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ABSTRACT
Fluids in the Fushine geothernal system upflowing the well and low tenperature (100*-
Kyushu, Japan, are high tenperature (exceeds 150*C) sul fate-rich water entering from
300°0Q) and saline, which nmost l'ikely 1,000m depth(Akaku, 1988). The numerical
originated from seawater-rock interaction. nodel of boiling process for the water from
Anhydrite(scale) has been found in a specific wel | SCG 1 shows that the sulfide mnerals
zone of a production well where sulfate-rich and anorphous silica can be produced, but the
low tenperature water is assumed to nix wth anhydrite-sul fide mineral assenblage cannot
ascending high tenperature sulfate-depleted (Reed et al., 1988). Therefore, they inferred
wat er . To investigate the precipitation t hat one of the reasonabl e way to
process of anhydrite, chemical conpositions account for the precipitation of anhydrite is
of the mxing end nenbers were estimted and a mxing between the boiling fluid and
changes of chenical speciation wth t he seawat er .
m xi ng and boi l i ng processes wer e
cal culated. The results show that the m xed Her e we try to estimte t he cheni cal
waters are supersaturated with anhydrite only conpositions ~of the mixing end membersdow
above 240*C, ~and this tenperature range and high tenperature water) for well SCG 1.
agrees with honpgenization tenperatures of Changes of saturation degrees with anhydrite
fluid inclusions trapped in anhydrite(scale) in t he mixed and boiled wat er s wer e
sanpled  from the well.  This agreenent calculated by wusing the conputer program
indicates that the nixing nodel used here s " SOLVEQ' for t he cal cul ation of
reasonabl e in explanation ~ of ~  the mul ti component chenical equilibria  (Reed,
precipitation process of anhydrite in the 1982) . These results are conpared with
el | . homogeni zat i on tenperat ures of f1uid
inclusions trapped in anhydrite.
I NTRODUCTI ON
The Fushime geothermal field is | ocat ed
close to the coastline on the south-eastern
tip of the Satsum peni nsul a, Kyushu,

Japan(Fig. 1), which has been explored and
devel oped by Japan Petroleum Expl oration
Conpany Limted(JAPEX) since 1977. In this
ar ea, JAPEX has carried out several

geol ogi cal , geophysi cal and geochemi cal

surveys and well testing program using nore
than ten drill holes. These activities have
reveal ed the geothernmal features of the high
tenperature hydrothermal convection system

(Yoshinura et al., 1985).

Fl ui ds di schar ged from the wel |'s are

sal i ne, and t he maxi mum chl oride \
concentration of the reservoir wat er Nagasaki‘s

cal cul ated t hr ough quartz and Na- K- Ca
geothermonmeter is close to that of seawater.
Cheni cal conpositions of the fluids are
characterized by extreme depletion of SO4 and
My, whereas enrichnent of K Ca, and SiO, as
conpared with seawater. This suggests that
the Fushime geothernal water originated from
seawat er-rock interaction(minly andestic or

dacitic rocks) at high tenperature(Akaku, Kagoshi na_Bay:
1988) .

After the flow tests, precipitation of

scales were observed in the wells and

surface installations. Galena and sphalerite W a

are commonly the mgjor conponents in the
scales <coating the insides of tw phase
I'i nes. On the other hand, anmor phous silica
tends to domnate in further downst ream ¢

parts. I'n particul ar, a scal e havi ng

anhydrite-sphal erite-galena assenbl age has

been found at about 1,000m depth in well SCG

1. It is presumed that anhydrite occurred Fig. 1. Location nmap of the  Fushine
owing to wmixing between high tenperature geothermal field, Kyushu, Japan.

(about 300°C) sul fate-depleted wat er
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CHEM CAL COWPOSI TIONS OF M XING END MEMBERS
FOR VELL SCG 1

Formation tenperature profile for well SCG 1
is characterized by a sharp tenperature
inversion zone at about 1,000m depth(Fig. 2).

Duri ng the drilling operati on, total

circul ation | osses were observed ar ound
there. These facts suggests that this zone is
extrenely per meabl e, and contains | ow

tenperature water(about 100°C). Since the
inversion zone has not been conpletely cased,
the low tenperature water nost likely enters
t he wel | and m xes with hi gh
tenperature(about 300°C) water upflowi ng from
a deeper feed zone.

