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Distribution of the Near-surface Geothermal
Temperature on Active Volcanoes

By Sachio EHARA
Department of Geophysics, Faculty of Science, Hokkaido University

(Received May 15, 1973)

Measurements of the near-surface geothermal temperature (about 70 cm below the
earth’s surface) were carried out and total heat discharges were estimated on the four
active volcanoes (Tokachi, Tarumae, Me’akan and Usu) in Hokkaido, northern Japan.
As the result, it is certain that heat discharge from the flank of an active volcano
is much smaller than that from the central part (i.e. in the crater), although the flank
occupies so wider area than the central part. It was also clarified that the total heat
discharge from an active volcano would not give large influence to the general thermal
field of the surrounding volcanic region. The distributions of the near-surface geothermal
temperature are classified into the following three types if we may relate the distribu-
tions of the geothermal temperature to the type of the internal heat source of the
active volcanoes :

(1) Ordinary heat source type: Extremely high geothermal anomalies are located only
in the ceutral part of the volcanoes, e.g., Tokachi and Tarumae.

(2) Tsolated heat source type: Geothermal anomalies are sparately located on the flank
while the extremely high geothermal anomalies are located in the central part, e.g,
Me’akan and

(3) Central heat source type: Geothermal anomalies increase toward the central part,
and also extremely high geothermal anomalies are located in the central part, e.g,
Usu.

The geothermal anomalies show not only the existence of the stationary heat
source below the earth’s surface but also the outline of the configuration of the inter-
nal heat source in active volcanoces. As an example, some internal thermal states
of an active volcano are calculated from the observed geothermal anomalies assuming

two dimensional heat conduction.
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Fig. 1. Distribution of terrestrial heat flow in and around
Hokkaido, northern Japan. Unit: 10-6 cal/cm?+sec.
Dotted area shows Neogene volcanics.
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Sikotu(Shikotsu) caldera.

Main rock type
Pyroxene andesite.

Name Catalogue No. |Letitude Longitude Country , region

usy 8,5-3 42°32'N 140°50'E SW Hokkaido, Japan.

Type of volesno Werld Volc. Mep [Height above |Haeight of Aotivity

Strato volcano with many lata Ref. No. see lavel (m) | volc. edifice (m)| ot infrequent historic eruptions

domee, on the southern rim of | XII~169 725 ca.650 since 1663.

the Toya caldera. Rermerks Syowa-Shinzan, a new lava dome
of dacite, was built in 1943-45.

Main rock typs Solfataras and hot springs.

Pyroxene-olivine basalt, . s . . . . . . . . . . .

pyroxene andesite, and dacite,

Name Catalogue No. [Latitude Longitude Country, ragion

TARUMAL (and ENIWA) 8,5-4 42°41'N | 141°23'E | SW Hokkaido, Japan.

Typa of volceno World Volc. Map |Height ebove |Height of Activity

Pyroclastic cone with lava Ref. No. sea level (m)]volc. edifice (m)| Tarumait:

dome (Tarumai) and strato XII-173 1024 400 Frequent explosive activities

volcano(Eniwa), on the rim of Romarks recorded, 1667-~1931 .

Extrusion of the present lava
dome in 1909.
Eniwva:

Fumaroles.

Mein rock typs

Pyroxene andesite with or
without olivine phenocryst.

No eruption recorded. Fumaroles.

Name Catalogue No. |Latilude Longitude Country, region
TOKATI (TOKACHI) 8,5~5 43°25'N | 142°41'E | Cent. Hokkaido, Japan.
Typs of volcano World Volc. Mep |Height sbove |Height of Aclivity
Group of strato volcanoes of. No. sea level (m)|volc. edifice (m) Not infrequent eruptions recorded
surmounted with lava flows, X1I-185 2077 ca.1000 since 1857. 144 calsualties by
lava domes and pyroclastic Remarks the 1926 mud flow.
cones., Last eruption in 1962.
Main rock type Active solfataras and hot springs.
Pyroxene andesite.
Nama Cotologue No. |Latitude Longitude Courdry, region
ME-AKAN 8,5~7 43°23'N | 144°01'E | Eastern Hokkaldo, Japan,
Type of volcano World Volc. Map [Height sbove | Haight of Activity
Group of strato volcanoes. Ref. No. saa level (m)|volc. edifice (m) Not infrequent phreatic explosions

XII~195 1503 700 recorded in recent years.

Remarks Last explosion in 1966.

Active solfataras and hot springs.
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L BLEE R HIZET O JiHE iy Fig. 4. Geothermal temperature at 70 cm
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Fig. 6. Geothermal temperature at 70 cm
depth vs. altitude of measurement
sites on Tarumae.
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Fig. 10. Near-surface geothermal temperature in Nakamachineshiri
crater (measured at 50 cm depth) and in Ponmachineshiri
crater (measured at 70 cm depth), Me’akan.
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el T: KEDERE,
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Q = 1.0 10° cal/sec.

