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This chapter V of Bibliography 8.0 contains 209 pages with 1366 titles on the Sulawesi region, subdivided in
three sub-chapters, Sulawesi main island (2) the Banggai (-Sula) archipelago and Tomori Basin (a New
Guinea-margin-derived terrane with Permian-Triassic granites) and Buton Island.

For discussions and papers on surrounding areas see also:
- Makassar Straits: in Chapter IV (Borneo);
- Celebes Sea: in Circum-Indonesia volume (South Philippines)

V.1. Sulawesi

Today Sulawesi is a triple junction of three major tectonic plates, Eurasia to the west, Pacific to the NE and
Australia- New Guinea- Indian Ocean to the South and East. Its peculiar K-shape reflects a Cretaceous-
Recent history with multiple episodes of subduction, collision and dismemberment of the active margin by
hyperextension.

Despite widespread volcanism on Sulawesi during most of Cenozoic time, there is little or no volcanic activity
today (except Una Una volcano in Tomini Bay and volcanoes near Manado on the eastern tip of the North
Arm, which are part of the Sangihe Arc).
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Figure V.1.1. Present-day GPS movements in the Sulawesi region, with arrows showing directions and rates
of convergence (mm/year) relative to the Eurasian Plate (Borneo/Sundaland) (Socquet et al. 2006).



Active strike-slip tectonics and block rotations

After the Middle Miocene collision of the Bangai-Sula microcontinent with East Sulawesi, the present-day

West-ward convergence of the Pacific Plate relative to the Eurasian Plate (Sundaland) is accommodated in

Sulawesi by:

1. movements along major active sinistral strike-slip fault zones the NW-SE trending Palu Koro, Matano,
Lawanopo major strike slip faults (causing clockwise rotation of 'Sula Block') (Magetsari et al. 1987, etc.)
(Figure V.1.1);

2. multiple thrust belts: off the North Arm of Sulawesi, West Sulawesi (onshore and Makassar Straits) and
offshore SE Sulawesi (see below).

The major left-lateral Palu-Koro Fault zone has been known for a long time (Katili 1969, 1970, Tjia 1978).

One significant effects of the ongoing strike-slip faulting is significant rotation of parts of Sulawesi relative to
Sundaland: clockwise rotation of the North, NW and East Arms of 2.5-3.0°/ Myr, and counterclockwise rotation
of SW Sulawesi and parts of the SE Arm by 1.5°/ Myr (Figure V.1.1; Socquet et al. 2006). The cumulative
effect of these rotations, as estimated from paleomagnetic data, is 60° counterclockwise rotation of the SW
arm of Sulawesi and 90° clockwise rotation of the North arm (e.g. Panjaitan and Mubroto, 1994).

The active Pacific- Eurasia convergence in the Sulawesi region created young fold-and-thrust belts/

accretionary prisms at:

1. the North side of the North Arm, between North Sulawesi and the Minahassa Trench, reflecting subduction
of several 100's kilometers of Celebes Sea oceanic crust;

2. the Majene-Kalosi foldbelt at the west side of Sulawesi and its offshore continuation in East Makassar
Straits basin, with age of thrusting and uplift latest Miocene and younger (see below and Figure V.1.11), with
underthrusting (subduction?) of a large part of the North Makassar Straits basin floor below West Sulawesi
(Pubellier et al. 2005);

3. the East Sulawesi/ Tolo trench/foldbelt East of SE Sulawesi.

Significant young uplift of various parts of Sulawesi is clear from various observations, including the outcrops
of Late Miocene- Pliocene granites that formed at depths of ~4-12 km, and are now exposed at altitudes of
3000m (Maulana et al. 2016).

The 'arms' of Sulawesi represents three fundamentally different geologic provinces (Figure V.1.2):

1. The SW and NW arms represent a Cenozoic volcanic arc complex that was built on Lower Cretaceous
accretionary-collisional basement terrane. This basement formed part of the SE Sunda/ East Borneo active
margin prior to Middle- Late Eocene rifting of Makassar Strait. It outcrops at several metamorphic basement
complexes (Palu, Bantimala, Barru, etc.);

2. The North arm is mainly a (composite?) intra-oceanic volcanic arc terrane, built on Eocene oceanic crust. At
its western end it contains the Paleozoic? Malino metamorphic complex; its eastern end it merges with the
active, N-S trending Sangihe volcanic arc;

3. Central Sulawesi (including the western parts of the SE Arm) contains widespread metamorphic rocks,
signifying both mid-Cretaceous 'normal’ regional metamorphism, locally overprinted by Late Oligocene High
P- Low T 'blueschist-facies' metamorphism (Parkinson 1991);

4. East and SE Arms of Sulawesi are dominated by outcrops of the Late Mesozoic East Sulawesi Ophiolite,
one of the world's largest ophiolite complexes, which 'obducted' onto the Central Sulawesi metamorphic
belt (around Oligocene time?).

5. At the East side of Sulawesi is the Banggai-Sula block, clearly derived from New Guinea, and collided with
East Sulwesi in Late Miocene- Early Pliocene time. A Buton- Tukang Besi block at the SEside of Sulawesi
is often proposed as a microcontinental block similar to Banggai-Sula, bit its history and origin are less
obvious.
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Figure V.1.2. Regional geologic map of Sulawesi Island (Maulana et al. 2016).

Sulawesi North Arm

The North arm of Sulawesi is a volcanic arc terrane built on oceanic crust (Kavalieris et al. 1992, Van Leeuwen

and Muhardjo 2005). It is probably a composite of Paleogene and Neogene volcanic arc complexes:

1. Young arc volcanism is from active, South-dipping subduction of Eocene-age oceanic crust of the Celebes
Sea, which has subducted to depths up to >400 km (tomography). Most radiometric ages are between 10- 4
Ma;

2. The oldest rocks are Middle-Late Eocene Labunaki basalts and Middle Eocene- Oligocene deep water

Papayato island arc volcanics (Van Leeuwen 2011), possibly tied to (present-day) North-dipping
subduction?

At its western end it contains the Paleozoic? Malino metamorphic complex (exhumed in Miocene and later
time; Van Leeuwen et al. 2007, Advokaat et al. 2017).
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SW and West Sulawesi
SW and West Sulawesi outcrops contain volcanic and plutonic rocks of successive Cenozoic magmatic arcs,
built on pre-Late Cretaceous accretionary complexes of metamorphic- ophiolitic rocks. These basement
terranes may be a continuation of the Cretaceous accretionary complexes of the Meratus in SE Kalimantan
and Luk-Ulo in Central Java, etc. (Wakita et al. 1996).

In several areas mid-Cretaceous accretionary basement complexes are overlain by locally thick (>2000m) Late
Cretaceous 'flysch' of the Latimojong/ Balangbaru Formations. Current directions from the West and presence
of the 'Tethyan' mid-Cretaceous larger foram Orbitolina suggest a Sundaland source, while common andesitic
detritus suggests a forearc setting (Sukamto 1986, Hasan 1991, Hasibuan and Limbong 2009).

Cretaceous flysch is overlain unconformably by less-deformed clastics in Middle Eocene and younger rift
basins. Early rift sediments contain coal beds that were surveyed in detail in the early 1900's, but were never
deemed commercial. These are overlain by widespread Late Eocene- Middle Miocene post-rift platform
carbonates (Tonasa Limestone; Wilson 1996 and others), and capped by thick Miocene and younger Camba
Fm volcanics.

There is relatively little or no present-day volcanic activity in the western half of Sulawesi, but volcanic- plutonic
activity was widespread here through much of the Tertiary. Multiple periods of arc volcanism and granitoid
intrusions were identified between Late Cretaceous to Pliocene, presumably above West-dipping subduction
zones (see papers by Priadi, Polve, Elburg, Soeria-Atmadja, Van Leeuwen, etc.). The main peaks of activity
reportedly are (Priadi et al. 1994, Elburg et al. 2002, 2003):

- Late Cretaceous (common arc volcanic detritus in Balangbaru Fm flysch)

- Middle Eocene- Early Oligocene (~50-30 Ma; arc volcanics and/or back-arc basin basalts)

- Middle-Late Miocene (mainly 10-12 Ma; high-K volcanics;)

- Late Miocene- Pliocene (~7-2 Ma; felsic calk-alkaline).
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Figure V.1.3. Historic W-E cross-section through SW Sulawesi, showing folded Cretaceous sediments,
overlain by Eocene clastics with coal and Late Eocene Nummulites limestone, capped by volcanics (‘T Hoen
and Ziegler, 1915)
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Figure V.1.4. Historic W-E cross-section through SW Sulawesi, showing rel. thick Eocene sandstones with
coal on 'Old slates’, grading upward into limestone and intruded by large, young Maros granitoid (Verbeek,
1908).

West Sulawesi Cretaceous metamorphic complexes
Basement of West Sulawesi outcrops in a number of Early Cretaceous metamorphic complexes. They are
associated with ultramafic rocks and probably represent Early Cretaceous subduction complexes that
supposedly became inactive after an Aptian collision with a Gondwanan continental microfragment (Wakita et
al. 1996, Parkinson 1998).



From South to North they include Bantimala, Barru, Latimojong, Karossa and Palu. Many of these have well-
documented ~mid-Cretaceous (~Aptian) radiometric ages (Wakita et al 1994, 2000) (Palu may be younger?).

The Bantimala Complex contains ENE-dipping thrust slices with high-P glaucophane schists and eclogites with
K-Ar ages of 113-132 Ma and with ultramafic rocks in the NE. The complex is overlain by Late Albian- early
Cenomanian (~100 Ma) radiolarian cherts (Haile 1974, Wakita et al. 1994, 1996, 2000, Maulana et al. 2008,
2013, 2015), followed by Turonian- Maastrichtian Balangbaru Formation flysch (Hasan 1991).

Munasri (2013) reported older (Valanginian-Barremian) radiolaria from manganese carbonate nodules in dark

reddish shale of the Barru melange complex.
The Latimojong complex, viewed as an accretionary complex of metamorphic rocks tectonically mixed with
cherts and ophiolitic rocks, contains cherts with Aptian-Albian radiolaria (White et al. 2017).

West and North Sulawesi Neogene granitoids
Widespread young granitoids are known from the West and NW arms of Sulawesi (Figure V.1.5).
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Figure V.1.5. Two groups of Cenozoic granitic rocks, with associated mineral deposits (Maulana et al. 2013).
In W Sulawesi mainly llmenite I-type granitoids, in North Magnetite-series granitoids.
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Central Sulawesi Metamorphic Belt- Neogene metamorphic complexes
The areas of Central Sulawesi and the western part of the SE Arm of Sulawesi are home to outcrops of large
metamorphic complexes (Pompangeo and Tokorondo Mountains around Lake Poso, also the Malino
Metamorphic Complex in the west part of North arm?). They are probably mainly Paleozoic? metasediments
from a continental margin setting.

Detailed petrographic studies by Egeler (1947, 1949) and De Roever (1947, 1950) recognized at least two
phases of metamorphism, an older high-grade epidote-amphibolite regional metamorphism, overprinted by
younger metamorphic events: (1) in West contact metamorphism around granitoid intrusives, and (2) in East
high-P blueschist metamorphism.

Figure V.1.6. Pompangeo massif, NE of Lake Poso, Central Sulawesi. Interpreted as domed metamorphic
core complex, with corrugated surface of NNW-SSE-trending grooves, representing the direction of
displacement on the overlying low-angle normal detachment fault plane (Spencer 2010).

Parts of the Central Sulawesi metamorphic complexes are large domes with characteristic corrugated surface
with large grooves, interpreted to represent large low-angle extensional detachment faults on top of a
metamorphic core complex, exhumed during a period of hyperextension (Figure V.1.6; Spencer 2011). The
core complexes probably represent exhumed lower continental crust
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East Sulawesi Ophiolite
East Sulawesi is characterized by one of the world's largest ophiolite complexes (Figure V.1.7). A composite
section suggests an >15 km thick, relatively complete ophiolite sequence from mantle peridotite at the base to
oceanic crust gabbros, overlain by a sheeted dike complex and pillow basalts at the surface. However, in
much of East Sulawesi it appears to be a relatively thin and incomplete, but widespread sheet that covers a
continental terrane (Surono and Sukarna 1995).
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Figure V.1.7. Sulawesi Island, with widespread ophiolites in the East and SE arms (dark green), widespread
volcanics in the SW and North Arms (pink) (Dirk 2010).

East Sulawesi ophiolites have yielded Cretaceous- Paleogene radiometric ages (e.g. Kadarusman et al. 2004),
but they are overlain by (Upper) Cretaceous pelagic calcilutite of the Matano Formation with radiolaria and
Globotruncana pelagic foraminifera (Koolhoven 1932, Simandjuntak 1993, 1994). The post-Cretaceous
radiometric ages therefore can not reflect the original crystallization age of East Sulawesi ophiolitic mantle
rocks.

Geochemistry of the ophiolite rocks were interpreted as suggesting an origin as an Asian marginal oceanic
basin (Monnier et al. 1995). Kadarusman et al. (2002, 2004) argued for an origin from a SW Pacific Ocean,
mantle plume-influenced setting.

The ophiolite complex is a relatively flat-lying slab that appears to be thrusted over a high-pressure
metamorphic sole (Pompangeo glaucophane schist) in the western parts of the East and SE Arms. In the
Kolonodale area of the eastern part East Sulawesi it overlies imbricated Late Triassic- Paleogene marine
passive margin sediments, without much thermal alteration, which may reflect younger (~Middle Miocene)
underthrusting by the colliding southern part of the Banggai-Sula block.

A more or less complete ophiolite sequence can be seen in the East Arm of Sulawesi, with progressively
higher units exposed in easterly direction (Figure V.1.8).
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Figure V.1.8. Sequence of lithologies in idealized ophiolite sequence (upper mantle + oceanic crust). In the
East Arm of Sulawesi the lowest parts of the ophiolites are exposed in the West, the highest parts in the
East, probably reflecting gentle easterly dip of the ophiolite sheet (Parkinson 1998).

Age of East Sulawesi ophiolite uplift

The age of ophiolite obduction onto the East Sulawesi margin is generally believed to be around Late
Oligocene time (cooling age of 'East Pompangeo’ metamorphic sole ~26-30 Ma; Helmers et al. 1990,
Parkinson 1998, Surono 2012).

Further evidence that the East Sulawesi ophiolite complex was uplifted and being eroded by earliest Miocene
time was provided conglomeratic limestones from NE part of the SE arm (Bahumpombini/ Bungku area), with
larger foraminifera of Early Miocene zone Te5 (Miogypsina, Spiroclypeus, Lepidocyclina (Eulepidina)), but also
with reworked clasts of Upper Cretaceous Globobotruncana pelagic limestone, radiolarian chert and
serpentine (Van der Vlerk and Dozy,1934).

Ophiolitic detritus is also very common in the 'Sulawesi Molasse" of Middle(?) Miocene and younger ages in
East Sulawesi and Buton.

The ophiolite terrane in the East Arm of Sulawesi has undergone very recent uplift, as demonstrated by
uplifted Late Quaternary coral reef terraces to elevation of 410m in the last ~230,000 years (Sumususastro et
al. 1989, Fig. vV.1.8.)
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Figure V.1.8. Uplifted Late Quaternary reef terraces at Luwuk, South coast of East Arm of Sulawesi
(Sumususastro et al. 1989).

Banggai-Sula Block collision with East Arm of Sulawesi
The Middle Miocene- Pliocene Tomori Basin, at the south side of the East arm of Sulawesi is a classic
foreland basin, which formed by thrust loading during the collision between the underthusted continental
Banggai-Sula microplate in the south and the overthrusted ophiolite/ arc system of the East arm (Figures
V.1.9, V.1.10).

A backstepping Middle-Late Miocene carbonate platform developed in the Tomori basin, on the downgoing
plate, which contains several buildups with oil- gas fields (Senoro, Matindok; Luthfi et al. 2002, Hasanusi et al.
2004, etc.) (Figure V.1.9).

Figure V.1.9. NW-SE cross-section of Late Miocene- Early Pliocene foreland basin of Tomori Basin, East
Sulawesi, formed by collision of the downgoing Banggai-Sula continental block and the overriding East Arm of
Sulawesi (Luthfi et al. 2002).
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Figure V.1.10. NW-SE sections across southern part of the East Arm of Sulawesi, showing up to 2 km thick,
post-orogenic 'Sulawesi Molasse' (yellow), unconformably over imbricated-to-SE collision zone with Banggai-
Sula terrane. Green = ophiolite (Kundig 1956).

West Sulawesi foldbelt
A significant feature of West Sulawesi is the Majene- Kalosi foldbelt and its offshore continuation in East
Makassar Straits basin (Figures V.1.11, V.1.12, V.1.13). Age of thrusting and uplift is probably latest Miocene
(5-10 Ma; Coffield et al. 1993, Fraser et al. 1993, Bergman et al. 1996) or mid- Pliocene (Calvert and Hall
2007), and may or may not be be related to the collision of the Banggai-Sula terrane at the Eastern margin of
Sulawesi.
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Figure V.1.11. West Sulawesi foldbelt: WNW-directed thrusting (Fraser et al. 1993).
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Figure V.1.12. West Sulawesi shown here as a >150 km wide belt of Late Neogene WNW-directed thrusting
(onshore Majene-Kalosi foldbelt with offshore continuation along the east margin of North Makassar Straits
(Bergman et al. 1996).

Figure V.1.13. Cross-section across North Makassar Strait basin, with on right side the frontal thrusts of the
West Sulawesi foldbelt (Fraser et al. 1993, 2003)

The thrust system continues offshore into Makassar Straits (Figure V.1.13), where much of the North
Makassar Straits basin floor was obviously underthrusted below West Sulawesi (e.g. Pubellier et al. 2005).

Brief tectonic evolution of Sulawesi
Milsom et al. (2000) noted that the tectonostratigraphic successions of East Sulawesi, Buton, Buru, Seram and
the Banda Terrane' of Timor were remarkably similar, suggesting these were all part of one or several related
microcontinents that had separated from the NW Australian margin in Latest Triassic- Early Jurassic time and
collided with the Eurasian margin/ West Sulawesi to form the Sulawesi orogen in Oligocene time. Subsequent
studies by French authors supported similar scenarios (Villeneuve et al. 2002).

In very broad terms the Cenozoic geodynamic evolution of Sulawesi may be described as (e.g. Villeneuve et

al. 2001, 2002 and many others):

1. Early Cretaceous subduction and accretion along the eastern Sundaland margin, forming the future
basement of West Sulawesi (although thrust slices in Bantimala complex are NE/E- dipping, indicating
East-dipping subduction?)

2. An ~Aptian-age collision event with ophiolite obduction terminates subduction; this is probably followed by
renewed subduction in Late Cretaceous and possibly Early Paleogene (still along the Sundaland margin).

3. Middle Eocene onset of rifting of Makassar Straits, separating West Sulawesi from the Sundaland margin;

4. Late Oligocene collision of a 'Gondwanan' microcontinental block with the Asian volcanic arc of West
Sulawesi, presumably closing a West-dipping subduction system. This block has been called 'Banda Block'
or Kolonodale Block' by French workers. It outcrops in the East and SE arms of Sulawesi and its Triassic-
Paleogene marine stratigraphic succession is very similar to that of Buru-Seram, the Sinta Ridge and parts
of Timor, with which they were probably united before the opening of the Banda Seas.




4a. The Kolonodale block was overridden by the large East Sulawesi ophiolite, whose origin (marginal basin
or Pacific Ocean), and timing (Early Oligocene?) and place of obduction are still debated;

5. Late Miocene collision (‘'underthrusting') of Banggai-Sula continental block, another Gondwanan block rifted
from the New Guinea (Birds Head?) region (Figure V.1.9). In East Sulawesi this led to major uplift of the
East Sulawesi ophiolite complex, and onset of deposition of ?Late Miocene- Pliocene 'Celebes Molasse’,
which contains erosional products of the ophiolite. In West Sulawesi a significant WNW directed fold-thrust
belt system formed, starting in latest Miocene;
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Figure V.1.7. NW-SE cross-section showing Banggai-Sula microcontinent thrust under East Sulawesi Ophiolite
(Kadarusman et al. 2004).

6. Fragmentation of the East Sulawesi orogenic belt by Late Miocene and younger post-orogenic extension:
(1) rifting in the Bone and Gorontalo/ Tomini Basins, separating West and Borth Sulawesi from East and SE
Sulawesi, and (2) margin breakup by rifting/ spreading of the young oceanic North and South Banda Sea
basins, which removed multiple Sulawesi margin terranes like Sumba, the Banda Terrane of Timor, Buru-
Seram, etc. (e.g. Figure V.1.8.; Milsom et al. 2000, 2001). This was probably driven by slab rollback of the
subducting Indian Ocean Plate (Spakman and Hall 2010, Pownall et al. 2016).
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Figure V.1.8. Disperrsal of terranes from the East and SE Sulawesi collisional belt during Late Miocene- Early
Pliocene Banda Sea opening (Sumba, Timor allochthon, Buru-Seram, etc.; Milsom et al. 2000).

7. Present-day strike-slip faulting and block rotations/ strike-slip faulting, due to continued convergence
between the Eurasian and Pacific plates Figure V.1.1).

Bibliography of Indonesian Geology Ed. 8.0 12 www.vangorselslist.com 2026



V.2. Buton, Tukang Besi Islands

Sub-chapter V.2 contains 76 papers on the geology of the Buton and Tukang Besi islands.

