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Abstract: Thermoluminescence (TL) of the following four kinds of samples from seven fields
was measured for dating.

(1) Quartz phenocrysts from fresh and altered volcanic rocks.

(2) Plagioclase phenocrysts from fresh volcanic rocks.

(3) Secondary quartz from altered rocks.

(4) Mixture of various alteration minerals.

Samples (1) and (2) were used for the determination of the age of eruption, and (1), (3)
and (4) were used for that of alteration. The obtained data were calibrated by using standard
samples. It was proved that the ages obtained by TL method coincide with K-Ar and fission-
track (FT) ages within the limit of 4309, for volcanic rocks. There are no age standard
for altered rocks but the errors of TL ages are in the same order or slightly larger than those
for volcanic rocks.

TL dating of volcanic rocks by quartz phenocryst was carried out for Tamagawa Welded
Tuff, Akita and Iwate Prefectures, and Kurofuji volcanic rocks, Yamanashi Prefecture. The
FT ages of six samples of Tamagawa Welded Tuff are known and they were used as standards
for age determination of other areas. All TL ages were calculated by the standard curve of
the above FT ages versus calibrated TL values, and in some case, corrected by existing age
data of respective areas. As the TL dating of Tamagawa Welded Tuff was the basis of all other
TL dating, many kinds of tests were carried out. From these tests, no critical phenomena were
found and the error of TL age for Tamagawa Welded Tuff is inferred to be 4-0.3 Ma for 1.0 Ma
sample. In Tamagawa area, quartz phenocrysts in altered rocks are preserved well. For the
determination of the age of alteration, stability of TL during hydrothermal process was tested.
At the temperature of 300°C, stored TL is easily discharged within a few hours and substan-
tially decreases even at 200°C. Therefore, the results of TL dating for rocks which suffered
alteration by fluid above 200°C will indicate the alteration ages. The TL ages of six altered
samples from Tamagawa area are 0.05 to 0.70 Ma.

TL ages of Kurofuji volcano were evaluated 0.62 to 1.05 Ma. These do not contradict
the geologic evidences and the duration of volcanic activities of about 400,000 years is reasonable
value for medium scale volcanic group.

Dating of volcanic rocks by plagioclase was carried out for some rocks from Noya
geothermal area, Oita Prefecture. The method of dating was almost the same as for quartz
phenocrysts. However, plagioclase easily alters and the saturation level of TL is lower than that
of quartz. The ages obtained for seven samples were 0.24 to 0.78 Ma and coincide with existing
data within the error of 4+-309, except one sample.

Secondary quartz separated from silicified rocks of Kurikoma, Iwate Prefecture, and
Azuma, Yamagata Prefecture, was used for TL dating. TL ages of three samples from Kurikoma
are 0.11 to 0.16 Ma, and those of eight samples from Azuma are 0.05 to 3.13 Ma. Although
there are no other age data to compare, the results are believed to be reliable from the following
reasons.
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(1) Alteration ages do not exceed those of host rocks except for few samples (Kurikoma

and Azuma).

(2) Almost identical ages were obtained for the samples collected from the same

alteration halos even if the ages of original rocks are different (Kurikoma and
Azuma).

(3) Successive changes of alteration ages from west to east are observed and that

direction coincides with the trend of volcanism (Azuma).

Mixtures of alteration minerals were used for alteration age dating of samples from
Kuju, Oita and Kumamoto Prefectures, and Izu, Shizuoka Prefecture. The procedure of
sample preparation is very simple. However, the results were not as reliable as other methods
because some unusual values were obtained. The evaluation of the accuracy of this method is
very difficult but similar or slightly lower reliability is expected by the same reasons as second-
ary quartz. TL ages of nine samples from Kuju are 0.19 to 1.52 Ma and those of six samples
from Izu are 0.40 to 4.11 Ma, which are except few samples with unusual ages.

Based on the TL dating of altered rocks, geothermal histories of the Hachimantai field
in Akita and Iwate Prefectures and the Kuju field in Oita and Kumamoto Prefectures are
considered.

At the Hachimantai field, large scale hydrothermal activity related to the magma of
Tamagawa Welded Tuff was ended about 700,000 years ago followed by the development of
other small scale hydrothermal systems. Some of them are found near Gojumagari (360,000
years ago) and Yudamata (120,000 to 150,000 years ago). The alteration ages of presently
active areas are normally less than 200,000 years B. P.

At the Kuju field, some hydrothermal systems were formed about 500,000 to 400,000
and 400,000 to 300,000 years ago. The former group apparently has closely related to the
volcanism of Bungo, and the latter ones to the activities of old Kuju volcanos. The hydrothermal
activities of present geothermal areas (Otake, Hatchobaru and Takenoyu) started about
200,000 years ago.

schematic diagram of survey methods and

I. Introduction expected results. Major methods used for the

study of surface alteration are distribution

Hydrothermally altered areas are good survey,mineral assemblage study and alteration
indicators for geothermal activity and are age determination. Hydrothermal alteration of
widely studied in many ways. Figure 1 is the drill cores is also studied for the determination
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Fig. 1 Schematic diagram of alteration survey and expected results (Revised from Sumi and TAkasHIMA, 1976)
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of production zones and hydrological properties
of subsurface formations. Consideration of
hydrothermal alteration is very important in
both mineral and geothermal exploration, but
the time factor is very different. In geothermal
exploration, alteration age is the important
factor because the residual heat is a function
of time.

The most widely used method of determining
the alteration or mineralization ages is K—-Ar
dating of some alteration minerals (SHIBATA
and IsuiHara, 1974; Istisara et al., 1980).
However, this method is most effective for
Tertiary or older ages. For the determination
of Quaternary ages, K-Ar, fission track (FT)
or C methods are used. The ages of original,
associated volcanic rocks and carbonaceous
materials in sedimentary rocks are determined
and then the alteration ages are inferred by the
stratigraphic principles. The techniques have
been applied to some Japanese geothermal
fields and interesting results have been obtained
(Sumi and TakasumMa, 1976). Those methods
are, however, indirect ways of determining the
alteration ages and sometimes it is difficult to
find the suitable samples.

Thermoluminescence (TL) is an unique te-
chnique which is applied for various purposes
such as mineral exploration (Havakawa,
1958; GuUNTER, 1963), geothermometry (Ma-
coiarMmiD, 1963), intrusive body identification
(McDoucatrr, 1954; Jonnson, 1963), sample
discrimination (LeacE and FANKHAUSER,
1978), meteorite (JINGXIAN et al., 1980; SEARS
and Durrani, 1980; Mercuer, 1981) and
dating.

TL dating was originally applied to archeo-
logical studies and the method for dating of
pottery was already established (AITKEN et al.,
1968; Micuers, 1973; Icmikawa and Naca-
ToMO, 1974). For the geological purposes, TL
dating was applied to many minerals such
as calcite (ZELLER et al., 1957; JoHNson, 1967;
OvcHinnikov and MAKSENKOV, 1969), plagio-
clase (Berry, 1967; May, 1977; GUERIN and
VarLapes, 1980), quartz (GOksu et al., 1974;
Havakawaetal., 1976; Liet al., 1977), siliceous
material from ocean sediments (WINTLE and
HuntLEY, 1980). But many unsolved problems

remain in TL dating, which prevented the
application of this method in geology. Although
some uncertainties remain, TL dating is most
suitable for determining the alteration ages
and is indispensable for geothermal exploration
because of the following reasons.

(1) Applicable to many alteration minerals

(2) Easy to take samples and measurement

(3) Directly indicate the alteration ages

The effective range of age determined by TL
method is another favorable character of this
method for geothermal purposes. The most
effective age range is from few thousand to one
million years. This is the age range directly
related to heat source evaluation and it is
difficult to determine by other dating methods.
The minerals used are quartz or plagioclases
which are common rock forming minerals and
canbe found in most of volcanic rocks.

Age data are important in historical trace of
geothermal activity. However, there are only
few cases where this has been actually applied.
The life time of one steam or fumarole vent is
in the order of 10 to 10? years (LovERING,
1957; Sumi, 1972) and that of one hot spring
area is considered to be over 10? years (Sumi,
1972). As for the estimation of the length of
geothermal activity, the order of 10°-10% years
is estimated by 1*C method and a part of hi-
story is identified to be over 5,000 years at
Matsukawa (Sumi, 1971), over 33,000 years at
Tamagawa (Sumi and TakasmMA, 1972) and
over 30,000 years at Takenoyu (TArasHIMA,
1974). Same order of lifetime in hot spring
activity is postulated by Averiev (1967) ba-
sed on the data of Lower Geyser Basin of
Yellowstone Park, Taupo Zone in New Ze-
aland and Geyser Valley in Kamchatka.
Longer history is defined at Steamboat Spring
where geothermal activity started over 700,000
years ago and even now that is active (WHITE
et al., 1964).

The determination of alteration ages is the
basis for stored heat and discharged energy
evaluation. The total discharged energy was
calculated by use of chemical leaching of
some elements and actually applied to few ge-
othermal areas such as Ugusu (Iwao, 1963),
Matsukawa (TakasHmMa and Sumi, 1974) and
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Fig. 2 Locality map of studied areas.

Onuma (Kusora, 1979). However, duration
of hydrothermal activity is necessary for the
evaluation of annual discharge rate or the size
of the geothermal field which is directly com-
parable to present geothermal fields.

In this report, the problems concerning TL
dating of various samples are discussed. Then
the historical traces of geothermal activities of
some fields are attempted on the basis of
dating results with combination of geological,
mineralogical, chemical and geophysical data.

Figure 2 is the locality map of the fields
studied in this report.

II. Thermoluminescence dating
method

II. 1 Theoretical basis

Thermoluminescence is an emission of light
not due directly to incandescence but occurs
at temperatures below those of incandescent
bodies. This phenomenon occurs by the follow-
ing process. When minerals are exposed to high
energy radiation, some electrons are trapped
in the crystal lattices and stabilized in the
excited state at high energy level. These
electrons are released from the trap by the

heating, return to the original state and then
light is emitted. The crystals which underwent
thermoluminescence are not repeat this process.
The amount of light emitted from crystals is
proportional to the amount of electrons
captured in the traps and the amount of
captured electrons is proportional to total dose
of high energy radiation such as alpha, beta,
gamma and cosmic rays.

The TL dating method is based on the above
assumptions. The amount of light emitted from
natural samples (L(natural)) and that from
samples artificially exposed to gamma rays
(L(artificial)) after heating is expressed as
follows.

L(natural)=Dn.T ................. (h

L{artificialy=Dae«t .........cooooiiiinn. (2)

Where Dn is the radiation dose of crystals
received under natural conditions, T is the
geologic time, Da is the dose of artificial gamma
rays and t is the time of exposure of gamma
rays to the samples after heating. Thus let
R represent L(natural)/L(artificial) and the
geologic time is calculated by the following
equation.

