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Abstract ©:  Samples of spring and stream water, and rainfall were obtained within 50 km of
Bajawa City, central part of Flores Island, eastern Indonesia. Hydrogen and oxygen isotopic
compositions of the samples were analyzed.

(1) On the relation diagram between hydrogen and oxygen isotopic compositions, water samples
were plotted near the meteoric water line.  The sample d-values taken in 1998 and 1999 were
about 10 and 20, respectively. The change of d-value may reflect the isotopic difference of rain-
fall in winter and summer.

(2) Altitude (topographical) effects for hydrogen and oxygen isotopic compositions of subsurface
water in this area were -0.98 %0/100 m for hydrogen isotopic composition and -0.13 %,/100 m for
oxygen 1sotopic composition, which were within the range of those found for other islands.

1. Introduction

Characteristics of hydrogen and oxygen isotopic
variations of subsurface water and rainfall due to
topographical elevation have been used to infer re-
charge areas for groundwater or hot spring water,
indicate mixing, or delineate different groundwater
or hydrothermal system. However, there were no
hydrogen and oxygen isotopic data for subsurface
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water of the eastern part of Indonesia except Bali
Island (e.g. Shimada et al, 1992a) and knowledge of
subsurface water flow patterns was also so limited.

Precipitation patterns on islands with appreciable
topography are very complex, and precipitation iso-
tope data from the International Atomic Energy
Agency (IAEA) island stations commonly exhibit
patterns different from those found on other conti-
nental stations (Yurtsever and Gat, 1981; Dansgaard,
1964). Scholl et al (1996) showed that significant
areal differences in precipitation isotopes on the is-
land of Hawaii correlated strongly with general
climatological patterns. High rainfall areas have
frequent rains owing to the orographic lifting of
moist air carried by trade winds or the thermally
driven sea breeze cycle. Tang et al (1998) described
that on Miyake Island, even at places of the same
altitude, the precipitation was different because of
the aspect of the landscape and also found that oxy-
gen isotopic compositions for the windward and lee-
ward sides were different from that for precipitation.

The purpose of this study is (1) to show isotopic
distributions of subsurface water and rainfall in the

Keywords: hydrogen isotope, oxygen isotope, subsurface
water, meteoric water line, d-value, altitude effect, Bajawa,
Flores, Indonesia
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Fig. 1 Locality map of sampling points of spring water, stream water and rainfall sampled in 1997-1999.
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Bajawa area, central part of Flores Island, about
500 km east of Bali Island, and (2) describe the to-
pographical (altitude) effects for isotopic composi-
tions of subsurface water.

2. Study area

The islands of Nusa Tenggara span a distance of
1,300 kilometers and lie 8 to 10 degrees south of the
equator. They connect the Greater Sunda Islands in
the west to the scattered islands of Maluku, Banda
Islands and large island of Irian Jaya to the east
forming a central link in the 5,600 kilometer Indo-
nesian archipelago. They form two distinct arcs.
The long northern arc, Lombok, Sumbawa, Komodo,
Flores, Lembata, Alor and other islands is volcanic
in origin. The islands of the shorter southern arc,
Sumba, Savu, Rote, Timor and other islands are
formed of raised coral reef limestone and pelagic
sedimentary rocks (e.g. Hamilton, 1979). Most of
those volcanic islands have the potential to provide
geothermal energy (e.g. PERTAMINA, 1994). Flores
Island is in the eastern part of the Nusa Tenggara
Islands and a long, narrow island 350 km long (east
to west) and 20-70 km wide (north to south).
Bajawa City is in the central part of the island and
the provincial capital of the Ngada prefecture. In
the Bajawa area, there are two volcanic alignments
(Fig. 1). The southern-coast-side volcanic alignment
1s a volcanic front and contains three active volca-
noes, Inerie (2160 m), Inie Lika (1800 m) and
Ebulobo (2150 m), and more than 30 monogenetic
volcanoes. The average height of the southern-
coast-side volcanic row (plateau) is 1000-1500 m (see
Takahashi et al (2002, Fig. 7)). On the other hand,
the northernside volcanic alignment 1s a back-arc
volcanic row and contains the cocoon-shaped Welas
caldera 15 km (east to west) by 8 km (north to
south) and post-caldera cone called Mt. Wolo Mere
(1550m). The average height of the northernside
volcanic row (plateau) is 500-1000m (see Takahashi
et al. (2002, Fig. 7)). This setting 1s similar to double
volcanic belts in the northeast Japan arc (Muraoka

et al, 1999). Both volcanic rows rise straight up
from the Flores and Sawu Seas. There is an elliptic
large basin 20 km (east to west) by 15 km (north to
south) sandwiched by two volcanic alignments (Fig.
1). Muraoka et al (1999) named the basin, the
Aesesa Basin. The average elevation of the basin is
300 m and becomes lower gradually toward the
northeastern coast. There are three large river sys-
tems in the Bajawa area (Fig. 1). The Aesesa River,
which is the longest river in this area flows to the
northeast and discharges into the Flores Sea. The
Wae Bela River starts in a small basin near Nage
and flows to the southwest. The Wae Luja River
starts from the northeastern side of the southernside

volcanic row and runs to the southeast. The latter
two rivers discharge into the Sawu Sea.
In Indonesia, every volcano observatory (V. O.)