Buton and the adjacent Tukang-Besi islands are located SE of the SE arm of Sulawesi and are frequently
viewed as one or even two small microcontinental plates that collided with SE Sulawesi in Miocene time.
However, Buton and SE Sulawesi have a similar imbricated Late Triassic- Paleogene complex that is overlain
by remnants of an obducted ophiolite sheet, and it seems more reasonable to view the geology of Buton as a
continuation of SE Sulawesi (Kolonodale Block of Villeneuve et al. 2010; see also papers by Cornee, Martini,
Surono, etc. ).
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Figure V.2.1. Vintage geologic map of Buton (Hetzel, 1936).

Bibliography of Indonesian Geology Ed. 8.0 13 www.vangorselslist.com 2026



Besides SE Sulawesi, there are also numerous similarities between the tectonostratigraphy of Buton and
those of Timor, Seram and Buru ('‘Banda Association of Milsom et al. 2001). suggesting these may all have
been part of a larger plate with similar history with:

- Late Triassic rifting,

- Late Triassic or Early Jurasic breakup (presumably from North Gondwana)

- Jurassic- Middle Eocene drift in an oceanic environment,

- collision with West Sulawesi or the East Sulawesi ophiolite around Oligocene time (Villeneuve et al. 2013)

- partial breakup and dispersal during Late Miocene Banda Sea opening.

Like SE Sulawesi, ophiolitic rocks are present on Buton, but these have no deep roots, and are believed to be
relatively thin, isolated overthrust sheets that do not mark any terrane suture (Milsom et al. 1999). Ophiolites
and associated metamorphic are imbricated with Triassic and younger pelagic sediments, or overlie them.

The main folding event in Buton is probably around Oligocene time, as also suggested by Villeneuve et al.

(2013), based on:

- the youngest folded deep marine deposits are of Middle Eocene age (with planktonic foram Hantkenina, and
early Middle Eocene radiolaria (Ling and Smith 1995);

- conglomeratic Late Eocene- Oligocene 'Wani Beds' are folded with the underlying Late Triassic- Eocene
pelagic limestones (Hetzel 1936) (see also below);

- the oldest post-deformational deposits are the relatively little-deformed basal Tondo Formation
conglomerates. A latest Oligocene or earliest Miocene age is shown by larger foraminifera Spiroclypeus and
Miogypsinoides (Hetzel 1936) (not Middle Miocene as suggested by Wiryosujono and Hainim, 1978). The
post-deformational earliest Miocene Tondo Fm basal conglomerates contain ophiolitic clasts, and thus post-
date ophiolite uplift.

The cross-section of Figure V.2.2. illustrates the deformational style of Buton, and brackets the age of main
folding between Middle Eocene and earliest Miocene: intensely folded Late Triassic- Middle Eocene marine
pelagic sediments, unconformably overlain by relatively little deformed (latest Oligocene?-) Miocene and
younger marine sediments.
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Figure V.2.2. W-E cross-section through Tobelo Mts of North Buton, showing west-dipping, isoclinally folded,
Late Triassic-Eocene series, unconformably overlain by Miocene- Pliocene Tondo Fm clastics (light red:
Triassic Winto clastics and carbonates; blue-grey Jurassic; Ogena and Rumu Fms; light green: Cretaceous-
Middle Eocene pelagic carbonates of Tobelo Fm; yellow: Miocene- younger Tondo Fm marls and clastics).
Red arrow points to Eocene Wani Beds (Hetzel, 1936).

‘Wani Beds' of Hetzel (1936)

The Late Eocene Wani Beds on Buton (Hetzel 1936; red arrow on Fig. V.2.2) are sandstones and polymict
conglomerates that are only known from a few small outcrops in the Tobelo Mountains of North Buton, but
they appear to be contain critical information on the Paleogene deformational history of Buton. If the
observations below (from Hetzel) are correct they signify a Late Eocene uplift/ erosion event that terminated
>170 million years of pelagic sedimentation on the Buton terrane, but underwent a second intense folding
episode in the Oligocene:

1. they contain a shallow marine Late Eocene larger foraminifera assemblage (Tb; Nummulites, Asterocyclina,
Lepidocyclina boetonensis, Biplanispira; identified by Van der Vlerk in 1928 and later also by Tan Sin Hok
1936, 1937);

2. they contain reworked clasts of Upper Cretaceous Globotruncana limestone and serpentinite, suggesting
uplift and erosion of older pelagic sediments and ophiolites;.

3. the Wani Beds also appear to tightly folded with the Mesozoic beds, and therefore appear to predede the
main fold-thrust event of Buton (as marked by the unconformity at the base of the post-folding Tondo Beds,



which have basal conglomerates and limestone with Spiroclypeus and Miogypsinoides (Hetzel 1936),
demonstrating a latest Oligocene- earliest Miocene (Te4?) age for the oldest post-collisional beds.

Late Miocene subsidence and Plio-Pleistocene uplift uplift
Miocene and younger deformation on Buton is mainly extensional (Milsom et al. 1999). Fortuin et al. (1990)
recorded rapid Late Miocene- Early Pliocene subsidence (bathyal Sampolakosa Fm marls; reflecting Banda
Sea extension?), followed by onset of uplift in Late Pliocene (3.5 Ma).

The ongoing young uplift of Buton is demonstrated by multiple uplifted Quaternary reefal limestones up to
700m elevation (e.g. Verbeek 1908, Verstappen 1957; Figure V.2.3).
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Fig. 25, De hoek Wapolaka ( Zuidkast van Boelon ) van het Zuiden gexien, met 13 kallderrassen

Figure V.2.3. View of Wapaloka Island from the sea along South coast of Buton, with 13 Quaternary reefal
limestone terraces up to 360m elevation (Verbeek 1908).

Buton asphalt
Buton has been known for its Late Triassic oil shales (Winto Formation marine source rocks) and migrated,
biodegraded oil in Miocene tar sands, which was sourced from the Triassic. These asphaltic deposits have
been mined intermittently since the 1920's. The most detailed description of the geology of the Buton asphalt
deposits is by Hetzel (1936).

The Late Triassic Winto Formation has TOC's up to 16% (Mujito et al. 1998) and is obviously a good oil source
rock. However, the five oil exploration wells drilled on and around Buton between 1976 and 2012 were
unsuccessful.

Tukang Besi islands
The Tukang Besi islands SE of Buton are often viewed as part of a tectonic terrane that collided with Buton in
Pliocene time (e.g. Mubroto and Ali 1998). However, the geological knowledge of these low-lying islands
(elevations up to 275m) appears to be limited to observations of an uplifted core of late Neogene Globigerina
limestones, surrounded by raised coral reef terraces (Hetzel 1930).

The geologic nature and older history of these islands therefore remains mostly unknown, and does not
support or contradict any tectonic model.



V. SULAWESI - BUTON
V.1. Sulawesi

Abendanon, E.C. (1911)- De tektoniek van Midden Celebes. Handelingen XIII Nederlandsch Natuur-
Geneeskundig Congres, Groningen 1911, Kleynenberg, Haarlem, p. 389-406.

(online read only at: http://babel hathitrust.org/cgi/pt?id=ucl.b3093404,;view=1up,seq=999)

(‘The tectonics of Central Sulawesi'. First summary of geology and tectonics of C Sulawesi after initial
reconnaissance of Sarasin cousins. C Sulawesi mainly volcanics and metamorphic rocks. Presence of major

faults)

Abendanon, E.C. (1912)- Zur Umrissform der insel Celebes. Zeitschrift Deutschen Geologischen Gesellschaft,
Berlin, 64, Monatsberichte 5, p. 266-277.

(online at: https://www.biodiversitylibrary.org/item/150869#page/1036/mode/lup)

(‘On the outline of Sulawesi’. Early interpretation of tectonic zones and fault patterns of Sulawesi; partly
critique of papers by Ahlburg and Von Staff)

Abendanon, E.C. (1912)- Eine Nachschrift ,,Zur Umrissform von Celebes". Zeitschrift Deutschen Geologischen
Gesellschaft 64, Monatsberichte 11, p. 512-516.

(online at: https://www.biodiversitylibrary.org/item/150869#page/1288/mode/lup)

(Follow-up of Abendanon (1912) paper on outline of Sulawesi. No figures)

Abendanon, E.C. (1915)- Celebes uit, of in de Tethys? Tijdschrift Koninklijk Nederlands Aardrijkskundig
Genootschap 32, p. 358-365.

(online at: https://resolver.kb.nl/resolve?urn=MMUBA13:001661001 :pdf)

(Scathing critique of observations and conclusions of Waterschoot van der Gracht (1915) paper on C Sulawesi,
based on his 11 days of geological fieldwork and literature study. Eocene Nummulites limestones overlie
purple-red globigerinid-bearing clay-shales, not interbedded with but them. Red shales likely of Late
Cretaceous age, not Eocene. Etc. etc.)

Abendanon, E.C. (1915)- Midden Celebes Expeditie- Geologische en geographische doorkruisingen van
Midden-Celebes (1909-1910). E.J. Brill, Leiden, vol. I, p. 1-451.

(online at: https://resolver.kb.nl/resolve?urn=MMKBO02:100003010:pdjf)

('Geologic and geographic traverses of Central Sulawesi (1909-1910)". First of 4 volumes + Atlas of classic
first geological reconnaissance traverses of C Sulawesi, sponsored by Royal Dutch Geographical Society
(KNAG). With 7 maps and 22 cross-sections in Atlas volume. Vol. I with reports of rock observations on 1909
traverses of Latimojong Mts, Saadang, Masupu and Mamasa Rivers, and Rante Pao- Palopo. Metamorphic
rocks, M Eocene Nummulites limestones volcanics, etc.))

Abendanon, E.C. (1915)- Midden Celebes Expeditie- Geologische en geographische doorkruisingen van
Midden-Celebes (1909-1910). E.J. Brill, Leiden, vol. I, p. 453-944.

(online at: https://www.delpher.nl/nl/boeken/view?identifier=MMUBLO07:000004749:00015)

(Continuation of 1909- 1910 fieldwork report, with traverses of Malili River, Matana Lake, Kolonodale (areas
with widespread 'peridotite plate', ~1000m thick, overlying Mesozoic?, also gabbro, some radiolarite, etc.).
Also Poso Depression (metamorphics, incl. glaucophane schist), Koro to Lariang (common metamorphics,
volcanics), Sarasin graben, Pare Pare, Donggala, etc. Folded schist in C Sulawesi commonly steeply dipping
and strike in E-W direction. Page 823: Post-Eocene folding followed by Oligocene peneplanisation, followed by
Neogene folding and uplift up to 2000m. With 6 maps and 21 cross-sections in Atlas volume)

Abendanon, E.C. (1917)- Midden Celebes Expeditie- Geologische en geographische doorkruisingen van
Midden-Celebes (1909-1910). E.J. Brill, Leiden, vol. III, p. 953-1381.

(online at: https://resolver.kb.nl/resolve?urn=MMKB02:200000040:pdf)

(Volume with reports on palaeontology:(1) brief note by G.J. Hinde on poorly preserved Late Mesozoic
radiolaria (‘reminescent of radiolarian cherts from U Kapuas region of N Kalimantan'; 'probably not older
than Jurassic') and small foraminifera, (2) G.F. Dollfus on identifications of Cretaceous - Tertiary fossils (incl.



M Eocene larger foraminifera Nummulites, Alveolina, Orthophragmina (= Discocyclina), Pellatispira and
molluscs). Also extensive report on petrography of igneous and metamorphic rocks by W.F. Gisolf)

Abendanon, E.C. (1917)- Midden Celebes Expeditie- Geologische en geographische doorkruisingen van
Midden-Celebes (1909-1910). E.J. Brill, Leiden, vol. IV, p. 1383-1902.

(online at: https://www.delpher.nl/nl/boeken/ )

('Synthesis volume' on rock types and stratigraphy (incl. gneiss, thick series of ?Precambrian schists, >1000m
thick ?Triassic peridotites with 'shell’ of associated basic igneous gabbro, diabase, tuffs and deep marine red
radiolarite, U Cretaceous claystones, granite laccoliths, M Eocene clastics with coal and Nummulites
limestone, E Tertiary tuffs, E Miocene reefal limestones, Mio-Pliocene volcanics, etc.), and tectonics of
Sulawesi. Final chapters on Recent freshwater molluscs and fishes, economic geology and historic maps)

Abendanon, E.C. (1916-18)- Voyages geologiques et geographiques a travers la Celebes centrale. Brill, Leiden.
3 volumes + Atlas, p. 1-1549.

(vol. 3 online at: https://www.delpher.nl/nl/boeken/view?identifier=MMKB31:044099000:00001)

(‘Geologic and geographic travels across Central Sulawesi’. French translation of Dutch Abendanon books,
above)

Abendanon, E.C. (1916)- De oude beddingen der Beneden-Saadang River. Tijdschrift Koninklijk Nederlands
Aardrijkskundig Genootschap 33, 3, p. 429-449.

(online at: https://www.delpher.nl/nl/tijdschriften/view?identifier=MMUBAI13:001662001:00006)

('The old courses of the Lower Sadang River'. Sadang River in SW Sulawesi now drains W into Makassar
Straits, but river shifted 25 km N from old Sadang delta at Jampua 50 years ago. Diversion appears to point to
~5m of uplift in last 50 years)

Abendanon, E.C. (1916)- Schetskaart van Midden-Celebes. Tijdschrift Koninklijk Nederlands Aardrijkskundig
Genootschap 33, 2p.

(online at: https://www.delpher.nl/nl/tijdschriften/view?identifier=MMUBAI13:001662001:00006)

('Overview map of Central Sulawesi'. Also reprint of map IX in Abendanon (1915-1917))

Abendanon, E.C. (1916)- De geomorphologische beteekenis der basische stollingsgesteenten in het middendeel
van den Ned.- Ind Archipel. Tijdschrift Koninklijk Nederlands Aardrijkskundig Genootschap 33, 5, p. 742-749.

(online at: https://resolver.kb.nl/resolve?urn=MMUBA13:001662001 :pdjf)

('The geomorphologic meaning of the basic igneous rocks in the central part of the Netherlands Indies
archipelago’. The 7000 km’ large peridotite massif of Verbeek Mountains in C Sulawesi enveloped by gabbroid
rocks, then diabase, diabase breccias and diabase tuffs (this description of peridotite-gabbro-basalt succession
is an interesting early observation of the now well-known upper mantle- oceanic crust sequence; HvG).
Assumes pre-Triassic age. Similar relationships described from 5 other of peridotite cores with gabbro-diabase
envelopes: Halmahera-Waigeo, Obi, Ambon- East Ceram, Timor-Moa and Sumba (latter problematic?))

Abendanon, E.C. (1916)- Een palacogeographische gevolgtrekking in verband tot de kristallijne schisten-
formatie van Midden Celebes. Verhandelingen Geologisch-Mijnbouwkundig Genootschap Nederland Kolonien,
Geologische Serie 3 (Molengraaff volume), p. 171-190.

(online at: https://ia601908.us.archive.org/30/items/verhandelingenva3 191geol/verhandelingenva3191geol.pdf)
("A paleogeographic conclusion from the crystalline schist formation of Central Sulawesi'. C Sulawesi belt of
metamorphic rocks between Bone Gulf and Tomini Bay interpreted as part of larger Precambrian Asian-

Australian continent, with proposed name of 'Aequinoctia’. Started to break up in Permo-Carboniferous)

Abendanon, E.C. (1917)- Historische geologie van Midden-Celebes. Tijdschrift Koninklijk Nederlands
Aardrijkskundig Genootschap (KNAG) 34, p. 440-456 and p. 547-564.
(‘Historical geology of Central Sulawesi’. Write-up of presentation on geology of Central Sulawesi for KNAG)

Abendanon, E.C. (1918)- Ontdekking van belangrijke delfstoffen-afzettingen in Ned.-Indie (Midden-Celebes)
op grond van een geologischen verkenningstocht. De Ingenieur, Delft, 1918, 33, 7, p. 107-121.



(reprint online at: https://resolver.kb.nl/resolve?urn=MMKB31:037072000.pdf)

(‘Discovery of important mineral deposits in the Netherlands Indies (Central Sulawesi) based on a geological
reconnaissance trip'. First report on presence of lateritic iron, nickel and chrome deposits associated with
peridotites in the ‘Verbeek Mountains’ near Matano and Towuti lakes)

Abendanon, E.C. (1918)- De ijzer-, nikkel- en chroomertsen op Midden-Celebes. Voordracht ‘Nederlandsche
Afdeeling Maatschappij van Nijverheid en Landbouw, The Hague, November 1918, Reprint from ‘De Indische
Mercuur’ 1918, De Bussy, Amsterdam, p. 1-64.

(read online at: https.//uvaerfgoed.nl/beeldbank/en/xview/?identifier=hdl:11245/3.31308)

(‘The iron, nickel and chromium ores in Central Sulawesi’. Extensive documentation of a presentation on the
occurrences, chemistry and mining feasibility of nickel-iron-chromium ores associated with peridotites-
serpentinites in Central Sulawesi, held in The Hague in November 1918)

Abendanon, E.C. (1919)- Midden-Celebes, een antikritiek. Tijdschrift Koninklijk Nederlands Aardrijkskundig
Genootschap 36, p. 49-97.

(online at: https://resolver.kb.nl/resolve?urn=MMUBA13:001665001 :pdjf)

('Central Sulawesi, a reply'. Reply to extensive critical discussion of Abendanon 1916-1918 Sulawesi volumes
by Wing Easton (1918), 'Rustig of dansend Celebes’)

Abendanon, E.C. (1920)- Een jong-palaecozoisch en een devonisch fossiel van Celebes? De Ingenieur, Jaargang
35, No. 1920-5 (31 January 1920), p. 79-80.

(online at: https://www.delpher.nl/nl/tijdschriften/ Etc.)

('A Late Paleozoic and a Devonian fossil from Sulawesi?’ First letter to the journal editor, questioning two
communications by Brouwer (1919) reporting occurrences of a Permian Popanoceras ammonite and a
Devonian Spirifer brachiopod, from an unknown location believed to be in Kalosi region of C Sulawesi).
Abendanon questions the Sulawesi origin of these fossils, partly because he visited the region and never came
across Paleozoic deposits)

Abendanon, E.C. (1921)- Een jong-palaecozoisch en een devonisch fossiel van Celebes? De Ingenieur, Jaargang
36, No. 1921-5 (29 Januari 1921), p. 102-103.

(online at: https://www.delpher.nl/nl/tijdschriften/ Etc.)

(A Late Paleozoic and a Devonian fossil from Sulawesi?’ Follow-up letter to Abendanon (1920) critque of
Brouwer(1919) report of Paleozoic/Devonian fossils from Sulawesi)

Abendanon, E.C. & S.J. Vermaes (1915)- Nota's betreffende het voorkomen van nikkel- en ijzerertsen in het
Verbeek-Gebergte tusschen Midden-Celebes en het Zuidoostelijke Schiereiland. The Hague, p. 1-45.

(read online at: https.//uvaerfgoed.nl//beeldbank/xview?identifier=hdl:11245/3.34859)

(‘Reports on the occurrences of nickel and iron ores in the Verbeek Mountains between Central Celebes and the
SE Peninsula’. Report by Abendanon on geology and by Vermaes on chemical analyses. Results suggest
presence of exploitable nickel and iron ore deposits in drainage area of the Malili River. With one map)

Adam, J.W.H. (1922)- Over de resultaten eener proefontginning van nikkelertsafzetingen nabij Soroako
(Celebes). Jaarboek Mijnwezen Nederlandsch Oost-Indie 49 (1920), Verhandelingen 1, p. 201-249.

(Results of test exploitation of nickel ore deposits near Soroako on S side of Matano lake, central East Sulawesi.
Nickel ore on weathered surface of large peridotite body (mainly dunite). Concentrations of nickel ore typically
3-4% Ni, some over 7%, not as high as New Caledonia)

Adam, M., A. Jaya, M. Mawaleda & I. Nur (2024)- Geology and characteristics of epithermal gold
mineralization at the Motongkad Prospect, North Sulawesi, Indonesia. Gospodarka Surowcami Mineralnymi
(Mineral resources management; Krakow, Poland) 40, 1, p. 213-232.

