Bulletin of the Geological Survery of Japan, vol. 53 (2/3), p. 343-353, 2002

Chemical and isotopic studies of well discharge fluid
of the Mataloko geothermal field, Flores, Indonesia

Koji MATSUDA!, Terry SRIWANA?, Sofyan PRIMULYANA’ and Masao FUTAGOISHT®

Koji MATSUDA, Terry SRIWANA, Sofyan PRIMULYANA and Masao FuracoisHr (2002) Chemical
and isotopic studies of well discharge fluid of the Mataloko geothermal field, Flores, Indonesia.
Bull. Geol. Surv. Japan, vol. 53 (2/3), p. 343-353, 8 figs., 3 tables.

Abstract: The discharge fluid in a single vapor phase from the exploration well MT-2, drilled
to a depth of 162.35 m in the Mataloko geothermal field, Flores Island, Indonesia, is relatively
low in non-condensable gas content (0.61-0.69 wt%) and its gas component 1s predominant in
CO; (91 mole%). The discharge steam is thought to be derived from a liquid water-dominated
reservolr existing at a deeper level. Isotopic compositions of hydrogen, oxygen, carbon, sulfur
and helium, and chemical composition of minor gases in the discharge fluid from the well MT-2
suggest that its water vapor (H,O) consists of mainly meteoric water affected by magmatic
water or water-rock interaction, while the gaseous components originate mainly from magmatic
fluid. Based on several chemical and isotopic geothermometers and measured bore hole tempera-
tures of the well MT-2, the subsurface temperature is estimated to be 192 - 230 °C at the shallow
steam-dominated reservoir and 270 -306 C at the deep water-dominated reservoir. The discharge
steam from the exploration well MT-1 and fumaroles, which are located within 200 m from well
MT-2, shows chemical characteristics similar to well MT-2. It suggests that they are derived
from a common source, that is a deep water-dominated reservoir possibly having a relatively

large extension in the Mataloko field.

1. Introduction

A five-year international cooperation project on
geothermal research between Japan and Indonesia,
"Research Cooperation Project on the Exploration of
Small-scale Geothermal Resources in the FEastern
Part of Indonesia", was signed in 1998 by three or-
ganizations, New Energy and Industrial Technology
Development Organization (NEDO; Japan), Geolo-
gical Survey of Japan (GSJ) and Directorate General
Geology and Mineral Resources (DGGMR; Indo-
nesia). One of the main objectives of the project is
a geothermal resource assessment of a selected
model field, namely the Bajawa geothermal area lo-
cated in Flores, Nusa Tenggara, Indonesia (Fig. 1).
Various geoscientific surveys including geological,
geochemical and geophysical surveys have been con-
ducted in and around the Bajawa area since 1998
(Nastion et al, 1999; Matsuda et al, 2000; Muraoka
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et al., 2000; Takahashi et al., 2000; Takashima et al,
2000; Yasukawa et al., 2000).

The Mataloko geothermal field, located in south-
eastern part of the Bajawa area, is one of the most
active geothermal fields in the Bajawa area and its
activity 1s manifested by many fumaroles, hot
springs and acid altered grounds. Based on the sur-
vey results at Mataloko, a site was selected, and
three shallow exploration wells were drilled; one
well (MTL-1) by VSI (Volcanological Survey of
Indonesia; one of the institutes belonging to
DGGMR) in 1999 and the other two wells (MT-1 and
MT-2) by NEDO in 2000 - 2001. The discharge test
at the well MT-2 was successfully carried out in
NEDO's research program in January 2001. We col-
lected the discharge fluids during the test for chemi-
cal and isotopic analyses. This paper describes the
geochemical investigation results on the discharge
fluids from the well MT-2 and other geothermal flu-
1ds occurring in Mataloko, and discusses the geo-
thermal reservoir characteristics of the Mataloko
field.

