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FLUID INCLUSION STUDY I N THE GEOTHERMAL FIELD, PREFECTURE, JAPAN
AN APPLICATION TO THE ESTIMATE OF THE PRESENT
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ABSTRACT

Study has been made t o measure f i l l i n g tempera-
t u r e s and s a l i n i t i e s of f l u i d i n c l u s i o n s i n t h e
c u t t i n g s of wells i n the geothermal f i e l d ,
Iwate Prefec ture , Japan, by means of t h e h e a t i n g and
f r e e z i n g s t a g e microscope. F lu id i n c l u s i o n s are
composed mainly of high d e n s i t y l i q u i d
i n c l u s i o n s . I n almost wells, t h e minimum f i l l i n g
temperature has a tendency to i n c r e a s e a b r u p t l y from
near t h e s u r f a c e t o about 400 deep, and t o be
about cons tan t from 212 t o 236°C a t t h e deeper p a r t s .
The minimum f i l l i n g temperatures are i n good agree-
ment wi th t h e borehole temperatures. The
salinities of f l u i d i n primary and inc lu-
sions are ranging from 0.1 t o 1.5 and 0.05 t o
0.7 N a C l equiva len t , respec t ive ly .

The major results obtained a r e as
The cap rock e x i s t i n g a t t h e p a r t
of t h e A t least about 900 of overburden
was p o s s i b l y eroded a f t e r m i n e r a l i z a t i o n had taken

The last t rapping f l u i d probably t h e
p r e s e n t deep geothermal f l u i d .

INTRODUCTION

F l u i d i n c l u s i o n s i n t h e minera l s are undoubtedly
t h e most important geo log ic material t o t h e s t u d y of
t h e g e n e s i s of o r e d e p o s i t s , because they are t h e
only remaining samples of t h e o r i g i n a l s o l u t i o n that

t h e o r e d e p o s i t s . From t h i s po in t of view,
many f l u i d i n c l u s i o n r e p o r t s f o r v a r i o u s types of
o r e d e p o s i t s are given (Roedder, 1978).

During t h e p a s t one decades, t h e use of f l u i d
i n c l u s i o n f o r t h e geothermal f i e l d i n t h e world has
become widespread (Shimazu and 1973; Browne
et al., 1974; Taguchi and Hayashi, 1983; S t e r n f i e l d
et al., 1983; Belkin e t al . , 1983; Takenouchi and
S h o j i , 1984). The Takinoue f i e l d , Iwate
P r e f e c t u r e is famous f o r one of t h e geothermal f i e l d
i n Japan. Since 1972, t h e e x p l o r a t i o n of t h e
noue geothermal a r e a has been c a r r i e d o u t by Japan
Metals and Chemicals wi th coopera t ion of
Tohoku Electric Power Co. t o c o n s t r u c t a power
p l a n t of 50 This paper p r e s e n t s t h e r e s u l t s of
d e t a i l e d s t u d i e s of f l u i d i n c l u s i o n ' s use as a
underground temperature logging in t h e Takinoue
geothermal f i e l d .

FLUID

The Takinoue geothermal f i e l d l ies i n t h e north-
western p a r t of the Morioka c i t y , Iwate P r e f e c t u r e ,
Japan The geology of the f i e l d has been
descr ibed by Nakamura and Sumi and Sato
(1982). The subsur face geology c o n s i s t s of Neogene
rocks, welded t u f f and Quaternary volcan ic
rocks. Neogene rocks a r e d iv ided i n t o t h r e e forma-
t i o n s in ascending order a s fol lows; Kunimitoge,

and Yama tsuda formations. The
mitoge formation is made up l a r g e l y of d a c i t i c t u f f
but inc ludes a l t e r e d a n d e s i t e and much black s h a l e .
The formation c o n s i s t s mainly of black

D i s t r i b u t i o n map of t h e w e l l s a t t h e
of t h e Takinoue geothermal power p l a n t , excep t f o r

vell. The w e l l s marked w i t h u n d e r l i n e s

t h e o b j e c t i v e w e l l s of t h i s study.

t u f f , mudstone, tu f faceous sandstone, tu f faceous
s t o n e and laminated s i l t s t o n e .
covered wi th welded t u f f and Quaternary vol-
c a n i c rocks. The Inlier exposed along
river w a s formed by by and
f a u l t s .