(online at: https://gsm.min-pan.krakow.pl/pdf-175245-107427 ?filename=Geology-and-characteristi.pdf)
(Epithermal gold mineralization in Motongkad prospect, East Bolaang Mongondow Regency. Hosted in M
Miocene andesitic-basaltic breccia, lava and tuff, intruded by andesite dikes. Fine quartz veins with gold, silver
and pyrite. Part of Tertiary W Sulawesi and Quaternary Minahasa-Sangihe volcanic arc)



Adhitiya, R., S.S. Angkasa, V. Oryzavica, A.R. Parinduri, D. Wirasatia & R. Adiarsa (2010)- Re-appraisal,
tectonic and sedimentary control of Bone Basin and implication to Cenozoic multi hydrocarbon play. Proc. 39th
Annual Conv. Indonesian Association Geologists (IAGI), Lombok, PIT-IAGI-2010-088, p. 1-12. (In
Indonesian)

(online at: www.iagi.or.id/web/digital/12/2010 IAGI Lombok Re-Apraisal,-Tectonic-and-Sedimentary.pdf)
(Literature summary of S Sulawesi Bone Basin, borrowing heavily from Yulihanto 2004)

Advokaat, E.L. (2015)- Neogene extension and exhumation in NW Sulawesi. Ph.D. Thesis Royal Holloway
University of London, p. 1-347. (Unpublished)

Advokaat, E., R. Hall, L. White, R.A. Armstrong, B.P. Kohn & M. BouDagher-Fadel (2014)- Neogene
extension and exhumation in NW Sulawesi. American Geophysical Union (AGU), Fall Meeting, San Francisco,
T43A-4701, 1p.  (Poster + Abstract) (online at:
www.researchgate.net/publication/269722353 Neogene Extension and_exhumation in NW Sulawesi)
(Crustal extension important in Neogene development of Sulawesi. North Arm with Eocene- Lower Miocene
basalts intercalated with radiolarian chert and volcaniclastics, intruded by granitoids with zircon ages
from~9.4- 8.2 Ma. Beneath these rocks is Malino Metamorphic core complex quartzo-feldspathic schist-gneiss
with zircon rim ages of ~15.4 Ma, surrounded by discontinuous greenschist carapace, intruded by granitoids
with ages of 4.9- 3.8 Ma. Late stage exhumation by high angle oblique normal faults between ~3.3 and 1.4 Ma.
E Pliocene- E Pleistocene sediments crosscut by normal faults. Two phases of extension in N Sulawesi: M
Miocene and Late Pliocene-Pleistocene)

Advokaat, E., R. Hall, L. White, .M. Watkinson, A. Rudyawan & M.K. BouDagher-Fadel (2017)- Miocene to
Recent extension in NW Sulawesi, Indonesia. J. Asian Earth Sciences 147, p. 378-401.

(online at: https://www.academia.edu/76593139/Miocene_to _recent extension_in NW Sulawesi Indonesia)
(Malino Metamorphic Complex (MMC) in W part of N Arm of Sulawesi previously thought to be metamorphic
complex exhumed in E-M Miocene. New data suggest MMC metamorphic core complex underwent E-M
Miocene extension, but no exhumation at this time: (1) Pliocene undeformed granitoids intrude MMC
indicating complex still at depth and (2) Pliocene- Pleistocene cover sequences do not contain metamorphic
detritus. Second phase of extensional uplift with brittle faulting from Late Miocene-Pliocene onwards, with
MMC exhumation (synchronous exhumation of adjacent Palu Metamorphic Complex in W Sulawesi, and rapid
offshore subsidence in Gorontalo Bay). Linked to N-ward slab rollback of S-subducting Celebes Sea since
Pliocene, and ongoing at present day)

Aernout, W.A.J. (1927)- Enkele opmerkingen over de ertsmijn “Paleleh”. De Mijningenieur 8, 9, p. 135-141.
(‘Some remarks on the ore mine ‘Paleleh’, North Sulawesi)

Agard, P., P. Yamato, L. Jolivet & E. Burov (2009)- Exhumation of oceanic blueschists and eclogites in
subduction zones: timing and mechanisms. Earth-Science Reviews 92, p. 53-79.

(Review of buoyancy-driven exhumation of continental rocks that converted to blueschist-eclogite in subduction
zone exhumation. With brief discussion of Sulawesi Cretaceous Bantimala Complex, which represents exhumed
wedge of Cretaceous subduction and is mainly made of mafic bodies and volcanoclastics, with eclogite blocks
embedded in serpentinites. Ultramafic units occupy internal position)

Ahlburg, J. (1910)- Uber den geologischen Aufbau von Nordcelebes. Zeitschrift Deutschen Geologischen
Gesellschaft, Berlin, 62, Monatsberichte 3, p. 191-202.

(online at: https://archive.org/details/zeitschriftderd621910deut)

('On the geological structure of North Sulawesi’)

Ahlburg, J. (1910)- Der Vulkan Soputan in der Minahassa (Nordcelebes). Zeitschrift Deutschen Geologischen
Gesellschatft, Berlin, 62, p. 665-668.
(online at: https://www.zobodat.at/pdf/Z-dtsch-Geol-Ges 62 0665-0668.pdf)



(‘The Soputan volcano in the Minahassa (North Sulawesi)’. Mainly reaction to critical comments by Wichmann.
Ahlburg climbed Soputan in June 1909, observing changes in top of volcano after 1838 eruption.No figures)

Ahlburg, J. (1911)- Zur Umrissform der insel Celebes. Einige Bemerkungen zu dem gleichlautenden Aufsatze
des Herrn Von Staff. Zeitschrift Deutschen Geologischen Gesellschaft, Berlin, 63, p. 399-405.

(online at: https://www.biodiversitylibrary.org/item/182872#page/1097/mode/lup)

(‘On the outline of Sulawesi- some remarks on the paper of Mr. Von Staff of the same title’. Commentary on by
Von Staff (1911) paper on tectonic zones and fault patterns of Sulawesi. No figures (see also Abendanon 1912))

Ahlburg, J. (1911)- Nochmals der Vulkan Soputan in der Minahassa. Zeitschrift Deutschen Geologischen
Gesellschaft, Berlin, 63, p. 505-507.

(online at: https://www.zobodat.at/pdf/Z-dtsch-Geol-Ges 63 _0505-0507.pdf)

(‘Once more the Soputan volcano in the Minahassa (North Sulawesi)’. Presumably response to Wichmann
(1919 critique. No figures)

Ahlburg, J. (1913)- Versuch einer geologischen Darstellung der Insel Celebes. Geologische Palaeontologische
Abhandlungen, Neue Folge 12, 1, p. 3-172.

(online at: https://archive.org/details/geologischeundpal 2jena/page/n9/mode/2up)

(also online at: www.zobodat.at/pdf/Geol-pal%C3%A6ontol-Abh_ NF 12 0003-0172.pdf)

("Attempt of a geological description of Sulawesi island’. Early overview of Sulawesi geology, partly based on
observations on North arm along Tomini Bay in 1909, partly compilation of published data. (S Sulawesi part
criticized by Van Waterschoot van der Gracht 1915))

Ahmad, W. (1978)- Geology along the Matano Fault Zone, East Sulawesi. In: S. Wiryosujono & A. Sudradjat
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(‘Tectonics and magma of Sulawesi island and the Indonesian mountain type’. C Sulawesi 3 N-S trending belts:
(1) Eastern belt of ultrabasic rocks overlain by Mesozoic limestones and radiolarites; (2) central belt of
regional metamorphic schists, age of which is debatable, and with decreasing metamorphism to East; (3)
Western belt with common granodiorite, biotite-rich schist and Cretaceous-Tertiary sediments. No active
volcanism in C Sulawesi today, but stopped only in Quaternary)
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Geological Explorations of the Island of Celebes, North Holland Publishing Co., p. 1-64.

(Summary of geology of C Sulawesi, mainly based on work of the 1929 Bandung Geological Survey expedition,
results of which were first reported by Brouwer 1934). This summary also incorporates results of petrographic
work by Willems (1937), Egeler (1947) and De Roever (1947))
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(online at: https://dwc.knaw.nl/DL/publications/PU00018675.pdf)

('On a granodioritic massif and its contact phenomena W of Palopo, S part of Central Sulawesi'. Graniodiorite
massif and contact aureole sampled along road Rante Pao and Palopo, 17-28 km E of Rante Pao)
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(English version of paper above. Two fish fossils of probable Miocene age in fine-grained 'lithographic'
limestone block from roadcut near Patoenoeang Asoe E, Maros district. Rocks probably lagoonal deposit in
Eocene-Miocene reefal limestone complex. Fish identified as Clupea (Sardinella) brouweri n.sp. and Lutjanus)
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249-260 and 12, p. 273-280.
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(‘Contributions to the geology of Celebes’ (Sulawesi). An overview of Sulawesi geology from literature and
personal observations during a visit in 1898 in granite areas of Gorontalo, gold mines of Sumalata and Paleleh
where gold is in pyrite in quartz veins in volcanic conglomerates, etc. Climbed Soputan volcano (1827m))
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(‘Leucite basalt from the area of Pajangkene in S Sulawesi’. Biotite-leucite basalt collected from outcrop near
Kantisang during travels in South Sulawesi in June and August 1898 (rock found earlier in float by Wichmann
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metamorphic, sedimentary rocks. First description of (Bantimala) Cretaceous metamorphic complex in
Pangkajene River area: mica-schist, glaucophane schist, etc. associated with serpentinites, and overlain by
radiolarian cherts, Eocene coal-bearing clastics and Nummulites limestones and Miocene limestones)
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(Organic geochemistry of 30 claystone samples of Late Eocene- Oligocene Toraja Fm outcrops in Enrekang
Basin in N part of S Arm of Sulawesi. With mixed Type II- IIl kerogen and immature to post-mature (vitrinite
reflectance 0.47-4.52 % Ro. Oil seep sample from area presumably from Paleogene source, but more marine
than outcrop samples)
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Prospect, Gorontalo, Indonesia. Majalah Geologi Indonesia (IAGI) 23, 3, p. 159-170.

(online at: www.bgl.esdm.go.id/publication/index.php/dir/article_detail/732)
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Triassic-Jurassic Tokala Fm and (drift) Cretaceous Matano Fm outcrops in highly deformed sections in N
Konawe and S Bungku areas in SE Arm of Sulawesi. No biostrat validation for ages or formation assignments,



used correlations to previous GRDC maps. Tokali Fm samples analyzed mainly shales- calcareous shales.
Locally high TOC (>4%) in Tokala Fm. Depositional facies models based on geochem (rather short for a
doctoral thesis?; JTvG)
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(Geochemistry of outcrop samples of Triassic-Jurassic Tokala Fm carbonates- shales in SE Sulawesi. Triassic-
Jurassic Tokala Fm limestones overlie synrift Triassic Meluhu Fm and is carbonate platform that may be
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forams Discocyclina, Nummulites, Pellatispira. Palynomorphs Proxapertitus cursus zone)
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(Recent gold rush in 2008-2022 in Mekongga and Rumbia Mountain Ranges in SE Sulawesi. Gold is hosted in
Cretaceous subduction metamorphics complex, which comprises glaucophane schist (younger phase of
metamorphism, caused by deep overthrusting (subduction) from igneous protolith), chlorite schist, mica schist,
marble, etc., overlain by M-L Miocene conglomerates and limestones. Quartz veins with economic minerals
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(Miocene potassic Adang Volcanic rocks in Mamuju area, SW Sulawesi, contain U and/or Th minerals)
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(Discussion of historical Bugis accounts (La Galigo) suggesting expansion of Tempe, Sidenreng and Buaya
lakes in SW Sulawesi and possible seaway across SW Arm of Sulawesi)
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(W Sulawesi influenced by Paleogene development of Makassar Straits to W and Miocene? collision of
continental, ophiolitic and island arc fragments to E (E Sulawesi ophiolite and Buton, Tukang-Besi and
Banggai-Sula microcontinents). Ages attributed to collision events Early to Late Miocene. Collisions caused
uplzlﬁ, erosion and deposition of 'Celebes Molasse'. Lariang and Karama basins in central W Sulawesi ~10,000
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_Sulawesi_New_Insight _into_the Evolution of the Makassar Straits Region)
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mudstones. Rifting M- Late Eocene. Eocene sediments in graben/half graben in marine and marginal marine
environments. Eocene Makassar Straits rift asymmetrical: Kalimantan margin twice width of Sulawesi margin.
Start thermal subsidence in Late Eocene. By end-Oligocene most of W Sulawesi shelf carbonate and mudstone
deposition. Carbonates- mudstones deposited throughout E Miocene and in places until M or Late Miocene.
Little or no evidence of Miocene collisions in W Sulawesi. First evidence of orogenic deformation is Pliocene
uplift and erosion, followed by deposition of coarse clastics from orogenic belt to E of study area)
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Kalimantan it dates from E Miocene)
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(Bone Gulf probably underlain by pre-Neogene volcanogenic, sedimentary, metamorphic and ultramafic rocks.
Basin initiation probably in Miocene, by extension associated with strike-slip deformation. Main basin trend N-
S, divided into several sub-basins. Carbonate deposits formed at margins while deeper marine sediments were



deposited in axial parts. Early Pliocene unconformity marks major uplift of Sulawesi and subsidence of Bone
Gulf, causing major influx of clastics from the north. Hydrocarbons indicated by seeps)
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(online at:
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_Slabs Revealed by Seismic_Anisotropy Beneath the Sula Block in Eastern Indonesia)

(Upper mantle deformation below N Sulawesi, in area of interactions between two active and one extinct
subduction zones: (1) N Sulawesi subduction zone with S-ward subduction of Celebes Sea slab to depth of ~250
km, mainly overlying (2) Sangihe slab that subducts W from Molucca Sea and penetrates mantle transition
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volcanics overlie quartzo-feldspathic metamorphic basement. Oldest rocks in W part (Marisa region, same age
as Palu granodiorite, ~31 Ma). In C and E areas submarine basaltic basement overlain by andesitic volcanics,
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(‘The enrichment of nickel in weathering soils of peridotite rocks’. Extensive summary of a presentation by
Prof- M.H. Caron of Delft. Mentions nickel economic feasibility work on nickel deposits in E Sulawesi
(Soroako) in 1917-1920s by J.W.A. Adam, Dieckmann, etc.. Later also Koolhoven work at Boeloe Balang. Etc.))
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('Observations on Sulawesi and Sumatra, a brief communication'. Early report with geological observations
made by Dr. Emil Carthaus from Tosari during a trip to W Sulawesi in earlyl1900, incl. leucite-bearing
volcanics along coast S of Mamuju, etc. No maps, figures)

C & C Reservoirs (1997)- Kampung Baru Field, East Sengkang Basin, Indonesia. Digital Analogs, Reservoir
Evaluation Report, Far East, p. 1-15.



(Late Miocene Tacipi Fm gas-bearing (350 GCF) reefal buildup on carbonate platform, encased in deep water
shales in SW Sulawesi. Moldic porosity from fresh-water leaching)
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(online at: https://journal.uir.ac.id/index.php/JGEET/article/view/14491/6288)

(Baula and Pomalaa Ophiolitic Complexes part of Cretaceous East Sulawesi Ophiolite (ESO). Ultramafic rocks
mainly peridotite, mostly serpentinized, and different paleo-temperature levels, based on pyroxene
thermometer. Different generations of exsolution lamellae indicate magma cooling was gradual. Tectonic
setting was ocean floor; magmatism was Mid Oceanic Ridge Basalt))
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(E-M Miocene Tondo Limestone near Bau Bau composed of wackestone and packstone. Wow.)
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(Nickel laterite deposits in Sulawesi formed by lateritization of large East Sulawesi Ophiolite, under active
tectonic setting and tropical rainforest climate. Exploration cases for nickel laterite deposits in five regions of
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(Morowali Ni-laterite deposit in E Sulawesi Ophiolite, developed in laterite profile on weathered serpentinized
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Grainge, A.M. & K.G. Davies (1985)- Reef exploration in the East Sengkang Basin, Sulawesi, Indonesia.
Marine and Petroleum Geology 2, p. 142-155.

(Shallow, gas-bearing Upper Miocene reefs in N part Sengkang basin, with Kampung Baru as largest field.
Lower Miocene mudstones and limestones unconformable over Eocene volcanics acoustic basement. Two M
Miocene periods of deformation and erosion. Late Miocene widespread carbonate deposition with platform
limestones and pinnacle reef complexes. Reef growth ceased at end Miocene and clastic sedimentation covered
irregular limestone surface. Walanae sinistral strike-slip fault zone separates E and W Sengkang Basins)



Greenfield, T., A.C. Copley, C. Caplan, P. Supendi, S. Widiyantoro & N. Rawlinson (2021)- Crustal
deformation and fault strength of the Sulawesi subduction zone. Tectonics 40, 3, €2020TC006573, p. 1-18.
(online at: https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2020TC006573)

(Seismicity and rheology of N-Sulawesi subduction zone from wave modeling of moderate magnitude (M5—
MG6.5) earthquakes on N Sulawesi megathrust and surrounding region. Slip vectors of megathrust earthquakes
radiate outward from Sulawesi, implying lateral spreading of high topography, controlled by gravitational
potential energy contrasts. Region acts as region of weak crust spreading out over strong subducting plate.
Subducting Celebes Sea oceanic plate has age of 35-45 Ma, with elastic thickness-typical of mature oceanic
lithosphere (age >25 Ma))

Gunawan, W. (1999)- Structure, stratigraphie et evolution de la partie centrale de Sulawesi (Indonesie
orientale). Doct. Thesis Universite de Aix-Marseille, p. 1-283. (Unpublished)

(Sulawesi is area of collision between Eurasian and Gondwanan blocks. Three main events: (1) collision of
Asia- Banda Blocks (= E Sulawesi) in Late Oligocene, (2) collision of Banda- Lucipara blocks in M Miocene
and (3) collision of Banggai-Sula and Sulawesi in M Pliocene. C Sulawesi marks collision between Asia and
Banda blocks, with obduction of ophiolite nappe of Asian origin over E Sulawesi block. E Sulawesi block
sedimentary cover starts with Triassic reefal/ platform carbonates followed by Early Jurassic platform interior
carbonates, Lower Cretaceous radiolarites and Upper Cretaceous-Oligocene pelagic limestones. High P- low T
metamorphism during W-directed subduction in Early Oligocene. Western active margin has substrate
metamorphosed in Aptian- Albian, overlain by Upper Cretaceous- Pliocene volcano-sedimentary formations,
and deformed by thrusting during Oligocene collision, possibly followed by Middle Miocene event also known
from Buton island)

Guntoro, A. (1996)- Seismic interpretation and gravity models of Bone Bay in relation to its evolution. Proc.
25th Annual Conv. Indonesian Association Geologists (IAGI), Bandung, 3, p. 349-369.

Guntoro, A. (1997)- Stratigrafi dan evolusi tektonik Pulau Tanahjampea dan sekitarnya, Kabupaten Selayar,
Sulawesi Selatan. Berita Sedimentologi 4, p. 9-17.

(‘Stratigraphy and tectonic evolution of Tanahjampea Island and surroundings, Selayar District, S Sulawesi’.
Oldest rocks Eocene volcanic breccia (part of Langi volcanics of S Sulawesi?), overlain by E Miocene
limestone with Lepidocyclina (part of Tonasa Lst of Sulawesi?), Pleistocene volcanic breccia)

Guntoro, A. (1997)- Preliminary study of the geology and tectonics of the Flores Sea islands, South Sulawesi.
Proc. 26th Annual Conv. Indonesian Association Geologists (IAGI), Jakarta, p. 291-313.

(online at: https://www.iagi.or.id/web/digital/64/24.pdf)

(Islands S of SW Sulawesi/ Flores Sea (Selayar, Bonerate and Kalaotoa groups) poorly known. Similar
stratigraphy to SW Sulawesi. Extensive volcanic and tectonic activity since Eocene (old volcanic breccias
similar to Langi Volcanics in SW Sulawesi). Tanahjampea and Tanahmalala islands mainly SW Sulawesi-like
granite, also Eocene and M-U Miocene calc-alkaline volcanics, possibly overlain by Batu Fm limestone with
large Lepidocyclina. Suggesting W-dipping subduction zone E of W Sulawesi in E Tertiary continued to E of
these islands. Kalao island 11 uplifted coral reef terraces on andesite; Tertiary rocks dip 40° to SW. Bonarate,
Kalaotoa islands also with uplifted Quaternary reefal limestones (no mention of Verbeek (1908) work))

Guntoro, A. (1999)- The effect of collision of the Banggai-Sula microcontinent to the tectonic development in
Central Indonesian region. In: G.H. Teh (ed.) Proc. 9th Regional Congress Geology Mineral Energy Resources
of SE Asia (GEOSEA ’98), Kuala Lumpur 1998, Bull. Geological Society Malaysia 43, p. 103-111.

(online at: https://gsmpubl.wordpress.com/wp-content/uploads/2014/09/bgsm 199901 1.pdf)

(Seismic interpretation shows presence of major faults indicating extensional, compressional and inversion
tectonics in Makassar Strait, Sulawesi and Bone Bay. Gravity models indicate presence of oceanic crust in
middle of Makassar Strait and Bone Bay and remnant subduction to S of Bone Bay. Origin of oceanic crust in
Makassar Straits and Bone Bay due to rifting, with E-ward driving mechanism subduction roll-back of Pacific
Plate eastward since E Tertiary. Bone Bay openings due to M Miocene collision of Banggai-Sula with Sulawesi,



causing displacement and rotation of two Walanae and Palu-Koro faults. Banggai-Sula collision also caused
inversion structures at E and W sides of N Makassar Basin by inverting Eocene extensional basin)

Guntoro, A. (2004)- The relationship between tectonic development of Central Indonesian region and collision
of Banggai-Sula microcontinent to the east Sulawesi. Jurnal Teknologi Mineral (ITB) 11, 1, p.

(Central Indonesia with major faults indicating extension, compression and inversion. Gravity data indicate
presence of oceanic crust in middle of Makassar Straits and Bone Bay, related to rifting. Driving mechanism of
rifting in Makassar Strait is subduction roll-back of Pacific Plate E-ward since early Tertiary. Rifting in Bone
Bay due to collision of Banggai-Sula Microcontinent against Sulawesi causing displacement and rotation of two
major faults, Walanae and Palu-Koro)

Guritno, N., D.Q. Coffield & R.A. Cook (1996)- Structural development of central South Sulawesi, Indonesia.
Proc. 25" Annual Conv. Indonesian Petroleum Association (IPA), Jakarta, 1, p. 253-266.