During the flow tests, physical and chem cal
properties of the fluids changed with tine.
For exanmpl e, as shown in Figure 3, the
di schar ge ent hal py and chl ori de
concentrations in the waters decr eased,
whereas pH of the waters increased. Figure 4
shows the relationships between the discharge
enthal py and the concentrations of Na, K Ca,
Cl, SO, Band Si0O- Two linear trends are
clearly seen in each figure with t he
exception of SO, and Si0,. As the one trend
appears to be extrapolated to the points
having about 650kcal/kg and OppnCnote that
the enthal py of vapor is 657kcal/kg at 300°C),
it Jlikely represents a transient steam |oss
or gain in the deeper feed zone(two-phase).
The other trend can be explained by the
m xing of the waters discharged from tw feed
zones(the 1,000m depth and the deeper feed
zone). Assunming the enthal py of the low and
hi gh tenperature end nenber waters are
| OCkcal / kg and 425kcal /kg respectively, t he

chemi cal conpositions of these tw end
menbers can be determ ned(see mixing lines in
Fig. 4). To estimate SiO2 concentrations,
however t hese val ues are relatively
scattered, a simlar m xi ng l'i ne is

drawn(Fig. 4f). Though SO, concentrations in
the m xed water may have been affected by the
precipitation of anhydrite, here we draw a

m xi ng line shown in Fig. 4e on t he
assunption that SO, precipitated as anhydrite
in the well is negligible to that in the

m xed water Dbecause of the extrenely high
upfl owing velocity.

Chloride concentration of the low tenperature
end nenber water determined by the mxing
trend is 12,000ppm which is slightly higher
than that of the high tenperature end nmenber
wat er (10, OOOppm), whereas |ower than seawater
(18,510ppm . Chenmical conpositions of the tw
end nenber waters, seawater experinmentally
reacted with basalt glass at 150°C- 500bar s
and seawater (Seyfried and Bischoff, 1979) are
shown in Table 1. Chemcal ©properties of
these water can be conpared with each other
by the follow ng index (C1X):

aXi = (C/C)object / (Ci/C)seawater (1)

where G is the concentrations of the i ‘P
chemi cal conponent and d is the chloride
concentrations in the obj ective wat er
(object) and in seawater (seawater). Wen the
axi is greater than 1, ”] indicates a
relative enrichnent of the i conponent in

the water as conpared with seawater. The CX
val ues of the high tenperature end nmenber
water, for K, Ca, and SiO, are 7.2, 2.4 and
4, 300, whereas for Na and SO, are 0.93 and
0.0049 respectively. Thus the enrichment in
K, Ca, and Si0O, and the depletion in SO, are
noti ceable. The chemical property of the high
tenmperature water is simlar to that of the

hydr ot her mal solutions venting from t he
seafl oor on the East Pacific Rise, 21°N(for
instance, Von Dammet al., 1985). Chem cal

conposition of the low and high tenperature
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Table 1. Conpari son of chemical conpositions of mixing end nembers for we]l SCG1,
seawater reacted with basalt glass and seawater.
M xi ng end nenbers Basal t - Seawat er ¥
Hi gh Tenp. Low Tenp. Reacti on Seawat er **
(after 3564hours) _
Ent hal py(kcal / kg) 425 100 - -
Tenperature(°® C) 300 100 150 -
pH(at 25°C) 4.3 8. 6. 84 1.70
Na(ppm [/ CI X**) 5,200 / 0.93 7,000/'1.0 10,500 / 1.0 10, 320
K 1,500 / 7.2 300 /' 1.2 388 / 1.0 383
Ca 500 / 2.4 900 /' 3.5 1,333 / 3.4 393
a 10, 000 12, 000 18, 510 18, 510
S04 7 |/ 0.0049 100 /* 0.059 300 / 0.11 2,620
Si G, 600 / 4300. '300 /' 1800. 439 / 1700. .+ 0.26
B 25 10 - -
* After Seyfried and Bi schoff(1979)
*H See text
M XI NG AND BO LI NG CALCULATI ONS
To investigate the precipitation process of A degree of super- or undersaturation of the
anhydrite observed in well SCG 1, changes of water with mnerals at each tenperature are
chemi cal speciation with the mxing(the two calculated by the following equation (Reed
end nmenber waters, see table 1) and boiling and Spycher, 1984):
processes wer e cal cul at ed. For t he .
cal cul ation of mul ti conponent chem cal logQ Ky = log a‘irlﬁk - log Ky (4)
equilibria, we applied the conmputer program ’
SCLVEQ (Reed, 1982). The assunptions for the where K is the equilibrium constant for
calculation are as follows. mneral k, a; ( is the activity and vi,k is
the stoichiondtric coefficient of conponent
a) Conmponent species used here are Na, K, Ca, species i in the equilibrium mass action
Cl, SO, and Si O,, but gas species(CO, H,S expression for mneral k. Wen the logQ K¢ is
etc.) are not included. Therefore, changes of greater than zero, it indicates that the
pH and redox equilibria with degassing, for water is supersaturated with mneral k.
exanpl e, given by the followi ng mass action
equation is not considered. The high tenperature end nmenber wat er
. " 9 (ent hal py=425kcal /kg) is nearly equilibrated
cozgg) +.H,O0 = HCO" + H (relating to SO4“ with anhydrite and quartz at 300°C
+ H = HSO4") (2) (IogQ/ Kanhydrite='0-23y | ogQ/ Kquarlz=0-24)-
N This suggests that tenperature of the deeper
H,S + 20, = HSO,~ + H (3) feed zone is about 300°C which agrees with
the measured tenperature (see Fig. 2).
b) The pH of the low tenperature end nenber
water is assumed to be 8.0(at 25°C) which is The | ow tenmperature end menber wat er
nearly equal to that of seawater. On  the (ent hal py=100kcal / kg, S04=100ppm) is
other hand, pH of the high tenperature end under sat ur at ed with anhydrite at 100°C
menber is set to 4.3 at 25°C, for the boiled (1 09gQ/ Kannydrite=-1.18), in contrast with the
wat er at atmospheric pressure, which is close seawater reacted with basalt glass at 150°C
to the neasured val ue(see Fig. 4h). 500bars (109Q/ Kannydrj te=-0.33). If we assune
t hat the | ow tenmperature wat er is
c) Mneral precipitation during the mixing equilibrated with anhydrite at 100°C, it
and boiling cal cul ati ons is not needs to dissolve about I|,600ppm of SO4. This
i ncl uded(wi thout mneral fractionation). concentration is far isolated from the m xing
trend (see Fig. 4e), noreover the quantity of
d) Boiling is assuned to be isoenthalpic. anhydrite observed in the well is not much
Each enthalpy in the calculation s enough to fill up the discrepancy between
determned by using that of pure water (JSME, these 33& concentrations.
1968) .
e) As neasured discharge enthalpy for this
wel | changed between 250 and 425kcal / kg, the
m xing calculation was carried out within the