Neogene rocks are

The a l t e r a t i o n can be c l a s s i f i e d i n t o t h e regio-
nal one charac te r ized by c h l o r i t e ,
l a y e r minera l of and montmori l loni te , and
l o c a l one c h a r a c t e r i z e d by k a o l i n , a l u n i t e and/or
p y r o p h y l l i t e 1983). Quartz is t h e most
abundant hydrothermal mineral . Other hydrothermal
minera l s i n c l u d e K- feldspar, calcite, ep ido te , amphi-
b o l e , p r e h n i t e , b i o t i t e ,
w a i r a k i t e , l aumont i te , s t i l b i t e ,
n i t e , p y r i t e , s p h a l e r i t e , galena, monoclinic pyrrho-
t i t e and molybdenite.
encountered in f r a c t u r e s developed i n t h e

and formations.

The geothermal f l u i d is

I n g e n e r a l , borehole temperatures were measured
a t i n t e r v a l s of f i f t y meters wi th t h e Kuster type
thermometer. The measured f l u i d supply temperatures,
u s u a l l y which a r e broadly confirmed by
geothermometer est imated from t h e s i l i c a concentra-
t i o n s of t h e discharged borehole waters (Akeno,
The discharged hot water can be c h a r a c t e r i z e d a s
weakly a l k a l i n e d i l u t e c h l o r i d e s o l u t i o n ; t h e water
c o n t a i n s 0.07-0.12 NaCl and 420-792 ppm as
major c o n s t i t u e n t s .
0.04-0.10 of t h e steam components, is composed
mainly of 37.8-73.6 (Akeno, 1978).

The non-condensible gas occupied

SAMPLE EXPERIMENT

Samples of quar tz and c a l c i t e used i n t h i s study
were c o l l e c t e d from the c u t t i n g s of 11 product ion
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f o r t h e c o r e s because of no core- dr i l l ing .
shows t h e d i s t r i b u t i o n of t h e s e geothermal wells most-
l y cons t ruc ted through d i r e c t i o n a l d r i l l i n g from f i v e

d r i l l i n g base a r e a s named and E.
p i n c e t t e , small t h i n c h i p s th ick) of q u a r t z
and calcite were prepared f o r microscopic observat ion.
Most of q u a r t z and calcite a r e produced for v e i n l e t ,
and a l i t t l e f o r fragment. Most of quar tz are rock
c r y s t a l s which a r e g e n e r a l l y 1-5 s ize .
i n c l i n e d t h a t t h e i n c l u s i o n i n rock c r y s t a l is gather-

i n g a t t h e p a r t of roo t . S i z e of f l u i d i n c l u s i o n s are
u s u a l l y less than r a r e l y from 30 t o
They are two-phase h igh d e n s i t y f l u i d i n c l u s i o n s
l i q u i d i n c l u s i o n s ) , and two-phase low d e n s i t y f l u i d
i n c l u s i o n s (gaseous i n c l u s i o n s ) . a l l t h e
i n c l u s i o n s are l i q u i d inc lus ions . The gas bubbles
d isappear on hea t ing . Polyphase inc lus ion ,
i n c l u s i o n , and an i n t i m a t e coexis tence of gaseous and
l i q u i d i n c l u s i o n s i n a c l u s t e r are not observed. It
is i n d i c a t e d t h a t b o i l i n g d i d n o t occur through t h e
cool ing process a f t e r minera l iza t ion .

Using a

It is

F i l l i n g and f r e e z i n g temperatures of f l u i d inc-
l u s i o n s were measured a s i l i c o n o i l - f i l l e d cell by
a combined hea t ing- freez ing s t a g e of my produc-
t i o n , us ing a Olympus 40 long working d i s t a n c e
o b j e c t i v e l e n s .
used t o measure temperature.
c a l i b r a t e d by measuring t h e mel t ing poin t of indium,
t i n , bismuth and lead metal s tandards , and f i l l i n g
temperatures should be c o r r e c t t o The sali-
nities were obta ined from f r e e z i n g poin t depress ion
of i n c l u s i o n f l u i d c a l i b r a t e d by f r e e z i n g s o l u t i o n
of known s a l i n i t i e s . The f r e e z i n g s t a g e was cooled
by c i r c u l a t i n g n i t r o g e n gas.