(S Sulawesi stratigraphy: pre-Tertiary basement, Eocene synrift, Oligo-Miocene post-rift, M Miocene syn-
magmatic, and Late Miocene-Pliocene synorogenic sedimentary packages. E part hinterland of exposed
Cretaceous basement in W-vergent thrust system. W of basement outcrops is basement-involved, W-vergent
Kalosi fold-thrust, with exposed Paleogene sediments. Further W shortening thin-skinned Majene foreland fold-
thrust belt. S Sulawesi is W-vergent orogen superimposed on M Miocene magmatic arc. Bone Bay is continent-
continent suture recently disrupted by transtensional wrenching and collapse of orogen's eastern extremity. SE
Sulawesi E-vergent portion of orogen with allochthonous ophiolite nappes from continent-continent suture.
Leading edge of orogen along Banda Sea W margin)

Hadiwijoyo, S., D. Sukarna & K. Sutisna (1993)- Geological map of the Pasangkayu Quadrangle, Sulawesi
(Quad. 2014), 1: 250,000, Geological Research Development Centre (GRDC), map + 19p. text.

(W Sulawesi map between 1-2°S. Oldest rocks ? Triassic metamorphics (no data to support age), unconformably
overlain by low-metamorphic Upper Cretaceous clastics. Overlain by Oligocene and E Miocene Lamasi
andesitic-dacitic volcanics. Unconformably overlain by M-L Miocene Talaya andesitic-basaltic series and Late
Miocene- Pliocene molasse. Oil seep at Doda. Unlike areas to S, no Eocene rocks present in outcrop)

Haile, N.S. (1974)- An unusual unconformity of radiolarian chert on schist and gneiss west of Pangkajene, SW
arm, Sulawesi (Celebes). Geological Society Malaysia Newsletter 52, p. 21-22. (Abstract only)

(online at: https.://gsmpubl.wordpress.com/wp-content/uploads/2014/09/ngsm1974007.pdyf)

(Brief note on mid-Cretaceous unconformity in Sungai Dera (tributary of Sg Paring) ~22 km E of Pangkajene,
SW Sulawesi. Brecciated gneiss and micaschists of Bantimala Complex overlain with horizontal unconformity,
by slightly folded ~7m thick red chert sequence. Near base of chert are up to 30cm thick beds of rel. coarse
quartz-mica sandstone with up to 35% lithics of micaschists and altered ultrabasic rocks. (Age of radiolaria in
chert Late Albian- E Cenomanian; Wakita 2000; similar siuccession in Miomaffo complex of W Timor, JTvG))

Haile, N.S. (1978)- Reconnaissance palacomagnetic results from Sulawesi, Indonesia, and their bearing on
palaeogeographic reconstructions. Tectonophysics 46, p. 77-85.

(SW Sulawesi Jurassic radiolarian chert rotated ~35° CCW since Late Mesozoic. E Cretaceous radiolarian
chert formed at ~3° and may have formed single plate with Kalimantan and Malay Peninsula, which rotated
~35-50° CCW since Cretaceous. Jurassic cherts from SE Sulawesi formed at high latitude (61°S))

Haile, N.S., A.J. Barber & D.J. Carter (1979)- Mesozoic cherts on crystalline schists in Sulawesi and Timor. J.
Geological Society, London, 136, p. 65-70.

(online at: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.820.2026 &rep=rep 1 &type=pdf)
(Non-metamorphosed Jurassic or Early Cretaceous pelagic radiolarian chert deposited unconformably on
brecciated gneiss of Bantimala Complex in Pangkajene valley, SW Sulawesi. Cherts associated with turbiditic
lithic sandstones, with grains of mica schist, muscovite, altered ultramafic rock, rare garnet and tourmaline.
Radiolaria deemed to be of Jurassic or E Cretaceous age by Ling (no details). Very similar rock succession on
Timor (Miomaffo) suggest Sulawesi and Timor probably part of continuous terrain during deposition of
radiolarian cherts (see also Harahap 2000))



Hakim, A.Y.A. (2017)- Genesis of orogenic gold in the Latimojong district, South Sulawesi, Indonesia.
Dissertation Montan Universitat Leoben, Germany, p. 1-355.

(online at: https://pure.unileoben.ac.at/portal/files/2214320/AC14527918n01.pdf)

(Awak Mas and Salu Bullo gold deposits in Latimojong Metamorphic Complex, S Sulawesi. Latimojong MC
part of Late Cretaceous accretionary complex with high-P metamorphics, W of obducted Lamasi Complex (= E
Sulawesi Ophiolite?). Gold hosted in quartz veins in pumpellyite- to greenschist-facies metasedimentary and
metavolcanic rocks. Metamorphic reactions in metasedimentary rocks during retrogression stage considered
main source of ascending fluids forming Au-mineralization)

Hakim, A.Y.A. & F. Melcher (2016)- The Salu Bullo mesothermal gold deposit in South Sulawesi, Indonesia.
GeoTirol 2016 Conference, Innsbruck, 1p. (Abstract only)

(Mesothermal gold deposit hosted by greenschist facies rocks in late Cretaceous Latimojong metamorphic
complex. Structural evolution includes accretion of Lamasi ophiolite onto sedimentary sequences by major
NNW thrusting. At Salu Bullo, four N-S trending ore bodies dipping with high angle to E. Gold-bearing veins
hosted by fine-grained meta-sedimentary and meta-volcanic rocks)

Hakim, A.Y.A., F. Melcher, W. Prochaska, R. Bakker & G. Rantitsch (2018)- Formation of epizonal gold
mineralization within the Latimojong Metamorphic Complex, Sulawesi, Indonesia: evidence from mineralogy,
fluid inclusions and Raman spectroscopy. Ore Geology Reviews 97, p. 88-108. (online at:
www.academia.edu/96992451/Formation_of epizonal gold mineralization_within_the Latimojong Etc.)
(Gold deposits in Latimojong Metamorphic Complex, S Sulawesi (Awak Mas, Salu Bulo) in pumpellyite-
greenschist facies metasedimentary and metavolcanic rocks. Gold in quartz veins in N-S normal faults and
extensional fractures. Minerals dominated by pyrite, chalcopyrite, galena, minor tetrahedrite and sphalerite;
gold is electrum with low silver content. Gold bearing fluids trapped in quartz at ~180-250 °C at depths <5 km.
Isothermal decompression during retrogression stage mobilized large volumes of fluids, leading to significant
gold mineralization)

Hakim, A.Y.A., F. Melcher, W. Prochaska & T.C. Meisel (2022)- Magmatic and metamorphic evolution of the
Latimojong Metamorphic Complex, Indonesia. J. Asian Earth Sciences 227, 105095, p. 1-19.

(Development of accretionary complex of Latimojong Metamorphic Complex began in Cretaceous, followed by
deformation, folding, and uplift above sea level before Eocene. REE patterns of metasedimentary rocks might
be interpreted as slab dehydration during high-P metamorphism at mantle depths. Metamorphic conditions
point to high-P (up to 12 kb) to low T (300-415 °C), as typically observed in subduction zones. Latimojong MC
underwent tectonic evolution and accretion history similar to other metamorphic complexes in S Sulawesi
(Barru, Bantimala), although protoliths and metamorphic P-T conditions may have varied)

Hakim, F.R. & A. Idrus (2021)- Preliminary study of geology, alteration and ore mineralisation at East
Motoling Area, South Minahasa District, North Sulawesi, Indonesia Proc. 3rd Int. Conf. Global Issue for
Infrastructure, Environment, and Socio-Economic Development (GIESED 2020, Makassar), [OP Conference
Series: Earth and Environmental Science 921, 012034, p. 1-7.

(online at: https://iopscience.iop.org/article/10.1088/1755-1315/921/1/012034/pdf)

(E Motoling prospect in the Minahasa region of N Sulawesi with low sulfidation epithermal mineralization.
Volcanic Rock Formation of Late-Middle Miocene age host rock for ore mineralization)

Handyarso, A., H. Permana, M. Hanafi, P. Sendjaja & M.M. Mukti (2023)- Extensional tectonic investigation
based on gravity and magnetic data analysis in the Gulf of Tomini, Indonesia. Rudarsko-geolosko-naftni
Zbornik (Mining-Geology-Petroleum Engineering Bulletin), Zagreb, 38, 4, p. 1-18.

(online at: https://hrcak.srce.hr/clanak/447262)

(Gulf of Tomini between E and N Arms of Sulawesi (also called Gorontalo Bay) not well understood. Gravity
and magnetic dara suggest extensional tectonics, with multiple parallel NW-SE dextral strike-slip faults.
Second-order grabens include Gorontalo, Tomini and Poso basins, separated by Lalanga and Togian ridges.
Moho depth ~12- 28 km beneath surface. Also volcanic activity around Togian and Una-Una islands)



Harahap, B.H. (1995)- Petrology of the Neogene subvolcanic rocks from the western part of South Sulawesi.
Bull. Geological Research Development Centre (GRDC) 18, p. 68-85.
(Neogene K-rich volcanics in SW Sulawesi)

Harahap, B.H. (1999)- Asal lava bantal Salu Latupa, Latimojong, Sulawesi Selatan. Majalah Geologi Indonesia
(IAGI) 15, 1-2, p. 25-38.
('Genesis of Salu Latupa pillow lava, Latimojong, S Sulawesi’)

Harahap, B.H. (2000)- Petrologi lava basaltik dari jalan raya antara Palopo dan Rantepao, Sulawesi selatan.
Jurnal Geologi dan Sumberdaya Mineral (JGSM) 10, 101, p. 2-9.

('Petrology of basaltic lava from the main road between Palopo and Rantepao, S Sulawesi'. Basalts
outcropping at km 376-379 intrude Eocene Toraja Fm equivalent rocks. Age unclear? Geochemistry suggest
subduction-related lavas, probably from before M Miocene Banggai-Sula collision with Sulawesi)

Harahap, B.H. (2000)- Kejadian rijang di Sungai Paring Sulawesi Selatan. Jurnal Geologi dan Sumberdaya
Mineral (JGSM) 10, 105, p. 2-11.

('Genesis of chert in the Paring River of South Sulawesi'. Red, thin-bedded deep marine radiolarian chert Fm in
Paring River near Bantimala, 22km E of Pangkajene. Unconformably overlies Bantimala melange complex,
composed of schist, ultramafic rocks, clastic sediments, etc. With slump structures, associated with sandstones
and breccias with fragments of schist. Chert contains radiolaria indicative of U Albian- Lower Cenomanian age
(~100 Ma; Wakita 1996; 7m of radiolarian cherts with some turbiditic sandstones on brecciated gneiss from
same area also described by Haile et al. 1978))

Harahap, B.H. (2000)- Petrologi lava dan korok basalt dari Walenrang, Sulawesi. Proc. 29th Annual Conv.
Indonesian Association Geologists (IAGI), Bandung, 4, p. 179-189.

('"Petrology of lava and basalt of Walenrang, Sulawesi'. C Sulawesi Pliocene Lamasi volcanics chemistry
comparable to Mid-Ocean Ridge Basalts)

Harahap, B.H. (2002)- Ofiolit di Pegunungan Latimojong Sulawesi bagian selatan dan implikasi geodinamika
dalam tatanan tektonik dan stratigrafi regional Sulawesi. Buletin Geologi (ITB) 34, 1, p. 1-20.

('Ophiolite of the Latimojong Mts, S Sulawesi and geodynamic implications for the regional tectonic and
stratigraphic history of Sulawesi’)

Harahap, B.H. (2004)- Plio-Pleistocene volcanic rocks from Tanatoraja South Sulawesi. Majalah Geologi
Indonesia (IAGI) 19, 2, p. 81-90.

Harahap, B.H., S. Maryanto, W. Sunata, Sudijono & T. Sihombing (1999)- Stratigrafi Sulawesi Selatan. Pusat
Penelitian dan Pengembangan Geologi (Geological Survey), Bandung, Special Report, p. 1-94. (Unpublished?)
(‘Stratigraphy of South Sulawesi’)

Hardjadinata, K. (1992)- Beberapa aspek lapangan batuan vulkanik daerah Gorontalo, Sulawesi Utara. Jurnal
Geologi dan Sumberdaya Mineral (JGSM) 2, 6, p. 4-8.
(‘Some aspects of the volcanic rocks of the Gorontalo area, northern Sulawesi’)

Hardjana, 1. (2011)- The discovery, geology and exploration of the high sulphidation Au-mineralization system
in the Bakan District, North Sulawesi. In: N.I. Basuki (ed.) Proc. Conf. Sulawesi Minerals Resources 2011,
Manado, MGEI/IAGI, p. 161-188. (also in Majalah Geologi Indonesia 27, 3, p. 143-157)

(online at: www.bgl.esdm.go.id/publication/index.php/dir/article_detail/731)

(Gold mineralization in Bakan, N Sulawesi, hosted by dacitic tuffs of Plio-Pleistocene Bakan Fm, which
unconformably overlie Miocene basement units of andesitic lavas, feldspathic sandstones and diorite porphyry)

Harjanto, A., Sutanto, A. Subandrio, I.M. Suasta, J. Salamat, G. Hartono, P. Saputra et al. (2016)- Alterasi
hidrotermal di Dumoga Barat, Kabupaten Bolaang Mongondow, Sulawesi Utara. Eksplorium 37, 1, p. 27-40.
(online at: https://jurnal batan.go.id/index.php/eksplorium/article/view/2666/pdjf)



(‘Hydrothermal alteration in West Dumoga, Bolaang Mongondow Regency, North Sulawesi®)

Harjanto, Ernowo (2017)- Hydrothermal alteration and gold mineralization of the Awak Mas gold deposit,
Sulawesi Island, Indonesia. Ph.D. Thesis RWTH Aachen University, Germany, p. 1-177.

(Awak Mas metasedimentary-hosted gold deposit in Cretaceous metamorphic Latimojong Fm, S Sulawesi.
Hosted by phyllites-schists representing metamorphosed shales derived from acidic arc volcanic rocks in
continental island arc setting, and metamorphosed under low P-T conditions (greenschist-facies). Obduction
and thrusting of Lamasi Ophiolite Complex onto Latimojong Metamorphic Complex in Miocene led to ductile
deformation, followed by crustal thickening that caused melting at base of crust and granitic magmatism at 5-
8.1 Ma. Granodiorites of calc-alkaline magmatic affinity emplaced in transition between volcanic-arc and syn-
collisional granite tectonic setting. Extensional collapse caused brittle deformation (normal faulting/
fracturing) and formation of veins controlled gold mineralization. Awak Mas epigenetic, orogenic gold deposit)

Harjanto, E., F.M. Meyer & A. Idrus (2015)- Geology and mineralization of Awak Mas gold deposit and
challenges for new exploration targeting in the metamorphic rock terrain of eastern Indonesia. Proc. 13th
Biennial Meeting Society for Geology Applied to Mineral Deposits (SGA), Nancy, p. 103-106.

(Awak Mas metamorphic-rock hosted gold deposits in C Sulawesi Cretaceous Latimojong metamorphic bellt.
Dominant lithologies slate, phyllite and mica schist. Mineral assemblage reflects high P/ low T environment or
greenschist facies metamorphic rocks. Extensional faults, shears and fractures control gold mineralization)

Harjanto, Ernowo, F.M. Meyer, A. Idrus, H. Widyanarko & N.L. Endrasari (2016)- An update of key
characteristics of Awak Mas mesothermal gold deposit, Sulawesi Island, Indonesia. Proc. 8th Annual Conv.
Indonesian Soc. Economic Geologists (MGEI), Bandung, p. 72-75.

(Awak Mas gold deposit in metamorphic belt of Sulawesi. Hosted by low-metamorphic Cretaceous Latimojong
Fm flysch sequence locally intruded by diorite dykes. Believed to have formed by hydrothermal fluids sourced
from metamorphic dewatering reactions of marine sediments (mesothermal orogenic gold deposit))

Harju, H.O. (1979)- Exploration of P.T. INCO's nickel laterite deposits in Sulawesi, Indonesia. In: D.J.I. Evans
et al. (eds.) International Laterite symposium, American Inst. Mining Metallurgical Petroleum Engineering
(AIME), New Orleans, p. 292-299.

Hasan, K. (1990)- The Upper Cretaceous flysch succession of the Balangbaru Formation, Southwest Sulawesi,
Indonesia. Ph.D. Thesis, University of London, p. 1-336. (Unpublished)

(Upper Cretaceous (Turonian-Maastrichtian) Balangbaru Fm ~3300m of deep marine flysch, unconformably
over accretionary complex. Not internally deformed, only slight E tilt. Paleocurrent of gravity flows mainly
from NW to SE and W to E. Provenance in lower part mainly metamorphic lithics and chert from accretionary
complex, upper part influenced by magmatic arc provenance. Tectonic setting small fore-arc basin on trench
slope. Basement complex uplifted from significant depth prior to deposition of Balangbaru Fm, thus preventing
transport of volcaniclastics into basin)

Hasan, K. (1991)- The Upper Cretaceous flysch succession of the Balangbaru Formation, Southwest Sulawesi.
Proc. 20th Annual Conv. Indonesian Petroleum Association (IPA), Jakarta, p. 183-208.

(Summary paper of above thesis on Upper Cretaceous (Turonian-Maastrichtian) Balangbaru Fm 'flysch' in SW
Sulawesi)

Hasan, K., R. Garrard & P. Mahodim (1991)- SW Sulawesi, Post-convention field trip guidebook. Indonesian
Petroleum Association (IPA), p. 1-61.

(Balangbaru area of SW Sulawesi Albian (111, 115 Ma) age metamorphics. Late Cretaceous (Turonian-
Maastrichtian) Balangbaru flysch 3300m thick, unconformably over fractured ultrabasic rocks. Uplift/ erosion
event followed by Eocene fluvio-deltaics and Nummulites limestones, overlain by up to 500m Late Eocene- E
Miocene Tonasa Limestone)

Hasanuddin, M.S. Kaharuddin, M. Adam & M. Fathurahman (2023)- Preliminary study of accretion complexes
of Mangilu area, Pangkep Regency, South Sulawesi. British J. Environmental Studies 3, 1, p. 13-22.



(online at: https://www.al-kindipublisher.com/index.php/bjes/article/download/5372/4513)

(Cretaceous rocks in Mangilu area, Pangkep Regency, SW Sulawesi, represent subduction zone accretionary
complex, with melange, low-high grade metamorphism and deep-sea sediments (flysch, radiolarian cherts,
olistostrome). Mangilu succession consists of melange (autoclastic with blocks of blueschist, eclogite,
greenschist, granulite), Olistostrome with granite olistoliths), U Cretaceous Rijang radiolaria chert and
Balangbaru Sandstone flysch with some chert, autoclastic breccia, thrusted over Paleogene Mallawa Sst and
Tonasa Lst (Miocene Pangkajene thrust?)

Hasanuddin, Kaharuddin, B. Syam, B.R. Maulana & B.N. Aisyah (2022)- Petrological study of autoclastic
Breccia Formation in Mangilu Region, Pangkep, South Sulawesi Province. Proc. 51st Annual Conv. Indonesian
Association Geologists (PIT IAGI 51), Makassar 2022, p. 1-9.

(online at: https://www.iagi.or.id/web/digital/71/PITIAGI-22-P-Abs-118.pdf)

(Mangilu area in N part of Bantimala Complex with two types of breccia (1) broken formation along
Pangkajene River in Mesozoic greenschist, radiolarian chert, Balangbaru Sst with boudinage, etc.; (2)
autoclastic breccia formation (in same rocks, also schist, serpentinite, peridotite, pillow lava)? Represents
deformation in subduction zone? (not sure why this is called autoclastic, mixture of large blocks is imbricated
formation or olistostrome?))

Hasibuan, F. (2001)- Ostrea (Turkostrea) doidoiensis n.sp. from the Middle Eocene of Malawa Formation,
South Sulawesi. Proc. 30" Annual Conv. Indonesian Association Geologists (IAGI) and 10th GEOSEA
Regional Congress, Yogyakarta, p. 191-194.

(New oyster species from M Eocene Malawa Fm that unconformably overlie Late Cretaceous Balangbaru
flysch in Doidoi village, S of Ralla, S Sulawesi. Ostrea (T.) doidoiensis) is from basal marine beds above the
two coal beds of Malawa Fm and is associated with gastropods, solitary corals ond other bivalves)

Hasibuan, F. (2009)- Lingkungan pengendapan Formasi Malawa, Sulawesi Selatan berdasarkan kandungan
makro fosil. Jurnal Sumber Daya Geologi (JSDG) 19, 2, p. 95-106.

(online at: http.//jgsm.geologi.esdm.go.id/index.php/JGSM/article/view/196/188)

(‘Environment of deposition of the Malawa Fm, S Sulawesi based on macrofossils’. Malawa Fm with E-M
Eocene palynomorphs and overlain by Tonasa Lst with Eocene Nummulites javanus. Four M FEocene
stratigraphic units with molluscs, incl. Ostrea doidoiensis and Septifer. Environments mangrove swamp, fluvial,
lagoon- sandbars and deltaic)

Hasibuan, F. & A. Kusworo (2008)- Umur Formasi Nambo di Sulawesi Tengah dengan acuan khusus fosil
Moluska. Jurnal Sumber Daya Geologi (JSDG) 18, 1, p. 43-54.

