L HEL + 2201k,  BREENRIE, LiEL
BAEHLERE LTHVWB R TS (DUFFIELD e¢f al., 1980; DONNELLY-NOLAN ef al., 1981). T4,
BT B o MR AT B O HE5E RO E RO K LBF OB 2175 BT, JKILEEO R E
FRPIFEN S BERE S kb7 (TAMANYU, 19815 8571372, 1981, 1983; &M - A4, 1982, 1984;
JME, 1985a7c ). ThABIE, HRL TP av e FI o Z@EEFLIAY T4V = TRIEET

% K-Ar ERNEERETESWTHA, LAL, 2T THRE IR K-Ar £, —RicEsEs
Kx<, FHBOKLBF R T ACES T, 719 ¥ a¥ o P33 7LDV TL, HIEE
BREL LT3 &b 27, HEES L FENER 2 RACH 5. BB T 5 008FD
xOfEL IR L, RO EBORES +, FiMcd Aanril, BEAREEEOEV
BEHERERBLETH B.

LmE, FEROEESTERLEEAOUHEORE T L OHLACT A L2 HNE LT, 1TEDK
HpEstild, WEREIMCH W T K-Ar fRIEZ T o 2. 08¢ T BEREOBEERMEOIFM S &4
i, WTFR, FOMBECOWTHET S, 7k, K-Ar ERIZEFES, SRRIUIEER, Tth
EhAEY L 7.

2. # H W

gﬁ[{t

B IR O R E R E K A 1 K, WEBFEEL S 2T RT. 4, RRETHVDL
NAHZTEIFNCRT. BHESRER AR AT OHERE L O D H 570 Uit RS
Nigls, MRS BORMEN D, HETH 2,000 m CEBESFET HZ EHEND LR T
5 (feM, 1984). FHE=ZRO/ L EHCIOEER, BRAALESECBT e Eh 5 (8izhn, 1980)



KREFKILEFE (08, 1963) Th Y MBI ECHM T 5. £ 0 K-Ar {3, 7 13-15Ma (% -
/NEF, 19745 iz, 1980) Th D, Ok, BEMEMIR, Kb < KIWEEIAKRIEL TWink 5T,
5Ma FiRCEB A HH Lz, Thblk, ThEThRUEFFR B2 b TEEERER (REfEn,
1973) O—#T, RO K-Ar ERWUTOME, 9 3-5Ma EREs NI eRWHLMC S G
H - #70, 1984). 5Ma &, JOLiEENS, FHUKO iz 2Eich - 0 T L, SR e
AR ORI L 7.

KILTEA BT, 9 1 Ma HREH L &8 2 bh 5 0EDO 5L, FHlgO HEs Lo
T HREERERAE L VAR K, BOEHEFERL KL TW% (M, #FH).
FHUROF b H LK LTEENE, B - BR, AE, MEROEFIR-EHito £ L TRE TR Y,
JHE-FETEH R ORI R > TV B, AE « PIEEF K IR O JREFHER L = o Mk ei (R i
HIRAT) &% T\ 5

3. SFRAERFH

4 E, K-Ar SHE LT 217 HOKIEDER L, FRMEOFRIULE 1 FRORT. HUF
2, O EETR, BULUEEFO BRNEM: FEIC W T~ 5. HEESL, 1

F2RFDOENLFALTH S,

O LIEHATE &R OFE S

HWANERLE, Fa GO 1931)

®1FE K-Ar ERHERR
Table 1 Rock samples for K-Ar dating.

BT RHA = H #OR Go® | G |

1 1931 | FEEFPERSEMRTEOYEANGE ASERBHHEITER  131°17/6597  33°13/367  —
IIE= = i

2 HM65 AL AASHERIMEOREG SN ASRMENFK  131°16147  33°12703”7 IE
PORR L KRR h O R 2

3 1867  AlyMnSEAtdaRLE  BE HEAIEU/NERTEE L 131°09/187  33°07/54”7  —

4 HMS50 ﬂﬁﬁﬁﬁﬂﬁEﬁﬁﬁWE£ME K OREABUNERTL)I  131°07/077 33°08/277 %

U ? HER TR O A H AN

5 1574 miéﬁarﬁEi*lﬂW&E g K EPEENT FAE Ly 131°07/567 | 33°137397  IE

6 HMY9B | S@EANGEERRE  BE KROEIRBMETRRASY - 131°077017 33°11/217 iE

7 | HMI2B ﬂé&iﬁﬁaﬁﬁaéﬁ@ﬁﬁrﬁﬁﬁaimg:ﬁ} jéﬁ}ﬁﬂﬁkmrﬁiﬁm 131°08732” | 33°14708” i

8 HM43 mﬁﬁﬁﬂﬁﬂﬁﬁﬁﬁfﬁﬂﬂﬁiﬁmﬁ B RSRKILRTIESE 130°59/24”  33°14/58”7 i
KRR Y

9 1728 $ﬂﬁEﬂﬁif§EmﬁﬁjWET{*f4’ KAEFKLETRS  130°597127  33°15°177  IE
b Rk R RER

10 1576  FLAEES 3 /ﬁ‘wﬁaEAﬁﬁﬁﬁaBﬁ KBB4 | 131°08/277 | 33°147207  ?
ARERFAVA b B old

11  HMI0A E%Aﬁmﬁﬁ%5$§ﬂ74ﬁ4r KROABEAENERE  131°10735”7  33°117057 IE
b=

12 | HMI9A 3 v 7+ INEEERGEGRTES  KSEENSRA  131°22/397  33°13/327  IE
%%%gﬁﬁaﬁ%‘ il KRR Y

13  HM46B (ﬁwr‘ozuEAﬁ?mﬂﬂaEtéﬁﬁﬁEM KRBT A0 b 131°17/417  33°167337 5
HARNETA A b RS ik

14 | HM47A aﬂﬁﬁﬁ‘“ﬁiﬁ%l%ﬁch BE zﬁ%ﬂ%ﬁam& 131°14/477  33°18/38” | n

[=)

15 1679  RFECHMRERLE  BE RABMCAETER  131°23/327  33°08/557 ¥

16 HM4IC FREFEFRIFEGHMEGEEANEE KSBRKUE TS5 130°59037  33°09/367
W KPR R D A AL sk

17  HM#4A FEgTREERAEE R YA ﬁﬁlﬁ:ﬂ%.ﬁ%wx 131°107207  33°267507 7
ﬁaafms KPR T ORISR/ FEELE !

*) U (ERT) X 03I IE: IEMRG, 8 EER, ?:ORW, — RlE

*) Gited from Suto (in preparation) IiE: Normal ;fi: Reversed ?: Not unique —: Unknown



Brit, $HEA ( (3mm>), EHAaNE (7mm>), #HEE (1mm>), HEAHE (0.8 mm
>), AEWHY (1mm>) ROEHE (0.8mm>) nbind. A, #EA, WA, TSEEEME
CHZAMBIIRY, "7 F 7z R, SHEENL, ARTLETTLHETH .

AEBHL RGBT LA 2> B FREL U e, WFRREE, Jhar Lo kiiE R - Tk b, o 2 CTRHRE
BWaErLTHL.

@ MADAREEEFA RS G EANER LS, KRR oAE L GRE  HM
65)

MEL, HEL B.2mm>), ¥HEANE 4.5mm>), H4HE (1.8mm>), HiPHE (0.5mm
>) ROZPBROMASAA (0.8mm>) nhicd. AL, $EA, BE, TEVWEY, I
AR T 7 AnMBIY, ~AT7r ) Fy 7HBTET. SN, FETH S,

Fathhx, KOBAENFROFEFMGKBFHERDTFOREERTH 5. AEH, FFL)IREROF
PR L — R, EHEOHEEL L 2 KR L TV 528, Eh b ORI T
b, HLEOFBHCOWT 0.7£0.3Ma, F3lk & F—FBlic-o\-T 0.520.3 Ma © K-Ar ER{EAE
LRTHY, WEFRDEHRL T% (ZEE 1985b).

@ I aEBANTRLE, e Gk 1867)

&L, #ER (4mm>), EFEANEG (3mm>), #FHHe (1mm>), TFHHY (0.7 mm>)
BODBEORTE (0.7mm>) »nbied, AHG, #ER, Ba, TEWHEY, > ) 1HMRTT T 2
MBIEY, ~M 7 ey Fy ZHMEET. SEENL, AMEER IS5 THRLTHHTH 5.

AERHL, BELUBEELEASERR LS DT, AEEs (1968) OFELMELEACET S, &
Skt &l — Bl B B 2= BIBUEHT, 0.840.3 Ma, %7z, MWEILALFERE A & 575080, 0.4£0.3 Ma
DERFR K-Ar ERENEBR TS (AR, 1985b).

@ SR B EANTAE TS, KRR oA E A Y Gl HM50)

P, AROSEFR 10mm>), ¥HiapE (4mm>) Lo BEHER (0.4 mm), 7
A (0.8mm>) RUORFERAH (0.3mm>) »bind. A, #BEL, $fa, Han, TE
WSy, > ) AEMBOH T ARG, N T e YT Y ET. BN, EREVch
FTHREELTHE, BBUThHiEThHb.

REAIE NEIET TR R O 300m BEH BRI U (B 1K) AN, Kz, (1968) @ L)1
TR AR EO— Y L, KR TH 5 WREM 2 H 5 (CEIE, 1985a). A3 RHRTUEO R 1. 5 km
BB ER A B E 0BG DT, 0.9%40.3Ma » K-Ar EREES LTV CHE 1985a).
WK R D —3E, £ DT & HE 2 HIEEILOE A D U iR L 2B TH B LE
26, FEELED L S i HERA S R L 7.

® HHEANETRERMACE, 55 4 1574)

B, SER (4mm>), BER (2mm>), HHANE (1mm>) XOREPHEY (0.5 mm
>) A h. BRI, MREOBo V&R LY, BEARSOLhE. SRk, 2P0El
LERZ5L-THEY, BREBAERL, ~EZMCHE-TEHL7 e 74 PHEIIIICE > TS, FER
i, FELOUTEFER 2 BE T 238 THY, HELFEEEHEATHS (4, 1963). EEMO
FHETHDEH2 505 LEFHEER, EAE-EEEChe Ty, AfaRELsTw5. &
WY IES LT Y CHE, 1985a), 0.7+0.3Ma © K-Ar EAESH TS (HEE - KR
1982).

® EEANGEZSEMAE, BE Gk HMSB)

BE, $EAE (2mm>), BEF (1.7mm), FEANT (0.8mm) RUAEYELY (0.4 mm
>) hbicd, REE, BEEYRTS T A LAY EREAD R0, RAE 1mm OFENAZDR
5. SHERNL, EMEBCCHTARELEE LT 58, ZhlBissthiiltTts 5.

AL, FELOHEOE—KFEE, FENCEANS, FEAUUTHE OFEEK 200m OFEE &
B AR ETH B, B TR (AR I RIEE 7 L — 7, 1982) Tk, T4



EE e ShTw b2, MEEOTELILTEDEE LF L EENEHAITHTHS. Falkhl, EH#@
LT 0 (EWE 19852a), AzEoOJLFES 2.5km OFEAESWT 0.53£0.06 Ma ©7 (v ¥ =
Yoo b7 7EAZELR TS B M, 1979).

@ ELFEANAESEL ST Z LS, wE Gy : HMI2B)

S, AMOMER (4mm>) &, Wb 1lmmp FORAHE, HEHEE, EiEsbia o
AEHgn S s, BT, BEG, $5a, BREE, TEWASMEC Y ) A8 biry, ©
Ry EvTF .y ZHBEEET. SRR, EEREHARBBVICHOTARCEE LTV 5, Sishfi
Thb.

AEENE, FELIEE A OB IR BRI L A2 b OC, FENLEORBISEEED T B4En,
1973) & AN B 2HMOKLEEED I BOTHDa =y MNCBETH. ZO2MOTILEEEE, b
W LT A CGHEE, 1985a, b). EfiDx=o F OFED K-Ar UL, 0.9£0.4Ma TH2 (B
M« 0, 1982).

® EEAMER RO EAE LS, SRRy Gl « HMA43)

HEEE, $EE (2mm>), EEHE (1mm>), $5HE (0.8 mm>), FHEAKS (0.8 mm>)
FBURBEGSN S0, ENCES 4 7REHE (L7mm) 2ARHBAS. HBHE, <28k
troysxF ., 7HBPYEL, =74 MRENESREDLN B, BEHEF & L TELEHEELOEIK
E=0, WeUEEEThD.

AHHE, ASERIUITETE & 9 BRI L. TEEEfaBRE (HIE 1985a) O—#Th b, WHH
LTw2 (GAME, 1985a). BT 3 k5K, AEHPEOAY, SHCHIRERYVIET e nTER
Mo toDT, SENL, 75b<K BEAERLIRYERG 2B oW TERMGE Uie, TEFERRIKS
11, BROIBIEEEEKED Licilts (8B, FAE). AF e HE UBEE SR L 2500 6t
o K-Ar 4E{%i%, 0.940.3Ma (G}%, 1985a) Th 5.

@ WPHERS A @A 74 v 1 b, AR Gl 1 1728)

Wik, SRR (@smm>), EANA (2mm>), MG (2mm>), HEFHEE (0.5 mm>)
FOABWEE (0.8mm>) THE. FHIE, I<{28hkterr25, 7{l#s+EL, 0.5mm
DTOHEROTFV 474 P AALRBIEA, TEGLEHLRAODRS. EHRO—MITE(EE L
T3, BFBLhHHETHS.

AEPENE, ASRAUHETATS S & R L 22 DB R SEIK AT, M@ DT FitistKEcEbh 2
(EEi, E). TEEREEEKEIESFEL % (FE 1985a). F3 s LK ar
B, TEAEFREERPEY R BRI oW TERE L. AR & L REER T o v
T, 1.3+0.2Ma @ K-Ar EAEBNL TS (A, 1985a). F7z, thOHATOINEBISHEIKE
ORSHEMREE LT, HDHAHEHEE 8km 0zpic 20T 1.740.7 Ma, FEIFEOFHEHZ DL T 1.4
+0.2Ma © K-Ar %&£ (ZE, 19852) &, 0.4Ma ((B4uz 4, 1977) & 0.38%0.13 Ma(TAMANYU,
1981) D7 4+ v v av « } 7y ZERBINETTELR TV .

O PAHEEY v vPESESBANGRERS 1 v 4+, EE GORE 1 1576)

HEYT, $HEE (3mm>), BER (2mm>), FEAKNE (2mm>) RS EOH IV I+
PIE (1mm>), #FE (1mm>), A% (1.5mm>) »bhinsd. THE, HEFHT -7 1
ReEhBeFors e, PEOFE 1mm LTORENGRY, FEETHD

KEEHIF Bl E OB RGO L, @ 0RLEES (HMIZB) wBbhbeFibihb.
BAizh (1973) OHERTIL, AEHEIGHAITIT, B LEHEPREcEa IR TV 52, #D
OB JLEFH L EE AR - T B, BEE - JF (1982) AR EE T EUEE LR L 8, FE
IWYTAOEE L B R Y, WMEMCY THETHBDOT, T TRERLY THD, Wbhdd
CRBRBEET (MAAEA, 1973) O—ir LT <. bkl e A LBEHL SRR E h o floalhiceonW T
0.8+0.3 Ma (8FH - K, 1982) @ K-Ar £ ELh T\ 5.

O FEESHLEANEREERN A 51 b, g Gk HMI0A)



PG, #HEA (3mm>), RER (2mm>), FEANE (1.6 mm>), TEWEM 0.5 mm>)
BOLBOFAE (L.5mm>) hbihd, FHEE, & 1mm MTFORBELAORB OB~ ) Em b 7
5. HIEEENL, EE#AVCER BBV TARELZEE LTV B30, BB hfiiEth s

AEBNT, ROBABEUERFC S\ TER L. 43 (1973) DEBEICEL, EHHLT
W5 (ZHBE 1985a). SEIDHFEETIE, ABOMBEREFOMEL M T2 I LIXTE Ll 12
AR (1973) 1%, FEECHHBEROPIICME T S 2B 2 TwA, il - H R (1982) ik, AEE
PRIy 1 km JLPEOAEFEEFITOWT, 0.50.3Ma © K-Ar #RZHE L TWw 5.

@ 737 R HESEE S e BB R AN GRS, KRR o 55 6L
¥4z 1 HM19A)

WE&r#HEDG (3mm>), #iiARNNE (1.8mm>), HMER (0.8mm>), RHFHAE (0.7mm>),
BHHEE (0.3mm>) RutdEor Iy 2 vBIE (0.5mm>) hbicsd, RRILEEZEHO N T 2
T, PEOHWREE L EL. W, ARLIHETHD.

SRS ERT R D B A BRI 0.4 km DB A S HREC L 2ok ERNT, PRI ETHER (R
AE s, 1973) O—FHIY § 5 IEEM AR OFAEERTH 5. FEEHROBIL, LEL
WEHZ 2 v 20 BbhD. FEBMOREHRA ML, EWFWETHS (G 1985a). [FUHEEHO
Al A EHE DT, 0.520.3Ma @ K-Ar 5L TS (AT - A7, 1983).

@ MHADAREER GG EANG 4 o1+, 8 (304 : HM46B)

&L, ANMoSER (8mm>), HFEANE B.5mm>) &, JEOHHHEE (0.6 mm>), 7
ABAF (1mm>), A3 (0.7mm>) RONEWG 0.5mm>) Hbind. AL, MHEL, #
HHT, EMHEE, RERSMECY U ASEASERY, Ery 3y F o ZHME BT, SirEk,
7hE, RV ETARLZEE L TW 5.

AEENE, 0 b LI D B, KSEMER (FA, 1971) T, BEMELZESh T
Byt D (E1KAER) A4 ey 50km g T v, FhERHEELL 250 % Ok
FIERLL T\ B, AREBNE, WL TS CHBE 1985a). % 7:, ASRHFEGBO®L 2km o,
A0 P IUTEN O BEREAERANERLAED T « v ¥ a ¥ » b7 o 74EMRUL, 2.2120.29 Ma T
5 (D« Hh, 1983).

® PIEMEEFRENREE, Y G4 HM47A)

HELX, HMEA (2.1mm>), BEN (2.4mm>), $5A (0.7mm>) ROTEHE (0.3
mm>) hbied, B, BRBEOBAVWE,DRY, HRESEA CHEEE R R T, aER,
5 0.1 mm FEEOHIN B & SER Yo EH Y T 3 RIMIHEETH 5.

ASEHNE, RABKERET H BAESILEE L 0 L. KROEMER (A, 1971) CRFFEUEE L
XRTWB, FEIUTBERIERT AREEES &3, S Tk 0, JliskbEEeEgL Th 5.
FETEORECEAEFE L T B0 L, AelEhL, JifFmE L <% (GHiE 1985a).

® M EESERLE, BE (ER4 : 1679)

B, $SHEG (6mm>), HAKIE (2.3mm>), $HMEE (1L.8mm>) RUTREMHE (1.6
mm>) »bid. AL, $EA, HE, REHEMEUS 7 Anbiny, ~4T7e ) F o 7%
PR, SHERNL, EBEER o ThTIMACEE L TW545, BBLRFETH 5.

AT, NEF (1963) DEERILEDO—MTH Y, ASREANITES L VRIL 72, R
Oy 50m PO DRI L 7= FAROEET, WHEL T2 GHlE 1985b). —J7, FAUHR
Heieo#y 5km B HFD & DEALELEE, ERFHBLTEY, £ K-Ar £{U%, 2.1+0.4Ma Th
% (%, 1985a).
® BSOS B ANE RIS, KR oA ER GO - HM41C)
BESL, SHEA B.6mm>), EEANT (L.2mm>), BEiHEE (L2mm>), #HHE (1mm
>) ROEZE (0.8mm>) Abinbd. HHE, #ER, #SHHE, BEME, TEREY, >V 28
MR T ZAnbi, ~A7rE)F 7By BT, STEENL, ERBEEZT TH58, Bk



i TH 5.

FENL, TEY LIS BIEERE KRR R O AR A TH 5. TEY LB ST T
BENE, P4 MEIYHR L TEY, F4 0 EIEES KRR o 28 S 0w T,
2.1£0.2Ma @ K-Ar {2801 TW5 CHE, 1985a).

O FREABRETHESIAM G Y ART LY, KEREREE O A8 A G4 : HM
44A)

BEEN, AR (4mm>), #lANE (4mm>), #AHMEE (2.6 mm>), HEHECH (0.6 mm
>), BER (Q.2mm>) ROAEE 0.5mm>) nhicd, A&, BEEHONZ2RUSBOH
BH, WH, TEWEYS 5. airElhis, BESHES—MEE LT 530, T 2d—
MEEE LT 5.

FEBL, BET7 T 0 VEET D, KIHAHEREROAE RN TH Y, K TIHHEAFE S FHL
7o, SEMEUHEIE R (BB ERIRE 7L — 7, 1982) OEIRRE THE (HEHEREE)
D—HMeEzON D, FEEROWBIHAIT SR E L, IEWHREITHREAEW T = 2\ GHIE,
1985b ). AAEFHHER & AR/ FHOWWTER 2 M T 5 SR E LSS & DEHOBFEG Y, ¥
LW T B EINTER w7, K FHiEED K-Ar £1% 3.220.2Ma ThH % (537, 1980).

4. K-Ar /%

HEERHE, 7B HEEREE ) & 300 100-150g RHUSEEL, SBVEHWT 510 £ v v - DR
Bethztz. 7ATVHECT LFEEEDS DRV, # U v allilEciy, LEORE © — I
T, XDIAEL LIS DRV,

FATYHEL, S Ly 7277 RBEEEEEY AV, B0 Lo, EEhT105R 1, 300°C
THhBHEE L, BV RXERE) 7FYEtly SRRy 6-10g FE A0 AR, HBEE
B9 2. LY Rk 1 BOHBFECH Lvb e vy, #bdTe L wkEE Y 7 ROwmiEE £
¥ F RV THER ATV, EZEE S 1%1077 Torr BIF ¥ CFW 2. fhlEESMAT 2000C © 3 B,
HABENIFY 100°C T 12-24 TERIEEHH L 2170, HEORELETORMEICME LS 5L
WO &3 L7

BEERNL, SEEERE LAV T 20 M2 TH 1,3000C £ TIEL, =51 10 SEERETT
O LB B X €7, £9 100°C & T L =BT, —&E (# 2x107°m/ STP) o ¥Ar # =
RAZ L LTt BELAEFRL, 2KDEET I VREY Y EEBEEYS « 7T F 0B,
BRI R e M EERTHR LT LT Y il L, Bk TR S O B L 2.

Ty FENE RS, 17 e vz 6 AAREEBSITE (BE 6em, 90° RFREMDSHE &1
2) BRAVCEERN R TIT- . fFEORERE, BEFMEERE 75V , T3 ¥ 2 YER 100 pA, 1
FYIEBEE 2KV Thote, AFYBRILT 755 =D 7DV 5 —TFF, #BEELE101Q O
EHAIOMBC AU A BRMELRIERLA L TF v — P LI —~5 — FICESE L. %Ar, BAr, ©Ar
DEFIRMED Y — 7 OF S &R L THARY, PAr/%Ar, BAr/3Ar R, BHREETL
TYENAIDO#EZE (o) 1%, FiET £1%, %BEY ¥Ar ORHR Lo —rDEEr Ly +£2—
5% LRB o, Fio, MHOBINL =231 7 BAr OBRTEFRT 1% LRAB-TV2 (Wi« &
H, 1980).

AV Y ADFERL, EFERAGIEC I 0T o7 #9 0.2¢ O EFHsE» HCIO, & HF = 1 ¢
4%, FEFEEEO%, 6N o HCl L2k L 9L, &bk NaCl # %y 7 » — & LThnz7zd
DEMEFERE Ui, BEEES D K0, HCl, NaCl #pEik+h £ 1-10 ppm, 0.3N, 1,000 ppm
LBk SRR L M, 1-12ppm ¥ COMEEEEHE L, RaEE ORI v E LR
L, ¥~7DESDEBIC X v RuEpho KO BELRoz. F4, —EORBEEECHIEC S
WO AR TR A TR JG-1 £ 18 ns Tk 0, FOIEMEA, i ANDO ef al. (1975)



#2k K-Ar SRAEZR
Table 2 K-Ar dating results.

. 40 5

55 ’ EPs & aoomi Sth 8 (Ve
1 ' 1931 2.03 0.0276 90.0 0.42=0,09
2 HMB65 1.66 0.0299 93.7 0.56+0.19
3 ] 1867 1.82 0.0338 95.4 0.57+0,27
4 ' HM50 2,14 0. 0400 89.5 0.58+0.11
5 1574 3.80 0.0431 95.4 0.35+0.16
6 | HM9B 3.86 0.0787 775 0.63+0.05
7 ! HMI12B 2.42, 2.36 0. 0642 79.4 0.83::0.08
| 0. 0625 79.0 0.81+0,07
0.82+0.05
8 HM43 2.26 0. 0554 90.5 0.76::0,17
9 1728 2.73 0.0917 46.3 1.04+0.05
0.0833 42.2 0.95::0.04
' 0.99-0,03
10 1576 3.42, 3.42 0.0827 87.3 0.75+0,12
1 HMI10A 4.19 0.0848 63.0 0.63:0.05
0,102 81.5 0.76+0.08
0.104 81.3 0.77+0.11
0.69::0.08
12 HMI19A 3.43 0.0636 78.7 0.57+0.05
13 HM46B 1.89 0. 0652 85.7 1.07+0.15
14 HMA47A 3.23, 3.27 0.122 82.6 1.160.13
15 1679 2.04 0.123 88.5 1.87+0.34
0.122 87.7 1.86::0.31
1.860.23
16 HM41C 2.67 0.176 14.3 2.04+0.07
17 HM44A 2.26 0.229 74.4 3.14%0,24

25=4.72x10-10/y, Je=0.584x10~19/y, 49K/K=0,0119 atm %

DOHEFMS.96% D 1% LINCIIWBZ e 2 MELTW3, #) U0 TEBHEEEL, +2% L i#E
> T3 (N - 486, 1980).

BlEDOHEC L VMFELLEZ LT Y ROH ) ¥ 20HEEE, RUFThrAVCTHE L - FERERLS
2RERT. FEERCASHFCHGCAHEXRCFEDRRCR L. BER, 7T 1o TF
bLTHb. fE-T, TOREMTL, 60% EEEROMTHY, 95% FERR (20) 252 254
2T &

W ORDERHZ OWTEKE, TATYHIEETo2, W DEREARL, BEO#HET—
HLTW5.,

80 E L V HWERMIL, KRTUEAEABEZINIGUT DS EERT. Lhl, ERF
WEHC DL T, HANEIR CAr B\, KTBAENE Y, o THREOKREWIIE
fEREmoz. UL, BHFEUTOAUEOERNERZR L LTI, KO B2Fw2 bbbV, B
Wil R e 2 B,

5. K-Ar ERHAIEHEROZLE

SEMGE LBk, 2-3 2T, SBUhIFETH Y, BONEREL, BHEERLRLTY
BeE2ZLNDL. 12, TEULHOFRBAEE (1574) LR/ FHRENFEO KRHERYHOFRE
B (HM4U4A) 3, SLBENLEBEL TR0, BOFHERE Y RREN L > T B THEMESH 5. 7,
BB B X 5, ETHEHEKE (HM43) LIBGRIEHEEKE (1728) %, BEER¢3OEAKE



EERME L7220 T, BEOHHEMRL VEHEL o TV BT 5 5.
LR, $EBbh: K-Ar £{0z2onwT, oY LoBRL MBI T. A TH- 283,
1, 2RLUELNBOABESLRALTHS.

5. 1 MERBETHE (RBEWERE) 0447«

K FEBAIFREO 2SR Y (@, HM44A) wo»Tix, 3.14+0.14Ma &\ 35 45 F
AEL R, ZOfEY, A FHELTEROEFEMEGRLE ¢ 3.2420.2Ma (521372, 1980), {HBEAf O
FAEEH A £ 3.840.6 Ma (KMiaA, 1981) K O IEEBIEALE T © Bl © ARG L ILE 1 3.7
0.2Ma (ZHjfE, 1985a) o K-Ar FERERITV. Thd 3 20FEMREE, Wb EAED LS
OPNEHENDEL N, —F, SEOFHTEENE, Thbd &V EVCEHCSH T 5 ERE T
B (BB EXEE 7L~ 7, 1982) OEHEIEMT HAETHB. LD ehb, HE
B TR 3Ma ZAk, PROAfeRTBEAS R L, KRS H R R T ARE L 2NEH
W RIS Y L 72 2 e A S B,

5 2 TELAMIOKLEDEL

SEE U2 FE Y 2t kiR b oA A (®, HM41C) o EMRIL, 2.0440.07 Ma T
b, BERUEFEL CHDZ & eFATNTH D, FTES ANEORUERTFA ¥4 ML, WHRL
TEY, FA494 P KRR ORE AP oW T 2.140.2Ma © K-Ar £{REL RT3
(ZHRE, 1985a). ZhbHOKE « 74 %4 MER, BLTREL O L U2 EEE L E .

5. 3 HEAEZWLEROHEANERRO FER

BEZLE (B, 1679) 2o TOERHEERIT 1.871£0.3¢Ma TH Y, ZOREENEHRL T
WBZ L EFE L. EHHBL-BERLIEC BT 550 B onwT 2.1£0.4Ma o K-Ar
£ (GHE 19852a) ML hTWwa, 2 0DWHOBHMLITFANZ R 525, Iy 2Ma ity
ThHHZENREBLMER T,

ANEF(1963) 1L, AU ST B AT IIERE T EO ORI, 2% v A5 REARNTEE T
TEALUAREI L Uiz, ¥7o, FRE (1985a) i, WA IIRAWHERYO LA 0% 0 BT K ERic
DWT 1.6+£0.3Ma @ K-Ar #E{#87. §8oT, HHE/IEGHAERNDOEHERIT 1.6-1. 9 Ma §f
HTH B HEEMEL .

5. 4 \WhdB “UKERBEHE” OFER

WAz h (1973) (LAEXLGEE ST 575 ¢ SO I (AR, 197308 LA O Fr,
ZEREKLE (AL SFEER) OOy P Ex EOHERBOESE X OLEE»D R 2EE “K
BB LafL .

SEHIE L 2FHBoF T, WEMTRFOF 1 91 rEofEEs (@, HMI0A) : 0.6920. 08 Ma
BONEET P ok kB (@, HMI9A) : 0.5740.05 Ma #3, #2403 2 (1973) OEFH L 7= “K
HEH cEIh D E, MO X 5, TEUANEO 74 44 s (©, 1576) : 0. 75+0.12 Ma
i, AU (1973) OHWHEHRAP T BELZLEEC BRI TW 54, BEASEHL T “RYE
B ORMHYTREELLN D, AT, THET “KEBE FokUEOERIEM/E LT 0.5+
0.3Ma XtF 0.840.3Ma o K-Ar £t (8iH - 1, 1982) &, 0.91%0.283Ma—2.4Ma (j#57 -
k19815 #kizzs, 1981) 0t 1.2040.48 Ma—1.7140.48 Ma (TAMANYU, 1981) 7 ¢ » ¥ o ¥ -
FI oy 7EARELRTWA, i, “KHEW ¢EEEIHARLED K-Ar F£{{L LT 0.82+
0.08 Ma (¥#gs; @, HMI2B), 0.7+0.2Ma %8 0.740.2Ma (\Fh b IE#EE; 0%, 1985a)
AFSHN TV 5.

PLEDEMRENS, ZhET “REEE L—ESh T NUEBOEHERIE, BRE<, 8



0.7Ma k0 3 LW (7Y = ¥ X EREERE) EE L KIS0 fFET 5 2 e g S h 5.
F7e, FHOERBEOPT, BEOEBERL Y HEVG, LB CERERTL0M8H 5000 Ltk
A%

AE LG DS O BRI e ¢ 5 “RERERE RO, ZOMYE" (GEHRiEs g
WL —7, 1982) ik, APRTESLAMIDY L PEBOENRN, ZOLTOAIED K-Ar 4
fiEnDH 2-3Ma iftgsh T (LH, #FEF). o T, 0k “KBRERE LEHFsh TEL
P BROTRICES &S BB KTEEO B oW T B R AL ETH S 5.

5. 5 BREBBEIRIKE L IV FERRIED BE A 2 &Trad K-Ar £

KEFTHERE Y, T OBEB RO, SHERREERD, BYVRATh 5T &EEETH B,
BT, JFemHERE D K-Ar (ERHEORIE, £ 0L 3 B HAR2RVERE, AEHWEOARE
SEEUEL L L7aid IR L D H O ERERDTLE S Z /s (DALRYMPLE and LANPHERE,
1969; CURTIS, 1965). LAvL, FEL ¥ ZDRENDNE L, holWetrEE L Tvw 5541,
ALY XGRS, BT e L. E0BE, REOKELT, CTEHRIA
ReHHTE L REER 2R B2k e, IETAo e, SHEE LLPT, TERE
FEERE LTRSS REER BT VT, ALy X e HlTE T, Phd 2 THREOFETEREL
Tote, TOHRFE, FhEd 0.99£0.05 KI* 0.76+0.17Ma 2\ 5 E{HE 5.

FREHR L S, EEERRREO NS (Lem BTF) d00%<, BN, Thfh 7% (BB
BRI & 8% (UREEBIKE) Thh. THREHECHBERI I - Abh, TTK
WERTHD., BEAEOERE, HELEAEZLETHY, DALATHELH SLONIEDSS.
AE CREROHSR L OB LA, Bobhinhor. ThbOHRE, HEMCEY B
I 3BH Lt +5 T, Mo THELNERMEIEHAR L D RLRLHWERER L TV S B
bBH. T, REUERDOEAL, K-Ar £ 2 2882, - Thie

BESFOREr AR, BEHFOER, KO BROULTORASHHIELMDLELN D S.
BT O b B AR UL B, TR RI o Rt oMF P I E B L, R
REME D ORFKICEE (SEH - N, 1974) 2R, EeANELLE—F1 1 beEfE L
EYRDE L “EHEER LR 5 KUEHTH S, FORT, ThdE Cadbiifis BB e
iy, BERANFRLED 4.9-5.1Ma TH5 (8iH - HE, 1984). —HCHEEZLEHEDFEME
FREVHL L, 0.7-2Ma OFERIC AL S DALY (HIE 1985a, b). EMR®, TEFEREIKS
ko EuIERILEED KO BiE, 1.2-2.0% Th5 (R#f; #$H, S

Dl EoTEy e, REERNEEERICS 2 2BE0RAEE Rf- 45, 7, BHARE,
TT 5Ma OEAT, £0 KO Bix 1.8% LRETD. %7, BEERZE{IY BRI T
W, 0% VIBBBRAREICACIL T %, TEFHEEICECI 8 e TwB e T5. mAT, REE
FU3ER (600-800°CHEME) @ AFIICH VA MBS N TH T » 7 < HEHEE “Ar 2tk €T
et b, T5E, TEEEMEIKET 0.99Ma 25 0.82Ma |, JERIEHEEKET 0.76 Ma A
5 0.48Ma K ENFNEL b, MARRHERIRACRE> T Zh£h 0.82, 0.48Ma L0
RN b o te. BT, MIBRISEEKE ROTCREREIKE O BOB AL, W
MErEE TN, &4, 0.82-0.99Ma Fur 0.48-0.76 Ma O 2N FhFETHEEZ X T,

R, AMROME R, 3Ma L 0BENLOKREHRTHY, FOEEAR D HEARR Y E
DER e, i, BREERE, KB L - TBREIR LT, H3REEREE “Ar 2Bk s ¥
HEEEAEIWY, {o T, EOHHEMRL, £E2ERM0 LEOHEIZ SRR ThTuibheExbh
5.

1) DALRYMPLE (1964), GILLESPIE ef al. (1983) w X%k, £ 0.1 Ma oXREEEHboEREERITER (80-90 Ma)

13, BENC L DL OREL T HORE 0Ar © 95% Db koTV b, SRESFOMEDH (GRS L THHE) THHE

EED#L (600-800°C & 1,000-1,200C) 23k h, BEEICRHECERVY, KFFFOKIER EHOE, HoBREOKE
IR 40Ar REALBBEIhE.



RS RVE RSO ROTE TR MK A © AR F Ay, # 4 E RO ERL, »2%EE
HiEO EALOMBETH D, IRBREREIKEOEMAERE, WEHEEr AT 5 & 0.79-0.99 Ma D
CADZ &, DOWHHOTROENETHLBZ bnbE 2T, MUTBRIEIO~% 2 34~ 1 (0.90
-0.97 Ma: MANKINEN and DALRYMPLE, 1979) il L 7- & &i3BE 72 2EA 5. —3, (EEEHE
BREOBHERL, ZhblIEEEL&RT 5L 0.48-0.76 Ma ORI A Y, hoUiHTH BT &
b, »~FIFANY BT 2 v R TERERE O B OB ULGERER Y] (0. 73-0. 90 Ma : MANKINEN
and DALRYMPLE, 1979) W L= Z & HISITTHEETHA 5.

MRS KT DLW TiE, Sh$T 0.40 Ma (#3413 5, 1977) J%2 17 0. 38+0. 13 Ma (TAMANYU,
1981) &3 7 4w ¥ ay - b7y ZEMMBLRTEY, 7V v R ERBHOBENHEEZ R T
&l Lvl, SEOHEMEE, 00 (1985a) Kk 5 1.7%£0.7, 1.4%+0.2, 1.3:£0.2¥Ma &\~ 5
BEADHEZT, RE2BAERFORECE VHGEREABEORTVHE LTS, ~F7 33/ XY M
L2z SIS N TH S,

5. 6 Wh¥PD “FELFE” RO “ARasmEs” o K-Ar £

BEAFEIC 3T %, B ORI L 2B RSN IO L LT, Whd B “THELEE" (1
A%, 1963) & “HFEMEE" (BA, 1972) b 5. SEHMIE Lok, “FELEE t3hT
W ORSHEEY SEURL F CHEEEE LI TUST A4 3 FEEe 1 RBERIE L.

CHEIGES" wounTiX, EXHTH 3T ELTEOTHCEREE (®,1574) oW T, 0.35+0.16
Ma, D54 L0, FEULTE S Y £9300m £\ FiE 0 G 2 R L T 2 EUEE S (®, HMIB)
IZOWT 0.63+0.05Ma, % LT, FELOHK 16km LSS LA FIHE 2 JERL L TV I
HiEE (@, HM47A) 2w T 1.1740.13Ma &4 5 EERED L.

THEIMUTEORECEC W Tk, SHEOMESN (®, 1574) BHEE S ERiE Pl TWhinb 8
FPCHEE L 22 R 2T, 0.720.3Ma » K-Ar % (GrE - #F, 1982) 2ELATW5. &H
OWFEREA, SLEHLCHIETOENR LY 233 T3NS B Z & &, HE - 31 (1982)
DG L =R, BERLLREVILEEET S L, MEOERBCOVTIIERTE RV, L
ML, FEOLERENESHFBL TV 220 0.7Ma L 0H LW EEZ DR D,

FELOE, e (®, HM9B) oz oW Tit, FOMEMSELNFHIEOWTDT 1 v
Yav e T 74K 0.58420.06 Ma (B - dnM, 1979) &, BEELEEICANDL L FEMNLL
0.6 Ma DOFifBICHEIH LAz LIXEETH 5.

—F, TR DIE~ 15km Beh -Higie, fhor Lo FHEASBEER L T aHitEESs (@,
HMA47A) 12, 1.17:£0.13Ma » FELEZOFEE S F VEBECEHEERERL, LadililiL
T 5.

LEORE, ROHA (1963) 21 “FEEE" Wil L7, MEEK Lo B L ORELENES O
K-Ar 4% 0.4620.03 Ma® K18 0.42:4:0.04Ma® &, 7 ¢ o ¥ 2 ¥ « b5 v 74 0.50£0.05Ma
(KANEOKA and SUZUKI, 1970) # 41, \Whid 5 “FELEE” O HERITITW { 02 Ol
BhotZ ofEsh s,

P o bk (1983) 12, T4 o v a¥ FT o ZERAVTEA (1972) © “HFEMER" 6 #H e 4
RMEL, #9 0.4Ma, #5 1.5-1.8Ma, # 2.2-2.8 Ma @ 3 SORLEFAD L DITFET HZ &R
Uiz, SIS Lz b ihdeBo 7 1 34 Fxd (®, HM46B) 13, 1.07+0.15 Ma 0ERETRL,
AN P LTEDRIZFRIEDOEED 7 1 v ¥ 2 ¥ » } 5 v 7 E 2.2110.29;Ma (3532 - #F, 1983) &
EHAGEREL o, R T, L0 3 o0HoVwTRIED HTUTE DAV, 2o ik, “H
FIEE" CoWTd, “HELEE" FiE, %< OBERHOBEELEATHS Z 2R LTV 5.

FEO L3R, “FELEE, “HEMEE L3hiokLEOoBEREEHETHY, TLthbd

2) SEOMERKEF—F v » 2122 Teledyne Isotope iz X b JilsE & bt 4R,
3) M (1979) RV CHLWBEER LAV CHREShfETh 5.



DEBD I RICE AL NEHOEH b H o722 a8, WHAK-TWS GHE, 1985a, b). =h
LOT enb, RCEGOHELMED LA D EBIEHIKLIRICH - » THL Shic “FELEE o “8
FIMEE” 3, BFEL 20T L COEALERLY X7 501 d, FhEPhoBho S D
R LiFrEweBbh b,

5. 7 FEUMEO KLERFE K-Ar 4%

HRMPED KL, FE (19852) kB &, Lhinb@EERFENE (E8, $HonE
LEE), @A bARAERIE GIFR), OANGREZLE GEER), XOrORERF1 v
1P eieoThd. S, @Ic2vT 0.35+0.16 Ma (B, 1574), ©icD\ 7T 0.82+0.08 Ma (@,
HMI2B), % L TOKD\WT 0.77£0.15Ma (@, 1576) D4EM{ELE7-.

LEROERBROCRHALF MDD, L7 Y - v R EREHC, @7 = v X EHEHe ~7 231
N P OEOIBILGHEEIIT, Th ZhEH Lz eiEsh 5.

5. 8 FERKLEERHO KILEDENR

A - A, NE, PIBOEFHR-SEH RO LKL L VidFH s, KB B, R
o lfEie on T, B E X (BRSNS I R 2 — 7, 1982) TIL Bk L A
HATH” E—1T LT B, KPR, FohoBRRERS (@, 1931) :0.42+0.09 Ma, JoorEBf
R RFOR O KimHERE (@, HM65) : 0.56-20. 19 Ma, iHEES (@), 1867) : 0.57+0.27 Ma,
FOW)IEEUR Ager (@, HMS0) : 0.5840. 11 Ma D4EEAE B M1z,

@ODFHEHLIEWH L TV, MANKINEN and DALRYMPLE (1979) D@ RaERELFH LA
WooE e, IDRLAL S, WNBKABAE O, HELOBEAD LRFBETLbEEL LA
B, @ @OFE &L, PORENKEVLOD, HL{—HLAERLRLTEY, MELDOERL,
# 0.6 Ma FiBBZ o b D EHEES R 5.

