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Abstract

Terrestrial heat flow values at three localities were added
to the previous heat flow determinations in Tohoku District. Of
the newly-added three localities, two (Kamaishi and Nodatamagawa)
are on the Pacific coast side of the District while the other (Osarizawa)
is on the central part slightly nearer to the Japan Sea coast of the
District. Thermal gradients observed in these localities are 0.66-
1.16°C/100m in Kamaishi, 1.38°C/100 in Nodatamagawa, and
3.34°C/100m in Osarizawa. Geothermal heat flux in each of these
localities was determined from the thermal gradient combined with
thermal conductivity of rocks collected at each place. The values of
heat flux are 0.37~0.66 X 10~°cal/cm?®sec in Kamaishi, 1.14x10~¢ cal/
cm*sec in Nodatamagawa and 2.24 X10-°cal/cm?sec in Osarizawa.
The results, together with the previously determined heat flow
values (2.01 x10~¢ cal/cm® sec in Yabase and 1.49 X 10~ cal/cm? sec in
Innai), indicate that the heat flow is high on the Japan Sea coast of
the District, while it is low on the Pacific coast of the District. This
observation is in accord with the results of heat flow measurements
in Kanto and Hokkaido Districts and in the sea off the Tohoku
District.

1. Introduction

Terrestrial heat flow was determined at three localities in Tohoku
District. The results of these measurements will be described in this
paper which constitutes the 3rd of a series of papers®® on heat flow
survey in Japan. The new localities are Osarizawa Au-Ag-Cu-Pb-Zn
mine, Nodatamagawa Mn mine, and Kamaishi Cu-Fe mine. As reported

1) S. UYEDA and K. HORAL, Bull. Farthq. Res. Inst., 41 (1963) 85.
2) S. UYEDA and K. HORAL, Bull. Earthq. Res. Inst., 41 (1963) 109.




138 K. HORAI

already® ¥ heat flow had been measured in two places in the District
i.e. 2.05x10°cal/cm*sec at Yabase and 1.49 x10~°cal/cm®sec at Innai
respectively. The localities are shown in Fig. 1.
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Fig. 1. Localities of heat flow stations in Tohoku District.
0SZ : Osarizawa

NDTG: Nodatamagawa

YB : Yabase
KI . Kamaishi
IN : Innai

2. Osarizawa

Underground temperature distribution was measured using boreholes
in the drifts and a borehole from the surface in Osarizawa Mine
(40°10' N, 140°45'E), Akita Prefecture (Fig. 1, Fig. 2).

Geology of the mine belongs to the Miocene formation composed of
tuff, shale and andesite, and to the Quarternary one.® The drifts used

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

4) K. HORAI, Bull. Earthq. Res. Inst., 37 (1939), 571.

5) S. UYEDA and K. HORAI, Bull. Earthq. Res. Inst., 38 (1960), 421.
6) K. SATO, private communication.
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Fig. 2. Localities of the boreholes used in Osarizawa Mine. The map covers the

area from 40°10’ N to 40°13’ N in latitude and from 140°43’10”74 E to 140°48’10"’4 E
in longitude

A: Akasawa boring
Numbers refer to Table 1.

Table 1. Temperature in horizontal boreholes from drifts of
various levels in Osarizawa Mine.
(For vertical borehole from the surface, see Text and Fig. 3).

. . . . Rock

No. | Level e o ite | Lenath of oseston | erperature
1| Lo 309 1 10 10.6
2 | 14 279 } 10 11.8
3 | L-3 219 ‘ 10 13.3
4| L4 189 7 13.0
5| L5 159 5 14.1
6 | L-2 249 10 10.0
7 | L6 129 3 16.2
8 | L6 129 10 14.9
9 | L5 159 10 15.1
10 | L5 159 8 15.2
11| L4 189 10 14.5
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for temperature measurement were cut through a hill and extend in
various depths ranging about 200m from 129m to 309m above sea
level, as listed in Table 1. The borehole from the surface (Akazawa
boring) was drilled vertically on the foot of the hill. Its mouth is at
209 m above sea level and its length is about 300 m.

The measured temperatures are plotted in Fig. 8 against the alti-
tude of temperature stations. Coincidence of tempearture distribution
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Fig. 3. Underground temperature in Osarizawa Mine.
Full circles : Akasawa boring

Hollow circles: Short horizontal borings at various depths in the drifts.
The ordinate is altitude measured from the local reference level (L-0), which
is 309 m above sea level.

measured in the drifts and in the borehole taking the altitude as the
ordinate indicates that the isotherms in this area seem to be nearly
horizontal regardless of the surface topography. The “least squares”
geothermal gradient amounts to 3.344-0.09°C/100 m.