Keywords: geothermal fluid, well discharge, geochemistry,
1sotope, Flores Island, Indonesia
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Fig. 1 Location map of Flores Island and Mataloko geothermal field. The target area on the map is for the initial explo-

ration in FY 1999 for "Research Cooperation Project on Exploration of Small-scale Geothermal Resources in the Eastern
Part of Indonesia".
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Fig. 2 Location map of exploration wells in the Mataloko geothermal field.
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2. Well drilling results

All three exploration wells (MTL-1, MT-1 and
MT-2) were drilled on the northern side of the Wae
Luja River which flows west to east through the
Mataloko surface thermal manifestations (Fig. 2).
The intervals between wells MTL-1, MT-1 and MT-
2, aligned north-south, are 100 m and 32 m respec-
tively.

Both wells MTL-1 and MT-1 encountered a shal-
low steam layer during their drilling works at
depths of 103.23 m and 207.26 m respectively, and
steam was blown out unexpectedly. The discharge
steam temperature measured at the well head was
115 C at well MTL-1 and 150 °C at well MT-1.
Further drilling below these depths was impossible
so the wells were filled with cement without any
well tests, 1.e. P-T logging, and injection and dis-
charge tests.

The well MT-2, as well as the other two wells, en-
countered a steam layer at a depth of 162.35 m, but
the steam discharge was controllable. Although
complete well tests were not able to be carried out,
the bottom-hole temperature at a drilling depth of
104 m was measured. The maximum temperature
was 130.4 °C (6.83 hrs after mud circulation stopped)
while the temperature was continuously increasing
at the end of measurement. The discharge test at
the well MT-2 using the Russel-James method (criti-
cal lip pressure method; James, 1962) was conducted
at the end of January 2001. During the whole dis-
charge period of the test, the discharge fluid was a
single vapor phase and no liquid phase discharge
was observed. The measured largest steam flow rate
was calculated to be 4.57 kg/s (16.5 tons/hr) with
the wellhead pressure of 0.37 MPaG, assuming a
saturation state (not super-heated) at the end of dis-
charge pipe. After the discharge test, the well was
drilled further to the depth of 178.00 m. A borehole
logging survey was conducted two months after the
drilling in April 2001, and the highest temperature
of 192.3 C was measured near the bottom of the
hole (175.0 m).

According to the observation of drill cuttings of
the three wells, they consist of altered andesitic
lavas and pyroclastic flows which are classified as
Bajawa Caldera Volcanics by Takahashi et al (2000)
or Mataloko Andesite by Muraoka et al (2000). The
wells did not reach older marine sediments (Miocene
or Pliocene strata; Muraoka, 2000) which may un-
derlie the young volcanics. Hydrothermal alteration
minerals detected by X-ray diffractometer in drill
cuttings of wells MT-1 and MT-2 are montmorillo-
nite, kaolinite, heulandite, wairakite, quartz,
cristobalite, feldspar, calcite and pyrite with minor
chlorite/montmorillonite mixed-layer, sericite/mont-
morillonite mixed-layer, yugawaralite, epistilbite,
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alunite, gypsum, anhydrite, goethite, magnetite and
gibbsite. The occurrence of wairakite with minor
vugawaralite at depths below 140 m in both wells
and logging data collected after additional drilling
imply the existence of hydrothermal activity at a
temperature around 200 °C in the deeper part of the
wells.

3. Sampling and analytical procedures

Three steam samples of the well MT-2 were col-
lected during the discharge test on January 23 - 25,
2001 at different discharge conditions, i.e. wellhead
pressures of 0.42, 0.59 and 0.32 MPaG for each sam-
ple. Steam from the well was collected using a small
separator connected with a horizontal flow pipeline.
Steam samples of the well MT-1 were collected in
October 2000 for reference at its wellhead with flow-
ing from bleeding line. Sampling of fumaroles and
gases from a hot spring was conducted in
September 1999 prior to the well drilling. The gas
samples were collected at fumaroles at Mataloko
(Fig. 2), a fumarole at Wolo Bobo and an acidic hot
spring at Nage (Fig. 1).