FEHIE L7 4 O30T, BEACPREVDLOD, 0.4-0.6 Ma DERFRLTHY, O
CAELIEE BT, HAAREERLEED D KUE, W OaBRSh - TEENE 2 bh
5.

5. 9 BEfFo K-Ar EMREE O i
BB CT, ThETARShA K-Ar EREDR, —HEBRNT, +XTFLy1y -
FAY P =THRC L - THRERTWA., ZhdOBEFERER, RO L EF 2 EET % L CE®

#3F HE K-Ar R 0 ik
Table 3 Correlation with the known K-Ar ages.

I S - K-Ar R | g K-ArERR | X it
HEBTFPRO KB (HMS65) 0.56-+-0.19 | 0.5:+:0.39 i, (1985b)
LS (1867) ‘ 0.57::0,27 % 0.80.30 Lk, (19852)
MEEEREIRE (1728) ‘ 0.99::0.03 | 1.3::0.20 R E
TET Rk SER s (HM43) ‘ 0.76:0.17 . 0.9:0,3% AL
“ERERBE” o F A 94 b (1576) 0,75+0.12 | 0.8:+0.4% S - AR (1982)
A RHEN (HMI9A) 0.57.1.0.05 0.5£0,32 Ak
Wi R Faess (FIMIS0) 0.58-£0.11 0.9:£0.39 Zi% (19852)
TEERlEE 57D 0.350.16 0.740.3% | #H - M (1982)
TS (HMIL0A) 0.69-:0.09 0.5.:0,3» RE
EEZLE 1679 1.87:0,34 i 2,1:0,39 M, (1985a)

1) A—#N 2) A-BEOHARE 3) A—BEDNRREN bORC I 5 ThE T RE
Known ages for 1) the same rock sample 2) another rock sample from the same outcrop
3) another outcrop of the same strata with present analyses.



BB LTS, Lal, fFEEISRTVWBEZEOEARRAREHT, Fic 1 Ma L ) ENERI
DWTEE, HALCERATERCSWVRRESH B, T, Bhh-ESREOBMEEL LTOEFE~RE S
B DWT, THETHERN IR T ieh ol

Z 2T, BEFDO K-Ar EREOFME, L VA LEROEMEV> — oD HWT, WHEIEEC
U T EIE S kL B K-Ar ERNE R T -72h 3 Th 5.

BIRCTRT IO, BFEO K-Ar E£RAFEE, DE—FMicoWT3 M, 2)A—FiHo i ae
oW T 3, F—HBFCET B EE 20N B BEHEDOERC OV T 4 EOH10MH, K-Ar HEOH0
LI L 7z,

1), ESWTHREEFERELSEOMERKR &+, BELETECTH DN, WHEIEgcDEEYE
BEANRNEELS—ELTKY, FEOHDHF~7130E2h0, DICDOWTIE, BT 20
M S B2, ZRSTELUEOWMBEE S #RVTIE, FLERBORR S L DI, SEH
E LR ELLIEREST, 2P0BRMAEE L ThY, ERMEAENL - T B HEMND B,

Lito k5, SEOERMEEE, Wk T 5EEFEO K-Ar ERELF/INBTHS. #-T,
GO K-Ar E{{ED+FCEETELMTHD L\ 2, BELEECANL LT, SEIOERN
ERER L BEARERE & 2 BT H0h» TERICET 58%R2 752 SIXHELV-THA 5.

¥ & B

B SR D £ 0.4-3.1 Ma Dk HEFICOWT, ThETEY bBEo B K-Ar EH81E5
Nic. TORFE, ThETo, KILEDOEEZERL LEROJLEFCL, WL 2hoMES N FE
THZENAL NI o7 KT, “REBRER”, “TELESR", “OMEEE" L—BSh TEakl
BHNCIE, HARERRTTRTLIONEHCHEL, IORFRRUINCA — =3 » 7+ 52 L5
sie. —OOBHOMBRERH T ARUE—EEEEL, SR eREkOnD 30km Mk
HIEH B 2ikisv. (€T, 40-50km bEEN ABATCHNL L THAF T BEE Y, 28 o EiTn
BEWERPT, BLERTEBLAEEELLZ Y, £40 K-Ar FRMABL - TWBL E, BE
Ehb Sk WELZOMED L », BHRANLETHAS.

—%, HBEIRISHSEIE, TEPEMEIKE, WA E, 2R m g 543 5 K5
HEREE, Zoxtis 2ME2 2T hIRVWEEE RV ES. SEOHIRTI, Mi2EC 20 TREY
HANEDEAL 2 EHRBONEHRR RO T, MHERLIFETE R oo, T, HAIET R
B oL, L TOEEDERALEHERD #ELHAL. S8, Shb ORIy DS
Bcinz, AEHEOERMES, SEhESO LI BE C LT 20O FRO—2 LR B THS
5%
oo
FFR LD BT Hre Y, WHFHEEERE, B8N, DRI, §ERLO SRS EEE, M
BiE% o o FSEERRICIERLRERE LT iiiv, E50 5 b5, K-Ar £
BT, FREE, )IEROERCMEEI 2252 o, L, WERUHER oW T,
AL TEFRBIT A, WEMEIT NI, EAERS, WEEX, NKEAERE, LaAs
AARESR, BEREESBMOSR LERT BB, AROBIITE R LT (k) BN RO
B Rdhz oLy v b O 2GR - 7.
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K-Ar age and paleomagnetic, study of volcanic rocks from
the Hohi geothermal area, Kyushu, Japan —Part 2—,

By

Shigeru SuTO*

Abstract : Paleomagnetic study and K-Ar age determinations were carried out
in the Hohi geothermal area for the “Pre Aso—Kuju volcanics” that had been
erupted after the Ohno volcanics (ca. 13-14 Ma) and before the Aso, Kuju,
Yuhu and Tsurumi voleanics. Most units of the Pre Aso-Kuju volcanics were
extruded to form lava domes, flows and pyroclastic flows, each distributed in
small areas; only Yabakei welded tuff and Yuhugawa, Imaichi and Hanabira
pyroclastic flow deposits have relatively extensive distributions in this area.

The age data indicate that the volecanic activity in this area took place almost
continuously at least during past five million years and that there was a period
of dormancy of volcanic activity between 13 Ma and 5 Ma. The volcanic rocks
in the central part, surrounded by Beppu, Hane-yama and Kuju-san, are hetween
1Ma and 0.3 Ma with normal magnetic polarity. On the other hand, those in
the northern, western and southern parts are somewhat older with normal and
reversed magnetic polarities being 1-5 Ma, 1-4 Ma and 1-2 Ma, respectively.
There is no systematic variation with time in the petrography or chemistry of
the voleanics.

I. i T ®» &

Feoy e BEATEIRIC £ 7ot BB (BT 1 R IR U 7= S0 & B0 I & 0 52) 1k < kol At
AT B, FE (1985) 1L B OKILED S LI - JUE - AT - BRALEEL 0 TR, KL
R X 0 Lo KiLEEE e - WEJOUEHEREA . PR - LB KDEED £k liiED
KECSE AT AL, A OFHBRE TRl 5 & LIXE#ERAE O, IR B kLED
BT 5—Fik e L GRERNERIENTOR 5L 9otk LALREADETALDE UL
M« BFENCTbR TS b Tk, -8B (1985) (RAEME « AEJIESEHDO KIS
MANKINEN and DALRYMPLE (1979) OFHMBTAENRRE LT Y = v x, B, 77 2#icdihs
MBI Ehb, SRME L FHHTIEL T 52 L0, BRSO KLEF & & 0 Wi+ 230k
ok Ui, FO4oAMCINEOWE CGHBE 1985) 15| 45 & A ERHEED & 5 25 506
DO EHETHE R OH - e B a st K-Ar ERII% & iz il 2 17 - 7.

2. BIEHuk D i E O B

% 1 Ric BT EIR R RRE 7L — 7 (1982) RUKZW (1971) & Mg/l U—88E L 2z 8 e

*HE il * Geological Survey of Japan
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Table 1 Stratigraphic sequence of the Hohi geothermal area. Simplified
after Research Group for the Geological Map of Hohi Geother-
mal Area (1982).
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Table 2 Stratigraphic correlation of the volcanic rocks of the Pre Aso-Kuju voclanics.

AR e : :
Giorg* Bmwy |7 & ow | PR S e m ks | BY-En | BER-FE |,
A
"7
a BREGEE A
¥ | BEWES A Lo.5
%
i HEWEE O wENEE B fokzwE @O wAwIELE W
TeTsRERE O FEUTRLE [ AmkBE O
P Z B TS Wi @ IBREEREY|
w BELREE O MELEE A BANITRE O
R PO~ ¥ WROREEE Dl wkmue o
3 mEWRLE O HErRBE A
w BNk O
TEZWE A o
== [EmFAA L O ‘ #{a 2
ARLEE O HekiLzLE O
7 MEEES A
%Zéé EHEEE A
M " oA =
ﬁéﬂ m 5 2 m
B o ‘é & A
23 [ w i§ A
= 8 A
I L =
. O
4
m
# Y
fa A
fi B v 5
{

TR, BT FAYA b, SR ANGRLE, WM EGRLE, BonkL S AXE B
HICHESR | B * MANKINEN and DALRYMPLE (1979) = 4|f

FPRE « ABKILEEOFILEDERF LOMES & UTHRE (1985) X MTOL2#E/HL: 0%
KIEDOTERBBERD L REV L Y TRTH B Z L2315 <, KUEEEOF G & B cE s
TELPn . QFELD LA BIABLZOER S EHMEC Lo T LIS LIERRDZZ 21
5. OEHEOBLE L HEROBEMEINBER SN ThBZ 0 b 5. DS X h i kil BERER R4 T
MEHEREBEL TS EIXEDS e,

FWETIX LR OS B L, FUE (1985), 4B - Ik (1985) MUUHES (1984) mE®#EBL LT
FelER - REKILWAEHOBEF E2ROBCHE L. B2ROFELVAER DWW TEHE7TEHII Y.

3. HHRESHIE

BH L VR L B AR RBIE DN TIIRTT7 5 v 725 A b« =73 b A—5 ~CRHMLFRLD
EM# R L, 2283 FOR LR oW UL EE B RO 2 ¥ — R s TRt F i &
URE R L. BB ORI L CostoRE, BELCREOFINIEAR (1985) 2R LK
HBERLTH B.




HIEZF FTHEANWNERH—E
Table 3 Samples for paleomagnetic study. See Fig. 2.

|

No.|  # B RBE K& K B
53 Ol-bg cpx-opx-hb and lava AEZR B NENY e Lk 131°0973077
54 | Cpx-opx-qz-bg hb and lava |« " v P 131°09738/7
55 | Hb-bi dac lava KRN EET IR 131°10/45"7
56 Opx-qz-bg hb and lava # " » 131°10/57/7
57 | Cum-cpx-opx-bg bi-hb dac lava | «# v B 131°11/5677
58 | Hb-bg opx-cpx and lava | v RILETAKE 130°59/28"/
59 | Cpx-opx-hb and lava v EITARIIE 130°587117/
60 | Bi-hb dac lava " " v 130°57/58//
61 | Cpx-bg opx-hb rhy w.t. v BHEWEFE 131°01726’7
62 | Bi rhy lava v RENTRAARKX A L3 | 131°1374977
63 | Bi rhy lava u " ” 131°14702'7
64 | Cpx-opx-hb and p. f. " v ER 131°16714"
65 | Ol-bg cpx-opx-hb and p. f. " " v Jk 131°16715’7
66 | Opx-ol-cpx-hb and lava " o LUTHIREPE | 131°17/13
67 | Ol-bg opx-cpx and lava v PRBRITE A B 18120845277
68 | Cpx-opx and lava » BRARETHELIL 131°167417/
69 | Opx-hb and lava v ZLEEETE L 131°21713"
70 | Cpx-qz-opx-bi-hb and lava " " BEFEE 131°22702/7
71 : Cpx-opx and lava " “ Vellos ] 131°24/09"/
72 | Hb-bg opx-cpx and p. f. v BUFTHTHEE 131°26547/
73 | Cpx-opx and lava »  FERHTE 131°267377/
74 | Cpx-ol-bg hb-bi dac lava » 0 Al 131°21/16"7
75 | Opx-cpx and lava » " » 131°217027/
76 | Cpx-opx and lava n v FEE 131°23/33/7 |
77 | Hb-bi rhy lava v LTI B 131°197457
78 | Qz-cpx-opx-bi-bg hb and p.f. ” " u 131°19717”
79 | Qz-cpx-opx-bg bi-hb and p. f. ” » " 131°19713/7
80 | Opx-cpx-hb and lava v " ” 131°19/1777 |
81 | Hb-bi-opx dac w.t. in p.f. " " wmkdk 131°1974577
82  Ol-bg opx-cpx and lava v JUEMFE DR 131°08707//
83 | Hb-bi rhy lava ‘ © o FE | 131°0833"
84 | Hb-bg opx-cpx and lava " v EEREPE 131°08/36/7
85 | Qz-bg opx-cpx and lava " " " 131°08’36"/
86 | Hb-bg opx-cpx and lava " ” " 131°08/37”
87 "‘ Hb-bg opx-cpx and lava " " v 131°09729/7
88 | Cpx-bg opx-hb and lava u v ARGV | 131°12/3777
89 | Opx-qz-cpx-hb and lava l BRAIE/NEET 892m (LiFEFE | 131°07/577/
90 | Hb-bi rhy lava KB RERT AL 131°08709"7

Kok

HETh s,

b | ERER

33°08/36'/ | 0.4 £0.3 K@)

33°07/54”" | (0.570.27) K(2)

33°12/0477

33°11113" | (0.59::0.03) K(3)
| 0.6 £0.2 K1)

33°13/54"/

33°11/257

33°09/33/

33°0929/*

33°18/24"

33°17/19

33°17/30”” | 1.3 0.3 K

33°11/58""

33°12/03 | 0.5 0.3 K1)

0. =0. K@

33°11/27"

33°19/08” | 1.3 0.2 K@

3321/ | 2.3 £0.3 K

33°25/04’ | (4.8 0.4) K(4)

33°25/30" | (5.1 £0.4) K(4)

33°20/347 | (2.4 £0.5) K(4)

33°14706/

33°09730" | (2.1 #0.4) K

33°06/16/

33"06’49”1 2.3 £0.2 K@

33°08/54// | (1.87+0.34) K(2)

33°12/05” | 1.1 +0.1 K@)

33°12112/" |

sa"1@/er” |

33°12/31 | 1.4 0.2 K1)

33°13/28 ]

33°13/5077 | (0.9 £0.4) K(®)

33°1319” | 1.0 0.2 K

33°13/26'"

33°13/24’"

33°13/25!7 ’ 1.0 £0.1 K@)

33°13/03" |

33°11742 | (0.46%0.02) K(3)

33°06/37"7 1

33137317 | (0.7 £0.3) K6

| (0.35£0.16) K(2)

ol: olivine, cpx: clinopyroxene, opx: orthopyroxene, hb: hornblende, cum: cummingtonite, bi: biotite,
qz: quartz, bg: bearing, and: andesite, dac: dacite, rhy: rhyolite, p.f.: pyroclastic flow, w. t.: welded tuff.
() 7l A—#Fhc X 28R4, () A-RETaVv 2 A—REX VR L AR OENRME, ( ) A—FE gy
LB A — AR OB X DML RN OENE K K-Ar SERNE
(OAHE, @FH - Ztk (1985), BNEEY (1984), O@KH - K (1984), (57 (1985), ()M - K (1982).
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Tabel 4 Paleomagnetic data of the Pre Aso-Kuju volcanics.

M|y o | 1| K e | By [EM || 1| K[| R
53 3 31 10 1 62 1.39%107°8 74 3 286 73 1 63 5.89X107°3
54 3 70 —10 0 92 5.24X1073 75 3 346 52 103 7 2.98X10°4
55 3 358 47 68 9 3.09Xx10°% 76 3 162 —54 12 22 5.45%10°4
56 3 16 47 32 14 3.11x10°3 79 3 108 68 2 | 153 2.44X1073
65 3 350 53 41 12 1.14X10°3 80 3 218 —67 5 34 1.85%1072
67 3 196 —42 72 9 9.69Xx10°* 81 & 352 47 13 22 9.43X1078
68 3! 163 —60 177 6 4,68X10°3 84 3 338 29 26 15 1.40X10°¢
71 3 164 —30 6 32 9.03x10"# 86 3 309 —65 7 29 9.11X107¢
72 3 14 52 23 16 1.27X1073 87 3 176 —32 26 15 1.17 X107
73 3 356 43 241 8 1.41X1078
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Thb ZOIHLbORUADANIZR PHIERI 7 L, MANKINEN and DALRYMPLE (1979) ©
R TN L PG Lic\, s K-Ar £ 5 EfE s h Tk Y GRES, 1984;
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%1 KOPRTCALIRE ¢ 5 FELITARWE L R TEEDOREN AL N, BIESOHEHAOMN
WE (GEE, 1985) Rt K-Ar (RIS (BEM - AR, 1982; 5240 - ZHIE, 1985) 23\~ DA
nTWa, FIKEENLIAREOER iz THD W 2F ELEoEMITEX 2R3, XP
OOFRLEEEFRERRERL, 7V =2 vy XEFHC, E2-RUBELED S b0, QRUGIILYHRE Y
R UL EL (»3hd MANKINEN and DALRYMPLE, 1979) K th FhiitEh s DL Ebh
D, VUEREQRIERHEETY, 7 2 YXIEEY, ~F I FERA~¥ + (0.90 Ma-0.97 Ma:
MANKINEN and DALRYMPLE, 1979) DRI HH S 2 DR TERV. FEEEOILE
RIS AT DE0NHDNED, THAMTEEANE CHEE 1985) X 2ZEMD-0ME 5 IR
HThsd. FORHA LB & V£l LIIE L 2RI EEE®OHH A2 Th ik
B0 E RS, BLEEEGIEREN 400 m, FiLH 1km o e SmER L, BAECSHTS
YL b B RO KA O TG b OREOBRIAD IV AL, TR D OHERY X VT LWV e B
2B, WHAE LOEETHDTREMED 5 5.
FHRETIIOPRBEOTFUREE, @, @ @rFEUTRIE, @rIiGhlEs, ©@FRIER LT
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BEREMREEDD OROHEBRETERRE LOMKEHETHT LI TDF -7 B ENTH
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kD 0.8£0.3, 0.77+0.15
C N @
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BIW AELMEOEAMWEMEN N ESR, R g B SRIGERMERE 1 %
HARBERERTEESES, 2. 2ADAGSFHTEEEMERRLEES, 3. HaANAR
FHARTRARIERS, 4 WEANESHEAB O IRARLERE, b AIIMEREM
MERERSRANALIESE, 6 BEREBANGT 1 4 PG, 494 b KFSER
BRO oA ME, 7. HRANLGREDHEE, 8. AESHMHERAMERIEES, 9 0
weawE K-Ar SRNEHEOF IR @) © SRE « FW (1982), BT - 208 (1985), ©F
Wi

Fig. 3 Simplified cross section of Hane-yama. N: normal magnetic polarity, R:
reversed magnetic polarity, solid square; localities of samples for K-Ar
age determinations. 1. Hornblende-biotite-rhyolite lava, 2. Olivine-bearing
orthopyroxene-clinopyroxene-andesite lava, 3. Hornblende-clinopyroxene-
orthopyroxene-andesite lava, 4. Hornblende-bearing clinopyroxene-ortho-
pyroxene-andesite lava, 5. Orthopyroxene-clinopyroxene-biotite-hornblende-
andesite lava, 6. Biotite-hornblende-dacite lava, dacite pyroclastics and
silt, 7. Hornblende-biotite-rhyolite lava, 8. Quartz-bearing orthopyroxene-
clinopyroxene-andesite lava, 9. Rhyolite lava. Age data are quoted from
(A) KAMATA and MuRAOKA (1982), (B) Uto and Suto (1985) and (C)
This paper.

6. 3 WD FELERIT T
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Wi BT ENEEDERD S ik b LFL b DILARTE (1971) Db DTHY, Fhnbdb TEE -
TRBELFACE ) TSRS (W hd 8, 1963) RO FELBETRIFMNTO “REE (5
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FETRELNEE, BF LOME, ERERCBAHMZ oW TH 4 KPoFFIFE 1.

@  BFURLTEILNG R, PEG, Fukcy (SRS, 1953).

® HEHEPERE. OrEEYE (550, 1953).
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Fig. 4 Distribution of so called “Hane-yama Lava” in Ohita Prefecture (1971).
HI: Hita, T: Taio, H: Hane-yama, K: Kuju-san, Y: Yuhuin, B: Beppu.
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1984 D & RS O AN . WHRE, 1.6+0.3 Ma; Z51%, 1985) @ L41T, EEE (1984) off
EEIRLADOTRICAE T 5 & E2 b b, 1.020.1 Ma, EWRE, (FH%). FEHRRBE & &
5.

® BFHREETE. R

@ FEBRLTEES. BERNRACE, “MRELMACE” (1, 1963). BRI, S KILERERO
A (INBF, 1963).

® &R, W, Kwl, ANTEEEE, TREFRLCE” (1B, 1963). “ER - AL
BD RN “SHT LTS O T ()NEF, 1963).

©® L. ARREEERAE, CLERECE” (M, 1963). “HEARWE" O L, YL
B OFAL? (¥, 1963).

© HHAEETES, BAN EFk. BERMACE. FEERREEcEbh 5. 1.17+0.13 Ma (F
H - JERE, 1985) FUF 1.3%0.3Ma, UHRE (R . MARNGECE LHFRT 5.

@ FEFIUNLTES. HEaHEsriin S E S E AN BERAE. RIFE.

© ETEIFE, ERIFAE. Bz 1973) OETEEE (ADIGREERNRE) ROLESS (&
PIRRERRAE) YT 5. A3 (1973) wihid 2hbRRERCEL, HEEIECED
NB. 0.74£0.3Ma, 0.540.3Ma (i « #FF, 1982) X F 0.46::0.06 Ma (F#5 - ZHE, 1985). =
TEH#HW B 1985 M UA#E).

® FELROZTOREN. 6.4 EiICHER.
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Fig. 5 Distribution of “Hane-yama Lava II" around Hane-yama. x: Localities
of samples for age determination. See Table 6. Cross section of WEW-
ESE line is shown in Fig. 6.

® B/ RE ANEEREENRRCE, 9/ REECE” GBEE, 1984). THESEEMEIKEL RO
Mm-S oLt GEES, 1984).

® IS, REE.

® MEFESY. BEMRALE. HEE (1984) 1k “EHFAVA M WEDHL

® TE4FE BEMAAEFAYA L, “FREFAY 47 GEES, 1984). 2.7+0.5Ma (Gl
44, 1984).

® EEHMAE SBANERESMAE. “EHF0 4 V7 CEES, 1980) o—i. “TERULE
e wBbh s (AL, 1984). 2.12+0.2Ma (HE, 1985), 2.1+0.3 Ma GHligEd, 1984). i
e (R 1985).

® K. BEgaPIETACE, CRFdas” GREEY, 1984). TMIBESHEKE WEbhD
(GEEEs, 1984).

@ WHE BEREAEEANAZLS, EEHESE” GREY, 1984). 3.0:0.5Ma GEE
&, 1984).

@ [Ty L7 5 EERIREL (85 M E AN Skm [T, BESWECE (1B, 1965). 0.41=
0.04 Ma, 0.45-0.03Ma & 7* 0.56=0.05 Ma (KANEOKA and SUZUKI, 1970).

BlEO#EEORME F L0 B &, KGR (1971) © “FRIEE" OFEFEOEF EOMER <
THY, EHHBTNEETC L VT EEROSHE, THHo B FRCASbh, FOEMRL 0.5 Ma-
% 3Ma DET/ 47 2T 5.

—100—



WA - bk (1983) ik “HEILEBE” R EEOEBMI X » TERShA “BEBELE O 1
vV av Iy ZERMELT, COEBRHN 3 2O F -~V SFbRBE Lz, LsLiedib
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T, WERSIEHRETH o722 GRIE, 1985 RUEHRE). Lo Liasth Ihb ofERETERRST
WEAERSS S, 5§65 KR LR 0T EIEE S F—R B U s EnEMiE T & .

T7 RN TR S O 5 IR AR RO OB O LT FTROMAEZ AR BT 2720, FHEL
BEDOESITH 100-200m THHEHEEINS., $£5X0 WNW-ESE B4 6 Mcrd. o
VP EOT S ST R Bl oo 2 2, BHOBRHIXEREAE L, EEfA MR- &
BRUOHADOTIEED FBCE BRI L ThB 2205, ETA—Da=y FThbLEEITTE LW
2, WETEF DB EORECADNRS “Lb” 15iE (1979) 13475 < &b ZOM5 CIRIE SR
HHIFEHM (5 RbOKE) KfihitEx ZOWADOHFMIIHEDEELEOME & F/
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IROFIRIETHH B LD S, FLBIEEEHFROEMOE  OIFEIC & Y RO FILE T
BEAMCEME R 28, HEWR bbb O LiEEEsn D

H6FR HELNAEO “FELBE" OFN
Table 6 Age data of the “Hane-yama lava II” around Hane-yama.

F 5| ZEES | £ RO | aFE | X #
1 K 781D 2506 0.7 £0.3 K-Ar Pl - HE (1982)
2 1574 >0.35+0.16  K-Ar SR - 7 (1985)
3 HMS83B 1.0 +0.2 K-Ar A
4 HM9B 0.63£0.05 = K-Ar TS - R (1985)
5 0.53+£0.06 FT - M (1979)
6 0.5% FT # (1984)
* (B
HELEES B0 th LR
1000 WNW ; ESE
.
0

H6E 5o WNW-ESE Wil EoRBOFELEE &% : BE=1:1 Y : Uil
Fig. 6 Cross section of “Hane-yama lava II” along WNW-ESE in Fig. 5. V:
H=1: 1. Y: Yamaura-gawa.
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WTE UHRB hoBEEOBEHERE FHER
Table 7 Radiometric ages and paleomagnetic directions of
the volcanic rocks from the “Kusu Group”.

\ K-Ar 8, TeviaV e bT e 2ER

HRETHHERY 0.5 £0.3  N* (1)
0.57+0.05 N* (2)

OB OB S 0.5 0.3 (1)
0.46=+0.06 N* (2)

9140.23 (3)
98+0.24 (3)
0 +£0.1 (0
6 (5)
04:£0.13 (3)
71+0.48 (8)
86:0.14 (4)
1 +£0.2 (1)
.3 £0.2 (4)
20:0.48 (8)
24+0.36 (8)
06:£0.24 (s)

0.7 £0.3 N* (1)

B
= OF OF
i e el e i

* N: IEWRE (FHE, 1985)
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Fig. 7 K-Ar ages of the Ohno volcanics (southern part) and Usa Group (nor-
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Fig. 8 K-Ar ages of the volcanic rocks from Lower Yabakei Formation (nor-
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Fig. 9 K-Ar ages of the rhyolites and dacites of the Pre Aso-Kuju volcanics
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Fig. 10 K-Ar ages of the pyroxene andesites of the Pre Aso-Kuju volcanics
(excluding Usa, Lower Yabakei and Taio Formations) in 105 years. Open
symbol: reversed magnetic polarity, closed large symbol: normal magne-
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Stratigraphy and geologic structures of the Hohi geothermal
area, based mainly on the bore hole data

By

Shiro TAMANYU*

Abstract : Many bore holes have been drilled in the Hohi geothermal area, for
the large-scale and deep geothermal energy exploration project by the Ministry
of International Trade and Industry in Japan. The number of bore holes except
for 80 m deep heat holes, reached a total of 20. These are made up of 10 holes
of 500 m deep structural wells, 7 holes of about 1,500 m deep structural wells
and 3 holes of about 2,500 m deep geothermal test wells.

The geologic columnar sections were drawn on these drill cores and each
section is stratigraphically correlated to one another. The geologic succession
is summarized as follows. This area is underlain by Tertiary and Quaternary
volcanics, partly intercalated with lake sediments, and their bed rocks. Pre-
Tertiary bed rocks consist of Paleozoic erystalline schists and Mesozoic granitic
rocks. Tertiary rocks are composed of the Miocene and Pliocene strata. The
Miocene strata is the Ishiba Conglomerate which unconformably overlies the bed
rocks with basal conglomerate. The Pliocene strata are made up of Taio Group
and Pre-Kusu Altered Volcanics. Taio Group is divided into two formations,
the Tuff and the Andesitic Pyroclastics. The Pre-Kusu Altered Volcanics is
divided into three formations, the Dacitic Pyroclastics, the Andesitic Pyroclastics
and the Green Tuffs in ascending order, and is correlated with Nakatsu Group
in the western part of this surveyed area. Quaternary rocks are composed of the
Pleistocene strata and the Hollocene fan and talus deposits. The Pleistocene
strata is composed of Hohi Volcanics, Kusu Group and Young volcanics. Kusu
Group is characterized by acidie volcanies and lake sediments, and consists of
the Machida Lava, the Kawahigashi Tuff, the Ikiryu Lava, the Nakamura Pyro-
clastic Flow and the Nogami Mudstone, from the base upward. Hohi volcanics
consists of the Sugawara Lava, Hacchobaru Lava, the Nanbira Lava, the
Kurokawa Lava, the Kotobakiyama Lava, the Narugogawa Volcanic Breccia, the
Shibayakatatoge Lava and the Hagenoyu Lava in ascending order, and collectively
characterized by andesitic volcanics. Kusu Group is interfingered with the middle
part of Hohi Voleanics as a whole. Young Voleanics is divided into two groups
of early and late stages. The former consists of the Yamakawa Tuff Breccia,
the Handa Sedimentary Rocks and the Ichimokusan Lava in this area. The latter
consists of the Aso Pyroclastic Flow and the Kuju Pyroclastic Flow in this area.

The principal structural frameworks in this area, are described as follows.

* SR
* Geological Survey of Japan
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The peneplain was formed from Paleogene to Miocene time. The undulating folds
occurred and the Ishiba conglomerate was deposited at the synclinal parts in
late Miocene time. Blocky subsidence occurred at about 10 Km intervals and
Taio Group and Pre-Kusu Altered Voleanics were piled on subsided blocks in
Pliocene time. The Beppu-Kuju graben was formed and Hohi Volcanics filled
up in this depression in early-middle Pleistocene time. Young volcanism occurred
at the block boundary which were active in Pliocene time, and formed the NE-
SW trending voleanic belt accompanied with geothermally significant fault sys-
tems in late Pleistocene time. New block system was developed with numerous
WNW-ESE and WSW-ENE trending lineaments in latest Pleistocene time.
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Table 1 Summary of stratigraphic sequence.
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4.1 DB-1 (Red sy NENrT &)

0-750m; /v a7

7.50-50.00; ¥EOLIUCAREE: (EHEHEREY)

50.00-265.80 m; AR LAH & —F HEK AR (EEJOLSED Mo g s)

265.80-327.80 m; WHIKEWE, 1BE, APIRHIGZ LA EEUR AME— O LBEBUKYS GRBER PN
KRBT

327.80-491.70 m; M I AEE—FIE Bk A EBEOLEER)EES GFR)

491.70-500.00 m; AP HIE %2 (LS BBEK MR — K DB GRIREEEN BB S

4. 2 DB-2 (FEAEBTHETLEHETET)
0-47.90m; /v a7
47.90-500 m; FEMIF LIS HE— A E Ol AR (BEQIEE=T SR IEE)

4. 3 DB-3 (feARMAE R ER—H LR S 1.5 km)

0-3850m; /> 37

38.50~289. 70 m; WA APIREILAEFETI 207 r~2=2 .y MG ERD GFIROLETE ()
) —HLBE)

289.70~383. 30 m; EHEEK AEEE —FLKLUEEKE. Mo #aPiadaiilaiasnrii sy (&
H L1 R v v o GRTRR) ) g

383.30-501. 00 m; FPIAEAMBRILEES (GEXLEFESH IRER)

4. 4 DB (RHBEREHNETER)

0-60.00m; /a7

60. 00-114. 60 m; FfF AP H R LA ERK Ay QLSS () (IR AEEE)
114. 60-166. 50 m; FFLAE L ILE S S (A LEEE L 1o &)

166. 50~227. 80 m; WHIKEVEE, W, BELE GRBERT LES)

227.80-241. 50 m; BRI A ERIK AESE EINKLEE2 b o iEe)

241.50-341. 30 m; EA K LEEIK S —SUK BEEE (RERETEF R )

341.80-398. 00 m; BERHMNE F 1 F 4 MigE GREHATSE)

398. 00-484. 50 m; KMEEZE LA (BT K LAEEENEE GER)

484.50-500. 00 m; BERKEUEE, BEEAILBEIKE GRBRBEEERKE)

4. 5 DB-5 (KGBKEKHAEI )

0-32.50m; /v a7

32.50-145. 30 m; ME AN AL LSS E @ OEE @) —ELEs

145. 30-236. 85 m; ¥ APTE 22 H K L S B — K A B — K BRI RO s e (AT
) (LJIEER AR

236.85-425. 80 m; ARG & ETRTEIEEET 2507 r~2 =y F X005 (GEkUEER
ROIFEE)

425.80-496. 50 m; FEIFEL I EES (BEKOEET b digs)

496. 50-500. 00 m; WA 22 A E RSB (BB Sl B IS Tl K i)

4. 6 DB-7 (K& RKEEAAENR & frfiykidl’s 700 m)
0-49.50m; /v a7
49.50-223.50 m; G & ATMAELLATRE (BIEJOLEEHE S RS
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223.50-458. 50 m; FHPTEMEAZ LIS E KL AR A —GE K e (I L A SR )1 L A )
458. 50-500. 00 m ; ¥EEZEILEVEE, BKEWE (SR ALCSE T b EH)

4. 7 DB-8 (R&ARPIEREE NEMTE)IRAHS 1km)

0-6.40m; /> a7

6.40-46.50 m; MO APILE IS EEKARE G/ osE @ do)lEER AEes)
46.50-300. 70 m; FYRLAZE LA, FIEEIKAEE (BRKOLEIE 2 b oS iEs)
300. 70-323. 00 m; HEF o UBEEIKE, BKERE, WRAETIE CGREEEPH AR
323.00-485. 20 m; MUAZLIIEWE, FHEEMEs (BRJOLEEBIEE Cr)
485. 20-500. 00 m; WEKE#E, REERE FERBHIIEKE)

4. 8 DB-9 (FEAEFERAR NEEY L) ER S 2 km)

0-15.50m; /¥ a7

15.50-239. 50 m; WA AR L LA G KB, FEs Griisolas ) woisok maees)

239. 50-282. 50 m; BEK f B E— K LBREER Y. TR AR LSHE R R ST R KlE R
s HER)

282.50-467. 50 m; APIGEHUEZE LaEE, FIE KRS (LS EES MRS

467.50~500. 00 m; BEATZE LA (B LEE T b o5 )

4. 9 DB-10 (R4 ERHKIEAEAHFEHES 0.5km)

0-60.20m; /v a7

60. 20-122. 80 m; YA PR LI EE S TRERCEKER, W, Klaaliikss @alE
G —BilEa)

122.80-205.50 m; L AP B MARILEES T Mo LA EE X v s @Kl
B

205.50~387. 30 m; AN SHMIARIEES ERALEEECH RS

387.30-502. 00 m; WMHE LA — AP & E A ZILEE R, FE L ARE @K EER T
KAL)

4. 10 DB-11 (K% EEBRELSLERTH B EH3)
0-35.00m; /> a7
35.00-67. 15 m; ¥A APNIAERILEER, B (FRMHER)

H) SLEKEER)
261.90-266. 40 m; AMFEEEHEL LEEIEHERE A OUEE R P
266. 40-389. 90 m; FUSBEKE RS, W, JOUBEURE GFMsLEE B SRR S
389. 90-502. 50 m; FPAREAMER IEEE, FAHEREEKARS BIEJOQLETHE e
1)

4. 11 DW-1 (HEAREFEEFAR NENTHZE LILTERFRS 2. 3km)

0-57.50m; /27

57.50-269. 00 m; ¥iE APIAE LARE GHlkLEE @) —BiliEs

269. 00-514. 60 m; WIEAPIEE L EES, FEEKARS X EasE (D iBUK AR
514. 60-605. 80 m; APIRMARLEEE (I AILEFES 5 E)

605.80-721. 20 m; WHAZZEIEE, FHBUKAEE — K LEERS (BIEKICEEE 7 bt U0gE)
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721.20-939. 50 m; APIREMAER LAES (BIEXLEEREEE
939.50-1,272. 80 m; MEGZILIATEE, FVE K LABE K ARE (BEOLEREATESS)
1,272. 80-1,500. 00 m; ¥ % A H KL AEE, FIEEKARE (RREREE KL AEREEIKES)

4. 12 DW-2 (Ko EXEHENEREREREES 2.8km)

0-36.10m; s> a7

36.10-66. 00 m; MiMEAR ILAEES (BEOUSHEESES )

66.00-140. 30 m; AR EHMARILERSY, FEEKARE (B OLEFRSHRES)

140. 30-319. 50 m; BEKEIbE, VB, MATHE GRMEEE LIRS

319.50-405. 00 m; BERAEF 1 41 b EE RHERERES)

405. 00-437. 00 m; ER T EGEIK AEEA— K IUBEEIR S (KBRE T REEKE)

437.00-504. 00 m; BERANEF A 4 A b s KEBERITHEE)

504. 00-997. 50 m; FHEEK B E— LGRS (CRBREHE K LS TR G SUKE)

997. 50-1,500. 00 m; FETEEK S, LG TS a8t GERBEEE L EHE T LE
B KHER)

4. 13 DW-3 (KRG RKEKBAEN L)

0-31.8m; /v a7

31.8-117.0m; =5, 7, B (ERMHEREY)

117.0-257.0 m; A SAFANEEAMER IEEET 3207 v —a =y P X075 (&AL
SR D)

257.0-538, 0 m; APIASAMERLEES, FERKARE T4 D 7e—2=y P URD (B
I e L2 SR T ) L A )

538. 0-579. 50 m; TG ZLAEE (BIE LS P35 lids)

579.5-651. 0 m; ARG LEEE, FELAAE—RKARS ERIOEERE PSS

651.0~934. 0 m; FMEAEZL LSS, FAEALABRSBKARET3D2D7r—2=2y PEYRD
(B K BT R

934-1,061. 0 m; FiflEZ LS — AR A S AMAER LA E RS R OLEEERES )

1,061.0-1,200.0 m; FERFAPIAEEUE RIS E KO UBEEIKCE — Rl s CRKBRAE Kl IR @GR

[ir)

)

4. 14 DW-4 (BEAR(TERERR - EET 2SI 0.8 km)

0-501.0m; /v a7

501-553. 1 m; EMIAELEES G OUEEBIES)

553.1~810.9 m; LK AR, WEKERE, B BEIROBWLAN & & GRBHHEEXE)

810.9~1,008. 3 m; FMITZE LRSS (BROUEEATEREES

1,008. 3-1,100. 0 m; WEKE W « EEE, APIARLEE A LBEIKE X ¥ 72 0 M ANERLE
R B B T S b GRS R G (IS S & BIERRE SRR
S H R A b0 Bbhb)

4. 15 DW-5 (K&HR - feARIRE—HiLdksEs 0.7 km)
0-500m; /¥ a7

500-609 m; G AMIERERE GRJ/OLEE Gl —B s
609-700 m; FUAZILETEE (BIEK LEEES ) IFEE)
700-867 m; LS —BEK AT (BSOS = b oS Ee)

— 128 —



867-1, 214 m; TS (B KLEEREEEE)

1,214-1, 267 m; JREEEDOE LWARNIEF A ¥4 RS (REEFHATEES)
1,267~1, 301 m; BELZ LA S (BRJOWESEATIRES)

1,301-1, 500 m; ZICEHEIKABRE— )L AL (GeRBREHE KL EIEREEKE)

4. 16 DW-6 (Ko FKBRESAENEFEF 1km)

0-45 m; FpEE (ESEHETEY))

45-75 m; FEPTAEAEREGRLCERS (BIEXOERERR M EES)

75-105 m; AEIE 74 A FVEBIKE, BKERE CGRBRBEY LB
105-125 m; ARG 7 1 U1 P EEIKE (KERERERR KEE)

125-314 m; APIERERF 1 1 MEE KEEREEEE

314-347 m; BURE RS, B4, BEEKE GEERIFEICE)

347-595 m; BEEMWHEF A 04 M ivE RBBRYHEE)

595-855 m; WMEAZILCESE, FIEEKARS EIEXEEATEES
855-1, 050 m; AT EE SRR AR LERE BINLESEERES CGFfR)
1,050-1,444. 80 m; & ¥ 1 b GIQLUEEEKSE (R EE KA FEEIRE)
1,444. 80-1.550. 00 m; FIER LAY, MEOUBEIKE GERBRE Y OUEL LA ARE)

4. 17 DW-7 (FEAIRFTAFER DEE]7E H)

0-26 m; FPEE (EESHEHEREMD

26-135 m; VAR APIAR LA EEIK s GRIJOLEE (D L)IBR ARE)

135-175 m; WML E A NS (KEREHE LIEE)

175-361.5 m; FMGZIERS (U HER T 5% LiEE)
361.5-422.5m; YU VA, ThE, BEE KERERIEEUKS)

422, 5-462m; BERANTF 19 1 P S GREEHE RS

462-755 m; 5 A %4 M E—% A ERUK SR — LB RRE CRRER A LS BRRERURE)
755-1,125 m; FHEEZE LA, FIE Aol A s — K A EE — KBRS GERBRZEH KL E
CAIE=y DRy

1,125-1,521 m; 7 ¥ A P EES, FE KL AES—KOUBEIS—EKE ihE. 1, 488-1,502 m
& 1,506-1,521 m XEEHIRTH B GERERETKNEET 1 1 F EKRE)

1,521-1,609 m; B, YU bE, BE, BEKE. 1,571-1,584m r 1,594-1,609 m i3 L E Nk
Thd (FHESRE

1,609-1,800 m; FMERHE, HEPEE GEREH

4. 18 DY-1 (K& BRKEKESHEMUERE, HHILES 1km)

0-50 m; FHLE AL ER LS WEIK s GEkrEtE IED L REER S
50-250 m; APEGEMIEEZ LSS, FMHEEKARS (BIEAIEFECHIREE)
250-430 m; BEKEELE - A - REEE (GKEREHE LES

430-670 m; BENANET A 4 VEE GORERITHEELR)

670-730 m; MRS, WKLY, B, BE R IEEATEES)

730-1, 090 m; K LUEREIR A, WIREES, WE, SKE GeRIEREHE AR OB
1,090-1,750 m; BEERLEEY GeREREE KLEHEE LEE KW

1,750-2, 145 m; ¥EEABTE S 1 ¥4 M s, WEcLAEE, BUKAEE GRRREHLEES
A ¥4 PR

2, 145-2, 525 m; BIAEZR LGS, FEKLARE K ARE WEFHR ST R
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2,525-2, 618 m; Z A BEKE (R BRIk )

4. 19 DY-2 (feAWEF#RER MERT R (LU TEEREEE S 2.7 km)

0-30m; @, B (EEHEHERMD

30~-315 m; FEHLE ANEET LA GRS I ERK S N OLEE G LR amE)
315-440 m; VB, FbE, B GABEBE LIRS

440-480 m; MMITRILAES (BRIOEHE 2 b oS% IEE)

480-580 m; VRN, BEE, SIKYE, GKAEEE GERERIE LRE)

580-665 m; Ml EEIIENE, FHRKARSE (BEOUEFERBIES )

665-760 m; APIATM G ILEES, FIHEKARES (SIS EREEEE

750-835 m; Wil AR IEEE (B LEEATHEES)

853-1,378 m; F A A FEEEK R ) UREEEIK Y, TR, B, B (RBERAE KCEER
FEBEIKE)

1,378~1, 880 m; A HEIK S (KRHERYD (RREZEE KOS HZ S E KEE)
1,880-2,310 m; BEREEETERE ANAREEODERE GRS
2,310-2,401.5 m; HERA G EEGE EEASE

4. 20 DY-3 (feASF#ERrm I EIT—H LR ;7 1.8 km)

0-220 m; FEEAPTRZ AR S, FELAERE GrllklsE | —8 s

220-320 m; APEE A MG LSS, FE KL SEE—IK AR S (SIS SEE G
r)

320-480 m; ANIE G H BT LAEE (BIEJOLEIHES 2 s )

480-690 m; FIMLAZLEEE (BIEAOLEE= b oS F i)

690-745 m; KIUBEE KA —BIERE  (REREH | HEURE)

745-990 m; BERMIGF A A FiEE GERERTEEE)

990-1, 090 m; FMIFZE AR (R AT IRES)

1,090-1, 405 m; MBS, VEA, FA VA MEH, FEEKAES CeREEE LS EIREE
JRE)

1,405-1, 425 m; FMRAZLILE (CEREEE KUEEEZ LS E KBS

1,425-1,460 m; §E (AHEELE)

1,460-2, 303 m; WERTERE, SPIAEREREMPGRE, &S GRS

4. 21 HT-5-1 (KSRIKEHAEN AT R MBS EATEE S 1km)

APIIUNE S Bk VSIS hizb O TH B, FRCL » THEH 7 — 5 O THP -
LB (1982), EL& - TE (1984) #&:Fic L THEHER VIR LRy T

0-42 m; THEE (MR

42-132 m; AMAERLAEEE FHOLEE GrED) —HWiEs

132-620m; APIEBIAZ LA (S UETHEE D 2R

620-1, 400 m; MG A E, FUREKAME (BEJOLEETHS. BLa b SxliEs, B
e, ATEEEOBFRSEEIONES — 5 hbfEESh 2580

1,400-1, 550 m; WEIK AEES GEKBRZEE s Tkt s R

1,550-1, 860 m; FELEETEE, WRKE (RRHRAE AR EE ki)

1, 860-1, 914 m; HERY, BUKEIRSE, WE (GHEEERE

1, 914-3, 000 m; #EE P, TUMPIRRGE QLR
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4. 22 52 E-TY-1 (k& BIgeap ) EHT i)
AEHLEREAOREEREFHMPMEARBEAT L L IS h b0 ThH B, AR E »TH
B T7— 9 O THAMBEHEHRRE Y ¥ 5 — (1979 228 U TEEL 0 MBI L kR
WCERT.

