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Abstract: Multi-components of 46 volcanic rocks were analyzed from the Bajawa geothermal
field, central Flores, Indonesia. Twenty six samples were taken from the Bajawa rift zone vol-
canic rocks including numerous cinder cones called the Bajawa Cinder Cone Complex. The re-
sults show that tholeiitic basalt to dacite are rather common in the field, but the Bajawa rift
zone volcanic rocks are calc-alkaline andesite and extremely homogeneous throughout the sam-
ples in major and minor components. The plot of the Bajawa rift zone volcanic rocks to
pseudoternary diagrams reveals that their cluster is constrained by the phase boundaries and
equilibrated at about 3 kbar or 10 km depth. This depth corresponds with the bottom of the
oceanic crust in this region, and the rift type magmatism might have caused such a shallow
depth magma generation. The homogeneity of the Bajawa rift zone magma is ascribed to its
short path from the magma source region to the surface and its non-stop rising as a dike

swarm.

1. Introduction

The purpose of this study is to give geological
backgrounds for assessment of geothermal resources
in Bajawa City and its surrounding areas, central
Flores Island, Indonesia. The assessment area of
this study is defined as an onshore zone transecting
central Flores Island from north to south that are
bounded by 120°52'30"E — 121°07'30"E and 8°22'30"S
— 8°5800"S (Fig. 1). The study area covers the western
half of the Ngada District. We have carried out
field investigations of the study area during one or
two weeks every dry season in fiscal years 1998 to
2001, as a part of the Research Cooperation Project
on the Exploration of Small-scale Geothermal
Resources in the Eastern Part of Indonesia (the
ESSEI  Project; Muraoka and Uchida, 2002).
Numerous cinder cones are distributed along the
NNW-SSE trending zone in the study area, and
major geothermal manifestations are closely associ-
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ated with those volcanoes (Figs. 2 and 3). Muraoka
et al. (2002a) described tectonic, volcanic and strati-
graphic geology of the study area in this volume
where those cinder cones were collectively called the
Bajawa Cinder Cone Complex. Their potentials as a
geothermal heat source were recently demonstrated
by the phreato-magmatic eruption that occurred at
the Inie Lika volcano, Flores Island, from January
11 to 16, 2001 as reported by Muraoka et al, (2002b)
in this volume. These numerous cinder cones are,
however, one of the results of volcano-tectonic proc-
esses in the zone that can be more comprehensively
represented as the Bajawa rift zone (Muraoka et al,
2002a).

This paper describes results of geochemical analy-
ses of volcanic rocks in the study area, particularly
focusing on the characterization of the Bajawa rift
zone magmatism.

2. Outline of the Bajawa rift zone volcanism

Figure 2 shows a JERS-1 SAR imagery acquired
on February 3, 1996 five years before the eruption
(Urai et al, 2002). The Inie Lika volcano is situated
immediately north of Bajawa, a capital city of
Ngada District, Nusa Tenggara Timur Province and

Keywords: rift zone, dike swarm, cinder cone, geothermal
field, calc-alkaline andesite, multi-component analysis, Inie
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Fig. 1 Shaded relief map of Flores Island and the study area. The source DEM data are GTOPO30 released from USGS
EROS Data Center and were shaded by Masao Komazawa. The rectangle in central Flores shows the study area.
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Fig. 2 JERS-1 SAR image (Urai et al., 2002; Copyright METI/NASDA) showing
the Bajawa Cinder Cone Complex. The extent of the 2001 ash fall of the Inie
Lika volcano is also shown (broken line; Muraoka et al., 2002b).
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Fig. 3 Geological map of the study area (Muraoka et al, 2002a).
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composed of about 25 cinder cones over 10 km in
the north-south direction (Fig. 2). To the south,
there is the Bobo volcano that is also composed of
about 10 cinder cones. Both Inie Lika and Wolo
Bobo volcanoes are traditionally distinguished be-
cause of the isolation of the major volcanic edifices.
However, Fig. 2 shows that small cinder cones are
also aligned between them and all the elements form
an almost continuous alignment over 20 km. To
the southeast, at least two rows of NW-SE trending
cinder cone alignments are also found as other
branches contain about 25 cinder cones. When we
trace all the cinder cone alignments, there seems to
be a connected dike complex at a depth so that it is
worth clarifying the chemical compositions of these
volcanic rocks. Their lithology and eruption mode
of cinder cones are similar to each other. Although
the precise age seems slightly younger toward the
north as shown by the historic eruption records in
the northern Inie Lika volcano in 1905 and 2001
(Muraoka et al, 2002b), their cones occupy almost
the same stratigraphic horizon. Therefore, regard-
less of the isolation of volcanic edifices, they seem
cognate in their origin and are called the Bajawa
Cinder Cone Complex. The age of the Bajawa Cinder
Cone Complex is estimated to be younger than 160
Ka by Takashima et al (2002) by the thermo-
luminescence dating method.