T=R-.Da«t/Dn .........coceeviiininininn. 3)

Figure 3 is a schematic diagram of the TL
dating method and actual procedure is ex-
plained as follows.

(1) The acquistion of natural TL is the
first stage. It is assumed that there were no
stored TL in the mineral at time of its formation
after volcanic eruption or alteration. Then it is
assumed that TL accumulated linearly with
time.

(2) The separated minerals are ground to
powder. Then the TL accumulated in geologic
time is measured by a TL apparatus.

(83) The sample heated by above measure-
ment is exposed to artificial gamma ray source
after cooling and then the TL is measured in
order to obtain TL sensitivity of the sample to
radioactive sources.

(4) Natural dose rate of samples is assessed
by the amounts of U, Th and K.

Basic theory and measuring procedure are
very simple as described above. However, there
are many factors which influence the dating
results. Such problems are summarized in the
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Fig. 3 Schematic explanation for TL dating.

book edited by McDougatL (1968). Followings
are the examples of them refered from that
book and some other papers.

(1) Linearity of TL accumulation—The
number of traps is limited in a crystal and in
some cases unstable. Therefore, the TL accu-
mulation is not linear as shown in Figure 4.
Superlinear phenomenon sometimes occurs
with artificial radiation which use high power
radiation source but this occurs very rarely in
natural condition. On the other hand, satura-
tion of TL is common in natural samples and
this determines the maximum age limit of TL
dating. The best way to avoid this effect is to
use non-saturated samples, whereas ZELLER
(1968) indicated the method of correcting this
effect.

(2) Stability of captured electrons in traps
—The probability of escape from a trap of
depth E at temperature T(K) is given by the
following equation.

{b) ’

TL

Dose Dose

Fig. 4 Non-linearrity of TL growth. (a) Superlinear
(b) Saturation.

p=s-exp(—E/KT)

Where the frequency factor s is about 10'? to
10*? sec™?, Boltzmann’s constant k equals
8.6x107% ¢V/K. Then the lifetime 7 of an
electron in such a trap is shown by the following
equation.

t=1/p=exp(E/kT)/s

If Tp(K) is the temperature at 7=1 sec.,
then above equation is written as follows.

logyo 7=((Tp/T) —1) logy, (s)

From this equation, the lifetime of TL glow of
Tp(K) peak at the preservation temperature of
20°C is calculated. For normal conditions and
minerals, maximum limit of dating is over few
million years. Figure 5 is the one example of
that evaluation (IkEva, 1981). The line in this
figure is drawn by the conditions of s equals
3.3 x 10*3 sec™. In the case of alteration, the
trapped electrons are easily discharged at high
temperatures during alteration.

(3) Evaluation of natural dose rate—Effec-
tive dose of radiation to the minerals is one of
the important factors in TL dating. A mineral
in the rock suffers alpha, beta, gamma and
cosmic radiations as shown in Figure 6. Beca-
use of the difference in the character of each
radiation, effectiveness to a crystal must be
evaluated carefully. Alpha rays have the
largest portion of radiation dose in rocks.
However, the effective dose is small because
alpha particles can travel only very short
distances. Accordingly, dose from alpha rays
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can be neglected in TL dating using large
crystals like quartz or plagioclase phenocrysts.
On the other hand, alpha ray contribution
from U and Th in the crystals must be evalu-
ated. In the case of quartz, the contents of U
and Th in the crystals are very small and
alpha ray contribution is negligible, but it may
contribute to some extent in plagioclases.

(4) Artificial radiation—Normal radiation
sources of X or gamma rays are different from
the natural sources of radiation of alpha, beta
and gamma rays with which the minerals were
irradiated during geologic times. Therefore,
the minerals sometimes show different response

Cosmic

Gamma

Alpha, beta and
gamma ray

Beta transition
loyer (~2mm)

Fig. 6 Evaluation of effective radiation to minerals.

to different kinds of radiation sources. Espe-
cially, X-rays show inequivalent interaction
with the minerals and are not suitable for use as
artificial radiation sources (Table 1).

(5) Sample preparation—Crushing and gr-
inding cause of artificial TL other than na-
turally Stored TL for some minerals. Howe-
ver, those TL of quartz are negligibly small
and cause no problem for TL dating. The
extra TL caused by sample preparation in
plagioclase is slightly larger than that of quartz.
These effects, however, cause only a few percent
errors for relatively old rock samples. In some
cases, the pre-heated rock is crushed, ground
and measured its TL to compensate for this
effect. For the younger aged samples, grain size
must be carefully selected to reduce this effect.

(6) Oxidation TL of organic materials or
sulphur—To prevent this phenomenon, nitro-
gen gas is introduced to the measuring cha-
mber.

(7) Effect of pressure—The mineral placed
under high pressure emits extra TL. This

Table 1 Efficency factor of absorption radioactivity.
Materials Water Carbon Aluminum Calcium
Energy
0.02 0.881 0.341 5.32 21.0
0.05 0.892 0.511 3.98 17.0
0.10 0.948 0.801 1.39 4.17
1.0 0.965 0.869 0.828 0.865
10.0 0.935 0.826 1.007 1.21
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Fig. 7 TL measurement to the thermally unstable
minerals. (A) Natural (B) Gamma ray assisted

phenomenon is significant with calcite but
small for other minerals.

(8) Change of mineral characteristics—For
TL measurements, minerals are heated abo-
ve 500°C which causes the change of their
trap conditions in some cases. In order to
prevent this effect, stable minerals such as
quartz or plagioclases are selected for TL
measurement. Another way is to evaluate the
sensitivity by comparing natural TL with
gamma ray assisted TL as shown in Figure 7.

(9) Others—Errors in chemical analysis,
TL measurement, fading effect by sun or
fluorescent light etc. must be considered.

II. 2 Apparatus

The laboratory equipments unique to TL
dating and not used in normal geologic work
are TL measuring devise and ¢°Co gamma
radiation systems.

In this work, TL was mecasured by two TL
measuring instruments shown in Figures 8 and
9. The former (TLI-A) is a hand made electric
furnace with a photomultiplier tube container
and normal scientific instruments such as DC
amplifier, recorder, high voltage supply and
temperature controller. The latter (TLI-B)
is the complete set for TL measurement used
for medical or environmental radiation moni-
toring. The principles of the above two is alm-
ost same and schematic diagram is shown in
Figure 10. The photomultiplier tube of TLI-A
is interchangeable so that tubes with maximum
efficiency for the particular wavelengths can be
used. Photomultiplier tube of TLI-B cannot be
changed but it is easy to operate and has a
reference photo source excited by #C radia-
tion. Therefore, most of the measurements
were done by this TLI-B instrument except for
some measurements specially commented. The
name and major specifications of this instru-
ment are as follows.

(1) Name: Kyokko type 1200 special ve-

rsion

Fig. 8 TL measuring instrument (TLI-A).
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Fig. 9 TL measuring instrument (TLI-B).
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Fig. 10 Schmatic diagram of TL measuring
instrument.

(2) Range of measurement: 0.1 mR-10 kR

(8) Maximum temperature: 560 °C

(4) Heating rate: 2 °C/sec—25°C/sec

(5) Heating system: Direct heating system
of plate heater (Fig.11) with sample pit
(10 mm in diameter)

(6) Photomultiplier tube: R-366 with ma-
ximum sensitivity at 340 nm.

(7) Calibration of glow: Standard light
excited by 4C

(8) Atmosphere of measuring chamber: Air
or N, gas condition

Gamma ray source is 3,000 Curie of #°Co and
samples are set on the pit of the turntable. The
pit and turntable are both rotating to equalize
the radiation dose (Fig. 12). The dose rate is
calibrated by TL dosimeter (TLD) system using
synthesized BeO powder in glass capsule and
TL dosimeter which are the standard dosime-
try tool. Half lifetime of ¢°Co is 5.2 years. Thus
about 149, of %Co is supplied to the source
every year to keep the intensity of radiation at
the same level.

II. 3 Experimental procedure

There are many techniques for sample pre-
paration, sample sizing, T1L measurement,
glow treatment etc. which will minimize the
errors of TL dating (Table 2). However, one
standard procedure was selected for this study.
It is underlined in Table 2 and shown in Figure
13. Few other procedures were attempted to
test the validity of techniques. They are shown
by the dotted underlines in Table 2.

The sample was taken from non weathered
part. The amount of samples was about 10 g
to 1 kg which depend on the content of respec-
tive minerals and analytical methods of radio-
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Fig. 11
smoothed by stainless steel plate.

%

Molybdenum heater with sample pit. Surface of sample powder is

Fig. 12 Gamma ray radiation turntable. 3000 Curie of ®Co are set in the center pole.

active elements. For example, in the case of
alteration age determination of silicified rocks,
quartz are easily gathered and U, Th and K
are analyzed by wet processes, then the
requirement of sample is less than 10 g. On the
other hand, volcanic rocks with very small
amount of plagioclases need 1 kg of samples.
Crush and sieve systems are also dependent
on the samples. In the case of quartz or plagio-
clase phenocrystr with grain size of few mil-

limeters, hand picking is the best way to obtain
pure crystals. Therefore, samples are crushed so
as to get maximum amount of 0.5 to 1 mm
grains. For the altered rocks, it is better to
selected over 74 microns grains to reduce
unknown factors of alpha ray contribution to
respective minerals. The minerals which have
strong and stable TL character is desirable. In
the present study, quartz and plagioclase
phenocrysts in volcanic rocks and altered rocks,
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Fig. 13 Diagram of TL dating processes.

secondary quartz, and mixture of sericite,
cristobalite and some clay minerals in altered
rocks were measured. The normal procedure of
sample preparation is shown in Figure 14.

The final products of above procedure are
powders of under 270 mesh. These samples are
used for X-ray diffraction, gamma ray radia-
tion and TL measurement. The artificially
radiated samples are heated at 130°C for 8
hours to reduce low energy (low temperature)
glow.

Twenty milligrams of powdered sample is
set in the sample pit which is 10 mm in dia-
meter and smoothed by stainless steel plate
(Fig. 11). TL value of each sample is the
average of three measurements.

After measurement, the sample is heated at
550°C for one hour to discharge all trapped
electrons. Approximately 100 mg of samples are
sealed by aluminum foil and placed at the
holder which is made by acrylic acid resin
(Fig. 15) to get enough secondary electron
balance. Then the holder is set 30 cm from the
gamma ray source where gamma ray intensity
is about 50 kR/h. The sample is exposed there
for exactly 30 minutes to receive about 25 k rad
as the absorption coefficient is assumed to be

1.0 (in this experiment, this value is used for
all samples). This amount of radiation is not
large enough to cause TL saturation and not
too small to cause error of TL measurement.
The annual dose rate received by crystals in
geologic time is evaluated by U, Th and K
contents. In this experiment, gamma ray
spectrometry and wet process are used for
determination of contents of those elements.
The interaction of alpha ray fraction is sup-
posed to be zero for crystals larger than 74
microns (over 200 mesh). The effectiveness of
beta and gamma ray fractions is evaluated by
the work of BELL (1976) and shown in Table 3.
In this experiment, ages are obtained by
reference curve of the specific TL intensity
which is normalized by TL sensitivity and
annual dose rate versus their ages determined
by other methods (Refer to Fig. 26 and Table 6
in chapter III). The reason for the above
treatment is that the natural sample is irradi-
ated long enough to the state of TL stability
whereas artificial TL is not stable and changes
its intensity corresponding to the conditions of
heating treatment before measurement (nor-
mally 130°C and 8 hours). This means that the
apparent sensitivity in the excitement by
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Table 2 The variation of sample processing and measurement in TL dating.