0-205. 0 m; WMUAERILEES, FEEKARE (BIEXLEREEGEE HFR)

205-295 m; MEIGRUIERS (B K LAY C o b E &)

205-390 m; IEAKIUEEKE, BIKARE, Wil CGRRERE LES)

390-1,002 m; AMNERLUEEEHKARE RO Ch 2B ANERLEER (R EHE K ILAHER
BEEKE)

5. HLHMIOHE BN

%2 M Uiz 4 Ol (A-AY, B-B/, C-C/, D-D’) i2if » THHMN L BT - 22, HBEEHOH
BERERR O H 7 — 5 oS { MM CHIE L T\ %ilES (1983¢) OENAMBIFEN (4. 1K)
#HV, AL ZORTRAEFEOEREGEROMEY L T\t WO TREHREH OFE L iR —10
km E@AHEG LT3 (ERIETR « SFE (1985) OEHRBFEER (F4.2X) 2EEThE —3.5
km BE:FHEINZ). £40OMBCKT 5ETF A ESL 1-5.4KRT & LD, HHkz e
FUTFRD~NS,

5. 1 A-A7 Jli

Z OWMEMIAREERIBEOIME ZFHEAECHERSOTH D, KR TRFLHE & 755 O EIEA L
EIFEO N RS E T, DW-T7 BSOS H TR A, TOBERL 150m Ths, ZoMEDE
Bz DW-7 ¢ DW-2 Bic# 50 m @57+ 0 WNW-ESE FEOEEBM B HET 52 LN TE 5,
%7- DW-3 ¢ DB-5 OcHE b OMENHE TE S, ChIXEHRFERAS BHEFTEB L O TR
%llici 5 NNE-SSW oM BICHIET 5 b0 ThD 5. =2 CR—I5, BHAUEEfLLTHS.
HL, ZhiTRTIHETER .

PFHOLEE (B RARBORECoLRADL bR, 4 250m EDNEXMH L 4m EOME X
Bk 0N Eh B, —F, HHALAE G nBese@obh, —HILEE e WIBKE
By R S h B, (BLEMEO DB-11 <)X ARE & R H 5 & Bbh % i mHER
#Eat 120m SOEXTHA L TWB, Sl U 25 W8 O BRI 4 U - BT B B oK
W HERE L s D2 Bbh b,

IR AL SR B E ST < B LY, SRCEER TS 7S HETEY. fL, $EHk
AL LS BRSO S T 5. LR tRE AR E SR HM T 5 b DOFEHED DW
-7 TIRAH BRIV, BTIKUARSIFEOFROXCELS IHT 5. 2 b o3F IEHILTEHT
CHE, P, HITHEL., DB-5 Tk b ¥ IIFEOE T OHEMITCA T KRR D S h i,
BT e, B L, P L. ATESEEETC S 3 5, B o
L, HIFEEL m 5S35, EEREHSNATREERE HEREC L2 e8bh 5.

K BRI A M LA L VR S, BIFQR 28R LSRR e Bk 2T b
DOTH 5B, KEFEBOLHEDOHFRTC SV T TR ~%. ¥LEE: DW-2, DY-1 T 180m
DEEY b o2 BHERAFCEMLT 5. ETHESL DW-2 CRHLAB5DAT 650 m B DY-1
TRBEDHDNIE Ao K ERIEROALCKHS0m OFEXTHA L Tw5. FHgEEL DY-1 €
240 m & B\ ASHER HEIC ST 5. 2RINC A 5 L RBRBHITFIRO I O A 757 L T
W5,

SR LE ISR E ROEIRE, RWEBEKRE, 7494 PEARERREITES. X,
Lethe U THEICES L - BSMgE Y T T, RERKSLREET 2 ¥ o SIS, BRARE &
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Bo-1 YWHMEFTLE A-A' wBowsg 1 EeEoc L
Fig. 5-1 Stratigraphic correlation among drill holes along A-A’ line.

V7Y, —HWE YA FEBPRESHIER, BEOBKENS LI EhLEL T, Kty ZH0CER
Lick D7sfg 2 Bhbh b, DW-3 Tl RS E BRHE S0 RO bh b, FEEKHO TR
DEIEEAEL DW-7, DW-2, DY-1 ‘CIEH Lt 2 MAEL IS RS L FEEERIKE L 0 e b
BThsn DY-1 TUMD 2 S N THEEEEAE . DW-2 @ 1,422m i (e —2= . MER
) B L 2R L EREINDZ EnD, BEBTEI ST KRR Z2 bh s, &
IWEBAKEED TRD 7 A4 ¥ A P EkEEE DW-7 & DY-1 TEH B, 714 54 e, Gk
AEA—KIBEKE MBEEER) UM Ens. DW-7 O EEICERER A 100 m 11X
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—isoo-fE B E e e 0o
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a007"
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#5210 MAMBFIHE B-B mEomBEE1&BH0L
Fig. 5-2 Stratigraphic correlation among drill holes along B-B’ line.

%5755, DY-1 CRERKEWERZED LT FA ¥4 MEEREN., AFBO T 7e s 4 FE0D
SRR RS 5.

fAEETE DY-1 iToaRH LN, LHORIEE KA L THOWKEC 5 TE5. ZOff
AR P KERAE AR & R, BBEORVCIADIFECEC S o THEM L aEEL D -
TW5 L FPHEN 5.

HAE T AR T DW-7 TOLMERE S
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#5-3 W MHAMBHESEE C-C' tigomBig1isRoc s
Fig. 5-3 Stratigraphic correlation among drill holes along C-C’ line.

5. 2 B-B ik

& DR AT IR O i 2 1312 - R R ) B b O C, BB A O R\ B 2T L2 d
DThHB.

FHLK LA (T 32— B E e IR ARE L Vs, —HIlgER—BIlEs O DW-5 ¢
FEL ol EHEDE LY, ZoFENL—HIEFEOKEL DW-S T Tho e Sh D, £,
— B L AP A B e o T 5. ) IREK AR BR ARG LEE L Ve Y, &l
o, TS 5.

B LA B8 4 RS COMARII L 2%, &AM S 5 L TS RBTE 2%, KL
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10001 - 1000m
500 500
° 0
A 500
~1000~ -~ 1000
—1500- -~ 1500
—2000-! L~2000

m
400

200

a | 2km

H54 R HHEEREYER D-D/ mEomsRg lEERos L
Fig. 5-4 Stratigraphic correlation among drill holes along D-D’ line.

BHEOE LG OSSN DB-O (TR O A5 ¢ 5. o0 HEE L hil, PHlcl < B THE
LSEL 5, 2 b A% WEEIANR ST h - - T 100-150 m OEXTHH L Cw%. {EL DY-2
TIHMCH LRE 2 ST, BHPEEEFE, M 200-300m DEXTHHT 5. ATEEED
T, M OLAGHT 5. BOUEES A L TRERCBEL ST, ThIIESHhREE
LHEVEEDBREENT L 5T 5.

KRB BRI ARIE OV LG0T 5. ELEHEDO DW-5 i HEE» s Es. LS
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11PEEo DW-7 & DY-2 o4& « M T LT w5, JIBERK AR ERIC O LML 575 LT\ 5. H
EE AL B & 4L L T O LT %, 20 & 5 IAAFROEIRCIE» b h HHRIER
Bath e L CEITALEIR L FaRBIRC 5 5. —F, FHROFB CRYERERINRE L CEIBXLE
HOBEWEE, KEEEBORE LD, ThEEERNEFHOBEHEDOS - 2 A THRHERIHERE L
oAl RTH B,

SR ARIAT L BIRaBIKE, TEE AR, 7104 P ERKEEOETERS.
EEKETPREO DY-2 (T CEL LY, BHIE, vA rERDLs. ZhEEEYR, $
JAREH Y L VEARE BRI L2 e 2R LTV 5. RIS KA b K E R,
PR TR R DB, FA YA P EAREIARNR T DW-T ToLZHbh 5.

A BE LRSI » T2 Lisy. ChiTEBRE0oR VAT lABRIME L sh ool &
CrbborEhbhs.

—%, FAEHERBIRER, WAERHOR THELME ST bR TELAR FMEn, 1968, KF,
1981), A D DW-7, HT-5-1 Tid4 « BB K\ TERASCEREERS ¥ £ o1
LTWADT, TS TIRESBAEEE U CTIAERHAD S - Jiar s &7 DY-2 GRS IREETR
H b s h o,

HAREME: DW-7, DY-2, HT-5-1 CiE s h, WihdERhas 2haeE < ERpIsaEL v
BN Xh T3,

5. 3 C-C' M

M A H R D PR 2 1 RIS A S b DT B, AR D R R B &
t&%gf&@ﬁﬁmﬁﬁﬁﬁﬂﬁﬁK%<&ofb%.%ﬁ%@%@kﬁﬁ%ﬁﬁKmﬁﬂﬂ%mn
B EENEN b D, OB EREETOESERCRET 2ME LOYIETHY, M
SOl (D LK M CTEMSE TV AFBIIETL H 5. £ BEZOWBEREGER
R IC & » TEBELHK LR o TV 5.

OSSR AREE O LT, B, BIRTE < FHE LIETHEY, REEE G
BRASATHHEENEL L Bins. DY-1 & DB4 oI Cy RBOFHRENE L RIS L &
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Stratigraphy and age of the Nakatsue Group distributed along
the westside of Shimouke Ko, Kumamoto Prefecture

By

Fujio UEMURA*

Abstract : In the area, intermediate to acid volcanic rocks intercalated with
diatom-bearing mudstone and sandstone are distributed and are named the

Nakatsue Group by the author.
K-Ar age determination was carried out on two samples of biotite-hornblende

andesite and hornblende-biotite-pyroxene dacite and gave 2.9 and 2.4 Ma respec-

tively.
These ages indicate that the group is correlated with the Pre-Kusu For-
mation discovered by test drillings near Waita—San (mountain).
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Fig. 1 Geological map of the upper stream of Chikugo-Gawa (river).
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Table 1 Stratigraphic correlation of the cenozoic in the Tsue Mountains.
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Table 2. Stratigraphic correlation of the cenozoic in the western part of the Hohi Area.

B b e T2 WM K o i IR %
B HEAG (1982) A% MmALEA (1972a) DY-1,2,3,DW-6,77%: ¥ *
B oE B o R A F O b E B
5% B OB BOm Ok M BRI Fa g 1L
i 3} & R OB OB OB
TV e —
\ w0 M KWAER
Ho& 8 R g mzesmELLs
|8 mzmamer vt | " M M
B | BTy - B
BE ARG EEERA | pemmetok 2% |
TEIRA | mEmK L
IR % L gﬁ MARILEES | BE %L EN V7 LR
’f;e % E R E K
W& OB OB
% B o5 H e - TRE

*  WHBARWHLA R

R, BETe E QMBS NETH S, F PRI, FERL L ORIhOEEIED
B, HEESPKEMOIRETOERIE & OHBETT > L ERD 5.

s ik

FRA WA1983) T 5 T4 O L MERE T KMOFFE, WEEAT, 54p.

ROURESL, « bk IEHE - B & (1981) RGBESHTHVbD S “WRAKILEET. Zikse4ngf
S64EERKFI & # N AEES (S), p.100.

SRS E XIRE 7 L — 7 (1982) 107450 1 S EE it g MR 0SS, ik ER (21
-1, MEEERT, 23p.

BrmyE - ATPEC(1982) ARG EPREHOKILEED K-Ar %, WIHH R, vol .33, p. 561-567.

ARFEHE(1981)  JUNARES, EVTiidioME s L oS, HEREE, vol. 35, p. 115-134.
- BEeR (1975)  AUNAROGER A — R T IR D 7Y — > - & 7L HE R £820
Fiiks (EE), p.278.

FRAMEFR (1982) Ul - Biskic 31 5 BRA B M0 J LT B, MEIBFE#, no. 24 (BIRAHE), p.267

-278.

c EREE - iR - WERHE(1972)

vol. 17, p. 7-24.

MAMER - IRE M - SRRFE— - bk EHE - (LiREHE (1973)
PERMIFERE:, vol. 57, p. 1-15.

ROGRBERN IR D KU, K #oae st ,

RGBENER LA KU E. Ak

— 149 —



ERTRZHEQ981) BB EIR O B AT . BBRSSEE v v ¥ v 4 v EH B S R
&, £oll, BABRBOME, p.219-224.

WD A—FR - ¥k EBEQ983) HFEAMDOVHDBHMMEED 7 v ¥ av « b T v Z4E[ B
£3k vol. 78, p. 65-69.

— 150 —



W BTG S 264 5
Rept. Geol. Surv. Japan No. 264
FE b2 I 3513 B HFZ%,

TEAREICLD TEE—FFRE BEO
AERRLZOBBBREELORS

Rafifn - BHHES - o 9F






HWEREFHEST 264 5, p. 153-165, 1985
Rept. Geol. Surv. Japan No. 264

TEAZXEKICLD T2eH—SFE BAED
AERREZOMBEELOES

RAMG: - FEMSSE - O B

Soil gas survey on the Toyooka-Miyanoharu Lineament
and its implications for geothermal exploration
in the Hohi geothermal area

By

Hirokazu HASE*, Tetsuro NODA* and Yasushi YAMAGUCHI*

Abstract : The Toyooka-Miyanoharu Line (TML) is a long alignment of linea-
ments extracted from the airborne synthetic aperture radar image. It is traced
more than 50 km with NE-SW trend traversing the Neogene volcano-tectonic
depression area in northern Kyushu. Western part of the lineament obliquely
crosses the Hohi geothermal area where a national geothermal project is pro-
gressing.

Western part of the lineament was surveyed by soil gas method and the
surveys were made during spring and autumn seasons in 1983. The result of the
spring season survey was already published.

Thirteen measurement lines were surveyed in the autumn season survey, of
them, eight lines were set across the TML. The gas constituents of CO;, RN (222),
Hg, were measured on points set every 5 meter interval along measurement lines.
Other gas constituents (N, Os, Ar, Ne, He, H,, CH,) obtained every 25 meter
interval were measured by gas chromatography in the laboratory.

Evaluation of the analytical results was made by “score method” proposed
by one of the authors, Noda, and anomalous soil gas concentration was shown
explicitly by the score method.

It is concluded that at least western part of the TML is the surface trace
of faults developed in underlying Pre-Tertiary basement rocks.

. i U ®» I

BT R F S ABAFE A L, MBSO L - S REFELEC L > TE LR AT ERLY
HFRL — s EEE OSSOV =7 4 ¥ MEFFEENS, V=T Ay b pEResER L, L
M FOEREIEEER b bERBCh s TEBFCE S 6 HiathliE e 203 b, Sl
BWEHOCHITT 5 ) =7 4 v PR, EEEOBERLER SR, ZTOMWRO-O0HEENThR
T é’ 52 ESTP33

DY =7 Ay FEE, KOROMFECE LB SRR INENERETH L —22h, 2F
L LT NE-SW o—E L= FM# Lo 50km B LOEKALY) =27 A% FTChb, 2DV =72 it

* Mk
* Geological Survey of Japan
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LR —EFEMEPEN 2 e 23H 525, ot (1984) K& - TEE—EFH L5 218525
v (W

W — = FRADTER O 2 O i 7 2RI & ABURAEE, &0, 1983%E 2 Anb 3 et THb
e, ZOPERFC OV CRBRR AR SN TE Y GUrfl, 1984), ATk T983EHEZHLE &
LTEO#REFIHT 5. SIS BRI E 2 LB L R s T
D, MR E L TOLFAIEATH S, Z0L0BHEISRCE UL, BENIAHEEL
BTy, 1983ERFRA TRV AR L ATERAEE R Thh, BAFEMENTE» e L
HERER L OIS, BE—EREO oL TR R L E2 DN A HEHER 1S,

—HE A\ TEIES E S RIC1978FE IS T D T & 2o TRBURIR b AS EATRGIR & EE W2
(UF TSR 2\ 5) (%, 19834 A o THEHE ORI RLE LONEI L, kR &
HAEOIBE IR O HEE N ER I NS I 8- »7n. SHREM LT, AEJOURIE Y o
Kﬁ%t,jﬂ?ﬁﬁﬁﬁ«@ﬁ6%ﬁ—ﬁﬁﬁ@ﬁMKﬁ%ﬁgﬁgiéh%&:5&&0,w%$
115, HEFBFEESNERSN A, ORI TRMEE LI B I P I 2 G T OIS CRE 7 44 7
ZYEI L BB S his. OB R AR CIL1983EKT A & IF .

1983 ERFFL O KX EIFHFE ) 2> 5 OFFEEIIC £ v, ZESB R RRIFRANC & » TiTh
Ntz WHBEEANL L — 7 EHITCES GREAROE, 7b I EEEY 2 BEE RO Y -
THMEEZITS L b, BEEO—A, FEABHIC I\ THATHEE LT 5. ThabLEE T
WD, > 7Y ¥ 7, MEEEOEIH, THEhK 2\ THE LIBEL TV, FHEcxs 7
— 5 ODHIFICE 0 7.

AT, 1983EMBHEDOHR L MIT L, WHZOBALDIMT 2 & L b1z, 1983FEEFIED
RV L T, ER—EFRBOMENERC OV THETORKBETD

1983 EIK BB OFML MEr YIS E S R AT BT B R & EI AT s,
SIS AL, R XA TS, i, L—FEEND Y =7 A v MR T S B, @E{Eo
— R, EEFEHC OV TREARR SO 0, KL TIFFER Ly

2. HWIBRED D Ao BR—E R

L~ 7RO AIRBEC & » Tl S h 2 BR—FFEHIL, L — S EROME RO S,
oMt e LTy ~ VBTS2 bDTh s, Bl1HEFONEY T, Mo
FEY =7 2y PEUTERR IR TV S,

V=S ERD XD iR A 7w AT & B REEE GBS 7 — 2 T, HBE O A,
<A 7 m N M MEOREBEOBE LI L - TELT 5 2 L 25TAOLR TV 3 (11D, 1984).
MERKR AR T — 2 O KBRS - T S h- SR—gFEE, Fe < KBWEg s —5 ¢
HBHT Y FYy PERTEHETER. Y FY oy FEROKRECAR H RN SR T E IR
&L, MACDONALD ef al. (1969) #IX L& T 5HROMEDE < g, BT & 24D
R roTRDHEFE LS HRE INTEL FRCb b b FBR—EFEROBSMAS ~ Ky
o PEBRTIMETEY, L-EHCL > THHTELORROER X500 EELBNS. 1)
SV FHy PEBROKBIEARRANRL —FERCET B A7 s HOFRICIR~TAE <, EE )
BHIE ORI R AMHIC A S, 2) TV Y e P OHIE G IRAE T RO ES e BT H B
BM—EREEREAR) =272 e LTHRIETE v, 3) #EMBOMEITE L MACDONALD
et al. (1969) 7 ¥RBZ e KD LT RIHARTRKEL, BROROFEENFEET, 00X 5 nikHED
TCRMEDOBEC & 25 RERILD (1984) OHRIE L 72 E FAKHEY, SEMA—TEHIIMIHES K
By —s D~ 7 a FREAR (WGAHE, EFE) ROBEHRE (11.4°-31.3°) @xt U Tl smsh
ReZTHFMEL - T 5.
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EEROLTRIEETAZ LR CH S, FUCHBE MR E 5B LA S RTnz 2 T
O —E RO BRI R EE TRETR, &5 WSS 4 2 B SESR tHRE & 71 -
T b, & CHBN LR FINERE L TOMRBE TR #EA TV B

RO S bk, 1982FE104, AHUISN CIREFB L2 R © % 2 UEHE (T O ZRE 2 T\,
LI B —E RN KB EIT T 5 e S A AT EAWCHEE L. FOME ZOMET
N70°W Fiolfzd 245, N60°E Froizll 45k, N60°E HFroOBIR 1 A2 R L. £72, iR
AR (1980) 1T &4, KERJ EFETFIGVL — Fizds\vw T, N50°E65° SE &, N80° W60° N
FEC R 5 2 RFIDOMROBFENRE S TW S, Zh b OWFEITV Fh b B s <, BE—
ERBEDS D THDB LIZEbhic2t, WHEORT NS0°E-N60°E 2\ 5 FHNx, HEE—EEH
DFME L —F L TWwa.

BEAMIRCREET DY) =7 A v P O AT 5 -k & L T, WNW-ESE i & ENE-
WSW 5D 2 FEi Sl 2o e 8 biF b b, ZORFMES >~ Fy o FEE, L — 2 EEORAmS
FEAEETLHHTH 5. BhEE X A BTHR T, SEmatigo e fk, B&PHRETE
e U CREElT WNW-ESE Bz & 59 =7 2 ¥ F X, 2OAICIL A 2z T ENE-WSW
HHE~E, B THEYR & Y 2 OBFHICEN T 5 L SRS T35 (SIS B RS
I h—7, 1982). ZRIERL TV~ EEC I HBTERTEE ROV =7 2 ¥ M EHILO %
DELTREA TS (RIHESHEHE. Thbb, BIEMROTEMCY 57 Eln b BRI/ T
O, WNW-ESE KF@ED Y =7 2 > } 28 B EEMICh 7o GBS 30 L, BHI
W AL LD T NE-SW FHOFn 8 5. & L CGETEALERCHATTY =7 2>
b D HEAERARC A T B E 3 AR OWTIIIRETIR V. T L AFEAIMICIRL Bhn Bl
BT 52T 5 NE-SW FEo ) =7 £ ¥ | OTFEHN, EM—gRMomirftcdFs L5, &
M—EEfT2F e LT NE-SW 0@z & 5%, FEMDEHHC AP Txd LB s h, ENE-
WSW HEILE < 7 5.

3. LT AREONWMRE L HE (19834 KFEHE)

LY O 2 BOTERME R L AREL IR E T L RIEE (72 & 2 SUGISAKI ef dl., 1980)
R PIFEL (Koca and Nopa, 1975; 8B, 19807: ¥) WHWHRTW5. ZH b OWEFHIIA
BEZE L2, B HRIC X - THPDOECD DS, AL THRNDIMIERFRFE CUFEHETLHE
DHEDF, KRR - T3, HHECBAREOTETHEIZS V. b o &b RELEWIR, 19834
BERAECIKES 2 0V FEEEHECE TR THARVWATH 5. 1983 EETREEOMEEE L FE o\
TIRTCREE R TWS (LOf, 1984) ©C, Z 2 TILI983EMEMNTOMHEIHE & FEL o\ T
BB,

PWEDONFE SNAFRIKRILTC RO 4ABFETH S, OZELRFET 2, @QKEF=, @7 Fv
Rn(222) # 2, @Zofo+gs 2 (N, O, Ar, Ne, He, H,, CHy).

FPL~FEENSHEEINACEBM—EEY =7 A ¥} 2R THBESECIRIZERT 5 FEC 8 Mk
(TM-1~TM-5, N1-N3) #&Exh, moBas,5 5 M, 13l Zesnt. Zo13MEE,
1983 EEFIEORICHZE L oPFHEMR e e T m o P LADRE 2 TH D,

EF RIS 2 KIORE ATV 5 & ST, AT 20T LIET T 3B
Tl e LTEH 2B TWA, ik 8 ML Z ORUSO M2 T AFCHE IR TS T it
BIER L OHEABELOERE Ao TE I LR finh 1, 1983EERAEHT L5 L ERH—F
BT EE D LA AT CoR 20 km OER G L B 2 BT L AR/ TERAE N R &
te T B R IED,

TM-1 MIHUE1983EHETR A D L-5 i & izizA—MacBZEsh Th3., ZARFHlEL W5 A
THEEGA ZO SOV TILERT 5. TM-2 118k s Ol CHh 5. 1983 EERFHET
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B2l TEM—ERR) & REX ANENBAE (RAKII9BMERFNE, T CAIL 1983 ERNE o EY =T %
BBY =7 2V b, o FRRULOIENE (~y 7EELOFR),
K: AP, M:ER, N:SgdhH, W Hsn
R ERER B ERI0GHO 1, TRIEHR,) % #H L.

Fig. 2 Soil gas survey line of spring season survey (small arrow) and autumn season survey (large
arrow) in 1983.

2 Z OPBEBHC IR L6 2 3E S by R JE s e S s, BRRROLAR -7 Lo
(1983, p. 111) {3V =7 X ¥ ML 1983 EEZHEOBICIFE S N MR OBIEEL 2 E5 5 Li &
BNTB. TM-2 WAL V=7 2 7} OWh BIR S 55N L, MBS ARG H
%. 1983EMFEFETIE, AFEEHEOHOMM L &2, EHKABELES LTRELTh S, TM-
S LE2MERINTWE LI, V=7 Av toghBrREshiiligcsds. N-1, 2, 3 115
B PHROBCEA S h =B s OB £ S5 R T 0, Z OHIERE b BR— TR0 —
AT 5. FREOHBAN CLORTOAIMBHEOEKE &> (B2 ML BHE 4 "em).

Zh b ORI OMIER A-1, U-1, T-1, $-1, S-24%, BR—FEH LR, HE L5
T TOHUIEA TEEIBSEAE | OFRERE LNSe LORE s haBie, AR T Sz
BT oiHeMET 5 HMTRESh NG TH .
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A-1 TR OV E D MICEE Shcillifi Td 5. Bt Z o JRE KB Lo 5
FEHHERE L - WKL E O R & - TEA S Rz, S Sm BEOCEHRME LB T 5.
ZITTIRY =7 A Y PIRBREI NV, RO K s Bk OB R i, HEFY 100 m
DHEPGC DU S LEE A Y, HEFEOREH 600m xR L WEH M Ellid b b, HIMIERERT
DHER 1725, 000 WIER THFL Tik 906 mE L s h -l E b >Iarma D - T, WD H 5 ME—
Hizzh b ok iz FHM L 75 T %, ZREGHERY) CHRE X W 5 BN Z o ikl -
W B A B AR 7E LA TR <, RS Z OB BiiE o ierh g s he. U-1, T-1
BRI L — 5 B LI BATHC R S BV ERREICER L CRE SR B Tth 5. S-2 (15F
PR R R PRI E B RIS E S LT X el Th 5. T OFFEEOMT I L — F Eif§ LT
HIE R MAEER T a8, 19768 0K St E ORI S-2 HIROIEM 0. 5km MM o
TARHELHADEBHE SN AN b Thb, S-1 R DMfEOFEF~DERSCHb L5
TEHEIR T 5.

ZH BRSOV TIRI983ERZRFAE L V% 5m MR CHllE13T bhe, HRERERIIRE
L ATHE R MZbh To SR YHEEINLEEY 2 Ebh b ERE» L T3, JIROKIERT
3,085m, A% CO;, Rn, Hg # zillf 630 &, =O{ho48en 24 130 S Th 5.

FWA T BHERIEC OV TR ZTIRBGR ¢ 51k %45, 1983FEEFRE LV RicoTw
B, FF AV A=V —~TELShRAELCETHRICHL L H 1 - REESFEASH, EAOWEY
2 e BEIH R ERIR IR U CRIFL A B U T/ 2 VNS A2 % F C 24 EERBE S 1 5. il
ARG CIRRLRE, KR AESR SR, ZOREHEC LERGEC 1m Bih ok
HIITARRC L - THEILE N/ 60cm FEOALADF X & AT R ¥ 2@BEMEN RS hi. O
D £ 57 2 PUTEEHLE 5 Sk &, Bm R CciTbiid, ZHBBFAENTE /a2, 50ml D
HEE2LBMOA AT = b 27 7HEC L » TiThh, HBRCHC S L, ZEBURFET
Julle COy 7 2 Hekn®, K& 2EH ~5 TUABWERE, ~—F=2V~2=v 77 (HEf ¥R
WL A ik, PM-1 3Y), Rn 7B S ¥ o4t (775 EDA H#l, RD-200 #) TH
5.

4, PEHRE Ao T7HEC X H%E

7 2 EEOWERERE AN > S REMEN & LTLoh 52, SEHZELCRE 2D 55, W
ZUZE LTD Y =7 2 ¥  HRCHDTH B & T 55871k, CO: Rn, Hg, H,, He, CHy D 6
KT b, BN 2DXTMAL e 0 KT 23 EEE 6 LS » 7750 » FlEL VD
MCEWGHEEK TCOEBNAR NS, ZhSOr A OHNBEIC~<5 2, hoFEHRETE)E
7= He/Ar, Ne/Ar, CH,/CO,;, He/CH,, Ne/Ar 7z ¥ o7 24 HIL, —#HE v CHEELEHIT
b nido i

RHORON 6O T XBEREORK L R T 5 2 LXHEETH 528, — Wit Ly 28
EREEOBRDLN B OECHURITIT R AOFGE L B, & IKERY R BEREFIIBAEE O
BEASEESNRS, I TREESEO—A, FEHMIEHREOEBNEREL LTERLLR AT
R ONTE TR, ROTHE/BPILOVWTIDZ 2 7HIC L - TilB~5, Y 2 AEHRITE
B D 7 A BESHR E LTERT BAFEREBNRE (ok 2T, 1984) 21, = 2 TRERET
DEWELES L LCHML, BEBHOMBIC Y - THIRAOFEYHEL LS L T53DTHS.
BLOE 2 FFHR T £ 2 4 ¥ Pt L LEAV bR, MBEEF M- TbETash TS (I
i, 1983). Z XTI THERETBTEEEZONL6MTDOTAERRTL>THY, WTFhot
ZIEFE T O WIZEUEH L R EOHE NS B LEXORE 2D, FEUCIEBEADEZVLEN
WROFEL LVEL RETHLDLEZ B LNTES,

23 TEMEREL, 1) LA a7 BEERDOIER, 2) X3 7EHARCESWHRORTR, OF
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HIR REMEAHEA (RHFAE 2oL 2ofle LT CO2 ¥A%, 10326k LT Hy % L)
Fig. 3 Example of cumulative distribution (COs and Hs gas).

IETfThh 5.

1) 2a7igssE

F AR D 7 X YRR DT, BN 7 2 YR, 2o Tl BRI & B &, M5O
L-EBTRENS. CO;, Rn, Hg £ 222\ CTR o0 BREESHAR L0/ A 2 ko bh
5. MOHTRZTHALETHD. COLDATFECOWCTUIAHMEC ST/ 2 BEEYERL L3S
YIRS REEAL L, BECOWTIL2 S Y2 g, E3REREELOWHAYRT. 4, 2
ITHHEELFIRCRT. FURONESCH T MM TRERESR CErEELY, 1984) it
shTwb. CO; Rn, Hg £7 211 5m BOMECHIEMN RSN TW52, 20O 4 AKEL 5 Hl
B 1B ERoTWS, ZOOREDOFRIC OV TILEEC L FTER~NS L 5 g & o i

2) R T7RAFRCESLHEEOFRTR

%7, CO:; Rn, Hg 72RO F 2 D TIERIRE & & 13 S ol 78 4 O & BB T L 838 ne
EHLTHE 2%, LT, 5HlET O5m @) W2a 7o TEEL, M EcES> 7 LT
AT LS LA, ZhEaWAR a7 5K ETR MR 2 7 5RO NItk EoEs FRT 5
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Table 1 Concentration of soil gas indicated by a score.

& & (scored
2
2 1 | 0

COy 2.82% =< (M) 0.28%-2.82% 0.28%> CE#)
Rn 178 cpm= 71 cpm-178 cpm 71 cpm>

Hg 83ng/m®=< 58 ng/m®-83 ng/m3 58 ng/m?d >

Hp 18.2 ppm= 18.2 ppm>

He 4.0 ppm= 4.0 ppm>
CHy 31.6 ppm= 31.6 ppm>

Zeel, MHTORDEBEOKROHEL FHREML T LAMEEPLE LTEHOREXTEDL L
7o, TOHE, BREREEYRTEIF—G L ERISICE s Th D e E1L, MOoBMxesT2
T, WA 37 BECTEDOME DA T TR L. 54 RC1983EXTME OMF & A 2 7 i
ko, HMEY 2 fFIALTRT.

ZORTECODWTIRFERBWLERENH B M. o 2WTikSsHEmidnztcwe @
Wi

B HB I, T R O KR B\ 2 e A5 TR Y (KogA and Noba, 1975), Bzt
A a7 ERTECHELRECEIRFRNCFEET 554, WEFEO LA L LToBEAOEHSH
5.

1983EMBIMBEORER Y, R R a7 iciE S TR ~hd, MR a7 0FCHlE (A2 7 58E)
T a el FEs S, TM-1, N-1, A-1, TM-3, TM-4 T4 %, ¥z TM-1 (2&8EE2 R TSRS
W, TM-2 I ERET T TRRER 27 Ll TWh, b, KFEEOEY (150 ng/m® B k)
IS % & TollfE, AL, TM-1, N-2, N-3, TM-4, S-1 TH3. ZhbOEEEECOWT,
HhFEH AR A S FEHE T g, TM~1, N-2, N-3 (350 HS Bt o B8 e 22 50N% YN TH
A5, S-1 OEBKY LR oMBGER) & BT 5 2% fihusys, TM-4 (L EE IR0 B L &
EAGST Lo HiIsic RS h 5 RS TH B,

Hiho X 512, HEED 722 1 1983EEFHE DM & 1983 FKERHE DM & 2T RE Sz
LoRdbB. FhbOURRORERE R OV TO KT H 528, BRERNLEBRIIBLALTE
e, BUF, 2OHEBEOWTBRNS, 7, R LARRBROREMREC O TRAhERDO L s
VThBH.

1) 1983FEHEFFAIH L-5 L1983EHFTFHE TM-1

L-5 (X HOFEM 750 m i HE SR NBIRIGVG O TH v, o BRI O P AT O
U HBEFAY =7 A ¥ PMES TS, HiR) =7 2 v b da< ko, DNBROBERE 2
o Tl FACEESH, TOHKREX 200m TH 5.

TM-1 i3 L-5 b +FhmEfll (e b LT 30m BIN) oMMELEY, FAffc) =7
AV EERWTERES R ZOMSE T BIEOBEMEOEFHE L5 105k T 5.
JEEE 360m ThH Y, TM-1 Jiomst L-6 oxn kv b Y =7 4 v b icx LTIz,

2) 1983EZZWA MM L-6 L 1983ERFEHA M TM-2

L-6 13 bl (5 %mtﬁ)%_KTWEMﬁﬁhiéﬁﬁzoﬁ%DEMﬂEG<m%MD
PR X N R 110 m Th %, S ZREBF—FERY =7 4 ¥  O%Wh BCHEY T 5%
“f,@ﬁmﬁ@zﬁ%@ﬁ%;U@%@t%*iaur@%;:u“%ént Zhex Lt TM-2
Cilel 2 B OTEC e S, WEJERIT 550m &%, OIS TR, Ry afmktiod
BERJER S 2 PE MR TE HIENTE Glim, 1979) OBTBHIE,N L VI ThH S (H2RhA 2, 3D,
Higg L6 ¢ TM-2 LIXEPEHFICH 150 m o TRES N T DA BR—THR & EXT 2 HHT
WLTIIE 10m OEEND S.
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Zh b Dl 2R E  BHENICR RO L5 0 Th 5.

1) g L-5 r TM-1 ORI 2T

ML DY =7 2 ¥ MIET CO EBEN Y — 7 2RT. fhic CO: DERFE R Y~ 7 2Rl
{, MEBLLRV—EAY —YERTEVLE, #2750 CO: i L-5 Difd, ¥—7@Th 1%L
FTehrorel TM-1 CIIEAHE 4.50% L5

TM-1 ¢tk Rn(222) 210 =7 2 v MMiBCRAERE RTHEAH 525, L-5 Tk Rn @4
MK < BELA bR IRe,

TM-1 i olEER TR /s Hg ¥ 2BETh 5. b2 v/ BEC—o08e5 2
BRTRY, £O3H LAY =7 2 ¥ MIBERCHEY T 3. 1983EFFRHE (L-5) TLKEF 23
BRI ThR T\ WD AT E R,

2) il L6 » TM-2 oS onwT

AT B R — AR & 2 B A LCEE LT w5 A, TM-2 Jilodhkii 10m o
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Alteration and fluid chemistry of Takenoyu geothermal area
—Hydrothermal alteration in core from drill hole DW2—

By

Naoto TAKENO*

Abstract : Geothermal exploration well DW2 was drilled to the depth of
1,500 m wholly through Quaternary volcanics at Sugawara located 2 km north
of Takenoyn Spa, Kyushu, Japan, and maximum temperature of 205°C was
recorded at 840 m in depth. Alteration mineralogy was studied for 150 core
samples from DW2., Dominant alteration minerals are cristobalite, quartz,
montmollironite, sericite/montmorillonite interstratified mineral, chlorite/mont-
morillonite interstratified mineral, sericite, chlorite, calcite, heulandite and
laumontite. Distribution of these alteration minerals is controlled mainly by
present geothermal condition. Expandable layer in sericite/montmorillonite inter-
stratified mineral decreases with increasing temperature, and sericite appears
above 200°C. Physico-chemical properties of fluid from wells (TY1, GSR3, DY1)
near DW2 reveal that shallower aquifer contains more vapor, aquifer fluid is
buffered by the alteration minerals, and chemical variety of geothermal fluid in
the Takenoyu geothermal area is caused mainly by steam loss from aquifer fluid.
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R SR BIC AT o I8, B EEATE 4 5. BIREhIRE KiFHE 7 L — 7 (1982)
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2N 5
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H1IX WELEIHEER
1. Rk 2. FIRRAKTE 3. ABABE 4. JUEAWE 5. WE
gy 6. % AUEE 7. BIRKLER 8. REBRUHLE
9. BENE a: DW2 3 b: TYLH c: DWI L d: @l

e: KEHHEFRTEAT (BRI FREE 7 v~ 7, 19821 X %) 7R 4
Fig. 1 Geologic map around Waita-San. S 2 E ﬁf\ %

1: Fan deposit, 2: Aso pyroclastic flow, 3: kuju
volcanoes, 4: Kuju pyroclastic ﬂo‘w, 5 5 Wax‘{a-san Z{gﬂf\%@ﬁ?ﬁi’% 2EIEL, REBZE
lava and others, 6: Bungo volcanics, 7: Hohi vol-

canics, 8: Kusu group and its correlatives, 9: Take-
noyu fault, a: drill hole DW2, b: drill hole TY1,
c: drill hole DWI1, d: Waita-San, e: Otake geo-
thermal power plant (after Research group for the
geological map of Hohi geothermal area, 1982.)
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Fig. 2 Distribution of alteration minerals in drill hole DW2.

1: andesite lava, 2: andesite breccia, 3: dacite lava, 4: dacite
breccia, 5: tuffaceous sandstone, conglomerate and mudstone,
6: alternation of tuffaceous sandstone and conglomerate, 7: fine
tuff, 8: coarse tuff, 9: lappili tuff, 10: no core, 11: rare, 12: com-
mon, 13: dominant, 14: lost circulation. Logging temperature is
obtained after 120 hours standing time. MONT.=montmorillonite
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Fig. 3 Amount of sericite layer in sericite/montmorillonite interstratified mineral.
Number gives amount of sericite layer and S shows Reichweite (after WATANABE, 1981).
Samples (solid circle) are divided into five groups (from A to E) which correspond to those
in Table 1.