Thermal conductivity was measured on the collected samples of tuff,
shale and propylite. The result is listed in Table 2. Mean thermal

conductivity is 6.70 <1073 (g =2.91x107?) calfem sec °C and, therefore,

the heat flow amounts to 2.24 x107° cal/cm? sec.
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Table 2.
. Thermal conductivity | Temperature during Density 7
Specimen Rock Type (103 cal/cm sec °C) measurement (°C) (gr/ems3)
0SZ 1 Tuff 7.55 27.9 2.46
I 5.17 27.8 2.30
111 4.55 27.9 2.12
v 4.21 28.0 2.13
v 4.62 27.9 2.20
VI Shale 10.38 28.1 2.63
VIL 10.40 28.2 2.56
VIII 11.57 28.1 2.65
X 10.69 28.2 2.63
X Propylite 5.34 28.1 2.60
X1 5.49 28.1 2.63
XII 4.35 28.0 2.74
X111 4.89 28.4 2.73
X1v 4.62 28.4 2.79

3. Nodatamagawa
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ig. 4. The area studied in Nodatamagawa Mine. The map .covers from 40°03’ N
to 40°06’ N in latitude and from 141°46/1074 E to 141°51’1074 E in longitude.
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of the Nodatamagawa Mine (40°05' N, 141°49' E), Iwate Prefecture (Fig.
1, Fig. 4). The mine is situated on the northern end of the Kitakami mou-
ntain range and the geology” around it belongs to Mesozoics (old Creta-
ceous) formation composed of sandstone, chert and slate. The Mesozoics
are intruded by granitic rocks and covered by younger Cretaceous and
Pleistocene sedimentary rocks and are partly changed to hornfels.

Temperature was measured in the drifts at various depths ranging
about 400 m (Table 3). The result is plotted in Fig. 5, giving the ‘least
squares ’’ thermal gradient: 1.38+-0.11 °C/160 m.

Table 3. Temperature stations in Nodatamagawa Mine.

:Altitude of boring site refer- Altitude of “Di angle Rock
Borehole | ring to the borehole No. 80 temperature site : O? boxge . temperature

(m) (m) | 1 (&)

No. 64 —240 -311 i —55° 14.4
No. 65 —240 —328 . —67° 15.0
No. 92 —330 —400 . —58° 15.2
No. 80 0 0 ; 0 10.0
No. 86 —240 —240 ; 0 . 13.6
No. 91 —300 —300 I 0 14.6
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Fig. 5. Temperature-depth relation in Nodatamagawa Mine.
Points from top to bottom refer to boreholes
Nos. 80, 86, 91, 64, 65, and 92 (Table 3).

7) T. KAJITA, private communication.
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Thermal econductivity was measured about the samples of sandstone,
chert, and shale. The result is listed in Table 4. Mean thermal

conductivity is 8.28 x10~* cal/cm sec °C (—?:4.81 x 1072 cal/em sec °C).

Table 4.
. ' Thermal conductivity Temperature during Density
Specimen ‘ Rock type (10-3cal/em sec °C) measurement (°C) (griem?)
|

NDTG Ia | Chert 14.56 28.5 2.8

Ib Chert 14.50 28.5 i 2.67

ITa Sandstone 4.39 28.6 | 3.43

IIb Sandstone 5.42 28.6 3.35

IIla Shale 5.80 28.3 2.79

IIIb Shale 5.01 28.4 2.78

The heat flow in this area amounts to 1.14 x 107" cal/em? sec.

4. Kamaishi

Terrestrial heat flow measurement was made in Kamaishi Mine (39°
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able 5. The
map covers the area from 39°17/ N to 39°20’ N in latitude and from 141°40’10’’4 E to

141°45’10’’4 E in longitude.
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Fig. 7. Temperature-depth relation in
Kamaishi Mine.
Small circles are the temperature
along the boreholes.
A: Borehole A
B: Borehole B
C: Borehole C
D: Borehole D
Large circles are the temperature
in short boreholes.

17-18' N, 141°42' E), Iwate Pre-
fecture (Fig. 1, Fig. 6). Tempe-
rature was measured in the
boreholes cut horizontally or ver-
tically in the drifts. In Fig. 7 all
the measured temperatures are
plotted against the depth from
the surface. The scattering of
the points indicates that the tem-
perature distribution under the
area is considerably irregular,
and the thermal gradients defined
along the vertical holes vary
from place to place. In the
figure thermal gradients along
the boreholes A, B, C drilled at
nearly the same place and D are
indicated by two lines. Other
boreholes (See Table 5) are short
and only the bottom tempera-
tures are recorded. The indicated
thermal gradients amount to
0.6640.05 and 1.16+0.07 °C/100
m respectively. The represen-
tative thermal gradient in the
area may be between these two.