The steam and gas sampling was carried out fol-
lowing Ozawa (1968) at the well MT-2 and
fumaroles, and following Giggenbach (1975) at the
well MT-1. The fluid was drawn into a glass sy-
ringe or an evacuated bottle containing a 5N NaOH
solution. Gas analysis was conducted by a combina-
tion of volumetry (H.O, CO, and H,S), gas chroma-
tography (N,;, H;, CHi, O,, Ar, He and Ne) and mass
spectrometry (‘He/'He, 6 “C(CO,), 6 "C(CH.), 6 D(H.),
6 D(CH)) and 6"S(H:S)). For analysis of 6&%"C
(CO») and &™*S(H.S), the gas sample was introduced
into solutions of Ba(OH), and Cd(CH;COQ), at the
sampling site to fix the CO, as BaCO; and H.S as
CdS. Steam condensate analysis was conducted by
ion chromatography (Cl) and mass spectrometry
(6 DH,O) and ¢ *O(H,0)).

4. Results

Results of the chemical and isotopic analyses are
shown in Tables 1 and 2. The MT-2 discharge steam
exhibits constant chemical characteristics at well-
head pressures from 0.32 to 0.59 MPaG. They are
relatively low in non-condensable gas (NCG) content
(0.61-0.69 wt%), and their main constituents are C
0. (90.8-91.0 mole%) and H.S (6.3 -6.6 mole%). The
rest of the NCG component is mostly composed by
N, and H; (ca. 93 mole% in residual gas). The chlo-
ride content in steam condensates 1s low (<0.02
mg/kg), implying the HCl gas does not contribute
to the discharge gas. Hydrogen and oxygen isotopic
compositions of the steam (-28.5 - -27.7 % and -5.3
- -5.1 %o, respectively) approximate those of the local
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Table 1 Result of chemical analyses of well discharge fluids and fumarolic gases.

Ciss campasliion Rl gas coanposien Cusdemiz
Sraibid Larrplifg Wl head Db (s 0y, HS Besidesd M; H; CH, 4 3 Ar He K il
daiz prcsamre lempeminre copien 2]
MPFaG © kT e kS ook mak% mok%® k% mok% kS pele® ks mgkg
M2 wnll disckarps
MIT-2a  MOLAES &l 836 #E A& 24 3.2 420 &4 DM DI 004l <0IRHE a8
MT-Y M [TES] i34 wME  AF 23 127 4nd &8 DG 018 0086 <D A0
WMT-3c I [TE+] s #E a5 3.7 W 427 58 LT 017 G0ed LS <1
M-I well dizciarpe fuemable condition ) Chadir
MT-1a it LI B naz e 30 na E23 OLTh i - - -
MT-1h  HE TS ol EET 5A 53 [ e 1 - - -
MT:li 2000 NI 0z EiE AL 1z Ma TiA nd -
Mitalonks fuoarale
G-l 100 2T il 1.3 Wi 14 13 KA L& 13 LM 03 pEel <0000 i
-2 12 WA (v wn o 48 13 TN 173 BT mid N30 DA <00 014
Mape ket speiap gas
Gi-F 1T R [ 11K ™l -] ma 855 0m [N 8 LT 1] LAT  fubE - @017
Bl ol finisalc
Gid 1955508 L2 e 131 ¥l3 54 E e A 02 s 43 084 DikS A0S LT
G4 1950928 L e 151 L] 5. .l ind i el 00
ndl - pesl dedeciad, - ol ansbysed
% : Am oo coroecied
Table 2 Result of isotopic analyses of well discharge fluids and fumarolic gases.
Sourcs  Sampling  Wellhead — Duscharge in 1" i 3 o in A¥s efHe
dair pressime  emperalre (M0 (Ha) [Onp (CHY (HY () [(Hg5)
MPG o Rl RSMOW  TeFDH FePFOB  TeSMOW SSMOW DT :-||II"
MT-2 well ischarge
MT.2a 200123 04z -5 -52 -4.5 -Mha it Pk 28 i AA R0
MT-2% 2001734 .50 -3 -53 A - . .
MT-2c 2L iz 4.3 S 4.9 . = F = i
Matulmko flimarnie
G-1 PLLL N T b i 3T A4 =1.h Be A -SHT =130 25 LR TH
G2 B ZE 5.8 T BIE] ET .35.0) 5E3 -162 AT REIENNT
Nage hor qedng gas
Li-3 199U TR - - 4.5 il nal, mil -3 4 Dh0 0
Wl Hobo fumareds
O 1508525 = N 270 -4 -4.R -LEIF nadl mil. 4.1 5.3 +0.47

