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The Study of Underground Structure and Geophysical
State in Geothermal Areas by Seismic Exploration

M. HAvAkAwA *

ABSTRACT

During the last several years, scismic prospectings have
been conducted in some geothermal fields (Mutsukawa, Otake
and Onikobe) in Japan. In Japan, all of the geothermal ficlds
arc in volcanic arcas, conscquently mostly reflection tech-
niques and partly refraction ones have been applicd because
of the complicated velocity distributions in such geothermal
ficlds. From these ficld data, some interesting  information
has been obtuined, however gencrally speaking, it is rather
difficult to distinguish the feature of cap rock, hot fluid res-
crvoir and fault structures and to get decper infomation related
to heat sources from these complicated data.

From such view points, recently, two techniques have
been tried, the first one is to remove the undesirable noises
and multiple reflections so that we will be uble to make clear
the deeper structure, by using digital data processing includ-
ing the newly established software, The sccond one is to use
not only the conventional arrival times, but also to utilize
the absorption of wuve energy caused by the {luid viscosity
and  high' frequency, and to study the wavelength of a
scismic wave 1o presume the geophysical state in such geo-
thermal ficlds.

From the first one, in some geothermal ficlds, a very
interesting decper structure (about four kilometers’ depth)
which may indicate the structure related to the heat source,
has been obtained, wund from the latter, it has become clear
that the arcas where low frequency wave patterns predomi-
nate, correspond to the fluid reservoir. With regard to the
absarption, it is under study. By comparing these scismic dafa
with the related geological, geophysical and geochemical data,
the application of a scismic mcthod will be surcly increased
not only to find the suitable arca for the utilization of nat-
ural stcam from voleanic arcas for clectric power generation,
but also to know the underground geothermal characters of
those arecas.

Introduction

During the Tast years, scismic prospectings have
been conducted in some geothermal ficlds of Japan. In
Japan, all of the geothermal fields are in the volcanic
arcas, consequently mostly reflection technigues and
partly refraction ones have been applicd because of the
complicated velocity distributions in such geothermal
ficlds. From these field data, some interesting infor-
mation has been obtained. However, generally speaking
it is rather difficult to distinguish the feature of cap
rock, hot fluid reservoir and fault structures and (o gct
better information related to heat source {rom these
complicated data.

From such view-points, two newly developed tech-
niques have been tried recently, The first onc is to re-
move undesirable noises and multiple reflections so
that we will be able to make the deeper structure clear,
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by using digital data processing including the newly
cstablished  software. The sccond one is to use not
only the conventional arrival times, but also to utilize
the absorption of wave cnergy caused by the fluid vis-
cosity and high frequency, and to study the wave-length
of scismic waves to know the geophysical state of such
geothermal fields.

From the first an interesting decper structure which
might indicate the structure related to the heat source
has been obtained in some geothermal fields, and for
the latter one, it has become clear that the arcas where
low frequency wave patterns predominate, correspond
to the fluid reservoir. With regard to the absorption,
this is at present being studied. By comparing these
scismic data with the related geophysical, geological
and geochemical data, the application of scismic methods
will be certainly increased, not only to find a suitable
arca for the utilization in electric power gencration of
natural steam from volcanic arcas, but also to know
the underground  geothermal characteristics in those
areas.

The content of this paper is as follows.

— Historical review of scismic prospectings in
the geothermal ficlds of Japan, including a study of the
volcano Showa-Shinzan.

— Analysis of scismic reflection record at gCo-
thermal field, Matsukawa in Japan, part one.

— Analysis of scismic reflection record at
thermat field, Matsukawa in Japan, part two.

-— Study of the wavelength of scismic waves
and others to ascertain the geophysical state at Matsu-
kawa geothermal field.

Historical review of seismic prospecting in the geo-
thermal fields of Japan, including the study of the
voleano Showa-Shinzan.

In New Zealand and Ttaly, some works related to
scismic prospecting in - geothermal ficlds have been
conducted. Tn Japan, the first survey of this kind was
made at the volcano Showa-Shinzan on  Hokkaido
about 15 years ago by the members of the Geological
Survey of Japan including the present writer. After
this, another scismic prospecting was conducted at the
voleano Aso by Mixakamr and the members of the
Earthquake Rescarch Institute of the University  of
Tokyo.




