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Abstract

Eight sets of new data on the terrestrial heat flow have been added to the
existing five sets of data in Kanto and Chubu Districts, or the central part of
Japan. Of the eight new localities, seven are in metal mines and one in a na-
tural gas field.

Expressing the geothermal gradient 47747 in °C/100 m, and the heat flow in
10-¢ cal/cm?® sec, the present data can be summarized as:

Mobara: AT14Z=1.85, @Q@=0.54
Ashio: AT[4Z=3.57, Q@=2.23
Chichibu: AT[4Z=1.90, Q@=1.34
Kamioka: AT4Z=2.77, Q@=1.80
Nakatatsu: AT|4Z=2.90, Q=1.95
Kune: AT|4Z=1.97, Q=1.60 (Honzan)

AT|4Z=2.17, Q=1.44 (Nako)
Minenosawa: 4T7/4Z=2.82, @Q=1.79

Combined with previous data, the above figures indicate the following facts:
a) Heat flow on the Pacific coast side of Kanto District is, without exception,
small (Q@<1.00); b) High heat flow region, known on the Japan Sea coast side of
Tohoku District (Q>2.00) extends to the north-western part of Kanto District
and possibly down to the Izu-Mariana Arc. This high heat flow region apparently
coincides with that of Tertiary volcanism of Japan. c¢) Heat flow in Chubu
District is higher than the world’s average (Q=1.2~1.4) but not very much. This
high value may be accounted for by the relatively thick crust of the District.
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1. Introduction

During the period 1960-1962, a systematic survey of terrestrial heat
flow in Japan was undertaken. Due to financial difficulties, drilling holes
at desired localities specifically for the present purpose was beyond hope
from the beginning, and it was necessary to make use of existing bore-
holes which were drilled for different purposes, mainly for prospecting
natural resources.

Following the suggestions given by the Japan Mining Industry
Association, Coal Association and Natural Gas Mining Association, a
letter of inquiry as to the feasibility of carrying out a measurement of
geothermal gradients and availability of rock specimens for thermal
conductivity measurement was sent to some 40 metal mines, 20 coal
mines and 100 oil and/or natural gas fields over the Japanese Islands.
As a result of this inquiry, it was found that, out of these, about 30
metal mines, 10 coal mines and 15 oil and/or gas fields have deep bore-
holes, left untouched for a time long enough for dissipation of artificial
thermal disturbances, and relevant rock specimens.

Up to the present, geothermal studies have been made at 45 localities,
most of them producing useful data. As a result of the present survey,
it seems that the general distribution of the terrestrial heat flow in
Japan has been determined. A series of papers, the first of which is
the present one, will describe the results of the measurements of ter-
restrial heat flow conducted in the course of the above project.

Terrestrial heat flow can be obtained from two separate quantities,
namely thermal gradient 47/4Z and thermal conductivity K of the
strata in which thermal gradient was measured. Thermal gradient
AT|4Z was determined applying the method of least-squares to the tempe-
rature data on the assumption that the underground temperature increases
linearly downward. Deviation of individual temperatures from the
average temperature-depth relation which could be caused by numerous
factors in the strata was regarded here as an inevitable disturbances to
the average thermal field.

There are no definite way of estimating the composite thermal
conductivity of the strata from the conductivities of individual rock
samples. In the present study, an average thermal conductivity was
substituted for the composite one. Substantial amount of errors will
probably accompany with this method, especially when the thermal
conductivities of individual rock samples differ greatly from each other.
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Fig. 1. Localities of heat flow measurement.

HT . Hitachi TN : Tanna

KT : Katsuta SK : Seikoshi

KS : Kashima OS : Oshima

TU : Tokyo University KO : Kamioka
MB : Mobara ND : Nakatatsu
AO : Ashio KN : Kune
KTSN: Kusatsu-shirane NKO: Nako

CB . Chichibu MNS: Minenosawa
SG . Sasago

To illustrate the situation, consider an example that the heat flow

Q=1.5x10"callcm®sec was obtained from a set of data i. e., the

mean thermal gradient %=2.5°C/100m and the average thermal con-

ductivity K=6x1072cal/cm sec °C. If the probable error of the thermal
gradient obtained from the same data applying the method of least
squares was 0.2 °C/100 m, it is easy to see that the deviation of thermal
conductivity must be less than 1.562 x 1073 cal/cm sec °C in order to settle
the possible errors of heat flow valves within 83 9 i. e, 0.5x 10~ cal/cm?
sec. These figures will afford a certain indication regarding the accu-
racy of heat flow determinations.