B) WAL, L &Iy OfEELY A2, L & I OREFEL A20, & LTHESEIRYT L 5 M7
wo b TBL0OTHS. PF1EL, FEHFCRELNBE Y VAP EVEY v MEERBI O
WIS — 7 2, RBEEE b T—EE L k2, BRAEZFOC—7OiE0ke, Y
A S vE) B A4 MEESBESOBM S BRI T, R (1981) ORI S e v b
TE LI,

# 3 [XCi%, Reichweite (S) 710 CERGOEE 0-20% ific—>D4#435, Reichweite 51T
ERJE DA 60% 2 b Reichweite 712 D 85% Ll kichd Th 5 1 DOHEEI DD, K E 1LRE
SRR e O fE & OBIRITEFI TR, UL, R 434.5-464. 0m ODER 2R &, &L
L THESRIC t02n » TIRATEPIE &5 8 2B OBE LIRS LT %, BIstein, HEE 434, 5-464. 0m [H]
o 338 (No. 136, 138, 144) i1 Reichweite 710 DICiF > T 5%, 20%, 40% Pl ORI iAi L
TWwab., FhBA0 S OREMCE IS 2EMH B DOH 1 HICRT L 51 No.60 & No. 103
DR, No.152 » No.155 D, No.165 & No.184 D TR G T2 Z L N THS. b EHES3
iz bR L. &7 0 ~7ik, AZAL—~7, 200-185°C, BN ~—7, 185-145°C, C 7L — 7, 145-
125°C, DA —7, 110-85°C &\~ 3 i JBIRIE & OMICBIR A RH b 5. BB T 200C & 2
ZHEENDE, VYA VRET AN, ThBITAT AL -7 REEL TWine.

TENEA (1983) Cik, MEEECHETBAER v E ) e i A MEGBEHE ZORK 7 » T
LTW5. Zhick b, HB1ERVE3ROEN No.136 & No. 165 DHEDHEIC b 1A B
HIFL T\ 3. INOUE and UTADA (1983) Ti¥, BUHROEHOLEYHHDOE ) ¥+ /T €Y
md 4 NEABEME ORISRy FLTWA, FRIRESE, S=0 T 045% & S=1 T 60%

— 173 —



AL tU#4H%V%U?T4FﬁéE%%@A%h M §=2 T8% hAHWEEth LD

#
Table 1 Depth, logging temperature and mineralogi- 24, WEOBDOL DTk, DW2 i
cal data (A26;, A203) of sericite/mont- BBeYUHA L SEVEY rFA FREE

morillonite interstratified mineral.

MDA, MBI ST B PIR R T
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A s : s
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PEERE LTRHTE S TREEZ R LT
138 464.0 Bierld 5.50 140 E WEBELELDBR, XBHILE < OFEHEH
DF ~ 5 L L THBMELH 5.

103 633.5 2.20 7.60 185

108  605.5 210 7.70 175

136 474.4 4.48 6.60 135

144 443.5 4,95 5.70 140
152  385.1 2.50 7.80 145 B 7. GEEM & R
155  370.0 2.90 #3115 143
RN BT A i it DW2
158  350.1 805 7.05 135 R EITS - TS AR, THR D
i % < OYFFBNEEI S h Tw 5 (B4
159  340.6 2.70 7.50 140 C X). ZhbD 55, GSR3 (fE4IE, 1969),

TY1 & TY2 (HAMEEFE Y
¥ ~, 1979), DY1 GEpgpe2Esd, 1982a) ©
165 298.1 3.00 =10 125 T ~ 9 RUARHRE T2 DW2 o F
184 275.5 5.15 5.40 110 —~RELOTESE Liz. X, U8

BOHB UL U o B35 & #HiRCREA 2.
D oy, TY2, TYL ClLEsim kLA
187 246.0 5.25 5ilD 90 ZhHs, DW2, DY1 Clzk¥%kEhii
S TET, BFENHERA L TEY,

162 320.4 2.70 7.30 140

186  256.5 5.20 5.40 100

188 236.3 510 535 85 i o
3r L A 100°C DEFRIMCIZIETFIT L Ao HIR
AE DRI REMET S Ju=— Bor@Eobhs, MEOZ EhbRERD
A, B, C, D and E correspond to those in Fig. 3. HET, SEOEN, SRR L S &

W5 X DD BREOHEGET T ORI L » THHE ATV B0 THA 5. 7 YR P ALADHREUE
WEOHB D REAOHROT <D Y, IRV TFN LSRG ITFET 5002 Rd. )Y
A4 Pk TY1 CJERE 750-920m, DW2 TR 1, 080-1,480m T\ hd 200°C (T CHILL T 5.
DW2 OLEMIT TR, &Y S A MhboTe ) ¥4/ E2YTY v S MESEEMAHELTE
v, DW2 OHEMI TORBREOHIEL L ML TW5.
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HAN EBELGHAER (ELE 275 5 50 1B TEEE) #A)
Fig. 4 Localities of drill hole (open circle) in the Takenoyu geothermal area.

O IR, BEEADOR BT, BokDLEME L - ThERFER 55, Z oMk
B0 BAEE O E ek, BHEOHBYEEI T oM & - THEEA T AL 5Tl 5.
ZDZnn, DW2 OFUEMITIC I 2 BBREOMEI—RILRE TR <, EOMBCHITT
BdDEELLRD. DW2 K5k v BGER 1,100m LIE, #E 2000C CTHIEL TWa. =
MDA CHE S h T 5 L v EO W (230-250°C (SEKI, 1972; HEE, 1976)) &
BNTRPEVGEETHY, FLYHTOWTL, ZhBREEOHZERE F CEEIFEL T b h
COWTEEB R L T 5.

HED L 5, DW2 ki) 3L EHWO St BRI e OB T L {ERTE 525, 6.C
WAz DA LSRR ) T4 FREEIT Reichweite 21 01Ci8 5 b 0D & 5 fe PISM I ndRt
OFFEE, BT LSEELZTTRHEALEREVLOEEL TWA. Zhul, L v aoREEcEL
THFAKT, TELXETHERE LTEELUAD T A - 2 TREFT B ZERY, BEOEE YRS
CHloTHBZ LWV FRTE LI TS Z L 2WETHS.

8. ZEEGLM L B

8. 1 BB

T OB ROFAE, HOh SR LMK BRT, 77y Yy IRV ERE THEL
TWALZ L EERTHD 2 LT B L Tw5. HMEThOREOMENEE WEEd
O pH 2fVHFEOTEER) 1%, OSSR 5K & BEROMFESITHEO Tkl d b & L%
PHHETHETE S, ZOMR T, GSR3, TYL, DY1 @ 3Hiab#uk2 il LTk Y, Bke
ROEFF — 5 BT T %, ZhbO7F — 7 IRARMCHEDL DT is\ - en ERROHE S
TREDIELT LY RO LIRE 2. UL, Bk ERE OHEEEREBET S LCHW
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()% 3
Fig. 5 Cross-section between DY1 and GSR3 (see Fig. 4).

1: Hohi volcanics or Yamakawa tuffs, 2: Kusu group, 3: pre-Kusu group, solid
circle: appearance of laumontite, open circle: disappearance of cristoballite, open
triangle: disappearance of montmorillonite, solid triangle: appearance of sericite,
solid square: appearance of epidote, chain line: appearance of chlorite, broken
line: isothermal line estimated from logging data. Circular graph shows semi-
quantitative fraction of steam (white) and hot water (black) of aquifer fluid.

T ZOX5 R ARYTHLEE L LR ADT, »HiT Appendix IRT & 3 RER AN T HE
Eh DI,

FHIFORT DR DREE L > U 7 fEEr (TRUESDELL, 1975) CHsELi. O, Ltz
I =BT ORBETOMMMAKD LY A —-F VL RELRBLDNHD. Sk, HHCHA
T ORE CHBER T TRBAKDMCERZIRE 2 T2 L 2 BHT 5. WHEIMALALDIO~ LA
THLBETCOHER DTy y L e~k ZET 5L EORIIBIRAE LB EEbh B, #HE
THF— 20D T, ZoTRROMALDEHH=Y 7 L —% AT TORERICEL - TW 5
HEIOBEEHE L.

ZOfER, GSR3 & TY1 T T 2 Ch ok iiESh, BRVIELL2EEE, #n 2 h
49% & 5% kMR, DYL (3 Fol#uk 1A SRS B5 KT, SHHOEAEE
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Table 2 Analytical data used for estimation of chemical species of geothermal fluid.

well P8 c1” so0,”" ms HCO,~ il

GSR3 8.4 1030.1 64.6 243 32.7 3.8 17.1 630.3 0.3 84.0

Al CdH_M;+ FéH KF

TYl 8.7 1270 86 0.004 89.4 29 749 0.008 91.4

DYl 8.76 998 67.5 0.01 18.4 0.59 40.7 625 0.03 47.2

Well Mg’ sio, B it F NH; V.. UCs Q0,8 HS%
GSR3 0.4 496 15.7 2.4 1.1  0.63 0.04 94.83 1.33
TYl 0.07 412 18.0 0.17 0.09 73.4 4.0
DYl 0.05 283 13.5 3.1 2.5 0.566 0.11 0.06 90.1 0.7
T(S10,) H S.V.F REF

GSR3  211.7 439.0 0.49 1

Yl 213.2 240.0 0.05 2

DYl  189.3 173.0 0 3

pH 2R (25T) o333 quench pH. BukofO KL ppm. V.F.: % v 7V v /s 4 v 1 cOBETHEK
UC?%: Feitttew 2o volumefs, CO2%: JEkisEn Avhic 503 COg 2%, HoS%: Jelisth v Athic §
»% HaS 0%, T(Si00): v U AR (MBS HE) b bR S K BRBRE, H: &lilsv 2 -
(kcal/kg), S.V.F.: [FEEH T cRBAL TV EIEESh2E SR, REF.: 2#3 (1: AR, 1969.
2: Ak BV IRBARR (EHE £ v & —, 1979. 3: TARGEREE, 1982b)

pH: pH (25°C) of quenched hot water. Concentration unit of dissolved species is ppm.
V.F.: vapor fraction at sampling point. UC%: incondensable gas volume%;, CO»% : mole%
of CO; in incondensable gas, HyS%: mole % of H,S in incondensable gas, T(SiO3): aquifer
temperature estimated by SiOs quartz geothermometer (adiabatic), H: enthalpy of the
whole fluid (kcal/kg), S.V.F.: vapor fraction of aquifer fluid, REF: data source (1: Kuma-
moto Ken (Governmental office of Kumamoto Prefecture), 1969, 2: Promotion center of
geothermal exploration of Japan, 1979, 3: Ministry of International Trade and Industry,
1982h.)

BRAADOWMAD E Zde L THIBWAEORELZIE Lz, BbBCFTAD EH LTw5 GSR3 2t T
WTRMELSERRRL L, TYL CRETHPLAY, TP DYI Tl Th5Z 2
Bihs il ST, Bk ERT2BBECER P THEL T, B ERTORENREL R
S TWAHI ERE®RTHLDNE Lhist,

Vo l® S5 BRI, COoMHTYEEKA D OBEERRBHERE T b o TR V0T L b R
WSt eiinv, Lavl, B0z bl FRELADETHSOMT T, B0 TN T BH5E
HNHB LR TIRT B LD EEL 7. DW2 CIlRAESNEH Lz Sh b8 (L, 1982), £hb
PlEDEz LT 2 Bbhb.

8. 2 TEEIEX Riisi 5 ZE M & Buko Btk

DL, YHIRORABIM T CIETHS LHETELVWLDORDD. O L I 2T
1%, HTOETIE BUKHEDOKE T CO: & HS OB FHEAR VE2d D E{5E L, Thiknin i
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Fig. 6 Activity diagram at 210°C under coexistence of
quartz. Solid circles are aquifer fluid from drill-
holes DY1, TY1 and GSR3.

Bl Tnwb B2 LS TES.

WRETHBH, F1EEeLTih
T THERE O (LR R O
HEHErED LI LI TS, FHER
BBk Eor—y 282 RICR
T. AT, ATE(1983) DR

QAR L 2% D % AV, FHFER
RUEBEREL EDD 72— 0D
F—r~N—2 & LT KHARAKA and
BARNES (1973) # fHu 722,

FEFT, 86 RIS R TIEBIERICE
L7 EEERNE, AEAECEE
4+ 5% DE L, HELGESON and KIRK-
HAM (1974), HELGESON et al. (1978),
HELGESON eof al. (1981) % #hfl27
—FR=2 L LTV, F—
— Z D consistency = -o\ TiL &R
LTWwieWwDT, MPORBIIALY
EMRIIR L D E A E EL B ER.
LA L7e7is, TYL & GSR3 @k
Ry BEAa—EEa, ) EEE
BHOFEE Lico bk, Rt DYL
DGk BRI ER—E8—E
WEOST AARESMNIITICNET S Z
LRFEEENS.

b O TR, B, EE
s IR TV A, BAKDWL T
il B TWwigls, LaxL DW2 Gt
FTER L L 5 WEE e LTD
A EARUEERAERLTEY,
KIFEICIE, Z OB O HizE#KD
g d FRLAEVLDTH
5. Hmé ey, DYL, TY1, GSR3
D3 M, HER— 7Y ERRVEH
FH— )V EROBR LG 5—20
EECIFED 3 Z 8l s AT, 20
Zfidiy. ¥ — & @ consistency & (349
BR—FThsH. ZDZEhd, 3D
O FHOBK A, HBMETTH U E
F—EREA—EA DT & R
= P AEIER i 2 Bk D (ke

%7 TYL » GSR3 i@ omkrp ORADBAEN R B2, TOMFMERI LT3 E
A3 abthbnd. FhickL DYL ofivkiy, 79 &R, R, EG, BRGORTSTEACL
DI AL L, & 0% OLEEICRE S h Bk OWHERT. WETERLAL IR, WEOMH

2) COs & HeS OFEZ, HKEoFEFHERRY NaSOs OFMEENZ ARNOSSON ef al. (1982) &FIM L.

=178



TCEAD D OETRTEENR B Z o T D L Leh, BRKOMBIEEER LTYDL ST 20k
BT3B Z2AKK DYL oK P EERZ 2 TIEETMA T %3 EER e DEL B ad i
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BAK, ThbLAFENEASHFEL, ZOBKIFEERT, TEEHIMTHLIERR, V¥4,
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DY1 Hio#okix, FBER LT, ZhdOMMoGET 5 KLV DT, FEMEKZIT A b
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Appendix

(1) DYl o5~ 7

DY1 ix, 19824 6 A19HFIMOAMOLESHTHEHA L. YHOEXT 1~ LE8KT 1 v O,
M, MEL vemilioy v —% 173. 0keal/kg 2#ER L 72 7ods DY1 o, mitH4iEo
M = 2L ¥ — AR L > TiTbh =1L £ —ESHEHEE 1984, 77—
¥ T CORIETE T >~ & 0 €~ & 190keal/kg YHEFE L TWD. FEOREIE L L THESTE
¥ LT AMCEEOMBERCEE Ko faizn L REN S, T O EFORFOREL Si0: B
Fic kv 180.3°C LHfEET B L, FOROMFIEKDOI T Y ¥ L ¢ —X 191.9keal/kg ¥ 7x Y FHEL
1HThofc e HEEERS. Y7V v 7 # Ay F TORAKKIL, HEF—5 40 0.105 &L (B
EDF =y — A BRI L, 1982b)
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(@ TYl oETRHERT —2

TYL 1319784 8 H16 QRO OB S & FH L. @ik = > ¥ L —i% 240 keal/kg &
S S T B 8MEH RO S0, Si0; REE X VIR R OmERESE 213°C A4
%5 EMFIEGK DT v L ¢ —1% 217. Tkeal/kg &7 RHHT v 5 L € —DFAKE . IFRED
DRI T FEE Xy, kol v L —% h, @EMFEIOkT Yy s LY —% hy kL
Ty

Ly s v —=XyXxhy+ (1—Xy) xhi

MWHERSR 0.05 #5%. ¥ 7 )y IESY P TORKIMIL, YHOBTAE & BB LGS
DTS 7 VAT 0.167 kHEE L. (MEDF—5 Y — 2L A ARMBBIR (L >~ 7 —, 1979)

(3) GSR3 DWSHET — 5

GSR3 111969 4F 2 A 14 BEFROMEOMFES L FHA L. EDOHDF ~ 5 00 E 5 M50 Tl
feno e, REHPCHLEK LACAOMBE L RE (@feand) IvalloysLe—% 439
kecal/kg kg L7z, SiO, BEFHC X VIFEBHOMBOHRME £ 211 7C &40 B & Mgfn#uk DIt
¥ # L~k 216.6 keal/kg ¢, 2ftiiry s L e—0Fn LEbb, TYL rEBOFETET S
HrEHETHE 0.492 285, YUYy IEAY P OKKIIEBK L EROFRE LV 0.63 & L.
BlLEDF—5 v — 2%, BERE, 1969)

@) =¥ syav—HkiconT

DYl TH#E LA L5, ORTORARMBI Yy s ALY —L, HETOZY A~ L U/hS\\, O
BRI, OWAENDHOE TEINCHED - T B LT T 54EHE. QAL 2L -7 H
O & OMIIC T BIRAEDORER) T 20 ¥ ~ O @OHNLHE~OBRIR L O RIRE Y 2 7 4
b DEGEY, 2B 2Bh, 03 bHEADHEBROMENRLAEVEZTbR TV, LWTFhics
&, Zhboz &b TYL & GSR3 ksl A EHROTED HRIRARIL S Z2% b TH
BT LA, Jods LT TR, BUKIXFRE T 5 DO THIK & &7n LT (HARBES4, 1968)
#FAL .
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Rock alteration and hydrothermal systems in the
Hohi geothermal area, Kyushu, Japan

By

Isao TakasHIMA*, Keiji KIMBARA™* and Kiyoshi SumI+**

Abstract : White colored alteration halos are widely distributed at the surface
of studied area. These alteration halos are divided into four types based on
their mineral paragenesis. Characteristic minerals in each type of the alter-
ations are pyrophyllite and dickite (Type I), alunite and kaolinite (Type II),
cristobalite and alunite (Type III) and quartz and K-feldspar (Type IV). In
addition, green colored alteration zone characterized by chlorite and zeolites
(Type V) are widely distributed on the subsurface of this area.

The studied area where subordinate high and low gravity structures are
observed is located in the Beppu-Shimabara graben zone. Central part of the
studied area is characterized by basin structure (low gravity area). The maximum
depth to the pre-Tertiary basement rocks is estimated over 5 km. Surroundings
of the basin are characterized by volcanic activities and relatively high gravity.

Alteration halos of Type I are distributed on the high gravity areas and
those of Type IV are on low gravity areas. It indicates that the high gravity
area partly yields high temperature of acid water and the low gravity area
bring medium-temperature neutral water.

Clay minerals separated from very weakly altered rocks by dispersion
method were analysed by X-ray diffraction. The very weakly altered rocks are
distributed around the alteration halos. These data are very useful for the
interpretation of hydrothermal system in regional scale. Distribution patterns
of montmorillonite indicate the path of hot water flow in shallower part and
those of halloysite coincide with deep faults which were identified from the
analysis of radar and LANDSAT images.

Three dimensional distribution of chlorite and cristobalite in the Hatchobaru-
Takenoyu area indicates that the shallow occurrence of chlorite coincide with
high gravity area. The existence of hot water in the wall of basin side is
expected because the altitude of chlorite appearance gradually decreases toward
the basin and sharply decreases to the opposite side.

The distribution of thermal manifestations and alteration halos are con-
trolled by the deep faults which cut the basement rock. However, there is no
mutual relationship among the geothermal activities and E-W trending active
faults and lineaments identified from aerial photo.

Based on the types and distribution patterns of alteration minerals, chro-

* FKHIR GRS % SRR o0 AUl TR BB (o #ER)
* Akita University ** Geological Survey of Japan ** Government Industrial Research Institute, Tohoku
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nology of voleanic rocks, a conceptional model of hydrothermal systems of the
area is inferred. A characteristic point of the model of the hydrothermal system
is the presence of basin structure in Tertiary time. Within the basin, fine-
grained sediments and altered rocks prevent the descending of large quantity
of cold waters to deep part and play a role as cap rock for ascending thermal
waters. After that, many geothermal activities have occurred and formed various
kinds of alteration halos in accordance with their physico-chemical conditions
of the areas.

L & & & &

HHEBESE GERBITE] 5 IS D, B O EFAUM R BMBIKER D O i FEIFE TR RO 10 O RS R
AT L, HEBETEBERCMKRDRBICENEELRREL > TETV5,. 20k 5 g
FTAERUMAFTIZIVCANAE 25N, EEFHAOHAEDEDS bO—2Idhbifbh b, ZEHEHILER
KEBONLETHY, TOMELL YV EVHECELRAROLBLRANCHL L Z e N TES,

B VL TR 2 ARTOMBARERTTORE L TV B3, EIC X BSOS, AOREES
AR EREGSELHEE UITERMEFEELIET), K7 - BEREOREER &2 £ fTh
NTETHY, HEATRDFEEFEOEV-IHCBET 2 E1R).

EIEERED 5 b, K—U v 7H0 BEMThh TV % BIBIE 1 Mo KEHEOBEELTH 5
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DIECHIRE /AR E T A EALETHY, KEAETNIGEL TO B T L. Thbb, ZoOH
BORLOEENE GHlER) S Th B0 < BENE @BER) I HlEeEmBR L,
MOLLE b DT, BukB e LTI IRA 0 & Oia b ROk, Bige w5 g ssish
TWa k35BS ZDZ L, MEDOERICHEME, ZEWHHEMRT S -3 Bt vl
FEANB. Fio, KERHBOREPEH & LEATIR E SRR Y S TR 0, EECITER
WLTWS G2, 1979; =4, 1984) MERRMICIL R/ » TV 2BURBRETTT 5 2\ 5, HEGED)
IR CE AR THD H D (FB1XD).

IR, SO BGAE OB EC K E « AT EEG TR D 72 0 S50 FHE HHY 23
Fbhh Tk, TELOBERNS . o T, HEOHBDEY FLMaDIHFIH L K Tdh
Y, SRITCHEEHERIF L GO ToRH L SHE Ly, —F, IR nE R b AT
DEGIEMIR & 2 b, BEOM TR P HEMB TR e N TEBLZ Ehb, HER BRI
LG LTEETHS. TOMDEEHS TR ThOBEKEBDE2ETILDOTHY, TOERK
SR RAT 52 2 LV KB BKROBITIC R TH Z LA TE D,

ThE COLEEHRL, RCE L OIEA—BELE T 3RKER AT L REEMC L 55
BT L 0 TEW OIS L HIR O, M oW TIRE 4 DRSO & EETET & 5 EEED
A — AT D D Th o7, BEWHERFD L 5 AN Ebh 2D, Hfe+3MiEnR—o0
BRI E AL e LT km? 26 80108k km? OFGCETH Y, HE 1-2km BEF TO
BN S RO R MBEROEE L SEC R TWA I e LS. Zhed L, FFEOoNGIT
2km Bl EOFEL THOFME SWBEIR LY &4, MEGHLIERLLDTHD. Z0kd, F~70D
g, Y TR—MIhE TR nPEREA L. Thbh, ~RERTERETFOH
st & F R RS < DT RKIER & RIRE IR BaEE OfE, WA RS h 2 EE 0Nk,
HEOHEERCEBKEED 3 >~ 5 ~RC & 2HMBRG OB EOHETHD. 20X 5 PR,
TR TEL FSREEAFEENR L A 5 ARE - BT OMBEREECHT 5 —20RA L L TE
HEThHLEZLNA.

7o, AMIROIBAIHMEE FLIZ 2T T TIRRE L T 5 (55, 1985). LA L, BiEimgo
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Fig. 1 Map showing large scale geologic structure and studied area.

2R oh O, EBAHEE T ADERNARHE R IED T, OS5 -o0TiEE (1985)
LEETHL, HRATEORFR—HBEL, TR L.

ZOWEL, i) OWSEFELEC S — s 2HEALTVWS. ZhbDF— 7 OEREHT LT
T & o 7B ERE, FEEOEEL FEHL fHEYEDOF 4, F— s R L TTE s =3 &
—IRETIR R L OVEERIR S, A EHA TL AW D ZEHR W AW S T RS

REWEERE, 7 U THEE P LR OV T IHB G 2 i AT AR EE 0 Bk B LB L
B Ed.

2. WHER, MEXOHmBEEREONE

AMI IR D KL EE AR A 0 HL A, BRI RRE ORI S . O 2 TR B IR s
HEmE L — 7 (1982) Wk 210F 50 1 K5\ TR Tl il 4 5.

AHUEOFEBII AT E S 5\ L EBEIZOFER A~V v 7 e R Sh, K-Ar EREHBEFTTCE
THEELDNIEMERCIEHATETH D (Hd - JTE, 19825 fiFH, 1984). *o Lfnicitxze L
TARILEE LS O RO KTEED & DR — it O FERH AR WL T b, BIRE L
TUETHER & 0 IEBRE D VRS, B, ERMhIOLE 0 DA A KERET, KR e el d 2 AR
e A e LANMEE & UToER e BRI EE, 7191 P —REE0 g% alaEH e
%, #50-40 FE & VB Lkl (HAYASHT and YAMASAKI, 1984) & L CHBERLAER 2EE
F BRI OB EIAIE K L S A AR D3 L I E D e 54 LT 5. AR CReD HT L

W HE AR L R R U T 2 T B LB K & BT AL A B D KENR T H D, BB G ROME R
HTHAL T 5.
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AR AR NE-SW F@wiE 5 R —A, BEl—/AomEsh, Jefllz E-W Frmcks
MBL—FF BREERC X 0 [ RS H 5. 7o, fEE (1984) 239BRL T3 X 5,
N-S o E—mENITEHEOHE ~DIEER AR BOBEHCRA T 2b0Labh s 1K),

A CIEF IR E s, AT b e T ARENBOTFETHS B2X). =
DEREHIFC2CTRALF R E DL D LT 53 (KUBOTERA of al., 1969) % & %23, M (1984)
FAEH B EHBREE TH D & LT, FOEM L/ E—HIET Ok EERLTVB. X
A2 (1984) 1XH— ) ¥ 7 a7 O E, RHIEARBERHERIMIT T2 b, 12Ma K1¥ 2Ma g
CIER S NI H D L LT 5, BB COYEITMERBIT» RO SN2 3km (AfRFiz
Ay, 1982) AL EAMENTIC L 5 10km GEpEEES, 1983) £ THhH 525, HWEF TOF — 5 CIRIERHT:
HERRETAZ CRHETH LS. ZOHBOWMEREAHIXALF 7 &3 SRR R LER
WOT, AR O KRS R GG 1969) kT A0REYE LEbh b,

Zerh BT 3 A T CIRHUSIC SR T % U = 7 2 v MIGERTE & L CoMR RO BE-W 200
ThY, 80-5007 ERTHEASLRE L IO F RV IEHBC L W ER Sz e & Sh Tw3 (hH,
1979).

LANDSAT BV — 5 —@{§ ORENTHE R DI 28R EEIC L BT LD Y =7 4 > | Didd,
EREkdiE T 2% 0 & LT NE-SW, E-W, N-S 7z Yo FEsE S hTwb GERffEE, 1983).
L~ % ~F0" LANDSAT B L 5—B0 ) =7 A v + ORI ERETOBOEREE~0OEbR L
HEIh T3 (LEizs, 1984).

AHUR O, - BRI B EAEI R ERE 7L ~ 7 (1982) Kl oTEeHbRA TS, +0O
5 LIt & 60°C M LOBEIBH L H 2 FISTR L, BYERRFH 2L S KE - AT
B, AEWHEL, 5% IZ50 8 #FTTH Y, 100-200 m FEE OB ST A B 501tk
DERCHRTHD. ZhbLOEKH & ERAMOIZ & A KIREEIEN DEENR~OBITF R FEET
5.

IR O L Kb T —2ORIE L 2 iR I D OEE WEMEED»DOH—1 v 7R
MHDSDEREL) oOWTIE, AEME LS KE L 18,500 keal/s (77.5 MW) (JLE!3 2, 1981)
T, BN -HE, Ky, B HE5-ESER1HT 5T 2 000-1, 000 kcal/s (8.4-4.2MW) &
BIEFE L & — 5 —DER YL, BFRE 170keal/s (0.71MW) & xBI I#f{EL o T3 (WEH
AT, 19765 HIF = F A F —FF « WHEPEHT, 1978, 1979, 1980; B3, 1983). Zh b LUSboH
R OWTIEF ~ & 0378 &, FHAFFEHICELW, RIEEEHENSAT, XF - ATE, &/ F,
Har, FHARRIAEYE A = IR & > 2 5.

3. BUKZEEMIKD D & B

F2MIRENS &L S, A SHMOREEERH A DR, —FC 20 THE OEIRHLAE S
POWERREN TS ([EE, 1972; HAYASHI, 1973 72 ¥). Zh O OEEEITHHED 5 LITRBO
FEMEHVKEENC & » TEREN b DTH B2, ERTER S HOCEREFE S BERRCHE DL TY
BLzAbdB. TALEEETHIIG K ONDEHRAICIIT B B4, K« DEEHOIIEDH D\
X E ORI EENTE D S b, ZhEFT BuEEIOE, M E ML Te% 8D
LEbh, HEGENYE2 %5 FTEELERTHS.

BT, B & ORMEe i TOLERERER S L ALK, BEOHBKOME E Lz,
¥, HHIHOLMCY - T, MRLEH 2 O EEADE 1 BORTEDEH - THH L.
ZORGD 5 LWIEEEKIC X 5 ZEHI, OIdME—T A7 ) BEKIC X AEETCGEA s h D,
TR AEHWDIZ LA LIR@ET S5, FTHRF - WH, HR - BRECGHBRIbOS 5\
REEDORE LAEEH o TWh, S Y - Tk, F% - ISt B L T stk #7380 (@
e, BEWOERS ARV 2 e N TEB Y, HxORBOTHMTER Liz. L,
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Table 1 Mineral paragenesis of surface alteration zones.

(a) BH#ukick 2EHW

Mineral Silici- | Pyrophy- | Alunite | Kaoli- Halloy- | Montmori-
fied Z. |1llite Z. | Z. nite Z. | site Z. | llonite Z.

Quartz = e e i e I |
Cristobalite | — — — — b— = =t —— - -

Tridymite ——— - ey e st o v ey v o) vl s s (i
Alunite
Jarosite [N PRI | s g
Pyrophyllite
Nacrite ———— ]
Dickite = | 0@ @ee—_—ed @ ===
Kaolinite
Halloysite
Sericite
Chlorite
Montmorillonite
s/m

Zeolites {4 0 A ————
caleite | (1 1 | | ———
Gypsum | o le——— ] My o
Tobermorite IS =0
Gibbsite (V1 ] p——
Pyrite = = —=4 r—-——-—L——-——+——-——L————~—-~-——--————
Albite
K-feldspar

(b) HlE—77 Y ERKC X HEEN

Mineral 5ilici- | Chlorite | Montmori-
fied Z. | Z. 1llonite Z.
5777 o (N S MU SEPRSSp——
Cristobalite | | = b ——-——
Tridymite - — ——
Alunite
Jarosite
Pyrophyllite
Nacrite
Dickite
Kaolinite
Halloysite
Sericite S
Chlorite
Montmorillonite PPN SRS
sm e
Zeolites | 0 e e e e e
Calcite REPEPPE 1 S e
Gypsum
Tobermorite
Gibbsite
Pyrite = P — ==
Albite L iy iy ]
K-feldspar b ~m— —

S/M: Sericite/Montmorillodite mixed-layered clay
mineral
——: Main constituent mirerals
——-: Accessary minerals
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Z O ORI ERE A s, BRI D NSEYE B, FH L AR ORIuEE L HESh
T DR E R T~ L LT ey b LT B,

3.1 KE - AT R

BEBAFHR D 720, T NTOE TR RSMITEh T3, ZHEcB L Ty, Havasar (1973)
L BEMRIEAH D, TR LhE, HROEEIRLEMCBHEAFER PO, ATETRAAY
FA M, BYERY R FAEPHEY, KETREYE Y ed4 PEREERY £ 25 RL, &
B0 S IO H - T N-S FEICME L T4, AEEWOBITIC Lhd, LoBiE
ABHDGH A NW-SE FRICHHE L Tw 5 LMl T % (FE T X EH O gfrni gioh=
CEOEHTHRTDE, o CREMET LB b DIEHFE— L), KEDOIAEEN 4km (HRH:
gl (FRALEkED) D#EEAH Y, ZOHFS N-Stke\vwhbh Tk v (R, 1952), ##uiks LF S
WL OEEA DB 2 B, F 7, NW-SE 0 Frd /T EHR O 32 BRI & AT 5
WiIg DT & —F LT\ B (FI3 4, 1980).
HMTOEEORMIBMETHAOERERLT A Rr 7 « 74 AF YV FA PFET LA VORI
2 HEPTIRER « BEEARECHON TWBZ L Ch b (HAYASHL, 1973). SA4 e 7 154 bk &
LA T IR - THAT 52 e hb, Bz CHEGEEINER CH -2 LM & h, BHE
ORJ|E LML T 5

WL COHFTLE L, Bcib gy HT-5-1 53 GFE 3,000m) T3 300C #4382 58
ENRFSEERTVS (Af - TE, 1982). =0z knd, AHIROM TCIZH) mBERTFET S S
DrETEENS.

7ok, OIS L KICRNBHEE - IEE 2P & T IR EEFEEOBE L o Tk Y, K
— Uy IO B, FIT, FOEY - EE PIIHEEEOMRFE L TBHERT 5.

3. 2 &5 EEHIR

AU OB L EE LGS - Z50ENC, HEECESHOSTARDLAD (FEIX). & - 105
OEHEBIATE L ERBCHEAGE L, A4 TR, TYEV e 1 PR < &0
S3HHEETLTWSY, WEHCHY T SIS A LT O 3T OEORAMEL 50 m BE & A 500 m
I o—Hihx <, EETHS (B8, 1972). ZOEEHIZ WNW-ESE FHOL# b, HiHH
J& CkHEEHM, 1968) kEEREGE RS, BROST & ML T3,

BB OL WH RO F R 7 2 W IHE TS & RO G ofts 2 orm 423, £hilsh
L HEAHE, BEAGEERHY, BB Tt H 1 P A~EELEYE) R F AL FHOD
FeRr D, PLOBEHOHIMIIZE A EDBREY VR P AT 1 THEME - RRFVKIC X B EH
LiftEENB.

Tl - BB OMT O RER, Bikh, MaeERe L7 A7 VOoBRETHS. ZOZEHIL
EREA GRS L BMIC 53 £ ¥, ESOETIMA S 800 m EFEFICIEE Xz AS-1 SHTit
500m OHETHEYEY r A AP BEOONBCT Tl (LE, 1978).

il « AL OB IR TR AEE IR bR T\ 28, BILBGEEC X 5L H (DB-
4, DW-2 70 2) TREGEPL L THREEHHINESBRET BT L BEID LR TV 5.

HWFRE ST b EH LIERICIRINThH Y, HBEITO 2GS & R MR H AT RS T 2 R
4+ (BEED, 1983) HANROF — Y ¥ ZiERS HAFEEI D 2000C BEOEHK A I ST
% AR R, BENOOBKDOEEHBIE LTHBX TS (NI - &&, 1983). 74, &
BOEMTLEREIBO LR THY (DB-9 53, 500 m), HHEMEL Tz mEIEo LRSS HE
R D, EESEEEOM T ERSMAAOTFEOTREM D H 50 THAV A vbhid (&
B3, 1081), DY-2 B3 (GFEE 2,400 m) DIREIERN S AR TEOTEEMT & b T,

= 91—



‘seale JUIDB[PE PUEB NAOUSYE] O} Ul SSUO0Z UONIRI[E JO uonnqrusiqg ¢ Sig
BVHK LT dbeFaned 91 N bEEL Gl 4 FELL£ VT 4 Ve ivhs Ol HMWEEN el (Hd uEd Q)WL T)WE 11
HEEAR 0T WH 6 GEBEEA LLo (AR L LA bG8 $y A (FAE L HEEE 9 B berav g
W yAGHEE Y BIVOM E Bircrorky 7 (QEDELIGMEGEHNBERERNEROUH) HUFE T (EXHR6-CE) WY
Jl o DOHEF ORHTEONWEE KeE

9 L s @ H N g T

g2 ¥ mo§ el = B R
8 & 2[®] oF s<[E]
v B c[W =z [+]

ws) [¢]

=A9Ze=

L2

~ DMD! cEE,A.%mAv
¥ \\\ €S

&
./A/.. 90g] _w 24
PR N T g T O ¢
f mv\\&.%i = .iun\f ¢

(B ‘\ To5 e v

K L2822

i /Kv(/@os \\ﬁ.. <> 4 -
uo\/m@o\_wéc. D] WW \. \\V

x\O’/.(\,J W 2



Tord’oha‘ru'_' LA '~,;’ 4 iy
AT . £
E®r5 = :

i W3 BB

Otaniyarma

H4 BlIAEOEEH SRR

Fig. 4 Distribution of alteration zones in the Kurokawa area.

3. 3 BJI[Hbsk

WRZGTIIIBN MR CRAVC ORI R oh 5. W8, AEDW &L KE - ATHEBE 23
ERETHBENREYEY v F 4 VHOFEZIDRL, e A9 1 FAEEREZEHE LR 2TV 5
(B4R, THITEDCHHET HFHEROAERRAOBLET LT SRR K E V. KK-1 53
GFFE 800m) OF — sy Ih, HTOEEROMEESTERMI S RN EKROTFELEDL LT
}0, FEE100m »HH 180m THEZAR, AV 71 Pk o TS S 2MESEEH Ch
0, FDOFIREYEY a1 e BEEH AL REEH A~ BT 5. MMARELEEN /L,
FRPEDZEH T 106°C %R AR TR T LT % (HARMEVERRR RE >~ 5 —, 1977).

3. 4 FERESF - BTHE

ThETRNTE ML Ry, FEOPLIPIC AR LV RENMET 2N I REEL, EZ
WG, € UYL b, LIV EVvEYnF S MESBIMT L CEY R Y nd A b 2GR
GEYEECBOES (B5M). ZOREEEOREREE LTRERBETHY, Z0DBEERZZOD
LEHHIRIPHR LEF SR T $h, FEIHORR L 20MMEEd Zh E TOMIR &L
By, H1EGEHAER A,

ARz 12 80°C L EDJIE, FEFRELDY, HORVCRBEEWNREETIZ LT O
RS, XS roRERcEeERA B8, REHNRL, WTOXHE, HELITHTHS, &
RAFOE FEOMFEEE (Na-K-Ca #) 28 180CREELHEIh T34, ZTOEKIIEOERML
BIHHE L TR D EHESR TS (I - IR, 1983).

3. 5 F&K - B

EEPEE IR AU & A ¥l L EANNCIRE R - BTHEM L FHUOAEW Th o (H1E D)
DWHHLEE), PIERAEREIKERCEE 25 2 128 LV BUKEBI b Mb T 5. HEOTHAITIL
ST L, PRI A Y FA L, BITEYE) A P EEOEEFEERL TV B,
B 94 PEORELE L. AT omE B NE-SW th 5 (6 X).

T DRI BRI < OB T b Tis Y, EEORLETITbh WT-1 534 GRZ 700 m)
TIE LMREE, # U ERCEHE-ST bR 2L, O THRRE, Barhle 2700 VEE
EHNGEY, BELEE LG L CH R CORMR EF L XOTHTOREL » s £ H GLERE
180°C) #:R LT3 (351, 1979). % 7=, % 1,000 m O FAEH & oA Mis o T &S 1L 160~
180°C TEEETAIFIL TV 5 2 b (BAMBERFEHREE > ¥ ~, 1980a), #HF e LT RBRER
HOIAETE W L 3 Bbh 5.
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Fig. 5 Distribution of alteration zones in the Machida area.

3. 6 7E_ LR

WHRAELHILA M, ZhF TOMBRMBMMEREFE TS Lop s RE g, BEk
B e HH e LaRmoBEE L2 5. =k (1984) whhiE, ZOMECEiE i NE-3 &5
H (K 2,050 m) TITERE 500 m ¥ TOREBHOTIE, &, BEREBETT 12715314
STAER 2,000m FTHE, ERLUECT LA VEEERSSH B, £, HARRERREEEC
IR e AP LR Lisvt, BEMEEH THRY AT LR L, METRK20C i L xh T
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Fig. 6 Distribution of alteration zones in the Noya and Ibuse areas.

5. ZOWBOAEY, KE - AT RGBS, O L CRUOBEEMEEIR e 2 o h, BROoKS
I, BFEEALLDTHSS

3. 7 KRG IEHR

AHIEOMFICIZ AL w7 4 74 PARS LD, FEWR2M4E LT N-S fEHEL, M n7
LSAVE (oA RE), HErdoe, BRAERR, AV rEELTEY R ) e
A4} HE b BT B0 BEOEEHE QLA VRN T L O IR I, RRERD, W~ OmE
R cERI AT e eitExEs BTH).

Z OWIRTOTEHIE MW-1 53 (FFE 801m) DA THEH, MEETTImZ 54, 74
oAb, BISAE, BEYERL T AEEAOEBEOEE CRESHT ST A, Lal, HTRE
WIET 114.8°C 27 LA E ey (BFMEEHERRRE LY 7 —, 1980b). <4 r 731
PRI EHIRATEOR T CROAZ O LEETHY, FHISABICHA LMBAFEH 2 T- T
P EERFELTWA., DL 5RO Y DRER - T\ 205 iR O B GHH O £ 72 5 2%,
LOr T AEBERTENAAVIRIE LA FELR TR,

3. 8 EHER

AHUS LK IR OB K23 5 —HOBTEF L Z 260, BHZAR, 74V F 1 PHER0RYIES
SH LTS (B8R, T oMK W IENETTCHY, Kokl v 3RFPOXHL R
PLTWATREMEAN DD, BEIL8TC LW IARVEROEREA LY, HTFOB DL THIF
DA, WILEEITY U A, Na-K-Ca 32 $ 180°CEETH U, WHROKSHRE xRk, &
SROEE L ST A OIXEEETHA 5.

3. 9 VHIHR
KM A BT T4 P ARDHNBN, BENESOEBELAETH S Z L, MTEHE
KA D BRI EMD, TOERERIATREL IH-EALN S, HREOCAEEEHE R
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in the Yunohira area

of alteration zones
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Fig. 8 Distribution
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B2k EEMEMOEEEOLHE GIRHRIHMMILE 3 NEF)

Table 2 Chemical composition of altered rocks, in the Takenoyu area.

Minor Element (ppm)

M Rb St Ba
1300

250
140

Cr

Li

170
300 260

280 32 4 5900
11

250

0.4
10,3

340
110
110

370

46

86 190

680 150

53
280

B4
30
82
360
100

13.8

1"

26.7

43
24 150

840
490 130

12

51

1.6

38
457

83
240

18
22
16
14

%P5
0.2
0.8

46

52
140

41
41

35
120

18

52

12
4

Major Element (%)

5i0; TiOy Aly03 Fep0z MgO

NazD Kzu
0.07 0.00 0.37 7.89
1.00 0.58 0.40 0.58

Cal

1.4
1.7
1.4
4.8
3.7
1.5

5.1

3.50 33

50
58
68
60

0.97 22

1.18

0.30 3.79 0.01
0.06 0.17 0.08 0.11

18

0.32
0.70 26

0.17 0.07 0.43
0.12 4,52 0.07 0.02
0.17 0.36 0.68 1,38

0.01
0.44 0.1

1

0.63
2.24 27

75

65
57

as
85

0.54 16

0.03 0.01

0.03 0.26 0.16 0.25

0.9

.78
0.70

Alteration
Mineral

Cr,Al,Ka,Tr

Qz,Cr,Al,Ka,Mo
Cr,Al,Qz,Ka

Ka

Ha,Cr
Cr,Ha
Cr,Ha

Cr
Cr

Sample

No.