Following these works, scismic surveys have been
continuously performed at Matsukawa in 1959, 1966,
1967 and 19068, at Onikobe and Otake in 1967 and
1968 respectively by the members of the Geological
Survey of Jupan including the present writer and the
members of the Ube Industrial Co., including Ku-
ritiara, and H. Takieucnt of the Geophysical Institute
of the University of Tokyo.

The major purposc of scismic prospectings  at
Showa-Shinzan and Asama was to make the under-
ground structures at these volcanic arcas clear, while
the scismic ones at Matsukawa, Onikobe, and Otake
have been conducled to find out not only the under-
ground structure of these geothermal arcas, but also to
know the geophysical states, if circumstances permit. In
the beginning, as an example for the former, a bricl ex-
planation is also tried. After these, two techniques re-
cently applicd will be shown in detail in the following
sections,

SEISMIC PROSPECTING AT SHOWA-SHINZAN

Usu volcano being located at the north end of the -

Nasu volcanic zone, is situated at the southwestern part
of Hokkaido, in Japan (Figurc 1). The volcano was
caused by the subsidence of the Toya caldera in the
early alluvial age. At that time, the volcano had the
shape of a truncated cone, being crowned with a com-
paratively large crater.

In this arca, after the construction of the main
body, the volcano had many eruptions of the belonite
type and crypto-dome type. Mt. Ousu and Mt. Kousuy,
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being the central cones of the Usu volcano, were des-
cribed as pscudo-belonite type. Scven parasitic cones
continuously developed around the volcanoes in histor-
ical times. As the latest activity, Showa-Shinzan in
Hokkaido was formed as onc of the parasitic cones of
Usu volcano.

Showa-Shinzan (the new mountain formed in
« Showa period », in Japanese) which consists of a dome
and a roof-mountain, had been formed by the uplift
of solidificd magma during the present volcanic activi-
ty. The present activity suddenly started at the same
time as the scvere local ecarthquakes on Dee. 28, 1943.

At that time, the volcanic activity continued for
about two ycars. The activity may be divided into the
following three stages:

1) earthquake stage Dec. 1943 - Junc 1944

2) explosion stage June 1944 - Oct. 1944

3) dome-building stage Nov. 1944 - Sept. 1945.

In the first stage, the frequency of shock reached
200 tremors per day at the maximum. In April and
May, the epicenter of the earthquakes shifted gradually
northward from Yanagihara to Fukaba (Figure 2). On
Junc 23, 1944, the first explosion took place aver the
devasted arca at the castern foot of Mt. Matsumoto-
yama. The tremendous explosions recorded over ten ti-
mes until October of the same ycar had opened seven
craters. In November, 1944, the pcak of a pyramidal
shapc appearcd on the top of the rool mountain. It
was asccrtained soon after that the solidified lava com-
menced to risc above the surface of the roof-mountain,
and this continucd for ten months. After a while, the
lava mass developed gradually into a dome with a steep
slope on the west side. M. Mimatsu, the postmaster



¢
of Sobetsu village, made excellent sketches of the mor-
phological development of the newly forming dome
throughout the period of growth. In Scptember, 1945,
as the final result of the present activity, a dome was
formed whose maximum height was 4069 m, and a
roof-mountain whose clevation was about 250 m.

The dome was thickly covered with  volcanic
ashes. Therefore the rocks of the volcano and base-
ment together with the new lava forming the dome,
crop out only in several places at the foot of the steep
slope on the south and west sides. The main products
issucd by the eruption are new lava and volcanic ash.
The lava is hypersthene dacite containing plagioclase
and hypersthene phenocrysts, and is similar to the Qusu
and Kousu lava in mincral composition. These three
domes (Ousu, Kousu and Showa-Shinzan) scem to have
been formed by the same volcanic process. As already
deseribed, the dome lava is considered to be in a state
of solid or solid like viscous mass. The uphcaval of the
land, by which the roof-mountain was constructed,
suggests that the solidified magma was intruded into
the rock layer underlying the uplifted arca. Thercfore
it is assumed that solidificd magma was injected repeat-
cdly into the upper carth’s crust from the Jower magma
reservoir, following the scismic movement during the
present activity. '

In order to obtain data that might clarify the gen-
cral underground structure, a gravity survey was con-
ducted at the castern foot of volcano Usu including
Showa-Shinzan. As great differences in gravity were ob-
served over the dome (spine) und its southern zone,
it may be cvident that the observed gravity anomalies
are not entirely due to the surface geological condition,
but also largely depend on the regional underground
magmatic cffects.