range.



shows the calculated changes of
with the mxing and boiling
tenperature end

Figure 5

IOgQ/ Kanhydrite -
processes. When the high

menber water (enthal py=425kcal/kg) boils as
it ascends without mxing of the | ow
tenperature water, the ~"°sQ@”"p,nhydrite 'S

always less than zero bel ow 300¢C and it
decreases with decreasing tenperature ow ng
to the retrograde solubility of anhydrite.
This calculated result represents that the
boi l i ng process wi t hout m xi ng cannot
preci pitate anhydrite.

the high tenperature end nenber
tenperature wat er
i nduces an ent hal py

i ncrease of SO,

M xing of
wat er with the low
(ent hal py=100kcal / kg)

decrease and an

concentration. In addition, the chemical
property of the nmixed water changes in
consequence of boiling as it ascends. The
calculated pH of the mixed water increases
with decreasing enthalpy corresponding to

m xing proportions of the Ilow tenperature
wat er. These values roughly agree with the pH
measured at room tenperature for discharged
wat er (see Fig. 4h) . The cal cul ated

109Q/ Kannyarj te values(the enthal py decreases
to 400, 375, 350, 275 and 250kcal/kg with

m Xxi ng of the low tenperature wat er)
represent that the mxed waters are possible
to have some ranges which are supersaturated
with anhydrite between 240° and 300°C.

However, the degree of supersaturation
decrease with decreasing tenperature, and
finally it becones undersaturated as well

as the high tenperature end nmenber water.

Anhydrite in the scale sanpled from the well
SCG1 contains fluid inclusions (less than
10 Jim in diameter). Mbst  honpgeni zation
tenperatures of the inclusions fall within
the narrow range between 245° and 260°C,
however a few scattered tenperatures above
this value are observed(Fig. 6). Though the
scattered values are possible to represent
that the inclusions have trapped some vapor
(Bodnar et al., 1985), it nay be sunmmarized
t hat the range of t he honogeni zati on
t enperat ures are consi st ent with t he
tenmperature ranges at which the nmixed waters
are supersaturated with anhydrite (see Fig.
5). These results i ndi cate t hat the
precipitation of anhydrite occurred above

240°C, in other words the tenperature of the
m xi ng point (1,000m depth) should be higher
than 240°C.

CONCLUSI ONS

a) Estimated chemical conpositions of the end
menber waters discharged from the two feed
zones in well SCG1 represent the chenical
properties of seawater-rock interaction at
different tenperatures.

b) The mixing and boiling calculations for
the two end nenber waters show that the m xed
waters are possible to be supersaturated
with anhydrite only above 240°C. Thi s
tenperature range agrees with t he
honpgeni zation tenperatures of the fluid
inclusions trapped in anhydrite (scale). The
agreement of both tenperatures indicates that
the mxing nodel used here is reasonable to
expl ain the precipitation process of
anhydri te.
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