7k, ZOKARRBFHEEIC L 5 HBELERT (1959 OHWEL b LT, &E (1967)
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F, B 43 EOEENC IR » THER S hic &L B b h 2RI E & O MR EE fb (1957)
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Showa-~
Shinzan Tarumae

Fig. 17. Two circles at each volcano show the equivalent
areas which are responsible for the total heat
discharge from the volcano with the average heat
flows, 2 HFU and 0.2 HFU.
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Observed and calculated geothermal temperature anomalies and the internal temperature
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Upper: The solid and broken lines show the calculated near-surface geothermal
temperature anomalies 2,500 and 1,000 years respectively after heat sources settled. Lower: The
solid and broken lines show the isotherms (near Curie Point) 2,500 and 1,000 years respectively

after heat sources settled. Thick solid lines show the configurations of the line sources.



TR U EEE < O MR 5 1 31

WD AT ERUDHIZONT, BEEC L MR & L CHBICHRE, Tab. WHE 2K
TTEHL, BE (1,000°C) IR TEH 2, METIE=o — F VEHTAHNIRD E L. B
BUXEWINCE 2, »oETEUNTHETO BE A BNMHE I, ORES T LKL
(KaTsur (1971) I X % ) 2 FIC X HUE 4 5 kUi 1006 A2 51303 3 55 B BB L T 5 &
SRTWD) BRERE LG, WEBXC XA EAYE DA, K=6%X1072cal/cm-sec-
CLEVOIREMERREAT. FIBMEEFRR H=0.0015cm™! & Lz, W< 20 DBFEDHIC
P, BEFHE L R % Fig. 18 @ (a), (b), (o), (d) R4 <o 5 LHENERBRC S
57k (b), (d) THDH. EHMLHEROBE 2, HMBE OMESMOREND,
HMTTOEHEHBEDEEROKR L FOBBEOH 2 MD & & NTED.

ST, PETRAL X5 el < BV HIRS MhEE o KOERHEH S h T 3HE RS
TEHDHERPbRD. KOEEDOEFKT L < babiua, BULHIES s S N BWE & H#E
T8, EELMEE - TL 5.

72, 0L RVGIRIE. S T, 10 HFU DL R0 EERREE M o iR o
EFEHEH LI, T b HFU~$ 10 HFU o By B O MIBIIAR S & LIx T E .
CAULTE KK RIS KR L 2 COMIBIC LT 5 5 D TH HA, &I TOR
EHEORE VAN CRFECFCILTORENLETH 5.

COWELFEDACY H THIBE X W MHEOEL RBREE, L T—#OWsE
BT, fExDBA I, UREF _HEEOHKITHL T, EIEHHRLET. ik
HEV I AR H AR+ v & — FACOM 230-60 1= X - 7=

X [

EHARA, S, 1971. Terrestrial heat flow in Hokkaido, Japan—Preliminary Report—. Jour. Fac.
Sci., Hokkaido Univ., Ser. VII, 3, 443-460.

LEERE-FL R, 1971 dbElC ST 2R BNEOWE (£ o 2), A RMRYIMEFERE, 26, 67-84.

MR- mAHES L R®, 19700 kEEC kT 2 HBEEREOWUE (20 1), KMRYELHALRE,
24, 125-139.

BEEZE, 19 1mEFoSPREL VERAFEOWEERRCE VT (B 1) LXURYEEFIERSE, 1,
1-14.

WEZR, 1962, 1mBEHECoWTo 2, 3 0ME. bR BEIESRSE, 9, 45-53.

BEEH, 1966. Jt@EoBBIcoWT. ki, 24, 11, 127-144.

BEER, 1967, LEEHMRMEoRE L X OWE EoME. W, 13, 16-24.

FEEERCEARLSE-AN B, 1957, AHWERKM L0 1m FEHEBE. JcEERERFBEHRSE, 4, 1-10

HoRrAL K., 1963. Studies of the thermal state of the earth, The 12th paper, Terrestrial heat flow
measurements in Hokkaido District, Japan. Bull. Earthq. Res. Inst, 41, 167-184.

KAaTsul, Y. (ed), 1971. List of the world active volcanoces. Special issue of the bulletin of
volcanic eruptions. :

MiNakaMi, T., T. MivazAKI and 1. SURJO, 1969a. Volcanological survey of Indonesian volca-
noes. Part 1. Topographical change in the area near the summit crater of Mt. Merapi and
its geothermal survey. Bull. Earthq. Res. Inst., 47, 951-967.



32 T R % i

MINAKAMI, T., S. UTIBORI and S. HIRAGA, 19694. The 1968 eruption of Volcano Arenal, Costa
Rica. Bull. Earthq. Res. Inst., 47, 783-802.

RFEHT T, 1966, REIR.

SAKUMA, S. and T. MURASE, 1957. Recent activity of Volcano Me’akandake. Jour. Fac. Sci,,
Hokkaido Univ., Ser. VII, 1, 21-36.

HEEY, 1959. HEBE0oH%E (tol). Kill, #24, 3, 128-135.

WIRE= W5, 1969. HR% (B ATRE), 140.



