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TONDANO PYROCLASTICS
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RINGKASAN

Suatu penelitian pendahuluan di daerah
Minahasa baru - baru ini menemukan penyebaran
suatu batuan pyroklastika secara luas sekali.
Batuan ini dapat digolongkan sebagai "pyro-
clastic flow sheets" sedangkan asal usul en-
dapan inil secara terperinci belum dapat dike-
tahui dengan Jelas. Endapan ini terdiri dari
batuan tufa padat maupun tufa lepas dengan
fragmen batu apung berbentuk angular ataupun
bundar dengan diameter berkisar antara 15
hingga 20 em. Endapan tersebut memperlihatkan
eiri-eiri pengendapan bersiklus. Gejala "weld-
ing" hanya diketemukan pada satu tempat dan
1tupun secara sangat terbatas. Fragmen mineral
kwarsa juga tampak tetapi tidak terlalu ba-
nyak., Disekitar danau Tondano, disebelah Barat
Daya, endapan tadi membentuk teras-teras de-
ngan ketinggian 15 - 20 meter, sedangkan jauh
di pantai Utara dan Selatan endapan tadi mem-
bentuk bentang alam ber-undulasi yang lemah.
Besar kemungkinan endapan tadi berasal dari
letusan - letusan yang terdapat pada puncak
geantiklin Minahasa yang dibatast pada sebelah
Timur oleh "Lembean Scarp”, sedangkan disebe-
lah Barat ia dibatasi oleh deretan kerucut gu-
nung-gunung berapi muda. Sebagian dari endapan
pyroklastik tadi mungkin diendapkan dari uda-
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ra, sebagian mengalami proses aliran sesudah
diendapkan dari udara.

Di Minahasa Tengah dan Minahasa Timur se-
bagian dari endapan pyroklastik tadi ditutupi
oleh bahan - bahan volkanik berkomposisi ande-
sit.

Karena endapan tadi sangat luas, endapan-
endapan tadi mungkin perlu dipetakan sebagat
satuan terpisah, oleh karena itu perlu diper-
hatikan oleh team pemeta Direktorat Geologi.
Sesudah Toba mungkin endapan pyroklastik Ton-
dano adalah endapan terbesar di Indonesia.

ABSTRACT

A recent investigation into the voleanic
geology of Minahasa revealed the existence and
distribution of pyroclastic flow sheets of
which origin and mode of emplacement are yet
to be solved. These pyroelastic flow sheets
are found covering nearly whole Minahasa. It
consists of loose to dense tuff or tuffaceous
material, containing angular, to subangular
and rounded pumice fragments measuring from a
few mm to 15-20 em across, showing several
eycles of deposition. Welding is only detect-
ed at one spot and very limited. Quartz frag-
ments are common but not abundant. Along the
lake of Tondano those pyroclastics form ter-
races ranging in height from 16 to 20 m,
whereas farther away, along the North and the
South coast these pyroclastic sheets form typ-
ieal soft undulating landscapes. Most prob-
ably these pyroclastice originated from
fissure like eruptions in a longitudinal rift-
valley on the crest of the Minahasa geantic-
line, bordered to the SE by the slightly
crescentic Lembean scarp, and to the NW by a
row of young voleanoes. Some of the pyro-
elastics might have deposited aerially, some
showed some indication of flowage after depo-
sition.

In Central and East Minahasa most part of
these pyroclastic sheets are covered by young
and recently produced volecanics of andesitic
eomposition.




The magnitude of this deposit makes it
necessary to be mapped as a separate unit and
the regional mapping team of the Geological
Survey of Indonesia should pay considerable
attention to their presence and geologic im-
portance, since, next to Toba this pyroclastic
deposit is one having the largest surface dis-
tribution.

INTRODUCTION

Investigated Area

In January (1974) a short field work was conducted in the
volcanic region of Minahasa. The investigation area covers
practically the whole Minahasa peninsula, bounded in the
Southwest by the Amurang - Malompar depression, and in the
Northeast by the coastal plain of Minahasa's northern tip.

Through the courtesy of the GSI1's mapping team, headed by
Ir. Edie Kasimir, who put their field car at the authors' dis-
posal, large areas could be covered, which otherwise could not
be done within such a short period. The authors' gratitude is
acknowledged herewith. Many places in Minahasa are now con-
nected by adequate roads, whereas some isolated areas still
could be reached making use of the available wunpaved side
roads. Exposures are plenty and since Minahasa is quite popu-
lated and the local populace are hospitable geologic recon-
naissance work is made relatively easy and pleasant.