Table 1 Monthly precipitation data (precipitation amount
and number of rainy days) and Q-values at the Inerie
and Ebulobo volcano observatories from 1996 to 2000.
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monitors the amount of rainfall. Monthly precipita-
tion data at the Inerie and Ebulobo volcano observa-
tories (Fig. 1) are shown in Table 1. In the table,
Q-value, which is the ratio between the number of
dry months when the monthly precipitation amount
1s less than 60 mm and number of rainy months
when the monthly precipitation amount 1s more
than 100 mm, was also shown (e.g. Center for
Southeast Asian Studies, Kyoto University, 1997, p.
468). The Q-values of this area, Sapporo, Tokyo,
Osaka and Naha were 0.5-1.4, 0.2, 0.29, 0.29 and 0,
respectively, calculated from Table 1 and monthly
mean precipitation amounts from 1961 to 1990
shown in the Chronological Scientific Tables 2000.
Relatively large Q-values of this area show the exis-
tence of the dry season and were concordant with
the climatic classification of this area, Tropical Sa-
vannah (As). Precipitation amounts were 1200-2500
mm/yr at the Ebulobo V. O. and 1700-2500 mm/yr
at the Inerie V. O.

3. Sampling and analytical methods

Location of sampling points is shown in Fig. 1.
Water samples were obtained from springs, streams
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and rainfall within 50 km of the Bajawa City from
1997 to 1999. Rainfall samplers of 9 cm ¢ -funnel
and 20 l-backet (Kazahaya and Yasuhara, 1994;
Scholl et al, 1995) were installed at the Inerie and
Ebulobo volcano observatories to collect rainfall
from July 1998 to September 1999. Methods for hy-
drogen and oxygen isotopic analyses were shown in
Takahashi et al (2002).

4. Results and discussions

4.1 The d-values of water samples of
springs, streams and rainfall

The relation between hydrogen and oxygen iso-
topic compositions of water samples from springs,
streams and rainfall 1s shown in Fig. 2. Craig
(1961) described the interdependence of hydrogen and
oxygen 1sotopic compositions in meteoric water and
defined the following relationship:

6 D=8x6"0+10
The relationship was generally described as the Me-
teoric Water Line (MWL). Dansgaard (1964) defined
the intersect for the Y-axis (6 D—8x 6 "®0) as d-
value. As shown in Fig. 2 and Table 2, almost all
water samples were plotted near the MWL. The
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Fig. 2 The relation between hydrogen and oxygen isotopic ratio of spring water, stream water and rainfall

on Flores Island, eastern Indonesia.
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Table 2 The result of hydrogen and oxygen isotopic analyses of spring water,
stream water, condensed water and rainfall sampled in fiscal years 1997, 1998

and 1999. In the table, altitudes of the sampling points are also shown.
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sample d-values taken in 1998 and 1999 were about
10 and 20, respectively. The d-values of rainfall
samples taken from July 1998 to September 1999
were 18, which was concordant with d-values of
water samples taken in 1999. The TAEA/WMO
Global Network for Isotopes in Precipitation (GNIP)
showed hydrogen and oxygen isotopic data of
monthly rainfall for Jakarta, Jayapura (Irian Jaya)
and Darwin (Australia) IAEA/WMO, 1999). The
relation between hydrogen and oxygen isotopic ratio
of water samples obtained from springs, streams

and rainfall for Flores Island and rainfall for Ja-
karta, Jayapura and Darwin is shown in Fig. 3. In
Fig. 3, the relation between those isotopic composi-
tions of monthly rainfall taken at several points on
Bali Island (Shimada et al, 1992a) is also shown.
As shown in Fig. 3, small d-values for monthly
rainfall were observed for Jayapura, eastern part of
the Indonesian archipelago, whereas large d-values
for Bali Island, central part of the Indonesian archi-
pelago. The d-values for water samples obtained
from Flores Island lie between those at Jayapura
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Fig. 3 The relation between hydrogen and oxygen isotopic ratio of rainfall for Flores Island, eastern Indonesia,
and rainfall for Bali, Jakarta (Jawa), Jayapura (Irian Jaya) and Darwin (Australia).

and the island of Bali, and were close to those at
Jakarta and Darwin.