A was
The hea t ing s t a g e was

RESULT

A l l f i l l i n g temperatures w e r e determined two o r

Fig.2-3 i l l u s t r a t e t h e d i s t r i b u t i o n s of
three- times inc lud ing d a t a l e a k i n g
inc lus ions .
f i l l i n g temperatures along wi th summary l i t h o l o g y ,
m i n e r a l and occurrence of measured sample, and measu-
red static borehole temperature f o r two produc t ion
w e l l s (ICE-3 and KD-2) i n t h e geothermal
f i e l d .

p r e s s u r e (depth) o r s a l i n i t y . Location of t h e w e l l s
are shown i n

These have not c o r r e c t e d f o r

The d i s t r i b u t i o n of f i l l i n g temperature v e r s u s
depth of KB-3 w e l l , from which t h e steam of 70
is produced, is shown i n Fig.2. The f i l l i n g tempera-
t u r e s were measured on v e i n calcite from depth of 50

and on v e i n q u a r t z and rock crystal from another
n i n e d i f f e r e n t depths.
c r y s t a l vary i n wide ranges from 46 t o b u t one
i n calcite v a r y i n narrow ranges i n
around t h e minimum f i l l i n g temperatures is observed
at depth of 50, 100, 250, 390, 410, 510 and 920 m.
The minimum f i l l i n g temperature has a tendency t o
i n c r e a s e a b r u p t l y from near t h e s u r f a c e t o 390 deep,
and t o be about c o n s t a n t from 220 t o a t t h e
deeper parts. The f i l l i n g temperature a t
e i g h t l e v e l s except f o r 390 and 410 agrees w e l l
wi th the s t a t i c borehole temperature measured i n 1976.
These c h a r a c t e r i s t i c s a r e shown a t almost of another
wells except f o r t h e w e l l s of D,E a r e a s and E206 w e l l .

These i n q u a r t z and r o c k

The c l u s t e r

Fig.3 shows t h e f i l l i n g temperatures of l i q u i d
i n c l u s i o n s from nine d i f f e r e n t depths i n w e l l
y ie lded t h e steam of 38 The c u t t i n g a t t h e
shal lower p a r t s of 90 could not obtained.
samples a r e v e i n q u a r t z and rock c r y s t a l except f o r
a fragment q u a r t z of d a c i t i c t u f f from 350 m.
f i l l i n g temperatures of each depth except f o r 350
have wide ranges from 51 t o The minimum
f i l l i n g temperature curve a g a i n s t depth d i f f e r from
one of the previous w e l l . I t gradua l ly i n c r e a s e s
from near the s u r f a c e to 540 m deep, and a b r u p t l y
i n c r e a s e s Prom 540 t o 600 m which is d i s t r i b u t e d by
a l t e r e d a n d e s i t e . A t the deeper p a r t s of 600 m , i t
is about cons tan t from 243 t o 251°C which is t h e

The

The

Fig.2. D i s t r i b u t i o u of f i l l i n g temperatures wi th
l i t h o l o g y , mineral and occurrence of measured sample,
and measured static borehole temperature f o r KB-3 w e l l .

n

v

Fig.3. D i s t r i b u t i o n of f i l l i n g temperatures wi th
l i t h o l o g y , mineral and of measured sample,
and measured s t a t i c borehole temperature f o r KD-f w e l l .
The symboles a r e the same as those i n Fig.2.
a b b r i v i a t i o n of S.T. denotes t h e s t a n d i n g t i m e .

The

temperature measured 77 hours a f t e r d r i l l i n g , b u t a t
t h e deeper p a r t s , those accord wi th borehole tempera-
t u r e s measured i n 1978. It is considered t h a t abrupt
temperature up from 540 t o 600 result from the exi-
s t e n c e of a l t e r e d a n d e s i t e corresponding to t h e cap
rock. This abrupt temperature up c h a r a c t e r i s t i c s is
recognized f o r the wells of D,E a r e a s and K206 w e l l .