Statement of the problem

During the short reconnaissance work an extensive distri-
bution of pyroclastic flow sheets are discovered. Van Bemme-
len (1949) as well as Koperberg (1928) did not mention this
pyroclastic deposit specifically, nor did they offer explana-
tion as to their origin. Practically these pyroclastics are
found most abundantly around Lake Tondano. Verbeek (op. cit.
Kemmerling, 1923, p. 103) speculated that the Lembean ridge,
which bounds Lake Tondano in the East might be an old crater-
wall., Kemmerling (1928) mentioned only briefly the exposures
along the roads without really realizing the extend of 1its
distribution. Kemmerling (1923) speculated whether the pyro-
clastics he observed along the roads Ratahan-Amurang, Tana-
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wangko-Sonder, ‘Menado-Kema and Menado-Tomohon, could have been
produced by the Lembean volcanic group. Obviously, Kemmerling
(1923) was referring to the same pyroclastics discussed in
this paper.
The problems the authors intend to expose in this report
are the following:
i. Where is the source of origin of these huge deposit of
pyroclastics ?
ii. What is the mode of emplacement ?
iii. Could the "0ld Lembean Volcanic Group" or even Lake Ton-
dano have any genetic relationship with those huge pyro-
clastic deposit in Minahasa ?

This paper is intended to be a preliminary report at-
tempting to expose only the problems connected with the origin
of the Tondano pyroclastics. A complete paper on the volcanic
geology of Minahasa with detailed account on the Tondano pyro-
clastics is in preparation and will be published in the Bul-
letin Volcanologique, whereas another paper dealing with the
geothermal system of Central Minahasa will be published in the
Journal of Japan Geothermal Energy Association.

VOLCANIC GEOLOGY OF MINAHASA AND THE PROBLEM OF THE TONDANO
PYROCLASTICS

Central Tectonie Framework

The volcanic country of Minahasa is the most eastern part

of the North arm of Sulawesi, which in turn is making part of

Sulawesi's West arm, interpreted by Van Bemmelen (1949) and
Umbgrove (1947) as to be an inverted volcanic inner arc.

According to Van Bemmelen (1949) and Umbgrove (1947), Su-
lawesi consists of two arcs, mostly convex to the West, joined
in the middle by land but separated at both ends by deep wat-
er. The western arc consists mainly of volcanic, granitic and
metamorphic rocks of the type usually formed above Beniloff
zones (Hamilton, 1970), whereas the eastern arc exposes sub-
duction complexes. -

At present, only the northeast end of the western arc,
and that is Minahasa, which is characterized by active volca-
noes. The volcanic chain of Minahasa can be traced northward
through the Sangir island group to Mindanao.

According to the new Plate. Tectonics model (Hamilton,
1970., Fitch, 1970., Katili, 1973) an active Benioff zone can
be supposed to exist, dipping beneath these volcanoes. This
can be verified from seismic data and petrochemical analyses
of volcanic rocks (Hatherton and Dickenson, 1969). See Fig-
ure 1.
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Figure 1. Schematic diagram of model for andesite production
and distribution according to Hatherton and Dicken-
son, 1969.

A more detailed analysis of earthquake focal mechanism
shows that shallow earthquakes define a zone of activity bor-
dering the Sulawesi Sea between the northern peninsula of Su-
lawesi and Mindanao and another zone of activity paralleling
the Philipine Trench between Mindanao and the southern tip of
Luzon (Fitch, 1970). Between these two zones there is a com-
plicated region, dominated at least in recent years, by inter-
mediate depth activity. There is also a shallow and inter-
mediate depth activity North and West of Halmahera that is
consistent with the existence of an arc like structure (Brou-
wer, 1925).

Figuré 2 present a seismic profile across the Sulawesi
Sea including the seismicity near Halmahera, showing a seismic
zone extending to depths greater than 600 km beneath the Su-
lawesi Sea and another zone extending only to intermediate
depths beneath Halmahera.
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Figure 2. Profile of seismicity beneath the Sulawesi Sea and
Halmahera according to Fitch, 1970.

VOLCANIC GEOLOGY OF MINAHASA

General

Minahasa, which 1is characterized by active volcanoes
joints on to the Sangihe volcanic islands in the North. Geol-
ogically, part of the Minahasa peninsula, lying NE of the
Amurang-Malompar river consists mainly of young volcanics of
young Neogene and Quaternary age. Van Bemmelen (1949) men-
tioned the presence of marine sediments occurring near Kayu
Ragi, which are represented by post-tertiary elevated beach
deposits and elevated young coral reefs. In the Bantik penin-
sula, hydrothermally altered diabases and trachytes are re-
ported (Van Bemmelen, 1949) and (Koperberg, 1928).