nad ol deiermined. - net analyred

meteoric water.

The steam chemical composition of the well MT-1
varies due to the unstable discharge and sampling
conditions (Table 1). However, the steam composi-
tion 1s roughly comparable to the well MT-2. The
samples MT-1b and MT-1c show similar contents of
CO, (88.7 and 83.8 mole%) and H,S (5.6 and 6.0
mole%) in NCG as well MT-2, even though their
NCG contents do not correspond to each other (0.11
and 0.32 mole% in steam).

Fumarolic gases of Mataloko (samples G-1 and G-
2) also exhibit comparable chemical compositions to
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the well MT-2, though they are relatively high in
NCG, CO:/H,S and N;, and low in H, (Table 1). With
respect to the isotopic composition, the sulfur and
helium isotopic ratios of fumarolic gases are compa-
rable to those in the discharge gas of the well MT-
2, and similar in carbon isotope ratio (CO, and C
H.) (Table 2).

5. Discussions

5.1 Origin of discharge fluid
The relatively low NCG content, CO, dominant
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Fig. 3 Hydrogen and oxygen isotopic compositions of thermal fluids and cold surface wa-
ters. The data for hot spring waters and cold surface waters are from Matsuda et al

(2000). See text for details and discussion.

gas composition and almost no contribution of HCI
gas in the well MT-2 discharge steam suggest that
the steam is derived from a hot water reservoir pos-
sibly existing at a deeper level underlying the well
and not derived directly from the magma body. As
shown in Fig. 3, hydrogen and oxygen isotopic com-
positions of the steam are plotted very close to the
local meteoric water line that was established based
on the isotopic data of cold surface waters in the
target area (cf. Fig. 1). It suggests the MT-2 water
vapor (H,O) originates in mainly meteoric water.
However, the 6 D and 60 values of the steam are
higher than the surface waters in the Mataloko
area by 10 % and 1.5 %o, respectively. Since the dis-
charge steam 1s possibly separated from the water
in the deep reservoir, the influence of the vapor-
liquid 1sotopic fractionation should be taken into ac-
count in estimating the isotopic compositions of the
deep reservoir fluid. In Fig. 3, the curve A repre-
sents the estimated D and &0 values of reser-
voir water that is assumed to be in an isotopically
equilibrium with the well MT-2 steam separated in
a single-step boiling at temperatures of 200-300 °C.
If this assumption on the boiling condition is appro-
priate, the estimated isotopic ratios show a signifi-
cant positive shift from the values of surface waters
in the Mataloko area, suggesting that the reservoir
water 1s contributed by magmatic water. The iso-
topic ratios shown as curve B in Fig. 3 are esti-
mated by using the data of Mataloko fumarolic
steam (sample G-1) assuming steam separation in a
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single-step boiling at temperatures of 140-240 °C.
These isotope ratios also suggest the contribution of
magmatic water; but when the separation tempera-
ture is assumed to be about 220 °C, the estimated
1sotopic composition of the reservoir water exhibit-
ing only 6 O positive shift could be explained by a
water-rock interaction. Consequently, the reservoir
water yielding the steam of well MT-2 and fumaroles
may originate in meteoric water that isotopically
shifted a significant degree, though it is not defined
whether the positive shift occurred due to the con-
tribution of magmatic water or water-rock interac-
tion. On the other hand, steam-heated acidic hot
spring waters accompanying the fumaroles in
Mataloko represent a large isotopic shift as shown
in Fig. 3. However, the line with a slope of 3.0 con-
necting the data points is likely to show a kinetic
isotope effect due to surface evaporation at a rela-
tively low temperature (Giggenbach, 1982). Thed D
and 6O values of steam from a Mataloko fumarole
(sample G-2) are considerably small, suggesting that
the fumarole is affected by secondary steam occur-
ring at a shallow level.