In the genetical point of view, the appearance of
the Bajawa rift zone is related to the north-south
left-lateral shear stress accommodated between the
northerly moving Australian accretion block in the
east and the relatively fixed Sundaland block in the
west. The Bajawa rift zone was initiated by the
formation of the NNW-SSE elongated volcano in the
range from 0.8 to 0.2 Ma. The Aimere Scoria Flow
Deposits are a representative unit that formed the
elongated volcano. The Aimere Scoria Flow Deposits
are considerably dissected and their ages range from
Matuyama Epoch to immediately before the activity
of the Bajawa Cinder Cone Complex, suggesting a
relatively long time range of products roughly from
0.8 to 0.2 Ma. It was followed by the collapse of
the eastern flanks from its crest, as shown by the
N-S trending 10 km wall at the west of the Inie
Lika volcano in Fig. 2. The collapsed area produced
the Bajawa Cinder Cone Complex. Figure 3 shows
a geological map of the study area from Muraoka
et al (2002a) where the Bajawa Cinder Cone
Complex 1s classified into three units, the Inie Lika
Andesite (Ik), Bobo Andesite (Bb) and Mataloko
Andesite (Mk) by their source cone alignments, but
they occupy almost the same stratigraphic horizon.
Details of geology are given in Muraoka et al
(2002a).

Fig. 4 Sampling locality map shown by the shaded-relief
digital topographic map, central Flores, Indonesia.
Numbers of sampling localities correspond to the sam-
ple numbers of Table 1. Black lines show main roads
and white lines show main rivers. High temperature
hot springs are also shown. Keiji Tanaka, Hirofumi
Muraoka and Masao Komazawa have digitized the data
from the topographic maps at a scale 1: 25,000 in this
project.
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Table 1 Results of multi-component chemical analyses of volcanic rocks in the Bajawa geothermal field, central Flores, Indonesia.
tracting FeO wt%/0.9 from the originally analyzed total iron values.

method, W: Wet method, F: Weight loss in furnace, M: ICP-MS method, I: IR detector, T: Titration method and G: Gasometric analyzer.

The Fe,O; values were calculated by sub-
In the analytical method column, abbreviations are as follows: LOI: Loss of ignition, A: ICP-AES
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Table 1 (Continued) Results of multi-component chemical analyses of volcanic rocks in the Bajawa geothermal field, central Flores, Indonesia. The
Fe,O; values were calculated by subtracting FeO wt%/0.9 from the originally analyzed total iron values. In the analytical method column, ab-
breviations are as follows: LOI: Loss of ignition, A: ICP-AES method, W: Wet method, F: Weight loss in furnace, M: ICP-MS method, I: IR

detector, T: Titration method and G: Gasometric analyzer.
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3. Analytical methods

Volcanic rock samples taken from 46 localities in
the study area have been analyzed (Table 1). Their
localities are given in Fig. 4. The SiO,, TiO,, ALO;,
Fe;O; as total irons, MnO, MgO, CaO, Na,O, KO,
Cr;O; and P.O; were analyzed by the Inductively
Coupled Plasma-Atomic Emission Spectroscopy (ICP-
AES) method. The Rb, Ba, Th, U, Nb, La, Ce, Pr,
Sr, Nd, Sm, Zr, Eu, Gd, Tb, Dy, Y, Ho, Er, Tm, Yb
and Lu were analyzed by the Inductively Coupled
Plasma - Mass Spectrometry (ICP- MS) method.
Ignition loss (L.O.I.) was measured after heating to
a temperature of 1,000 °C in a furnace. The H,O (+)
and H:O (-) were analyzed by the apparatus (LECO-
RMC 100) that could detect the thermal conductivity
of materials drawn from the fusion chamber. The
C and S were analyzed by the Infra Red Analyzer
(LECO-IR DETECTOR). Inorganic CO, was analyzed
by the gasometric detector (LECO-GASOMETRIC).
The FeO was analyzed by the titration method.
These analyses were done in the Chemex Labs Ltd.,
Canada. The results of analyses are given in Table
1 where the analytical method and its detectability
for each component are described.