I n Fig.4, p l o t the r e l a t i o n s h i p between the
minimum f i l l i n g temperature and t h e measured s t a t i c
borehole temperature i n

KE-1, R205 and w e l l s .
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I n Takinoue, t h e water separa ted near the
product ion w e l l s is d i r e c t l y t ranspor ted t o t h e heads
of t h e r e- in j ec t i on w e l l s without exposing hot water
t o t h e a i r and in j ec t ed i n t o t h e wells w i th

p re s su re occurr ing i n t h e separa tor .
borehole temperature was not obtained i n r e- in j ec t i on
wells, neve r the l e s s I can es t ima t e t h e underground
tempera ture by inc lu s ion method.
f i l l i n g temperatures of l i q u i d inc lu s ions from
depths i n w e l l i n t o which the water of 160
is r e i n j e c t e d . The samples are rock crystals. The
f i l l i n g temperatures of each depth have narrow ranges
from 4 t o The minimum f i l l i n g temperature
curve a g a i n s t depth is very similar t o  t h a t  of KB-3
w e l l .

t h e
The s t a t i c

Fig.6 shows

.
0
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Fig.4. Minimum f i l l i n g temperature - borehole tem-
p e r a t u r e r e l a t i o n s a t depths of fou r group.

Fig.6. D i s t r i b u t i o n of f i l l i n g temperatures wi th
l i t h o l o g y , mineral and occurrence of measured sample

f o r w e l l . The symboles are t h e same as those
i n Fig.2.

is expected t h a t the underground tempe-
r a t u r e cooled because t h e h o t water i n j e c t s i n t o
t h e subsu r f ace i n t h e Takinoue geothermal f i e l d , t h e
minimum f i l l i n g temperature is use fu l t o e s t ima t e a

degree of cooling. But, t h e inc lu s ion method has a
weak p o i n t as fo l lows; t h e  c u t t i n g  obta ined by
mud- dril l ing a f t e r  l o s t  c i r c u l a t i o n is ve ry t i n y ,
and t h e c u t t i n g can no t be obta ined  dur ing  
d r i l l i n g , i t is d i f f i c u l t to measure t h e f i l l i n g
tempera ture of f l u i d inc lus ion .

Calcula ted s a l i n i t i e s a g a i n s t f i l l i n g tempera-
t u r e s are shown i n Fig.5.
i n primary inc lu s ions i n qua r t z are ranging from
0.1 to 1.5 N a C l equiva len t concent ra t ion .
These i n secondary inc lu s ions i n qua r t z are ranging
from 0.05 t o 0.7 N a C l equ iva l en t concen t r a t i on ,
p a r t i c u l a r l y ga ther ing from 0.05 t o 0.1 NaCl
equ iva l en t are equal t o those
of t h e p re sen t deep geothermal f l u i d ,
0.09 N a C l equiva len t c a l c u l a t e d from t h e che-
mical ana ly se s of d ischarged h o t waters and entha lpy
of deep geothermal f l u i d .

The s a l i n i t i e s of f l u i d

0
Judging from t h e shape and d i s t r i b u t i o n , i n some

cases i t i s decided that t h e max imum f i l l i n g
f o r l i q u i d inc lu s ions are inc lu s ions .

F i l l i n g temperatures and s a l i n i t i e s of t h e primary
i n c l u s i o n s provide informat ion on t h e h ighes t of t h e
s u r f a c e a t t h e time of I f t h e f l u i d
were open t o t h e s u r f a c e dur ing mine ra l i z a t i on and
t h e p r e s s u r e on t h e f l u i d were hyd ros t a t i c , t h e

m a x i m u m f i l l i n g temperatures would be an i n d i c a t i o n
of t h e minimum pres su re operated on t h e minera l iz ing
f l u i d . Fig.7 shows a p l o t of those wi th t h e measured
depths f o r 16 w e l l s of t h e Takinoue f i e l d . I f the
maximum f i l l i n g temperatures obtained for t h e samples
from 140 q depth of K206 w e l l , 660 m depth of KE-1
w e l l , 820 m depth of KA-1 w e l l and 1200 m depth of

w e l l r ep r e sen t the temperatures near boi l ing-
po in t curve of 2 so lu t i on wi th t h e maximum
va lues the l e v e l s , I can es t imate t h a t t he
s u r f a c e a t t h e t i m e of was s i t u a t e d
about 900 m above t h e present sur face . On the b a s i s

t h e above r e s u l t s , microscopic evidence shows
t h a t a t l e a s t about 900 of overburden was possibly
eroded ter mine ra l i z a t i on had taken place .