Sample preparation

Sample size

TL measurement

TL glow treatment

Artificial radiation

Annual dose evaluation

Separation

Slide to thin
section

Non-separation

Larger than
74 microns

Atmosphare
(1) Air

Less than

(2) Ar
(3) N,

Grain size
(1) Less than
74 microns
(2) 74 to 250
nicrons

(3) Thin section

Weave length
(1) visible

Area

Peak_height

Plateau

Source

(1) Beta
(2) Gamma
13) X-ray

Radiation sample
(1) Heated sample
(2) Natural sample

Chemical analysis

(1) Wet process
(2) Gamma ray

spectrometry
(3) SIMS
(4) Others

In situ measurement

Fig. 14 Diagram of sample preparing processes.

(2) Ultra-violet TLD method
(1) The items with underline are mainly used in this report. (2) The items with dashed underline are partly used in this report.
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Fig. 15 Acrylic acid resin sample holder
TLD capsule and enveloped samples ar

Table 3 Radiation dose rate

for gamma ray radiation. In front of holder,
e placed.

of U, Th, K (After BeLL, 1976).

Element Content Rad.ig;;tjvc Radiation Dose (rad(y)

a 0.2783

U 1 ppm B 0.0148( 0.3056 0.0273
r 0.0127 (total) (a=0)
a 0.0740

Th 1 ppm B 0.0029; 0.0819 0.0079
7 0. 0050 (total). (a=0)

K 1% £ 0. 0582} 0.0887 —

(X.,0) v 0.0205) (total)

samples, TL values of synthesized quartz and
quartz separated from central cone lava of
Akita Yakeyama were measured (Fig. 16).
Former sample was synthesized in an autoclave
at 230°C and for two weeks. The starting
material was amorphous silica reagent for gas
chromatography and reacting fluid was 0.1
Mol. of NaOH solution. The central cone
lava from which quartz crystal was separated is
considered to be the youngest eruption product
of that volcanic group. The exact age is un-
known but younger that 26,900 years by 4C
dating of related formations in Tamagawa hot
spring area (SuMr and TakasHMA, 1972).

The intensity of TL glow for synthesized
quartz is very weak whereas that of original

amorphous silica is relatively large (Fig. 16-a).
Also, the TL amount of quartz from Akita
Yakeyama is weak (Fig. 16-b). This figure
shows three different TL patterns of samples
with different pre-treatment. The first is the
100-200 mesh grain with no grinding. The
second is the —270 mesh sample with grinding
by agate mortal and sieved. The third is the
sample heated at 550 °C for 1 hour for discharg-
ing all stored TL then crushed and sieved to
—270 mesh. It is clear that the fine grinding is
the cause of error for TL measurement and not
suitable for young and low TL samples.
However, fine grinding of samples reduces the
error of TL emission itself. Therefore, the
selection of pre-treatment process is dependent
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151 (a) Amorphous silica and
synthesized quartz

(1) Amorphous silica

TL Intensity (arbitrary unit)

(2) Synthesized
quartz

Base

1 1
200 400 600

[ (b) Quartz from
Akita Yakeyama

(1) 100-200 mesh
sample

(3) -270 mesh of

(2)-270 mesh Base

sample
L

200 700 §00

Temperature (°C)

Fig. 16 TL glow curves for synthesized quartz and quartz from Yakeyama central cone lava.

on the age of respective samples.

TL saturation was not tested. However, it is
about 5x10%rad for normal quartz pheno-
crysts (INagaki, 1972). This is equivalent to the
order of few million years because the annual
dose rate of normal volcanic rocks is less than
0.7 rad/year.

The effects of the grain size, sample weight,
fading and grinding are alredy discussed and
sum of them were less than 59, of natural TL
glow (TakasuMa, 1979).

For the estimation of the temperature effect
during alteration to TL glow of quartz crystals,
the sample was heated from 150 to 300°C for
one or two days. The change of TL glows is sh-
ownin Figure 17. This shows that the TL glow
decrease rapidly at 300 °C and it may disappear
after long duration of time even at 200°C.
Therefore, the quartz crystals which suffered
hydrothermal alteration and kept at about
200°C for a long time will lose all TL which
was accumulated before alteration. As this was
proved experimentally, the TL ages of altered
samples correspond to alteration ages. This is

Sample: TM~-1

TL Intensity (cm)

700 300 %400
Temperature (°C)

Fig. 17 Changes of TL glow curves by heating
(After TarasHMA, 1979).

the basis for alteration age determination by
TL measurement (TaxasuiMa, 1979).

There are two ways to evaluate TL intensity.
The first is the measurement of total area of
glow curve and the other is the peak height of
specific temperature. Figure 18 is the reference
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Specific TL intensity (arbitrary unit)

0.5 0 1.5 2.0
Age (Ma)

Fig. 18 The relation between specific TL intensity
and FT age. Specific TL intensity is calculated
by the peak height of artificial glow.

curve drawn by the same way as Figure 26,
but use the peak height of artificial TL. The
results seemed to be almost the same or slightly
better than Figure 26. However, it is very dif-
ficult to identify the peak position in some
samples. Therefore, TL glow area is used for
the evaluation of specific TL except for some
special samples.

Evaluation of annual dose rate is very im-
portant factor in TL dating. In some cases,
it is measured by TLD capsules set in rock or
rock powder. The TLD capsule used in this
measurement is a small glass tube containing
synthesized CaSO, powder doped by trace of
Tm and can detect less than 1 milli rad of
radiation. The normal procedure of this
measurement is very simple. Few TLD capsules
are set in the pit of outcrop where the sample is

(b)

300, -

200 s

1008 pid o —

Specific TL intensity (arbitrary unit)
N\,

L . .
05 1.0 1.5 2.0
Age (Ma)

Fig. 20 The relation between specific TL intensity and
FT age. Specific TL intensity is calculated by the
annual dose rate of TLD capsule.

collected or are set in powdered rocks which are
covered by lead container to prevent environ-
mental radioactivities (Fig. 19). They are left
for about one to six months and then the total
radiation received is measured by a TLD
dosimeter. Figure 20 is the reference curve
drawn by the use of annual dose rate evaluation
of this powdered rock TLD method. The line
is not as good as that of Figure 26 which was
drawn by the data of gamma ray spectroscopic
analysis. The reason for this discrepancy is con-
sidered to be an error in beta ray counting in
a TLD capsule which can detect only a part of
beta rays because it is covered by glass.

There are many kinds of patterns in TL
glow curves even for the same kind of minerals.
For quartz crystals, difference in TL patte-
rns of some Japanese samples are reported
(Havakawa et al., 1976). These phenomena

500¢g .of powdered
rock sample

(c)

TLD TLD
Capsule Capsule

/ead block

X X

Fig. 19 Evaluation of annual dose rate by use of TLD capsule. (a) At the field

(b) In the laboratory (c) TLD capsule
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are conspicuous in artificially radiated samples.
The theoretical basis of this diversity is very
complex and it is difficult to find suitable
resolution for TL dating. The simplest way to
prevent it is to use only the samples which
show the similar patterns in both natural and
artificial TL.

The influence of impurity in samples is
tested for TM-1 which is not well separated
and contain few percent of clay fractions. The
color of powdered sample is not as white as
that of pure quartz and TL intensity is smaller
than pure quartz sample. However, the TL
age is almost the same as the pure quartz
sample No. 1 in Table 6.

Same as the case of quartz phenocrysts, che-
ck of initial TL values of plagioclase pheno-
crysts were carried out for lavas from Koma-
gatake, Akita Prefecture and Yufudake, Oita
Prefecture. Former lava is the product of eru-

ption in 1970 and latter one is the product of

the latest Quaternary activity. Figure 21 is
the TL glow curves of above samples.
Figure 21-a is the three TL glow curves of

15f
(a) Plagioclase from
Akita Komagatake
—~
-
=
2
>
<101
o
-
-
o
“
=]
—
>
-
(%]
= -270 mesh of pre-heated
.(‘: sample
c 5|
—_
-
—
-270 mesh sample
100-200 mesh
sample Base
1

ZIOO 400 600

Temperature

plagioclases separated from the same lava but
different in procedure as already described in
the dating of quartz phenocrysts. The results
are almost the same as quartz but slightly
higher TL values are observed for finely
ground samples and even for 100-200 mesh
grains whereas near zero TL values are ex-
pected because the age of this sample is only
12 years. Therefore, special attention must be
taken for the plagioclase samples. Especially in
the case of dating of young volcanic rocks, the
techniques to reduce or compensate for this
effect must be applied. The examples are the
use of relatively coarse grained samples to TL
measurement or TL measurement of pre-
heated samples with the same separation and
crushing procedure to natural samples for
compensate above effect. The TL glows of
plagioclases collected from Yufudake show
almost the same results as Komagatake but
slightly higher TL value than the Komagatake
samples because the age is in the order of few
tens of thousand years.

{b) Plagioclase from
yufudake (Oita)

-270 mesh sample

100-200 mesh,
sample

Base

200 7200 800
(°C)

Fig. 21 TL glow curves for plagioclases from Komagatake and Yufudake lavas.
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III. TL dating of volcanic and
altered rocks

IiII. 1 Dating of veolcanic rocks by
quartz phenocrysts
HI 1. 1 Location and description of sam-
ples
The most suitable mineral for TL dating is
quartz because of its thermal stability, purity
in chemical composition, high TL sensitivity
and relatively wide distribution in volcanic and
altered rocks. In .this section, TL dating of
volcanic rocks mainly by quartz phenocrysts
is described. The samples were collected from
Tamagawa Welded Tuff, which is distributed

Yanagisawa-rindo”f | :
(TK-4)
Bunamori-rindot",
(TH-u) .
Kamihinokinai

Gojumagari
(TH-6)

Yunomata-za

(TX-12)

€]

Lake

Obonai Hashiba
(TH-3) {TH-1)

6

e

around Hachimantai geothermal field, Akita
and Iwate Prefectures, and dacitic pyroclastic
flow and dacite lava of Kurofuji volcano,
Yamanashi Prefecture. The sampling points of
both fields are shown in Figures. 22 and 23.