1306
1321

1010
1292

3218

1225
1275
1262
3230

No.

1

2
3
4
5
6
7

8
9

l

Qz: Quartz

Tr: Tridymite

Ka: Kaolinite

Alunite
Ha: Haloysite

Al:

Cr: Cristobalite

Mo: Montmorillonite

ST LT 545, SR S, EIARIET
BB TAAYVHEETHY, EANTITEL
o)DM EEN HHIh S EIRD. T4
b, FHIROEEHILFER TR S W REaE
BHCEROBMENEHTER L 1r7 17141
Y ELEEHLER I b LEFEIN S, £
BREEEENZE LR enh, R 7
DHFEE T TV BHSDE B S,

3. 10 #othoZEH

Ry R - 7 ) BEREADRAHELE
FRLCEOEEHRNR D bR B, A ELD
BN ERE L REG & T 5 HEEOEE
B2, —BLEALCIIBEEH O STARS
bR, THDHOEHEHL2BOBRREELD
TERE LT i b s, AR TIRE 2
Rz MEmTIcE D 5.

3. 11 ZEAO{LEM

TECAES B R OCERR DA ILE < DEFE
CERENEMTHD. F2RIEFEHLOME
DEBHONHT T~ Th b GURHREOS IR
3MEM). fxOBREIT O F— I RRT
BB, 7 v FEOSHITET SEBEEOp]E
AR xhTwb (KIMBARA ef al., 1983) =
LD, HIEMEMBOTREMLSH D L SN
EHEREPE O SR EMER S h7. Lal, &F
LIMOEHETL 7 » ZEERIMEL, L%
Bl X 2R IEF L BERATER SN ih o e
HFELHEAL T B,

723, SHTHERSHCE LRz S0 D%
WEIERE Y L TR A A Y BRI L V1T -
Jo. —fle U THIERBIEAEESEE L W oD
SAERER D ) F 7 2B B ERAE R 10
KR Lz, SRR L COMBLRBRIHIT
S TELT, (o TE2ERDMEITEERMEE LT
HThicF L binbs.

3. 12 HBEGHED 47X E DA
INETRNTEALEHIEOMBROCHMTOLE
BHEIHHBEDOELGDOT TERESN L DTH
0, TOEFERED I LEHMAKEREITT S LT
EENEHETHS. Lhl, BEEHRLDLS
BBECE T BT L BT L, o,
FEORE, #okOME, =OUAE &kl
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INTENSITY (Li/Si)

fn EH A OBERICER SN DO TREMSEEOREILEFCHEECTH 5.
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CONTENT (Li/Si)
B A4 VEBSIENC L B U F v 5 34700
Fig. 10 Reference line in Li analysis by Secondary Ion Mass Spectrometry (SIMS).
EIR EHWORBE EREE
Tabel 3 Classification of alteration halos.
Type | Characteristic minerals [Reaction fluid Place of reaction
Center Margin (at the center)
T |Ph,Di,Ka,Al,Qz|Ka,M0,Qz,Cr| Acidic  »250°C | Underground
IT |(Al,Ka,Qz,Cr Mo,Cr Acidic  ~250°C | Surface and near surface
ITI |Cr,Al Ha,Mo,Cr Acidic  <100°C do
IV [Qz,Kf,Se Ch,Mo,Qz Neutral ~250°C do
V iCh,Se,Ze,Ep,Qz{Mo,Qz,Cr Alkaline ~250°C | Underground
Ph:Pyrophyllite Di:Dickite Ka:Kaolinite Al:Alunite Qz:Quartz

Cr:Cristobalite Mo:Montmorillonite Ha:Halloysite Kf:K-feldspar
Se:Sericite Ch:Chlorite Ze:Zeolite Ep:Epidote

-
-

SIan e VWX TS
50, AHBOEEROMELEIRTRT SHISY, EAEHFC OV UL ORXFHEE #8 2 Xic

NU7, BEES A 7 OREAVLY, OG0 pH - RESRFFRIEIRCRIEY THEH, TOE
RO B ORI DWW TIIRD & 5 sl 2 fTo72. £ LT, ZOELZHFIBROBKZET AL
LR L 105 T 5.

Q) e Z7434, Foh4 VEREUEREs 471N, 25 HHKRL EOHRLS HS 7
REORIME N BYEEOKIC ¥ 228 C, BENL 200-300°C & #E X h T\ 5 (HEMLEY ef al., 1980),

=199 =



¥, DB RONS L5, HMEZEHOPLERL, EERELTLRHAERTHS
(A, 1970). ZD X5z ehd, A4 r7 154 2 ELEEIHARECHELTVEZS, ThbbE
BOKINFZAD EFIMCIEMINDLDEEL OGNS, SR TRBBT I 27 74 F23RDHD
NBOREE L KRG, BT TEOLNDZDRIATHEEEEHETHY, WIFhbHBO LA THEE
NWAEENECHD. MRT M7 54 FAWEHESNEZ L, BALKIHETBED H HH
#, BEONTHELFAROEE N D272 b e lEL LTEL TS 5DTHS. Fi, HEKDOWT
SHAEOHTRE TR ATETH D, M r7 54 21250°C B EDRETTER L ThIZED
HBECOKETEL 40 bar AEY T AR, Thbb 400m LUETERShcbDO RSN, &
HE KDL TR LOBRI S o722 LT %,

(@ BEAR", AV FA b EhLBcEy, BUfTEvy T Y e i b HABLT2E5Es 147
(D) MR TR L BT R oI 55 DT, LREHOKLZ 2 LHTADES, FEHHKOME
WL TOBMALE EHEL WIS RETCET R EEL DN A,

(B ZUXPATA P EEOEMEERLE LT AL YA P HABILTBEEy 1 7 (D, 7V
A FAT AP 100C BT CETZZEnD, ThE VERADBEOHEKC L VERIh DD TH
A3, ZOX3BEEFEROH L L TERO KL 7 A2 LT RDREELH 2 i, BB TAL
HENFET D LFEHIROB AW EF—EFH (Lmizs, 1984) W5 EBEULMBEAL D2
D LR EHFOFHEGHIEL S DWHEADHA LS5 2 00EENMEEDLE > TV AT EMEMD 5.

@ #VEReHEIEEs 47 (V) REBHL L 2T 38 BIEMTCAEHbh TR Y, UTaDA
(1980) 1 & ZHRHEEKEECHIET 2L D LE 2 bh 5, BIUHIR CORLEH  MEE SO H A
EERPOCTELTEY, TOSTS LT OMAMEE CRPO i EiaE &b, KEHRO
RSN TOAPHEKC L2 EH EE2 b0 5. Tiobb, EREKO LR, T <
THRERCHT HEKOBHAKERD, HBOBH L ) BEROEENMTbhizbDTHA 5.

() FBE, €VHA b, WAL EEETIEES 1 7 (V)INEROMEEY & L Tk b —ins
BOTHY, FAi )KL B2EEONEME 25, ZOEEITMERIT I % aE T L Bk
2, WFERTLHREFOFREOHECHMCFIHTCES. ZOWOHRTh) ¥4 FEMES O
BRI S BIR L T ST EEMEAR O 2\ 5 BEAVe ST ¥ (i3, 1979), AHRicEs
Wb, A G OBK LR EEE T SOIE g o T B

4. TREFAEE IR D INEHR LI A

AP X A EOOILBNE(L, AEEEHHEOMGRESRT S0, WRIICAEES: &
NBH LI RMBLEHDERCOWTRKe R L VLG 8, XX A58WONT 2T -7

4. 1 FRHEERL

SR RIRCBKZE O BE L G L A PR T WO 5 bEcE <, T oR: +4F
i T SR AMRIE X h T 2 B KSR 5 & L, 400 D\ TR 517 2 17\ TN
TEGHREER LA, EYEY rF A OB RYIEL, HOoRBEEE L BELHEERY
oz e FHEEHBHEREL N (&F, Ka®; BFEAEHR, 1978a). LalL, ZhboikkT
BEBWAEEOSHEL IBIRE L ABCERRL THY, Haias ey 210 BHEA o0
ZEhb, BORBEFHED OIS N 80m D 5 bETAD I 7 RO ¥ B b D & L TH
DS Z k& L, ZORMET, HReTH0E Y EROLUVEE, SITAREALEEE TR Tb4
B Te SEH o A Y I K LB D A % (o 70454 LTI Ch o 7o rcdd, RIS T~ TD 7 —
FEFA L. SBHARMFEONR &b LEAORE & #7FIR L 2D T, 2 Foaliiut 335 E
LIRS,
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(C) 100°C hn# {
T F: Feldspar
E C: Cristobalite
’ T: Tridymite
F M: Montmorillonite
Hh: Halloysite hydrated
Y b) TFLS Y a—) e T H: Halloysite
M &
F
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Fig. 11 X-ray diffraction pattern of water dispersed sample from non-altered fresh rock in appearance.

4. 2 Fh-BpRENT R

HEHI R L VRS RS L, FA—0ffTXBER T2 SEHo -7 aaEEHo
A& TIRBIUNRER S & 5 ICHEERIGC S DAL AT, XEETF + — F OB DB
DE—7DOFICL VLR - REEE GOFY Lov—2r8), »& (505%), WE (5% =3
KoLtz 7, SRBHILTECR L ToF Ly 770 o — L A3, 100°C D inEE 247 - 7=,

B S RN, c VA, kUM SR e VIREAEEY, v e
FA L, NuAAFA L ko wd A EED), AU FA L THS.

ST X e R OME, B, BRERHORABKRD 3 0D SISICE S L.

Q) BEA, vVY AL, vUBALSEY R rF A MESBEM L S S

(2 =vEVedg 2B LETGHE

(B) ~mAHA P RER, HOBRESERNDELT OSAR.

. TN L D M AR EROBAMN, B S CHEINBE L IANKTHB.
B T, BTN - TIHE, SEEBCEle RADHIETHSL. Livl, EROHEE LR
DEFRRS N, HF LOHEEY OB G5 5hF Tl *2C, AHSORITIZ Y 5 T,
—MoF— s R EEL, @FNRENE OALFRTHHEL TV, LT, SHIZEW LT,
RO X SRS E VS LFRTER L

4. 3 HELFD A & F D

R (1)-(3) DA AT HEI2Rc R &b, ZORABRD X 3 RIEFEAFEAEN S,
OOHANLERY, WHEITHY, PE—7 L7 VOB EEYHOEIEHEEZ 2505, E12,
MR PR S T b R O D R b h 5.

@QoaHIEe LTHBEENOEITHY, A EEHOBM e EERBFEA D2 DL Bhbh 5.
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FAEQOO BT L ARV OB ET LT 5, FIHENE Y Y v d 4 OFEBICIZERD#K
MW RBELRD 2 20BERE2LbI B, ROFEICH - THMT HEENORHE~DDO Y
ENHLHEF~DOUV R FRFIZEOEENBCEOOND L3 TH 52, FLIHEEEREBRLL
Bk LREEIOWRE LR Tiobh, BEOEENTObDLEbNhA. EvEY RS P BABREE
H e mBIRE T A LT, HBOEROHBERNENS S, HFEOHMTCINES,HMA
Lizk & Bk BoEEsn (I - 48, 1983), BBFXEAEE, L—s —EGEETHHHE
ENDERELAMBOLEICH B7n Y, WEEE LHkH S HE S h T 3.

(@YD~ m A A MEAEEDTR L O Th B4, AR TIRE DOHTFRA BARR A S HE A~ -
TENE-WSW o Fik e b, BELHREZT 5. COFFMRAOMER L -5 ~HEO) =7 A ¥
FERATO DHERE S e BRI —EER GLEiEs, 1984) X iE—H L T\5. ZOMUTEEZAERYS
OWE L HE S h, HEENER oLy 2Tk Ro & CO, OoFGEERElshTw5 (L
NEn, 1984)., ZZTCHEShie~r 194 P OFEIEHBIECIRRV2, CO HBVIZEDOMDH 2%
WIRL 23T L 02 (AL MEESNEEZDLZ e TEBMD LAk, WIhicL b,
R OEFREETITIE LR o R ORBE SR BRN RO STC & 0 R TE AL R
LabDr LTEEXNS.

5. Kif - NTER—EBEROHAD LR DO=RILHHT
SRS CHR b 1L 7 HERE 500 m Bl L DY K OVERE 300 m 1L OBEFIE O GE25F DL

FAE FHEHD 3 NI Lt & EREY T — #

Table 4 Data of disappearance of cristobalite and appearance of chlorite in exploration wells.

Well Altitude |Depth |Disappearance of | Occurrence of

Area No. of well (m) |cristobalite (m) | chlorite (m)

point (m) Depth |Altitude | Depth | Altitude

6 935 500 | 66 869 380 545
Otake 9 960 550 43 917 250 70
and T-1 965 1000 70 895 250 75
Hatchobaru*| T-2 1050 800 80 a70 580 470
H-3 1070 1175 240 830 - -

H-4 1090 1084 380 70 - -
Kurokawa KK-1 740 707 450 230 >500 <240
and DB-3 1000 500 474 526 >500 <500
Otaniyama DB-8 755 500 >500 <255 >500 <255
Dul-4 760 1100 575 185 >1100 | <-340
0DB-5 840 500 390 450 400 440
Ishihara DB-7 775 500 >500 <275 >500 <275
and DB-10 930 500 >500 <430 >500 <430
Jizaobaru DB-11 860 500 >500 <480 >500 <460
DW-3 840 1200 640 200 1130 -290
GSR-3 740 310 130 610 150 580
Takenoyu AS-1 6380 500 451 239 >500 <190
and TY-1 770 1000 126 644 250 520
Sugawara DB-4 645 500 345 300 280 355
0B-9 770 500 224 546 2486 524
Duw-2 770 1500 80 690 275 485
0B-1 560 500 >500 <60 >500 <60
Minamibira | DB-2 770 500 >500 <270 >500 <270
AS-2 640 500 406 234 >500 <140
Du-1 | 1083 1500 | 416 | 647 | 600 | 463

% Data from Hayashi (1973)
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A
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#14-1 DB—1 B3I+ (BiFBIZ, 1978b)
FI4N REIOHE KU EEHIRK
Fig. 14 Columnar section of geology and alteration of exploration well.
WHEE S —
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pyro: »SMw7 454+ Dp: ¥4 7AK7 Cp: 2V /FFrim Md: =AFVERE St:Hka H: M
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Do: BEH Sd: Z#HI Gyp: Tz 5 Ah: Rz 5 Al: BHEAE Jar: $IREAR Py: kg Mg:
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(B4FOV oW TEOLEIY, MNREFEHN L, T OHWBERED BT &£1T - 72, HIBRICIL
FhBOBHOMBE LT LI

5. 1 F—Y v IfiorE

DT T oW TR ARNES, B X 2B L CXBERC L 2 EEHORE T, &
WM E Loz, ZMOME, BRI EURCRTHEY TH B0, RENETLHOFHRAE
FHAEES 8L kDL 5105 (HAYASHI, 1973 X ARG » ATEOF — 7 2f&<).

(1) P 500m F TR ARIREIES b Tinfo b (R TAEAB B2 bn5) —
DB-1, 2, 3, 7, 10, 11, DW-3, 4, AS-1, 2, KK-1 (DW-1 i@ E g2 eif 4 2 /- Ve H

1) S EAERREETHCH D, HLRCTLLLADOHL M S Wi b A X0 —HoEMITEHL T2,
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ET ANV A 1o G VR

(2) FE 500m ¥ CRIREEARERS SN A5 (PEEOLEE) —DB-4, 5, 9, DW-2,

(3) ERE 500m ¥ CRIREASDED LES LR DIMH (eeiEuwAE) —GSR-3, TY-1.

@ N7 4374 PAROLNDYH @HEEREEEEDbY) —DW-1

(6) MptEEvkic X 5 EaaZEHORS b 3PH--DB-5, 8, 9, DW-1, 2, AS-1, 2, KK-L

6) VAP ELFOLEEHO FET B (EHK LFEOWREMELY R T) —DB-9, TY-1,
DW-1, 2,

5. 2 ZHSKMD oy A

HI5HO)-OXBIBRICR S R A G M A HLAMETH S, Zh b OME TIRRORKIIAED bR 525,
R i3@DM L BEFHERL, MOFHC 20 TRMHCIRT HEFD 5.

@ ~efHA MRE TR

@ ZYRFATA FRETR
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® EvEUsFAMEETHE
@ EvxYeFgFEHER
® PhEtRH LR
® WIEHHHER
@ HFV AP RCBHEARBH S DS

Z DEI5F (1)~4) OZEH TR LR OB IEIERA S, AHIROE GG ORI L LT
RO BELBHT OIS,

(1) BECRCTHBNEE T iRt BIBROKRNMED BEERE L, BE (DW-2),
%% (TY-1132y), [HAESLLGLE (DB-9), DW-1 34, &5 OB-11) % L TkE - ATE (H-3,
No-6 iz7y) TE<, DW-1 #i8 & & CHECHR 2 & AR TH 5.

(2) BERHBE 2 LTROSA T 5 K F (HAvASHI, 1973), £ (58, 1972) pslcit
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Table 5 Age data of volcanic rocks and alteration minerals.

Area Youngest host rock* of Ad jacent volcanos Age of alter-
alteration (time scale) Name Age (Ma) ation (Ma)
Otake and Young Kuju Volcanic Rocks | Sensui?{ 0.16 (FT-a) | 0.08 (ESR)
Hatchobaru (0.03-0.2 Ma) Ryoshi?| 0.11 (FT-a)
Takenoyu 0ld Kuju Volcanic Rocks Waita 0.23 (FT-a)
(0.2-0.4 Ma)
Machida Kusu Formation Hane 0.70 (K-Ar) | 0.50 (7L)
(0.8-1.5 Ma) Aoya 0.50 (FT-a)
Naya 0ld Kuju Volcanic Rocks Noine 0.40 (FT-a) | 0.36 (TL)
Karuto | 0.38 (FT-b)
Mizuwaketoge | 01d Kuju Volcanic Rocks Noine 0.40 (FT-a) | 0.38
and Yunohira -0.48 (TL)
Yuda Hohi Volcanic Rocks ?

(0.8-1.9 Ma)

* Partly altered marginal facies were excluded.

Data source

Fission-track (FT-a): HAYASHI and YAMASAK!I (1984) FT-b: Unpublished data
K-Ar: KAMATA and MURAOKA (1982) ESR: IKkEvAa (1984) Thermoluminescence
(TL) : TAKASHIMA (1983)
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Geochemical investigation of the Hohi geothermal area--Interpretation
for analytical results of geothermal fluids out of test boreholes—

By

Tetsuro Nopa*, Kikuo ABE** and Hiroshi SHIGENO*

Abstract : Geochemical analyses were done for geothermal fluids obtained from
drill holes at the Hohi geothermal area to know the environment of reservoir
and behaviour of geothermal fluids. Fluid samples are, 1) self discharged water
and steam, 2) water obtained by down-hole sampling, 3) gases in drill holes,
and 4) pumped up water by continuous lifting. In addition, mud logging data
were used for the geochemical examination such as geothermometry and Cl-depth
profile.

Depths of the drill holes widely range from 80 meter heat flow measurement
holes, 500 meter boreholes (DB series), intermediate depth boreholes (DW
series), to a deep well (DY-1 well: 2,618 m depth). Among these drill holes,
the DB-9, the DW-2, and the DY-1 discharge geothermal fluids, that is, the
DB-9 intermittently gushes hot water, the DW-2 puffs only steam, and the
DY-1 spouts hot water and steam.

Combining the results of these analytical data and the geochemical surveys
thus far made, the development of three independent lateral flow zones of geo-
thermal water was assumed. Geothermal water moves along these zones toward
north and these flow zones are, from west to east, the Takenoyu-Hosenji zone,
the Otake-Zizobaru zone, and the Iwoyama-Ukenokuchi zone. Former two zones
have a resemblance in terms of chemical composition, however, they may be
derived from different deep geothermal sources.

Concerning deep geothermal environment, such efforts were paid as con-
tinuous lifting of borehole waters to get any useful informations. The result
shows a possibility on the existence of mixing deep seated water at the northern
area of the Iwoyama-Ukenokuchi flow zone, but it is not sufficient to assess a
deep geothermal system in the Hohi geothermal area by these limited data.
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Fig. 1 Location map of test boreholes where geochemical works and interpretations were done.
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Table 1 List of chemical works at test boreholes.
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HNEITh T3,
LIF, $ReE GEfEEE, 1982a) IilMlsh T BB RllEHE R 2 BB LTV o
Ervh (FE2XEME, KE - WG, 1982a, 1982b; Bpm, 1982c).

3. 1.1 BXREFEHA
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9, 1,390m BIFEI 7 AR 7~ 500ppm THHIThhhbbd, FLAERBER TR, &
ZATHRIBO SHHEICORT & 5 i kik pH 10 JiiEo 7 47 UV ETH Y, Bty 2o CO, H,S %
WL B TH B, 2o &k, COBMTHbbabEN TS, 7ok VOISR S TH
TRV ELIBIRE R V¢ 5. HeS & 500-1,390m Ttz d (7424~ 8ppm),
1,390 m LRETIRHIER T T b, HeS % COy EFLEL, b LEELTHIACRINIhETh
5D

CH, % 500-1,390 m T, 7/ X4 —/ 500 ppm 2oL T HHEN T, 1,390 m B
Tk, WEE LF 7425 =0 50ppm & L CRlEZThh T b, CHy 1%, #2EM#S5 L5l
TR, AAOMERPHAE THAENEOFEELTRRTHEHE LN B, BEX LY TlEETo 22
W 1,390 m BT, CH, &t 10ppm B R #3086k L TW5 DX, 1,420-1, 440, 1,780-1, 790,
2,100-2,150 m @ 3 TH 5. CHy OFBEEILEFE T- 7 1,390-2,550 m &-o\C, 500//min 1y
D RERAET 2R S B EANS &, 1,400-1, 480, 1,640-1, 740, 2,000-2, 100 m @ 3 &
Fiaidy, Zhuld CHy EE LS L T3, KERKERT & & CH, Eito—3u3, CH, &gy
BHEOBRICHES T3 L DHRE S 2528, & CHy OEENAKEEREE LV LR THCHHDOT
SIREH RO i8I L 5 CHy OFHELEZ RS

3. 1. 2 RBAoLiERE

VEKDHIRIENE, 1,156 m 2 Sl RnBBETh T3 (E2H). ZoTllleshrou, AER
I L HHRIAEI OZE TH v, ZWIER () = ARLEFH—FHRER TRb s 5, BRI,
R 2 O, R E K OB S TFE LA E b h e X¥hTw5B. LaLiis
5, 4 s OBRETENT Bz, DY-1 HOUERD & 5 A LD H\ R O3 i E 2 30
THOW, BHTHEETH D, WO, 4 HOMHEIKREL T, ThICHET 5 EROAE
AR R ind - 7.

3. 1.3 DY-1 $kvv FAEVZCH TR ESFMBEOTM

DY-1 #THEfishic~y Fo Xy 2%, BUIRTIE, MTolENFiHITEETaH % (M, 19820).
(1) RARDOTEHEAST L7 VEETHBIRY, CO, HoS o ¥ Otk 2 ORI IIFIE 2 S 5.

(@) VAKIRAL-HRE A 2, CHy ORFE L 8- T Bk DS 5.

() Yk HENEE E+ 5 BRI D C, WEHEOEB LT WM L 203 TH2 S
DI, BURTIEE L.

3. 2 TEBRVEAKTHT

3.2 1 EBEEKOEEEAEIEL

PSS 317 BCFNTEC L 5RBOFHY & LT, BERIGORKOMKEE Bitd 5720, B3
Fis64E11 i DY-1 3, FOFEREICHEIFRTH -7 DW-5 s\ T, ThZhoHF TORKA
WK, FEHBLREAK GRUERD, RV UKOREET-7 (BFHE, 1983b). Zh b OB OSHRERIE, &
2 RGBT 5. BAKDEHFRT I H 1z o T, WAE ZBECHEL Ty, #AIAR
eI SR MR T A E T B 70w, TN - WA AT E . M, f A& v ER R T
i3, B, BYKERALTRETH Y, BHBEGEDIAV720, JEkdho Na, K, Ca, Cl 0EEFR
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Table 2 Chemical compositions of mud waters.

bt

e

o—1d

gD

TNa-Kk-ca
€
97
75
107
140
76
66
87
153

99

92
126
135
109
163
125
132

109
130
137
170
127
133
134

XHHFS pH Na K Ca Cl
ppm ppm ppm ppm
DY - 15Kk 7.26 1,12 1,29 3,01 2,20
DY—lilE{Jx) 12,17 8,770 121 3,690 62,0
in
DW — 5 5k 6,90 6,95 0.745 148 208
DW - 5?}?;(7j<) 8.79 15,500 23.0 424 1,540
in
DW - 5 Kk 9.81 10,400 37.5 707 1,100
i (out
HIR BEEIHRKSTHREB IV TNa-x-ca
Table 3 Analytical results and Tya-x-ca 0of circulating mud waters from different depths.
E OB pH Na+* K* Ca2+* Cl=
m ppm ppm ppm ppm
310 10.59 2310 31.4 602 31.7
600 8.93 3240 46.1 3330 45.6
900 11.17 4070 47.6 456 68.3
1210 12.06 1710 59.8 512 74.0
1500 9.98 1810 23.7 872 38.6
1800 8.40 2120 7.98 188 18.9
2100 12.12 2660 18.6 269 32.7
2400 7.49 1810 65.8 127 35.4
300 11.65 1100 11.3 57.9 26.9
600 8.67 1630 13.6 128 36.6
900 12.13 1330 24.7 48.2 114
1200 9.15 1440 26.8 16.5 86.3
1500 9.49 2790 27.2 57.9 56.9
1800 12,12 1580 62.6 49.8 137
2100 9.15 3800 39.9 14.1 175
2400 11.80 628 16.1 32.8 553
300 12.37 2880 202 46.2 166
600 8.71 4140 57.9 47.8 197
900 8.71 5040 66.1 17.4 327
1200 8.75 5280 127 12.9 332
1500 8.92 2730 38.8 34.5 179
1800 10.61 3020 50.3 48.2 252
2100 9.39 3460 48.1 17.5 204
2300 9.84 3820 65.4 5.41 243
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Depth m

20001

500¢

1000

1500

2500

Syt E LTERA L 722, ROBE&C T pH BB L Thhdiab o al, FOBERY L
B3 Biw, HYRFBIRETS £ COMLEE+0EE L TiThbhdlabine.,

B2ENMD, FEAKTISN, BKSES CEREEETHDZ 205, AP TH B2, JBKILEE
FALAVETHY, Hod Na 2 Ca oFBElsidis, Cl $EBEThHS. DW-5 BAKTH,
in 225 out DEET Na, Cl T4 2/3 s T 52, K 3 3/2 5 h-TW5b., 7=
PH $iE{iroTWwad. BlEDZ 21, AR R EH LA bERT DO KEELR AT
HBEZEERTHDOTH %5, EDOEETFETHB.

3.2 2 EBXko Cl BEL TNa-K-Ca

PRk A, L0k 5 HiBEESRE N EERMETH 5. F3#ik DY-1 X DY-2, DY-3
HOEB PR DT EBL2 R ThH D (BFH, 1983b). HE2RKHLbhMD L3, RYIBKDAL
GO % AFVEPKTFLRRCHME N2 b D TH Y, RAEEDB AFEIR » AR OMEEARE LA
FHLTWS, LaLZZTilk RYBAKIHTOMBERE LD LT0Ww5 L BB T 53050
by MEAMA Z B L TAH% (FFH, 1983 Db).

HEARBC O L ToORMEE E LT, HE AV iEE C17), Na-K-Ca @ TiEEFHEME TNa-
k-ca (FOURNIER and TRUESDELL, 1973) #Ey ¥ 5 (BE3X&M). DY-1 HiekwTix, CIm & T
Na-K-n [XRE LTI — Y HIIRHIC LSBT0, 1,210 m THRA LB, TR HE - Tk,
Cl” 1% 1,800 m D/ fE T mL, Tya-x-ce HE L 1,800m DR TAE S LR 5.
Tra-x-ca 1, BEFOHRNC VT 10T EHH SN 5 & 3 CHENE L L TOBERITEG 25, FEHH
CHBT 22 L XEEL2EZ 2005, D EOHEND, DY-1 FOMBEHBIZ OWTRD & 5 757

Clppm  TNo-K-Ce °C Clppm TNa-K-Ca °C Cloem ThNa-K-Ce °C
o] 100_50 100 150 0. 100 200 % 00 155100 200 %0 4ooflr')o 150 200
{
|
|
oy
\ L\
\ \
\ |
3 |
II
\ \
\
% |
/ ‘
/ |
\
N \
DY-1,r=049 BY-2; i = 0.65 BY-8; r=0:%s

H3M DY HEEREAOKEER Cl B L F TNa-K-Ca
Fig. 3 Cl concentration and TNa-K-0s of circulating mud waters at different depths of DY-wells.
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ARt [ Rl T

1) 600m fI5Ti%, MBI X < Ko h 5% oR AL OMBANET B C, EROMEEEENS D
COy #fEoKERR L VFETBE N TV 5.

@) 1.200m FHEICE, BKBOWBIFEERSLH Y, FADARA LETELL T3,

BLE, VEKME O ZAL 2 VER O H A IEREHC A L, DRI Th 5 LR5E Lz L TOHGR
Th D5, MOMBRER L OHEORIT, —JEOSZER LA 5. a¥, 2,500 m 35175 Trww-k-ca
DM R L7, HEROERERGFEOHFHE LML DTH S,

DY-2, 3 #73 DY-1 $he ks Birroi, DY-2, 3 HER TR ECEE Lol T
HD. WEEED DY-1 HO & 5 @& CRICTT LV IE—Ein b & 5 B el <, ZENm
BRI L VIEN LR T L3 RBE S — Y ko TWB. 0L 51 DY-2, 3 #Tik, BHER
WBHREE A FEL 2722 e h b, FHEKHBEOKREVWER TS 5 BRIKDREAIL S o 72
EEZBND. 7272, DY-2 HFC3HE SR 501%, 900-1,200m, 1,800-2,100m T, ClI” K1 Tra-
K-Ca HENWZ & TH D, AHTIT 650-1, 210 m Wi &7 235 KB DMK RS 4, 955 1,880m
I EREJOL B, SeRBRAEE K LE, BRAEHOBER A H 5. DY-3 HTiL, 900-1,200m, HiFE
o 2,300m T ClI7, Tra-k-ca 23EWVZ ERERHE S, DY-3 HEBoRKEL 942, 1,082,
2,124, 2,164m OHZTH Y, ClI7, Tha-k-ca DFVIEE & L {533, %74, DY-3 HTik 1,050
m B EEJOEE E R EE KL HEOBR E LTw%, 20X 3 ICIBAMARE Y, EERIIHE
W OGEMEEYE, 1983a) L—H L TRV, EE, hbsaMb OB ELHHEKEEIS 2 T» 50
H Lz,

BRCHAL T EV &3, CI7 & Trex-ca OZ(KIL, 1BEEE, DY-1, 049, DY-2,
0.65, DY-3, 0.75 TRxh B L5k, HEENIWIETHS. ZHEFHECHEFET ML, CI B
BRDEZAL, CI7 #E5HERARA LAY, B L 3BRBEOMRATOLN T2 DEE L
5. DY-2, -3 MHFEH Tk, CIY, Tha-x-ca &b LFEMICSH Y, FERTORTEEHLEELZTSDO
i Lhdabe.

4. WARMEHFALZFIH L oL FAE—80-1, 500 m o LT

e 80m A D 1,500 m & F TOMESIEIED 5 &, DA-17, DA-32, DA-14-1, DA-58-
1, DB-9, DW-2 iI, #uK, 2T, @KL EoMLA08HH ez, 0 5% DB-9 2 DW-2
HXE =5 Uy 7He LTREREA TR, ThZTeToRbBNEE i Eh Thidots. 0
2HRCT RSB T ZAREEH DY-1 1E< GE1KZH), E—Hi5 ks ETHAEROE Y
WX EnZ e TFHEINZZ e, WHIC OV TEHYEFR Lo &3, S8 ORI DO hERE
FOHREERE LTHETH S,

4. 1 DB-9 HiciiF BmHm#E

500 m #iHE DB-9 #Hix, BEfLi, Mi— BukZWEH L Tw5. Lid, TOBEHAMAMTH
B RUCHBRE. FUEHBICIR L AKEORTNE - Tk 0, WKDREICILHMEMAO BB R 5
, WS Ebh 2BBOMELEL TS, A1 7OBMIEFEOEE. D, HWHKIXB®ETHD S
ERFHEhLS, BT B, pH 3 ThH - 7. DB-9 ik, EEEOREe, ik
OENORIEE NS, F2AENMRBFSFICHES LW e #5sh b, F2 e LTEREOMIAES
BELTO kI REREOENIAATH B,

FEFIS6 ELLAIIA L 7R Bl L, MR EET S LA, §i%ksEOYY 7)) v 7 &fTok
(#FmE, 1982d). £HBOSHHERE L PHERY HoS, CO; E, (CETFHEELE4FRCTT. &3
L, HIXRBHEKOSBEHMECIRR LD OT, KEWHESREBROBHMTHD. SHER No. 6
FRBSME L S B ETH B,
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%4k DB-9 HEAKOLFAER

Table 4 Chemical compositions of waters discharged from DB-9 borehole.

EE W S = pH Na K Mg Ca Li Ct
ppm ppm ppm ppm ppm ppm
DB—9 Mo 2 7.20 170 ilk: 2 6.10 49.8 | 0.039| 0.399

DB-9 N 3 7.40 172 49.3 6.07 49.3 0.039 | 0.234
DB—-9 Ne 4 8.00 169 48.3 5.96 48.5 0.038 ] 0.269
DB—~9 No 5 785 117 48.6 5.-/6/9 45.4 0.032 | 0.302

DB—~9 No 6 7.90 166 42.9 4.84 36.5 0.020 | 0.267

SeERL (5 EE) | 7.57 170 48.1 5.73 45.9 0'034J0'294

EE TR HCO; | SO. | SiO: B F I #
ppm ppm ppm ppmn ppm
B8 173
DB—9 N 2 496 163 | 165 |0.010 | 0.742 | 4 B
free HiS 9.1
DB—9 M 3 | 502 | 167 | 167 |[0.009 | 0.754 | free CO» 416w
SRR I DWW T
DB—9 Mo 4 504 187 | 188 |G.018 | 9,768 @{t}gg{%wﬁgﬁ
7 K]
DB—9 M 5 464 167 157 |0.007 | 0.810 FNZ'KCL‘?aSaC
TAM K2
DB—9 No 6 333 241 97.3/0.011 | 0.933 R ls0C
T *3
PR (556) | 450 | 181 | 150 |o0.011 | 0.800 | 102 ADIA

K MBR56EI1A1IH. HaS, COq HlsE s khit 564127521 H
*1 Na-K-Ca R L5F#RE (FourNier and TRUESDELL, 1973)
*¥2 *1 oWt o Mg i X 5HERE (FOURNIER and POTTER, 1979)
*3 WA AR X 5 LRMANEE (TRUESDELL, 1977)

DB-9 gk, FRESELE, PEOHILAFEELEE TS Na-Ca-HCO,+S0, MoK THS. Cl
DEFEEND, TOKCEREEMOSKIEALTEL T, R L OISRk e Eifish 5.
BT BH 22T CO/HyS (£ M) 113.53CH Y, Zh&FEHTdh 354 T CO/HS(60°C)
TILT &7 b, O, MEGROF A L LT S RE3 W2 L ERTAH, FRIC, DB-9 HFnr 20
BL+5MRAEE LTIEFCE LY HS EEETH L LVWIRERATHZ 2R L T35, HS
B, FOBKEVAELAEZLBNRS SO 2 E&F T bbb T, BEAFETHDZ L
M, ZOKOWMT COMBHMLENE-LELB RS, B, BN L -HRENER & ORISR X
o THIE I % D57 220 ORBIIFE ShTW i il b v,

(b2 A s, Na-K-Ca 3G 235°C, Zhic Mg JEEc X 2MIE+ Nz % & 150°C L El S h 5.
Si0, VEIY, WrEESEL EE L FTOSBEE A D, 154°C 2B SRS, fE- T DB-9 HH ko
FHREE & LT, 150°C iS4 Ch v, =it DB-9 Ik v i 4 2 K OFauyin i PR R
L £k

DB-9 jtixiiEfyie DY-1, DY-2 # e oBffidE h 528, £ OMRBROMAL, = oHlgd
HF DB R O—Bh & 7 AR A 5. DB-9 HEHKDKE A BIX, # R LBE AT
BT OMBRAEOFENRFHEN S, Fio, DB-9 HuH kORI IIEHHIX AR E 072 ST
B GERGEEE, 1980) ELT 530 ThHhBZ &adh, DB-9 HERITHEEOMBHTE LN T
W% NaCl BBOKDOHFEDF L Hh 5.

— 253=



H5% DW-2 HEIUEAM—ER
Table 5 Analytical results of steams discharged from DW-2 borehole.

L 7 RERBUE (SEEE ) 1T 3 BEREREs

H.0 RS 71 =

99.75% | 0.259

TEREH 2 DI (%)

N, 0: Ar CO: H, He CH, Cz2Hs
LIF
14,30 4.18 | 0.13 {77.94] 0.54 | 0.002|0.0817] 0.0033

2, Toh VIRILEEIC L AERERE K}

H:0 CO. H. 8

99.672% | 0.315% | 0.012%

3. BRKTPOm RN S

B NH.

0.23 ppm 32.9 ppm

4. 2 DW-2 FHiokiF 5 EHwH

1,500 m #FatiE DW-2 i3, HAES puiHd, M- r i+ 554 Thy, HmEsc DY-1
ke, AR, ToREAALEbAkEEFs LAmbh . BRB6EI2A24H, WS
DIEREE 7 2 ORI OBE K ORI 2 1T 5 72 (B, 1983¢). Zh b Ol —ERL LT, B5
KT, HAGHOMSE, DW-2 HEHETORFE-LHEC D TRD & 5 2 W HETH %.
DW-2 HEIHER A, KERDO LD BEAIL9.7% Wik Th s, —IT, DX 3 KERDEDS
HEREFCREVE &, TOETIETHBIOMBAZ NS b 725 Ehizd DT, FEHOHKE
HWEENOTREL DD eHE 2005, BHEKkROEBENRSD 3 b, Bodhwvnoed, 20k
EEMNTTNB, Fh Y IR s Bty 2 D COx/HeS (M) #3126 &R0 kEWZ LT,
R OB AERETIIR L, FHCECDOTHBZ L2 T &5 (KocA and Noba, 1975).
VR D K BV O TS EE i 2 fin 2 % 72201, D’AMORE and PANICHI (1980) 1 ) % iy 2 5
EHAMA LA T A251°C A, F7- FISHER-TROPSCH DiEfFsl (NEHRING and D’AMORE, 1984)
MBI 320°C HES N,

Pl ewse, DW-2 FEROERBECOVWTRD LSz enEFzbhs, Hb, DW-2 Ho
ZHERUL, TRIERCIEET 51318 250°C M EORBEOBKEM HIkE L= 2#Ellsh 5. Lol
ZORERES T L EO T A ESL b DOTHY, TOL, FTEEMCRT S

5. WM 81 a2 bERE—ERFHEHAE DY-1 5t (3,000 m k)

HAAOSS M PRE] X 3 7295 3,000 m o EH:, DY-1 Hwk\T1982E6 A 1 H & » H5%{HER
HiThh: GERGEZES, 1983a). FEDT, ZOBKRERFIB S THS 2\ 19824 6 H16H-20
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Ho6 HE, HMZi\ T DY-1 H Lk vl 2 G EORREITS & & bic —~HBL%5ie
T, FOBEREOE - ARHELESEEML 7 GFH - (74 - BFH, 1983a, 1983 b; iEpgE¥
%, 1983a).

5.1 TR

DY-1 J} 4k 919824 6 AL6H F 0 6 HI8HICHREL L =50k, FoR BN KUEEREZR © =B 1F (LE
AL AU MEEF AR, FU < AKDKE - BEAMGER, 7 2ARBSIERE ThE£h, $F6-10
RITRT. ZhbORIL, 6H2HKUI2A 9 HiC DY-1 HhbFlshadBic oW Toair s
— 5 OiEh, EHHERCANE - ATEBBROSH L Y RS W BKOEEFHOEEF —s ¥z
po

KDKFE » BOEFML AL, HEFEEK SMOW) &R, THRFEEE (b, S30) &L
THETERRLA.

Mo« OLZ TR, DY-1 o T oMM ECHT 2R FEOREL 525 %2
b BBk L EEE ST B (TRUESDELL, 1975; FOURNIER and POTTER, 1979; ¥fH, 1980; Four-
LLAC and MICHARD, 1981; D'AMORE and PANICHI, 1980; NEHRING and D’AMORE, 1984) # 3
AL, ZOFELeHREESEIFRCR L.

By 2 W8 %%

DY-1 HicHusaife & (fa L TV B HEFEEE 1, 900-2, 600 m AF7E T SEKACE LT, FaRL7
DY-1 #1545 EM EO LR 7 — 7 RUEDMOET OMEN R — 5 2HAVT, RD6
BEOWTEER L.

1) BKFRO517

DY-1 #REZOMT 1, 900-2, 600 m [ZiFEY 280CGEIE, DY-1 H4 0+ 525, #okERE
20,12 LR E RO T ABARNEE T LA UHED Na-ClETH B Z &b, BukEETH S
EEz2bh 3.