Geology® in and around the
mine belongs to the Permian
formation composed of sand-
stone, limestone and slate partly
altered by the intrusion of

monzonite, porphyrite and granodiorite. Thermal conductivity was measur-
ed on the rock samples of limestone, skarn, chert, porphyrite, diorite

and shale collected from the boring cores.

The result is listed in Table

6. Mean thermal conductivity is 5.66 x 102 (%:2.22 x10~%)callcmsec°C.

Using this value of thermal conductivity, the heat flux is 0.87 to
0.66 x 10~° cal/em® sec corresponding to the two values of thermal gra-

dients mentioned above.

8) T. WATANABE, Ed., “ Progress in Economic Geology”. (Fuzanbo, Tokyo, 1956.)
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Table 5. Temperature stations in Kamaishi Mine.
Altitude of ' Depth of | Rock
Borehole (Bfgi];lfvji;:a b%?i?flgl s(i)tfeLbe(?rgétl?olgf Dgf %ggée t(sei;%eﬁliirl“i te;g&_e; | Remarks
level) ‘m) (m) was rr(xeasured ©C)
m)
No. 2 449 451 16 0° 451 11.0 | Short bore
No. 6 449 451 43 —38° 477 9.0 ”
No. 3 357 478 63 —40° 518 10.0 v
No. 16 357 478 73 —45° 529 10.8 ”
772 158 47 —65° 201 7.8 ”
772 159 52 —90° 211 8.0 "
721 149 53 —90° 202 - 8.0 "
721 219 74 —90° 203 8.1 ’
720 130 57 —60° 158~179  8.0~8.7 ”
A (Omine) 734 336 101 —-80° } Long bore
B 734 336 119 —68° see r
C 734 336 118 —88° | Fig. 7 ”
D (Sahinai) 563 222 303 —70° } ”
Table 6.
Specimen | Rock type | THmAL conductiyty | Temperature duing - Desity
KI I Limestone 5.79 28.6 2.69
II Limestone 7.52 28.7 2.70
I Limestone 6.92 28.5 2.74
VI Epidote skarn 4.83 28.5 3.30
VII Epidote skarn 4.85 28.6 3.26
IX Garnet skarn 9.06 28.8 3.43
X Porphyrite 4.89 28.8 2.77
XI Porphyrite 5.12 28.8 2.82
X1V Diorite 4.65 28.9 2.85
4% Diorite 4.58° 29.0 2.89
XV1 Slate 4.17 29.0 2.74
XV Slate 5.48 29.0 2.74
5. Summary

The results of the

terrestrial heat flow measurements described
above are summarized in Table 7, together with the results of heat flow
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Table 7. Terrestrial Heat Flow in Tohoku District.

Terres-
i Thermal . trial

‘ . Geother-
: . . Longi . conduc- = heat
. Abbrevi- . Latitude mal e ‘ -
Locality ation Site N) tude gradient ti\ ity ﬁowi marks
. (E) (°C/100 m) (10-3¢cal (X106
Jemsec®C)  cal
o . L : Jem? sec)
Yabase . YB Oil field 39°44  140°06" 4.80 4.19 2.01 .9),10)
Innai P IN 0il field 39°167 139°58’  4.80 3.11 1.49 9),11)
Osarizawa . OSZ Au, Ag mine 40°11’/ 140°45’ 3.3¢4 =~ 6.70 2.24
Noda- ! . N qom :
tamagawa NDTG Mn mine 40°04/ - 141°50’ 1.38 8.28 1.14