The scismic method was used at the sclected pla-
ces for the purpose of confirming the gravity results,
and also determining their underground geological and
geothermal states. However, it was not so casy to per-
form such a survey, due to the presence of many un-
known factors. Therefore, at first, we examined the ve-
locity differences among several volcanic rocks, ashes
and pumices, cte. and also made cxperiments on their
changes caused by the physical propertics of voleanic
rocks pressure, temperature, viscosity, porosity and wat-
cr content, cte.. Taking these Gements into consider-
ation, the scismic surveys were carried out. The scis-
mic method usually employed for oil or coal problems
is merely the reflection or refraction method. In our
case, we used not only the reflection and refraction
methods, but also other possible methods, using S-wave
and amplitude attenuation due to the viscosity, labora-
tory cxperiments defermining physical properties, cle..

As the results of these lield survey and laboratory
experiments, we obtained the velocity profiles as in
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The top layer, which has a velocity of 0.6-0.7
km/sce and a thickness of about 50 m, corresponds to
the weathering Tayer. The sccond layer has a velocity of
approximately 1.7 km/scc and corresponds to the « Ru-
sutsu » tufl and similar tuff sediments. The third layer
has a velocity of 2.2-2.4 km/sec and perhaps corre-
sponds to the Tertiary sandstone or shale. We find 3.7-
4.0 km/sec velocity below these sediments. Judging
from both time distance curves and their corresponding
analysed scction, we can see that there is a possibility
of an underground extrusion of solid magmatic mass.
Considering its velocity, we also imagine that this un-
derground magmatic mass is still under high temper-
ature conditions at present. [f this assumption is true,
this mass may correspond to the underground cxtension
of the dome. By using the heat conduction theory, we
caleulated the temperature distribution inside the dome,
and obtained the following result.

T (year) Surface temperature Temperature
at one km deep
100 840°C 970°C
1000 675 780
10,000 75 85

Analysis of a seismic reflection record at a geother-
mal field, Matsukawa in Japan.

PART ONE

At the present stage, it is difficult to know the
true picture of geothermal structure including the hy-
drothermal system and the behaviour of magma by a
geophysical method alone, that means that a synthesi-
zed method of various kinds of geophysical prospecting
and also geological and geochemical studies, will be
most cffective for our present purpose. Besides this,
new techniques are necessary 1o establish rescrvoir en-
sincering as in the case of oil prospecting.

In the following the writer will explain the seismic
prospecting at Matsukawa in some detail. Tn this study,
many of my fricnds have participated. They are K.
Bapa, S. Takaxi, S. Tanaxka, K. Monri, Y. Oxo (Geo-
logical Survey of Japan), Members of  Avzumakako
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Co., Mcmbers of Teikoku Oil Co.; also H. TAkeuc
of the University of Tokyo helped the writer in consid-
ering the heat problem and utilizing new  techniques.
S. Kurinara and his colleagues in Ube Industrial
Co. have made scismic profiles with the writer. The
writer wishes to express his cordial thanks to them.

During the nine years since 1959, the writers have
conducted seismic and clectrical prospectings and geo-
physical logging by using somc test wells. Besides these,
the writer has also calculated the underground temper-
ature distribution assuming some  geophysical  states.
Parallel to the geological studics described in a separute
paper, they started with Taboratory experiments includ:
ing density, porosity and ultrasonic wave velocity meas-
urements by using the specimens of outcrops at and
adjacent to the arca of this geothermal ficld.

From these results they tentatively made the fol-
lowing assumptions by combining geological data. Mat-
sukawa andesite might correspond to the first cover
-rock because of the high velocity and low porosity,
while the subsequent dacite tufl formation might prob-
ably be the first rescrvoir of hot water because of
low velocity with high porosity. Likewise the dacite lava
beneath the dacite tuff might correspond to the sccond
cover-rock, and the underlaid marine sediments to the
second reservoir.,

Conscquently, they preferred the reflection seis-
mic method instead of the refraction method becausc
of the existence of low velocity layers. For the scismic
prospecting, the magnetic tape recording system was
utilized, and after several trials of playback, some in-
tercsting reflection records were obtained.

As the result of these scismic records, depths of
reflection interfaces from the surface were obtained.