DY-1 HOpas AL, SO0 OFEREA 250m k0 by &8 2 bihv s GERgEEY, 1983a).
—7, 1T 1,900-2, 600 m WiFEET HEKZOEHBREIHRRTS L5 I8 CEETHB LHE 2
Bhs. ZORETOEILELETSTY 70 C—0BEABIL, ZOBKRITIREK & FHich 55
TREFEL TV RWETFRER A,

(2 BAKFORE

DY-1 #A5EH ¢ 5 BRKRUHETFON 2B ERET 2 E A L oL, FlIoRCRsh5
I3, FEY Y 2EES (Tsio: (Adial)), 747 Y HiEEE (TNe-k-ca BT TNa-K-0a-mg) T—I
LTIS5CEEOREL RLTWA. O, DY-1 Hickid s HfinkEc k 5 BEEERED
1,900 m LEDOBRSRE TH 5 187°C GHEREEIE, 1982h) iziE—H L Tk Y, HMRKROIFEER
ERRLTWS EEZ LN 5. BHAKIC DWW T EH S @b e LT, Tre-x (2185C & 9
20°C BAEEVEE Y, F722Trarni RO Tu 3395-10C BVEE R R LTV, F2EDWTGEA L
7o THas-He-0He-cOs (X 185C AR —H L T 5B/ E& e, 0CEESCIELTRL T8 413H 5.
%7, Tooe-me-cms 13 133-165C &7c%. ZhHO{LEBRMENC & iR 185°C I—F Lk WER &
L, WA T & oW UK R O SRR 2 7 — L DT LM E2E 2 bR 525,
Tres-H2-0Hi-C0z AT 230°C B OEVREZ DWW TlE, & 0 IEROBKEDRE LT L TV AT
BEME D B

7e¥s, DY-1 A4S0 4 % B0k & TR O K DAR R UREERAEHEEC oW T, FAEFE
PR L THE LPEER (FRIEDMAN and O'NEIL, 1977) 1, +H#Fh#y135°C, 130°C #RL T
¥, WO TOREAEOEECHVEL 2> T 5

(3) BokROhEERE
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DY-1 #mbmgit+ 280k, FE6RCOREIWBLHICHE7 LA VT, ZEFEFEE A+ 2LT
Cl- REEIMC % < &9 1,000 mg/l D¥EE» 7 L, HCOy™ Mohickiz, SO2 pikdh sy, DY-1
HABEHTAETUE, FI0FORIAD L5 CO: pIEFRCE <, Ny 2iZhiC#EE, HS 1
0.55vol % rasis i, Zh b D5 RAESE, DY-1 HEIOMT 1, 900-2, 600 m [CFTET B #
KEN, LOERCHFET 7 vH50IEERERAD b 2b SN DEROBME (=7 <R,
KA A) OREARIL L o THESH TOAED TR, RICHEDORAE bW BZER O
SRR L o THBS W TV B I LR R L Th B L ER SR 5.

@) BAADKOKIE

DY-1 HEIOM T 1,900-2, 600 m T 3ET 5HARIL, 54 RICR LA L 9 BUK RO SEHE
DK - BERMUTHFET (E9F) MOHE L HFREROERKOKE - BEREFMERRL Z Ol
BOFARE T DM GEFF - FIES, RAREH) V2 2 b, KBS R (Ric & 0 &AD
CFEo e RAKEBEOH T REKOEEFE L L5 EE2 b 5.

SER Y (1983a) 1T & ABUKO ) F v 233O piTREANE, 19824 6 H13HICHRIX L 7230k
¢ 28T.U.,, 6 HI9H IR L3tk 6 T.U. # 7L T#Y, #30EHL O b LIEDFRKERFMT K
DFENFELTVAZERFTLTVS, Lal, ZhbHOMEIEA & 2L 198045 L 725 K-6
Ho b OB, KIEREFOBREEK, NTHEREEFTOREGHAOE L VT vLiRE, 0.2T.U>, 1.4
T.U.,, 0.7T.U. 7 & (G55 - FT#, RARER) KB L THhkIEBZ enb, SHoMzLHE
ELTWArELILBRAL, Kls, FORCIREAE DY-1 #o#knbiz, 0.4TU. &5 ELE
HbRTWD GEFFEYRSE, 1983a).

(6) BKFDIETFER G O

ENIELTH 0.04 OfERRT 2 &Mmb, DY-1 HEIOHMT 1,900-2, 600 m IIFFET % ERKRO
B & n s T B B B S — IR D KL B E—KFE D B L TS E e B2 b D
(P2 A8, 19805 FREF « FI¥E, 1981).

Bk T EEAET B 2 ENEFES 1 4 v T B Na*, Kt, Ca?t, Mg** Kt Lit, Si0, 7z &%, Bz Ui &
SRR 1 F— S AR R RE T 525 2 e h, FRHBORTEEHEYTH %
L, Na—gER, K—BH, )41 b, 8BE @hG 747 vinhd et PECGEL TV S
EFEEND, ZOREIC oW TS (REgEd) kv ERshTw b, HBO: OfgEE, Bt L
7 CI7 b EE, HESR—BIUREO KL EEE— KIS b OB O WEEME I & B2 bR 5.

B g DR TR EK FICETE L T 5 e B 2 bh 2 ETERP O &7 2y OEFL, FAEERT
KT L T 7 KR, AEBOHMEYE O S EERY) - IATEAERY), HEHO <7 <2 b OFEEY
T ERE R IR EREMEA D Y, SHROEMAcHE R LIELE LTW 5.

(6) BKH D2 — LTI O RENE

BeAm, B Xl R kT Turs DY-1 Mk, BAFIBSIEICAD BRI A E D, BT
B L HERNESOATmEID, 75y vy THEAY P EBXNBMBERUCHBEDRKED A
gL AR BRSO T Y, ZhAENR IS LAFRLE L E LS. —RCHEKE (REES
Ly LE) DR~ LR BEUKIE, rABEOR Y — L EEL BEKIC D LIRRDEE NS
< (WHITE, 1970), =z &ix DY-1 #ic, Wwh 345500 OFRHSKOBEAZ LI R 5h
Rb¥DH, ZOR Yy — s, EHEIAL FHTED LD Th-7enE 3, LEFEOIHENLET
R LTt

7 L A DFHOMES IS, BACHEERT LY 7 L ERICEEED 5 Ca2t BrCO2 D
BEOf, HEOMAE, HORETETS. BRCHTLREIL LY AFHERE T HBE LT, #
TEROGHMESR VA, WHCHEWTREE I L7 427 —LORSTH LT W EFTRER A 2 2105
Ak, pH EZL, BEEMEBE MRS T7 I v vy 7 KA Y MIETHE. LL, 77 v
VY IHA Y P CORBEEI TS E Y LAEVOT, —IEEH SR TS FRERETIRE 118°C Ti 4
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5T D ZORER BLONBEASHWREOTRES25DOT, EREDOT7Z v v v 7RKE
Ed o @, ZDL3REmGEETIE, REBAILYY ADBERENRFRNELRDDT, —~EXy—
AFTHARE Y L4 BKOSHRER (B7H) £ LT LTEHE T 5L, 118°C To Ca¥* [ERIEIL,
5.06x 10™*mole/l, CO~ JEGIFEIL, 2.28x10%mole/l TH v, A4 ¥Fix 1L.15%107° Thb. ZHh
L, SCiHkfE (HELGESON, 1969) & v sfwy- 118°Cedsid AREEH A o 7 L O ERERIE 1.07%
107°Th 5B, HKDAF v BIEBER L b TACEE, 27— A BT AHEMCH B E2T 5.
EEDT7 T v vy ZEET1ISC LV FECHERTHAND, EBRED o & A7y — A% LAV & Tl
h 3.

6. JEMCHBTIE R FURE L (L TE— sk 7 A Pk

KRAZEREROES N/ VIEEHHC R\ Th, HHROH X ZIFR L, WERO T 2 FEEFOM
BrMbo LT L ORI IT5 2 L0t CE %, HEEShBAF2TEE LTE, CO, H,S, CH, 7
COH 2O, MBS L EHROECTAKENH B, HTY, ERMECE AKROMER, Mo
WTDEREE AR EOENTFR LS.

w12z SRR & o ARk RIEE

Table 12 Gaseous mercury within boreholes and in the atmospheric air in the Hohi area.

WA mgap | oTAR ) IR
i 7K SR iR 7K SR
ng/¢ ng/t

DB -8 S$56+ 11+ 12 0.05

DA=-32—2 $56+ 11+ 13 0. 02
DA-8—1 S 56+ 12+ 22 0.12 0.029
A 2l Si56' 12 7122 0.032
i B $56+ 12- 22 0.041
ANEE R S56+ 12+ 22 0.046
iR R An S 561e 1z 02 0.025
DA—-32-1 S56> 12+ 23 0.045 0.030
DB-8 §56- 12+ 23 0.030 0.038
DW-—4 S56- 12+ 23 0.028 0.032
DA-31—-1 $ 56+ 12 23 0.01 0.030
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BN TONERRIIEI2H#OEY TH S (BFH, 1982b). ZoORTHEEII 01X, HEHDOE
DI Thicdh s DA-8-1 T, 0.1ng/l ##B2 5KRMBMRBER A & TH 5.

= DR U 7o KZEX S 4% DW-2 3HCIARIS64E11H13H £12H24A O 2 [, KEREE &
& L7 (8FM, 1982b). 11A13HL 0 7'Bjkss, METAGE L - #R, BBWRA IEH Lis i
el U CAKSRISEEASIERNCE <, fI2 B o [T 20. 9643—631—612—776—1, 540—1, 200—1, 640
ng/l, 12240, 210 2EEH ORI 14—611—2, 590 ng/! & EREC e ofz. T ORICKETRDE
T, BB SBEHRS DR Y, HHE, BERC LR L. KEOFBREL, KEILH#ET
LTSGR CEINBATH A Ly BEEXTHLDOTHB. ok, DW-2 HEAMEOREIKT
FRTIL 0.0350g/l Th o728 5L 7BIBEROE T AT 0.075ng/l A0 L 2.

DW-3 Hick\ Tk, CO: 24— %[V, CO; O EEHE 2 T-7 (BFH, 1983¢). HIFEX,

H3FI57/E12H 15 5 1605307 & 0 BAsA L 7. CO2 3%

atmospheric air %, 30%7%%, 30 mV=350ppm TZEL7 (F4

HANENTRN BEE). 22810545 WL A HT LR LI L,

o 0:15 Dec.16/82 151 4ptic 3 & {E 33.2 mV=400 ppm i L7

%, 106155 OHIER TRACIIE O 350 ppm & 7%

ot ZOEENL, KXFo CO, o BANEEIMN 1

ppm FETH DR ILANB EAE . COp JEEENR

EHTE o oD, WELD OTFEMBIC L DD
DTHAHA5.

CO; b7 2 ik & &% 128, DW-3 oK
b AR LA (9FE. 1983¢). ZHTRERIL,
KEURAZ MIE U 7K, KA OHA & HTHFIZR
T =TT CEEHOATHS. HEMLLHMEND T A D
Ty O fEr 0% L35 &, KAL DW-3 HHUEAN 2
D O W) HRADIRAEN 82.7% L HHsh,
NP EICEAKRTICOWTHBETSZ LIC LY,
HEASEB SN IS ROHEREHHEATES. 0O
Y, FILEISEIRL Th D, COz I ERI
% A, RALVIISBETH B, £OMmo
HARLDNTHEBE CHy 2 Hy OFRITKT LY
EBNEE S, TRTERO S 2 DR e b —E
5

7. IR FIR LA LERE
—HARKERC & 2 RAGHE

Ttk i g U\ HUIRC s TE, IR RS
Thr FRT X, »5EEOKEIRENT 2 HENRA &
W5, BT, 500m % DB-1, 2, 4,
5, 7, 8 3 GiipgEEE, 1979) &, 3,000 m f%k DY-1
It GEMEREE, 1982bh) s\ THRKRERT & 57K
16:00 Dec.[5.82 SRR AT e, DB HCo/EEITRERI525E1C

T, HokEEe LTk Kuster B OHAK Y
#4X DW-3 HickiF s COy ¥ AMEHIETE — ¥ = 4~ e G
Fig. 4 Continuous measurement of COy in VEPTRR, SREVIWeLY TILAERE

DW-3 borehole. +THEA L, B LA Bbhi6 A0HE

0 20 40 60 80 100mV
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H13EK DW-3 HIUESN ASWHRE, EAXREABEM KEMEE

Table 13 Analytical result of borehole gas of DW-3 and its true value after correction for the

mixing air.
Na 0, | Ar co, | cH, | H,
DW-3 50 = ’ 7753 5:3?57 16.47% | flﬂ%f | 469ppm | 93.8 ppm | 78.05 ppm
AERRBAMER | 98.06% 0% | 1.70% | 18ppm = 560 ppm {472 ppm
EE R 23 77] 78. 099/ | 20.95% | 09% | 350 ppm* | 2.2 ppm | 05 ppm

* ﬁﬁﬁkﬁewéﬂ)«@?ﬂﬂﬁﬁﬁ

HOBEKIL, WTR b kO ERORERBAEN <, i) OBEPE D FD b, Fic DB-4
O 1EHOFEBATEANEHTH Y, HEIVEKDOBENIEFICHE N £33 haibiriz.

WICAH DR DY R DRHEIC DT, SR OFITRER GEREE, 1979; F14R) v H
ZELTHRLHZ TS, DB-1, 2 HFRAKRLEL, BHEIITES . 20 LIXEHOFEL
Fo U P B E B 23 2 R R L T B,

EARDEGAEYUL DB-7 Th 275, FRCETFRIREILS < /v, DB-7 i EQ DR
REET DA, SHHEO R TIIEH IR - Tk, HEOMBEMIITEShS. DBH4, 5%
KiEbE L, HEKTENS L, MEEHOREL KL T\5%. DB-4, 5 ofisE0R x5 &,
Na*, K*, CI” 2t & d itz Re 301 L, SO2 DZkixd7n <, NaCl DK DEFEED
FREhD. Zhici L, DB-8 Tk SO»2 oZ bEAARE <, ZhILBRFCIEH 3 B SO2”
DB DOEB) A DB-8 (i TRB > TWBHZ 2R LTS, KiiDEw DB-4, 5 8 i3y
BoBOEEBLRKEL, MTOBKOWEINHE LI 2 HEFTE B4, KEDOEVHELENDOS b
DB-1 #[&< DB-2, -7 BAEMEINEL, PN~OHKDIBAY BdinnZ 2R LT3,

s4gly, #IEEEED 5 B D Tra-k-ca (FOURNIER and TRUESDELL, 1973), TNa-K-ca-Mg
(FOURNIER and POTTER, 1979), Toa-mg (BF1H, 1980) » W &EMJERAE GEEAEEY, 1979) &4t

CEE L7, SiOp W, KEMNEOMALHCRVDTIL Tkl ZhbOLERE & EEkE
WL TS, Mg BELA LD TEECANTRETTOH, 2OWEO—H L L3
Ebha., Lal, HLTEEOMEILAEL, ThboEEHAS E<HASh TV 5 L EEW#E
V. ZOREEEORRL, FREGUHFORKBRFERAIC L VB> REr R T 500 F 2 b
B, FERE, BAEREMALT, MIRKEERELY 2 DB-7 HofkkR (RIEHEI15K) 11, HABIvELR
73 (B133) WL, 12 LA CDORSHIERITHE .

DY-1 iz 351 BIPAK O EREUE, FEFIS74E 4 A 1,000, 1,500, 1,933 m O & FEEECThik.
R FR b E LAV T, BRRgEarEL, ATOoREYEH OIS, TooiTiIT
%m%mﬁénfvé.%7%K%ﬁtﬁMMm®%mﬁzkﬁféa,Swm01&mtm&aag

B CIREAME. Bz &b, BERBIANKDOE X, dRKRHAGCSRZRKEERS L, £h
z‘/s(JE7J\@ L EBP T TS5 b 0 rHMTER S,

8. FEMEH A FIM L Ao b FERE B K o e & L R

PGS PR, BEORBEFRICE 2 b ok, PHOBMATLA P U —F 2l L CTHE X
N5, ThbHoKE, BT TS, YHFEEHOMMERE S 2O TEERFHI LD DT
hdH. ZOL3KEHEBKEERZ LT S.

AEH A OKER LT, SIHNCTRAT 208 K& I 23T, YUTREZ O MEE L 2
HZEBEDO—> L LTHESF b 5. St T, 500m % DB-7, 10, 11 % ¢ 1,500 m # DW-
3, 6 D 5 ADFEHICI W THUBKRE LB E S o GHEFFERS, 1984). HEKRE LT E
LB HOMEBR, ESHRREhTHS.
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Table 14 Analytical results of waters

Sample DB-1 DB-2 DB-4

Wk E 1 2 3 1 2 3 1 2 3 4 5
i | O 21.0  27.0 23.0 9.0 10.5 19.5 13.5 18,5 24.5 23.0 2155
& & (O 15.0 17.0 16.5 11.0 15.5 16.0 28.5 34.0 28.5 30.0 31.0
pH 7.60 7.84 8.34 7.52 7.45 7.50 8.10 8.49 8.76 8.08 7.94
H,CO; 4.1 4.1 2.2 2.5 6.5 6.1 6,6 2.0 0.3 4.6 6:7
HCO; 67.5 120.1 202.3 24,9 76.7 81.0 247.7 262.7 75.5 234.6 246.6
CO3~ 0.2 0.6 3.4 0.1 0.2 0.2 2.4 6.1 33 2510 1.6
Cl- 5.2 3.9 4.7 52 7.5 5.7 176.8 590.0 611.0 620.0 697.0
SO~ 9.4 20.6 18.0 15.6 12.7 8.7 69.1 57.6 83.6 58.0 68.7
Na+ 26.8 65.4 73.1 30.7 34.2 28.1 240.6 537.9 532.5 560.4 537.9
K+ 4.0 6.9 73 2.6 27 245 13.0 35.0 35.4 35.4 36.1
Cat+ 14.5 46.4 45.5 21.9 8.1 10.3 60.2 46.3 53.1 47.3 88.4
Mg*+* 2.0 10.0 10.3 3.0 1.4 1.6 11.3 el 1.5 3.8 27.3
Si09 28.4 68.0 61.7 48.0 33.1 35.2 180.0 173.0 170.0 192.0 205.0
Fett, Fer++ 57.4 59.7 56.5 94.3 29.1 41.3 130.7 9.3 22.0 36.6 295.0
Alt++ 3.8 8.9 7.6 tr 5.9 4.8 12.2 1.4 3.4 4.9 29.9
H,S 0.3 0.7 1.0 tr 0.3 tr tr 2:1 tr tr tr
Total-S 3.4 7.5 6.9 5.2 4.5 2.9 23.0 21.2 27.9 19.3 22.9
As tr tr tr tr tr tr 0.016 0.058 0.082 0.027 0.081
F 0.5 2.0 tr tr 0.4 0.3 1.0 3.8 3.4 4.4 4.1
Br tr 0.5 0.6 tr tr tr 0.4 tr tr 0.8 0.7
I tr tr tr tr tr tr 0.05 0.07 0.07 0.08 0.07
HBO, 0.18 0.46 0.25 0.49 1.78 0.86 17.2  36.3 36.6 39.2 38.7
NH, 0.3 1.1 0.7 0.8 1.6 1.1 4.6 84.0 66.4 4.2 4.0
PO, tr 0.01 0.01 0.07 0.07 0.05 0.22 0.04 0.04 0.04 0.04
Li 0.01 0.02 0.01 0.01 tr tr 0.06 0.33 0.35 0.37 0.34
Mn 0.44 2,68 2.20 0.48 0.32 0.28 4.20 tr 0.44  0.28 5.20
Rb 0.01 0.05 0.03 tr 0.01 0.01 0.07 0.15 0.16 0.15 0.17
Zn 0.04 0.08 0.08 0.20 0.03 0.03 2.32  0.08 0.16 0.17 0.86
Hg tr tr tr tr tr tr tr tr tr tr tr
Pb tr tr tr tr tr tr 0.45 tr tr tr tr
TSM 440 1924 2736 464 228 272 2320 2320 1972 2104 1860
E B (m) 477 477 477 490 480 481 480 465 465 465 465
BERERE (O 31.0 23.8 185.3

TNa-k-ca (C) 62 64 67 44 64 55 98 171 170 170 167
Tra-K-ca-Mg (T) = a — — == == 82 171 167 139 55
Teoasmg (T 58 58 61 40 59 51 87 151 147 149 122

*

e OREHABEATERN I EERT

8. 1 WRADEEFEE=2Y VY

BB L s i B, SO OB & R B, HMEKER A EE X & 5Pk Y O
MRt Q70 B T, MR L THINAKZELET S LaFidia, ChitoB# R Edha v en
5E%E LT, RO EZE L TR KR O AF10/8E BARORKEE & Liost, MBI, Bed
EAAT L THIBAK E R EIIT X B R BB OMDEHBR DOWTE =5 ) ¥ 7 Liaa bk i
HEONEE L. =y Yy rOEER, RETOMECES S MWL T, pH, EXEEE, &
B, BHEMEEROEEE L. BB EFBELAEL, kile=s Y v 7HEOM, RLEECHL
TRELIMERRT O D o THIEK ST 5 2 &ic L (FFHE, 1984; SEREEREY, 1984).
—flz LT, DW-3 it o\ T, ZEEDOEAY DL SEEB L2 E6MCHF ThHs. DW-3
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from 500 m deep class boreholes.

DB-5 DRB-7 DB-8
1 2 3 4 5 il 2 3 1 2 3 4 5

21.0  27.5 24.0 28.0 24.5 20.0  21.0 20.5 17.5 2.5  26.0 27.0  24.0
28.5 255 28.5  26.0 27.0 15,0 16,0 16.0 83.0 70.0 76.0 84.5 85.0
8.05 8.20 7.63 7.49 7.38 10.31 9.61 10.65 7.14 7.14 6.99 6.8  6.90
5.8 4.4 16.2 224  34.9 tr w tr 6.3 13.8 28.8 253 23.2
276.2  293.9 291.6 292.0 353.9 16.2 51.1 16.6  36.7 80.2 119.1 75.7 77.8
233 3.5 0.9 0.7 0.6 25.0 15.8 56.2 (.04 0.1 0.1  0.04 0.1
101.0 131.0 128.0 176.0 171.0 36.8 27.2 32.0  43.0 45.2 48.4 63.7 74.9
52.7 39.6 33.1 70.5  30.3 49.1 31.6 48.1  17.7 43.2 72.6  92.7 105.3
202.7 187.0 201.7 221.1 231.4 66.5 34.7 84.7 15,1 38.4 64.2 80.3 86.1
20,0 28.1  26.4 321  25.9 5.9 57 5.7 6.9 15.8 27.2 33.4 352
8.2 12.1  14.3 9.4 17.9 18.8  35.7 9.4 | 12.3 9.8 11.6 13.8 13.8
1.6 2.9 4.0 2.7 5.5 2.5 5.7 0.9 0.6 0.6 1.0 1.6 1.5
24,0 44.5 52,9 43.3 72.4 37.3  46.8  69.1 18,9 26.8 37.4 46.2 44.5
19.8  76.7  81.4 32,0 108.0 5.1 65,9 27.1  18.3 17.3 16.3 19.5  10.7

tr 0.3 0.3 4.0 0.1 0.9 42 03 3.2 2.0 3.8 2.5 2.0
1.7 1.0 tr 0.7 tr tr tr tr 241 tr tr tr tr
19.2  14.1  11.0  24.2  10.1 16.4 10.5 16.0 7.9 4.4 242 30,9 35.1
tr  0.005 tr tr 0.004 tr tr  0.001 tr tr 0.001 0.002 0.001
0.4 tr 0.6 tr tr tr 0.4 tr 0.3 tr tr tr tr
0.6 0.6 0.3 0.8 3.0 0.2 tr 0.2 tr tr 0.1 0.3 0.9

0.02 0.01 0.01 0.05 0.06 0.02 tr 0.02 0,02 0.03 004 005 0.06
8.45 10.4 10.1  10.6  11.7 0.46  0.47 0.53 2,22 2.21 3.57 4.76  5.49
1.7 2.1 243 2.0 2.1 2.2 L6 2.8 3.0 1.6 1.8 2.5 2.6
0.03  0.04 0.04 0.07 0.07 0.08 0.14 0.09 tr 0.02  0.07 0.12  0.04
0.66 0.70 0.67 0.87 0.83 0.02 0.03 0.02 9,02 0.08 0.16 0.21 0.22
tr 0.24  0.44 0.4 1.04 0.12  0.48 0.32 tr tr tr tr tr
0.08 0.11 0.08 0.12 0.08 0.03 0.01  0.01 002 0.04 0.09 0.12 0.09
0.03 0.06 0.29 0.03 0.08 0.02  0.09 0.01 9,23 0.09 0.28 0.40 0.18
tr tr tr tr tr tr tr tr tr tr tr tr tr
tr tr tr tr tr tr tr tr tr tr tr tr tr
600 644 860 720 836 328 336 364 248 244 368 400 424

390 390 390 390 390 481 431 481 430 429 429 429 429

80.3 18.5 111.9
191 211 202 215 194 78 57 96 76 245 257 259 260
127 119 97 123 81 = = i — 209 210 195 201
156 157 148 173 142 74 53 92 75 121 146 153 156

CHEEZES, 1979X b5

BT, FEFIS8EIZAI6EAH2H FTO7 HM, =7 U 7 Mk Bk L s, TEOBEGTERM
DHfThr. BEFEEERIC 275.3m? [ L7 pH 25800 7.0 Ho it 8. 4 fitg
FE o Bhbh b, RETHBEEIIENMENSETY, TOHORbVCEEWVEE LY, B
FEHOT M THTH & 93 00BN IBENLBREY, Ekd e Bl E®rgEd s, B
3 EHHLBEORBMEIITRE 8.4 THSB. DL 5 L BANEEETMOEHIZ SWT HEHE S
N5H, HeBTEERCR - TEBENRE V. REFBIEHAICIT 100 20 /cm B Th - 2075,
BHISESEY, FOHDOKRVITIZ600 20 /cm T EE 7%, ZhdikEd 38 HELYBIIELNES =3
F—E kD, BIREEEL, EFT5HEELHEET 523D TH Y, R EFBHEICEERE, &K TH
CEBETHBZENTRENEN, AL E6RCT LRy ICERI L 23K ow»wTosy
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$E15%  DY-1 Fieisld HPER KRR & K 0 JER

Table 15 Analytical results of some borehole waters and discharged water from DY-1 well.

- g B + +| 24| 24 il B =

FEFFE IEHY |on |®s |& cs |Mg |c1 |so |Hcos|sio,
s | 1000 |Apr
3 m| 10°82| 7.35| 177 | 10.1| 126 0.20 | 3.6| 223 | 208 | 65
£ 1500 |APr
- m| 10782 7.33 [ 179 | 11.2| 13| 0926 | 94| 193 | 196 | s
A 1933 |Apr
£ m| 10782 7.05 | 226 | 11.5| 12.4| 0.32 | 22. 4| 212 | 156 | 75

Jun
woH ok 16’82 8.8 620 47. 6 44. 0 0.064 1030 61 74. 17 315

HHED ZOZ e v HEE LTS, F72, WES BNCESH T 5. BAKS O o il EE -
THY 100ppm (Fo+ ) Y4 T2, SMCET 29/ 702 BEEYT. SEEMBTNED B
M VEFT LT3, @f%?§u1707b®%ém§m$k§L%% to7zth, ZEFUCH L TREAN
DBV, 8- C, EFREONEMIISHBHETH 5. KBS R LG HERSEOKEADI LY, £
D H O TR E R & 72 5 BN EE 8K 7. BEDu%mﬂézﬁm%C&Lz,ﬁﬁmﬁm%ﬁ
CEilgEL 1.

BT LR T T/, BKEBOBR LA IEK) 280, 2F» FOCEHLILEDO KR
BEREL, ZONDUERMREOET L, fiot=7 1) v VIHEOEH & & KL, KEnREENL
Lieh Bk Hli L7z, e XichiFiz Cl, HCO; @ 2 B3k, IRFOEMCEFE O TA, WK
VARLDEBETHo b DA, 2EETHRACKINL, FORLITEndo8nL, HEALET
N—EThHD. HMEDE =5 1Y 7 2{LEREEEIOMKEABREMNCRET, RERMICEEREh
KETHE K L WTE L 7o,

8. 2 HEMAB D ELIM

EZAT, T2y )y FICABNAEIEL OMEMEESRO AL, oL L THETEMEZ
TTCHEE L Thiz\,

in@*@%%%mu BERCIIETRIO L 5 A, B2HEDOKAREL T 2 BEICfE S
k3. 22T, ARMBESEEORBM TR TSHY, BIRERKCKESRD L 5 nhBER OF E*
%th&%znu;m. FELEKEDOBENE TSR T 528, PFHTHCAEL T l-
0, KEZMNKE 5 LHERENE> TS 5. RET GBS R D L, L BIKOIRICHE > TIT
FHOHBFROKAIATHA L TL 5. R LTI, BEOKIGRE L KO e R T 2, RET
PERT B LEEBORMB TR ED ZEERE 20, RET &R O E N TFELL T h
W, BEKEERRKDORELS—EL, HOBED—ET5. L ZANSTEOEED X ST, K
DR LTS 5 L, T OMKAMIETFROHKMEL FTEETS. HAXTFTADK ST S
kowieBh, FZTCTHORETSAE V3470 EERL T, KEbAYWNCER+¢S L 5 1nb. i
IR FEOIRKBELIUL IR LT DU HEbh TER WL o T A%, R ETEZOKEETIC L YK
DI I BHIHOT LAY OBRBHII AR VBT THERMNRD. o THRARERVIIER- TV D
DD, BAOWR EFRATIE, =7 ) Y 7T EhOEY NBEEIhBDTH 5.

HWHE Lo TL, BTROLISIC2ETIIRL, botH L DRRNTFET HHENHS. DW-6 T
REEMD LI EDHK ST, BEXREEE MR LTHEADI LY 3RMRCREEL Y, *
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Na+K Cl
\ . Ca S04
Mg HCO,
1] ] 1 " D
20 10 © 10 20mey/!

0 |
F5 B HEAKE AR X CHRABREB L KEERT~FFEAT T A
Fig. 5 Location of sampling sites and hexa-diagrams derived from analytical results.

D, FRETLTEHLo T D, SRR TR, FRZERERER: O KL FHERHC -~ T Cl
BENEL, M HCOs @R o T B Z 2@ bh b, Dz enb DW-6 TIRET
Dk 5 I TR, BETHMCHOHKBNFAT 5 Bbhb. DW-6 o RTEDK
ik, TOLBEOKE LSBT BA, TrLs Cl BEALCPME L, HCOs BEZCPE VMK THS &
Eirbha.

— 267 —



30
70

20

10
5.0

o Water Temp. Q.

40
80

* Ci

wmho/cm

60

e pH 4,0

200

& R
238
£
o dgT 9
5
~N
£ g ,j E ; 4
gl_ 2 G ',H —/-/A\-—-c /~o—oi J/j\
X
288 o |
v = ,/
/‘7 ‘(/ /
/ / v
/ / ,/
/ / !
/ /
/ -—c/ / I/ e,
i \4"-‘[5” ey = %
d9s /T | ]/ q
Uz L ‘H'_{/_/“" /']"w,—m./ \~’:“)_\‘*/r:/:rd:/“}-ﬂ"‘~—k }}*-""’ N
|
|
J
I |
’ |
2 g 3 |
L
J _ \FH\_;'\'\/H\‘ Iy
(&) 150 200 250
w

DO @

Total Water Output

+ Turbid. Q

#6 DW-3 Hieui)rk biykolEERA0EL Gk iy

Fig, 6 Variation of characteristics of pumped-up water against total water output at DW-3 borehole.

FYHCH T VRO TS S N B D STERIL Z Lo THI6RICBY Th o GEREHEESE,
1984). fH % OYiH» HIFR E N MWBADOBHIE, ThERERD L5 TH 5.

¥ 7 DW-6 J2 51k, 72°C i VD NaCl HoksEbir. 2k Ekp, &b ClEE
2. Si0, Li, F, As, B opese<, HCO;, Mg OEE s ME 72 ¥, #AIf 7 NaCl ok
OB L T 5.

DW-3 HTEBShokiE, RimlE 38.9°C L7z, B, B4 4> Tk Na, fa44 > Tk
HCO; 73%\s. +0fth Cl % SO; & —fRIL TR~ EEBTHD. ZhbDZ &hb, DW-3
CALRFEKPBTEAL TN B T 2 M55,
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Fig. 7 Pictorial illustration of the cyclic variation of monitored items with pumping-up formation water.

DB-11 Sk, JRRENT 44.9°C OEFERSICE A AR ES A, HEE, TREOEASETH
5 G-1 2G4 (TR HFMW Whaz v ETwb, Hirodilk, G-1, G4 BB OEE (FhFh 41.7,
44.5°C) it L T DB-11 iR 500 m A H DR EFKTH BT S hhb b d, 12 A XRELFAR
Bhiswb e, B4 rvdo HCOy WENEV--2 L Th 5.

DB-10 #THEH A MEKT, HCOs & Si0, sipi o & i, Ao, —ARTFA
T DML & T2 5.

DB-7 3oL, DB-10 3 kv  WCHBREINE <, BERTKTHS G-9 (i) I
BL =k E b0, 500m FEDHHTH Y feth, BHOMTRKLFEETHS.

9. BEHbik#EIKRE T IV

ViHeFALAEREEL, e TOBRMFEREOHFERAET A LY, BT OME
s DR — B A 72 (KEF - P, 1983a, 1983b). LIF, 3,000m #% DY-1 H: x 0 Hlush 7=
BokRee, 1,500m # DW-3, 6 3, 500m %% DB-7, 10, 11 #CiERtsh-thELR e, Bl 5
FOROGHTHER CHERGAEES, 1984) 2LV P AR LT, WIEHIE O 2 e BT 378 & & DF
B DT < B,

9. 1 HHATHIRD HokF

ELEEEEET LT 1km 208 L 2R TV 7\ DY-1 3 2 B0 Fo#k gy, DY-1 Jkok
T 1,900-2, 600 m 75§ % Eok R OSSO K-6 3107 K7 Hh biH 4 5 Huk ez
LBRABRO X5 el s, T CR#ESEL TWBAFEENE B L bR 5.

1) pH A% T8 6HE, LT IBRELELL THY, FEs b ETEA 4 A C &1
LT, NCO; K1* 802~ AMnidMBEThBHTH S, Mg MBS & b IERIE (B7H).

=269



g|ek H B K % b U ok @ K
Table 16 Analytical table of formation

Q)]
No

Sample Date Tw pH Cl SOy HCO; Na K
G-1  =a2— @M@k 1983 12. 8 41.7 6.56 573 836 286 170 33,1
W "2 K & oH OB 12. 9 84.6  4.34 1.0 121 0.8 7.6 3.0
-3 # M I 12. 9 87.7 6.66 = 395 29.6 955 245 34.8
f -4 | B R B OB 12. 8 44.5 | 5.91 = 685 919 317 194 39.6
wO-5 | ARERER 12. 8 28,9  5.42 200 407 120 66.7 | 13.9
7"? -6 | ZEOEPEFEBE 12. 8  47.5 = 6.46 239 340 1170 294 68.0
B -7 WMESERBE 12. 9 93.4  7.38 642 152 74.9 442 47.8
gi -8 | = ot A m R 12. 9 16.4 | 3.50 2.8 469 01 40 18
-9 HEEY < vSIE 12. 9 13.3  6.98 1.5 1.9 76.7 55| 1.9
=10 Ju W R By # Ok 12. 8 | 13.4  7.65 2.8 1.5| 133 3.3 1.6
[ DB- 7 12. 7 | 13.2 | 7.65 3.0 1.5| 56.9| 54| 2.2
H DW- 3 12.22  38.9  8.14 32.2 26.5 252 | 81.8 16.1
B DB-10 1984, 1.14  18.8 = 7.66 1.6 7.2 93.8| 7.2 2.8
4 DB-11 1.27 | 44.9 | 6.83 | 262 706 | 1310 139 33.9
DW- 6 2.15  72.0  8.53 | 768 80.2  52.5 | 495 32.5

fe2EER: Ca+Mg & (FFH, 1980) k23 0Ths, Al: 7=4vA vF vz A (FH, 1982a)

2) HRIHBEHESTHS B & Cl O A AEH, BELD 0.4 BETHKLTWS (H8HE,
#HI9X). BRAOFEENS Li, F, As /X e Cl 2 0lbMFIIIERICITVEY & 5.
FBHIROYIHA D OBk, DY-1 HOBKC I L TR E Al b A E < (8115),
Fh BT B4 Y THhOEMEAThH 5 Cl7 BEAEV. 20 &Ik, HHHugo K-6 H#,
K-7 ot F o E O 7 DY-1 HOMT 1,900-2,600 m DFFEE X Y b #kROHLCAIE S

FHEEA A VA END AT, SHIJIE, ZRFEIORMCERE L LTV AT OBKA~
LRGCTO LR S & Bbh B GEREES, 1980).

Z OB, BEEd IR T, BEah K6, K-7, DY-1 7% - T, NaCl Mo#knEsH
Tuwd., Brdbheid, SESH Lzohd NaCl o DW-6, G-3 (JI[JE) #dh 5. i b DSHHE
# Na-ClEEME LI 7w » b § 5 EEIORD L 55, KTkiEHD K-6, 7, DY-1, DW-6, G-3 &
B2 B A 5 NEF I Y B L% s A SRR~ 2 RDOR RO NS, Lavd ZOlEFdfis
FERIEDIRF & b i2E—B L Twb. 20z ki, NaCl BOEKHc~HEH b /mst BB L T
SHRERFZ LI B, Z0 5 BIREL, VRO AMBNECE - T, #TERE 230°C B oEUK 4 T
M LR LTETWDELDEALAS. Zh kit 5 150-180°C D ki U ik ST K LHAYE - S
RHREE K LEHOWHSRC ARV DBE L EAV b » THHERTWA EALR S, Hii DW-6
HAowTEH S Ca+Mg iR (BFH, 1980) 12 156°C ThD. ZODL 5 hEOKOFEEOATS
Vr, NBEMCIZEE I S U S 2 i R0 20/, MBEROHUR OB+ 2/ ESIINT R Pl &
L, &, HHCORMNLHIEEROE Y 28T, tF~MEL WS eEbh 5. FREHE,
DB-9, )i, DA-8-1, DY-1, DW-7 7 ¥ %, ZOWEghc s h 5. MR REEI,
DY-1 ¢ 1,000-2, 600 m, DW-6 ¢ 800-1, 800 m, DW~7 T 900-1,800 m T Y (EpdiEi4, 1983
¢), DW-7 D FE I BB FE LB D B bR 50, BEETHIC S BKOFET A EM D 5.

9. 2 K - AT HEHISD HAK SR
HUB KD Thhvi: DW-3 H &, FEHFOKRELUIALFD DB-7 H & &k DBk R o\ T
22 L ThD. KB ERC BT 2 KOMB 2 LRH SO LM LER T 51, KiG, KH, BER
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GR ® AT A &2 #F %

waters and some natural waters.

(mg/l) (% SMOW) (pS/em) (C)

Ca | Mg |80, | Li | F | as | B |NH,| @D a0 S8 & | a1
420 100 | 174 | 0.14 0.5 0.006 163 0.2 —5.3 —7.3 3530 70 | 0.70
5.4 7.6 9.1 0.01 01 0005 0.035 7.9 —50.5 —7.2 270 31 0.99
155 21 251 | 0.99 0.6 020 48 01 -—53.7 —7.0 1950 168 0.50
46 123 178 | 0.13 0.6 0.005 151 0.2 ~—57.0 —7.2 3780 75  0.69
166 ~ 45.9 145  0.05 0.4 0.006 049 0.2 -—565 —7.9 1960 53 0.74

176 111 193 0.72 0.4 0.19 2.71 0.6 | —59.0 —8.2 | 3130 113 0.47
33.5 0.9 183 15 2:8 0.76 6.77 0.7 —51.0 —6.8 2870 174 0.55
3.5 0.8 24.8  0.01 0.1 0.006 0.05 0.1 =ol =810 210 43 0.96
T2 3.2 45.3 | 0.01 0.1 0.004 0.01 0.1 ~556.4 —8.2 90 31 0.27

5.7 0.8 32.4 | 0.01 0.1 0.001 0.02 0.1 [ —57.2. —7.8 60 32 0.17
11.7 3.0 50.2  0.01 0.1 0.001 0.02 0.5 | —542 —7.8 110 29 0.19
35.5 9.3 128 0.13 1.0 0.039 0.46 0.1 -—55.4 —8.4 560 92 0.32

7.8 2%l 61.1  0.01 0.1 0.001 0.02 0.1 —56.5 —8.7 110 43 0.44

517 195 168 0.23 0.5 0.01 0.14 1.0 —56.7 —8.3 3660 61 0.59

35.4 0.1 224 2.1 2.4 0.52 7.95 0.7 —59.7 —6.8 = 3120 156 0.52

GRFESRS, 1984 HT[HD

EDTREMED P& 4 v, FTsiffd 5 X a4 Th 5 Cl, S0, HCO3 igHT 5 & L\,
ZOWIKD I X F ORILITERIT 5 B EILIKICIL, HiE Sh BKME), Thicfrs 5 e s s
riv) b, BREBOKTHEE (B14>) 2FRLTVA. KEOREM#MK (0-9) 1% NaCl
BHehHY, ClREATWS., TOBKELDDETIC L » T EZT AR Sh 52 L ERBOAE,
FERC S 2= b3 d HeS Offlic k5 SOy 252, EeMens (G2, G8, “TFhbAE). G-7
() BAFEDEKO—FAMNEH A S B U HBCHPR 2O TH S, T RITME L Kirs)
BCCBE o THENT 5 4%, KEAMOEFIEKE  HE5 32501, FEKEOEBHROBIRTHD. BEH
FRATOAERE S N BINEE S GERIEEE, 1983b) Tik, ZTOHURTIE, Hicbh DAL TR
BENLILFEHE LA TEY, HTAD CORECH- TEHF~HT LTS EELbh b, KED
LOJADHEHENCH -5 S-22 GBI TIX, EEMEKII O BREh, SO, Bk, EiRi
B AR TS COy pWEF Z A THE L HCOy BURARS LK HESh S, BRI dHio b
DW-3 i3, HCOs #&Tekic L W FHIL R & h, HCOs 2B VKEH &S, Lhl, MHYARES
BTW5500, KEMNS DW-3 ~OlSFEMIERN SO L LTIRA D Z EATHRTHY, £
DG, MTARL LTO2RA Y IRERTERVZ LI 5. BUKKILAEOZ{ &3k Ca+Mg
¥ (BFM, 1980) Xk VEH LA R R TR L Tw5S, 0-9-G-7-5-22-DW-3 DI FHiEME D
225—174—104—92°C E{ET L TW 5,

9. 3 Bl - BEFEHIRO BOKR
ZO—HOPKRARLBET BT, ZOMNETRESBEHOBA AWBLOFECHER T 20800
5. s n DB-11 HoOH 5 HFHMR iy, hFo%E / iR e st (B15X o BBY) ot
RWTE N 2 E1I2RCR . B kiR 23 v, BRI O, KT TIREA S
BB THERLAEEED SO-CIBOEMMEAD B, £, WHERON 2 &R ESNLEET
57 E TR TREKE B L 72D, MOES2700 529 ® 5-44 TH 5.

KILH A D HCL 2355 L Z AEAKRIERCRTCREI L, SRMSEE L Ao n
B, FO L5k, WECHBR LD, G-1, G4, G-5b (BEK) REDHERRTH D, KlH R
D5 b, FIEHTES, LiadEEEoE - HCl, SO0, HeS |ZMEIETRO RV Hlic i L, BRES
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Fig. 8 Variation of characteristics of pumped-up water against total water output at DW-6 borehole.

ZDERSE CO: 2720, ZhotkKEFRIGT 5 & HCO; k7%, DB-11 7% G-1 £ G4 0k
K Vieath 500m B e L TIERTH Y, HCOs 2382 v-0iF, WTL T4 SO-Cl Boskicih
Db iowy COy DEEFAA D % Avh Fid 7o\,

WENOFR L HIIER L iz E ) O g (G-6) 23:%. G-6 oXREhimmE: DB-11 241
EHEHIRORSE IEL L ThY, —HDBDELEL BT LN TE S,

Ly LIB &R BEE LT, HCOy DH -z &, BRFHILDILELN SECHER T ADIir LAE
WMORRBELVERARZ L, SOREHORATEIFE Y B/Cl 2572080, K)ot
DILHENZ &R End 5. (LHEFERED 113°C Th Y HHO 61-75C L VL ACE . Zhi 3
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Fig. 9 B and CI concentrations and B/Cl ratio of thermal waters of wells,
in the Takenoyu and the Otake-Hatchobaru areas.