Kamaishi | KI Fe mine 39°16” 141°42 0.91 | 5.66 0.52

measurements in the District reported in previous papers®'*. The heat
flow is more than 2 x10-°cal/em® sec in Osarizawa and Yabase, on the 1x
10~%cal/cm?® sec level in Nodatamagawa and Innai, and less than 1 x10~"cal/
cm? sec in Kamaishi. Considering the localities of these places as indicated
in Fig. 1, the results seem to suggest a zonal distribution of terrestrial
heat flow in the District, i.e., a zone of high heat flow on the north-
western part of the District and a zone of low heat flow on the south-
eastern part of the District with the intermediate zone between them.
This fact, together with the heat flow measurement in adjacent Districts™
and in the sea off the Tohoku District'™, will confirm the basic tendency
of the heat flow distribution in Japan that the heat flow is high in the
belt along the Japan Sea coast, where voleanic activity has been prominent
since Tertiary ages, and low on the Pacific coast of north-eastern
Honshu.
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1. BT CRGERALS « BEAIO 2 Bl CHIEATIRORES Tirhb T, $EEIZ 31
HTOUEE Fieok., UWTIEDENZLND,
9 loc. cit., 3).
10) loc. cit., 4).
11) loc. cia., 5).
12) loc. cit., 1).
13) S. UYEpA, K. HORAI, M. YASUI and H. AKAMATSU, J. Geophys. Res. 67 (1962),
1186; Oceanographical Mag., 13 (1962), 185.
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2. RBHER: HKEEFEAIREETNT O 284 ERRREERC BT, WRERENEE T
oot GHLHT OB I A=A INC B T2 8IK S - B - RS s TOUWER - WEE» bR
DT, FIUDBHEAR X UHENSOERRAR— Y v i X o UREWEE Ty, TFERT
PAUEE DAL T ORI X HFIRISFEE 7% LT 535 X OH TR R 3.34 °C/100
MmThHb & EHE Lic. WEMROEIEOME Zdbf 40°11 3% 140°45 , F A Ll O R E £
¥ 200m, (R LicR—) v 7OESEG 300m Tha, T AWEMRMNTOMME HIRE LK
e B - ERRIESEORIC W TEBEEROWELE T\, Thbic &S\ THiEr &k &
L CRETHELRY 6.70x10-3cal/ecm sec °C & Uiz, HTREMMRE BIRERL D, ZOHK
DB E DML 2.24X 1076 cal/em? sec 755, PRI B2 CTREIRGSERTHA RO S I 4
BFETR, RHROBEREK L CDEMO BTz o7k,

3. HEEJ: EFRAFEENTE)INC, TSRSt T EE)ISAUAD 5. SALOBE
BE DAL AbHE 40°047 BIER 141°507 Cob_ EUBb o dbiic iz B L, fHE—#r o3 Ab4 - chert - §f
WEN bR 54 FAER) L FREEATAHEREE Sbicoh b2 ) SitE TaER)
LBV (PR OHEREEEM BB & Wb, HHO—Ei% bornfels (LI T 5, = Dfk
HDETHE A O S EAE FA UTRENE 27y, MTEEMNK 1.38°C/100m %13, F
AU OBELIN 400m TH5, TIiRE LY - chert - FIRSFOBRHRE JE L,
FHEfmai R 8.28x10-3cal/emsec°C & 2 7z, “hbiz X3 L, ZOHEOHBREEEI: 1.14X
10-6cal/em?sec &7e%. WEIZH72>TC, FHEJIGLIEFTORBRERRIEHEND BB 2o
Y il

4. &7 EATEEAHRTIOHSEERRSHEREFEN CHRAK RO WEL 7ok,
B OB B EEBICET 5 e - BUE - AIRE - IS L T h b2 HA LR
Monzonite - £ - PIfkSE « TERIRESEL DR T3, SHIUOKEAD 28 o & CRENEZ
Ao THAS L, ZOMK TR TEREDOSHIEMERHAT, BEA—~ Y v 78R EFA LT
FELIREMNRY, WERABIZ X2T 0.66°C/100m 225 1.16°C/100m 12375 W HHO{E
ERLTWDS, £~ v 7 a7hbAKE - skarn - 3% - PRS- BiESORBIZEREL TR
MREPWE L, P 5.66x10-2cal/cm sec °C 2 HE i, = DEE AW THRBHRE kDB &, H
TEEHMEBOREIIGE LT, FOffix 0.37~0.66 X106 cal/em?sec L7105, FEIELTER
PETRIFERTMHBEAL - B RREEFRHER - AIUABKIZ CHELO B HEE T2,

5. I CHEADUEMERE, TTIRELRTWD BT ED WE B (ABic 8T 2.01X
106 cal/cm? sec, FEPIZE ST 1.49X10 6 callem2sec) & B FEx 5 &, WALHLFILER o i 5%
HIREFHIRO DAL R LCC, LA TR A A E < (AfF: @=2.01X107° cal/em? sec,
RBEIR: Q=2.24X107¢ cal/em? sec), FHROHE (FHE)]: @=1.14X10"cal/em? sec, B : @=
1.49X10-6cal/em?® sec) % #&T HEIENT 13 HUEELPE B 28 /NE W (B Q=0.37~0.66X10"8 cal/
em2sec) &3 AEEAHRED BN, Z OB, BARTIEOHBEE S O TSRO —2
ThbBoLid, BEHRMRICRT S - 0BOIERZRENDHENLDBhBEDTHS,

M EOMRATE T 5 2 e>C, DERSFERELRETS L L 3, #ATHAHGHILTT
0T AGhUEH « SLEFTOF 412 0o BESOFTEHT5,