Tamagawa Welded Tuff is the rhyo-dacitic
tuff formation of early Pleistocene. This wel-
ded tuff is widely distributed in and around
Hachimantai geothermal field and the residual
magma is believed to be a part of heat source
of geothermal activities. The rock has large
amount of quartz phenocrysts and their size is
about 5 to 10 mm. It is very convenient for
separation of pure quartz.

The ages of Tamagawa Welded Tuff we-
re assigned to 1.1 to 2.0 Ma by FT method

e //
7

_{4{ Hachimantai

20km
.

a
D3 1/{7 %

i1 8

Ly~

Quaternary volcanic rocks
Tertiary formation

Paleozoic formation Volcanoes

Nwe o FO

® o

Geothermal power plant

Tamagawa welded tff
. Pre-Tertiary granite

Alteration study area

Fig. 22 Simplified geologic map with locality of TL dating samples of Hachimantai area

(After Tamanyu and Suto, 1978).
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(Tamanyu and Suro, 1978). In this study, the
same rocks were used and reference curve of
age versus specific TL intensity was drawn
from these data. Table 4 is the outline of strati-
graphy with sampled positions.

Kurofuji vlocano is one of the typical Qua-
ternary volcanoes whose ages are unknown.
The samples for TL measurement were collec-
ted from dacitic pyroclastic rocks shown in
Table 5 (MiMura, unpublished data). These
rocks have quartz phenocrysts of few millime-
ter in size and easy to separate them. How-
ever, as the sizeis smaller than Tamagawa
Welded Tuff, plagioclase particles were mixed
with quartz in some case.

II. 1. 2 Experimental results

Samples were processed and measured by

the flow chart shown in Figures. 13 and 14 and
techniques described in section II. 3. The glow
curves of typical samples for both Tamagawa
Welded Tuff and Kurofuji volcanic rocks are
shown in Figurs. 24 and 25. The conditions
of these TL measurements were as follows.

(1) Temperature range: Room tempera-
ture to 560°C

(2) Heating rate: 350°C/min.

(3) Atmosphere of measring chamber: Air

For the determination of annual dose rate,
chemical analyses of U, Th and K were carried
out by the gamma ray spectrometry or wet
process. The radiation dose rate of each element
of unit content is shown in Table 3 which was
evaluated by BELL’s method (1976). The results
of chemical analysis, annual dose rate evalua-

. v
vV Vv v Vv

ASAMA
a

AKIRIGAMINE
AYATSUGATAKE

KUROFUJI

LONTAKE

o
KOFU™
A HAKONE

A

QOSHIMA

. v ) S
vV vV Vv VMt K'cmegqtuke
VvV V VYV
V V. y v V vy VV{

‘/A\/

Mt.Kayagatake 7,* .
V Vv v vyvgv N\ -

.

]

==} . —— P

Fig. 23 Simplified geologic map with locality of TL dating samples of Kurofuji area

(After MiMuRra, 1967).
rofuji volcano
5: Cretaceous granite

1: Younger volcanics
3: Pyroclastic flow of Kurofuji volcano

2: Lava domes and dikes of Ku-
4: Tertiary volcanics
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Table 4 Stratigraphic sequence of Tamagawa
Welded Tuff (After Tamanvyu and Suro,

Geologic
3 Formation
time

@
o
5
2 Andesitic volcanic rocks
S
o
=

Quaternary

Pleistocene

e e N N NS N A N NN NN |

Upper dacitic WT
(TK-4)

S NN NN N

Upper rhyolitic WT

TM-1,TM~-2, TM~6.
Middle rhyolitic WT ( ‘ ! )

(TM~3,TM-5) Middle rhyolitic WT

GNP N NN

Tertiary
Miocene-Pliocene

Lower rhyolitic WT
(TM-4)

Lower dacitic WT

BV Ve Ve e e N o A A A e

Tertiary formation

TL Intensity (arbitrary unit)

(a) Natural
15¢

200 200 600

Table 5 Stratigraphic sequence of Kurofuji

volcanoes (MmuRa, unpublished data).

G *1
eologic Formation Sample No. TL age (Ma)
time
a B
53 €0.95)
Lava domes
and dikes 457 0.62
32N 0.77
Pyroclastic flow
(5 th stage)
” 89-4 (0.86)
. (4 th stage)
4
5
& P
8 151-2 0.78
g (3 xd stage) 430-1 (1.19)
421-1 0.72
“
{2 nd stage) 130 1.18
235 0.99
P 266-1-1 1.05

(1 st stage)

*] Age A is obtained by the reference curve of Fig. 26.

Base

Temperature

700
(°C)

1
400

Fig. 24 TL glow curves for quartz from Tamagawa Welded Tuff.
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Table 6 Summary of TL dating of Tamagawa Welded Tuff.

— 686 —

T) Total** TL glow intensily (Average) P Age*' (M
No. Sample No. Mineral u Th K0 Redlation Dose gow oy e Ci(B—A) |SPes /C/TT L g (Ma) c
(ppm) {ppm) (%) (radfy) (A) Original | (B) r-assist | (C) Artificial FT
1 T™-1 0 1.2 4.0 1.48 0.1957 1324.5 288.5 23.46 1.1
2 TK-4 Q 0.8 2.7 1.11 0.1416 774.4 142.0 38.51 1.2
3 TM~-2 Q 2.2 6.8 2.37 0.3240 1594.4 191.6 25.68 1.2
4 TM-3 Q 1.2 4.8 1.62 0.2144 1153.3 176.6 30.46 1.7
5 T™M-4 Q 1.4 4.7 1.48 0.2066 1713.3 197.8 41.93 1.7
6 T™M-5 Q 1.3 4.4 1.55 0.2078 1694.1 176.0 46.32 1.8
7 ™-6 0 1.3 4.0 2.13 0.2560 468.6 214.4 8.56 | 2.0 Altered
8 TK-8 0 1.5 5.6 4.46 0.4808 297.5 576.0 1.07 Altered
9 TK-12 Q 2.0 7.1 4.21 0.4841 953.7 665.7 2.96 Altered
10 TM~1(T) Q+Clay 1.2 4.0 1.48 0.1957 1103.5 119.5 28.26 Test
(Chemical analysis: Gamma ray spectrometry by H., Kanava)
*] Total radiation dose are calculated as the alpha radiation dose equals to zero.
*2 FT ages are reported by Tamanyu and Suro (1978) and samples of TL measurement are same as FT dating ones.
Table 7 Summary of TL dating of Kurofuji volcanic rocks.
'T) Total*t TL glow intensity {A: . Age*' (M
No. Sample No. Mineral u Th K,0 del’ali:nlbose glow Intenaliy {Average) - Cf(B=A) SPRC'E‘:?JL ger (M) C
(ppm) tppm) %) (mdly) - | (A)Original | (B) r-assist | (C) Artificial ! A B
1 053 Q.Cr.Pl 0.5 0.3 1.04 0.1083 541.2 219.8 22.74 0.95
2 457 Q.P1’ 0.5 0.4 1.17 0.1206 265.8 150.3 14.66 0.62
3 32N Q 0.6 0.6 1.41 0.1462 461.8 172.5 18.31 0.77
4 89-4 Q.P1 0.5 0.4 1.24 0.1268 454.0 174.6 20.51 | '0.86
5 151-2 Q 0.7 0.6 1.36 0.1445 491.8 183.9 18.51 0.78
6 430~-1 Q.P1 0.7 0.5 1.63 0.1676 606.4 127.4 28.40 1.19
7 421-1 Q.P1 0.7 0.4 1.33 0.1403 513.2 211.0 17.34 0.72
8 130 Q.P1 0.3 0.4 1.21 0.1187 410.8 123.0 28.14 1.18
9 235 Q.P1 0.9 0.4 1.3_3 0.1457 526.8 153.1 23.62 0.99
10 266-1-1 Q.P1 1.2 0.4 1.24 0.1459 714.2 194.6 25.15 1.05

(Chemical analysis: Wet process by Mitsubishi Metal Research Institute)
*1 Total radiation dose are calculated as the alpha radiation dose equals to zero.

*2 Age A is obtained by the reference curve of Fig. 96.
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Fig. 25 TL glow curves for quartz (4 plagioclase) from Kurofuji volcanic rocks.
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Fig. 26 The relation between specific TL intensity
and FT age of Tamagawa Welded Tuff.

tion and TL measurement of both areas are
shown in Tables 6 and 7.
Figure 26 is the reference curve of specific

TL versus FT ages. Although it does not show
good linearity because there are possibilities of
errors in both FT and TL methods, this
figure is used as the standard for evaluating the
ages of other areas if there are no age known
data among them. The ages of Kurofuji volcano
shown Table 7 are thus obtained.

III. 2 Dating of volcanic rocks by pla-
gioclase phenocrysts
. 2. 1 Location and description of sam-
ples

Plagioclase is one of the most common rock
forming minerals in volcanic rocks. Therefore,
plagioclase must be widely used for TL dating
of volcanic rocks in geothermal fields where the
ages are important for geothermal explora-
tion (TakasHIMA,1982b). However, plagioclases
alter easily, contain more radiogenic elements
in crystals which increase the difficulty in
annual dose evaluation, fades anomalously
(WiNTLE, 1977) and are easy to saturate
compared to quartz. The upper limit of TL
ages is about 0.2 Ma by normal procedure
using plagioclase in Hawaiian basalts from TL
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Yabakei
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Kyushu

Fig. 27 Simplified geologic map with locality of TL dating samples of Noya area
(After GEoLogIicAL SURVEY of Japan, 1982).

1: Aso pyroclastic flow, fan and talus deposits and alluvium 2: Late Kuju volcano  3: Early Kuju volcano

4: Yabakei welded tuff 5: Bungo volcanics

saturation (May, 1977). In some cases, TL of
plagioclase is used for the determination of
weathering grade (OceELMAN and KAPUR,
1982). For preventing these effects, the plateau
method which detects stable high temperature
glow by photomultiplier with ultra violet zone
and treats that stable glow is effective (GUERIN
and VaLLADES, 1980).

In this section, the validity and upper limit
of TL dating of plagiocases are discussed for
the volcanic rocks from Noya geothermal area,
Oita Prefecture based on the work of Taka-
suma (1982a). Figure 27 is the locality map
of samples and Table 8 is the outline of stra-
tigraphy, rock type and age data with sample
number.

HII. 2. 2 Experimental results

The conditions of measurement are the same
as quartz except for the additional measure-
ment of gamma ray assisted samples for TL
saturation check.

6: Hohi volcanics 7: Kusu group

Figure 28 is some examples of TL glow
curves of natural, gamma ray assisted and
artificially radiated samples. The radiation
dose rate of 10.35k rad is smaller than the
normal amount of 25k rad in other expe-
riments. Therefore, the reference line of Ta-
magawa Welded Tuff are drawn by the
results under the same conditions (Fig. 29).
The TL glow of plagioclase has its peak at
higher temperature than quartz which is very
close to base line of high temperature area.
Because of this character of TL glow, TL
measurement of plagioclase must be continued
to higher temperature than quartz in order to
discharge all accumulated TL in geologic
time and artificial radiation.