4. Results

4.1 Homogeneity of the Bajawa rift zone mag-

from the older to younger units in ascending order.
The serial numbers of samples correspond to those
of the sampling location map (Fig. 4). Abbreviation
of each geological unit corresponds to that of Fig.
3, except for "Ep*' that is thin pumice fall deposits
probably derived from the Ebulobo volcano in the
east of the study area. Sample No.b is shown as
evidence of scoria falls in the coral reef environment
by the high calcium and carbon dioxide contents but
1s omitted in the following petrological diagrams.
Likewise sample No.14 is extremely hydrated due to
geothermal alteration near the Paidae hot spring so
this sample is also omitted in the following discus-
sion. As a result, there remain 44 volcanic rock
samples for the following discussion. Four samples
were taken from the Aimere Scoria Flow Deposits
and 22 samples were taken from the Bajawa Cinder
Cone Complex (the Mataloko Andesite, Bobo Ande-
site and Inie Lika Andesite) so that 26 samples rep-
resent the Bajawa rift zone volcanism. Porous
samples are abundant and more or less hydrated.
For this reason, anhydrous basis recalculation was
made including minor elements before the plot on
the following diagrams.

Figure 5 shows the Si0;-(Na;O+K,0) diagram. All
44 samples plotted on the field of the non-alkaline
series. It is noteworthy that the chemical features
of the Aimere Scoria Flow Deposits (0.8-0.2 Ma) are
almost the same as the Bajawa Cinder Cone

matism Complex in spite of the difference of their ages.
In Table 1, samples are stratigraphically arranged This proposes a concept that the Bajawa rift zone
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Fig. 5 The SiO0-(Na:O+K;0) diagram of 44 volcanic rock samples in the Bajawa geothermal field.
The thick curve shows the boundary of the alkaline and non-alkaline series by Kuno (1960).
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Fig. 6 The SiO--FeO*/MgO diagram of 44 volcanic rock samples in the Bajawa geothermal field.
The thick line shows the boundary of the tholeiitic and calc-alkaline series by Miyashiro (1974).

volcanism was composed not only of the activity of
the Bajawa Cinder Cone Complex but also the pre-
existing elongated volcano. Therefore, the Aimere
Scoria Flow Deposits and the Bajawa Cinder Cone
Complex are called the Bajawa rift zone volcanic
rocks hereinafter. The Bajawa rift zone volcanic
rocks are quite homogeneous compared to their spa-
tial extent, while other units are heterogeneous on
the diagram.

Figure 6 shows the SiO;-FeO*/MgO diagram.
Most units are scattered and rather dominant in the
tholeiitic field. However, the Bajawa rift zone vol-
canic rocks again form a confined cluster in the
calc-alkaline field. Empirically and theoretically,
calc-alkaline magma tends to rise to a shallower
depth due to its buoyancy and play a major role for
the geothermal heat sources in continental crust re-
gions (Muraoka, 1997). Actually, most geothermal
manifestations in the study area are closely associ-
ated with the Bajawa rift zone (Fig. 4) and indicate
that the Bajawa rift zone is the major geothermal
heat sources in the study area. Figure 7 shows the
N-type MORB-normalized diagram where element
concentrations of N-type MORB was quoted from
Sun and McDonough (1989). All rocks show a typi-
cal 1sland-arc pattern with a strong enrichment of
incompatible elements (left side of the diagram) and
dips of high field strength elements (e.g., Nb and
Ti). The homogeneity of the Bajawa rift zone vol-
canic rocks (red color) is again prominent. They oc-
cupy 60 % of analyzed samples, nevertheless, their

extent 1s confined to a narrower zone compared to
other units. When we subdivide all the volcanic
rocks into the Bajawa rift zone volcanic rocks, the
units older and units younger than these rocks, the
MORB-normalized patterns show that the incom-
patible elements become enriched and compatible ele-
ments become depleted with age. This may be
explained by the decreasing degree of partial fusion
with the change from an enriched mantle to a de-
pleted mantle since the collision of the Australia
continent. It is at least clear that the Bajawa rift
zone volcanic rocks are quite homogeneous not only
in major elements but also minor elements, suggest-
ing their cognate origin. Their magma has proba-
bly been produced by partial fusion under a
constant physical condition during the past 0.8 mil-
lion years.

