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Abstract

Terrestrial heat flow was measured in 5 localities in Kyushu
District. Of these 5 localities, one (Takamatsu) is a coal mine, while
the other 4 (Izuhara, Kushikino, Makimine, Taio) are metal mines.
Geothermal gradients measured in these localities are 2.93°C/100
in Izuhara (Taishu mine), 3.06°C/100 s in Takamatsu, 1.71°C/100 m
in Taio, and 2.57°C/100 # in Makimine, respectively. In Kushikino
no reliable thermal gradient was obtained. Combining the thermal
gradients with thermal conductivity of rocks in each locality, values
of heat flux were obtained as follows; 2.18x10-®cal/cm?®sec in
Izuhara, 1.92%x107° cal/cm?® sec in Takamatsu, 1.79%10-%cal/cm? sec in
Makimine, and 1.05x10-% cal/cm?® sec in Taio. The results indicate a
relatively high (more than 2X107° cal/cm? sec) heat flow in Tsushima,
an island about 100 km north-west of Kyushu proper, while in Kyushu
proper heat flux is high but only on the 1X10-¢cal/cm®sec level.
It is necessary to make more measurements to discuss the detailed
distribution of terrestrial heat flow in the District.

1. Introduction

The present Paper is the fourth of a series of reports on the geother-
mal study of Japanese Islands undertaken by the Earthquake Research
Institute.””'® The localities of 5 places are shown in Fig. 1.. They are
Taishu Pb-Zn mine, (Izuhara, in Tsushima Island), Takamatsu coal
mine, Makimine Cu-Fe mine, Taio Ag-Au mine and Kushikino Ag-Au
mine . As will be shown later, in Kushikino mine, underground tempe-

1) S. UyveEDpA and K. HORAI, Bull. Earthq. Res. Inst., 41 (1963), 85.

2) S. UYEDA and K. HORAI, Bull. Earthq. Res. Inst., 41 (1963), 109.
3) K. HORrAI, Bull. Earthq. Res. Inst., 41 (1963), 137.
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rature seemed to be disturbed too muech to obtain any reliable
geothermal gradient.
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Fig. 1. Localities of heat flow stations in Kyushu District.
IH : Izuhara TM : Takamatsu
TO : Taio MM : Makimine
KKN: Kushikino

2. Izuhara

Underground temperature was measured in several boreholes of
the Taishu Mine (34°12-15’N, 129°14-15'E), Izuhara, Tsushima Island,
Nagasaki Prefecture (Fig. 1, Fig. 2). Temperature was measured in 3
boreholes, i.e., Shirotake No. 4, Oita deep-bore No. 1, and Himi deep-
bore No. 5 (Fig. 2). These boreholes were drilled from the ground surface
vertically or slightly slantwise for the purpose of prospecting.

The temperature distribution along these boreholes is indicated in
Fig. 8a, taking the altitude rather than the depth as the ordinate.
When the temperatures are plotted against the depth they show less
consistency. This may mean that the underground isotherms in
Taishu Mine are horizontal rather than parallel to the surface topography.
Temperature was also measured in 4 holes drilled from the drifts of
the mine, but, as indicated in Fig. 8 b, no reliable thermal gradient
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Fig. 2. Localities of the boreholes used in Taishu Mine, Izuhara. The map covers the
area from 34°12’ N to 34°15’ N in latitude and from 129°10/10”74 E to 129°15’10”’4 E
in longitude.

No. 4: Shirotake No. 4 boring.

No. 5: Himi deep bore No. 5.

No. 1: Oita deep bore No. 1.

was observed, owing presumably to the shortness of the hole length or
such causes as water circulation etc. In Fig. 3 a, temperature distribution
along the boreholes Shirotake No. 4 and Oita deep-bore No. 1, shows a
fairly clear linear relation between temperature and altitude, while
along the borehole Himi deep-bore No. 5 temperature shows an unusual
curvature. It will be worth mentioning that the abnormal curvature
might be caused by the disturbance presumably owing to the under-
ground water circulation forced by the drainage in the mine, consi-
dering that the former two holes were at some distance away from
the underground mining drifts and the latter was cut near them. Four
short boreholes which showed disturbed temperatures (Fig. 4) are also
situated in the nearby area. Temperature gradient, calculated by the
method of least squares from the undisturbed temperature distribution

along the boreholes Shirotake No. 4 and Oita deep-bore No. 1, is
2.93+0.04°C/100 m.
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Fig. 3b. Temperature-depth relations
in boreholes in the drifts of Taishu
Mine.

Small hollow circles:
Himi —140mL No. 5 1-A.