(online at: https://jgsm.geologi.esdm.go.id/index.php/JGSM/article/view/226/216)

(‘Age of the Nambo Fm in C Sulawesi based on fossil molluscs’. Nambo Fm along Kali Nambo near Luwuk in E
Arm of Sulawesi 50m thick calcareous shale of latest Jurassic (Tithonian) age with molluscs (Retroceramus
haasti, Malayomaorica malayomaorica) and belemnites (Belemnopsis mangolensis, B. stolleyi, B. aucklandica
simitis, B. moluccana, B. galoi). Similar to upper part of Buya Fm of Sula islands)
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Cretaceous (similar to Sasajima et al. (1980) results on Marada Fm). Calculated paleolatitude for tilt-corrected
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(First zircon U-Pb dating of E Sulawesi Ophiolite combined with radiogenic isotopes suggest main seafloor
spreading time for generating this ophiolite at 74+ 3 Ma (= ~Late Campanian), with zircon Hf isotope and
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root zones of high-level stocks whose eroded parts were like deposits exposed at Tombuililato)

Lu, X., C. Gan, P.A. Cawood, X. Qian & Y. Wang (2025)- Oligocene high-silica felsic magmatism in juvenile
intra-oceanic arc crust, North Sulawesi Arc, Indonesia. J. of Earth Science (China) 36, p. 880—893,
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by Dollfus, based on presence of Vicarya. However, this is misidentified and mollusc fauna more likely of
Miocene? age)

Martini, R., D. Vachard & L. Zaninetti (1995)- Pilammina sulawesiana n.sp. (Ammodiscidae, Pilammininae, n.
subfam.), a new foraminifer from Upper Triassic reefal facies in E. Sulawesi (Kolonodale area, Indonesia).
Revue de Paleobiologie, Geneve, 14, 2, p. 455-460.
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also found in Asinepe Lst of Seram, Sambosan accretionary complex in Japan, N lItaly, Karakorum, Turkey,
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complex, which consists mainly of high-P Triassic-Jurassic metamorphic rocks and late Albian- Cenomanian
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phyllites, mica schist, gneisses, amphibolite and ultramafic rocks. Greenschist- to amphibolite-facies
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Cretaceous (Albian) metamorphism, but also Late Cretaceous (Maastrichtian) metamorphic or deformational
event at ~70 Ma. Overall, Barru rocks more felsic than Bantimala. Two blocks accreted at same time (E
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blueschist/eclogite-facies and subsequently exhumed. Samples deduced to have come from thicker-crust
environments (OIB, IAB) were subducted to shallower depths (blueschist facies) than MORB-derived samples,
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Maulana, A., D.J. Ellis & A.G. Christy (2010)- Petrology, geochemistry and tectonic evolution of the South
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gneisses more felsic and of arc affinity. Bantimala block records subduction of cold ocean floor and exhumation
of deeply subducted material. Barru preserve roots of old island arc, subduction of some ocean floor, obduction
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age and parts of SE Sundaland margin, but different metamorphic rocks assemblages: (1) Bantimala records
deep subduction of cold ocean floor including MORB, arc-related lavas and seamounts, and exhumation of
deeply subducted material, prior to collision with microcontinents to E and obduction of ultramafics; (2) Barru
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Maulana, A., D.J. Ellis, A.G. Christy, K. Watanabe, A. Imai & Purwanto (2011)- Rare Earth element in
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Ma), (2) high-K felsic calc-alkaline (CAK (~5-2 Ma), and (3) normal calc-alkaline to tholeiitic (CA-TH;
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sources (1) enriched mantle or lower crustal equivalent for HK magmas, and (2) Triassic igneous rocks in
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3.2-4.3 km; Masamba Pluton 8.2-10 km, Lalos-Toli and Sony Plutons 11.3 and 11.6 km, Gorontalo Pluton at
9.3 km deep. Mamasa and Masamba Plutons exhumed at 0.37 and 1.6 mm/year, Lalos-Toli and Sony Plutons
at 1.4 and 2.7 mm/year. Gorontalo Pluton in N Sulawesi Province exhumed at 0.42 mm/year. Rapid
exhumation of Sony Pluton attributed to active vertical movement of Palu-Koro Fault Zone since Pliocene)
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sandwiched by schist and melanges. Strongly tectonized arkosic sandstone, siltstone and calcareous sandstone.
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(Lateritic soil of ultramafic rocks of Sulawesi may be potential source of scandium, while weathered I-type
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Maulana, A., K. Sanematsu & M. Sakakibara (2016)- An overview on the possibility of Scandium and REE
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Japanese occupation in 1942-1945. Mineralization hosted by felsic volcanics in bimodal association with
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(Mio-Pliocene granitic rocks from Polewali, Masamba areas, SW Sulawesi dominated by granodiorite and
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has been noted by multiple authors before since 1950s? or before, but no references to these papers, JTvG))

Paju, J.A., Y.S. Purnama, B. Nugroho, A. Bachtiar & F. Peera (2006)- Sedimentology of Mallawa clastics and
its implication to hydrocarbon occurrences in western part of West arm Sulawesi. Proc. 35" Annual Conv.
Indonesian Association Geologists (IAGI), Pekanbaru 2006, PITIAGI2006-012, p. 1-18.

(online at: https://www.iagi.or.id/web/digital/15/2006 IAGI Pekan-Baru_Sedimentology-Of-Mallawa.pdf)
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melange complexes (30° CCW rotation, paleolatitude -16.1°S); (3) Eocene- M Miocene- Tonasa Limestone Fm
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arc-normal and ESE arc-parallel faults, established during Miocene under dextral wrench regime. Intersections
of major fault sets favoured sites for Miocene porphyry Cu-Au)

Perdana, M.J. & H. Amijaya (2010)- Identification of geochemical degradation of oil seep from Paniki River,
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(Measured limestone section of 24m near Limboto Lake. Age around Miocene-Pliocene boundary (5.8 Ma),
elevation 70m, paleobathymetry 338.661m or 324.825m (???; bizarre precision!), giving uplift rate of
~70m/Million years)
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((Measured limestone section of 24m near Limboto Lake given new name, Limboto Limestone Formation. Outer
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("Metamorphic rock complexes'. Chapter 7 in ‘Geology of Sulawesi’ book. Brief review of metamorphic rocks of
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(‘Petrographic and geochemical analysis of the diorite-granodiorite-granite rocks in the Gorontalo area,
Sulawesi’. Gorontalo diorite-granodiorite-granite group intermediate-acid plutonic igneous rocks calc-alkaline
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(online at: https.//jgsm.geologi.esdm.go.id/index.php/JGSM/article/view/507/487)
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bathyal Poh Fm marls (between pre-collision Salodik Fm carbonates-clastics and post-rift Celebes molasse)
with planktonic foraminifera of E Pliocene age)

Puspita, S.D., R. Hall & C.F. Elders (2005)- Structural styles of the offshore West Sulawesi fold belt, North
Makassar Straits, Indonesia. Proc. 30" Annual Conv. Indonesian Petroleum Association (IPA), Jakarta, 1, p.
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https://www.researchgate.net/publication/329362178 The Geology and Geothermal Systems of the Minaha
sa_District North_Sulawesi)
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volcanic eruptions of Mts. Ambang, Soputan, Lokon, Mahawu, Tangkoko, Ruang, Karangetang and Mt. Awu led
to multiple geothermal systems with different degrees of “maturity”. Oldest volcanic activity in Lembeyan
volcanic complex, E of Lake Tondano (Late Miocene?))
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Geological Research Development Centre (GRDC), Bandung, Special Publ. 2, p. 343-347.



(New fault zones discovered during Scripps 1976-1979 cruises and land expeditions: (1) Sula Thrust at N side
Banggai- Sula Platform, (2) W continuation of Sorong FZ and (3) E extension of Batui Thrust which bounds
upthrusted E Sulawesi ophiolite (which also forms Gorontalo basin basement, and emplacement was complete
in Pliocene or earlier). Also mapped recently active Tolo Thrust E of Sulawesi and Buton)
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(SE arm Sulawesi gravity highs at schist ultramafic contacts indicate thick ultramafic rocks there, possibly
dipping under schist. Gravity effect of ultramafics decreases E away from schist)

Silver, E.A., R. McCaffrey, Y. Joyodiwiryo & S. Stevens (1983)- Ophiolite emplacement by collision between
the Sula Platform and the Sulawesi arc, Indonesia. J. of Geophysical Research: Solid Earth 88, B11, p. 9419-
9435.

(online at: https://robmccaffrey.github.io/pubs/silver_ophiolite_jgr 1983.pdf)

(Large ophiolite belt from Miocene collision of Sulawesi island arc and continental Sula Platform. Batui thrust
separates ophiolite from deformed sedimentary rocks along edge of Sula Platform and continues E from
Sulawesi along S margin of Gorontalo basin. Sulawesi ophiolite traced offshore to oceanic crust basement of
Gorontalo basin. Ophiolite melange underlies harzburgites on SE Arm beneath low-angle thrusts. Melange
several 100m thick thrust packets of serpentine and red shale matrix and N to NE dipping foliation, consistent
with significant N-ward component of lower plate movement, probably Sula platform margin. Ophiolite
emplaced by oblique convergence of Sula platform along S edge of Gorontalo basin. Gorontalo basin probably
forearc basin with ophiolite basement. Presence of dunite in Colo volcanic products in Tomini Bay indicate
magma went through through oceanic material, possibly part of E Sulawesi Ophiolite)

Silver, E.A., R. McCaffrey & R.B. Smith (1983)- Collision, rotation, and the initiation of subduction in the
evolution of Sulawesi, Indonesia. J. of Geophysical Research: Solid Earth 88, B11, p. 9407-9418.

(online at: https://robmccaffrey.github.io/pubs/silver_sulawesi_jgr 1983.pdf)

(Sulawesi shaped as result of collision with Sula platform, resulting in rotation of N volcanic arm and
accretionary wedge of N Sulawesi trench. N Sulawesi trench changes laterally from no active deformation in E
to a wide accretionary wedge in W. Early thrusting produced steep frontal slope (8°-16°), indicative of high
basal shear stress, more advanced (W) zone of thrusting produces gentle slope (2°). Paleomagnetic data
suggest post-Late Eocene counter-clockwise rotation of N Arm. Convergence between N Banda Basin and SW
Sulawesi documented by Tolo thrust. S end of thrust projects toward Buton, but structural relations not clear)
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(Stratigraphic-tectonic study of Sulawesi East Arm. Late M Miocene and younger Kolokolo melange of main
thrust zone separates tectonized, obducted E Sulawesi Ophiolite belt from underlying imbricated Late Triassic-
E Miocene sediment cover of Banggai-Sula continental block. Oil seeps generally associated with melange
outcrops. Classic ophiolite stratigraphy in Early Cretaceous(?)East Sulawesi (Balantak) ophiolite: ultramafic
rocks- gabbro- sheeted dikes- pillow basalts. (‘Boba Fm’ cherty ocean floor pelagic deposits above ophiolite: E
Cretaceous (Valanginian- E Cenomanian) Boba beds radiolarian chert (with Thanarla conica (= T. brouweri
Tan), Zipondium, Archaeodictyomitra apiaria, Pseudodictyomitra cosmoconica, Acanthoricus, Cryptocephalic,
etc., p. 171, B. Murchey, USGS identifications), U Cretaceous pelagic calcilutite (with Globotruncana,



Rotalipora) and Eocene- E Oligocene pelagics. Some pillow basalts may be E Tertiary seamounts. Post-
orogenic ‘molasse’ Late Miocene- Pliocene in age and derived from N/NW)

Simandjuntak, T.O. (1986)- Struktur duplek (dwiunsur), sesar sungkup dan sesar jurus mendatar di lengan timur
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(Radiometric analysies of gabbro, dolerite and pillow basalt from East Arm of Sulawesi suggest ophiolite and
its seamount basalts are, respectively Cretaceous and Eocene in age (peridotites could not be dated due to low
potassium content). Associated E Cretaceous (Valanginian- E Cenomanian range) radiolarian chert (deposited
below CCD depth) and calcilutites with Late Cretaceous Globotruncana from upper ophiolite sequence)
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Indonesia. Geologi Indonesia 13, 1, p. 1-35.

(Summary of the Simandjuntak 1986 thesis. In E Arm of Sulawesi imbricated Mesozoic-Paleogene continental
margin sediments of Banggai-Sula Platform juxtaposed with E Sulawesi Ophiolite Belt along Batui- Balantak
Fault system. Three distinct sequences in E Arm: (1) Triassic- Paleogene continental margin, (2) Cretaceous
pelagic chert and radiolaria-rich calcilutite (= sediment cover of ophiolite suite?) and (3) overlap assemblage
of Neogene post- orogenic clastics (‘Sulawesi Molasse'), with clasts of (1) and (2). Collision zone marked by
Kolokolo Melange with M Miocene calcareous mudstone matrix, locally with oil seeps. At least 3 raised coral
reef terraces on S coast of East Arm show ongoing uplift)

Simandjuntak, T.O. (1992)- New data on the age of the ophiolite in Eastern Sulawesi. Bull. Geological
Research Development Centre (GRDC) 15, p. 38-44.

(K/Ar dating of gabbro from E Sulawesi ophiolite gave ages of 93-48 Ma (Late Cretaceous- E Eocene); pillow
basalts ~53-38 Ma (Eocene). Peridotites could not be dated due to very low K content. Oldest cherts with
manganese nodules above pillow basalts of ophiolite complex in Boba beds from E Arm of Sulawesi contain E
Cretaceous (Valanginian- E Cenomanian= > 95 Ma) radiolaria, overlain by U Cretaceous calcilutites with
Globotruncana (K/Ar ages of E Sulawesi (Ophiolite radiometric ages therefore apparently almost all much too
young?; JTvG)
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penelitian geologi di lengan Timur Sulawesi). Jurnal Geologi dan Sumberdaya Mineral (JGSM) 2, 7, p. 10-20.
(‘Mesozoic sediments and hydrocarbon prospects in E Indonesia, special study of E arm of Sulawesi’. Oil and
gas seeps, probably sourced from Jurassic marls, in many places between Banggai-Sula microcontinent and E
Sulawesi ophiolite belt. Tectonism before, during and after continent collision may stimulate oil migration)
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(In M Miocene NW-ward moving microcontinental blocks incl. Banggai-Sula Platform, Tukang Besi- Buton
Platform and Mekongga Platform, collided ('underplated’) with E Sulawesi Ophiolite Belt, in 'Tethyan-type’
convergence. Followed by deposition of Late Miocene- Pliocene post-orogenic 'molasse’ of non-marine and
shallow marine sediments. E Sulawesi Ophiolite overlain by U Cretaceous pelagic calcilutite with radiolaria
(Matano= Boba Fm). C Sulawesi Metamorphic Belt formed in W-dipping Benioff zone in Cretaceous-
Paleogene. Imbricated sedimentary cover of Banggai-Sula Plate with U Triassic (Tokala Lst Fm) - Jurassic
(Nanaka quartz sst, Sinsidik Lst with belemnites) and U Cretaceous- Paleogene sediments)
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(‘Duplex structure overthrusting and displacement in the eastern arm of Sulawesi’. Batui Thrust is M Miocene
suture between Banggai-Sula Platform and E Sulawesi Ophiolite Belt. Consists of several thrusts, all dipping



NW. NE portion subjected to dextral strike-slip with 150 km of displacement in Plio-Pleistocene (Balantak
fault). Melanges related to tectonic diapyrism developed along Batui Thrust zone. Several duplex structures
developed in sediments of Banggai-Sula Plate)
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(E Central Sulawesi map sheet, mapped in 1980. Two terranes: (1) E Sulawesi ophiolite of Cretaceous
ultramafics, overlain by Upper Cretaceous pelagic sediments (Matano Fm) and Late Miocene-Pliocene
tuffaceous clastics and (2) 'Banggai-Sula terrane’ of Triassic (-E Jurassic?) Tokala Fm limestones and clastics,
Jurassic Nanaka Fm clastics with conglomerates with volcanics, red granite and metamorphic clasts, J-K
pelagic limestones and U Eocene- Lower Miocene Salodik Fm limestones. Various episodes of folding, last
tectonic event in Pleistocene)

Simandjuntak, T.O., E. Rusmana, Surono & J.B. Supandjono (1991)- Geology of the Malili Quadrangle,
Sulawesi. Quad 2113, 1:250,000. Geological Research Development Centre (GRDC), Bandung, p. 1-35.

(C Sulawesi map between 2-3°S, N end Bone Bay. Comprises W and E Sulawesi provinces, separated by Palu-
Koro fault. W Sulawesi with Late Cretaceous flysch, Eocene- Miocene clastics, Oligocene- M Miocene volcanic
arcs and Neogene granitic rocks, unconformably overlain by Late Miocene- Pliocene turbidites, followed by
Plio-Pleistocene- Recent andesitic volcanics. C Sulawesi Pompangeo metamorphic belt, E Sulawesi ophiolite
overlain by Cretaceous pelagic Matano Fm with common Cretaceous radiolarian cherts near base. Late
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Cretaceous ultramafics overlain by Late Cretaceous pelagic limestone) and 'Pompangeo metamorphic complex'
(incl. eclogites and glaucophane-bearing rocks) and (2) Buton- Tukang Besi continental terrane with ? Permo-
Carboniferous? metamorphics and low-metamorphic Triassic Meluhu Fm clastics and Tokala Fm carbonates.
Both overlain by M Miocene- Pliocene 'Sulawesi molasse'. Strong Paleogene deformation, M Miocene upthrust
of E Sulawesi terrane onto Tukang Besi- Buton block and Plio-Pleistocene block faulting. (Panggabean &
Surono 2011: Matano Fm (pelagic rock overlying E Sulawesi ophiolite?) contains E Cretaceous radiolaria
Thanaria conica, Archaeodictyomitra apiaria, Pseudodictyomitra cosmoconica), etc.)
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Makassar Strait. N Sula-Manado blocks boundary is Gorontalo Fault, moving right laterally at ~11 mm/yr. 42
mm/yr relative motion between N Sula and Makassar blocks accommodated on Palu-Koro left-lateral fault
zone. Data also indicate pull-apart structure in Palu area. Sulawesi example of collision accommodated by
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magma source, while Au-rich porphyry systems are derived from mantle source)

Soesilo, J. (1998)- Metamorfosa pada komplek Latimojong, Sulawesi Selatan dan makna tektonikya. Masters
Thesis, Institut Teknologi Bandung (ITB), p. 1-85. (Unpublished)



("Metamorphism in the Latimojong Complex, S Sulawesi and tectonic significance'. Metamorphic rocks of
Latimojong Mts low- medium grade rocks derived from alternating siliciclastic, calcareous and volcanic rocks,
intruded by basaltic-acidic, high K, calc alkaline and tholeiite rocks. W-dipping imbrication dominant structure
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pada kompleks melange Bantimala, Sulawesi Selatan. Majalah Geologi Indonesia (IAGI) 25, 3, p. 143-159.
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recently active extensional detachment faults. Examples include N Tokorondo Mts NW of Lake Poso and
Pompangeo Mts E of Lake Poso in C Sulawesi. Linear landforms interpreted by Hamilton, etc., as thrust
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Surmont, J., C. Laj, C. Kissel, C. Rangin, H. Bellon & B. Priadi (1994)- New paleomagnetic constraints on the
Cenozoic tectonic evolution of the North Arm of Sulawesi, Indonesia. Earth Planetary Science Letters 121, p.
629-638.