In the following description, half the range of thermal conductivity,
R __maxK—minK
2 2

ductivity value for reference. When the strata was composed of rocks

i, e., will be attached to the average thermal con-




86 S. UYEDA and K. HORAI

of different types, max K and min K were taken as the maximum and
the minimum of the mean thermal conductivity of rocks belonging to
the same rock type in the strata concerned.

There had been five sets of data relative to terrestrial heat flow in
Kanto and Chubu Districts"®*. In the present paper, eight sets of new
data will be presented: The localities are (see Fig. 1) Mobara Gas Field,
Ashio Mine, Chichibu Mine, Kamioka Mine, Nakatatsu Mine, Kune Mine
(Honzan Mine and Nako Mine) and Minenosawa Mine.

2. Mobara

The area around Mobara City, Chiba Prefecture, (Figs. 1 and 2) is
well developed for natural gas production. We made temperature

*VFxg. ara.
35°26’ N in latitude and from 140°19’1074 E to 140°24’10"’4 E in longitude.

1) S. UYEDA, T. YUKUTAKE and I. TANAOKA, Bull. Earthq. Res. Inst., 36 (1958),
251-273.

2) K. HORA1, ibid., 37 (1959), 571-592.

3) S. UYEDA and K. HORAIL bid., 38 (1960), 421-436.
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Fig. 3. Temperature—depth relation in Mobara gas field.
Hollow circles are the bottom temperatures of, from left to right,
boreholes I-1, 202, D-28 and OT-2.
Full circles are the temperatures in the borehole No. 408.
Thin line is the temperature-depth curve for the borehole OT-2.
(Data for the boreholes D-28 and OT-2 are given by Kanto Natural Gas
Development Co.)

408 (depth d=470m), No. 202 (d=450m) and I-1 (d=275m).
Approximate position coordinates of these boreholes are 35°24'-25' N,
. 140°19'~23’'E. Out of these three boreholes, gas was being drawn from
No. 202 and I-1 until several hours before the temperature measurement,
so that the temperature data is regarded as less reliable. It may be
. considered, however, that the bottom temperatures would be close to
the actual temperature and are plotted in Fig. 3. The borehole No.
408, drilled in June, 1956, had been kept at rest for three months before
the measurement (on 14, Feb. 1961) and the temperature-depth relation
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was obtained as shown in Fig. 8. There are two other underground
temperature data records of the area; these are the bottom temperatures
of nearby deep test wells OT-2 and D-28 owned by Kanto Natural Gas
Development Co. (Fig. 2). The measurements were conducted by the
company by means of an Amerada-type thermometer. It may be
observed that these four sets of data lie on a straight line as in Fig. 3.
The geothermal gradient obtained by the method of least squares for the
area is 47[4Z=1.85+0.02°C/100 m.

The geological formation concerned is an interbedding of sand and
siltstone of Quaternary and Tertiary ages. Some siltstone specimens
were given by Kanto Natural Gas Development Co. to the authors for
thermal conductivity measurements. They are from 700 m, 100m, 1400
m and 1700 m levels of the borehole OT-2 and the .thermal conductivity
was measured by the divided-bar method in the water-saturated state®
to give the value listed in Table 1. The average of the measured

Table 1.
Specimen alrzl?id;p?tpgf ;l;gftrym(il lcoogdcl:z%} ' (}‘fg?l?grax&igesure- E Water content by
collection cem sec °C) " ment (°C) ‘welght (%)
MB 1 | Siltstone 700m 2.50 ._ 24.2 ; 19.7
O | Siltstone 1000m . 3.14 : 24.3 : 11.0
I | Sandstone 1000m 2.18 , 24.4 ' 11.5
IV Sand  1400m 3.32 23.2 9.8
v Siltstone 1700m | 3.28 23.2 ; 17.0
VI Sandstone 1700m 3.21 § 22.5 | 6.7

values is K=2.94x10"%calfcm sec °C. (§=0.57 x107* callem sec °C) and

thus the heat flow can be obtained as Q=0.54 x10-°cal/cm? sec.