400

m Small full circles:
Fig. 3a. Underground temperature distribution Himi —140mL No. 5 1-B.
in Taishu Mine, Izuhara. Large hollow circles:
Full circles : Oita deep bore No. 1. Himi —140 mL No. 28 1-C.
Hollow circles : Shirotake No. 4. Solid triangles:
Small hollow circles: Himi deep bore No. 5. Himi —140 mL No. 28 1-B.

The geology of the mine is described by Uehara in detail.? Rocks
cut through the boreholes are shale and sandstone of Palaeogene age
partly altered by the intruded granite, and the dikes of quartz
porphyry formed at the time of that intrusion. Thermal conductivity was
measured on the rock samples collected from the boring cores. The results

are listed in Table 1. Mean thermal conductivity is 7.41x10~° (§=2.33
X 107%) callem sec °C.

From the data mentioned above, heat flow is calculated as 2.18
x 107% cal/em? sec.

4) EESEHE @i No. 37, 9 (1959), 265.
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Table 1.
Specimen Rock type coggsgg\?ilty Tg:ﬁ;i)g;ature (132?057;%
(10—3cal/em sec °C) | measurement (°C)
IHI Sandstone 9.10 25.4 2.62
I Sandstone 11.29 25.2 2.68
III Quartz-porphyry 6.56 25.4 2.53
v Quartz-porphyry 8.32 - 2.3 2.66
A\ Quartz-porphyry 7.94 25.7 2.54
VI Shale 5.03 25.5 2.71
vl Shale 4.64 25.3 2.70
vl Shale 6.94 25.7 2.7

3. Takamatsu

In Takamatsu Coal Mine (Fig. 1, Fig. 4), owned by the Nihon
Tanko Co., underground temperature has been thoroughly surveyed by
Mr. Y. Kitamura and Mr. M. Hotta of the company. The temperature
was measured at 10 places in the drifts of the mine ranging from
500 m to 1000 below sea level as indicated in Table 2. In Fig. 4,
the place where temperature was measured are indicated. A temperature
distribution diagram is reproduced in Fig. 5, with the kind permission of
the Nihon Tanko Co. Thermal gradient was calculated as 3.06-0.14°C/

Table 2. Temperature stations in Takamatsu Coal Mine.
(by Y. Kitamura and M. Hotta)

Name of site (mA;%g‘lgesgi slé t\(rael) Rock temperature (°C)
A —598 32.3
B —603 33.6
Cc —628 33.8
D —672 3.1
E —700 34.6
F —731 36.0
G —838 39.5
H —891 41.5
I —924 42.5
J —982 44.5
P* —450 30.0

* gee text.
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Fig. 4. Localities of temperature st — su Coal Mine.r The map covers
the area from 33°51’ N to 33°54’ N in latitude and 130°40’10”’4 E to 130°45’10’’4 E in
longitude.

A to J: Stations by Kitamura and Hotta, Nihon Tanko Co.
P : Station by Hérai and Uyeda.

100m applying the least square method to their data. In the figure an
additional datum of temperature measurement, obtained by Dr. Uyeda
and the author in cooperation with Mr. Kitamura, Mr. Wada and Mr.
Hotta of Takamatsu Mine, is also marked for comparison.

Geology of the area® belongs to the old Tertiary formation composed’
of interbeds of sandstone and shale. Samples of sandstone and shale
were collected from the walls of the drifts and their thermal con-
ductivity was measured. Considering the porosity of the sandstone
samples they are saturated with water before measurement. The result
is tabulated in Table 3. Mean thermal conductivity was assessed as
6.27 x 107% cal/cm sec®C taking a weighted mean of conductivities of

sandstone and shale (§=1.59 x 1072 cal/em sec °C). The weights were

taken as proportional to their respective abundance in the column. The
abundance ratio of sandstone to shale was assessed to be 800 : 204 based
on the geological logging along the main shaft No. 3, which was cut

5) Y. KITAMURA, Private Communication.
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Fig. 5. Temperature-altitude (below sea level)
relation in Takamatsu Coal Mine.
Full circles : After Kitamura and Hotta, Nihon
Tanko Co.
Hollow circle: After Hérai and Uyeda.
Table 3.
Thermal Temperature .
Specimen Rock type conductivity during Der;sﬁ%’)
(10-3 cal/em sec °C) | measurement (°C) (griem
™ 1 Sandstone (400m) 6.75% 33.4 2.19%
I Shale (400m) 3.74 31.3 2.49
111 Sandstone (700m) 9.47* 32.3 2.23%
v Sandstone (700 m) 5.82% 32.6 2.30%
v Sandstone  (700m) 7.19% 31.0 2.25%
VI Sandstone (850m) 6.02% 29.2 2.31%
VII Sandstone (1000m) 6.98% 29.3 2.33%
VIII Sandstone  (1000m) 6.20% 29.2 2.29%

* Measured in water saturated state.
*! Measured in desiccated state.
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through in the central part of the mine extending vertically from the
surface down to —1000 m level.