They arc 160, 550, 980, 1300 and 2000 mcters.
By taking geological events into consideration, these
reflection phases should  correspond to the bound-
arics between different formations. As explained above,
the first layer consists of a hard andesitc which is a
cover rock and has a high ultrasonic wave velocity
and low porosity. Below this, from 160 mecters to 550
meters in depth, there is a possible reservoir for hot
water as it shows low ultrasonic wave velocity and
high porosity. This laycr consists of dacite tuff and
partly dacite lava. This was named the first reservoir.
The layer between 550 meters and 980 meters corre-
sponds to the dacite lava formation. This formation was
named the sccond cover. But this is not such a complete
cover-rock as the first one, as according to the scismo-
gram it includces some cracks. Below this layer to 1300
mclers, there should be a sedimentary formation, con-
sidering the pattern of seismic records and presumed
geological information. From this information we can
presume a suitable hot water or stcam rescrvoir, by
considering the physical propertics of the rocks and
the records of the scismogram. So it was named
second reservoir. Below this to 2000 meters  there
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should be a green tuff formation. From scismic rec.
ords, it is easy to predict vertical fissures in it, which
might provide stcam or gas paths. Deceper than 2000
meters the material should correspond to chert or slate
of Palcozoic formation. The ultrasonic wave velocity in
a horizontal direction has gencrally a higher value than
that of the vertical dircction. From this fact, we can con-
sider the existence of horizontal fissures in the dacite
lava.

Besides these, electrical prospecting and  temper-
ature caleulation were appliecd. With regard to the
electrical prospecting, Basa will explain it in a scparate
paper for this Symposiun.

The sites for dritling were selected by taking these
data into considcmt’)'on, and after drilling, it became
clear that the results of geological and geophysical pros-
pecting were fairly accurate.

Bosides these, as explained above, during the pro-
cess of drilling, scll potential, resistivity and temper-
ature measurcnients were made in the borchole. These
data were not only very useful to decide the lengths
of liner pipes, but also cffective in indicating the exist-
ence of fissures and cracks in the formation. let us
here remember some experiments in test wells. By us-
ing the data from these test wells we can say the sur-
face cold water might flow scasonally into the so called
first reservoir. On the other hand, the resistivity logs
show small valuc in shallow part, say until about 550
meters, while deeper than that, depth resistivity values
arc high especially in wcll No. 1. Synthesizing the
above phenomena, we decided to set the casing pipes
to a depth of 550 meters to avoid the surface cold wat-
ers flow into the well. Later, this arrangement proved
to be cffective. Deeper than this, we set slotted pipes.

From these exploitation borcholes, many core spec-
imens were collected. By using these specimens, densi-
ty, porosity, permeability, longitudinal wave velocity
and transverse wave velocity with pressure and temper-
aturc were determined in the laboratory. Some of the
results are shown in Figure 4 and in Figure 5. For
example, the ultrasonic wave velocity increases with
pressure, while it decreases with temperature, and at
a certain depth these effects compensate for cach other.
These data are also instructive for the analysis of scis-
mic results. B. Ozcicek and B, JANAKIRANMATATL joined
this experiment,

Here the writer would like bricfly to explain the
recovery curves. Taking the example of No. 1 borchole,
during the process of drilling, usually circulating mud
was used and just after completion of this borchole,
this mud was replaced by cold pure water, and so just
after this replacement, temperature was very low as is
scen in Figure 6.

Duc to this time clapse, temperature in the borchole
increased as is scen in this figure. During the tncrcase
of temperature with time, the pattern of temperature
increase is not uniform, for example, at a depth of
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600 m, at the beginning, the temperature increased
very much, but in the later part of this period the
temperature did not increase so much. This must depend
upon the heat conductivity at this depth. On the con-
trary, at the depths of 700 m and 850 m, at the be-
ginning, the temperature did not increase so much, but
4 days after there was a rise in temperature at these
depths, because of the existence of so many fissures
and hot watcer might have been transported from the
surrounding formation into the borchole through these
fissures. ‘The final temperature distribution curve re-
sembles very much the result of the caleulation made
before this drilling.

Three days after the completion of all temperature
measurements, water in this borchole was lifted up so
that the last temperature curve approaches and crosses
the boiling point/depth curve, and as a result, lots
of steam suddenly gushed from the outlet of this bore-
hole. The writer presumes that if this borchole was
keot without using swabbing, the temperature would
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reach bailing temperature, By the temperature caleu-
lation, we can expect to obtain the temperature of 374°C
(critical temperature) at the corresponding depth of
3 km, assuming the existence of saturated steam.