4.2 A possible shallow source of the Bajawa
rift zone magmatism

In the last two decades, pseudoternary phase dia-
grams have been often used on the mid-ocean ridge
basalt and some researchers have expanded the dia-
grams to the silicic region (Baker and Eggler, 1983,
1987).  We try to apply these methods to the
Bajawa rift zone volcanic rocks. Only 26 samples of
the Bajawa rift zone volcanic rocks are treated be-
cause volcanic rocks of other units have an wide va-
riety in composition.

Figure 8 shows the P1-Ol-SiOr pseudoternary dia-
gram of 26 samples of the Bajawa rift zone volcanic
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Fig. 7 The N—t-ybe MORB normalized diaéram of 44 volcanic rock sa{mples in the Bajawa geothermal field.
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Fig. 8 The PI-Ol-SiOr pseudoternary diagram of 26 Bajawa rift zone volcanic
rock samples. Phase relations were determined by Baker and Eggler (1987).
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rocks (Baker and Eggler, 1987) where Pl is plagio-
clase, Ol is olivine, and SiOr is quartz + orthoclase
components. The calculation method of a molecular
ratio of each end member followed Baker and
Eggler (1983). Phase boundaries at 1 atm, 2 kbar,
5 kbar and 8 kbar were shown in the figure, but
phase relations at 2 kbar and 5 kbar were deter-
mined under a hydrous condition with a 2 % H.O
addition. We cannot simply compare the pressure
effect. In Fig. 8, a cluster of 26 samples is close to
the phase boundary of 1 atm but is also close to 8
kbar. This diagram does not identify the pressure
condition. The only information from this diagram
1s that the cluster is parallel with phase boundaries
(pl+ol or pl+opx) at various pressure conditions.
Therefore the Bajawa rift zone volcanic rocks are
likely equilibrated at some pressure.

Figure 9 shows the Di-Ol-SiOr pseudoternary dia-
gram of 26 Bajawa rift zone volcanic rock samples
where Di i1s a diopside component. On this dia-
gram, the cluster seems to be situated between 5
kbar and 2 kbar, particularly two samples at the di-
oxide poor end seem to trace a phase boundary be-
tween the olivine and orthopyroxene fields. The
another information on this diagram is that if the
magma represented by the cluster is driven from a
higher pressure condition at 4 or 3 kbar to 2 kbar,
the magma settles in the olivine-initial field even in
silicic compositions. This may explain the reason
why olivine phenocrysts are common in the Bajawa
rift zone volcanic rocks even in andesite composi-
tions.

Figure 10 shows the PI-Di-SiOr pseudo-ternary
diagram of 26 Bajawa rift zone volcanic rock sam-
ples. This diagram seems to identify the pressure
condition, that is, the equilibrium pressure is con-
fined between 5 and 2 kbar. The extent of silica
poor side is rather close to 2 kbar. However, we re-
alize that the pressure may not be exactly 2 kbar
from Fig. 9. Therefore, 3 kbar may be adopted as
the equilibrium pressure on the Bajawa rift zone
magma.

The estimated pressure of 3 kbar is only about 10
km in depth. The depth may normally be ascribed
to the depth of a magma chamber. However, if
there exists a magma chamber at a 10 km depth,
fractional crystallization inevitably occurs resulting
in the heterogeneity of the magma. The homogene-
1ty should be maintained only when the dike swarm
rapidly rises from the magma source region. A
subsurface dike swarm estimated from linear align-
ments of the Bajawa Cinder Cone Complex also sug-
gests rift-type magmatism along a tectonic line that
1s incompatible with the magma chamber. The ho-
mogeneity of magma, a possible dike swarm and
the presence of the rift zone are all features indicat-
ing that a depth of 10 km is rather ascribed to the

magma source region. One may doubt the depth for
a magma source region of the Bajawa rift zone vol-
canic rocks. If we consider common-type subduction
magmatism, at least a 90 km depth will be required
as a magma source region at a volcanic front.
However, although the Bajawa rift zone is a small-
scale rift in the contraction tectonic field, this zone
1s situated in the N-S trending left-lateral shear
stress region constrained by the plate interactions
(Muraoka et al, 2002a). In the mid-ocean ridges, re-
cent topics are the shallow-depth magmatism such
as near the surface (Grove and Bryan, 1983) or from
4500 to 250 m (Singh et al, 1998). If rift type
magmatism is adopted, the 10 km depth is not sur-
prisingly shallow as a magma source region.