0

0

0 0 0

0

a

0 0
0 .

I

150 250 350

FILLING TEMPERATURE,

Fig . 5 . Diagram showing r e l a t i o n between f i l l i n g tem-
pe ra tu r e s and s a l i n i t i e s of l i q u i d inc lu s ions i n
qua r t z Takinoue geothermal f i e l d .

Fig.8 shows a p l o t of the minimum f i l l i n g
temperatures wi th t h e measured depths €or 16 we l l s
of the Takinoue f i e l d . I t is genera l ly suggested
t h a t  t h e  underground temperature of main d r i l l i n g
base a r e a s named A,B and C is widely about cons tan t
va lue s from 212 t o 236°C a t t h e deeper p a r t s of
about t h a t the temperature
a t the deeper p a r t s of 700 D and E is

ranges f r o m 228 t o which is s l i g h t l y higher
than t h a t t he previous areas. The

above re su l t s m a i n l y from

of

DISCUSSION

As shown i n i t i s suggested t h a t t h e
minimum f i l l i n g temperature i s app l i c ab l e t o t h e
present underground temperature without c o r r e c t i n g
fo r  p r e s su re  o r s a l i n i t y  i n  t h e Takinoue geothermal
f i e l d . Therefore ,  the  temperature e s t ima t e
method is very use fu l t o make be fo re

logging survey. I succe s s fu l i n
es t imnt the J u r i n g
d r i l l i n g i n well us ing

r t r i i J i i i r t
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Fig.7. Maximum f i l l i n g temperatures of f l u i d
i n c l u s i o n s wi th t h e sampling depths f o r t h e Takinoue
geothermal f i e l d .
N a C l s o l u t i o n was drawn by d a t a (1971).

Boiling- point f o r

f i e l d wi l l be mentioned i n another r e p o r t i n near
fu ture .

From the g e n e r a l f a c t s t h a t the f i l l i n g tempe-
ratures of each depth i n almost wells have wide
ranges from t o and t h a t t h e s a l i n i t i e s of
f l u i d i n secondary i n c l u s i o n s are l o w e r than t h a t

i n primary i n c l u s i o n s i n almost samples
I can estimate t h a t l a r g e changes i n temperatures
and s a l i n i t i e s of t h e f l u i d s have taken place
between t h e time of minera l iza t ion and t h e trapping
f l u i d a f t e r minera l iza t ion . The correspondence
between t h e minimum f i l l i n g temperature and t h e
measured s t a t i c borehole temperature suggests t h a t
t h e r e w a s no major change i n t h e thermal regime as
they evolved from t h e las t f l u i d trapping s t a g e t o
the presen t f l u i d s tage . And, t h e r e s u l t of sali-
n i t i e s suppor t s t h e idea t h a t t h e last trapping
f l u i d is probably t h e presen t deep geothermal f l u i d .

CONCLUSIONS

For t h e eva lua t ion of the geothermal resource
for a w e l l , i t is necessary t o es t imate the bore-
h o l e temperature. The minimum f i l l i n g temperature

t h e secondary l i q u i d inc lus ion is very t o
make p r e d i c t i o n of t h e underground temperature
before temperature logging survey i n the Takinoue
geothermal f i e l d . Besides, the f l u i d
g i v e us t h e important about the p a s t

h i s t o r y of t h e geothermal f l u i d and f i e l d geology.

I so 2 50
I I

f

Fig.8.
inc lus ions from t h e each w e l l s of t h e Takinoue
geothermal f i e l d .

Minimum f i l l i n g temperatures of f l u i d

i

f o r t h e i r he lp wi th t h i s inves t iga t ion .
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