The contribution of magmatic fluid to the steam
of well MT-2 (and Mataloko fumaroles) is evidently
indicated by the chemical and isotopic data of the
gaseous components. The carbon isotope ratios
(67C) for CO; in the steam ranging from -4.9 to
-4.4 %o, as in Table 2, agree well with those of the
mantle derived carbon (from -8 to -3 %o; Hoefs, 1987)
and are lower than those of oceanic carbon (about 0
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%o; Hoefs, 1987). The sulfur isotope ratio (&*S) of

-2.8 %o for H.S in the steam lies within the range of
mantle rocks (0£3 %; Ohmoto and Rye, 1979). The
relative abundances of non-reactive gas species, N,
He and Ar in the well MT-2 steam indicate a sig-
nificant contribution of magmatic gas (Giggenbach,
1992a; Fig. 4). The relatively low Ar concentration
in the three gases and composition much different
from air-saturated water suggest that the non-
reactive gases are less contributed by atmospheric
gases dissolved in meteoric water. Relatively high
helium isotope ratio (‘He/'He) of 6.85=£0.09 X 10°
(4.89 R/Rair; normalized by atmospheric *He/'He
ratio) in the steam as well as the geothermal fluid
(6.0 R/Rair) in the Keli Mutu volcano located in
80km east of Mataloko in Flores Island (Hilton et
al.,, 1992) show MORB-like value (Fig. 5). However,
the helium isotope ratio is lower for the Keli Mutu
volcano, suggesting the magmatic fluid contributing
to the steam could be influenced by the subducted
Australian continental crust, similar to the
magmatic fluid in the Iya volcano located 20 km
southwest of Keli Mutu (Hilton et al, 1992).

5.2 Reservoir temperature

The calculated geochemical temperatures using
analytical data of the gaseous components are pre-
sented in Table 3.

The hydrogen isotope temperature of 232 °C for
the H,-CH, pair (D'Amore and Panichi, 1987) is the
lowest among the calculated temperatures for the

well MT-2 discharge steam; nevertheless, this tem-
perature is 40 °C higher than the highest measured
bottom-hole temperature. However, hydrothermal
activity at a temperature around 200 °C or higher is
suggested from the existence of wairakite in the
drilling cuttings as mentioned above. Thus, this iso-
tope temperature possibly reflects the fluid tempera-
ture near the bottom hole or a deeper portion. The
estimated temperature of around 230 °C may be ap-
propriate for a relatively shallow reservoir and is
essentially consistent with the steam separation
temperature assumed to estimate the hydrogen and
oxygen composition of the reservoir water as men-
tioned above. The TH.-CH, for the fumarolic gases of
Mataloko ranging from 122 to 134 °C may reflect
the temperature at a relatively shallow level beneath
the fumaroles.