Table 9 is the summary of TL dating of
plagioclases with the TL dating data of
Tamagawa Welded Tuff. Chemical analyses
were done by gamma ray spectroscopic me-
thod for all samples.
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Table 8 Stratigraphic sequence of Noya geothermal area (After TAkasHMA and MUrAOKA, 1980).
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Geologic Sample Age (Ma)
Stratigraph: i e (Ma
time graphy Lithrology No.
TL others
Handa pmice Hornblende
flow dacite
Aso welded Pyroxene
tuff andesite
Fokuma- Hornblende Mz 78102701 | (0.78)
yama
lava andesite
2,
2 ::ki"e Hornblende Mz 78102801 | 0.43 | 0.4(FT,Same sample)l
" e
o lava andesite MZ 78102802 0.48
3
© ]
I Karuto- Hornblende Mz 78102702 | 0.27 | 0.38(FT,Same sample)2)
g 9 yama .
g é lava andesite 1.9(k-Ax) 3)
al A
313 Yabakei 1
&1 = e Hornblende Mz 78101201 | 0.35 | "0.4(FD)
welded tuff andesite Mz 78102703 | 0.24
Haneyama Biotite-hornblende| MZ 78110401 0.47 | 4 410 53(k-ar,Fm)>
lava rhyolite, dacite
Hyugami Hornblende
lava andesite
Hohi Pyroxene
volcanic complex andesite

1) TaxkasHiMA (1980b) 2) TakasHmMa (Unpublished data) 3) WaTanNase ef al. (1981)
4) MatsumoTo et al. (1977) 5) MatsumoTo ef al. (1977), Iso and IkeEDA (1979)

=)
-

TL Intensity (arbitrary units)
w

(a} Natural (+7)

{b) Artificial
(%%Co 10.35 kR)

L
600

Temperature (°C)

(After TakASHIMA, 1982 a).
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Fig. 28 TL glow curves of plagioclase from volcanic rocks of Noya area
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Fig. 30 Location of altered samples for TL dating at Kurikoma area. The numbers
in parenthesis are ages of alteration (Ma).
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Fig. 31 Location of altered samples for TL dating at Azuma area. The numbers in parenthesis
are ages of alteration (Ma).
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Fig. 32 TL glow curves of alteration minerals from Kurikoma area.
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(25.5 k rad of gamma ray)
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Fig. 33 TL glow curves of alteration minerals from Azuma area.
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Table 10 Summary of TL dating of Kurikoma alteration zones.

No. Sample No. Mineral ( U) Th X,0 Rgi?a}i::\a})‘;u TL glow intensity (Average) Cl(B=A) Specific TL Age** (Ma) -
ppm (pom} % (rady) (A) Original | (B) r-assist | (C) Artificial AlCIT A B
1 SK-~-1 Q+Cri 9.3 0.4 0.024 0.2592 141.7 165.5 3.302 0.14
2 SK-2-1 Q+(Ka) 5.2 2.5 0.024 0.1639 40.5 99.3 2.489 | 0.11
3 SK~2-2 Q+(KF) | 16.9 2.2 1.32 0.5959 179.0 81.8 3.675 | 0.16
(Chemical analysis: Wet process by Mitsubishi Metal Research Institute)
*1 Total radiation dose are calculated as the alpha radiation dose equals to zero.
*#2 Age A is obtained by the reference curve of Fig. 21.
Table 11 Summary of TL dating of Azuma alteration zones.
T) Total® TL glow intensity (A: - Age*t
No. Sample No. Mineral u Th X,0 Rgdi)ali::‘Dosc glow Intenslly (Average) Ci(B—A) TAIC 'ITL e (M) C
(ppun) (ppm) %) P (A) Original | (B) r-assist | (C) Artificial 1cf A B
1 YR-227 Q 7.0 0.5 0.012 0.1962 1018.4 75.2 69.01 | (3.13)
2 MR-506 Q+Alu 2.3 2.9 2.85 0.3369 405.0 52.1 23.06 0.97
3 MR-510 Q+KF 2.8 0.4 0.277 0.1042 93.6 44.6 20.15 0.84
4 YR-214 Q 1.8 0.4 0.024 0.0544 53.3 21.0 46.69 | (1.96)
5 WR-115 Q 1.7 0.4 0.024 0.0517 33.5 62.8 10.31 0.43
6 HR-387 o+ (KF) 11.6 0.6 0.005 0.3234 43.3 25.0 5.35 0.23
7 MR-467 Q+(XF) 9.7 1.0 0.036 0.2759 38.2 120.9 1.15 0.05
8 KR-130 Cri+Q 20.8 8.8 0.024 0.6394 53.7 25.0 3.36 0.14
9 MR-510Q Q 2.8 0.4 0.277 0.1042 400.4 159.5 24.09 1.01
10 MR-510T | Q+KF+(Alu) 2.8 0.4 | 0.277 0.1042 60.2 30.0 19.29 | 0.81 }Tes‘t
]

(Chemical analysis: Wet process by Mitsubishi Metal Research Institute)

*1 Total radiation dose are calculated as the alpha radiation dose equals to zero.

*2 Age A is obtained by the reference curve of Fig. 21. The data in parenthesis are low reliability in the results.
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aggregates of small quartz grains with few clay
minerals. The mineral compositions of the
separated samples are checked by X-ray di-
firactometer to evaluate the purity.

Figures 32 and 33 show some examples of
the TL glow curves of secondary quartz sepa-
rated from altered rocks. But some of themure
mixture of quartz and other clay minerals or
alunite, K-feldspar or cristobalite. The separa-
tion of these minerals is very difficult by normal
procedure shown in Figure 13 and in some cases
dating is carried out for mixture of quartz and
other minerals. TL intensities of some mineral
mixtures are very low (for example KR-130 in
Fig. 33). These low TL result in larger error
in measurement and are not suitable for dating.

The TL glow of MR-510Q) is higher than
that of MR-510. The former sample is residual
quartz phenocryst and the latter is secondary
quartz. From this figure, it is concluded that
the residual quartz phenocryst is the best
sample for TL measurement of altered rocks.

Tables 10 and 11 are the summary of TL
dating. Chemical analyses of U, Th and K

j> @1I||||||III5Y?;.(-.){
&__\o‘ek
Yufuin Beppu

8 Otak'e

Kuju
0 30km
| EE——

-~
{fg"%\?‘%? 9.

MiyanoRagu

were done by wet process and annual dose rate
was calculated as alpha ray fraction equals
zero.

III. 4 Determination of alteration ages

by alteration minerals

ML 4. 1 Location and description of sam-

ples

In this section, TL age dating using non-
separated alteration minerals is described for
checking the validity of mineral separation
and selection of minerals. Clay minerals show
fairly good TL glow as reported by FERRARESSO
(1967). Therefore, it may be possible to use
them for TL dating. The samples were collected
from Kuju and Izu areas (Figs. 34 and 35)
and the altered rocks are consisted of quartz,
cristobalite, tridymite, sericite, kaolin, mont-
morillonite, K-feldspar and alunite.

The argillized or silicified rocks from Kuju
area were formed as the result of alteration by
hydrothermal activities during various periods
and those from Izu are considered to be the
products of mineralization in Tertiary age

A
Mr.Haneyama

10(0.50)—&

g
Hosenji

Takenoyu

= 6(0.53)

(,
s Otake

i % é P
sujiye b

Hacchobaru
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™
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o =
Manganji Kurokawa X7

Fig. 34 Location of altered samples for TL dating at Kuju and Noya areas (Revised from TakasaivMa, 1980a).
1: Hot spring (Above 60°C) 2: Geothermal power plant 3: Alteration zone 4: Sample No. (Alteration age-Ma)

— 347 —




Bulletin of the Geological Survey of Japan, Vol. 36, No. 6

&

ME.Sacuyama

~c6(0.43)
5 (0.40)

Mt.Chokuro
A

HMatsuzaki
&

Ru)

Me.Basara
A

-

CJZ(I..H)V,K”"?B)

Hera

Yoshida

Irozaki

Yugashima

2D

Shimoda

& acaqava

S Xawazu
&

4(0.40)

ASAMA
a
AlR!GAMlNE ?
AYATSUGATAKE
a KUROFUN JOKVO
Q
KOFU Fun
A
@OSHIMA

Fig. 35 Location of altered samples for TL dating at Izu area. Symbols are same as Fig. 34

(Revised from TakasHMA, 1980a).

(TAkasHIMA, 1980a; TArAsHIMA ef al., 1978b).
The original rocks of Kuju area are conside-
red to be Quaternary lava and pyroclastics
except for two samples (MT77101605 and
MT77101901) which are the alteration pro-
ducts of Tertiary formation. The original rocks
of Izu area are all Tertiary lava and pyro-
clastics.

IIL 4. 2 Experimental results

TL measurement procedure used was almo-
st the same as that described in the previous
sections except that minerals were not separ-
ated and X-rays were used for artificial radia-
tion source. The source of X-rays was the high
power diffractometer with rotary copper ta-
rget. In general, X-rays are not suitable for
artificial radiation source described in section
II. 1. However, X-ray diffractmeter is very
populer instrument and easy to use it in ma-
ny laboratories. Therefore, the aim of use of
X-rays is to verify their availability. The sa-

mple was spread on a slide glass and set at
normal position for diffraction studies. The
irradiation time was 6 minutes at 40 kV and
and 150 mA. The total radiation dose was
roughly estimated to be about 1% 10°rad by
comparison with standard gamma ray source.

Some examples of TL glow curves of altera-
tion minerals are shown in Figures 36 and 37.
Characteristics of these patterns are the very
low intensities in most of Kuju samples. The
TL glow of alteration minerals are very low
compared with quartz or plagioclase pheno-
crysts. Therefore, TL must be carefully me-
asured for alteration minerals and artificial
radiation dose must be larger than that of
quartz or plagioclase samples.

The results of TL dating by alteration
minerals are summarized in Tables 12 and 13.
In these tables, the annual dose rate was
calculated as the contribution of alpha partic-
les equals to 109, of total alpha ray contribu-
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(2 5 (b) X-ray radiated
a) Natura.