(Paleomagnetism of Sulawesi N arm between 120- 122°F suggests post-Miocene CW rotation of ~20-25° of W
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(On SE Sulawesi Continental Terrane(s) in SE Arm of Sulawesi, overridden by E Sulawesi Ophiolite. Oldest
unit pre-Carboniferous low-grade metamorphics, intruded by Permo-Triassic aplite and associated volcanics.
Unconformably overlain by Late Triassic Meluhu Fm Triassic clastics (with Halobia, Daonella, Falcisporites),
unconformably overlain by FEocene Tamborasi and 400m of Tampakura Fm Eocene-Early Oligocene
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Anticline, PNG. Before collision with E Sulawesi Ophiolite Belt in latest Oligocene (E Miocene age of basal
Sulawesi molasse in SE Sulawesi), joined with Banggai-Sula Terrane. Three pre-collision tectonic events:
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211.
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Sulawesi: Banggai-Sula, Siombok, Tambayoli, Bungku, Mattarombeo, SE Sulawesi, Buton and Tukangbesi)

Surono (2013)- Batuan sedimen Neogen dan Kuarter. In: Surono & U. Hartono (eds.) Geologi Sulawesi, LIPI
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('Neogene and Quaternary sedimentary rocks'. Chapter 10 in Geologi Sulawesi book. E Sulawesi Molasse
members suggest E Miocene- Pliocene age range)
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(SE Sulawesi M-L Triassic Meluhu Fm fluvio-deltaic clastics unconformable on metamorphic basement and
unconformably overlain by Paleogene carbonates. Source area rugged and composed of metamorphic rocks,
overlain by sandstone and volcanic rocks. Meluhu Fm deposited in humid tropical region. Paleomagnetic study
shows~25° clockwise rotation and paleolatitude of 20° S. Meluhu Fm early rift stage sediment on NW
Australian continent. Continental fragment, including Meluhu Graben, separated from Australia to become
allochthonous terrane before colliding with Sulawesi)
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833-852.
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(Late Triassic- Jurassic Meluhu Fm widespread in SE Sulawesi. Fluvial sandstones underlain by metamorphic
basement, overlain by marine Jurassic Tuetue Mb and Laonti Fm limestone with ammonites and belemnites.
Three members: (1) Lower part Toronipa Mb sand-rich fluvial deposits (max. 800m thick); (2) middle part
Watuteluboto Mb tide-influenced deltaic deposits (max. thickness 200m), (3) upper part Tuetue Mb estuarine-
shallow marine clastics with thin (Jurassic?) limestone beds near top (110m, thickening to NW).. Paleocurrents
generally to ESE. Provenance from volcanic, metamorphic and sedimentary rocks. Lithics mainly sedimentary
and metamorphic rocks, also minor volcanics)
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continental terrane now juxtaposed with E Sulawesi Ophiolite Belt. In SE Sulawesi highly deformed Eocene- E
Oligocene carbonates unconformably overlain by gently deformed E Miocene Celebes molasse, suggesting
major deformation near Late Oligocene)
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Banggai-Sula Platform with Carboniferous metamorphics and Permo-Triassic granites and (2) E Sulawesi
ophiolite belt, composed of E Cretaceous ultrabasics overlain by U Cretaceous Matano Fm deep marine
pelagic cherts and calcilutites. Terranes collided in M Miocene, creating Late Miocene- Pliocene molasse.
Quaternary uplift. Oil seeps in several places along Batui thrust, the collision zone between ES ophiolite and
BS Platform. Miocene Kolokolo melange near Batui Thrust))
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Bandung, Special Publ. 28 (2001), p. 1-10 and reprinted in Surono 2008). Mafic-ultramafic rocks widespread
in SE arm of Sulawesi. Peridotite dunite, etc. with gabbro and basalt characterize mid-oceanic ridge type
ophiolite complex. Ophiolite probably was thin widespread layer covering continental terrane. Late
Cretaceous- Late Oligocene age (does not fit with reported E Cretaceous radiolaria in overlying sediments?;
JIvG). Paleomagnetic results suggest formation at 17-24°S in Late Cretaceous and rotated CW about 60°
(Mubroto). Ophiolite debris abundant in M Miocene and younger Sulawesi Molasse. SE arm ophiolite probably
thrust over SE Sulawesi continental terrane in M-Late Oligocene, while in E arm it occurred in E Miocene)
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Basal Matarape Fm conglomerates unconformably over Paleogene Tampakura Fm limestone and ophiolites,
dominated by peridotite and pyroxenite clasts. Conglomerates conformably overlain by E Miocene limestone,
with E Miocene forams (Spiroclypeus) and nannofossils (NN3). Ophiolite-derived fragments dominant in lower
molasse, decreasing in size upsection, and more detritus from SE Sulawesi continental terrane, suggesting
ophiolite formed thin cover over SE Sulawesi terrane)
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sensing interpretation’ SE Sulawesi secondary gold deposits in streams and in Miocene Langkowala Fm
sandstones (=“Celebes Molasse”?; JTvG). Rivers draining from Mendoke and Rumbia Mts, formed by
metamorphic and meta sediments, but possible igneous intrusion identified with remote sensing in W end of
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('Possible occurrences of primary gold deposits in Bombana District, SE Sulawesi'. In 2009 63,000 traditional
gold miners were worked in Bombana, SE Sulawesi area, exploiting modern stream deposits. Secondary gold
also found within Miocene clastics of the Langkowala Fm. Primary gold source not clear (see also Idrus et al.
2011: interpreted as ‘orogenic gold’)
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(Geochemical analyses of Eocene potential source rock from outcrops in Mamuju area, Kaluku 1 well in E
Makassar Straits and KYS well in W Sulawesi. Two source facies, fluvio-deltaic and marine)
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(Review of Lariang-Karama Sub-Basin, W Sulawesi, organic geochemistry of Paleogene-Neogene source rocks.
Marine shale source rocks in W Sulawesi and lacustrine shale source in E Makassar Strait)
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(Nine oil seep samples from Lariang and Karama Basins, SW Sulawesi. Some biodegradation. Biomarkers
suggest mixed terrestrial plant and marine origin. High oleanane content interpreted as evidence for transport
of angiosperm plant material into marine environment. Organic matter facies mixed allochthonous macerals
from terrestrial higher plants, transported into basin from distal swamps and soils)
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(‘Maturity comparison between wells LYS and KYS in W Sulawesi based on geochemical analysis’. Two wells
drilled in 2011 in Budong Block, onshore West Sulawesi are LYS (Lariang 1) and KYS (Karama KD-1). LYS-1
well is shallow well that only penetrates to E Miocene, while KYS well TD in Eocene. Eocene sediments
matured at ~10Ma, Miocene sediments hermally immature)
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(Geochemical analysis of cutting samples of LYS and KYS exploration wells were drilled in N and S of Budong
Block, W Sulawesi. LYS (= Lariang 1) Late Miocene-Pleistocene section in deeper marine environment, while
KYS (= Karama 1)with M Eocene- E Pliocene section, also in marine environment (inner neritic-bathyal).
Relatively low amount of terrestrial organic material, but higher in Neogene than in Paleogene)
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(Numerous oil- gas seeps onshore W and S Sulawesi, but no commercial discoveries so far in area. Biomarkers
indicate coals and/or coaly shales as source, with some marine input in Karama region to S. Best candidate for
source of oil seeps is Eocene coals or coaly shales of Toraja or Kalumpang Fm. Maturities at generation
equivalent with Ro 0.8-1.0 %)
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(online at: https://www.iagi.or.id/web/digital/65/17.pdf)

(Newmont paper in Limpoga sediment-hosted epithermal gold deposit, 70km S of Manado, N Sulawesi, 3km E
of Mesel Mine. Hosted by clean Miocene? lagoonal limestone, overlain by volcanogenic sediments and intruded
by andesite. (see also Turner et al. (1994) and Azzaman et al. (2021): Carlin-type gold deposit))
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(Neogene stratigraphy and tectonic evolution of Sengkang Basin, onshore SW Sulawesi. Formed by NNW-SSE
trending Walanae Fault system, followed by formation of Pliocene-Pleistocene foreland basin with W-
prograding syn-orogenic Walanae Fm deposits. Fault system separated E and W parts of S Sulawesi and
influenced Late Miocene- Quaternary deposition. Lower part of unit with small Late Miocene Tacipi Mb
carbonate reefs in E Sengkang Basin. Lamasi Ophiolite in W Sulawesi and analogous E Sulawesi ophiolite
separated by deep Bone Bay, suggesting orogenic collapse may have occurred here)
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(Binebase Au-Ag mineralisation on SE Sangihe Island hosted in Neogene andesitic volcanics)
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(Unpublished) (‘Petrological and geochemical study of the garnet peridotites, eclogites and associated rocks in
west and central parts of Sulawesi island’. Study of high-grade metamorphic rocks in Bantimala tectonic
complex (E Cretaceous eclogites derived from Tethys ocean crust basalts in W-dipping subduction zone), Palu
fault zone (granulites derived from arc volcanics, garnet peridotites exhumed from ~70km depth) and
Wassupang melange (eclogites from oceanic gabbro subducted under W Sulawesi in Late Eocene- Early
Oligocene)

Syafri, 1. (2002)- The eclogites and associated rocks from Wassupang melange in the eastern part of the Central
Sulawesi metamorphic belt, Indonesia: P-T history and geodynamic implications. Proc. 31* Annual Conv.
Indonesian Association Geologists (IAGI), Surabaya, p. 1-19.

(Wassupang melange in East Arm of Sulawesi is tectonic melange with exotic blocks of eclogites and high-
pressure (HP) metamorphic rocks in sheared matrix)
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Sulawesi Selatan, Indonesia serta kemungkinan jenis- jenis batuan asalnya. Bull. Scientific Contribution
(UNPAD) 2, 2, p. 50-60.

('The chemical composition of eclogite and garnet-glaucophane rocks of the Bantimala complex, S Sulawesi,
Indonesia and their possible origin’')

Syafti, 1. (2014)- Ekoglit terubah dan batuan asosiasinya sebagai indikator subduksi purba selama Eosen Atas
hingga Oligosen Bawah di sabuk metamorfik Sulawesi Tengah Bagian Timur- Indonesia. Bull. Scientific
Contribution (UNPAD) 12, 3, p. 131-146.

(online at: http://jurnal.unpad.ac.id/bsc/article/view/8374/3890)

('Eclogite and associated rocks as an indicator of Late Eocene- E Oligocene subduction in E part of C Sulawesi
metamorphic belt, East Indonesia'. Eclogites in several areas in Sulawesi: Bantimala, Palu valley, Bongka
River and in Wasuponda melange complex. Wasuponda eclogites different from Bantimala or Palu and formed
at different times. P-T conditions of ~21 kbar and 500°C of both Wasuponda and Bantimala eclogites indicate
formation at 61-80 km depth. Eclogite from Wasuponda Melange underwent retrograde metamorphism to
amphibolite/greenschist and originated from gabbroic oceanic crust. Bantimala eclogite formed during
Cretaceous subduction, collision and microcontinent accretion, Wasuponda eclogite in NE dipping melange,
formed during Eocene-Oligocene (intra-oceanic?) subduction and obduction)
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Sulawesi, Indonesia; P-T history and geodynamic implications. Majalah Geologi Indonesia (IAGI) 20, 2,
Special Edition, p. 68-79.

(P-T conditions calculated from HP granulite at Palu suggest formed at ~65 km in upper mantle, while
normally these form at 35-40 km depth. It may be derived from foreign (Australian?) material carried into
subduction zone mantle wedge below continental crust of Sulawesi)

Syafrizal, K. Anggayana & D. Guntoro (2011)- Karakterisasi mineralogi endapan nikel laterit di daerah
Tinanggea, Kabupaten Konawe Selatan, Sulawesi Tenggara. J. Teknologi Mineral (JTM) 18, 4, p. 211-220.
(online at: https://digilib.itb.ac.id/assets/files/2022/MjAxMSBTWUF GUklaQUwgMS1QQVBF UiSwZGY.pdf)
('Characterization of mineralogy of a lateritic nickel deposit in the Tinanggea area, South Konawe Regency, SE
Sulawesi'. Lateritic nickel from advanced weathering of Ni-silicate bearing ultramafic rock)

Syafrizal, T.A. Rivai, K. Yonezu, D. Kusumanto, K. Watanabe & A.N.H. Hede (2017)- Characteristics of a
low-sulfidation epithermal deposit in the River Reef Zone and the Watuputih Hill, the Poboya gold prospect,
Central Sulawesi, Indonesia: host rocks and hydrothermal alteration. Minerals (MDPI) 7, 124, p. 1-16.
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(Poboya gold mineralization hosted in granite, biotite gneiss and biotite schist of Palu Metamorphic Complex)



Syafrizal, Bhima & T.A. Rivai (2020)- Vein textures at the Hill Reef Zone, the Poboya prospect, Central
Sulawesi, Indonesia. Proc. 2nd Int. Conference Earth Science Mineral and Energy, Yogyakarta 2019, AIP
Conference Proceedings 2245, 070029, p. 1-9.

(online at: https://'www.researchgate.net/publication/342791756 Vein_textures_at the Hill Reef Zone the
Poboya_prospect Central Sulawesi Indonesia)

(Three gold-bearing vein zones within metamorphic rocks at Poboya prospect, Palu area, C Sulawesi. Gold
mineralization at Hill Reef 1 and 2 Zones classified as low-sulfidation epithermal deposit (see also Wadji et al.
2012 and Rivai et al. 2015, 2017, 2019))

Szentpeteri, K., G. Albert & Z. Ungvari (2015)- Plate tectonic and stress-field modelling of the North Arm of
Sulawesi (NAoS), Indonesia, to better understand the distribution of mineral deposit styles. Proc. SEG 2015
Conference World class ore deposits: discovery to recovery, Hobart, Australia. (4bstract + Poster)  (online
at: www.researchgate.net/publication/282566392 Plate_tectonic_and_stress-field modelling of the Nor
Etc.)

(N Arm of Sulawesi with 4 active gold mines. Three oceanic plates subducting under N Arm. Molluca and
Celebes plates dip opposite to each other, Sangihe plate at right angles to other two. Variations in subducting
plates marked by breaks in morphology and earthquake intensity, corresponding to arc-transform structures in
upper plate. N Arm and Tomini and Gorontalo Bays in extensional regime (incl. uplifts of metamorphic core
complexes), possibly tied to slab detachment and/or rollback of Sulawesi Trench. Young (5-1 Ma) Au-Cu
mineralized districts in N Arm related to extensional features and intersections with transtensional arc normal
faults (which may extend as tear faults on lower, opening window to mantle))

Taliding, T.U., S Widodo & A Ilyas (2023)- Proximate and microscopy analysis of coal in Tamalea Village,
Bonehau District, Mamuju Regency, West Sulawesi Province, Indonesia. Proc. 4th Int. Conf. Global Issues for
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Series: Earth and Environmental Science 1134, 012028, p. 1-8.

(online at: https://iopscience.iop.org/article/10.1088/1755-1315/1134/1/012028)

(Coal deposits in (Eocene?) Toraja Fm in Tamalea Village, Bonehau District, W Sulawesi, rel. high in ash
(5.6% to 65%, incl. common pyrite). Moisture content (3.6- 8.4%))

Tan Sin Hok (1935)- Over ouderdomsbepalingen op grond van radiolarien van Oost-Celebes. De Ingenieur in
Nederlandsch-Indie (IV) 2, 4, p. IV.31- IV.33.

(online at: https://www.stichtingblauwelijn.nl/assets/files/1935-04.pdf)

('On age determinations based on radiolarians of E Sulawesi'. The validity of Late Jurassic- Early Cretaceous
age determinations of 12 E Sulawesi radiolarian-bearing samples by Hojnos in Von Loczy (1934) questioned
here by Tan SH (who proposed no alternative ages, who was probably wrong here and Hojnos' conclusions
were directionally correct; all species recorded range within Late Jurassic- E Cretaceous (e.g. O'Dogherty
2009). Tan's criticism perpetuated his own erroneous assumption of Neogene age of E Cretaceous radiolarian-
rich marls from Roti in his 1927 thesis, which led him to the wrong conclusion that radiolaria are long-ranging
and not useful for biostratigraphic zonations; JTvG))

Thamsi, A.B., M.H. Wakila, L. Ahmad & M. Aswadi (2025)- Geochemistry of iron ore in Kadong-Kadong,
South Sulawesi, Indonesia. Iraqi Geological J. 58, 1D, p. 1-17.

(online at: https.//igj-iraq.org/igj/index.php/igj/article/view/2705/2199)

(Chemistry of iron ore deposits in Kadong-Kadong Area, Luwu Regency, S Sulawesi. Conclusion:
“chemicalcomposition of the research areas hows that rock types are andesite and basaltic andesite” (little
detail on sample locality and age/formation, and results hardly surprising?; JTvG)

T Hoen, C.W.A.P. & K.G.J. Ziegler (1917)- Verslag over de resultaten van geologisch-mijnbouwkundige
verkenningen en opsporingen in Zuidwest Celebes. Jaarboek Mijnwezen Nederlandsch-Indie 44 (1915),
Verhandelingen 2, p. 235-363.

('Results of geological-mining reconnaissance and investigations in SW Celebes'. First extensive SW Sulawesi
survey, from 12-1912 until 3-1915, with focus on Eocene coal occurrences below Late Eocene Nummulites



limestone. Brief discussion of gas seeps; no oil seeps encountered. Pretertiary composed of steeply dipping
schists, overlain by less steep (10-40°) (Cretaceous) graywackes. With 1:200,000 scale geologic map and
1:20,000 maps of coal fields Tondong Koerah, Podo, Batoekoe and Malawa)

Tien, C.Y, (2018)- Age and geochemical constraints on Cenozoic magmatic evolution in Southern Sulawesi.
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Tien, C.Y., M.F. Chu, S.L. Chung, A. Maulana, M. Mawaleda, H.Y. Lee & X. Zhang (2018)- Age and
geochemical constraints on Cenozoic magmatic evolution in Southern Sulawesi. American Geophysical Union,
Fall Meeting 2018, Abstract T31D-0344.

(Zircon U-Pb age and geochemical data of Cenozoic igneous rocks from S Sulawesi indicate 3 episodes of
magmatism. (1) Eocene (53-36 Ma) calc-alkaline, (2) Late Miocene (11-5 Ma) ultrapotassic-potassic, and (3)
Pleistocene (3-1 Ma) sodic alkaline. Magma sources of Eocene rocks from mantle wedge, Late Miocene rocks
from heterogeneous lithospheric mantle, and Pleistocene rocks from both lithospheric and asthenospheric
mantle. Eocene magmatism might occur in subduction-zone setting, late Miocene and Pleistocene magmatism
probably produced by Neogene rollback of Banda slab in collision-zone setting)

Tiranda, H. (2022)- Morpho-bathymetric features of the Southwest Celebes Sea. Berita Sedimentologi 48, 1, p.
31-44.

(online at: https://journal.iagi.or.id/index.php/FOSI/article/view/389/372)

(SW Celebes Sea controlled by active tectonics of North Sulawesi Trench and Palu-Koro Fault zone. Also major
route of Indonesian Throughflow. Four types of morpho-bathymetric features: structural, erosional,
gravitational and depositional. N Sulawesi fold-thrust belt associated with formation of N Sulawesi Trench and
Palu-Koro Fault zone. In northern, deeper area of Celebes Sea mainly erosional and depositional features)

Tiranda, H. & R. Hall (2021)- Structural and stratigraphic development of offshore NW Sulawesi, Indonesia.
58p. (Preprint)

(online at: https://eartharxiv.org/repository/view/2074/)

(Study of offshore NW Sulawesi based on interpretation of offshore seismic and multibeam bathymetry:
Deepwater Tarakan Basin in NW, Muara Sub-basin in W and N Sulawesi Fold-Thrust Belt in E. No
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('Remarks on the geology of a part of the district Gorontalo, Residency Manado'. Results of 1886 survey in N
Sulawesi. Knowledge of N Sulawesi at this time still very rudimentary. Presence of granite, diorite, andesite and
Late Tertiary clastic sediments and limestones)
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('Portunus brouweri, a new portunid from the Tertiary of Sulawesi'. New species of crab fossil from probably
Miocene-age lithographic limestones with fish fossils at Patunuang Asu, S Sulawesi (see also Brouwer 1924))
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(‘Preliminary communication on the geology of Central Sulawesi’. Summary of 1913 fieldwork in Toraja lands,
mainly to investigate stratigraphy. Widespread, thick, folded red Globigerina marls with thin limestone
intercalations of E-M FEocene age, not Cretaceous as previously suggested. Overlain by several km thick
volcanic series, probably Late Eocene- Miocene age. Mid-Tertiary granite intrusions. "Sulawesi more likely
part of Tethys geosyncline than of Asian mainland'. (Heavily criticized by Abendanon 1915 for proposing
sweeping regional conclusions based on only 11 days of fieldwork in small part of C Sulawesi))
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(‘Contribution to the geology of Central Sulawesi’. Report on 2-week journey into C Sulawesi Toraja lands
from Palopo at N end of Bone Bay. One of first to demonstrate that widespread red claystones are of E-M
Eocene age (with interbeds of limestone with Nummulites, Assilina, identified by L. Rutten). Different from
earlier interpretations of De Sarasin (1912) and J. Ahlburg (1910, 1911 (but interpretations disputed by E.
Abendanon, whose Celebes books had not been published yet))
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(GPS- detected coseismic and transient post-seismic deformation related to January 1996 earthquake on N
Sulawesi (Minahassa) trench)
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Continental block collision in the eastern arm of Sulawesi (Indonesia); structure and geodynamic interpretation.
Comptes Rendus Academie Sciences, Paris, IIA, Earth Planetary Science 330, 5, p. 371-378.
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Sulawesi_Indonesia_Structure_and geodynamic_interpretation)

(E arm of Sulawesi result of collision between two continental blocks: Tokala in W and Banggai-Sula in E.
Tokala block results from Oligocene obduction of ophiolitic Asiatic basin (W Sulawesi) onto passive margin of
Gondwanan-origin Banda block (later called Kolonodale Block) near end-Oligocene or beginning of Miocene.
Tokala Block then collided by Banggai-Sula block in E-M Pliocene or later)
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(2001)- La succession lithostratigraphique du bloc de Banda dans la region de Kolonodale (Sulawesi central,
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('Lithostratigraphy of the Banda Block in the Kolonodale area, C Sulawesi'. E and SE Sulawesi composed of
two major continental blocks: (1) 'Banda block' (in later papers called Kolonodale Block; JTvG) including also
Buru, Seram and Sinta Ridge, collided with Asian volcanic arc of W Sulawesi in Oligocene, then was
dismembered during Late Neogene Banda Sea opening, and (2) Banggai-Sula block which drifted from Irian
Jaya and collided with Banda block in Mid-Late Pliocene. Fragment of Banda block is in E Sulawesi,
corresponding to the ophiolitic zone, where, in Kolonodale area, it is possible to reconstruct sedimentary
succession under ophiolite, despite intensive deformations. Good overview of Late Triassic carbonates)
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collisions in Sulawesi Island and relationships with the geodynamical evolution of eastern Indonesia. In: 2nd
Southeast Asian Gateway evolution Meeting (SAGE 2013), Berlin, p. 177. (Abstract only)

(Three small NE Gondwanan blocks from E or SE collided with W and N Arms of Sulawesi, at W-dipping
subduction zone(s): (1) Late Oligocene- E Miocene 'Kolonodale Block', tectonically capped by large ophiolite;
(2) M Miocene 'Lucipara Block' collision with Kolonodale Block; (3) M Pliocene 'Banggai-Sula Block'.
Kolonodale Block strikingly similar to Timor and Lucipara, while Banggai-Sula blocks similar to Birds Head)
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Indonesia_Constraints_for geodynamic_models etc.)