Heat flow in this area was calculated as 1.92x107°cal/cm’ sec,
from the above mentioned data.

4, Taio

Rock temperature was measured at 39 places (33°07-08'N, 130°52'E)
in the drifts of Taio Mine (Fig. 1, Fig. 6), Oita Prefecture. The
drifts extend from the surface down to a depth of 550 m near the
summit of Sarugakeyama, 968 m high. The approximate position of the
area under investigation is indicated in Fig. 6. The results of measure-
ments are listed in Table 4 and shown in Fig. 7. In Fig. 7, measured
temperatures are plotted against the depth from the surface. It is
observed in the figure that the temperature measured in the central
part of the mine (W 14 to W 21 according to the classification of the
mine) shows only a scattered pattern, while in the eastern part (W9
to W 5) and the western part (W 27 to W 30) of the mine an increase
of temperature with depth was observed. The reason for the scattered
temperature in the he mine is not clear, but effect of
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Fig. 6. Area under investigation in Taio Mine. The map covers from 33°06’ N
to 33°09’ N in latitude and from 130°50’1074 E to 130°55’10”/3 E in longitude.




Table 4. Temperature stations in Taio Mine.
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Name of site Deptlzntz)f site Rock tegnperature Class in Fig.7
3V4L W 1 134 17.1 1
3VS5LE 2 158 19.2 I
4V 5L W 5 197 15.9 1
4V 5L W 5 197 15.9 I
5V 5L W 5 197 14.8 1
4V 6L W 3 188 16.6 1
4V 6L W 3 188 16.4 1
4V-7L W 1 220 17.2 1
4AVIL W1 220 17.2 I
7V 7L W 3 220 17.6 I
7V 7L W 3 220 17.5 I
7V 7L W 4 241 17.6 I
2VIL E 3 270 19.3 I
2VOL E 3 270 19.3 1
2VIL E 4 252 19.5 I
3VIOL E 9 263 22.2 I
3VIOL E 9 263 20.1 1
3VIOL E 2 304 18.0 I
3VIOL E 2 304 18.2 I
4V 8L W 4 276 17.7 I
3V 8L W 4 276 17.5 1
3V 8L W 4 276 17.4 I
4V 8L W14 517 18.1
3V 8L W14 517 17.3
3V 8L W15 538 17.8
3V 8L W15 538 17.8
3V 8L W19 495 19.9
3V 8L W19 495 20.0
3V 8L W21 502 19.1
3V 8L W21 502 - 19.2
3V 5L W19 407 19.3
3V 5L W20 425 18.8
4V 5L W21 414 21.1
3V 5L W17 424 17.7
3V OL 25 15.2 I
4V 0L W28 294 17.2 1I
4V 0L W29 286 17.9 II

12Vup 8LW30 454 21.5 II

12V 9L W30 487 21.4 I

12V 9L W29 512 21.7 I

12V 9L W28 522 21.3 1I

12V 9L W38 346 23.9

12V 9L W28 522 21.3 I
2V 2L W 2 77 16.0 I
3V2L W 2 77 15.0 I
3V2L W 2 77 15.1 I
3V 2L W 2 77 15.0 I
3V 4L W 2 137 15.9 I
3V4L W 2 137 15.5 I
3V 4L W 3 135 15.0 I
3V 4L W 3 135 15.0 I
4V 5L W17 425 17.7
4V 7L W18 459 20.2
4V 7L W18 459 20.3
4V10L W21 560 22.0
4V10L W21 560 21.9
12VI10L W27 549 21.4
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Fig. 7. Temperature-depth relation in Taio Mine.
Hollow circles (I): E 9-W 5.
Full circles  (II): W27-W30.
Crosses : W14-W21.

underground water is suspected. The thermal gradient calculated from
the temperatures in these two good parts applying the least squares
method is 1.66-+0.31°C/100 m and 1.75-+0.01°C/100 m respectively.
Rocks around the area are mainly composed of propylites of Tertiary
ages. Thermal conductivity was measured on 11 samples of propylite.
The results are indicated in Table 5. In Table 5, classification of the
propylite according to the geologists of the Taio Mine, Mr. Ito, Mr. Yatsuji
and Mr. Ueki® is also mentioned. Mean thermal conductivity of propy-

lite is 6.16 x 107 cal/cm sec°C (g =1.95x 10" cal/cm sec °C). Thus, the

heat flow is 1.05 x 10~ cal/cm?® sec, taking the average thermal gradient
in this area to be 1.71 °C/100 m.