SW of the 1line Amurang - Malompar, marine and volcanic
rocks of old neogene age are exposed in great abundance.
Young volcanics, however, are found to have a much more limit-
ed distribution.

Morphologically, Minahasa proper, is divided distinctly
into three separate units, namely, into South - Central - and
North Minahasa. These three units are separated from each
other by the Amurang-Malompar and the Menado-Kema depressions
which can be interpreted as transverse fault zones. A third
transverse fault runs along the NE coast of Minahasa.

Real active volcanoes, however, are only found in Central
and North Minahasa.
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Petrology and Petrochemistry of the Minahasa Voleanoes

The petrology and chemistry of the rocks produced by the
Minahasan volcanoes follow the general plan of a calec-alkali
magmatic province wusually produced above subduction =zones.
Table 1 shows the variety of rocks produced by the Minahasan
volcanoes. Figure 3 gives a comparison between the various
Volcanic provinces of Sulawesi's magmatic arc.

L]
Table 1. Rock varieties produced by the Minahasan Volcanoes
and surroundings.

Rock type Andesite Basalt
Volcano Pyroxene Hornblende Olivine k% Trachytes
1, Awu X b4 x - -
2, Banua Wuhu x x - - -
3. Api Siau x - - - -
4. Ruang X - - -
5. Tongkoko b4 - - - -
6. Klabat X - x - -
7. Mahawu X - - X -
8. Lokon Empung X - X - -
9, Laheudong X - - - -
10, Tampusu X - - - -
11. Tempang ? ? ? ? ?
12, Sempu ? ? ? ? ?
13. Soputan X - - X -
14. Ambang X X - - -
15. Sarongsong X - - - -
16. Una-Una X - - - X
17. Tanuwantik - - - - b3

? No data
*% Just given as basalt

Most of the rocks produced by the Minahasan volcanoes are
plagioclase-rich andesites with aphanitic groundmasses made of
microscopic crystals and glass. Most are porphyritic with
visible phenocrysts of plagioclase and pyroxene or hornblende.

According to the New Global Tectonics, andesitic magma
are derived from within the slabs of lithosphere descending
beneath magmatic arcs (Sykes, 1969). The concept of a heavy
eclogite lithosphere that could descend gravitationally along
inclined seismic zones is acceptable as an explanation for
seismological focal-mechanism solutions, which suggests that
down going slabs of lithosphere are locally under extensional
stresses 1in the region of intermediate focal depths above
which most andesitic volcanoes are known-to stand, like the
volcanic province of Minahasa discussed in this paper.

High pressure and high temperature experiments show that
partial fussion of dry eclogite can yield melts of andesitic
composition in the pressure region corresponding to similar
depth of 100-150 km (Green and Ringwood, 1968).



14

Ca0

Ng20 © 20 30 e 40 50 60 0 80 90 K20
O Sangihe - Minahasa.
® Togian Isiands.
A Maros Province.
A Taloud.

Figure 3. Diagram showing the position of the Minahasa volca-
nic rocks compared to the rocks from other magmatic
provinces of Sulawesi's West arm and Togian Is-
lands.

Tondano Pyroclastics

The most conspicuous geologic phenomena in Central Mina-
hasa discovered during the short reconnaissance work is the
presence of pyroclastic deposits distributed over nearly whole
Minahasa.
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The volcanoes of Minahasa and places with remotest
distribution of the Tondano pyroclastics.
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Good exposures of these pyroclastics are found along the
eastern shore of Lake Tondano, especially in ‘the vicinity of
Watumea village, along the road Ratahan-Amurang, from Ratahan
down to the South coast, b.tween Amurang-Kawangkoan, Tanawang-
ko-Sonder, Menado-Kema-Langsot, Kema-Bitung, Menado - Tomohon,
along the road between Air Madidi-Tonsea Lama-Tondano and be-
tween Menado-Pandu in the North (See Figure 4).

The presence of these pyroclastics in the previously men-
tioned places proves that they are widely distributed, cover-
ing once whole Minahasa. Only the products of younger activ-
ities obscure and obliterate most exposures.

From this it can fairly be assumed that these pyro-
clastics form part of the base of the younger volcanic cones,
like Mt. Klabat, Lokon - Empung, Tampusu and the Soputan com-
plex.