The average velocity obtained in the ficld was 2.6
km/scc, but the value of velocity determined by the
rock specimens in the laboratory is higher than 2.6
km/scc. The low value obtained in the ficld may be
due to the presence of fissures.

In some part of the field scismogram there are poor
reflection phases and in the remain there are clear re-
flection phases. This might depend upon the existence of
hot water or stcam.

By using the result of laboratory ultrasonic wave
velocity measurements, the writer made an artificial
scismogram using the following equation,

reflection coefficient ==

where g and v are density and wave velocity respective-
ly, and suffixes 1 and 2 indicate the successive layer
numbers.

The depth (o the reflection phases in the ficld
scismogram and the artificial scismogram are given in
the following table.

551




»

Field scismogram (meters)  Artificial seismogram (meters)

180 120
240 to 280 260
390 410
500 485
520 503
580 565
680 650
720 710
780 760
810 800
1000 1000

Thus there is generally a good agreement between
the depths of the artificial seismogram and the depths
of the reflection phases in the ficld seismogram. It is
also found from this table that except for a few points
the depths obtained from the ficld seismogram are al-
ways greater than the depths obtained in the artificial
seismogram.

The high valuc obtained from the ficld scismogram
for the boundary surface may be interpreted as follows.

From the laboratory experiments, it is found that
the longitudinal wave velocity decreases with the in-
crease of temperature. Inside the borehole, the temper-
aturc increases with depth. The temperature at the
depth of 1000 meters must be higher than 265°C. There-
fore the actual longitudinal wave velocity at great depth
must be lower than the value of 2.6 km/sce which
is assumed for the caleulation of depths in the ficld
seismogram. Thus the depths obtained are slightly great-
er than the actual depths (the artificial scismogram is
made by laboratory experiment under  atmospheric
pressure).

For 1000 mecters depth, the depth calcutated from
the field seismogram and the depth obtained from the
artificial scismogram arc the same. This can be inter-
preted as follows: at great depth, the pressure increas-
es, the velocity incrcases with pressurc as in Figure 4.
Therefore the reduction of velocity with increase of
temperature is annulled by increase of velocity with
increase of pressure. Thus the depth caleulated from
the field scismogram will be the same as that obtained
from the artificial scismogram at 1000 meters depth.

Finally by taking these facts, we have arrived at
the following conclusion regarding the existing state
of hot water or stcam.

In the first stage of the study, we thought that
the sccond cover rock formation could not supply a lot
of stcam and hot water to the well which penctrated
it. But finally it became clear from the evidence that
hot walcr or consequently stcam might come from the
deep heat source through the faults, fissurcs or cracks
into the narrow pockets in the Java of the so called
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sccond cover. The rocks which form the first reservoir
are more porous than the sceond cover rocks, of course,
but the reservoir doos not contain enough hot water
and stcam (o supply productive wells because it does
not- possess many cracks and fissures, and furthermore
the surface cold water may flow into it. Conscquently
we are now tapping the hot water and steam from the
hard formation first named as the sccond cover and
from the sccond rescrvoir, because the hard formation
has plenty of cracks and/or fissurcs, and it also acts
as the cover-rocks against the swrface cold water.

Part TWO

In 1967 and 1968, scismic reflection surveys were
conducted at Matsukawa gesthermal field mostly by
Kuriiara and the members of the Ube Industrial Co.
with the help of the members of JAPEX (Japun Pe-
troleum Exploration Co.), the members of GCS] (Geo-
logical Survey of Japan) including the writer, sponsor-
ed by Azumakako Co..

In these surveys, a quadruple stacking method
was applicd, based upon the COP (Common Depth
Point) principle. The results were represented by the
wiggle and variable density method, after the data pro-
cessing including static and dynamic corrections, stack-
ing and filtering low cut 16 cps/1 section, high cut 47
cps/2 section, Figurce 7.

In these processes, the static correction was made
by using the weathering corrections and the caleulation
of the altitude corrections, from the datum planc; and
considering the vertical wave velocity distributions, the
idea of velocity increase with depth, (which was slight-
ly diffcrent from the previous onc at this place) was
utitized after discussion,

For this purposc, ultrasonic wave velocitics were
utilized, using the same core samples as for the previous
casc, and velocity relations were obtained as follows by
using the least square method.