{1) Mz78101617(Q+M)
(5) PH79082305{Q+Ka)
(8) MT77101605{Q+Ka)
(8) MT77101901(Q+Ka)
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Fig. 36 TL glow curves of alteration minerals from and Noya areas.

b) x- )
(a) Natural (b) X-ray radiated
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L (1)  IS73N1102(Q+Seri)
(2)  IS73N1103(Q+Seri)
(3) IS73N2354(Q+Seri)
(4} IS73N0206 (Q+KF)
(5) NI4325(Q)
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Fig. 37 TL glow curves of alteration minerals from Izu area.
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Table 12 Summary of TL dating of Kuji and Noya alteration zones,

T) Total*t TL glow i ity (A PR A
No. Sample No. Mineral U X,0 R(_‘) [ota e glow intensity {(Average) CI(B—A) pec L Age*t (Ma)
(ppm) {ppm) (%) (radly) {A) Original | (B) y-assist (C) Artificial /cIT A B
1 MZ78101617 O+M 1.9 6.4 4.22 0.5844 91 95 1.64 0.38
2 MZ78101408 Q+Alu 1.4 2.5 3.85 0.4569 160 181 1.93 0.45
3 WT75102308 Q 1.6 1.8 2.07 0.2993 15 32 1.57 0.36
4 GK76102401 Ka 1.3 2.1 0.19 0.1206 50 92 4.51 1.05
5 PH79082305 Q+Ka 0.6 1.9 0.12 0.0728 667 313 29.27 (6.79)
6 PH79081312 Cri 1.8 4.0 1.39 0.2837 49 75 2.30 0.54
7 WT75102805 Tri 2.4 3.4 1.76 0.3403 49 173 0.83 0.19
8 MT77101605 Q+Ka 0.8 3.1 2.13 0.2804 367 200 6.54 1.55
9 MT77101901 Q+Ka 1.4 9.3 0.14 0.2318 © 77 111 2.99 0.70
10 PH79082407 Q 3.0 1.3 0.22 0.2047 63 143 2.15 0.50
(Chemical analysis: Wet process by Mitsubishi Metal Research Institute)
#] Total radiation dose are calculated as the alpha radiation dose equals to 10% of total alpha dose.
*2  Age A is obtained from the procedure explained in the text.
Table 13 Summary of TL dating of Izu alteration zones.
'T) Total*! TL glow intensity (A: : Age*t (M
No. Sample No. Mineral U Th X0 R{&ation Dose glow intensity (Average) ciB—a) | SPecific TL gett (Ma)
(ppm) (opm) (%) (radfy) (A) Original | (B) r-assist (C) Artificial 1Cl A B
1 IS73N1102 Q+Sexri 0.2 .1.0 4.31 0.4086 329 105 7.67 1.81
2 1S73N1103 Q+Seri 0.2 0.9 1.42 0.1508 1036 388 17.71 | (4.11)
3 IS73N2354 Q+Seri 1.0 1.4 3.13 0.3541 1501 596 7.11 1.68
4 IS73N0206 Q+KF 0.8 1.9 7.56 0.7438 645 502 1.73 0.41
5 NI4325 Q 1.0 0.5 0.05 0.0672 65 565 1.71 0.40
6 NI4374 Q+Seri 1.2 0.8 3.87 0.4216 313 396 1.87 0.44.

(Chemical analysis: Wet process by Mitsubishi Metal Research Institute)
*]  Total radiation dose are calculated as the alpha radiation dose equals to 109, of total alpha dose.

*2  Age A is obtained from the procedure explained in the text.
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tion. This figure is the standard value for TL
dating of fine grained samples (Hamapa, 1967).
There were no age standard among these
samples and the reference curve of Tamagawa
Welded Tuff could not be used because the
conditions of artificial radiation were different.
Therefore, the age of 0.45 Ma for MZ78101408
which was obtained by the same procedure as
secondary quartz measurement described in
section III. 3 was used. The ages of other
samples were obtained by referring to this age
and specific TL value which started at zero
and proportionally increased to 1.93 at the age
of 0.45 Ma.

II. 5 Discussion on the results

The purposes of this section are limited on
the short discussion on the validity of TL ages
obtained from 4 kind of samples described in
sections ITI. 1 to ITI. 4 and some short com-
ments on the gological or geothermal problems.
More detailed discussions are carried out for
the Hachimantai and Kuju areas in the next
chapter as case studies.

IL. 5. 1 Quartz phenocryst

The relationship between FT ages and spe-
cific TL intensity of Tamagawa Welded Tuff
is not so good. The probable range of error
for a Sample which has the specific TL inte-
nsity equivalent to 1.0 Ma is about 4-0.3 Ma
by the line of Figure 26. However, this is
drawn by a very few number of samples and
only one measurement for each sample. Ac-
cordingly, by adding new data to Figure 26,
the range of error will be reduced. As it is easy
to sample and measure in the TL method, it is
feasible to dating many grains from different
parts of age known strata in order to obtain
reliable data.

There are no reference data for comparing
the TL ages of Kurofuji volcanic rocks which
are obtained by the reference line of Figure 26.
The ages of some samples which are in paren-
thesis (Table 5) show disagreement with the
stratigraphy. The reason of this discrepancy is
unknown but, it will be reduced if large number
of TL ages of each formation are obtained.

The duration of about 400,000 years for
six stage activities in Kurofuji volcanic group

(1.05 to 0.62 Ma in Table 5) is reasonable
value for medium scale volcanic group which
erupted about 32.5 km3? of lavas and pyro-
clastics (MiMuRra, 1967).

II. 5. 2 Plagioclase phenocryst

The most important point of TL dating of
plagioclases is saturation. For clarifying this
point, the natural sample is radiated by gamma
rays and the increased portion of TL glow is
compared with artificial one.

As shown in Table 9, increment of glow by
gamma ray radiation of 10.35 k rad is small
compared to natural TL glow itself. Accord-
ingly, much larger error will have existed in
saturation test and it can be used only for rough
estimation. The ages are obtained by the refer-
ence line A of Figure 29 which is drawn by
the data of Tamagawa Welded Tuff. There
are many formations whose ages are known
and are in the same stratigraphic horizon as
the measured samples. Therefore, M—4 (MZ
78110401) is assigned to the mean value of
FT and K-Ar ages of Haneyama lava. Then
the TL ages were refined by figures B in
Table 9 based on the line B in Figure 29.

The ages A which were obtained by line A
are smaller than those of B. Based on the
principles of TL dating, ages B are considered
to be closer to actual ages of volcanic rocks of
the Noya area. The difference between the
above two may be attributed to few saturation
in plagioclase.

As a conclusion, plagioclases can be used for
TL dating of rocks younger than 0.5 Ma and
even older rocks if all conditions are satisfactory
well.

HI. 5. 3 Secondary quartz

Alteration ages were calculated by the re-
ference line of Tamagawa Welded Tuff and
shown as ages A in Tables 10 and 11. There
are no data for checking these results but ages
of two or three samples taken from the same
unit of alteration halo show very good agree-
ment. This is the one evidence to support
the reliability of results of TL dating of alte-
red rocks. Also the ages of the secondary
and phenocrystic quartz in MR-510 sample
(MR-510 and MR-510Q)) coincide with each
other within the error of 109%. Of course,
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alteration ages never exceed those of the
original rocks. However, there are very few
data on Quaternary formations which can be
compared to alteration ages obtained by TL
method. Only two age data have been reported
from Azuma area and no data from Kurikoma
area in the case of Quaternary volcanic rocks.
The ages of original rocks in Azuma area are
30,600 years for KR-130 by #*C method
(Tocasui, 1969) and 0.34 Ma for HR-387 and
MR—467 by FT method (TocasHz et al., 1978).
For the Tertiary samples, it is enough to check
that the TL ages do not exceed 2.0 Ma. Based
on this judgement, only two age data for
YR-227 and KR-130 were discarded. The
reason of this discrepancy is not clear, but in
general, the data of alteration ages are con-
sidered to be reliable.

The texture of altered rocks is quite different
from that of Tamagawa Welded Tuff which is
the standard for alteration ages of the above
two areas. The difference of texture causes
difference of annual dose evaluation. For this
reason, it is better to use the same rock type
for age references although there is no such
standard at present time.

One of the predominant features defined by
TL dating in Azuma area is the successive
change of hydrothermal activities. As shown in
Figure 31, alteration ages changed successively
from old in western part to young in eastern
part. That direction is in accordance with
the volcanic activities of Azuma group which
also changed from west to east (Tamiva et al.,
1970).

IML. 5. 4 Mixture of alteration minerals

The determination of alteration ages by use
of non-treated altered rocks is the simplest way
in TL dating. The data obtained by this
method are shown in Tables 12 and 13. These
ages did not contradict to the stratigraphcal
evidences except for one sample (PH79082305
in Kuju area).

In the Kuju area, alteration ages determined
by TL method are close to the ages of eruptions
of the neighboring volcanoes. In the Izu area,
the alteration ages of three samples from the
southern part were older than those of the
northern samples. This is also in good accord-
ance with the distribution of Quaternary vol-
canoes in the area. The southern part is main-
ly composed of Tertiary formations whereas
many Quaternary volcanoes exist in northern
part. The samples showing young alteration
ages of 0.40 to 0.43 Ma are closely related
to high temperature Yatsu hot springs (IS73-
N0206) and Quaternary volcanoes (NI4325
and NI4374). The latter two are considered
as the samples belong to the same group of
Ugusu alteration area where the alteration age
is believed to be some time in Quaternary
(Iyyma and Twao, 1970).

It is, therefore, concluded that TL dating of
non-separated alteration minerals is effective
for most alteration zones. However, better re-
sults can be obtained by using secondary qu-
artz because of the low TL sensitivity and
difficulty in annual dose evaluation for the fine
grained mixture of alteration minerals. In
addition, it is necessary to compare the data of
gamma ray radiated samples with those of
X-ray radiated samples because the reliability

Table 14 Variation and errors in TL measurements and chemical analysis (After TakasumMa, 1979).

Sample| F.T. TL Peak Height (cm) .
No. Sample Locality &) U (ppm) | Th (ppm) | K,O (%)
No. |Age(m.y.) 1 2 3 Mean
I |TM-1 1.1 Hashiba 11.7| 12.5 11.7{ 11.97) 1.240.1 | 4.040.2 | 1.484-0.03
2 |TM-2 1.2 Kamihinokinai 13.2) 3.6/ 13.3 13.37 2.240.1 | 6.840.3 | 2.37+0.03
3 |TK-4 1.2 ‘Yanagisawa-rindo 6.5 6.5 6.3 6.43 0.84+0.1 | 2.740.2 | 1.1140.03
4 | TM- 3 1.7 Obonai 10.6/ 10.9 10.5 10.67] 1.240.1 | 4.84:0.2 | 1.62+0.03
5 [TM- 4 1.7 Bunamori-rindo i4.0( 13.0/ 14.6| 13.87] 1.440.1 | 4. 7:EO. 21 1.4840.03
6 | TM-5 1.8 Komatakyo 11.5 11.6] 12.0/ 11.70/ 1.340.1 { 4.440.2 | 1.5540.03
7 {TM-6 2.0 Gojumagari 4.5 4.2 4.3 4.33 1.340.1]4.040.2|2.134+0.03
8 I TK-8 — Akagawaonsen 2.2 2.0 2.2 2.13 1.54+0.1|5.6+0.2 | 4.46+£0.03
9 | TK-12 —_ Yunomata-zawa 6.6] 6.6 6.1/ 6.43 2.0+0.1]7.14+0.3|4.2140.03

(Chemical analysis: Gamma ray spectrometry by H. KaNava)
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of latter ones is not so good.