The geochemical temperatures of TcO,-H,S-H,-CH,
(D'Amore and Panichi, 1980), Tco./ar (Giggenbach,
1992b), Trr-HSH (D'Amore et al, 1993) and Te*C
(€0,-CH,) (D'Amore and Panichi, 1987) for the well
MT-2 steam are roughly coincident with each other
in a range from 270 to 306 °C, likely indicating the
temperature at a hot water reservoir possibly exist-
ing at a deeper part. These geochemical tempera-
tures for the fumarolic gases of Mataloko are
similar to the well MT-2 steam in a range from 242
to 366 °C, even though they show a wider range,
supporting the higher temperature at a deep reser-
voir than the measured temperature in the bore
hole.

Table 3 Calculated geochemical temperatures for well discharge fluids and fumarolic gases.

Sower Sampling ‘Wall besd Dichargs iy THa® Toa'  Trresd' Toc T tun’
iile prossae  Kipetiales:
P Pali T = T ‘T = T T i

MT-2 well d¥echarge

Mi-Za  JWIAADY Al i | 1313 %1 s £S5 FAY I3k
MT-Zb  IIHILLZ2Y J9 im 340 25 il - E
MT-Z¢ WIKLUZS K32 173 143 o] 34 - - -
Maraioky famareds

L1 1SHASTT w0 155 36 L) 166 04 14 i, B
G-1 19 S2E ] 142 | 2Rl 131 M s N7
Aape Ak EpFIng gas

G2 L ek TER 1 M - - -
Wl Botw famarods

4 15520 M7 1M 134 nl - 55 . -
[T 1520 2 ™ 177 191 - 5 . -
Tray TEO0-H5-H-0H, ) {I¥ Amine end Pamchi, 1960)
! Tita TiH {Ciggeshach, L5
! Tex Ty {Cgpeshach, 1HIh)
Y Trr-ssn : TEFT-HSH) (¥ Aprre e al, 1593
' T Ty 6 “CIO0y-CHLY) (T e wad Paicki, 1967
! T TIODH-CHY (T Amaoie asi Pasckl, 1987)
B i TOO DH-HAN  [Lvon end Halsion, 1984)

— 349 —



Bulletin of the Geological Survey of Japan, vol. 53 (£2/3), 2002

The TH.,/Ar (Giggenbach, 1992b) for the well MT-2
steam ranging from 335 to 343 °C are higher than
the other geochemical temperatures. According to
the plot of log(H./Ar) and log (CO,/Ar) (Giggen-
bach, 1992b) for the data of this study (Fig. 6), the
THy/Ar for the well MT-2 steam are 42-45 °C higher
than the Tco./Ar, and the plotted data suggest that
these gases are in equilibrium within a reservoir
containing a vapor phase. The result of FT-HSH
analysis according to D'Amore et al (1993) provides
a mass steam fraction (y) in the reservoir for well
MT-2 samples as 0.015-0.017, 1.e. 1.5-1.7 wt% in the
total reservoir fluid, indicating the existence of a
vapor phase in the reservoir in a natural state (not
in flow condition). Therefore, the calculated TH./Ar
for the MT-2 steam are probably overestimated due

to the loss of Ar caused by vapor loss in the reser-
voir (Giggenbach, 1992b).

5.3 Geochemical model

Based on the interpretation on the chemical and
1sotopic compositions of geothermal fluids as men-
tioned previously, a geochemical model of the
Mataloko geothermal field is constructed as shown
in Fig. 7.

Taking into account the pure steam discharge
from the well MT-2, reservoir fluid is steam-
dominated in the vicinity of the bottom of the well.