Another constraint is that the thickness of conti-
nental crust is estimated to be only 5 km in the
Flores Island area (Curray et al, 1977). When we
assume the thickness of the underlying oceanic
crust is 7 km from the earth's average, a total crust
thickness for Flores Island is only 12 km. It is pos-
sible that the calc-alkaline andesitic magma of the
Bajawa rift zone volcanic rocks has been derived
from mantle peridotite, because we have enough
depth for the magma source region. However, gen-
erally calc-alkaline magma is difficult to be directly
generated from the mantle peridotite as calc-alkaline
magma In oceanic regions 1s a rare occurrence. In
other words, when we consider that the magma has
been derived from the bottom of the oceanic crust,
the depth i1s limited to 12 km due to the immature
continental crust.

We consider that the shear stress concentration
has generated the left-lateral en echelon fractures
and formed a rift zone. The rifting activity might
have produced abundant tholeiite basalt magma
from the upper mantle such as the Waebela Basalt,
a considerable part of which might have been ac-
commodated at the Moho discontinuity. Their heat
might have caused partial fusion of the oceanic
crust bottom that could be the source of the calc-
alkaline magma in the Bajawa rift zone. The ho-
mogeneity of the Bajawa rift zone volcanic rocks is
thus ascribed to its short pass from the magma
source region at a 10 km depth to the surface and
its non-stop rising as a dike swarm.

5. Conclusions

(1) Geochemical analyses of volcanic rocks in the
Bajawa geothermal field show that the tholeiitic
basalt to dacite are rather common in the field,
but the Bajawa rift zone volcanic rocks are calc-
alkaline andesite. The Bajawa rift zone plays a
major role for geothermal heat sources in the
study area, because of this feature.

(2) The Bajawa rift zone volcanic rocks indicate that

— 156 —



Geochemistry of volcanic rocks in Bajawa, Indonesia (MURAOKA et al.)

Di

0l Si0r

Fig. 9 The Di-Ol1-SiOr pseudo-ternary diagram of 26 Bajawa rift zone volcanic
rock samples. Phase relations were determined by Baker and Eggler (1987).

Di si0r

Fig. 10 The PI-Di-SiOr pseudo-ternary diagram of 26 Bajawa rift zone volcanic
rock samples. Phase relations were determined by Baker and Eggler (1983).
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they are extremely homogeneous in major as
well as minor components compared to their spa-
tial extent. This supports that they originated
as cognate magma in the rift type magma gen-
eration process along the Bajawa rift zone.

(3) A plot of their molecular components to the
pseudoternary phase diagrams displays that the
elongated extent of the cluster seems to be equi-
librated on phase boundaries of the diagrams,
suggesting that their magma source region is 3
kbar or 10 km in depth. The homogeneity of the
Bajawa rift zone volcanic rocks is ascribed to the
short path from the magma source region to the
surface and its non-stop rising as a dike swarm.

Acknowledgements: This work was financially sup-
ported by ODA funds of the Ministry of Economy,
Trade and Industry (METI). We cordially thank
our many colleagues of the Directorate of Mineral
Resources Inventory (DMRI) and Directorate of
Volcanology and Geological Hazard Mitigation (the
former Volcanological Survey of Indonesia) for their
hospitality during the field works. We also thank
the NEDO group including WestJec and MRC for
their kind cooperation. Thanks to Dr. Akihiko
Tomiya for his thoughtful and constructive review
of the manuscript.

References

Baker, D.R. and Eggler, D.H. (1983) Fractiona-
tion paths of Atka (Aleutians) high-alumina
basalts: constraints from phase relations.
J. Volcanol. Geotherm. Res., 18, 387-404.

Baker, D.R. and Eggler, D.H. (1987) Composi-
tions of anhydrous and hydrous melts coex-
isting with plagioclase, augite, and olivine
or low-Ca pyroxene from 1 atm to 8 kbar:
Application to the Aleutian volcanic center
of Atka. American Mineralogist, 72, 12-28.