(Sulawesi four major tectonic events: (1) Mid-Cretaceous in W arm; (2) Oligocene Eastward ophiolite
obduction and collision of ‘Kolonodale Block’ of Gondwana origin, producing metamorphic belt in C Sulawesi;
(3) Middle Miocene collision of Banda Block and Tukang-Besi Platform and (4) Middle Pliocene collision
between Kolonodale and Banggai-Sula blocks)
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('On the alleged occurrence of Spirifer verneuili Murchison on Sulawesi'. Paleozoic brachiopod first reported
from Sulawesi by Brouwer is almost certainly from Chinese pharmacy, not from Sulawesi. Brachiopods like
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(‘Geology of the North Boengkoe and the Bongka areas of East Sulawesi’. Short version of Von Loczy (1934,
below, about results of 1928 BPM expedition)

Von Loczy, L. (1934)- Geologie van Noord Boengkoe en het Bongka-gebied tusschen de Golf van Tomini en
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(‘Geology of the North Boengkoe and the Bongka areas between the Gulf of Tomini and the Gulf of Tolo in East
Sulawesi’. Report on BPM fieldwork in 1928 in Bongka River region, Sulawesi E arm. 70% of area covered by
ophiolites (peridotite, serpentinite gabbro), thrust over Triassic- U Cretaceous sediments (local contact-
metamorphism), incl. 300-500m dense yellow U Triassic (Norian) limestone rich in Misolia. Deep marine Late
Jurassic belemnite limestone and white and red radiolarian-bearing Jurassic- Cretaceous limestones. Highly
folded Late Eocene limestones with Discocyclina- Pellatispira. Celebes molasse 1200m thick, with Miocene
Lepidocyclina limestone near base. Separate chapters on radiolaria (Hojnos; U Jurassic- Lw Cretaceous) and
foraminifera (Van der Vlerk), Mesozoic macrofossils (Kutassy). Some of Von Loczy’s conclusions debated by
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('On the problem of the origin of the outline shape of Sulawesi'. Followed by Reply by Ahlburg, 1911, p. 399-
405. (The unusual K shape of Sulawesi was also discussed by Abendanon 1912 and Sarasin 1912))

Von Steiger, H. (1915)- Petrografische beschrijving van eenige gesteenten uit de onderafdeeling Pangkadjene
en het landschap Tanette van het gouvernement Celebes en onderhoorigheden. Jaarboek Mijnwezen
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('"Petrographic description of rocks from sub-district Pajangkane and Tanette region, SW Sulawesi'. Mainly
igneous rocks, also glaucophane schist. With 1:150,000 scale geological map of departments Makassar and
Bone by ‘T Hoen)
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(Devastating magnitude-7.5 earthquake that struck Palu, Sulawesi, in September 2018 triggered tsunami and
killed more than 2000 people. The ‘supershear event’ ripped through Earth’s crust at very high speed along
strike-slip fault, traveling ~150 km in only 35 seconds)
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(https://bg.copernicus.org/articles/17/1955/2020/bg-17-1955-2020.pd)
(Presence of large crystals (> 5 mm) and nodules (> 5 cm) of vivianite (ferrous iron phosphate) in otherwise
sideriterich sediments sediment cores from Lake Towuti, E Sulawesi)

Wahyono & Sidarto (2002)- Karakteristik kimia dan fisika serta pematangan batubari di daerah Baraka,
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('Chemical and physical characteristics and maturation of coal in the Baraka area, Enrekang, S Sulawesi'.
Eocene Baraka coals NE of Enrekang high sulfur and ash, brown coal to medium volatile bituminous. Two
groups: (1) Titok crushed and sheared with Rvmax 0.19-1.48% and Batunoni-Lapin with Rvmax 0.32-0.64%)
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Balantak, Salodik and Pagimana areas and their implication to tectonic evolution of the East Sulawesi. Proc.
Joint Convention HAGI-IAGI-IAFMI-IATMI (JCY 2019), Yogyakarta 2019, ID-479-JCY2019, p. 1-7.

(online at: www.researchgate.net/publication/342657094_Distribution of the Cretaceous Rocks in_Balantak
_Salodik _and Pagimana Areas and Their Implication to Tectonic Evolution of the East Sulawesi)
(Highly deformed Upper Cretaceous Luok/ Matano Fm in Luwuk-Banggai basin in East Arm of Sulawesi 100-
600m thick, with Belemnopsis fossils. (ost of paper is literature review, limited new data (figures too much
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industry-era-along-the-Matano-Lake,-Sulawesi---Joko-Wahyudiono.pdf)

(On historical relationship between seismic activity along Matano Fault and ancient iron industry around Lake
Matano in S Sulawesi during Luwu Kingdom, a prominent iron producer from 8th early 20th century)
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(TIAGI) 27,2, p. 131-141.
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("Low sulfidation epithermal gold systems in metamorphic rocks in Poboya, C Sulawesi: general descriptive
review'. Same as Wajdi et al. 2011. On Poboya epithermal gold prospect 12 km NE of Palu, C Sulawesi, on E
margin of pull-apart basin related to Palu Koro sinistral strike slip fault system)
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(On Toka Tindung low sulphidation epithermal gold deposit on N tip of Sulawesi, 35km NE of Manado. Two
vein systems in Pliocene andesitic volcaniclastics)
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f radiolarian _chert _and_its metamorphic_basement in the Bantimala area South Sulawesi Indonesia)
(Bantimala Complex of S Sulawesi mainly melange, chert, basalt, ultramafic rocks and high-P metamorphics.
Radiolarian assemblage from unconformably overlying chert Mid-Cretaceous (late Albian-early Cenomanian=
around 100 Ma), while K-Ar ages from schist range from 132-114 Ma. This suggests brief tectonic event
followed by quick waning tectonism during Albian-Cenomanian transgression)

Wakita, K., J. Sopaheluwakan, K. Miyazaki, 1. Zulkarnain & Munasri (1996)- Tectonic evolution of the
Bantimala Complex, South Sulawesi, Indonesia. In: R. Hall & D. Blundell (eds.) Tectonic evolution of
Southeast Asia, Geological Society, London, Special Publ. 106, p. 353-364.

(Bantimala Complex NE-dipping tectonically stacked slices, composed mainly of high-P metamorphics and
radiolarian chert, but also E-M Jurassic sandstones and overlain by mid-Cretaceous radiolarites and Late
Cretaceous turbiditic series. Ages of metamorphics suggest oceanic plate subduction in Late Jurassic- earliest
Cretaceous. Subduction ceased in Albian. High-P schists exhumed due to collision of Gondwana-derived
microcontinents)
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(online at: http://www.geologie.ens.fr/~vigny/articles/Walpersdorf etal EPSL 1998.pdf)

(Paleomagnetic data from N arm of Sulawesi indicate ~20-25° rotation since 5 Ma, suggesting 200-250 km of
left-lateral displacement along Palu-Koro fault. Similar Palu fault displacement derived from magnetic
anomalies of Celebes seafloor, which implies 200- 250 km of oceanic crust subducted at N Sulawesi trench.
Another marker for rotation derived from opening of Gulf of Tomini and NW migration of calc-alkaline
subduction-related volcanism. GPS observation of 4 cm/year of left-lateral strike-slip across Palu fault fit well
with N arm motion of 4-5 cm/year. Current motion rates from GPS similar to long-term rates)

Walpersdorf, A., C. Vigny, P. Manurun, C. Subarya & S. Sutisna (1998)- Determining the Sula block
kinematics in the triple junction area in Indonesia by GPS. Geophysical J. International 135, 2, p. 351-361
(online at: https://academic.oup.com/gji/article/135/2/351/776566)

(GEODYSSEA SE Asian GPS investigations concentrate on Sulawesi. Current deformation high, with distinct
deformation domains in study. Triple junction area best viewed as headland of Australian Plate deflected by
collision with Philippine Plate. N part dominated by Sula domain, which shows CW rotation. To S connected to
Australian Plate by ensemble of microblocks undergoing CCW rotation)

Walpersdorf, A., C. Vigny, P. Manurun, C. Subarya & S. Sutisna (1998)- GPS observation of the Triple
Junction, Indonesia. In: P. Wilson & G.W. Michel (eds.) The geodynamics of S and SE Asia (GEODYSSEA)
Project, GeoForschungsZentrum, Potsdam, Scientific Technical Report STR 98/14, p. 226-238.

(Point of convergence of Eurasian, Philippine and Australian plates situated near E Sulawesi (Sula Domain).
Velocities relative to Eurasia of Australian Plate 7.5 cm/year to ENE, and Philippine Plate at 9.0 cm/yr to
WNW. Rigid CW rotation of N Sulawes micro-block, around rotation pole near Manado, with most of Sula-
Sunda movement accommodated along Palu-Koro andMatano faults (adjacent Sula Block on NE side ~5 cm/yr
displacement to NW). Etc.)

Walpersdorf, A., C. Vigny, C. Subarya & P. Manurung (1998)- Monitoring of the Palu-Koro Fault (Sulawesi)
by GPS. Geophysical Research Letters 25, 13, p. 2313-2316.

(online at: http.//onlinelibrary.wiley.com/doi/10.1029/98GL01799/epdf)

(5 years of GPS monitoring by GEODYSSEA project shows ~3.4 cm/yr ongoing left-lateral strike slip on Palu-
Koro Fault)
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for extrusion tectonics in Central Sulawesi. Seismological Research Letters 90, 2A, p. 649-658.



(Proposed kinematic model attributes extension in C Sulawesi to gravitational collapse, in which mass lateral
extrusion along large-scale Palu-Koro strike-slip fault played important role)

Wanner, J. (1910)- Beitrage zur Geologie des Ostarms der Insel Celebes. Neues Jahrbuch Mineralogie Geologie
Palaontologie, Beilage Band 29, p. 739-778.

(‘Contributions to the geology of the East Arm of Sulawesi Island’. Results of 2-month geological
reconnaissance in 1905, mainly in SE side of E Arm, along Peleng Straits, near Toeli, Nambo, etc. In around
Central Mountains describes (1) ultrabasic rocks, (2) rel. widespread Eocene limestones with Alveolina,
Discocyclina and Nummulites, reminescent of Alveolina Limestone of Misool; (3) E Miocene shallow water
carbonates with Lepidocyclina and Miogypsina,; (4) Celebes molasse conglomerates 1200m thick or more
(sandy marls and limestone near base with Pliocene planktonic and larger foraminifera, incl. Globorotalia
tumida, no lepidocyclinids;, JTvG), (5) Quaternary raised coral reef terraces up to 400m above s.l. Near Toeli
also probably Jurassic-age 'Toeli Limestone', reminescent of Buru Limestone. Along N coast (Tomini Bay)
common gabbro and peridotite, with oil seep in Babason creek, a tributary of Lobu River. Gabbro appear to be
intrusives in U Oligocene- E Miocene limestone with Spiroclypeus, Lepidocyclina)
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(online at: https://zs.thulb.uni-jena.de/receive/jportal_jpvolume 00166384)

(‘A voyage through East Sulawesi’. Summary of Wanner’s 1905 traverse of East Sulawesi for Koninklijke/
Royal Dutch Petroleum Co. from Kintom. Mainly travel report with little geology (more information in Wanner,
1910). In Babason creek near Dolong oil seep from fractures in gabbro, suggesting these overlie Tertiary
(and/or Mesozoic?) sediments. With 1 map)
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anderer. Geologische Rundschau 10, 1, p. 45-62.
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('The geology of Central Sulawesi after new investigations of E.C. Abendanon and others’. Review of Central
Sulawesi investigations. No figures)

Wanner, J. (1923)- Die Geologie von Celebes, speciell vom okonomischen Gesichtspunkte. Vierde Koloniale
Vacantiecursus voor Geografen, Comite voor Indische Lezingen en Leergangen, Amsterdam, p. 3-10.

('The geology of Sulawesi, especially from an economic point of view'. Brief summary of lecture on Sulawesi
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("Liassic ammonites from Yamdena and Sulawesi'. Sulawesi ammonites from poorly known central part of East
arm, collected by BPM geologist Weber. First records of E Jurassic ammonites from E Sulawesi (Arnioceras cf.
seilaeve from dark grey sandy limestone as float in upper Balingara River, 20km SE of river mouth). Yamdena
(Tanimbar Islands) ammonites from Tasik Selwasa and Botenjahu mud volcano deposits include Echioceras
wichmanni, Asteroceras sparsicostatum n.sp. and Arnioceras cf. arnouldi. Fauna and lithology very similar to
'grey cephalopod nodule marl' of Roti and Timor, described by Krumbeck (1922))
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(online at: http://searg.rhul.ac.uk/pubs/watkinson_2011%20Sulawesi%20ductile%620flow.pdf)

(Gneisses, amphibolites and schists exposed along Palu-Koro Fault of W-C Sulawesi are part of regionally
metamorphosed Mesozoic-Precambrian basement. In Palu and Neck regions of Sulawesi, ductile shear fabrics
record low-angle W-ward extension. Further south in Palu valley, extension directed towards SW. Cross-
cutting granitic dykes show foliation in neck region of Sulawesi occurred before ~44-33.7 Ma. In Palu valley it
occurred before 5-3.5 Ma, precluding origin as result of Palu-Koro Fault activity. Ductile flow during either



Eocene-Miocene mid-crustal extension above metamorphic core complex, Cretaceous subduction-related
deformation in overriding plate, or intracontinental deformation within Gondwana)

Watkinson, .M. & R. Hall (2011)- The Palu-Koro and Matano faults, Sulawesi, Indonesia: evolution of an
active strike-slip fault system. Geophysical Research Abstracts 13, EGU2011-8270, EGU General Assembly
2011. (Abstract only. Palu-Koro and Matano faults of Sulawesi important active strike-slip faults. Palu-Koro
fault slip rate 32-45 mm/yr and left-lateral displacement about 200 km. Shorter Matano fault SE continuation
and now in process of coalescing with Palu-Koro fault. Faults probably did not initiate before ~5 Ma)
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Celebes. Schweizerische Mineralogische Petrographische Mitteilungen. 6, 2, p. 205-254.
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('Petrographic investigation of volcanic rocks of the peak of Maros in SW Sulawesi'. Descriptions of rocks from
volcanic Maros Peak (phonolite; 1375m high) and associated igneous rocks (incl. marosite, named after Maros
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porphyry copper deposits in Tombolilato District (>3400m thick Late Miocene- Pleistocene island arc-type
volcano-sedimentary pile)

Yang, T., C.C. Lu, T. Hao, N. Rawlinson, T. Xu, S. Widiyantoro, Alfian, M.T. Rafie & D.P. Sahara (2025)-
Offshore crustal thickness variation along the Palu—Koro strike—slip fault in the Sulawesi region from OBS
Receiver Function analysis. EGUsphere, Preprint, p. 1-17.

(online at: https://egusphere.copernicus.org/preprints/2025/egusphere-2025-3105/egusphere-2025-3105.pdf)
(In NW Sulawesi, Palu-Koro left-lateral strike-slip fault connects with W-ward-extending North Sulawesi
Trench, forming distinctive subduction-transform fault system. Ocean bottom seismometers data reveal shallow
Moho (~8 km depth) beneath Celebes Sea, and significantly greater depths (~25 km) beneath E Kalimantan and
N Sulawesi. Sharp variations in Moho depth near Palu-Koro fault suggest juxtaposition of two distinct crustal
blocks)

Yao, J., J. Xu, C. Wu, Z. Zhang, M.F. Rosana, X. Li & Z. Jin (2023)- Origin of high-Cr podiform chromitites
from Kabaena Island, Southeast Sulawesi, Indonesia: constraints from mineralogy and geochemistry.
International Geology Review 65, 19, p. 2943-2960.

(East Sulawesi Ophiolite one of three largest ophiolites in world. Contains important podiform chromitites.
Detailed mineralogy of chromites from Kabaena Island, SE Sulawesi. Estimated T-P conditions of parental
magma of Kabaena chromitites are 950-1010°C and 7.0-8.4 Kbar. Formed by reaction of depleted mantle and
boninitic magma beneath juvenile island arc, implying initiation of new subduction in Miocene)

Yoshida, T., C. Hasbullah & T. Ohtagaki (1982)- Kuroko-type deposits in Sangkaropi area, Sulawesi,
Indonesia. Mining Geology 32, 175, p. 369-377.

(online at: https://www.jstage.jst.go.jp/article/shigenchishitsul951/32/175/32 175 369/ pdf/-char/en)
('Kuroko-type' deposits in Miocene (more likely Late Eocene- E Oligocene?; JTvG) rhyolitic pyroclastic arc
volcanics in central part of W Sulawesi. Ore deposits in Sangkaropi area associated with submarine volcanism.
Some deposits stratiform, covered with thin barite layer. Ore minerals include sphalerite, galena, chalcopyrite,
pyrite, tetrahedrite, bornite, etc.)

Yulianto, I. (2003)- Neogene magmatic arc in the Minahasa Region, North Sulawesi, Indonesia. In: B.
Ratanasthien et al. (eds.) Pacific Neogene paleoenvironments and their evolution, Proc. 8th International
Congress on Pacific Neogene Stratigraphy: Pacific paleoenvironments and their evolution, Chiang Mai, 2003, p.

Yulihanto, B. (2004)- Hydrocarbon play analysis of the Bone Basin, South Sulawesi. In: R.A. Noble et al. (eds.)
Proc. Deepwater and frontier exploration in Asia & Australasia Symposium, Jakarta, Indonesian Petroleum
Association (IPA), DFE04-OR-003, p. 333-348.

(Bone Basin of S Sulawesi between SW volcanic arc and SE collision complex. Rimmed by N-S faults. Tertiary
sedimentation M-Late Eocene or older syn-rift deltaic-shallow marine sediments (Toraja/ Malawa Fm),
followed by Oligo-Miocene marine carbonates and clastics (Tonasa/ Makale Fm). M Miocene- Pliocene



clastic/volcanoclastic deposits with carbonates in parts of basin. Late Miocene shallow marine carbonates
(Camba Fm, Tacipi Fm), laterally changing to deep marine sediments, followed by Late Miocene-Pliocene
progradational sediments (Walanae Fm). M-Late Eocene deltaic-shallow marine syn-rift sediment potential
source rock that reached maturity in M-Late Miocene. With facies maps for 5 time slices)

Yusuf, N.J., Y.I. Arifin, R. Hutagalung & [.N. Manyoe (2023)- Study of Boalemo red limestone for geotourism
development based on lithological, geochemical analysis and geological heritage assessment. J. Geoscience
Engineering Environment Technology (JGEET) 8, 3, p. 212-220.

(online at: https://journal.uir.ac.id/index.php/JGEET/article/view/12075/5603)

(Mainly discussion of geotourism potential (but no map included) of outcrop of rare red limestones in Eocene-
Oligocene Tinombo Fm in Dimito and Lahumbo villages in Boalemo Regency, Gorontalo Province, N Sulawesi.
Red pelagic limestone steeply dipping with manganese, hematite and M- Late Eocene planktonic foraminifera.
Wonosari red limestone zone P15, Tilamuta Red Limestone with zone P12 planktonics (part of ocean floor
deposits on which N Sulawesi magmatic arc was built?; JTvG))

Yuwono, Y.S. (1987)- Contribution a I'etude du volcanisme potassique de 1'Indonesie. Exemples du Sud-Ouest
de Sulawesi et du volcan Muria (Java). Doct. Sciences Thesis, Universite de Bretagne Occidentale, Brest, vol.
1, p. 1-285, vol. 2, p. 1-166. (Unpublished)

('Contribution to the study of potassic volcanism of Indonesia; examples from SW Sulawesi and the Muria
volcano (Java)')

Yuwono, Y.S. (1988)- G. Lompobotang, Sulawesi Selatan, petrologi dan mineralogi. Proc. 17th Annual Conv.
Indonesian Association Geologists (IAGI), p.
('Lompobotang Mountain, S Sulawesi, petrology and mineralogy'. See also paper below)

Yuwono, Y.S. (1989)- Petrologi dan mineralogi Gunung Lompobattang, Sulawesi Selatan. Geologi Indonesia
(IAGI) 12, 1 (Prof. Dr. J.A. Katili 60 years Special Volume), p. 483-509.

('Petrology and mineralogy of Lompobattang Mountain, S Sulawesi'. Lompobottang is youngest volcano in SE
part of SW Arm of Sulawesi, with K-Ar ages of K-rich, Plio-Pleistocene volcanics 0.77- 2.3 Ma. Volcanism not
likely related to subduction)

Yuwono, Y.S. (1990)- Produk volkanik Pare-Pare (Sulawesi Selatan): contoh deret shoshonitik di Indonesia.
Proc. 19th Annual Conv. Indonesian Association Geologists (IAGI), 2, p. 68-90.

('Volcanic products of Pare-Pare (S. Sulawesi): an example of a shoshonitic sequence in Indonesia'. Late
Miocene - Pliocene potassic volcanism in S Sulawesi))

Yuwono, Y.S., H. Bellon, R. Soeria-Atmadja & R.C. Maury (1985)- Neogene and Pleistocene volcanism in
South Sulawesi. Proc. 14™ Annual Conv. Indonesian Association Geologists (IAGI), Jakarta 1985, p. 169-179.
(online at: https://www.iagi.or.id/web/digital/40/PIT I1AGI 1985 paperl6.pdyf)

(S-most Sulawesi volcanics late M Miocene (12 Ma) - Pleistocene (1.2 Ma), not typical calc-alkaline subduction
volcanics. Most rocks silica-undersaturated. Paleocene subduction responsible for arc volcanics. Second W-
dipping subduction phase in E Miocene, terminating with collision of W and E arms and obduction of oceanic
fragments. From end M Miocene- Pleistocene high K volcanism not linked to subduction, but developed in
extensional intraplate context (Late Miocene Cindako, Sopeng, Camba Fms) and Pliocene (Parepare Fm) to
Pleistocene (Lompobatang Formation: 1.2 m.y))

Yuwono, Y.S., S. Digdowirogo, J. Cotton, H. Bellon & B. Priadi (1995)- Petrology of some magmatic rocks
from North Sulawesi, Indonesia. Jurnal Teknologi Mineral (ITB) 2, 3, p. 21-32.