III. 6 Errors and applicability

As described before, there are many factors
cause for error in TL dating. Some of them can
be evaluated mathematically but impossible for
many other factors. Therefore, it is reasonable
to estimate the errors as total

For the TL dating of quartz phenocrysts in
Tamagawa Welded Tuff, the errors of TL
measurement and chemical analysis are the
only items that can evaluate mathematically.
The errors of above two are about -£5% as
shown in Table 14. The errors in artificial
radiation of ¢°Co are also smaller than +59%,.
It is very difficult to evaluate another factors
numerically. However, the total errors are
roughly estimated as +309% based on the
comparison with existing age data or other
geologic data.

The TL dating of plagioclase phenocrysts
are almost same as quartz but worse than that
because the items of cause for errors are in-
creased. Examples of them are saturation of
TL, impurity of chemical composition in the
crystal and low TL sensitivity.

For the alteration age determination, re-
sidual quartz phenocrysts are the best because
of the reasons described in the experiment of
Tamagawa Welded Tuff. Only one problem
about alteration age dating by use of quartz
phenocrysts is the evaluation of temperature
that the quartz was suffered. Based on the data
of some areas, secondary quartz in silisified
zone is usable for alteration age determination.
Errors of alteration ages determined by residual
quartz phenocrysts and those of secondary
quartz are in the same order as that of volcanic
rocks because the factors are same. However,
it is very difficult to check because there are no
reference data for alteration ages.

In the case of mixture of alteration minerals,
most of obtained ages were not contradict to
geologic evidences although futher study is
needed for checking the reliability of X-ray
radiation.

As a conclusion, following order is recom-
mendable for TL dating of volcanic rocks.

(1) Quartz phenocryst

(2) Plagioclase phenocryst

For the alteration samples, the order is as
follows.

(1) Residual quartz phenocryst

(2) Secondary quartz

(3) Mixture of alteation minerals

The accuracy of the results are decrease with
that order. Therefore, the sample selection
must be important.

IV. Case study

IV. 1 Case study at the Hachimantai

geothermal field

IV. L. 1 Geology and geothermal activities

Hachimantai is one of the biggest geothermal
field in Japan. Within this Hachimantai field,
three out of seven Japanese geothermal power
plants (Matsukawa, Onuma and Kakkonda)
are installed and many geothermal areas are
distributed such as Goshyogake, Sumikawa,
Yakeyama, Tamagawa, Nyuto, Komagatake,
Kakkonda and so on.

Geology is also very intersting from the
viewpoint of geothermal study. Outline of
stratigraphy of Hachimantai field is shown in
Table 15 (Kawano and Uemura, 1964). In
this area, Tamagawa Welded Tuff of latest
Pliocene to middle Pleistocene (2.5 to 1.2 Ma
by the work of Tamanvu and Suto, 1978) are
widely distributed. This formation is considered
as the cap rock for geothermal reservoirs. It is
big problem for evaluation of stored heat of
original magma of Tamagawa Welded Tuff
because their ages are not so old and the
volume of magma reservoir is considered as
large as 500 km? which is same order of total
eruption products (SATOH et al., 1976).

Figure 38 shows the one example of geologic
section of geothermal area (Naxamura and
Sumi, 1981). The altered volcanic rocks so-
called ““green tuff formation™ in Tertiary age
have the suitable characters for the reservoirs
and actually become main reservoirs at
Matsukawa, Onuma and Kakkonda geother-
mal areas.

IV. 1. 2 Hydrothermal alteration

Heighly fractured strata and large amount of
precipitation are apt to form alteration halos.
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Table 15 Outline of stratigraphy at the Hachimantai
area (After Kawano and Uemura, 1964).

Geological .
Age Stratigraphy

[Recent, Alluviom

Quaternary

Pleistocene

Yakeyama volcano
Hachimantai volcano
Kayodake volcano
Iwate volcano

%

Tamagawa welded tuff

b ]

Pliocene

Kitamatagawa formation

?

Koshitomae formation

Neogene Tertiary

?

Miocene

Kumazawagawa formation

Quartz diorite

Pre-Neogene Granodiorites porphyrys

Paleozoic formation

These alteration halos preserved well and act
as the fossil of geothermal activities. From
careful analysis of them, information about
geothermal activities and their historical chan-
ges are obtained.

In the Hachimantai field, intensive studies
of surface alteration halos were carried out.
First of them are the works on Matsukawa
(Nakamura and Sumi, 1961; Sumi, 1966).
Then the survey was carried out as a part of
major work of national wide geothermal re-
sources evaluation. The areas included above
survey are Nyuto, Kuroishi and Komagatake
(GeorocicaL SurvEYy of Jarawn, 1976) and
Goshyogake, Yudamata, Fukenoyu, Sumikawa
and Yakeyama (TArAsHIMA ef al., 1978a). In
addition, distribution of alteration halos are
described in the reports of sulphur exploration
survey (Havakawa, 1952; Kawano and
UeMura, 1954).

Surface alteration zones are divided into two
categories. First one is the white colored
alteration zone which was formed by the
reaction with acid hot water and mainly
formed near surface zones. Most of surface
alteration studies include above works are
aiming to clearify the characters of that white
colored zones. Another one is the green colored
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Fig. 38 Schematic geologic section along the Kakkonda River in Takinoue area (After NAKAMURA and Sumi, 1981).

(1) Sandstone
(6) Pumiceous tuff
(12) Sandy shale

(2) Tuffaceous conglomerate
(7) Pumiceous tuff breccia

(3) Dacitic tuff
(8) Andesite

(5) Dacitic tuff
(11) Rhyolitic tuff

(4) Andesitic tuff and shale
(9) Siltstone  (10) Shale
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alteration halo which was formed by the.

reaction with neutral or alkaline hot water and
mainly formed at slightly deeper zones. This
alteration halo can be observed after some
erosion and normally wide distribution than
white colored alteration zones.

This kind of alteration has been studied by
KiMBARA et al., (1979, 1982) for underground
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heat evaluation and reservoir prospecting.
Figure 39 is the compiled distribution map of
alteration halos in this field based on the above
works and actual field survey.

Mineral assembleage of these alteration
halos are shown in Table 16. Major alteration
minerals in white colored alteration halos are
pyrophyllite, sericite, dickite and kaolinite
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Fig. 39 The distribution of alteration zones and dating results in Hachimantai area.

1: Alteration zone (White)

5: Age of upper or lower formation of alteration zone FT': Fission-track K: K-Ar

104 years

2: Alteration zone (Green) 3: Alteration age 4: Age of host rock for alteration

C: C-14 Unit of age:
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Table 16 Alteration minerals of Hachimantai area.

Alteration Minerals Surfacee
Area Silica Clay Zeol. Sulfate Others manifestation References
Q, Crx Ser, Hall Im, St al Pr Steam (95°C) Takashima et al.(1978)
(1) Sumikawa X, Mt
(2) Onuma- Q. Cr |K, Mt Al Steam (95°C)
Goshiogake Tr, Op
(3) Tamagawa- Q Cr |Sexr * Pr, Ht | Steam (95°C)
Yakeyama T, Op Sumi and Takashima (1972)
Q. Cr |K, Mt st Al S Steam (91°C) Takashima- et al. (1978)
(4) Yudamata e, Hall
Q, Cr |Pyro,Ser,X Al Dp Sumi (1968)
(7) Matsukawa
Mt, Sap
(9) Nydto- Q. Cr |Pyro,Dc, XK Al Pr, Me Steam (93°C)
Kuroishi T, Ser, Mt Gt
(11) Kakkonda Q. Cx Pyro,K Al Steam
Tr, [o] Ser/Mt,Mt
{12) Yudamata chl, Mt m 76°C Kimbara et al. (1982) |
green
(13) Gojumagari Chl, Mt st, Y 59°C
green Ser/Mt,Chl/Mt |Im, W
(14) Kowase- Chl, Mt m, W
Kakkonda green Ser /Mt,Chl/Mt

Q: Quartz Cr: Cristobalite Tr: Tridymite O: Opal Pyro: Pyrophyllite K: Kaolin Mt: Montmorillonite
Chl/Mt: Mixed layer W: Wairakite

Halloysite Sap: Saponite

Jaro: Jarosite Pr: Pyrite S: Sulfer Dp: Diaspore Gt:

Hall:
Lm: Laumontite Y: Yugawaralite Al: Alunite
Goethite Ht: Hematite Ma: Marcasite Ser: Sericite

Dc: Dickite Chl: Chlorite Ser/Mt: Mixed layer Md: Mordenite St: Stilbite

with few zeolites, and those of green colored
alteration halos are chlorite and mixed layed
clay minerals of sericite-montmorillonite with
large amount of zeolites.

Based on the careful study of mineral pa-
ragenesis, successessive story of hydrothermal
activities are identified (Sumi, 1968; TocasHi,
1977). However, it is need to determine the
age of alteration for evaluating the residual heat
beneath the alteration halos.

IV. 1. 3 Historical changes of geothermal

activities

The ages of alteration minerals, volcanic
rocks and carbonaceous materials in sediments
of altered formations are also shown in Figure
39. The methods for dating are *C, K-Aur,
FT and TL which are depend on the samples.

In case of alteration age determination, TL
and 14C methods are the best way. Preliminary
assessment of alteration ages were carried out
for Kowase-Gojumagari area (TAKASHIMA,
1979). On that paper, only TL peak height of
quartz separated from altered Tamagawa
Welded Tuff are plotted. Even that simple
procedure, the areas with young alteration
zones are inferred. The points showing young

alteration ages appear in limited areas where
hot springs are occurred or high temperature
alteration minerals such as wairakite and
sericite are formed.

The precise TL data of this area are shown
in Table 17. From these TL data and existing
1 and FT ages, the history of hydrothermal
activity for each geothermal area is presumed
(Table 18). As shown in this table, TL ages
directly indicate the age of alteration whereas
data of *C and FT methods show only upper
or lower limit of alteration age.

From the age data of this area, historical
changes of geothermal activity of relatively
wide area is inferred. Figure 40 is the schematic
model of hydrothermal history from early to
late Pleistocene. From this model, following
features are pointed out.

(1) After huge eruptions of acidic magma
(Stage 1), large scale hydrothermal activities
were occurred and continue to about 700,000
years B. P. This activity was characterized by
the formation of green colored alteration
(Stage 2).

(2) After that, another small scale hydro-
thermal activities arisen in many places, which
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Table 17 Summary of TL dating of altered Tamagawa Welded Tuff.