Curray, J.R., Shor Jr, G.G., Raiit, R.W. and
Henry, M. (1977) Seismic refraction and re-
flection studies of crustal structure of the
eastern Sunda and western Banda arcs. J.
Geophys. Res., 82, 2479-2489.

Grove, T.L. and Bryan, W.B. (1983) Fractiona-
tion of pyroxene-phyric MORB at low pres-
sure: An experimental study. Contrib.
Mineral Petrol., 84, 293-309.

Kuno, K. (1960) High alumina basalt. Jour.
Petrology, 1, 121-145.

Miyashiro, A. (1974) Volcanic rock series in

— 158 —

island arcs and active continental margins.
Amer. J. Sci., 274, 179-218.

Muraoka, H. (1997) Conceptual model for em-
placement depth of magma chambers and
genesis of geothermal systems.  Proc. 30th
Intl. Geol. Congr., Beijing, 9, 143-155.

Muraoka, H. and Uchida, T. (2002) Overview of
the "Research Cooperation Project on the
Exploration of Small-scale Geothermal
Resources in the Eastern Part of Indonesia"
by the Geological Survey of Japan. Bull
Geol. Surv. Japan, 53, 63-77.

Muraoka, H., Nasution, A., Urai, M., Takahashi,
M., Takashima, I, Simanjuntak, J., Sundhoro,
H., Aswin, D., Nanlohy, F., Sitorus, K.,
Takahashi, H. and Koseki T. (2002a) Tec-
tonic, volcanic and stratigraphic geology of
the Bajawa geothermal field, central Flores,
Indonesia. Bull. Geol. Surv. Japan, 53, 109-
138.

Muraoka, H., Yasukawa, K., Urai, M., Takahashi,
M., Nasution, A. and Takashima, 1. (2002b)
2001 fissure-forming eruption of Inie Lika
volcano, central Flores, Indonesia. Bull
Geol. Surv. Japan, 53, 175-182.

Singh, S.C., Kent, G.M., Collier, J.S., Harding,
A.J. and Orcutt, J.A. (1998) Melt to mush
variations 1n crustal magma properties
along the ridge crest at the southern East
Pacific Rise. Nature, 394, 874-878.

Sun, S.-s. and McDonough, W.F. (1989) Chem-
istry and isotopic systematics of oceanic
basalts: implications for mantle composition
and processes. In Saunders, A.D. and
Norry, M.J. (eds.), Magmatism in the
Ocean Basins, Geological Society Special
Publication No.42, 313-345.

Takashima, I., Nasution A. and Muraoka, H.
(2002) Thermoluminescence dating of vol-
canic and altered rocks in the Bajawa geo-
thermal area, central Flores Island,
Indonesia. Bull. Geol. Surv. Japan, 53, 139-
146.

Urai, M., Muraoka, H. and Nasution, A. (2002)
Satellite remote sensing data and their in-
terpretations for geothermal applications: A
case study in the Ngada District, central
Flores, Indonesia. Bull. Geol. Surv. Japan,
53, 99-108.

Received January 22, 2002
Accepted February 21, 2002



Geochemistry of volcanic rocks in Bajawa, Indonesia (MURAOKA et al.)
AV RFRY7 « 70— L REBHRER/ND v D MEMIE D KILEHEOMIRLFE R
FIRE S « Asnawir NAsUTION * B - SBER - 558 #
E B

AV EFERX VT « 70— LRGBPEANY» 7 BHIED 5 46 [HO KIIEBOZ RS %2iT-> 1. C
DHILWMHEINNYr T T —a—-VEHENFINGZHOY VS —a—-VvEED, NV T )T N —
VKIEEED SR L 72, A ORER, CoMBIcREE O EVIZELREN O TFAH A MTbiz5b
VUATAMBREZOVD, NYL T )T M= KIIEEE Avs Tu s )V ZliEGThd D, 26 HORE
ZEUT, THRASOGMERS XL THETHE I EMbhotz. NV e )7 by — v kIEEE
BRI 7 ey b3 5 &, ZO0MmEHERERICHEIENTED, ¥ 3kbar 5 i3 10km O
FETEHL TV EERT. COESEFCOMBOBEEMBOEIEWT EnS, V7 M il< s
CIEHB DI BRI TO IR EARRIC LD EZEZOND. NV r T ) 7 b= v kIE
i~ 7 < O < 7 < et b ik TOM VB E, BTS2 C & 0m O EIREEE L
TOLFITERLTWS,

— 159 —