As shown in Table 1, precipitation amounts at the
Inerie V. O. and Ebulobo V. O. in 1998-1999 were
both more than in 1997-1998, and the rainy mon-
soon in 1998-1999 was longer than in 1997-1998. On
Flores Island, the wind direction in winter is west,
whereas it is southeast in summer (e.g. Center for
southeast Asian studies, Kyoto University, 1997, p.
25). Thus, it was suggested that the d-value change
of the rainfall is due to the isotopic difference of
rainfall in winter and summer. The National Oce-
anic & Atmospheric Administration (NOAA) showed
that the tropical Pacific area was in the El Nino
condition from spring 1997 to summer 1998 and in
the La Nina condition from autumn 1998 to spring
1999 and summer 1999 to spring 2000 (NOAA, 2002).
Generally in the El Nino condition, the precipitation
amount in Indonesia is smaller than in the La Nina
and normal conditions. As shown in Table 1, pre-
cipitation amounts for the Inerie V. O. and Ebulobo
V. O. in 1998-1999 were both larger than in 1997-
1998, which is concordant with the climatic condi-
tion of this period. Thus, it may be also suggested
that the change of d-value of rainfall was affected

by the climatic condition of this area.

4.2 The gradients of isotopic composition
with elevation

The relation between the elevation of sampling
points and hydrogen isotopic composition of water
samples, and relation between the elevation and
oxygen isotopic composition are shown in Figs. 4
and b, respectively. Regression lines were as fol-
lows:

6D (%) = -(0.0098H=£0.0013)-(29.3%+1.2), r*=0.653

6 *O (%o) = -(0.00128H=£0.00023)-(5.35+0.21), r*=0.499
where H denotes the sampling altitude in meters.

As shown in Table 3, altitude effects of -0.98 %o/
100 m for hydrogen isotopic composition and of
-0.13 %0/100 m for oxygen isotopic composition were
within the range of elevation / isotope gradients
found for other islands. The high elevation / iso-
tope gradients were observed only in the Martha
Brae River basin (Ellins, 1992), Bali Island (Shimada
et al, 1992b) and high-elevation area of Hawaii Is-
land (Scholl et al, 1996) areas. Since high-elevation
mountains >3000 m were in those areas except Mar-
tha Brae River basin area, the large elevation / iso-
tope gradient may be due to the existence of a
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8D (%a) = -0.0098 x (Altitude:m) -29.3
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Fig. 4 The relation between sampling altitudes and hydrogen isotopic compositions of water samples.

8180 (%a) = -0.0013 x Altitude(m) -5.35

1500 -
) Flomes, Indaosesan
w i O Mage
1 o ey & Keli-Tiworiwa
e @ Mengoruds, Fign, Wae Basa
® I% ([ Giow, Tulapeia
1004 - b R @ & Mbay
L i Wiln Bobo condensed waley
_E_ ﬂﬂ ) & rminiall
a c@_? = @ cold spreng. stream waner 9K
'g i® enld spring, siream wer 99}
£ .
-
500 o 20
&
i ,
* 8
- )
[:. .II' .El 5
4.0 -B.0 =70 =t5.0) =500 =[] =3.0
5180 (%)

Fig. 5 The relation between sampling altitudes and oxygen isotopic compositions of water samples.
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Table 3 Gradients of isotopic composition with elevation from several islands.
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high-elevation area (Scholl et al, 1996).

5. Conclusion

Water samples were taken from springs, streams
and rainfall within 50 km of Bajawa City, Flores,
eastern Indonesia. Hydrogen and oxygen isotopic
compositions of the samples were analyzed.

(1) On the relation diagram between hydrogen and
oxygen 1sotopic compositions, almost all water sam-
ples were plotted near the MWL. The sample d-
values taken in 1998 and 1999 were about 10 and 20,
respectively. The d-value change may be due to the
1sotopic difference of rainfall in winter and summer.
(2) Altitude (topographical) effects for hydrogen and
oxygen 1sotopic compositions of subsurface water in
this area were shown by following regression lines.
6D (%) = -0.0098H-29.3

60 (%) = -0.00128H-5.35

where H denotes the sampling altitude in meters.
The elevation / isotope gradients observed in the
Bajawa area were within the range of those found
for other islands.
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AV ERY7, 70—LREHREND ¢ DRI O TIKDIKSE - BERFRLLIAERMK

SEER - #FH R ®RIIEFE - HEFEX - XK - KFEFiHE - NERE - ABZA— -
Dedi KUSNADI * Bangbang SULASEMAN * Terry SRIWANA * Asnawir NASUTION

AV xRV THE, 7a—-LREBREHO Y » 7 FB 50 km DINIZH 25K, #B)HKK CBEKZEE

WL, Zo/kFE -« BRFERLAFZ 3 L7z,

(1) RE-BRERGARHN ETid, KB ERKBICIZZ ey b, O dER 1998 FHRIG

EHZH 10, 1999 FEERHGUEHIH 20 TH - .
ML TV AHEEEENEZ OGNS,

d Dz, 4L HEEOKIKD R AR D E W %

(2) FERLARERI R, IKFERALAHERL T -0.98 %0 / 100 m, BRERLAKLRL T -0.13 %0 / 100 mTH -

fo. ThoDEBMOETHAS N B EOHIANTDS %,