No. Sample No. Mineral Th X,0 ng-fi?;:ri::g;m T glow intensity (Average) Cl(B—A) | Specific TL Age® (Ma)
(ppm) (ppm) (%) (eadly) (A) Original | (B) r-assist | (C) Artificial A 8

1 T™- 6 Quartz 1.3 4.0 2.13 0.2560 468.6 214.4 8.54 | 0.38

2 TK~ 8 4 1.5 5.6 4.46 0.4808 297.5 576.0 1.07

3 TK-11 P 0.9 2.5 0.80 0.1189 238.2 120.0 16.69 | 0.70

4 TK-12 B 2.0 7.1 4.21 0.4841 953.7 665.7 2.96

5 TK-24 “ 1.9 6.3 2.39 0.3137 97.6 122.8 2.53 | 0.11

6 TK-25 “ 1.8 5.3 2.15 0.2817 60.7 64.4 3.28 | 0.14

7 TK-48 “ 0.5 1.8 1.77 0.1849 36.3 70.0 2.80 | 0.12

8 TK-49 P 0.6 2.2 0.95 0.1181 23.5 155.4 1.28 | 0.05

Jo s98ueyd [EOLIOISIY JIOJ [IPOW ONEWIYDS (OF St

(Chemical analysis: Gamma ray spectrometry by H. Kanava)

*] Total radiation dose are calculated as the alpha radiation dose equals to zero.

*2  Age A is obtained by the reference curve of Fig. 96. TL ages of TK-8 and TK-12 are not adopted because of big difference

in TL patterns between natural and artificially radiated samples.
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Table 18 Summary of alteration ages in the
Hachimantai area.
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were accompany with relatively small and
separate andesitic magmas. The start of these
activities was considered at about 400,000
years B. P. (Stage 3).

(3) At present, most of hydrothermal acti-
vities have a close relation to late Quaternary
andesite volcanoes.

Above assumptions must be confirmed by
more detailed dating data for all altered zones
in Hachimantai field. However, even limited
data can provide useful information. For ex-
ample, the huge acidic magma which was ac-
tive in early Pleistocene may not provide the
substantial heat for this area, because the
hydrothermal activities caused by that magma
were ended by 700,000 years B. P. although
no comparable data for supporting above

conclusion are exist. As this is the first work
of stored heat evaluation by alteration age
dating, final answer will be obtained by the
deep drilling at the center of eruption of
Tamagawa Welded Tuff.

IV. 2 Case study at the Kuju geothe-

rmal field

IV. 2. 1 Geology and geothermal activities

Same as Hachimantai, Kuju field is another
large geothermal field in Japan where two
geothermal power plants (Otake and Hatcho-
baru) are installed. Besides above two areas,
steaming ground is found at Takenoyu,
about 5 km northwest of Otake. Another one
is the fumarolic activity in explosive crater
of Kuju-iwoyama. The highest temperature
observed in this crater was 480°C (Iwasakr
et al., 1962). Many other high temperature
(over 90°C) hot springs such as Amagase,
Noya, Tsuetate, Kurokawa, Sujiyu and Ma-
kinoto are distributed in this area as shown
in Figure 41.

The stratigraphy of this field is shown in
Table 19. Recently, stratigraphy and history
of volcanism were revised by the new data
from geothermal exploration. Table 20 is one
example of them (Tamanvyu, 1981). This field
is situated in the large graven structure which
is streching from Oita to Kumamoto-Unzen.
Pre-Tertiary basement rocks are found in a
deep drill hole for geothermal exploration at
Hatchobaru geothermal area (Tanaka and
Ejmma, 1982). The altered volcanic rocks in
both Tertiary and Quaternary ages are the
main reservoirs for Otake and Hatchobaru
geothermal power plants.

Volcanisms in Quaternary age are roughly
divided into four stages such as Hohi, Bungo,
old Kuju and young Kuju from old to young
(Matsumoto, 1963, 1977). Among them,
young Kuju is actually become heat source and
Hohi is too old to supply heat to this area.
Therefore, the estimation of residual heat be-
neath the old Kuju and Bungo volcanos are
main problem in this field.

IV. 2. 2 Hydrothermal alteration

The alteration halos in this field are divided
into two types same as Hachimantai field.
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Fig. 41 Distribution of alteration zones in Kuju and Noya areas.
1: Alteration zone (white) 2: Alteration zone (green) 3: Research drilling 4: Fumarole or steaming ground
5: Hot spring (above 90°C) 6: Hot spring (60 to 90°C)

Table 19 Stratigraphic sequence of Kuju and Noya areas (After Ikepa, 1979).

alluvium, talus, volcanic fans .

. . activities of Ryukyu

Holocene Pyroxene andesites belonging to Ryukyu R .
R . volcanic series

volcanic series

Younger hornblende. andesites belonging to '
San’in volcanic series i
Kuju group Aso pyroclastic flow (Aso—4)
Older hornblende andesites belonging to

activities of San’in

volcanic series

. 5 . .
late-Pleistocene San’in volcanic series i

Yabakei pyroclastic flow
Haneyama lavas (rhyolite)
Yoshibu-Kameishiyama volcanics

Oita group (hornblende andesite)
early-Pleistocene ;sit::’us;\;bl:::is’ iigo;:r;?o_ag:::iins I Hohi volcanic activity
Pliocene “Kusu-gawa unconformity”

Sekinan group Handa, Higashiwasada, Nogami, and Ho- I activities of Setouchi
Miocene (Kusu group) sehji formations, and volcanic rocks volcanic series

Usa group propylites and green-tufs

sedimentary, metamorphic and intrusive

re-Miocene
P rocks
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Table 20 Revised stratigraphy and volcanism of
Kuju (Hohi) field (After Tamanvu, 1981).
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First one is green colored alteration halo which
is formed by neutral or alkaline conditions.
Another one is white colored alteration halos
which are formed by acidic conditions. They
are distributed all over the field but the size of
them are not so large (Fig. 41). The mineral
assembleage of these alteration halos are al-
ready reported by many authors (YAMAsAkI
et al., 1970; Havasur, 1973 ; Takasama, 1972,
1980Db).

Surface alteration of this field are first stu-
died as an exploration technique for Otake
(NakamUrA and Anpo, 1954 ; YaMASAKI ef al.,
1970) and Takenoyu (TakasumvMa, 1972). Then
the survey was carried out as a major work of
national wide geothermal resources evaluation

same as Hachimantai field. The areas included
above survey are Takenoyu, Kurokawa, Noya,
Mizuwake, Yunohira etc. The distribution of
above alteration halos are also shown in Fig-
ure 41 which is drown by above data and
actual field survey (TakasHMA et al., 1981).

Table 21 is the outline of mineral assem-
bleage of alteration halos in this field. In
general, high temperature minerals such as
pyrophyllite and sericite are distributed at the
far away areas from presently active Otake and
Takenoyu areas. The difference of mineral com-
position and distribution patterns may ex-
press the difference in time of hydrothermal
alteration. In other word, high temperature
minerals were formed at deeper part of the area
and appear now as high temperature alteration
halo after the long time of erosion.

IV. 2. 3 Historical changes of geothermal

activities

Historical changes of geothermal activities
are one of the important factors in exploration.
They are traced by the datings of alteration
minerals and volcanic rocks.

As shown in Table 12 (Chapter III), nine
alteration ages were obtained by TL dating of
alteration minerals in the Kuju field. These
ages are indicated in Figure 42 in which other
dating results, distribution of alteration halos,
gravity data and lineament patterns are added.
The most of above information are taken from
compiled geologic map of Hohi geothermal
field (GeorocicaL SurveEy of Japan, 1982)
and large scale lineament are drown by the
LANDSAT images. From these data, following
geothermal history is assumed.

(1) Hydrothermal activities occurred in
southwest part of the area at late Tertiary or
early Quaternary age.

(2) Hydrothermal activities occurred in
northwest part of the area which related to the
volcanic eruptions of Haneyama and adjacent
volcanoes. The duration of these activities is
considered to be 500,000 to 400,000 years B. P.

(3) Hydrothermal activities occurred in the
northeast part of the area which related to
the volcanic eruptions of old Kuju volcanic
groups. The duration of these activities is
considered to be 400,000 to 300,000 years
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Table 21 Alteration minerals of Kuju and Noya areas (Abbreviations are same as Table 16).

Alteration Minerals Surface
Area s s s s References
Silica min. Clay min. Zeol., min. Sulfate min. Others manifestation
(1) Hosenji Q, Cr Chl, Mt H
green Ser/Mt
(2) Mizuwake- Q, Cr Pyro, K Al Pr 85°C Takashima (1980b)
Yunohira T Mt, Hall Takashima and Muraoka (1980)
(3) Otake- Q. Tr X, Mt st, Ma Al s Steam (99°C) Hayashi (1973)
Takenoyu Ccr Ser Takashima (1972)
Q. Cr K, Mt Md Al Pr, S 32°c
(4) Nuruyu
Tx Hall
0, Cr X, Nt Al Pr, 43°C
(S) Nabaru
Tr Hall
Q, Cr X, Mt Al, Jaro 98°C
(6) KXurokawa
T Hall
Q, Cr Pyro, X 32°C
(7) Yuda
T Mt, Ser

(4) The hydrothermal activities of pres-
ently active areas (Otake, Hatchobaru and
Takenoyu) were started about 200,000 years
ago. It is considered that the age of this order
can supply substantial heat to the appropriate
depth although many factors affect this evalua-
tion.

The predominant geologic structure of this
area is the graven of ENE-WSW trend where
many active volcanoes are arranged. Actually,
many lineaments are found in this field by the
aerophotograph analysis that drawn in Figure
" 42. The formation of this graven structure is
estimated to have begun during the period of
800,000 years B. P. by the analysis of active
faults (IxkEDA, 1979).

However, most of geothermal activities and
the arrangements of large scale alteration halos
which formed at older times seem to be re-
lated to NEN-SWS lineaments drawn from
LANDSAT images. This is the same direction
of linear arrangement of volcanoes (OIDE,
1974) and some parts of alteration halos (Fig.
41).

V. Concluding remarks

Thermoluminescence dating have many ad-

vantages described before. In this paper, tech-
niques, errors and data analyses of many
kind of samples were carried out. The aims
of that method are concentrated for the ge-
othermal subject such as reservoir estimation,
heat evaluation and exprolation. However, TL
dating can be applied to many other geological
fields. The best application of it is the deter-
mination of age of middle to late Quaternary
volcanoes, which are difficult to obtain their
ages by other methods. Another interesting
subject of application is the analysis of geologi-
cal stress field by the dating of intrusive rocks
or alteration zones which have the directional
arrangements.

Although many applications are expected,
there are many unknown factors are remined
in TL dating described in this paper. At pre-
sent, very few works are done for this me-
thod although commonly used and technically
established in archeological field. It is desireble
to study more because this method is easy for
experiment and no need to have expensive
instruments.
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