(1) obtained by using the velocity values

V,= 1955+ 136 Z
in a vertical dircetion

(2) obtained by using the mcan values

V, = 2160 + 1.13 Z
velocitics with three directions

where V, velocity at the depth Z

The increments 1.13-1.36 scemed to be higher than
the truc value, becausc of the use of compact core
specimens. As already explained above, in genceral, there

arc the facts that the ultrasonic wave velocily increases

with pressure, while it decreases with temperature, and
at a ccrtain depth (about 1000 mcters at Matsukawa)
these effects compensate cach other. Besides these, the
velocity decreases due to the existence of fault or fissure
(fracturcd) zone and also the existence of the porous
and permeable formations of reservoir structure are not
overlooked. The rate of these velocity decreases cannot




353

LI

- Construction of the wave front.
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Fici. 9. - - Geological section obtained Jrom seismic data, Matsukawa geothermal field.

1

H ‘;‘ (cosh(kt) -— 1)

R = —{R sinh(kt) X = fvvofsinh(kt)sinf/

k

One of the results is seen in Figure 9.

From these underground reflection interfaces, some
conclusions will be drawn as follows.

1) By comparing borchole data with their corre-
sponding reflection phases in scismogram, Ly, L, Ly, Ly,
and L, will correspond to the boundarics between Mat-
sukawa andesite and dacite tuff, dacite tuff and dacitc
lava, dacite lava and marinc scdiment, marine sediment
and green tuff, green tull and Palcozoic formations, re-
spectively.

2) Fault structure and fissure zone can be lTocated
by the quick decrease of wave energy in a narrow band
and also by the change of wave phascs.

3) Steam or hot water rescrvoir can also be Jocated
by the quick decrease of wave encrgy.
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4) Better reflection records can be obtained by
means of stacking rather than using the conventional
reflection techniques, when we consider oil ficlds and
geothermal ficlds of this type.

In 1968, some traverses were added by similar
methods, and conscquently a three dimentional under-
ground model is now under construction.

To make the reflection data still more clear and
also to increasc the detectable depth, is nccessary
to climinate undesirable noiscs and multiple reflections
from these reflection data. For this purpose, it is nee-
essary to utilize the rccently developed techniques by .
using an clectronic computer so that we will be able’
not only to cconomize on time, but also to increasc
the accuracy of the data qualitatively and quantitatively.

During the last few years, the processing of scismic
reflection data from oil ficlds using clectronic com-
puters has successfully been done in many parts of
the world. H. Taxkezucur, University of Tokyo, Y.
Istit of the JAPEX, and the writer have obtained new
scismic reflection records of the Matsukawa geothermal
field, after treating the original data by using special
soft-warc and hard-warc preparcd by TAMU(HI with
electronic computer processes.



“ These are based upon the deconvolution method
attributed originally to E. A. Roninson. By this method,
cach impulse response is contracted to an impulse, and
the original scismogram, which is assumed to be com-
poscd of a series of impulse responses, is converted to
succession of impulses.

The original scismic data was obtained by S.
Kuriniara of the Ube Industries Co., applying the stack-
ing CDP teenique utilizing the SIE reflection scismo-
graph. The detailed process of data treatment is omitted
here. However, a brief outline of the calculation process
is siven below:

Field Data | - » Converted to digi'lul data - —» Data

[ [
(analog) (digital)

Alter such processes, the undesirable noises und multiple
reflecitons were removed. A result of the scismic re-
flection record obtained after carrying out the above
mentioned process is scen in Figure 10.

It is interesting to comparc this record with the
one as it looked before such a process. The original one
is scen in Tigure 7. It is possible to sce that the deeper
structures, casily scen in the new record, are absent in
the original one.

The result of analyzing the original one is scen in
Figurc 9. During the process of this analysis it was as-
sumed that the velocity increascs tincarly with depth.
Tuking into account the various ficld and laboratory
data, the numecrical values are as follows (as for the
previous case)

where

V, == 1.955 km/scc, k == 0.89

For the present case, after discussions, the same process
for the numerical calculation was utilized, with the
diffcrence that in the present, the graph for the cal-
culation of reflection interfaces pwas made for greater
depths than those of the previous case.

Using this graph for decper depth calculation and
the revised seismic record (Figure 10), the underground
reflection interfaces have been caleulated as scen in
Figure 11. These practical calculations were made with
the help of M. Raatriz and J. Rusin pe CerLIS.