A temperature-depth curve was obtained by the Kanto Natural Gas
Development Co. for the borehole OT-2 as indicated by a thin curve in
Fig.8. Although the measurement was done after five months’ quiescence,
it was necessary to reduce the gas pressure from 380 kg/em? to 25kg/
cm* to lower the apparatus. This may have caused some thermal dis-
turbance in the hole since the sharp kink at the depth of 600 can
hardly reconcile the continuity of heat flow unless thermal conductivity
is about 4 times as small in the upper stratum as in the stratum lower
than 600 m. Such a great change in the thermal conductivity is unlikely.

4) K. HORAI and S. UYEDA, Bull. Earthg. Res. Inst., 38 (1960), 199-206.
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Underground temperature measurement was conducted using ten
short boreholes in drifts and galleries at various depths (0 m to 400 m
from the surface) in Ashio Mine (36°39'N, 139°27'E), Tochigi Prefecture
(Fig. 1 and Fig. 4). Drifts of Ashio Mine are developed in the body of
a mountain called Bizendate, which is made of a rhyolite mass of the
Miocene age. Copper ore veins are mainly in the rhyolite and “Kajika”
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Fig. 5. (a) Temperature plotted against the altitude
of the stations, Ashio. (b) Temperature plotted against
the depth of the stations, Ashio.

ores are found in the surrounding paleozoics.? The rocks concerned
with the present study are exclusively rhyolite (Fig. 4, b).

The temperature measurements were made throughout the length
of each borehole and the asymptotic approach of temperature to the
undisturbed rock-temperature was ascertained in each ecase.®?

The results of the temperature measurements are shown in Fig. 5,
a, b. It may be noticed in these diagrams that the temperature data

Table 2.
[ - . Thermal conduc- Temperature i
Specimen ; Rock type L tivity (X10-3 cal/ during measure- | Density (gr/cm?)
; | em sec °C) r ment (°C) |
AO la |  Rhyolite 6.51 * 29.4 | 2.60
Ib |  Rhyolite | 5.95 29.3 | 2.58

5) T. NAKAMURA, Jour. Inst. Polytechnics, Osaka City Univ., Ser. G., 4, (1961).
6) A.D. MISENER, Trans. Amer. Geophys. Union, 36 (1955), 1055.
7) K. HORAL, Bull. Farthq. Res. Inst., 37 (1959), 571.
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Table 3. Temperature stations in Ashio Mine.

1 . Undistur-
: Altitude of
No. Name of the station site (m above ]s)iigt(h ())f d* (m) Egg r:rcﬁ
sea level) m turep CC)
1 | Hotei-shita, No. 6 drainage drift 448 724 22.6 21.2
Hotei-shita No. 2 drift, Yoko No. 2, 581 639 8.6 19.7
hanging wall.
3 | Hotei-shita, No. 4 drift, Yokomabu 530 feet 505 616 17.3 19.4
vein, shita 2 W3 bore, north cross cut.
4 | Adit level, Yokomabu E6, foot wall, north 626 544 22.6 17 .4
cross cut
5 | Ue, No. 2 drift, Hotei W4 bore 699 422 13.1 15.1
6 | Yoko 3, shita No. 6 drift, Shinsei foot 433 643 16 23.3 .
wall vein WS8.
7 | Yoko 3, shita No. 8 drift, vein No. 11 W16.
No. 1 369 767 15 26.8
No. 2 369 767 5 26.8
8 | Yoko 3, shita No. 10 drift, vein No. 12
W12, No. 1 310 796 10 30.6
No. 2 310 796 - 0 29.2
9 | Yoko 3, shita No. 10 drift, platform for 307 791 10 28.6
shaft
10 | Ginsei adit level, 350 feet vein W16. 627 467 12 19.0

* d=Distance of the position of thermometer in a borehole from the drift wall.