. S50 smow C/e),
Pttt t ¢ { } 1 } {

T SD smow (*/50)

Er=i100

HFIH DY-1 X Ok, L CoRMEREKDKE - BrRF AR
Fig. 10 D-180 relationship of thermal waters of DY-1 well and in the surrounding area.
B9 H—DDOREFRIZ, BB ILADFF LzkFR Lk < FIDERL D OBUK AL ) BRI TEE-
T BELTHB.

9. 4 HREREDHIRE KE - ST FHIRO B0k R & O -

T L A CEBESNC LT 7km B TV 2 BEB RO T O BUKRIL, KIE - ATHEM
BoOMTOBUKAK LT, HidHnbEH T 2 EREDHICED b 2RO & 5 LR E OEw-
M, BB L TV S TREILE W 2 2 bR B,

1) #f#E, pH 2021 8.6 Bk XCO; & SO&” 2izizFEE L CIm BThrord LT, #
#93 pH 24313 8.6 DI T SO2~ 23 3CO; k¥ %\ Clm BICh D, Mg BEt, Bkl T
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Fig. 11 Mixing model applied to thermal waters of wells in the Takenoyu

and the Otake-Hatchobaru areas.
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Fig. 12 Chemical composition of thermal waters along the Takenoyu-Hosenji line.
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BEABCEECH D (BE7H, Fm - HE, 1973).

2) ZTEHEAD pH 2, DY-1 CE5BFETHIDICH LT, KfFH - ATETIT—RC 5.3 LT
Thd. iz, HAHO CO, Ut HeS BT, BB KL THRETEH (B8%K, $10%, Hava-
SHI, 1973). & Hidd & K - ATEHBRCK T 5 20 X 5 st o LFENERE, Eom
KB NEARINCIEERL O INEHERIC L o TS TV A DI L T, %EOHKL TR T IERD
27 hhOBIE (7 <FE, KL R) REALZTOMBMEOFENRH DI LI Lo T D
LR E N B,

9. 5 FEBIRDOFFED T HEMIC DT
5 15 A0 RO Kl - N T IR MBI D i 3 B $RECE 1 B HUBAAR 2T R4 R D & 5 7 Lt

_zkm
A %—3 S-22 DW-3 DB-7 i
I ===
-8 Sy S . . S
~n
32 \\‘\ ~
44
46 Basement

—» water flow

——
Slka |
"‘L
0-9 ;
225 Ci D_E;] P
e 5 DB-7
29
CEV' QHCO3 \
-0 Jpeasl \
SO,
well
Cl 10
HCO;4 D —L )+ Steam How with ()
B
steam J DW-3 —”» water flow with ()
500 heated 92
water
L : -

IR KRE—HEE (F15EO AM-A) OFKIRE BT E R

Fig. 13 Cross section concerning thermal water migration between Otake and Jizobaru (A’-A in Fig. 15).
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B, Zh b OHIEDOBORRIC I AFNEKRDFEERZ 2L B L L TES,

1) fRo#uko B/Cl ki, 0.04 FREOHELI L -Ex R4 (EIX).

2) EHFRDHBOBEDFE R OHK & KIE « AT EHIRO1972F M EOFEFEN Th iz Y EA T
Wigh o e ERO Bk (FFE - HE, 1973) &, Cl@Ege =y s av—e Aui&T 7o
(FOURNIER, 1977) Wi\ C, [T FKE 5 1 RO TRBO IS+ % ($14X).

3) DY-1 T ORFE R DK & KT O I E T O # K 00313 FH — DK ERG HHA % R L
THY, WRBEE G Cl BTGl THT#E L 0 bHED B0- 7 FHikE - (13K, MIzu-
TANI, 1972).

INHDF — 2 i HEMEIIORFENHKRMNEET 5 & ThE, THREKERAT, P s
b ZOWHRRE & Cl B KE - ATHEMESO BEEROHKA & AREDO A Fh 280°C, 1,600
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FAVICDOATEN LRy BE AT CToMlgic 2T~ 5. Al X BRBHOES L&
F=) v 7R LDERECOCTOZREM L, Hsc DW-3 b L. EifchE Al 2R
TOW, BAAETHOH DM & KR O AN TH . oL, 5%, s h X oma
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Conceptual hydrothermal system model for the Hohi area
based on geochemistry of geothermal fluids

By
Hiroshi SHIGENO*, Kikuo ABE** and Tetsuro NODA*

Abstract : In the Hohi area, northeastern Kyushu, Japan, the Ministry of
International Trade and Industry has been conducting a demonstration survey
for large-scale electric power development on deep hydrothermal convection sys-
tems with regard to environmental conservation, including many kinds of geo-
logical, geophysical and geochemical exploration studies, and drilling of 500 to
3,000 m-class wells. We considered physical conditions and formation mechanisms
for hydrothermal systems in the area as follows, mainly from major anion
dominancy, geochemical thermometry, B—Cl systematics and hydrogen-oxygen iso-
tope geochemistry based on the geochemical data of hot spring waters and
thermal waters which were obtained in the survey.

Hot water systems of the temperature higher than 200°C are distributed
around the three areas: Otake-Hatchobaru, Takenoyu and Kurokawa; and high-
temperature hot water systems and/or vapor-dominated systems may exist
around the two areas: Makinoto and Oguni Kozan. Geothermal fluids clearly
migrate laterally from these hydrothermal centers to the lower adjacent areas.

These hydrothermal systems are developed basically in the Neogene to
Quaternary voleanic rocks and pyroclastics along either E-W or NW-SE fracture
system dominated in this area, and most of their waters are of local meteoric
water origin. Heating systems of the hydrothermal systems are probably a
high-temperature fluid injection type from a magma distributed under Kuju
Volcano for the Kurokawa and Makinoto areas, a thermal conduction type from
a hot igneous body distributed under Waita-Ichimoku San Volecano for the
Takenoyu and Oguni Kozan areas, and a composite type of the two types for
the Otake-Hatchobaru area which is situated between the two voleanoes.

L. & B & K

K« FEARIRER D LRI 35\ TREFIS34EIE 2 b EIC & 1 BIA & U AR th 2 R R AT R (R
SHERECIL, —HOMFEREE - WHEEO R T 2 OB NP E S FEN Thhe
GlpgaE2e, 1979, 1980, 1982, 1984a, 1984 b),

AHETIL, BRI Zh S OLENHEED 5 bk oL+ 2 BERFCE SO T, BIE
IO BN FROPAFIRE - R W TEER L InL, AN T FLEIEHT 52 L 2BEA 5.

* B o D

* ** Geological Survey of Japan
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0 BIESEOK R DEEZE T & F AR e - T, B (1980), BPH (1982a, 1982,
1983), i¥WHi3 (1983), ETF - Py (1983, 1984, i), HFMizAs (1985, AHEEF) FIC X
HEERHEL L.
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WERTWRWIBHEEOFROBKRNGEET 2T L TR T 20T AVZEenbh L
HEZ LY LTHL.
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FTHEOMHELRRENEYDOF A BOFECH I SN OF A BHL £ 3. 25 LEE
AEE, BWE=, DGR, SER, BEEREKE2BORETONH - [Ho % 0F « & OFEHS
KGO BRI RERBEL S X TWAZ e LAEeRLET

2. M H M O

KSR ASE B AT BRIE (R & SR TR B AT N RbIR & X h o B & FRh 28—
—HlEdi e UTHEBES MK 15 km, FEdLFFC#y 16 km Odbig (BB 1R 3, HUEH»L MEe
Moo TEMA MU LHE SR BRI R L AR & Il O ic B L Cw %, Z oo B
%, JXEF - MR (R oSG T TR~ .

OISO BRI, FERCH IR B - SRR CHBRA SRS EHERVT BolEciER
Bk D 3 BeR s .

HIE R HENER 2 R T 5 BB OB E—OUREEE OLELEE).

FIIE @ e BRI W36 T 5 S0 Hh— 3 =00 KIS — O LB AR O R
WEMER A CBVIRR BB AOINEE, SR OLEHE, WA - RoBHELYE, FEBEEYE).

BIE : BT LA LS L, FHERC L 9 FEATER S L TO 3AREERLORIE
MR AR O E RS —TER A

BEHF — 9 BITHMRFCYIHEE S — 7 2z T hg, ZoMRoB gL ENEOHRED
ME7K BT & 2L HE & U 7o, — AR HUBHYEAT & 7 - TV A8 1 BOIES iS¢ 2-3 km F2J LI
<, WENSH Lo TWAB I BOSHEHIRT 12km L L 0B AoTHWAEELIONDS (&
IE s (R 7 L — 7, 1982 A{RIFEA, 1982; {iEMH, 1984).

Z OHURIC I\ TECITEICRE S h 58 Sk km pl_E O IR i s, th2had
#io ENE-WSW, E-W, N-S ji¢f NW-SE 0 4 HFIDO L D0H 2. ZOFHTEIEHTHLIREDL S
BHET B0, A T BB ED RIS B O A FERE K EM I SO FMc—%T 5L E 20
n5E-WhHmDbDTHS. NW-SE FRIOKBER b idi &b, AHgic s TR L EHE R
HFHBBET D B HG—KF - ATE—AERBLEHSDONTREH S,

FRARGLRLEC & VRS R 2 AENUSHILEEOH « [HIC L - THAK S ShThw5 (2
&z, #AZR, 1983a, 1983b). LivL, RIS CIRAELEEELPERICAE LNenT e TF
FH—BHXl 2RVOIVH LD TAEXL O 2 08B BL T TRAEL L TCHV5.
. —HXlnk, B4 (19832, 1983b) AAEALBEORES »4 T H-2 Ve o) T BT, #
AR I -TM0 3y a7 v 1EE, FREUEFERC—EHLEHC L - THRSh B RLEH 5.
RlED7 1 vy =¥ 7o 7ERHE (b, 1983) il WHE - —Bkil»t 0.2-0.3 Ma &7
OFEEMRM L R T O LT, AFEAKLNL 0.2 Ma BELKROTFEHHEEZTT L 5 Thb.

L0 LB S TE, FREMEREHAERONE S H Y, LHBONERE L THER
300°C LI L DOERIME KRB A FAE L T 548, 60°C M LEOEROERL IO W-NW Fro 1 HH
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Fig. 1 Localities of hot springs and wells in the Hohi area, where thermal water samples were col-
lected during the demonstration survey for large-scale electric power development on deep
hydrothermal convection systems with regard to environmental conservation.

Symbols: A, hot spring (well depth, =<300m); B, well (depth, 300 m<=1,000m); C, well
(depth, 1,000 m<). Numbers attached to the symbols are the same as in Table 1. Nos. 109
and 110 are cool water samples from wells.
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DI LAZEEL T sy (@ BLKID, Zhied U TE 0 HWHE - —Hkiic kT, FRLUE
oK e BRI RIRE O ES i < IWTHMCE TR D FTE L T gt 60°CHL E DR ORI LA
D NW Fp, SE FRIEG S FEe+DEMICL AL Twb (B Bk (XY - P, 1984,
).

3. B AR D (LSRR & £ D HIRAY S AR O RN
B 1 FCABEE S TR R & EEEC & 0 BRI 35\ TR - ST S h iRk &

VI H A B DRERBOR D EEEFCFHE Y & Lo TRT & &hic, 1 RUIEREERR - 249723 Th
NARRBOHHOME RUENE S 2R+ GHREEY, 1980, 1984a; FEIZA, 1985, AMEH

/

A\

w 40 ~e0 80 37'eroo
€l

oM BEHBOBRRK - BAKCOWTOFEIEAAVOZAR A EH—S£% B /MESL—Y
B, C HI—#EF, D k& ATE—HE E W/ P&, F £/ nogFubigns boiihcs .
BENE pH>6, EEN: pHE6 opfiemd. Cly, SO42-, NCO:2 pithth 60 meq/l% Bl ED{ o Cl
M, SO4 B, TCOz #EL, Thbiftobowdiie #HT5 @), Cl R, FHBoher, Fhthil
A Cl, SO4, TCOz KHL = L &RIRMLSFREEL T2 N (FXBR).

Fig. 2 Triangular diagram of major anions (meq/! %) for hot spring waters and thermal waters
from the Hohi area.
Symbols A to F show thermal water samples collected around the following areas: A,
Takenoyu-Hosenji; B, Oguni Kozan-Nuruyu; C, Kurokawa-Manganji; D, Otake-Hatcho-
baru-Yutsubo ; E, Makinoto-Yoshibe ; F, Ukenokuchi. Solid symbols, pH>6; open sym-
bols, pH=6.
Cl type, SO4 type, 22CO2 type and intermediate type were defined by Clz60 meq/! %,
S04=60 meq/! 95, 2,CO2260 meq/! %, and residual, respectively, as shown with broken
lines. The Cl type and the intermediate type were supplementarily divided by relative
dominancy of Cl, SO4 and Y COs, as shown with dotted lines (refer to the text).
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100, 0

105, 104

T
/*25.
10t ———

0
100 80

HEIN BRBMORMK - Bk oW ToEEAB /A VO=ZAE A BE—HR% B SESL-RZ
# C BJ—WEEF D KE-ATE#E E W/ FFH F 2200580, 5088 ch
. BEWL pH>6, AL pHZ6 oML R T,

Fig. 3 Triangular diagram of major cations (meq/l/ %) for hot spring waters and thermal
waters from the Hohi area.
Symbols are the same as in Fig. 2.

ef).

B A D IR - AT S N2OREK « Bk LEMREE S paC T Bonic, B2 HEIIE
A4 D=/, FEIRCEEAB A A v O=ZBHE TS, £, H4RISERK#RO7 07 Kl
& (TrNa-K-ca, TNa-K-Ca-Mg) & HEIEY U #iRE (Tsios (Cond), Tsio: (Adia)) & o4HBH{E: (TRUES-
DELL, 1975; FOURNIER and POTTER, 1979) #, 35 RICiREMK » 2ok Cl @2 e B gk e ol
1% (SHIGENO and ABE, 1983) # ~7.

TS OEHK - Bk DILENFR MO DA E BB ST Banic, 86 i, pH o~
FHFAT IS LS HEEC L TRT. £, B7EE, iE pH RUHEEY A4 YL Vg
HEhREK  BKkDr 4 FO5fERL, F8RIKL, ZhbOulFK - kB LA LEiR
Hiw k Bl (Trxa-k-camg) & B/Cl A OGTFERT.

4, # B

B3 EICHT L - B O (LM RO O SR E SV T, NTREERE BT S 1) Huk
BS54 T RO, 2) B EOEE, 3) WANGEORERE, 49 BEGKROKOER, 5)
BEEM 7 Mok R DAL - AT E FADIFCBE L INZ 5.
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T Ng-K-Ca ©
50 ' . o | N
6] 50 100 150 200 250 300
HAE SEMROBREK - B owTo 7 h Y RE L GES Y HRELOEEE A BA-HR%E B /b
R, C BI-—¥#E, D k&  ATFE—EH, E #/F—F%, F £/ 00&FIE boRT
b5, BENE pH>6, BEN: pHS6 obaRT. Hisd bRESEHVoOET 28 MES 5, 18, 19, 26, 29, 30,
37, 201, 202 wo\WTik Tsi0g (Adia) ¥®RL% xFiL TNa-K-Ca-Mg ER7T.
Fig. 4 Correlation between alkali and SiOs (Quartz) temperatures for hot spring waters and thermal

waters from the Hohi area.

Symbols are the same as in Fig. 2. Tsioz (Adia) was applied for the thermal water samples,
nos. 5, 18, 19, 26, 29, 30, 37, 201, 202, which were discharged with vapor from wells. Symbol
x shows TNa-K-Ca-Mg.

4. 1 BKFZD & AT RO
ERTOET—KRICER, BA—HKBOTXETRERFOMRLETEL UT, WMBIHDLFEN
e fhs B & D MIETE £ 48 L T BT OROKRD 5 4 7, EBOHuLORLE, BT O BT

bl

HeMlT 52 L ATHRETH S (WHITE, 1970; ELLIS and MAHON, 1977).

ERHLIN A S FREC DTS sk - ok, B2 RICRT & Y ICEBT BB VIR L O ETO
SEY L

1.

2.
3.
4.

Cl #

-1 Clmn

-2 C1-SO, %l

-3 ClL-YCO, %
SO, M
2CO, &
ik
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1
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: Cl mg/
0.01 199 ! ! ! 1 . ! ! ey o 1 ] !
= 10 100 1,000 10,000

B5N BIEMROEREAK « #okicovTo Cl 8E L B @B L 0BFE A SB—wi¥% B /1B
S—pEH, C BII—#EF, D KE-ATE-#% E K/ F—%% F %/ 004804
B LORECH S, MENE pH>6, BANE pHS6 ORK 7T, B/Cl it = VB GRLI.
Fig. 5 Relationship between Cl and B concentrations for hot spring waters and thermal
waters from the Hohi area.
Symbols are the same as in Fig. 2. B/Cl ratio is shown as mol ratio.

-1 hpg-Cl &
-2 rf-SO, A
-3 Hifif-2C0;

ZDL IS EHENIREEK - BKD Y 4 T D% (ETR) b, WHITE (1970) < ELLIS and
MAHON (1977) DOFEHRFHEBIZ L TRDO L 5 M T KT BEKRY 1 7O MEL2L LR 5.

(1) Cl BDEFEAK - oKk, Kif - ATE—BT, FH—FRFRCR,  B)I—iisihE
CHREH - T 5. Cl B EK « okl —iRCERE CHNCHEBERE L, Bat v ot
Na Il L T B 2 & CRE-SEbh 3. 20X 37 Cl Blo#k - BEADEND « g,
FOEIDOH T I HBE R OB LR N FEL THWAZ LR RL TS EEL LR 5.

(2) SO4 BOEHKIE, NESIL—~PES, $ FHCRL, KiE - ATE—BT, BJI—iHEH
S BT B S 5. SO, MO R SUKTHTI B ELIMEL, B 4 & LTk Na oigh
IR Ca BBV Mg B & o L TSI DD, 20k 57 SO, MR FKDFEE, +0
BZOM TR ABANTEEL TV A 2RI TS EEZDRS. 5L, BRTB LSS
NORETEMA L S THLAENRRR LA TR, BKABARD LI E 4 o/ kR
HBEATHLAREM A E - 2 HES RS,

(3) XCOBoEsKIX, KF - ANTEEIT, BE—ERY, DEIKLI—UE S E BRI
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AV APy S [
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FoM BIMROBRK - Bk oOWTORE, pH BIUNFYFA T/ T 40057 A BE—E5% B p
EL—pE®E, C BI—#HEF, D kE-ATHE—E, E B/ F-FH F Z/ 00&RBD0E, bORKC
HAHT EwRFRT, BENX pH>6, B pH=6 ThHZ L& FRT.

Fig. 6 Distribution of hexa-diagram with temperature and pH for hot spring waters and thermal
waters in the Hohi area.
Symbols are the same as in Fig. 2.
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BT 53, £/ OO Z KR0S ORK BT 5. 5CO: B0 i@ H K AE AT iy
BAEL, B4 Y e LTk Na oiasiEgdie Ca 501k Mg B = & CRESTO S, =
D x5 2C0: WOMRFAKDIERIT, T OHUKHATR L 2ok sitE% 5 5\ IR TS O du il o
DEEN I AIE L T B2 e L TWB EELHR 5.

(4) WEROESE, B—dES SEbEBcevEL, £0, k/F, KR ATE—SE
MR P VBT 5. B ORFKIHINCEBE NS B SRS, B4 v e LTk Naoiz
PR Ca BBk Mg WELZ & THMSTONE. 20X 5 ke PRIBOREEKD BHE,
2CO: e FERkiC, & DOHIBAIR L - Buk 883 5 5\ IR TR O LA B BEh 22 IR 4
BELTWAZLERLTWAEELZDND,

P ED#HRE F e, F7RRUE S KITRT & 5 i B R i Tk < Hlgi s i o Buk
FRANFET D LB 5N IR 3 AFEFEL, HENESROBKEBRE—HTEBRAFET B
TAREMED & HHUIRA 2 7 FTFEET 5.

MR IR O Bok SRR OB O HLLIGE W T 5 & THREN D KE - ATE, HEBROEN
Bk, ThENETF, FEHRFROMHESFOFEA~EKIKFRCHE L T b LE2005. —F, Ik
BRI RO BK SR — TR OIFEED A HEM:2 5 5 HUK O EE O LT 1T B4 % & P
otk B RONESRL2 G, Th Th2E R KU E O HH ~EGE 2K FANCHiE L Ty
HEEZLBNRD. D OHBICE W THIEGEAKTECHE L T3 B 255 HAE, Thb
DOHIRIC 331 DKM ARG T 5 L B2 DN HHEEDHREBERT 5 & 5 G BOET oA & #
BlEHeEZE2ONAENE—ENEOEREOSHHINTH 5.

4. 2 HEEEEORE

WEERE B 351 D EREROF U B A IR RSO LR RICOMTE 2 ERIC - 54T L 7o Hhsk
FAESEREL T 254, RGO LEF — 7 O MBMEEBORBEY T T A Z L ITRETH B
(WHITE, 1970; TRUESDELL, 1975; /%%, 1982, 1983).

ARCIRT & 5, BT B ERE - AT S du Bk IR EKICEA S A 7 LA U i (Tre-
K-ca, TNa-kK-ca-Mg) &THEY U HIEEE (Tsio: (Cond), Tsio: (Adia)) &%, Fidk L7k 5z Cl Ak
K« WIRAKDNEH - EH LTI R ER OBk SRR SR TFET 5 LB 2 D B 3 DOHIROEHIF
LB TRI L B LTV 5, Thbb, ThbOHRETCL VAT - ATET 230-260C,
5T 230°C, BJIIT200°C BEORENFHEShS., ThbOEMEL, KEFATE, HElcs
WCIRTERS « HEERTOh CO 2R OMIEOEE X R L TWHLEZI BN 5.

ZhDDOHKEMBDOFIMIFE T, 7oA 0 )V HEEEEEY ) 2EE PO E 0 b HRIET T
BLEENC, =B L RAEAERT. SO ik, BRkAKTEREYITS 2 2icdk v EUOHTA
LRELRY, [UBTHER 1T 0, HCBEOBRERIEE T oV T DR ELZ LN B,

—7, BHR L7 & 5 SO, LR gUKAUBEE Ui T HBER O MK iR — R R e MA N ET
BEEEMEAI S B 2 DOHIRTIE, ERIFPOGETL 7 A S Y RS L FEEY U HEE 21—, JNE
L DI fiE T 5 DB-9 #Hnb ok (No. 201) @ Trye-kx-ca (10 240°C) [, /AR
FITCC R, EINUEI T 130°C BEDRE LastE shit. LAL, 70 MRs & FE
VU ARSI BT B B B R BRI O ERICORER R 2 L LabOThHY, H
BHTH G b R & TOMWMFAAFOHXBRE TR BT BIH L T2 2E25h 5 Zh b OMIRD
BARR T, ZhbOBREN VAT EETHAGFEBORE L R L T RWIHEEAS LD
5.

M ORRRNBL T A8 0 RUETRCI\ T, 7ASVREEEFEY Y REO—%
RIEFCE, ORI S Tl HITOBOKZRDEE « (LBEEREN Z RS DR
EH RN EATE R VR REIC o TO A TR E B b, Th b DO T oK A
ERTH AR BV & TR B
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#FT ERBROERK - BAKic oW CEE, pH XX URLEBT R4 VIEX hBFERc A TDOFHRK
Uk 2 OMENER - 77 R Ablo 5 bRt EEEE, A <25C, B 255<42C, C 42=<60T,
D 60s<90C, E 0TS ¢, #iliaid ST a4+ vic Xy SRSk - ko 217, X CIH®, Y
S04 %, Z YCOs®, W Siis-chs, X kit W ho®mE, R, WBI4RoR-ctrahfzins Cl, S0,
TCO: @iz LhmT (W2RBM). W5 pHS6 27T
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4. 3 HBUTHEOFEEY

HBEFH BT I O THEED S —FIIC i Bam ke ic gy 3 5 11E 0 3R TR 2 DB b o B e
R T 550 IR - ST S W A L TIRBT A2 L h, HIBEFEEE AT A EEEOHE
FEERIEL T, MEHEORET HIFEE Y EETHZ AW EETH B (ELLis and MAHON, 1977;
SHIGENO and ABE, 1983).

EE5RRT & 5 BT S ERER « ST SR Bk - Bk B/CL TR, 13EAEDES
0. 02-0. 08 DHEPHIZ, FDHTH 0.03-0. 07 DHEHACH 5. 2D Z &1k, T b OMEFE L EEE L Tw
BT AR R L B LB S L O S B I B—S IR fEL TV 2
ERRLTHY, BEOHEARREOERAE: TEABREE L TAENBERIIAD OHEKR
MG B RIBUCHEE U T\ 2R B B A E T 2 WREMILEVW 2 B 2 b h % (SHIGENO
and ABE, 1983).

—%, 20mg/l BITOE Cl @#E 27T SOy B, 3CO: B KOO FRY, &, WES,
He s Fin X O OmHEAL, BK 0.7mg/l BEOBEERE I LIZE Y 0.1-0. 2 BED R EH -
B/Cl £ LERLTWAS. ThbOfEE, RENRETHRBERNAD L7105 S 3ETAN—BEISRT
BH#EFEERY B/CL 4L VIR IHMIEEEELS, ThdOREKOEMUTHKEMEND & VKEOX
WABECL 2D ENBEANTFELTVBZ LR LTS LE2 b5 (SHIGENO and ABE, 1983).

F 7, PO EWMELOMRMAKE, — I 0.01 B FOEw B/CLELHETLTWS., ZhbD
AR AR TR s B/CL = L oD RN -F iR B B ATl e\ A8, 1) B/CL & o s (& 4
7RI ZDREAL TV B, 2) B/Cl ® LR ERAFFEEZBRL Tw5, 3) {LaiEX
PIBAL TV B EOFHEM 218 2 1 % (SHIGENO and ABE, 1983).

4. 4 HBEGIAED KD EE

HEGAR DK, KR EEAKIRA L TW BB EF LBV T, EAMCEKEROM T AL
BLlLTwdeBErzbhsHa0% 0 (CRAIG, 1963). LaL, HARTEXREAENT/RkOKERRM
{EHLAE (0D 1) LM = 7wk dH B KA DK O KRG FEMLAIC /AL T b7,
BT R OKDRFE EWTET 5 2 213 d LD ES Tilkisys ok 2, X5, 1982).

KEHIS R o & LT, BRSO REEK - #okokokE - BERMGEMELR (123 dDsmow=—50
~—60%0, 680smow=—5~—10%0) I, meteoric water line (CRAIG, 1963) DY fiE L Tis
0, FEUOFNK « BEAOMECHEML 72 EE T 70, KT EROMB TR ERE: LTWwW5E
#Zzbhb (MIZUTANI, 1963; %% - [[iB, 1983, #AFEHR:; MmEEE, 1984; FFMIZs, 1985
AEpEEG), L L, AEFELOETESEK (6Dsmow=—30%, 6P0smow=-+5%) (FRIEHIZH,
1975) 7x & OOKFEFRRL AR EIEIRO K « FKOMEICHEYL Th B0, fEK « Bokoko

— BRI RO KE MR AT 2 THEMEAE VIR, KERBEEROMAEERD D VR ARERRSFET 2T
HEYED B AW, BHITEROMARNFET S WEEE VIR Y Bk 5. k1, DEVCREDBEOKAREITIC 3513 5 M2k
Wb OHEERBH A 2ZRT, TOMOIRE - Bkl LOFEBEELSR.

Fig. 7 Distribution of water types based on temperature, pH and the most dominated anion for hot
spring waters and thermal waters, and conceptual model for formation and distribution of
hydrothermal systems in the Hohi area.

Symbols A to E show measured temperature: A, <25°C; B, 25=<<42°C; C, 42£<60°C; D,
60=<<90°C; E, 90°C=<; and X to W show water types based on the most dominated anion:
X, Cl type; Y, SO4 type; Z, 2LCOs type; W, intermediate type. In the symbols X and W,
no mark, vertical bar and horizontal bar show the relative dominancy of Cl, SO4 and 3}COs,
respectively in each type (refer to Fig. 2). Rimmed symbols mean pH<86.

Areas covered with wave patterns, polka-dots and solid white indicate where high-tempera-
ture hot water type hydrothermal systems exist with high probability, hot water type and/or
vapor-dominated type hydrotherm! systems possibly exist, and high-temperature hydrothermal
systems exist with only small possibility, respectively. Small arrows show inferred directions
of fluid flow at shallow level of the hydrothermal systems. Refer to the explanation in the
text for other symbols and patterns.
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HEHIR OWRIRK « BRI ONTOT v H ) KRR & B/Cl 2O S E & UBKZROBSIER - £

EFNUE AD D LR 7 4 ) IR (TNa-K-ca-Mg)y A <100T, B 100=<150C, C 150<<2007C,
D 200=<250C, E 250C< G, fiflilux B/Cl enth, X <0.02, Y 0.025£<0.08, Z 0.08= Th3 (B4,

FE5RBR). EROBWLET BB LUELBR.
Distribution of alkali temperature and B/Cl ratio for hot spring waters and thermal waters,

and conceptual model for formation and distribution of hydrothermal systems in the Hohi

area.
Symbols A to E show TNa-k-ca-Mg: A, <100°C; B, 100=<150°C; C, 150=<200°C; D, 200=

<250°C; E, 250°C=<; and X to Z are B/Cl mol ratio: X, <0.02; Y, 0.02<<0.08; Z, 0.08=<
(see Figs. 4 and 5). Refer to Fig. 7 and the text for explanation.
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4. 5 BLEWTRMKRDER - FHEF NV

TREF - [UEE (1984, #HFEA) 1%, AMFEIEE E-W HrIC T — L E—RI# AR — B0 & e
CERE—TEREEL IR L L O BSR4 L 72 RIS 2 g O FRIc 7 7E T 560°CRL LOE
BOBEE - ERHL, HETOMN LB TEBR - dif, P, Eil7k BRI 0 RIS E O RUEK
W—FEMEROEE KD I BICOSGH L TH Y, LivhZhbOXKUOFIORSE « EIM
DEAACIITEE R HAMEAED LN B2 L RR LA Tihbhb, MEJILRAEALO X 3 CILTETT
EROWTGERIAFET B L 0F LAkl (o Bk OFATE, B e i S 05 A
KOG S E-W D 1-2 FRIC O KB - i L T30/ L, f#E - —E KL LERRAL
D & 3 I THFCE TUSBIAIFAE L\ X D Bkl (8 ALk L) D FITHE, Wik & f B HE O
HBGFE 2 K LD L2 B B HFEICEL 576 LT B,

ZOBAMEDOFEEI 2L TIE, KDL 3EBEZEShE. o HAUTRAKRRIZCEERO 7 vnd
K L B AR 2 AL O BT L - TInBESh Tk Y, Cotilgicrild 3 E-W Fric
KT ARG 2SS A R 3 5 MR O RIS & KUEORBEAKECHEH S h T HKRLE ]
B—E 1Bz E-W FHIC oA & T 5, Shicxd LT 7w OESH I i § Ak
T, BvkRTECHEE BB 280 AR OMEBRIC L > TFEAB RS MBS h T
v, BARREIB—FBIEPCL VS OFMIC L VAL FET DI LATE S (REF - K, 1984,
BefEeR).

Z O RIF BN 35 1) B IR HOK R D ERL « 54 € 7L, SISO BOK R B L TR
DEIRMELBEL P LEL LT0D E7REVESREM).

(1) AEWELCLTETOSEE TG & O AT/ a Bk, Zh X0 20HWiHE - —
Bkt BRkL e E2 52 AT THS. ZhEDKUOH TR TS~ 7 <0 DL 0%, H
REBTHHEFEMEROSMAD, FIRRCESROThERX, YEPLE L THHELT 2 EDH
WORLEEECHLETHEENS, hbov 7 <l OFmENAIEN VT, ERCED 7~ 4 &
HEEODHFCOINEL T B EEZBR S, kf, <7/vMOOEEOELL LT, Fikled
5km BEXRELTWD (X - fTiE, 1984, #FE).

(2) WTFOHAKRE, FHBLAL S CHEAMCELE XV b LoRCKIEE LB EHC &
STHRERDEIB—ENBRCHFELTL EfESN D, HER TR~ Ritigic S84 5
E-W 5 R R R RS 2 Sl A e 3 5 (R D ARG T IBIC & - TAR L E-W HFicamst
&7 BHEFARGETZE R, HEGTEOIFE e BENC R BB ER LT B EHELbN D, T gl
ok, ETRKREEE ST b 7 i1 & DM TR LIESE—KE « ATE—AERE L~ &4 NW-SE
FHEIOKRE MZEE 0’ TFEL, HERFOTR L BEICKERRELRL T2 LEAbN5.

(3) aBiTHAHAEKNLTE, B7REOESKICENFEHTERTR L S CEWREILG
TEBFCTHTDO Y 7 <92 b L5 L TRSEREOHMM AL, ABII—Z2FUea5KEE LTERH
EAET 5 BEHE Ao GKE O E L v E->W FEARENT 5BoKEREOM TR & T Ik
BRTICIRET 5o L0 & » THBEGE 2 JER L, E-W J5iE &y NW-SE Fro 2 FRicH#ET %
WA - T, 2EOKELEETRY X 5 WCRIIKOH Y, F—KiE - ATED 2 20 FE~H{TF7H
~NHELTCWBEHE 2B G, ZOL 51 LTAERL G Ay, WHITE (1957) &k (1970)
PRANTN B I SRtk SO, B—FepEod Cl Al 7 5 2 LT 5.

(4) —%, BRLALTH BE - —HALTE, BAEEOHM TN 7 v —ERAEEENDIA
MB350 L - BUREIT & o T X, BB L7z NW-SE FRIOA S il &, 25 E -
—F kL2 R L~ 7 ~vDBEAR L - TEIENED LD S h - Hlg & # o BT 2 o sEd
BEGMRO BB O ZN & IR ET ANBCH HEEHE KT - ATEREO 2B s»T, FTRR
U S PR TR L L S BT EOERADO LR L TWELE 22BN D, ZOL3LT
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AL L 2 ML, ELLIS and MAHON (1964, 1977) 23R~ T 5% & 5o Cl T & 7q B R
BRLTB.

(5) WE LD W HED N EJLILIIBICH T 5 2 LB MO SO, BOMREE, +OHMTk T
SKTHERR AL TH Y, AL ORAEREEEEL TV BRMOBUKRIEI L THEL L A L T
AHNERCEOBAKBAFEEL TVBZ E2RLTWS EE L bR, HHCIEROBNKRL, F
BRI ¥ L FERRCTEE - B U TREFES b~ 7/ ~—El ka2 e L TENELEL
PBMZEE ko T S oD Cl BBk A TH DRSS B2 b R A4, FHRO®
TRIC X 0 AB L ERAEMRER L Ty TR D 2RI BEE T E i

7, OPHVGEMAKRID BALKIITHS & LzimE - —H AL TS, ekl L bidogH
DA 7Y 55 KILEOFLBIZ 35\ TR R B OZFES LF L TR TH 383 D 5
NEFLLHRI A S 2 CEE DR R ENL, B 7 MR 8 IS EANE X T B TR L s & 5T
BEILOFRHD LR L TED ZD L 5 Bk BABREOMTKESRET B2 Ltk » THERLZ
GRS, e BKil & A% OBIE T E->W FE~Pk< K FmEi T 5 2 i & o THITFRERRAER
LTHWBZERRLTWEDD Ll .

(6) RiRL7ed 5B E AL S D\ X E(ZE R ORI X 0 A1k Lo B L, &8
TRECESRICRT & SR - ATE, &5, B, /7, DESLMEA D, ©h ZhibeT,
TR, T, 2B, S, BZot ke oldg, RS BEOEE L ORIG
FERTOOOKTFNCHBI L T % B 2D 5. BBl L 318, Zhb ORIl THEWRFL
KN HBI L TWH L Z 2 DR EHAL, Thb ORI 5 RUSHRH T HLE2LHhBHH
S HRUEEORE /2 BT 52820028 1 E—ENEOERED 45 I HIN T H
%,

(7) #pE#ifo NE FHEOHRICAD 7' —» & R gicd HH L 0%/ mibsic &5 50°C
BEDRRATFEL TVEA, MLzl 3, ThbORSLYEEREL TV AHKRNERTDH S
AREMEREVEBbh D, Sh D OB ROERBEIL T Lb WL A TIRRVA, 1) KE - ATH,
W/ B, WSS D ORI OB ERE), 2) BEVEIERcE T 2 REHE O TR
s D DI KIBIEEE e £ O EEME2 S & Bbh 5.

(8) Kif - NTEHBOMTOMARIE, AL L3 aBIlThHLAEKLE fRBALT
HDHMAE - —~BARUE S 2 2OBKXCHEMCMBAS WD EHE LR D, 2O L, FHIfc
PR EIE I THE— BRI A A T T 2 B K A B R RO FET 2 RELER & - T %
DTH55. EbiL, K - ATEHIEO E FINCE T % 82 L—HET L3 B KL O R Tl B
WO ER L E 2 bh (184, 1983a, 1983b), *OMIFICIFET S v 7 <Y KRG - A
T HE S OEOKRIE U CEEERIOE R T TV BWHEEM S 5 (KEF - PIE, 5.

5 k¥ H» b Kk

FEE T, BB B BT RE RS EIRREC S\ TE D - e B 3 B L
F— g BT, BMIBOEBKRC O TEEL L, Bain e FURERT 5 L 2 Ea .
KRBT AR R AT BRI AR & S T, BT o TRR & i B 380,  hERYBE SR
2k AHMFERTERCEAD 3,000 m FHHEELHHPER TR T35, FREOERCH o
TIRZNDDREEF ~ 5 RUBITHEC OV THFFe it e i Tk, 2oz, FREDHKH
HERTHMLT LA 5L b O TRARVTERSHBZ LB I eb LT &k, i, RECR
Ak BT, AR OBFIIFRE N MBS OLESITF ~ 5 CHS TR Y, PRI HEE
THE S W TR VIBHROBK AL, HCENERCFET 2Tk RERTET 5 b O TRV
SrRBIEbLY LTEER (FF - [, #EG).

HFEEOTE « AR WT, HaieFd . F— s CESWTRMEDOEBOTFM - = F ke iTo
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T, FOBEMGRFEIE » WIET % DI RMOFEEL L BERINCBEL WL - 7~ Th D, AEEH
Bz Th & W EHORFERYFIC LY, SBMBEROIEIRE - iﬁ*&%@%%ﬁ%ﬁﬁ h3Z
L BEL A,

BRI HHIERCEIAE - R TRE, RO - T, SR - Bo, o
BRI - ST, F— 5 OENFER RO LTHEVREL 225 5. $%b, BEHKoMmESRO
FE L VFMCHL AT B0, X0 ERHERLERE - TRz ED B ENEE R 5.

ps ik

PR AL - K8 W il — . T £01980) JF—hE—PIE—EA—Z i s 17 5 iR
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The basement structure of the Hohi Geothermal Area obtained
by gravimetric analysis in central-north Kyushu, Japan

By

Masao KOMAZAWA* and Hiroki KAMATA**

Abstract : Several precise gravimetric surveys were carried out for the purpose
of understanding the basement structure and estimating the underground geo-
logical setting. Gravimetric data indicates that the Hohi geothermal area is
characterized by the negative Bouguer anomaly area, which may correspond to
the area of graben structure formed mainly by volcano-tectonic depression. This
is confirmed by the outcrop of the pre-Tertiary basement rocks in the surrounding
area of east-west elongated graben.

In the process of quantitative gravimetric analysis, the frequency analysis
was carried out at the first stage. The result shows that the regional component
(whose mean depth is 18.7km) and the local component (whose mean depth
may be 3.0km or 1.1km, which is obtained by gradient of power spectrum)
are separated on the power spectrum. The three dimensional analysis, carried
out at the second stage, suggests that the thickness of volcanic deposits in the
graben structure is estimated to be about 3km in the case that the density
contrast between basement rocks and volcanic deposits is assumed to be 0.3 g/em?.
In the south-western area (around Mt. Waita) of the graben structure, the base-
ment depth shows 2 km, which is a little shallower than that of the surrounding
area. This result of gravimetric analysis agrees with the data of refraction
seismic surveys and deep wells.

L 3 1= 8 &

BURF—AE K L—F#F Ol 2 & fe U RIS, o3 E T AT R 2R b IER a0 —o T
» Y —IRC SRR L R h T B AN O EER O FRIHE 1T 5 22 DI, HhEROME
AN THEEER 2 T AR L RS R IEB T A ER B S, LR (ZRITH) iR
BT B AR AR LA TH IR, BEOAHLHMET — 5 OFIR LN DD TCHERORE
BrEMET — s ISR T A0RERTH D, —~FMT AT 5 HADH B YEN T EE
L 7= MR B PRI IS e A R O 2 KD D BT EHHTH 5.

ENEECIVBONSENRFIBTOFES LR L2bOTHY, FCEBESHITIETS
BOARIEEY 5 2 5, PERAMBIIE 5\ TR AFRFIEA (1976) 1T 1 0 BEHZMIR 2 &K
BOBEAAEFERAIWER SN, RO L VBEACESLRELRAD T — 5 —REOFEITENL. TORHE
AMBOEE{RE L v 5 ~ (1978, 1979), Ea/ilgs (1981a, 1981b) R ovVIMI[igs (1981) T &k Y

* P ¢ hARAGE

* ** Geological Survey of Japan

— 305 —



‘stsd[eue Aouenbaiy jo mdIE SY) smoys §J

-owery (§) ‘eaie [BULISI09F IMOI] JO sisf[eue £)iAeiS Jo eAIR Y} smoys QE-owelyg (Z) ‘drysuope[or jysSoy snsioa

Ayaead oY) SuiuieS 10} BAJE I} smoys Ho-swerg (1)

‘MSd A (§) HBMAMOEWIEF T OH # (@)

MysnAY YII0U-[RIIUSD UT BAIE PIIPNIS PUE SWEU UOHEIOT

EWANE NG ZLEHERA G X— Gy

BHYAH A0 ¢ @FZHEH H-D ‘0 HD # (D BEBUHNNZTHOEMRI RN W1

0-0e|(W¥) 23S |00

1 '8tg

N.€€

o g Y \
S - h). \
ot
\‘Q
g
D 1]
YN
L 7 YU f J
n HO I Ly o /\:w Jﬁwyi/w /w
[0
J?JW duvim VLV Y1 / Mc\(LDL ;
7 HE Y% &f%hwh
Amwm Mty xxﬁz. Yy
5 g viyd! i .
3 M\ NDH® - EEJW b 5
V10 NZ1Hx Hv Yol om ;Mw
Jg m%%- e | nuNym M//b\J m
» 7
WIrve o . . /N?Z a@v &
]
Nde | N : y &
. etk\(r.,{%{/, OHlv sdi7f™® |
S w
A
o N L kwy@%ﬁ\
I m\vv Sy ey m&m\m e '

Nove

-— 306 —



F1IR WS L HBAEONIER

Table 1 Location names and their symbols.