In Tigure 11, onc can sce various interfaces cach
of which has a geophysical significance; however, if we
choose some of them, we can pick up continuous phases,
namely in sequence from top bottom, Nos. 1, 2, 3, 4.

Nos. 1, 2, and 3 will correspond to those chosen in
the previous case (Figure 9) which are the boundaries
between:

1 yMatsukawa andesite -~ first cover rock
IDacite tuff I . .

, Dacile tuff P first reservoir
?D“CHC lava - sccond cover rock
Dacite lava \

?Mzn‘inc sediments > second reservoir

Demultiplex of
trace format

Filtcring,  Autocorrelation, Power
7 spectrum and Deconvolution  (3)

=> Multiplex —-» Staking (CDP (6)- » D-A converter —> Film

ITowever, No. 4 in Tigure 11 docs not scem to be great-
ly justified because it is not so clear. The same can be
said of interface No. 5.

No. 8 scems (o be much clearer and might corre-
spond to the boundary between

gMzu'inc scdiments > sccond reservoir
Green tull formation,

Nos. 9 and 10, also clear, will probably correspond to
the boundary between

Green (ull foermation
9,10 El’nlcozoic formation (bascment)
Nos. 6 and 7 will be some reflection planes inside the
dacite formation,
Nos. 11 and 12 will correspond to some fault structures
or fractured zone.

In addition to thesc, there is other information in
deeper parts, for example, No. 13; encrgy is concentrat-
ed in this part and it can be related to the heat source.
Generally speaking as seen in TFigure 11, at depths
greater than four kilometers, it is difficult for us to pick
up any signal information (at present) because the scis-
mogram shows noise patterns at these depths.

Anyway, it is very interesting to have been able
to get such remavkable information as scen in No. 13
by using this new technique.

Synthesizing the temperature data (to 1500 m decep,
we have the temperature data in boreholes, IMgure 12
and hydrothermal alteration data and others, it is quite
possible to assume No. 13 represents materials of the
same kind as those which make up the heat source,

(M) After filtering, filter cocflicient was obtained by auto-
correlation and powcer spectrum, then by using this filter data
were deconvolved,
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’ pe
Study of the wave-length of scismic wave and
others to ascertain the geophysical state at Matsu-

kawa geothermal field.

As already explained in the above parts, from the
data obtained at Matsukawa geothermal field, the writer
noticed the following: namely, that the Jow frequency
wave patterns are predominant in the hydrothermal arca
which corresponds to the place of hot water, and as
a conscquence of the hot water and stcam reservoir,
the attenuation of the wave cnergy is very rapid.

Kunriiara also suggested the following similar
ideas in same detail, using the various scismograms by
the scismic reflection method not only at Matsukawa,
but also at Onikobe (in the northern part of the Japa-
nese islands) and at Otake (in Kyushu) geothermal
ficlds.

These are:

— By comparing the scismograms in a geothcrmal
arca with thosc in a sedimentary arca, there are some
diffcrences in the patterns, For the scdimentary area,
continuous horizontal reflection phases can usually be
scen, while in geothermal arcas partly continuous hori-
zontal reflection phases and the patterns related to the
existence of fault structures can be scen.

— In the compact rock formation arca, high fre-
quencies with small wave amplitudes predominate, while
in the rescrvoir arca (hydrothermal arca) low frequencies

with large wave amplitudes are predominant. For the
latter, usually the signal to noisc ratios are compara-
tively good. However, the attenuation of wave cnergy
is fairly rapid.

Usually, the attecnuation of low frequency wave is
rather slow, bhased upon the following relation,

where 1 is the amplitude at a distance r from the source,
I, the initial amplitude, and ¢ a constant dependent on
the material and, according to BircH, proportional to
the frequency.

However, in the hydrothermally altered geothermal
arcas cven with high temperature, there is the possibility
of quick attenuation, because of the viscosity, based
upon the following cquation

e /\C"f("""'l t) e St

where u is the displacement at a distance x, with time
t, A the constant, / the wave function, and v,, the lon-
gitudinal wave velocity while wy, is the function of vis-
cosity.

The writer hopes and believes that such a kind of
seismic exploration vescarch will develop, thus clarify-
ing the underground structure and also the geophysical
state of the geothermal {iclds.
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