Remark: Water was flowing out of borehole No. 2 of station No. 8 and borehole at
station No. 9.

shows more consistency when plotted against the altitude rather than
against the depth from the surface overhead. Implications of this fact
will be treated elsewhere.® The geothermal gradient thus determined
by the method of the least squares in Ashio Mine is 3.57+0.31°C/100 m.

The mean thermal conductivity of the rhyolite was determined as 6.25

x 107 (§=0.29 *x107%) cal/cm sec°C (Table 2), so that the terrestrial heat

flow value is Q@=2.23 x10~°cal/cm’ sec.

The description of the temperature stations is as shown in Table 8,
(Fig. 4 and 5).

4. Chichibu

Temperature measurements in two boreholes were made in Chichibu
Mine (36°01'N, 138°48'E), Saitama Prefecture (Fig. 1 and Fig. 6). The
site of the boreholes was the Base No. 3 in Doshinkubo Mine, where
the altitude is 1024 m above sea level and the altitude of the surface

8) K. HORAI, Bull. Earthq. Res. Inst. (to be published).
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Table 4.
Termal conducti- | Temperature
Specimen Rock type vity (X10-3¢ql/|during measure- | Density (gr/cm?)
cm sec °C) ment (°C)
CB 1 Limestone 6.56 29.4 2.67
I Magnetite 6.54 29.4 4.25
m Pyrrhotite 8.62 29.3 4.05

overhead is 1250 m above sea level. The depth of the site therefore is.
226 m. The holes were test bores No. 560 (vertical depth=107.5m) and.
No. 554 (vertical depth=174.5m). The angles of declination and inclin-
ation of the boreholes were 215°, —65° and 180°, —65° respectively.

The results of temperature measurements in the two holes show
more consistency when plotted against the altitude regardless of the
surface topograpy rather than against the depth, just as in the case of
Ashio Mine. In Fig. 7, the ordinate is the vertical depth from the site
of the bore, which is essentially the altitude, and the least square
geothermal gradient is 1.904-0.07°C/100 m.

As shown in Fig. 6, Chichibu Mine is located amidst the Chichibu
Mountainland.” Magnetite and Pyrite ores are developed in skarn and
limestone in association with the Miocene intrusives.?

The rock specimens were limestone, magnetite and pyrite ore, whose:
thermal conductivities were found as shown in Table 4. From consider-
ation of the geological section of the concerned area, these measured
thermal conductivities were averaged with the weight of 2:1:1 and the

mean thermal conductivity thus obtained was K=7.06 x10-* (iza-=1.04-

x107% callcm sec®C. The amount of heat flow then is @=1.834x10-¢
callem’ sec.

5. Kamioka

In Kamioka Mine, Gifu Prefecture, temperature measurements were:
made in two long boreholes and one short hole in Tochibora Mine
(36°21' N, 137°19’E) (Fig. 1 and 8). The boreholes are listed in Table 5.

The effective or vertical depths of the long boreholes were 388 m (XH
94) and 221 m (XH78). Just as in the two cases mentioned in the earlier
sections, the temperature data in Kamioka Mine is also more consistent.
when plotted against the altitude than against the depth as shown in
Fig. 9, and the least square geothermal gradient is 2.77+0.04°C/100 m..

9) M. KANEDA, private communication.
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‘ Fig. 8. Localities of boreholes used in Kamioka Mine.The map covers the area from
36°20’ N to 36°23’ N in latitude and from 137°15’10’’4 E to 137°20’10”’4 E in longitude.

Fig. 9. Temperature-altitude relation in Kamioka Mine.
Hollow circle at the upper left corner: Borehole B-4,
Hollow circles: Borehole XH 78,

Full circles: Borehole XH 94.

10) S. ToNo, private communication.