The numerous exposures, especially along the road Amurang
-Kawangkoan, show that this huge pyroclastics were deposited
through several eruption cycles.

At this spot, two uniform masses, each of 4 meter thick
lying one upon another are covered by not less than 13 layers
of pumice - tuff of about 20 cm thickness. In places where
these pyroclastics are exposed pumice fragments are always ob-
served, they range in size from a few mm to blocks measuring
15-to-20 cm across. These pumice fragments are angular to
subangularly shaped. However, the farther away from Lake Ton-
dano the fragments lost their angular to subangular shape and
change into rounded oblong pumice bombs with distinct flow di-
rections.

Except for some Zones of compaction and a very limited
zone of welding, generally the Tondano pyroclastics do not
show welding phenomena,

Lake Tondano

The beautiful lake of Tondano in the plain of Tondano,
1ies at about 680 m above sealevel. The Tondano Highland is
bounded in the East by the Lemtean Ridge. Several wellknown
peaks of this ridge are: Mt. Kamington, Mt. Kaweng and Kawa-
tak. In the West the Tondano Highland is bounded by young
volcanoes of the Soputan complex, Lengkoan, Tampusu and To-
longkouw, in the North by the volcanoes of Masarang and Rume-
ngan.

The Lake itself is-drained by the Menado river which in-
cised a channel between the Masarang complex and the northern
extremity of the Lembean Ridge.

The Lake has a maximum length of 12 km and an average
width of 4 km. Its maximum depth, between Remboken and Telap,
is not more than 28 m. A small inhabited island called Li-

e
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keri lies close to the eastern shore.

According to Van Bemmelen (1949, p.389), "Lake Tondano
resulted by ponding up of the drainage in a longitudinal rift-
valley on the crest of the Minahasa geanticline, bordered to
the SE by the slightly crescentic Lembean scarp and to the NW
by a row of young volcanoes".

Verbeek (1908), the Dutch Governor Robertus Padbrugge
(op. cit. Kemmerling, 1925, p.105), as well as Kemmerling
(1925) himself hinted that the Lembean ridge which bordered
the lake in the East, might be the remnant of an old crater-
wall of which the western part had collapsed.

Indeed, the Lembean ridge has a peculiar shape. It is
slightly crescented, but it certainly does not resemble the
remnants of a craterwall. The upper part of the Lembean Ridge
consists of rocks which are distinctly older than the covering
pyroclastics discussed in this paper.

As far as the lake itself, the authors of this paper do
agree with Van Bemmelen (1949) that the lake resulted through
ponding the drainage system. A more fundamental question is
namely the origin of this morphology itself which made the
formation on the lake by ponding possible.

The authors of this paper do not agree with idea of Ver-
beek (1908), Padbrugge and Kemmerling (1925) that the Lembean
ridge is the remnant of an old craterwall. However, the au-
thors do believe that the Lembean ridge is a faultscrap along
which the western part of the old Lembean volcanic-mountain
collapsed. This event must be connected with the production
of the huge pyroclastic deposit mentioned in this paper pre-
viously, since none of the smaller young volcanic cones of
central Minahasa could be held responsible for such a volumi-
nous production of the rather acid pyroclastics. However, the
ejection of this pyroclastics was not connected with a single
central eruption, nor was it a type which formed the Toba
resurgent cauldron (ZEN, 1973). It is more 1likely that the
ejection of the voluminous mass of the Tondano pyroclastics
was related with a fissure-like eruption and that the produc-
tion of the pyroclastics happened in many eruption cycles dur-
ing one but rather long period.

The pattern of distribution does indicate that the thick-
est deposit is found around Lake Tondano and decreased gradu-
ally with distance from the lake.

Until more data are accumulated and until all the data
recently collected are analyzed, the authors of this paper
refrain themselves from drawing definite and long range con-
clusions.



CONCLUSIONS

1.

The huge deposits of pumice tuff in Minahasa, referred to
by the authors as the Tondano pyroclastics are of the
pyroclastic flow sheet type. Field evidence obtained thus
far leads to a working hypothesis that they were produced
by fissure like eruptions on the crest of the old Lembean
Volcanic Mountain now occupied by Lake Tondano.

These pyroclastics were partly emplaced aerially and part-
ly also by flowage.

The magnitude of this deposit makes it necessary for these
pyroclastics to be mapped as a separate unit and that the
regional mapping team of the Geological Survey of Indone-
sia should pay a considerable attention to its distribu-
tion.
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