Table 5.
Thermal : Temperature i .
Specimen Rock type conductivity ‘ during (De;mtay
© (10-3 cal/em sec °C) ' measurement (°C) ;T com?)
TO I Propylite WG 5.56 33.5 ' 2.57
I Propylite G 5.53 33.6 2.68
111 Propylite B 5.15 33.5 2.70
v Propylite A-Br-Wvi 5.71 33.4 ' 2.60
v Propylite S 6.81 33.4 2.52
Vi Propylite A-Br-Ch 6.14 33.5 2.66
VII Propylite A-Wvi 4.65 33.4 2.52
VI Propylite A-Br-Vi 6.77 33.5 2.67
X Propylite Br-WG 6.37 : 33.6 : 2.66
X Propylite Br-Vi 8.55 ' 33.6 . 258
XI Propylite Br-Wvi ' 6.52 : 32.9 ‘ 2.61

6) T. IT0, A. YATsUJI and Y. UEKL, Kyushu Kozan Gakkaishi, 29 (1961), 87.
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5. Makimine

Underground temperature was measured in the drifts of the Makimine
Mine (32°38'N, 131°26-27'E) (Fig. 1, Fig. 8), Miyazaki Prefecture. Due
to the distribution of ore bodies, the mine is separated into two parts,
4.e., the eastern part and the western part. Temperature was measured
using the boreholes drilled in the drifts at various depths ranging
from 100 m above sea level to 600 m below sea level. The results are
summarized in Table 6. In Fig. 9, rock temperatures are plotted against
the altitude of the location where temperature was measured.
Temperature shows a linear increase with depth without any notable
departure between the temperatures in the eastern and the western
parts. The observed gradient was 2.57+0.07°C/100 m.

Geology around the area belongs to the wunclassified Mesozoic
formation composed of phyllite, sandstone, slate and green rocks

SRS 2D

Fig. 8. Localities of boreholes used in Makimine Mine. The map covers the
area from 32°36’ N to 32°39’ N in latitude and from 131°25’10’’4 E to 131°30’10"’4 E
in longitude. '

B: Eastern part of mine, see Table 6.
A: Western part of mine.
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Table 6. Temperature stations in Makimine Mine.

K. HORAI

. . . Rock
. Altitude of site Depth of site
Name of site No. (m above sea level) (m) tem{)f(r}z)iture

West adit A0 120 115 18.7
Al 121 114 18.3

A2 117 118 18.4

W. No. 4 drift A3 10 200 21.3
Ad 17 193 21.4

A5 18 192 21.2

W, 8L A6 —116 271 24.1
o A7 —115 270 24.2

W, 12L | A8 —283 518 28.4
A9 —283 518 28.5

+Al0 —283 518 28.3

All —278 513 28.3

W, 14L - Al12 —384 564 30.9
- Al3 —384 564 30.7

Al4 - —384 564 30.7

W, 16L Al5 —493 698 36.1
Al6 —492 697 36.9

DAL7 —493 693 36.4

W, 18L Al8 —595 705 35.9
A19 —593 703 35.8

A20 —593 703 35.0

A21 —593 703 35.2

- o |

East adit BO 116 } 104 ! 18.0
Bl 113 | 107 17.9

E, No. 4 drift B2 25 ‘ 155 20.1
B3 17 ; 163 20.9

B4 17 ! 163 21.0

E, 6L B5 —16 ‘ 286 23.1
B6 —15 ! 285 23.3

W, 10L B7 ~193 | 438 27.9
BS —193 438 27.8

B9 —189 439 27.4

E, 12L B10 —288 678 29.9
B11 —297 687 29.6

B12 —303 693 29.9

E, 13 L B13 —333 | 713 30.2
Bi4 —330 ) 710 30.2

B15 —345 725 i 30.6

E, 14L B16 —388 843 ! 32.7
B17 —390 845 i 32.7

il
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Fig. 9 Temperature-altitude relation in Makimine Mine.
Full circles : Eastern Part.
Hollow circles: Western Part.
(metamorphosed basic volcanic rocks)”. Thermal conductivity was

measured on the samples of these rocks. The results are shown in

Table 7, giving the mean thermal conductivity as 6.95x 1073 (?:1.97 X

Table 7.
Thermal \ Temperature .
Specimen Rock type conductivity f during (D i?cs’?;:%
] (10-3cal/cm sec °C) | measurement (°C) g
MM I Black phyllite 5.17 34.8 2.71
11 Black phyllite 8.54 34.8 2.77
11t Sandstone 7.38 34.8 2.68
v i/landstone q 10.29 34.8 2.65
etamorphose i
v lﬁ/z{tsic volcanic rocks 5.40 " 84.7 2.95
etamorphosed 1
VI basic volcanic rocks 4.89 | 34.7 2.8

10-%) callem sec°C. Combining the thermal gradient with the thermal
conductivity, the heat flow can be obtained, as 1.79 x107¢ cal/cm’®sec.