Kamioka Mine is
located high up in the
Hida Plateau (Paleozo-
ics). Zinc and lead ores
are formed in skarns
which are considered
as being formed in
connection with the
intrusion of granite-
porphyry in the Meso-
zoic age into gneiss and
limestone.’® The rock
specimens for thermal
conductivity determi-
nation are diopside-
gneiss, limestone, mela-
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Table 5. Temperature stations at Kamioka Mine

Name of Altitude of boring |Depth of bor- Declination Dip of Length of
borehole site (m above ing site of bore bore bore
sea level) (m) (m)
No. XH 94 480 398 217° —61° 446
No. XH 78 480 363 0° —60° 287
B4 650 325 106° —14° 8
Table 6.
Soec o ‘d’l_‘h.ermal co_nduc- Temperature Density
pecimen Rock type tivity (2’<10 3 cal/ durlngo measure- (gr/om?)
o cem sec °C) ment (°C)
KO 1 Diopside gneiss 5.22 29.1 2.80
I Limestone 5.52 28.8 2.66
m Mela-gneiss 4.16 29.0 2.71
v Granite porphyry 5.62 28.9 2.54
A\ Hedenbergite skarn 5.49 28.8 3.25
Vi Hedenbergite skarn 8.78 28.6 3.27
I Andradite 8.90 28.9 3.66

gneiss, granite-porphyry, hedenbergite-skarn, garnet (andradite). The
conductivity values measured are listed in Table 6 and the average

value is K=6.49 x 10~ cal/cm sec °C (§:2.37 X 10~%cal/em sec °C).  The
value of the heat flow is thus @=1.80 X 10~ cal/cm’ sec.

6. Nakatatsu

In Nakatatsu Mine (Fig. 1 and Fig. 10), Fukui Prefecture, temperature
measurements were made using one vertical borehole and two horizontal
boreholes in Nakayama Mine (35°52' N, 186°35'E). The boreholes used
are described in Table 7. v

In the present case again, the subterranean temperatures are better
lined up when plotted against the altitude than against the depth from
the surface overhead (Fig. 11), and the “least squares” geothermal
gradient is 2.9040.06°C/100 m.

Nakatatsu Mine is a contact metasomatic ore of zinc and lead,
developed in skarn bands in Paleozoic limestone in association with late-
Mesozoic or Tertiary intrusives.®

Rock specimens used for conductivity estimation were garnet skarn,

11) K. WAKABAYASHI, private communication.
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Table 7. Temperature stations at Nakatatsu Mine

Altitude of boring . Length of
Name of berehole site (m above sea Depth O)f site borehole
level) (m (m)
—160m level downward vertical. 435 460 180
—200m level No. 4 horizontal. 405 440 22.6
Om level No. 275 horizontal. 605 180 8.6
Table 8.
- B " | Thermal conduc- | Temperature 71;77. t N
Specimen Rock type tivity (X10-3 cal/ | during measure- ( er/1513y)'
em sec °C) ment (°C) grjem
ND I Garnet skarn 7.68 29.1 3.41
i Porphyrite 5.50 29.0 3.20
il Hedenbergite skarn 6.38 28.9 3.40
I\% Limestone 5.16 28.8 2.68

hedenbergite skarn, and porphyrite. From the geological column
concerned the conductivities of these rocks (Table 8) were averaged
with relative weights of garnet skarn: hedenbergite skarn: porphyrite
=82:49:52. The weighted mean of the thermal conductivity is K=6.71

x 1072 ealjcm sec °C (§:1.26 x107%). The amount of terrestrial heat flow,

then, becomes @=1.95x10"%cal/cm’ sec.

7. Kune

In Kune Mines, Shizuoka Prefecture (Fig. 1 and Fig. 12), geothermal
measurements were made using 14 horizontal boreholes and one vertical
borehole drilled from drifts at various levels of Honzan Mine (35°05
N, 187°50’E), and 7 horizontal boreholes at various levels of Nako Mine
(85°08' N, 1387°52'E). The vertical distance covered by the above
measurements was about 500m in Honzan Mine and 400 m in Nako
Mine. The descriptions of the temperature stations (Fig. 12) are as
listed in Table 9.

In all cases, temperature was measured at a distance of 13 m from
the mouth of the hole. The temperature data is as shown in Fig. 13
and Fig. 14. The results from Kune (Honzan) Mine are rather scat-
tered and the geothermal gradient determined by the method of the
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Fig. 12. Localities of boreholes in Kune (Honzan) and Nako Mines. Numbers to the
The map covers the area from 35°02" N to 35°07' N in

circles refer to those in Table 9.
latitude and from 137°48" E to 137°53’ E in longitude.

least squares is 1.97 +0.31 °C/100 m, while that from the data in Nako

Mine is 2.17 +0.12 °C/100 m.
Ores in the Kune Mines belong geologically to so-called Kieslager-type
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Table 9. Temperature stations at Kune Mine.