Nevertheless, the low content of NCG in the steam
and its chemical composition suggest an existing
water-dominated reservoir at the deeper portion of
the hydrothermal system as an origin of the vapor
fluid. According to the isotopic compositions of hy-
drogen and oxygen, the vapor water (H:O) consists
primarily of meteoric water, which 1s possibly re-
charged around Mataloko and/or surrounding
mountains, i.e. Wolo Nawa and Wolo Riti in the
west and Wolo Sasa and Wolo Belu in the north.
The meteoric water that penetrated into the depth
of the system may be heated by a heat source re-
lated to the young volcanic activity in and around
Mataloko. The estimated hydrogen and oxygen iso-
topic composition of the reservoir water could be ex-
plained by the contribution of magmatic water (or
by water-rock interaction). However, the lack of HCI
gas, thought to be derived directly from the magma
body, in the discharge steam does not advocate the
contribution of magmatic water into the reservoir
water. In the case of no or limited contribution of
magmatic water, the reservoir water is probably
heated by principally conductive heat from the
magma body, and strongly acidic gases such as
HCl, SO,, HF supplied from the magma body are
likely trapped into a possible sealing zone near the
heat source. Magmatic gases passed through the
sealing zone due to their lower solubility, i.e. CO,,
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are after Giggenbach (1992b).
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H.S, N;, H, and He, may contribute the reservoir
fluidd. The water-dominated reservoir fluid is in-
ferred to a typical Cl-type hot water, and its tem-
perature is estimated to be 270 -306 °C based on the
geochemical temperatures. The high temperature
and low pressure or low permeability of the reser-
voir possibly yields a vapor phase partially within
itself. The steam fraction in the reservoir is esti-
mated at 1.5-1.7 wt% by the FT-HSH analysis
using the data set of discharge gas compositions. At
a shallow level of the system, pressure decline and
the existence of a sealing zone due to deposition of
secondary minerals and silica yields further vapori-
zation of the reservoir water and provides a steam-
dominated reservoir. Temperature at the maximum
depth of the well MT-2 and somewhat deeper level
is estimated to be 192-230 °C by the measured bore
hole and hydrogen isotope temperatures (T 6 D(H,-CH.)).

The similar discharge gas composition and close-
ness (32 m) of locality of the two wells strongly
suggests that the same reservoir was intersected by
wells MT-1 and MT-2. The fumarolic fluid in
Mataloko, likewise, i1s thought to have a common
source with the well MT-2 discharge steam, even
though there are some discrepancies between their
chemistries. As shown in Fig. 8, the higher NCG
content in the fumarolic steam 1s explained by
steam condensation due to the ascent of the steam
and its cooling, and the higher CO,/H,S ratios by
the oxidation of H,S and its dissolution into shallow
groundwater. As a result, the discharge steam and
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gases from wells and fumaroles in Mataloko have a
common source that is likely to be a deep water-
dominated reservoir. This suggests that the water-
dominated reservoir has a relatively large extension
in the Mataloko field.

6. Conclusions

The main conclusions from the results of the
chemical and isotopic interpretation in this study
are:

(1) The discharge steam from the well MT-2 is de-
rived from a water-dominated reservoir, provid-
ing low NCG content and CO;-dominant gas
composition in the discharge fluid.

(2) The water vapor (H,0) in the discharge fluid
from the well MT-2 consists of mainly meteoric
water, while the gaseous components originate
mainly from magmatic fluid. The water vapor
shows significant modification of isotopic compo-
sition from the local meteoric water, but it is
not defined whether the isotopically positive shift
occurred due to the contribution of magmatic
water or water-rock interaction.

(3) Temperature at the deep water-dominated reser-
voir is estimated to be 270-306 °C from several
gas geothermometers. The result of FT-HSH
analysis based on D'Amore et al. (1993) indicates
the mass fraction of the vapor phase in the res-
ervoir is 1.5- 1.7 wt%.

(4) A steam-dominated reservoir exists at a shallow
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Fig. 8 Correlation of H,S and CO. concentration in the steam

discharges.

level of the hydrothermal system of the Mata-
loko field. Temperature at the reservoir around
the well MT-2 is thought to be 192-230 °C from
the measured bore hole temperature and hydro-
gen isotopic geothermometer for the H.-CH, pair.

(5) Similar chemical and isotopic composition of flu-
1ds from wells MT-1 and MT-2 and fumaroles
suggests a common original reservoir, i.e. a deep
water-dominated reservoir with a relatively large
extension in the Mataloko field.
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