6. Kushikino

A terrestrial heat flow survey was made at Kushikino Mine, (Fig. 1,
Fig. 10), Kagoshima Prefecture. Rocks distributed in and around the
mine are composed of andesitic rocks of Miocene age and tuffaceous

7) T. TATsuMI, Seci. Pap. Coll. Gen. Educ. Univ, Tokyo., 81, 3 (1953), 201.




31°45’ N to 31°48’ N in latitude and from 130°15/10’’4 E to 130°20’10’’4 E in longitude.

sandstone presumably belonging to the Pliocene age®.

The andesitic

rocks are partly altered. Thermal conductivity was measured on the
samples of tuff breccia, andesite, pyrite and propylite and the result
is tabulated in Table 8.
pyrite, thermal conductivity shows no large difference from one type

to another.

In Table 8, it is observed that, apart from

Mean thermal conductivity is 5.23 x 10~ cal/cm sec®C.

Table 8.

Thermal Temperature .
Specimen Rock type conductivity during (D e;151t3y
(10-3 cal/em sec °C) | measurement (°C) griem?)

KKN I Tuff breccia 4.20 ' 34.8 2.29

i Propylite 5.24 : 34.7 | 2.62

II1 Propylite 4.49 34.6 i 2.43

v Andesite 4.67 g 34.5 Po2.70

\' Propylite 5.57 ‘ 34.7 i 2.57

VI Pyrite 7.22 | 34.8 | 2.66

8) T. WATANABE, Ed., Progress in Economic Geology (Fuzanbo, Tokyo. 1956).
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Underground temperature was measured using boreholes drilled
from the land surface and those cut in the drifts of the mine. In
Fig. 10, the area in which these boreholes are distributed is shown.
Measured temperatures are plotted in Fig. 11 against the depth of

100 — ° n

300 ° o -

m 1 1 ] ! ] 1 1 1 1

Fig. 11. Plot of measured underground temperatures in Kushikino Mine.

temperature stations. It may be observed in the figure that the de-
pendence of the temperature on the depth is not definite indicating
that the underground temperature distribution is complicated in this
area. The nature of the disturbance which causes this complicated
distribution is not known. Composite structure of different rock type
would not be responsible for this. Mere application of the least squares
method produces a gradient 1.86°C/100 m giving a heat flow of 0.71
x107° callcm® sec. This value, however, has little reliability. To get a
more reliable thermal gradient it would be necessary to extend the
measurement to the deeper part or to make another measurement in
the vicinity of the area where the disturbance is less.

7. Conclusion

Data on heat flow in Kyushu Distriect is summarized in Table 9.
The table indicates the following when reference is made to Fig. 1;
a) Heat flow in Tsushima Island in the Japan Sea is high (@=2.18 x10~°
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Table 9. Terrestrial Heat Flow in Kyushu District.

i . ‘ i Thermal | Ter-
e Longi- Geothermal| con- | restrial
Locality .:t?z))rl;eVl ! Site Laa\%lde‘ tude ;| gradient | ductivity!heat flow |Remarks
| . (E) | (°C/100m) | (10=3cal/ = (10~Scal/
| : : ‘ lem sec®C) ' emisec)
Izuhara H Pb, Zn| 34013 £129 14'5 2.93 7.41 2.18
k
Takamatsu| TM | 931 | 33050 {130°43  3.06 6.27 1.92
| l
Taio TO ﬁ:?ﬁé\g‘ 33°07/ 1130°52 . 1.71 6.16 1.05
Makimine | MM ggne 32°38 ‘131°27" 2.57 { 6.95 1.79
Kushikino | KKN [A% 88 31040 130016 139 © 528 1 0.7 |20
J ‘ |

callem? sec); this is in agreement with our observation in other parts of
Japan. b) In the other part of the District also <.e. the main island
of Kyushu, the heat flow seems to be high (Q is almost 2x107° calfem®
sec), but not very high. Even a relatively low value is observed in
the central part (@=1.05x10"°cal/cm*sec in Taio). Obviously, more
measurements are needed before further discussion of the distribution
of heat flow in this District.
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