Symbol Name Symbol Name Symbol } Name | Symbol ! Name
W (city or town) MIYA = B USUK | H ¥ | TA = &
AJIM 7o B MORI # | TS w®m R T
BEPP Al ¥ NAGA B 17 A (mountains) . WA B OE
FUKU bt i} NAKA h H FU W OF YU b #
HITA A 3] OITA * 5 GA i &
KIKU % H SAGA oA =" HA Bl X (well et al.)
KUMA i3 & SHON HE A HI EOE O KASH & ¥ OB
KURU A H Ok TAKE 7y i KU A HE L KATA a3 I+
MACH 9 M TSUE p5 AT NE " TF & MIZU Ko e

I

BEAEEGESRE SR T %, F 7o BIEH RIS CrRiBTuS3E M 2 BB R I & 0 AR R L
BRBITRBERSELAT A FE S, MEEER 1km? /0 1 SEFEORFENEER Thhr
GEREEEREE, 1979). #Hix 7% —REFITEE (1982) 11, LEBOEHF -yl &a e /e L
THINPIHAMOT AR ER 2 /B L e, od¥i— 10 X —FIRERL, /| (1954), KiE - 1AW
(1959) R OvhZE (1960) D AMERAEFNOLLREHER LIFHECH VLTV 5.
FIFECOBEBNFNIUTOHEL AV Tz, B, WL 77— —REOHE 2 Hit LEE
SR 3 5B ERE (7F— 7 —HELTHIEMECHER) 2Rk, KK, BEoFEiE
RO BT BEBRT 2T 7 4 Ly — R ER L. B2, S8R 5 548 1310
BELHE L OBEETEEL, FRENTOBTICE D E LB E R (R e S8 A s
LORBEITCEEOT Y b e —L KA Y PORYMEHFL, RENICIZZY P e ~LR ALY+ OF
EdFTo7z. S, BEMEHISTIThhi 5 4 47 — 23 & 5 MR IEE ORISR (A FFE
7y, 1082) # VT, oL oW TRl — 7 L O RERIC X VBRI Y e — LA
v ORYMEERR L SR, BHR IR E S TANPIL oM E S B L.
7B IR 2 R L oo BRI 2 1T RR L, RPOils e aoNiseE 1 #ITRT,

2. T—HF—BREDREEEZONT

Wi 7 — 7 — Ry OEEL BT b0, (EEES 2.0g/cm?, 2.3g/cm® K 2.67 g/cm®
DYHLOEE 2K, HIFMETEARCR Ui, LEFEH 2.0g/cm® © 7 — 5 — BERCRBIS i
WEOEEARELTRY, FHEFENMETEAZ 2R LTw5. FEEHEN 2.67g/cm® 7 —/
—RERTE, MEXLEFEAELE - FE LRk 0 REEoMEST (F4X, K, A) HE7
— R LTEREN TRV EEEENBSTEL L 2RLTWS, 2O TIRY 7 ~~VE
I “T 03" RICHaiR L L 77 s To 5% (BiE, 1985b) X TREEIECH 5. —h
BT~y —BER e L TRERE 2.3g/cm® © 7 — 5 — BEHETE, EN - KSHEEEO ik
DFENFRF L Tornb. I, BHRFEOEECHT 5 HFE 2 L5720, 32°50/N-33°30’'N, 131°
00’ E-131°40'E O#Ef (B 1XOKGH) KEEN5H 4,654 SOEHF— 5 #FAVCTER LA G-H
AN A 5 R, G-HEEHA LSO h 2S5 HEEEIL 2.26g/cm® Th b, L EDOHENDA
MRS TR EEE 2.3g/cm® O 7 —r —RER, HRETHHEEEFRLBELEHELT
WhHEEZLRB.

3. EEFHEIDOWT

AL THEMG L 2T AL, B (1984) OFETH 5. 77nbh LRI ERIRIMC & 0 FE
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Fig. 5 Gravity versus height relationship of Hohi geothermal area. g: absolute gravity
y: normal gravity p: density h: height j: free air gradient T: terrain cor-
rection k2: universal gravitational constant A: air correction 4g¢”: Bouguer
anomaly
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Fig. 6 Power spectrum of Bouguer anomalies of central-north Kyushu.
f: frequency L: wavelength Nyquist’s wavelength is 4/ 9 km.

ThHDH, 2L, I, Jik H Ao rEschdsd. F6RD A7 —227 b AR, 3£E0D
BEME5< 2N TES. 3EOEMO AR T FIEN B8R wmOFEEL,

A—A’:Da=18.7km

B—B’ : Dg= 3.0km

C—C’ : D¢= 1.1km A
Lied. Da WIS T &L, TAESORT 2 ELECEEIC L 50 0T, RETTIRET N
LDTHS. Dr RO Do i@ 2d\nTik, e« gL E=40E - Sl e o8 R 2 Fik LT\ 5% &%
ZbHh b, EHREEC X5 Kb L o regional sy e, fEITO MR E D FREOEEC LB
local 7y D4 HE# upward continuation 7 ¢ 5 — (GUPTA & RAMANI, 1980) # F\>TERiL
fo. ST =27 PG, RTINSO IEREL, De RO Do RHIEL TR EE L
HhHDT, regional 5L, Ds R Do BT AMAHTMCHEL, Daic X B0 HEECHR
ELAVWEEDODL DAENTHS. 2Tt upward continuation 10km (UP (10km) 2 %Ei0) #

—312—



(RESPONSE)

(RESPONSE)

00

0. 80 0.8
:

40

Q. 20
1

£ {cycle/km)

- 00
o
o

=
0. 60 0. 70 0. 80

00

T T T T —— L (km)
1.25

# 7% Upward continuation 10 km (UP (10km)) o & ¥ 8
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Fig. 14 Basement height of central-north Kyushu (dp

0.4 g/cm3, contour interval is 0.5 km).
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Fig. 18 Basement height of Hohi geothermal area (dp=0.3 g/cm3, contour interval is 0.5 km).
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Fig. 19 Basement height of Hohi geothermal area (dp=0.4g/cm¥® contour interval is 0.5 km).
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Table 3 Relationship between geological basements defined by deep well drillings
and gravity basements.

Well Name

DwW-7

DY-2

DY-3
HT-5-1
Kashinomure
Katasumi

647
866
954
1170
750
490

d

—960
—1014
—506
—744
750

8

h: Surface height of well
d: Height of geological basement

h-d:

Bouguer
h-d Anomaly H
(0=2.3)
1607 —20.8 622
1880 —16.9 850
1460 —14.3 929
1914 | —13.1 1171
0 —6.9 799
482 | —17.0 514

Depth to geological basement

(dp=0.3)
D  HD
—1059 1681
—519 1369
—244 1173
71 1100
317 | 482
—1063 | 1577

d-D

99
—495
—262
—814

433
1071

Hs Calculated height

D: Height of gravity basement

D

-616
—235
2

204
402
—507

H-D: Depth to gravity basement
d-D: Difference between height of geological basement and height of gravity basement

(dp=0.4)

H-D

1238
1085
927
967
397
1021

d-D

—344
= )
—508
—948
348
515

BKUMA

Y
43\2 )/;5}/2: ) A

B\

o

F20R BIEMIROEBEER  (4p=03g/cm3, =¥ 7 B 0.5km)

Fig. 20 Basement depth of Hohi geothermal area (dp=0.3 g/cm?, contour interval is 0.5 km).
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Fig. 21 Basement depth of Hohi geothermal area (dp=0.4 g/cm?, contour interval is 0.5 km).

Fub AL DT A3
Ff#E7 L 7 7 B7 10 km OF 7 — 4 ~ Rt CE AT BT 6 S EoBE 1 5
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HEE, B LA-ENRROEYoMBREEIRICRT. HIHOHH A -y OMEITE 16X, 18
5, 55190, S0 EOEAMCR L, EAEBRCE L L, BEE 0.3g/cm® 0%FE D) 3, &
fE 0.4g/cm® OIFR (D) Db DI, #5 100m B I TV S48, WREINE, fss
ANF T OREERRTE, BAOMITEEOBM CRBENCIIELEEN IV EEZ LN 5.

AT L5 &, DY-2, DY-3 Ruf HT-5-1 Tk, BEHHEBE 2 HEEBICH N TRFHE ST
%, COMEITEIL & AEILOBCIFE T AR 7 — 4 — BT HE L Tv 5. BT E
7= = RERHAET L5 0 SBNCEE e W ELBIEL, B EEBNOEE L B
IR B, Tih b OHUS O KL PEHERM B S, o IR o KL HERE IS ok 2 OB
Erb oI LS hB.

D — PO AR AR AR X D oS < B S T & L CUn, FTARMLBL A AT R
BCAE LTS 2 L, RUESHEIIGL U 2B EB S e R s h b 0lUERELZ D 2D
BEZLR D RBRENBESHRICH 72 0 BN @B BEA RS ER 2 b bREFEOEEE /YR .
7o s HIFE A D MR~ O E IR LT dp=0.3 g/cm® Db D HEWMT, do=0.4g/cm® DL D
* BOIFIC & < TR

F 72 ARSEE D (L9824 5 A £ 7 — LRI & D A2 & B i O FAE 3 4 ko 72, LUDWING
et al. (1970) =ehzA: (1977) V%, HEELHEEAEWEHEN L W B2 BT B0, LT CE
R FEERELONKETTS . ARFE. (1982) AR L -2 BFE 74y 50 km [Bic 6 &,
LA Y 40 km BiC 5 SOFILEOFME A &, 6 AOBHEIC L 0 IS i d O THEEE v
BHLTw3eE2b05., —HFEIERNAEEN 1km® 0 1 JBEOENEELY Ehhrd
DT, BFEELED L Twa., AEKUEE» O EMTCESIRD 7 f 405 — 2308 L 2@
W (AfRSFIZ, 1982) LR 0.3g/cm® OB HEMBE (BIBN) KL TAZE, @WHed
MK —1~—2km FEREDMSEE &R LABAICIIIG 2 X\ BFTRCIE LI K L & i3 1 o A L
BT 5 KE - ATHEOEMI, MEed—3 L THEBEORY LA 2Rd s, EHHMEO K 500-
700 m PR TS T B, F 2ETHEF OEE fRic o0 Tk, EHEBL —3km L T
WD, HEREO F A EL R AEMRE SR B —2km IGEE L TV el B R ET
B HUIRITAT RIS R OB AR\ 7o SRR T E B

4 T REROE AR b IEE S h b ML 0 M

SUMHR LR TR BB S 40 b A A TRIEEIANERTH v, BEREE - APlEF 1 v 1
b ARERLE  BUERILEDEE L UFER G O KIS « KERTHERY) - EYEENEL 53+ 5.
mm(w%a)H,ﬁ%hmﬁﬁ%ﬂﬁbf¢%¢%ﬁkm%ﬁﬁﬁaéhfbtﬂﬁ@&%iﬁﬁk
fEt L, REFALUEEEOKRLERES2BRE RO RO ERERT e eWlbc L. $42
B (19852, b) ik, MEHEE T~ —BEORFTNG, JUNTIENC I ) B B i — T 0 X
UGEENL, ZOHRCESh 2 KRELRAD 7~y —BE e EREcEEd22 L, 9hbbiD 74—
WY 5 Ma DIFRIC bR # B34S L 2o JOLkErE Mgy (volcano-tectonic depression; WILLIAMS,
1941) DEWMC L BLDTH3 Z & # MWLM Uiz, HER2RNCRY & 5 MBI 5963 5 klE
HOMKERMEIC L5 L, BEHREBROMIA~FET TEoHGKLE W5Ma 2Bl e 33) 2
WRICEFT 3. £/, ShOOHREEIEENEHORR LI TH Y, RSO AE
Jolidb SUTHEE RO —30 mgal WET HED 7~ —REodul.t—E+ 5 (HH, 1985b). = 2T
AVAREAN (7—7—5#) OREFEEL 22g/cm® (BiE, 1983) & Lid DTh Y KA
PLRMPOFENBREL TS, FRO L 5 I EFEE S 23g/cm® 07 — 7 —RERNNEET5
W OMWE 2 ED & < RET 2006, HUTTRBEMSoRERE 23g/cm® 07—~ —BHEK (&
165 & T2 DHIROME S & B2+ 5. FEE (1985b) 11, MM B KBRS0 5161,

A PDILD 22T

B AL R EVHGE T -7 - REoBRE B L (8, 1985b 0% 9 X)), —10 mgal O
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FEAMOMIZHBC E VL Z L2 BHL 2. S HESROERLCHRMO BE (ETE‘; }9822‘
Aok, TPER Ao HE TP O —20 mgal OFE ORIk bhi. £48H7 « 6
R, FEPS D BT 574 1 % e IR RN, EEPIED —30 meal ic B sFITEm B 7 — 4 — R &
SHHAER->THEY, ZOEHFEIHTEOREIEMTC RO bR ZhbOHEHE L IE FI6X T
B LTABD &, NEBRKFROEHHERT R EZOMIEOED 7 — & — REEOIEPEC 2 & i —22.5
mgal OEEN L CEHEN 2km OFMEO/ N (FI6ROY L) & LTRSS, BHTEIKR
WMOBEHFLERMEDHEIEOAD 7 — 5 — B oduiciiEd 5 —22.5mgal OFEHFOEIEN
3km O/NME (B O UM ko bh b, Zh oWV EE (1983) ORFEHE 2.2g/cm?
D7 — 45— RERICHE L L VERCEO SR 5.

FUNFILERC B S R B HPEICHEE Lis 775 — XY OB E AR MM THE IR TW» 6 N N
FORH 10km ORATRENBEREOMERI AR SON S, f AT KB O B KEFS
G CREIE S HET 2B EOR T~y —EENEO bR, ZORFEOHO LT 7 ~~
VHEERROE S SMEME e —53 A, S (1985b) 1, WH - FRRPOLE T AERREY 15km
D7~ 5 — BT KR - WA I S W TR ERC RV ER S e b @fﬁ)iiﬁfg.ﬁ
;’;m:ﬂ LCHEALBEM S E S BHE AR SHE LA E X OUE ST EHEROAMSEL, B, ZE
N R Hh T Y (KAMATA & MIMURA, 1983), 7B HEOEY -7 —~B¥ ot r >
—NYEBRPETSENIESE L FATH VEIRCMEL Tv b MEDOFRENS, LEKILFEE
CRONDZEFEDE T — & — BEHIEA ORI L 5 DTk, #BEOTL - 78—
ik (P2, AYDIN & NUR, 1982) S R4 5L 5k b o v 2 - 75 —AMBC IV BH I
FaiiiCd 2 HEMEABR . AR OB & FRHC K0T DR ICER & B i 5 HAE o JT L 5k o Mk
YEDOHER L AL M OMERE TR S s LR 5 2 2 TTHETH 5.

WL 'S —~ v LROB AR OAMEHE T, BOREROAEMRIC 3 1 b HEHE O 2 D
EZNRDDNRB. 75— iR Cides BRI G TR LA OB ERE AR < 7o 50 KiEE
VROND. HEAGHETE L & 5 U R OB GBI O KOGEENE, KSRGS T
e ed 2BEOENIEBOE AL L FHCHM LER SN B 21bh 5.

ML D 75—~ v fic & § B B I E R o RIS oW ThrEe (1983) %, HEADL
%9 1,500-2,000m X Rivir. FrooAREOTEMTREETY, KFIICIEA 1,500-2,000 m BETH
555, ATHOHFEIREZ LS L 0T, GEERSARRINEZ LTk, BUOFTTL R
4kmiEL T % (dp=0.3g/cm?, #520[X). JLE K ILJLPERECIREI S h 72 B TIL 1, 914 m,
1,607m, 1,880m, 1,460 m O CHREZAHBECEEL C0d 3K o, BEHEERD
I B\ TOE B AT 2 27 5 — ~ R 2 km BRI LT3 2 L3 Th D, 20
X B HEEEEAY 5 Ma v 2 Ma ICE B ¥ CRILICHEE ¢ 2 00 P CEEEOEEC X Y IEAL S
H, KILTEBORE NS REC 3 YARI~ENG TS a2 TER L T 7o (B, 19852, b) &
ZTELOALE,

5 ¥ b H K

FEETIE, BHF— 5 200 DRI E RS, 07— 5 EHERORIIC A 7. % AR
VB I 2 6 h B O — P TR R O T T 7 TR & R
ety YT — 5 CERLEBRITAT & KRR LR 8. ok, AMELED B
20, RGN - BT N RAOA B HR LV A X DS e R T 5. WRAT
T, BT AL E AR ORE LB 7 — 5 R TR v v — ORI
FACOM M-380 # F\~THT - 7-.
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Self-potential anomalies in the Hohi geothermal area

By

Tsuneo ISHIDO*

Abstract : The results of self-potential survey performed on the Hohi geothermal
area were analyzed and interpreted, and the preliminary method for removing
topography-related self-potentials was proposed. The most obvious and impres-
sive features on the contoured self-potential map are the positive anomaly overly-
ing the wide region (~5xb5km?) centered at the dome of Kuroiwa-yama and
the dipolar one over the northwestern region to Mt. Waita. The exact nature
of the potential source is unknown; however, electrokinetic processes caused by
upward movement of heated groundwater that gives rise to streaming potential
(IsuIDO, 1981) are thought to be the principal cause of the positive anomalies.
Streaming potentials associated with descending meteoric water are probably
responsible for the negative anomalies. The geohydrological models estimated
from the self-potential data are revealed to be in harmony with the drilling data
and the geothermal reservoir engineering analysis (NEDO, 1984).

1. @& © & I

HARBLEIYEIEEHEO— 28 L TEVEL Y b 0, IF, HBAFEOTH TERCAVbRS
Bl el A

BT O BRBEMMALEIT 15x15km? Oz NF L L TiTbh, Blllsaikis2 132 S RA K
GEEE, 1980). ThRRETHLNERBUFAE L L TRREAREDOIDOTH 72, 22 THBRNS
AL, TREBERHAREIRGFReETFAL ) TR MR MUERERT CEMT L 28R,
RUOERIERT HDBETH 5.

BAREMOFEHRI—E, BHIMH (avy—~v»7) L LTERFEELS. HRECHDbhR
FNFHROHARBAAEFTICL, WMTREZhZNBERR ARG L TRET IR T TH D, HEA =
Ll L THxDSDREZLRDBZE, ¥/, TRNFRD AT =X LEDWTERNFE SV
ATORVZEEC L » T, BEREL ZFEMCHL DR SRV oo T gL,

HEEEAT T, FEREARFIER MBI 208 (Vv ¥+ 1 YEHE) 0T, BEREARE A
N=ZX LD 5 bOFEBEMCER LR HT T 5. 20/REE, M RE T 5HREMETD
MR 0L, FORFMT TOBKME (W) > MBEMTH D Z L Bl{LNNTARY D2h 5.
AT, REA T =X RHBEMTH S LELT, BIEMEO BREMT -7 2R T 2.

BAREBMFATIL< » UV 7EHE LTHELN TV BORBIRTH 528, oYBEELLRDHOLND
BH—H21, BRABFLEC Y > TROH DN 5B — 2134 < HOHBR—EKTBFC & - TH

. s d - RAMRER

* New Energy Development Organization
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ETDERSH—LREL TN, BLEHTHR~RB L5, KELAYy—ALTHDE, BRENT —
FEHEF — 5 LT TH D, SEOHREAFLER T, HHF —2 2T LT, £ AE
& EBEOMBARLELHRT LT, Rr2bDEELZLRS.

2. BREMOEBHIEICOWT

BARBMAAEL ASEdRE, CAREHTLAETHS. 2L, BEMRTOMMRL, K5
HWAREEETH B, e L TEEMNCEEL Th b, figay- ol MRt 100m Th %45,
WHRAARRL 500-3,000m & M7a Vo TWwb. L7edisT, ZZTREMLAEDz Y —<
y THRI|S Z TS, BIRCTETOW, BEMIBOARENSTTHEH, avy )y 7 7erz
2, CPS-1 (WHEAEAT « B F — sy N~2 Y 27 LA BN TV 3) Kk o> TlER L. TR 77
LOHT, FFIR) v PECET 2EYEHET 52, &7 » FEDOEL, HEOF— 71T,

W(r, )= (1—r/R):(1+2r/R)
DELENFTFHLTCROTHS 70y FEEEFT—s 5 (S LofEsE R:r o bR, &
I1MDay s —<o 7%, R 1,500m & L& ThY, FEHNL 000m QA A OWTF
e s THEM LA OIS TS, Lok TEREOREIT, MUToZmmTHgsteinsrd EHik
EREORENE LT, BEEMSTEO LR - kR0 g—, SEMEE, Fini RS
W BEHEREBELONRD).

HWEEER O AR L7 5 BAREMETIE, SRR BBEENCEE U B —REE R, BEEIE
ERAN X LETHLD—THo, BETTOADT ¢ -4 FTOMERRELLTE L, BEOKRE
i3 50mV-2V R, K203 100 m-10km FEETH 5. HEGEBEFOBMEE # Ml T 5,
fhOBAIFERIC L 5L 0% Sl LALE T v &b a%, BEcBE L EAEMND 5 bHIJEOH
Fie & Bb0iE, 100mV DA -5 —THEL, LELWEM 7~ KRELEALTNS.

HE (&) T 2 B0, EEAEL B Lz TERAES DL THD. =
Ok E X OREE, RMPHEHELT L1mV/m (FE3X) (FF - FHit, 1981), HJIEMELT 0.16
mV/m (4R) (FF - #28E, 1082) % &t Th-5. %1, CORWIN and HOOVER (1979) L %
&, 3-10mV/m &S HEFS B 5.

BREMOEESHEOZFERZ, REMTAKORACHE ABEMCRO OIS, ERMCE, OF
BrEEchng) BETHRBEMIMT KEOSEC AT S ESX). LisoT, HT/KIE
AHFRIT S CHIE (B ACIEHEAESC AL Tond), EECHA L2 BARERHVS S, M
TAREGANAN b DTHIE, TA, —20mV/m BELELZLRD.

6 Rk, SEHgoNEERCOWT, SllETOoORMELHSESEHL ey P L2dDTH
5. BN OWTERFEMRE RS &, ZTOMEIT —0.06mV/m Lk /&L eb. 22 LE
BAMREGT 013 &/ &K, Zhid > TESHEHBEOMHEE £ T 2% 5k (HOBRENE, F3XomE#
PREIELA DS G, 0.42, F 4 KOBNGMOE L 0.52 Lic - T 5). HlEiRr CEEMEE LS OB
RENE REL ToRE, TRAETHEBEREANSRBDTHAS.

Pz (B R MET 5 HFEE L TR Bl 2 7, EaiElEoRBEis ke, £
NEBUORBELTZZETHA5. AL, BIEMEOES, Ricd~kd 5 CERERSEROE
EHBE R R LTV 5 LIZE 0. FOTAENE, EEEMEOME 2 —O T A -5 LHEZ,
OMDBFET OV THEREMEL A . 82 e+ HREMSHRIE, —0.6mV/m(—0.06 mV/m
D10#) ESHEE LCERAL, ESfEr 382 LAERTHD E6Mesde, F—7ED
SEOTR2ZF —1mV/m DEEOEBRTELER TV S L5 THY, ZOMT L EEOEEMHE L
EZTHEEXEITHB).

BiEACEdE (EE L 0deH) 2O FL T, TREANSIEHEEECHAIL Th5b 2 &
5t - Tv% (NEDO, 1984). &7k, SBEMBOHMHEASIEIhAF7—s2b LR, B
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Fig. 3 Relationship between self-potential and altitude of station,
obtained at the Kussharo caldera, Hokkaido, Japan.

KECDOWTKEELHERE LIRERTHY, Mr D2 &HT
P=10.8+0. 06585 Zs
ORGEMNELNRTWE (P KB TCORMTAE (bar), Zs: HIFETEE (n)). ZOERELE2 B2,
HOMOMIFETERMA L —0.6mV/m &34, Pl TRERMTIRARV. F2RTowThk, 2
RO, 1313, EBROEEAEOEMEMY OB WAL DR s TWH EHEZ TV S,
7222, SEOESMIEICEN LD L 5 kR MEEENH DT, AREMIT LT 2B, 5
1R EE2 e REARABIT5 DNREETHDI.

3. HWBEVEENCHES HREMBED A = X 4

T G TR D MEGEENCES R TS) ERBEMREDA N =X L LTHELLRT
WAL, HEEMRCAETSETHS. MELLESKRT LI eFle o TER Lk
RT3, 8K (a)me 7 (NOURBEHECHT, 1963) TiX, # v 7 U ¥ 7 Rhdhh5HMRE DM
HICRe % k5 kMG R 2VEEL, B LCRBEAL 5 ENE, BERNR AL HENTT
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Fig. 5 Generation of topography-related self-potentials. Streaming potential (4¢)
generates associated with groundwater flow according to height variation
in water table (4h, proportional to ground surface elevation).
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T D, TOEE, HEOMBRIE: T EOEMAEMNFAET S, H8X(b)DE 71 (FITTERMAN,
1979) 1Y, YRR CH AWE S SE OB A0 EFATHS. ZOEE, IE« BT R o e B ER
T35, (a), (b) OEFACHECK 0, WEEMCOVLTIE, BHARETOMTHREDR
NAEHFETERDLERCIERENT ETHY, FHREINRCOWTL, BH/KORIC DO THE
BRAEOS v 7Y ¥ PEEAR LA LT TELTERNCLONZ 2 2 ThH D EX
BRI X ABAFAE, 400C M EE VLo mERSRWIRY ZHIZEREL LB, EWIEHRDLH
% (CorwIN and HOOVER, 1979)).

M (c)iL, BOKHFEES MBRLL e 71 {LlicbDThHs (B, 1981). HMEIELL DOV

TiX,

o TNV TEhhb BYMEERAR Y FE<BI T %728 (IsHIDO and MIZUTANI, 1981;

ISHIDO et al., 1983),

SERMERTRETH S, A (1981 OFEMRCLD L,

ok o _EFH

T, (RAOFERE) WERET BERE o TES A, 2 300°C—-200C &4 2000C—100°C) Db

LEFTCIEER 2,

fERE LT, HFCHEEMSTEET S,
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WHAKDOFNTHDEE) FOKREXIT 100mV BECKS. FAMRZELTOMhsd HEEC
%, WFKRRABICERE T4 T 5.

4. BEIRO BARBMCOWT

1, 2MOEKEMDEE, 2 CEESHEYTToch 0B 2NE b 21, BEMMOBEREML
BECOWTHT S, 2 2TERE AN =2 LTHREEMN (FF, 1981) »{E5% L URKR R4,
FERE L TEEEoM T KE e 7L R ER T 5.

(1) @EFBLEROE - BEE
WENSLE O FE R HIRAEHK O L FE, ARFEHAMBKOMARCHIET2EELD L, BIX
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(c) Ishido, 1981

thermal
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WO HMTEENCH ) BREMREDET L (a), (b) HHERCHHERBVICENFT L1
ERA B B = 7 (NOURBEHECHT, 1963; FITTERMAN, 1979). (c) #ukumicsk s HHh
Bre 71 CaF, 1981). (a)-(c) &b, LBCRT O, REBMLD 12—,

Fig. 8 Mechanisms of self-potential generation associated with geothermal activity
(lower diagrams). The upper diagrams show the self-potential profiles on
the earth’s surface. (a), (b) Self-potential anomalies due to streaming
potential or thermoelectric effects in the vicinity of a boundary separating
regions of different crosscoupling coefficients (NOURBEHECHT, 1963; FIT-
TERMAN, 1979). (c) Self-potential anomalies due to streaming potential
associated with hydrothermal circulation (IsHIDO, 1981). Using the realistic
values of streaming potential coefficients (IsHiDO and MizuTaNi, 1981;
ISHIDO et al., 1983) in the calculations, IsHIDO showed that a positive
anomaly, 50 to 200 mV in magnitude, appears over a zone where tem-
perature decreases (e.g. 300°C to 200°C or 200°C to 100°C) along the
upward flow of geothermal water.

DL 3T RABEF VT bd, BIRKKR LA (EHO) FRMMIIEEASE LR b DTS

LT3, F7, HIEFUEL MT 5o Er S8 L.

B R g DU, EMHIE O B BT (NEDO, 1984) 12 & » THisd b itk —3, 000
m TOHKEMBETHD. ZOMFORTIE, HiDBasrmonT, BkKEMES, IFFEE15 4 —
FEREL CHAKRBIZ Y 3 = b~ b L, MHATESHIRE - B, RABHEESDF—5 L e
ToTd (voFv2). =9 F 7% 50@EET &R #HAr—r 2 RIBLFHTIERES
5 X =7 BEBRLHN, 05 bOBAFMBIC OWTIREIIRIGR LAY ST, MmELIERD
BRI S LE LBk, JbHF~EFEE L, Zhik DY-1, DW-2, 6, 7 LT, 200C o
Hoke UTHENHR SN T 5. BKED S bR SR OOMENEABMOERFROPL L
BIE—H LTV BDMEE SR 5.

(2) BHEUMEEFPGE T HIEEMH

B2 Bk, BELn sk FiRMHT 2 dusie, de~iokil, dEf~—HLhaSHEELEAT b
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Fig. 9 Geohydrological model of the northwestern region of Mt Waijta.
On the basis of Ishido’s calculation (1981), upward movement of
thermal fluids is expected to occur under the region of positive
anomaly northwest to Mt Waita. Streaming potential associated
with descending meteoric water may be responsible for the nega-
tive anomaly over the west flank of Waita-san.

FEIERUREIRAFET 5. WHGE—REL—KL 3 T, EERE L TuwirnE1 i
LIEERAWBAHbR TT, Zofic kI 5470 &3 100-200mV DEEMFEIEETHA 5.

ZOREREND & OIEEMW L HPT 2MBEME 74 & LTL, BIORD LS5 b Dtz b
b, TOHBTIIEART, B ROMWEID S HiE S h 5 BRER - 120, BUlCHRiT 28 ol
e e LEEL TV HEE2ZObNS, BEE L TREIORCET L 57 08, EBMEOHTE
HMEBEGEET S eHEADND. H35VL, NWNELFECEERD - T, 245 OBk TR
RN TE TIEBRMHOMT, i —~3,000m AT OBEEITCLFCEL TV L EL LN 5.
BR BT 23, EBMW OB Ll B0 RIS 5 7-0) AEILFEORER s X &
DHERIELNDHTHAS.

HEET R R ARNT (NEDO, 1984) o (B11R) ik, —H e & imsvk s s < s
T, ERENT —7 cPNTH D, 7272 L, BHTOXNREEBE LR 20 4@ 2O TR S
NTV B, I FlEADRKIEAT TOMIRTE 3705 TV B2t bhbils,
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Fig. 10 Geohydrological model for explaining the positive anomaly
overlying the wide region centered at Mt Kuroiwa, Upward

flows of thermal waters are thought to occur at several zones
under the region of the positive anomaly.

Bk, WEEMC & AR E E A, EAREMREEREAEOFEKE LT, BTHEH Gkm?)
O (600°C?) I BETEOTEE DL H b, 1750, ZOHE, BRECEILZAOLYLD
DEENRHbN DDA, FREEOEE2 100mV o+ — 7 —7eDdy, FEoOoWTRHSDO L AHH
TE 7o,

(3) BEFToOWT

EBMH ORI, (1) Cl~7-@#E L FoRBEFE oM, KEMS, FAFEREFHE SRR
e o FE IR b BAHAFET 5. KEOARMIT OV T, [KHEAZEH OFESFCER R
HBILE S, OBEEREIRCOWTI, HMEMTKOER~DY F v~V EE2 5D, SOLZ
AEMTHH 5.

(4) DY-5, 6 it ouT

KIEEEI A T, B, 3,000 m # A H DY-5, 6 # IR RSByt Tth s, £
MEF — 7 FIEBRTHRVA, HREMF — 70513, DY-5 2w Tik, IS nAaEw o
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Chdics, EMTTRREHERC LD LB L bRk, 7278 DY-5 (2gHEETH v, REHT
BFEAKEFE A~ 1,000m 373, LizdiaoT, FTHTR, FRUMIOEBMHCASLDT, Bl
BOKCEBTHZ LI RDTEEZ DS,

DY-61cowTik, DY-1 Xk 5 il s & Buk k58 & oMo ZEKE 3 E W 4 (NEDO, 1984),
GRIKd BV KRG BT A D) MFREI L €& Bk 2 MR %520 Lhisbo.
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On thermal structure of the geothermal field in Mt. Waita
area, central Kyushu, Japan

By

Masayori KAWAMURA*

Abstract : A wide geothermal field, consisting of six drainage basins, around
Mt. Waita in central Kyushu contains number of steaming grounds and hot-
springs. Since FY1978, a national project has been done to survey deep geother-
mal resources in the field. 81 heat holes (80 m-depth) and 20 geothermal investi-
gation wells (depth of 500 m to 2,618 m) were drilled as a part of the project.
And many geological, geochemical and geophysical investigations were also carried
out in addition to the drilling. As the results of that survey, next facts are found.

(1) The field has two belt zones of high ground-temperature, covering five
anomalous area of the distribution of 80 m-depth temperature, and one belt of
low temperature, passes on Mt. Waita and is located between the two high
temperature zones.

(2) There are inflow and outflow of cold groundwater and of geothermal
water among the drainage basins. The subsurface temperature distribution is
formed by those flows in the field.

(3) The mean thermal conductivity of the almost andesitic cores in the
holes and wells is 3.94x 1073 cal -sec™*-ecm™ - deg™.

(4) The water levels at three observation wells have heighest peaks in
summer and the lowest levels at the beginning of summer. And they seem to be
affected by some artificial matter.

(5) The total heat discharge from the six basins is about 143,500 keal - sec™,
of which 5,030 kcal-sec™ by conduction, 9,690 kcal-sec® by hotspring, 27,5650 keal-
sec? by fumarole and remaining 101,200 kcal-sec™® by steaming wells including
the two power plants. An average heat flow value in the field is estimated 8~10
HFU using the total heat discharge.

(6) Takenoyu and Hacchobaru geothermal areas are supplied with vapors
and hotwaters through fault zones in hot basement from low temperature areas
(Mt. Waita and Mt. Ryoshi) by permiation of meteoric water.

1. 2 T » Kk

FN IR & 2 WL, WEGEBIOER L 2 AL LTHMLA TS, BRE A IHE53
ERED D EERTE () (BASSER 2 B« 7oL ¥ —RAFARM ©ZFE L, TR EME

* HhREAR
* Geological Survey of Japan
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AT, AELAIHEROMBEEL BB Lo b DTHS. M, EHIFELREEBEI
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Fig. 1 Location map of six drainage basins, heat holes and geothermal investigation wells.
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Fig. 2 Distribution of subsurface temperature at 80 m-depth.
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Table 1 Depth and temperature of geothermal investigation well,

e e e =
sppe IS WNRE WERE BEEE RO WERE | emeng | W%

T m m

DB 1 560 504 3.0 315 (5000 @ 4L K& | 1979. 8.15

DB 2 769 500 23.8  23.8 (500) ¥ B | 1979. 3.17

DB 3 1006 503 59.3  6l.2 (5000 ¥ K | 1980. 9.28

DB 4 657 504 185.3  185.3 (500)  BC K& | 1979. 3.15  MWI (449~481)
DB 5 832 504 80.3  80.3 (500) 4 | 1979. 3.16

DB 7 774 503 18.7 22,0 (500) % & | 1980. 9.30

DB 8 731 505 84.6  133.0 (225)  HC N 1980. 9.27

DB 9 765 502 195.3  196.2 (5000  Hi K% 1980.12.16

DBI10 922 502 276 28.2 (500) K 4 | 1981 1.23 = MW2 (464~496)
DBI1 957 503 68.2  75.1 (450) Hr JE | 1980. 9.28

DW1 1063 1500 86.4  89.0 (15000 = L K& | 1980, 9.24

DW 2 765 1500 | (194.9) 213.0 (913) = 1320 | 1980.12.12

DW 3 840 1203 92.2  92.2 (1203) ¥ & | 1981. 3. 3 | MW3 (1151~1195)
DW 4 770 1100 (95.8)  97.2 (1070) | 4L I | 1980, 9.27

PW5 1205 1500 | (223.2) 223.5 (1470) @ 1480 | 1982. 1.31

DW 6 609 1550 1811 1947 (92) s ke | 1983.10.26

DW 7 647 1800 181.4  188.2 (1020) % J% | 1983.11. 3

DY 1 824 2618 156.5  183.0 (1933) i 4% | 1982 1.28

DY 2 866 2402 170.4  170.4 (2402) Bt K | 1982 6.29

DY 3 954 2303 | (158.2) 173.9 (1430) & 1440  1983.10,27

DY 5 (3200)

DY 6 (2500)

DX 1 822 440

DX 2 865 720

DX 5 (1000

DX 6 (1000)

(GEfRzESE’S, 1979 - 1979b - 1980a - 1980b - 1981a - 1981b < 1982a - 1982b - 1982d - 1982e - 1983a - 1983b - 1983d)

1) THEIER. CisVT () BT EERE.

W 2) THUERES EE THE ShNORBEORE,

W 3) TRERE (BE) ] THREEE TRESAE) 3, BRERELTLEREL, ToREEN L ShARERCEAR.
fefil, THIERE: «RAUHMLTo TREEAD) 03i i,

A, 1983b) #ifhi%, THENEEX - FIX - FIOKTRT.

IR LOHEDOHEA D 80 m EDHE L AT 5 Tk b §, HHEE L KERZCERRT S H
0, WEILZES NE-SW OEEH 2 Fh 5 2 5 T B ERIC R - T B, 200 m R & 500
m 0 1000 m ED G & T 5 L, FETIERASN 2 BIHKOSEBAHRE THE L TH B A2
FEHERAS.

FR I DRI O\ THEIC MR T 5 &, ILBERIOSERSERE A T oh TS 2 &\ B
B LT < 2% EHlo—BIDE R 31 5 FEAIIERT b b FIREFR CNERH 5. A,
— B LTS R EOREHEA AR TIERCE TRERENCDOT TV AHZ LR RTIDTHD. X, &H
RN O O & BRI S LT B 28, WEOBECE, EPEHORSGEETREL S
CONTERZALRVIERT B0 L, EEAN 2V TE 100°C DR KRBT D RELE
RTH)RRARCEORB~DVHEET, FERBOPLIESULFETCE & - TWT, HHEZ
BRIRELVIEANALA NI L TH S,
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DBI1 DB2 DB3 DB4
Oo B (°C) 100 Oo BE (C) 100 o BE (C) 100 Oo B E 100 c) 200
R | R i #
i 4 i 3 -4 : 3
m) [ (m) [ {m) (m)
500 - 500l 500 . 500
1979.3.16. 1979.3.23. 1983.10.30. 1979.3.5.
#5(A) X BUFAEES :DB & (D
Fig. 5 (A) Temperature in DB-type well (1)
DBS DB7 DB8
o BE(C) 100 0 RE (C) 100 0 2 E 100 (C) 200
(6) i e o e o e e (O e o S (O o oy T i e e e e e e
z | z |: %
)4 B &
(m) [ tm) | ° (m)
o] 500— 500 -
1979.3.16. 1983.11.4. 1983.11.2.
#5(B)X HiHARES : DB & (2

Fig. 5 (B) Temperature in DB-type well (2)

5, BLOBRER

BFEfE (DA L) OHHa 7B EREL 230k (51596 {#) DEZESENMIFE SR TV 5 G
FEHAE, 19792 - 1980a). T DH T, HECEEY Lt d 24050 AR LA BT, Z 0 TE
oW CIBAET () 8 QTM-D 1 BLRAHEMAZERS & A CHEElE 2 7w, FEErRo~2L0
Thad., JF (1984b) R h B oW TR #1T- Tk Y, LRON THIE 35w T 72 523
HD 7 — 5 OEFMBNC T L R e E 2 RITRLTWS, FERCTERSIT BEbE%Ro DA 32-3
DHINSFMEN/2D DT, TOMEIIMOBERCH~NT 2 HEEHEOECADLD. IhbrBR v B R/
U&E - ki) BB TRILEETH Y, ThDOOFHEEERL LT 3.90x10 %al/sec-ecm’C #15
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DB9 DBIO DBII
PUNBESS 51 L ORI o e ] oY ) | P
7| x| E L i
B & = :
m [ (m) (m) | i
PR
k i (Bl |
500 500 bm— 00 O
1981.1.19. 1981.3.9. (A)I980. 5. 6.
(B)1983.10.30.
#5(CHI PFFWNIERES : DB # (3)
Fig. 5 (C) Temperature in DB-type well (3)
H2FE  WEL RS R B LR RE
Table 2. Thermal conductivities of rocks around Mt. Waita.
DA 7. DB - DW - DY &
=1 pic
# o oE F OB # oz H & o S
%1073 cal/sec cm°C {# %103 cal/sec cm®C Lied]
3 e 9.98 6 12.1 4
1 v & 8.22 4 —
N g 8 == = 6.23 2
- K F=1 (4.10) (372) (4.21) (156)
i fisa & 4.35 10 3.94 2
B ¥ # L o# 3x73 13 4.99 10
%z th = 4.10 333 4,37 102
A = b= 4.67 4 5.20 3]
ZlEE B e 3.05 3 3.46 37
= B £ L o= 4.28 9 4.64 2
koW o8B 3.47) (14D 3.73) (91)
B XK A B B 3.82 70 3.51 36
ki K = 3.12 71 3.88 55
s E o b (2.38) ao
# K B W A — a 2.65 5
B oK B OB A = = 2.10 5
M KB O Y H 3.90 513 4.03 247

Ik, 1984b; SEEGEEZEH, 1979a - 1979b - 1980a - 1980b - 1981b - 1982a - 1982d - 1982e - 1983a) = X 4.
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DWI DW2 DW3 DW4
oo BE (C) 100 Oo B & 100 (C) 200 e EE (C) 100 oo BIE (C) 100
et
7 B 3 R
;-3 )4 )4 E |
(m) {m) | {m) | m) |
1000 i 1000 { 1000 1000
2000 L - 2000—— 2000
1983.11.1. (A} 1980.6.18, 1981.3.3. 1982,3.1.
{B)1982.3. 1.
F6 (A PINERESN : DW & (D
Fig. 6 (A) Temperature in DW-type well (1)
DW5S DW6 DW?T
(¢] 2 K 100 (O 200 0 = K 100 (C) 200 0 B E 100 (C) 200
O;\\t\lTT‘l\AAA*{'YY\_l_I_I_l SRR e e OIE!I‘!I'T‘TK(IIlnII
7| B |
B E |
{m) (m) |
1000 11000
. (B) i i
(AY -
2000 2000 2000
(AY1982. .19 1983.10.26. 1983.11.3.
(B)1983.10.29.
HF6(B) X HIHHNE