99

No. Altitude of site Depth of site ggfaktutregn'
(m above sea level) (m from ground surface) °C)
Honzan Minel 146 319 19.7
2 146 267 19.5
3 146 267 19.8
4 262 168 21.3
5 262 178 18.0
6 262 183 21.4
7 237 191 21.9
8 237 188 22.1
9 176 284 22.5
10 176 269 23.6
11 —210~ —282 488~560 24.4~27.2
12 —4 464 26.0
13 —4 461 29.1
14 —4 461 29.1
15 —70 372 28.4
Nako Mine 1 —105 639 24.9
2 133 369 19.8
3 133 375 19.4
4 134 381 19.8
5 134 381 19.3
6 285 245 16.0
7 285 209 15.9
Table 10.
Thermal conduc- | Temperature .
Specimen Rock type zf"\;l;zc( 3< 01)0—3 calf gﬁarri?g" g;easure- (13 i?:;%
KN 1% Crystalline schist 6.36 33.9 2.93
I 8.93 33.9 2.99
I 9.59 33.9 2.69
v 7.69 33.9 2.69
KN Vv** Crystalline schist 6.40 33.6 2.91
VI 6.28 33.6 2.86
VI 6.29 33.6 2.91
VIl 6.42 33.7 2.91
X 6.00 33.5 2.86
X 7.15 33.5 2.88
Xt 8.02 33.4 2.96

* Collected in Honzan Mine.
**  Collected in Nako Mine.
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Fig. 13. Subterranean temperature in Fig. 14. Subterranean temperature in
Kune (Honzan) Mine, plotted against the Nako Mine, plotted against the depth of
depth of stations from the land surface stations from the land surface overhead.
overhead.

bedded cupriferous pyritic deposits in Sambagawa crystalline shists.”*®
Specimens (four from Honzan Mine, and seven from Nako Mine) of
crystalline shists were sampled for the estimation of the thermal con-
ductivity. Table 10 shows the measured conductivity values. The mean
thermal conductivity obtained from these measurements is K=8.14x1073

(—?—zl.GZXlO‘S) callem sec °C for Kune (Honzan) Mine, and K=6.65x

10-3 (ize—:l.()l % 107?) callem sec °C for Nako Mine respectively.
The heat flow values are, thus,
@=1.60 x10"°cal/cm® sec (Honzan Mine),
Q=1.44%x10""cal/cm’sec (Nako Mine).

12) T. KAMIYAMA, Journ. Mining and Metallurgical Inst. Japan, 75 (1959), 715.
13) T. Kamivama and N. YAMAE, Mining Geology, 11 (1961), 136.
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8. Minenosawa
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Fig. 15. Locality of the boreholes (upper left corner) in Minenosawa Mine. The map
covers the area from 34°57’ N to 35°00’ N in latitude and from 137°50’10”4 E to 137°55
10’4 E in longitude.

A borehole dipping —57° (No. 1) and a vertical borehole (No. 2)
were used for the estimation of the underground temperature gradient
in Minenosawa Mine (35°00'N, 137°51' E), Shizuoka Prefecture, (Fig. 1
and Fig. 15). ' .

However, as the temperature measurement was made when borehole
No. 1 was under the operation of drilling, it was considered that only the
bottom temperature would be close to the real undisturbed temperature.'#

Borehole No. 2 is a 97m long vertical hole from a drift 90m
below the land surface, and the result of temperature measurement is
shown in Fig. 16 by full circles. The geothermal gradient from this
data is 2.92+0.15 °C/100 m.

14) S.R. CooPER and C. JONES, Geophys. Journ. Roy. Astr. Soc. London (1959), 116.
15) S. UYepA and K. HORAL, Bull. Earthq. Res. Inst., 38 (1960), 421.
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1oglet—t ! In the same figure, the temperature

m data from bore No. 1 is also shown by hollow
Fig. 16. Temperature depth circles, taking the common ordinate as the
relation in Minenosawa Mine.  g)tityde. It may be stated that the measured
Full circles: Borehole No. 2. . .
Hollow circles: Borehole No,1, Pottom temperature, in accordance with ex-
which was being drilled at the pectation, coincides approximately with the
time of measurement. undisturbed temperature.

Minenosawa Mine, being located about
5km south of Nako Mine described in the preceding section, belongs
geologically to the so-called Kieslager-type mines and the rocks domi-
nating the area are all Sambagawa shists'. The average value of the

thermal conductivity for four specimens of shists (Table 11) is K=6.13
x10-? (%=1.05><10—3) callcm sec °C, so that the heat flow of this area

may be estimated as Q=1.79 x10°cal/cm’ sec.

Since the depth of the borehole was only 97 m, it must be mentioned
that the geothermal gradient estimated here has less reliability compared
with other cases in the present report.

9. Seikoshi

In Seikoshi Mine (84°54'N, 138°49'E), Shizuoka Prefecture (Fig.
1), 6 boreholes at various depths were used for temperature measu-
rements. It was hoped that important data would be obtained from
the measurements - because the location of Seikoshi Mine is on the
possible extension of the zone of high heat flow (see Fig. 1).

However, the underground temperature in the mine was found to
be badly scattered. The effect of circulation of underground water
was suspected as causing this.

16) T. WATANABE. Ed., Progress in Economic Geology (Fuzanbo, Tokyo, 1956.)
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10. Tanna Basin 1

Two boreholes, drilled for the ge- L LB S S S
ological survey of Tanna Basin by Japan I
National Railways, were made available - ]
for temperature measurement. so |- o -

The boreholes were located in ] 1
Tanna Basin (Fig. 1) under which the L )
New Tanna Tunnel was being constru- D 0 i
cted, and were about 150 m and 180 m - ° T
deep. L

In both cases, it was found that - *
there is no observable temperature e
gradient (Fig. 17). Again, the effect of
underground water is considered to be

responsible for this. 00
Fig. 17. Temperature depth' rela-
tions in Tanna Basin.
11. Conclusion and Full circles: Naga; No. 1, 1958

Acknowledgement Hollow circles: Takizawa No. 1,

T
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Data on terrestrial heat flow in Kanto and Chubu Districts is sum-
marized in Table 12. In this table, data already published is also
included. Table 12, together with Fig. 1, seems to indicate the following
facts. 1) Heat flow is invariably small (Q<1x10"°cal/cm*sec) on the
Pacific coast side of Kanto District. 2) Zone of relatively high (@ >2x
10~*cal/cm®sec) heat flow known on the Japan Sea coast of Tohoku
Distriet'”™” seems to extend down to the northwestern part of Kanto
District. This zone, being coincident with that of the Tertiary
voleanism in Japan, is suspected to continue farther south to the Izu-
Mariana Island Arc. 3) West of the area mentioned in 2), i. e. the
main part of Chubu District has heat flow higher than the world’s
average but not as high as 2x10-° callem? sec.

In the region treated in the present report, the heat flow at Kusatsu-
Shirane geothermal area was found to be anomalously high. It was
found, however, that the geothermal gradient in Volecano Mihara, Oshima
Island, measured in several deep wells is almost nil®. Such a case was
encountered in three other localities in the present area, i.e. Hokota,
Tanna, and Seikoshi. In all these cases, the temperature variation with

17) S. UYEDA, T. YUKUTAKE and I. TANAOKA, Bull. Earthqg. Res. Inst., 36 (1958) 251.
18) S. UYEDA, Bull. Earthq. Res. Inst., 39 (1961), 579.
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depth showed some strange features, such as nil gradient or negative
gradient, and it has been suspected that undergound water movement
is causing these.

The authors would like to thank many people at the heat flow
stations, whose kind assistance made the present series of work possi-
ble. Only a few names of these people will be mentioned in the
Japanese abstracts of each paper. We are also indebted to Prof. T.
Rikitake for his kind supervision on the whole project.
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