(Fourteen magmatic rock samples from N Sulawesi, collected in 1989-1990. Four samples selected for K/Ar
dating. Subduction-type magmatism with orogenic tholeiitic and calc alkaline affinities from Oligocene? to M
Miocene. Post-M Miocene magmatic activity of shoshonitic affinity believed to be post subduction. Evolution of
N Sulawesi similar to C portions of magmatic arc of W Sulawesi, with subduction ending in M Miocene,
coinciding with start of collision between E and W Arms of Sulawesi)



Yuwono, Y.S., R.C. Maury, R. Soeria-Atmadja & H. Bellon (1988)- Tertiary and Quaternary geodynamic
evolution of South Sulawesi: constraints from the study of volcanic units. Geologi Indonesia 13, 1, p. 32-48.

(S Sulawesi M Miocene and older volcanic rocks are of 'orogenic origin'. Volcanics younger than M Miocene,
not related to subduction)

Zaccarini, F., A. Idrus & G. Garuti (2016)- Chromite composition and accessory minerals in chromitites from
Sulawesi, Indonesia: their genetic significance. Minerals (MDPI) 6, 46, p. 1-23.

(online at: https://www.mdpi.com/2075-163X/6/2/46/pdf)

(Chromite from S and SE Arms of Sulawesi varies from Cr-rich to Al-rich. Small platinum-group minerals
(PGM) in chromitites mainly laurite. Accumulation of Cr-rich chromitites probably at deep mantle level, Al-
rich chromitites close or above Moho-transition zone. All laurites considered to be magmatic in origin)

Zaidani, M. A., B. Priadi, [.G.B.E Sucipta, V. Susanto & A. Saepuloh (2023)- Petrogenesis of Adang and Talaya
volcanic rocks, in the Mamuju area and its surrounding, West Sulawesi. Proc. 2nd Int. Seminar on Earth
Sciences and Technology (ISEST-2023), Bandung, IOP Conference Series: Earth and Environmental Science
1245, 012029, p. 1-12.

(online at: https://iopscience.iop.org/article/10.1088/1755-1315/1245/1/012029)

(M Miocene Adang and Talaya Volcanic complexes in Mamuju area, W Sulawesi, consist of pyroclastic,
volcaniclastic and basic-intermediate lavas with main minerals leucite and clinopyroxene. Three groups: sodic,
potassic and ultrapotassic. Tectonic setting:alkaline arc magmatism or continental extension after collision of
Banggai-Sula microcontinent with W Sulawesi, influenced by pre-collision subduction of oceanic lithosphere)

Zakaria, Z. & Sidarto (2015)- Aktifitas tektonik di Sulawesi dan sekitarnya sejak Mesozoikum hingga kini
sebagai akibat interaksi aktifitas tektonik lempeng tektonik utama di sekitarnya. Jurnal Geologi dan
Sumberdaya Mineral (JGSM) 16, 3, p. 115-127.

(online at: http://jgsm.geologi.esdm.go.id/index.php/JGSM/article/view/36/37)

('Tectonic activity in Sulawesi and surrounding areas since the Mesozoic to Recent as a result of the interaction
of tectonic activity of the surrounding main tectonic plates'. Review of tectonic development of Sulawesi region’.
Nickel laterite in SE Sulawesi is of high-nickel/ low-iron garnierite-type, with average nickel 2.0% and iron
17.6%. Serpentine and olivine main nickel minerals with nickel concentrations of av. 3.65% and 1.73%)

Zen, M. T. & M. Alzwar (1974)- Tondano pyroclastics. Proceedings Institut Teknologi Bandung (ITB) 8, 1, p. 7-
19.

(online at: https://journals.itb.ac.id/index.php/jmfs/article/view/9690/3674)

(Almost all of Minahasa (N Sulawesi) covered by widespread pyroclastic flows sheets. Along Tondano Lake 15-
20m thick. Probably originated from fissure-like eruptions in longitudinal rift valley on crest of ‘Minahasa
geanticline’. In C and E Minahasa covered by younger andesitic volcanics)

Zhang, J., T. Hao, D. Miao, Ya Xu, B. Wang, Y. Ai & G. Fang (2021)- Investigation of geothermal structure of
the Sulawesi, using gravity and magnetic method. Science China Earth Sciences 64, 2, p. 278-293.  (online at:
https://dds.sciengine.com/cfs/files/pdfs/view/1674-7313/8518E68298364B508ABSESCAOES7 1 30B-mark.pdf)
(Heat flow study of Sulawesi. Celebes Sea basin formed during M-L Eocene-and nearly half of Eocene oceanic
crust has subducted below N Sulawesi Trench. Oceanic area shows high geothermal gradient and low thermal
conductivity; land area shows low geothermal gradient and high thermal conductivity. Highest geothermal
gradient in transition zone from Celebes Sea to N Sulawesi Island, corresponding to subducting spreading ridge
of SW-moving Celebes Sea Basin. Average geothermal gradient 4.96°C/ 100m.)

Zhang, X., S.L. Chung, C.Y. Tien, A. Maulana, M. Mawaleda, H.Y. Lee, P.P. Liu & J. Xi (2023)- Mid-
Cretaceous to early Eocene Neo-Tethyan subduction records in West Sulawesi, Indonesia. Geological Society of
America (GSA) Bull. 136, 5-6, p. 2558-2567.

(online  at:  https://www.researchgate.net/publication/374702035 Mid-Cretaceous to _early Eocene Neo-
Tethyan_subduction_records_in West Sulawesi Indonesia)

(New U-Pb-Hf isotopic data of detrital zircons from SW and NW Sulawesi constrain M Cretaceous-Eocene
magmatic tempo. Zircon age peaks ~105-80 Ma (peak at ~90 Ma-Turonian, same as SE Borneo and Myanmar



Wuntho-Popo arc peaks, JIvG) and ~70-45 Ma (also 6-7 Ma in Miocene conglomerate). High positive eHf(t)
indicate derivation from juvenile sources with limited continental crustal contamination, suggesting M
Cretaceous- E Eocene Andean-type continental margin in W Sulawesi. Magmatic ages similar to Neotethys
subduction from S Lhasa (Tibet) to Sumatra (but not with Paleo-Pacific subduction-related arcs in SE China, SE
Vietnam, E Malaysia and NW Borneo). W Sulawesi volcanic arc may be SE-most extent of Neo-Tethys arc (7500
km, from S Tibet (Gangdese) through Wuntho-Popo Arc (W Burma) to SE margin of Sundaland))

Zhang, X., T.N. Huang, S.L. Chung, A. Maulana, M. Mawaleda, C.Y. Tien, H.Y. Lee & P.P. Liu (2022)- Late
Eocene subduction initiation of the Indian Ocean in the North Sulawesi Arc, Indonesia, induced by abrupt
Australian plate acceleration. Lithos 422-423, 106742, p. 1-14.

(online at: www.researchgate.net/publication/360707708 Late Eocene subduction_initiation_of the In Etc.)
(Calc-alkaline I-type felsic rocks in N Sulawesi Arc developed at ~29.7-16.7 Ma. Subduction initiation evidenced
by last vanishing of BAB-type mafic basement rocks at ~37 Ma and first appearance of calc-alkaline felsic arc
magmatism at ~30 Ma in N Sulawesi Arc, as well as ~36-32 Ma ophiolite and ~34-29 Ma metamorphic sole in
nearby East Sulawesi Ophiolite. Late Eocene Indian Ocean subduction initiation probably linked to sharp
Australian plate acceleration)

Zhang, X., C.Y. Tien, S.L. Chung, A. Maulana, M. Mawaleda, M.F. Chu & H.Y. Lee (2020)- A Late Miocene
magmatic flare-up in West Sulawesi triggered by Banda slab rollback. Geological Society of America (GSA)
Bull. 132, 11-12, p. 2517-2528.

(online at: www.researchgate.net/publication/340522943 A Late Miocene_magmatic _flare-up  Etc)

(New geochemical and zircon U-Pb-Hf isotope data of Late Miocene (~7-6 Ma) plutonic/volcanic rocks from W
Sulawesi indicate dominant magma source from underlying continental crystalline basement. U-Pb zircons ages
of 7.2-6.1 Ma represent crystallization ages of host magmas, consistent with age peaks (7.3-6.3 Ma) in detrital
zircons from sediments. Magma flare up across W Sulawesi attributed to resumed Banda slab rollback)

Zhang, Y., J. Qie, X.F. Wang, K. Cui & T. Fu & J. Wang & Y. Qi (2020)- Mineralogical characteristics of the
nickel laterite, Southeast Ophiolite Belt, Sulawesi island, Indonesia. Mining Metallurgy Exploration 37, 1, p. 79-
91. (online at:
https://www.researchgate.net/publication/337133708 Mineralogical Characteristics _of the Nickel Laterite S
outheast Ophiolite Belt Sulawesi Island Indonesia)

(Review of the characteristics of ‘rotten rock layer’ deposited in SE Sulawesi Ophiolite Belt. Ni-laterite typical
high-nickel and low-iron garnierite-type laterite, with nickel 1.99 wt% and iron 17.55 wt%. Serpentine and
olivine main nickel minerals (Ni 3.65 wt% and 1.73 wt%))

Zheng, T., Q. Qiu, J. Lin & X. Yang (2023)- Raised potential earthquake and tsunami hazards at the North
Sulawesi subduction zone after a flurry of major seismicity. Marine and Petroleum Geology 148, 106024, p. 1-
11.

(online at: https://www.sciencedirect.com/science/article/pii/S0264817222005025)

(N Sulawesi subduction zone ruptured by series of large earthquakes (Mw >7) since 1990s, triggering small to
moderate tsunamis. 2018 Sulawesi Mw 7.5 earthquake ruptured west subduction zone and induced large
tsunami. These earthquakes, especially the deeper thrust events, generated stress loading to shallow megathrust
that could rupture to trigger exceptional tsunami hazard. Etc.)

Zhu, Z., C. Zhao & Z. Yang (2008)- Distribution and geochemical characteristics of adakites and adakite-like
rocks in Sulawesi, Indonesia. J. Jilin University (Earth Science Ed.), 39, p. 80-88.

(In Chinese with English summary. Published information suggests 25 medium-acidic rock samples that may be
considered as normal or adakite-like rocks in S, C, NW and N Sulawesi, forming Cenozoic adakite belt at
Sundaland margin. Sulawesi adakites belong to tholeiitic, calc-alkaline and high K calc-alkaline series,
characterized by low Y and Yb of heavy REE elements and high Sr. Two types: (1) oceanic island arc and/or
continental margin arc and high K calc-alkaline series related to continental adakites)

Zulfiah & N. Supardi (2023)- Palynomorph biozonation of the Malawa Formation, Barru Region, South
Sulawesi. Jambura Geoscience Review 5, 2, p. 71-85.



(online at: https://ejurnal.ung.ac.id/index.php/jgeosrev/article/view/18792/7044)

(Padanglampe section in Tanete Riaja, Barru Regency. Exposed Malawa Fm 10.5 m thick with sandstones at
base overlain by shales with 1.5m thick coal bed, capped by sandstones and thin limestone. Palynomorphs in 36
samples grouped in 6 biozones, containing 64 pollen and 17 spore taxa, most common Moraceae,
Palmaepollenites, Spinizonocolpites echinatus, Pandanidites, Proxapertites operculatus, Laevigatosporites,
Acrostichum, and Anthocerisporites, suggesting M-U Eocene age. Also Verrucatosporites usmensis)

Zulkarnain, I. (1994)- Lingkungan tektonik komplek Bantimala: implikasinya terhadap kualitas mineral garnet
sebagai batu mulia. Proc. 30th Anniversary Symposium, Research Development. Centre for Geotechnology
(LIPI), p.

('Tectonic environment of the Bantimala complex: implications for quality of garnet minerals as gemstones’)

Zulkarnain, 1. (1999)- Cretaceous tectonic events of the Bantimala area, South Sulawesi, Indonesia; evidence
from rock chemistry. Jurnal Teknologi Mineral (ITB) 6, 2, p. 65-77.

(Bantimala Complex melange, Albian-Cenomanian chert, basalt, ultramafics and various grade metamorphic
rocks, dated as 132-114 Ma. Wide SiO; range (44-86%) in 36 metamorphic rocks precursor rocks vary from
basaltic to granitic to sedimentary rock. Glaucophane indicates origin in subduction system, exhumed from
different levels of Benioff zone. High-P metamorphic rocks granitic and sedimentary character indicating
derivation from micro continent. Subduction system ceased when micro continent subducted in Mid-Cretaceous.
Exhumation of metamorphic rocks just after metamorphism and before deposition of chert)

Zulkarnain, 1. (2001)- Rock chemistry of Quarternary volcanics around Manado and Siau Island, North
Sulawesi. Jurnal Teknologi Mineral (ITB) 8, 1, p. 37-52.

(online at:
https://www.academia.edu/21588273/Rock chemistry of quaternary volcanics around Manado and Siau is
land North_Sulawesi?email work_card=view-paper)

(Volcanic rocks around Manado two suites based on position in subduction zone: (1) trench-side (E of Manado,
lower trace element content (Ba, Nb, Rb, Sr), and longer crystallization history, producing wide range in
composition from basaltic to dacitic) and (2) backarc (N and W of Manado, more primitive with narrow range
in composition (basaltic to andesitic) and higher content of trace elements). Volcanics from Siau Island
classified as trench-side type)

Zulkarnain, I., J. Sopaheluwakan, K. Miyazaki & K. Wakita (1995)- Elements transfer during basalt
metamorphism: the case of Bantimala eclogite. J. RISET Geologi dan Pertambangan (LIPI) 1, 1, p. 42-55.
(online at: http.//pustaka.geotek.lipi.go.id/wp-content/uploads/2016/02/Riset-Vol.1-No. 1-1995-.pdf)

(On transfer of elements during basalt metamorphism to greenschist, blueschist and eclogite in Triassic-
Jurassic-age Bantimala Complex of SW Sulawesi (mainly introducing water, removing calcite))

Zulkarnain, 1., J. Sopaheluwakan & E.T. Sumarnadi (1993)- Komplek malihan Bontoria, dacrah Mangilu,
Kabupaten Pangkejene Kepulauan, Sulawesi Selatan. Seminar of Research results of R&D Centre for
Geotechnology LIPI, p.

('Bontoria metamorphic complex, Mangilu area, Pangkajene Kepulauan District, S Sulawesi’)

Zulkarnain, 1., J. Sopaheluwakan, K. Wakita & K. Miyazaki (1993)- The origin of the Bantimala eclogite: a
preliminary view. Proc. 22nd Annual Conv. Indonesian Association Geologists (IAGI), Bandung, 1, p. 147-158.
(Bantimala complex 50km N of Makassar, SW Sulawesi, with Bontoria Fm high-pressure metamorphics
(glaucophane schist, eclogite) underlying Late Cretaceous Balangbaru Fm flysch. K/Ar date of muscovite in
schist 132 Ma; exhumation probably several 10’s of Myrs later. Precursor rock is trench greywacke sandstone
(most other blueschists from basalt or oceanic crust), probably subducted to 10’s of km to 350-520°C, 8-18 kb)

Zulkarnain Bakkar, U., M. Kasim, N. Akase & A.l. Rompo (2020)- Karakteristik alterasi dan mineralisasi
hidrotermal daerah Hulawa, Gorontalo, Indonesia. Jambura Geoscience Review 2, 1, p. 1-15
(online at: https://ejurnal.ung.ac.id/index.php/jgeosrev/article/view/2472/1699)



(“Alteration characteristics and hydrothermal mineralization in the Hulawa area, Gorontalo, Indonesia’.
Research in CoW of PT Gorontalo Sejahtera Mining shows Oligocene granodiorite and Pliocene rhyodacite
and diatreme breccia that acted as host rock for mineralization. Right lateral-E-W faulting pre-mineralization,
while NNE-SSW left-lateral faulting nterpreted as syn-mineralization. Hydrothermal deposits controlled by
geological structure and volcanism. Mineralization in stockwork quartz veins and hydrothermal breccia,

epithermal deposits of low sulphidation deposit)



V.2. Banggai Archipelago, Tomori Basin

Abimanyu, R. (1990)- The stratigraphy of the Sulawesi Group in the Tomori PSC, East Arm of Sulawesi. Proc.
19th Annual Conv. Indonesian Association Geologists (IAGI), Bandung 1990, 1, p. 99-118.

(online at: https://www.iagi.or.id/web/digital/47/19th-(11-13-Des-1990)-Book-1-107-126.pdf)

(Union Texas overview of stratigraphy of post-orogenic ‘Sulawesi Molasse in east part of Tomori Basin, East
Sulawesi. ((Latest Miocene?-) Pliocene -Pleistocene clastics-dominated Kintam Fm). Paper documents latest
Miocene or basal Pliocene (zone N17 or N18- N19/20) bathyal flysch-type fine clastics sedimentation recording
the foreland deepening/flexural loading of Banggai Sula block during collision with E Sulawesi ophiolite.
Followed by Biak Fm coarse clastics in latest E Pliocene (N20-?N21), reflecting post-orogenic uplift/ erosion in
E Pliocene (‘Sulawesi Molasse’))

Ahmad, M., D. Ramdan, Y. Herdiana, A. Nurhasan & A.B. Mulyawan (2021)- Confirming reservoir geometry
and exploration opportunity through 5D interpolation PSDM in the sub-ophiolite zone, Banggai-Sula Basin,
Central Sulawesi. Proc. 45th Annual Conv. Indonesian Petroleum Association (IPA), Jakarta, IPA21-G-147, p.
1-20.

(Seismic processing around WOL-001 (2017) and WOL-002 (2020) successful sub-ophiolite gas tests in
Miocene Mentawa reefal limestone in Banggai-Sula basin of E Sulawesi (NW extension of Donggi gas field))

Armanda, R., S. Hartanto, E. Kusumawijaya, Jaenudin, B. Harnest, T. Irano, I Wayan Yuda et al. (2017)-
Integrated Study of carbonates fracture reservoir distribution and its use to optimize field development program.
Proc. Joint Convention HAGI-IAGI-IAFMI-IATMI (JCM 2017), Malang, 2017, p. 1-6.

(online at: https://www.iagi.or.id/web/digital/5/2017 IAGI Malang Integrated-Study-of-Carbonates-Fracture-
Reservoir-Distribution _compressed.pdf)

(Study of Miocene carbonate reservoir in Pertamina-Medco Tiaka field, offshore Toili Block, Tomori Basin, E
Sulawesi, indicates presence of fractures with average porosity 12%.)

Baasir, A., S. Sukmono, R. Abimanyu & N. Pudyo (2004)- Tiaka Field, Sulawesi- the only one known example
of thrusted anticline play type in Indonesia. European Association of Geoscientists & Engineers (EAGE) 66th
Conference & Exhibition, Paris, 2004, p.

(Tiaka Field in E Sulawesi is thrusted anticline. Hydrocarbon reservoir mainly Miocene carbonate of Tomori
Fm, overlain by Matindok and Minahaki Fms)

Badaruddin, D.F. & A. Fahruddin (2021)- Evaluasi batuan induk pada Sumur Loku-1 dan Alpha-1A, dan
penentuan rekomendasi area untuk eksplorasi rinci pada cekungan Taliabu. Lembaran Publikasi Minyak dan
Gas Bumi (Lemigas) 55, 2, p. 59-73.

(online at: https://journal. lemigas.esdm.go.id/index.php/LPMGB/article/view/605)

(‘Evaluation of source rocks in Loku-1 and Alpha-1A4 wells, and determination of recommended areas for
detailed exploration in the Taliabu basin’. Taliabu Basin in Sula islands with gas seepage in N part of Mangole
Island and gas from Loku-1 well. Geochemical study of samples from Loku-1 and Alpha 14 wells (BP-1990; TD
in Triassic- earliest Jurassic Banggai Granite). Loku 1 with effective (gas) source rock in M Jurassic Buya Fm,
131m thick, at depth of 2727 - 2858 m, with Ro maturrity of 0.58%. Kerogen types Il and IIl. No source rock
potential found in Alpha-1A. Likely hydrocarbon migration from N part of Taliabu Basin towards S)

Bahesti, F., G. Purnomo Adi, [. Amrullah & B. Guspudin (2021)- Deep dive into the Mesozoic play potential
beneath the Batui thrust: a case study in the offshore Matindok, the Eastern Arm of Sulawesi. Proc. 45th Annual
Conv. Indonesian Petroleum Association (IPA), Jakarta, IPA21-G-118, p. 1-21.

(Review of Mesozoic hydrocarbon potential in Banggai Basin, offshore Matindok, Eastern Arm of Sulawesi, in
Late Triassic-Paleogene passive margin sequence of underthrust Banggai-Sula block, etc. (not much new?))
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Indonesia. In: 29" Oil Shale symposium, Colorado School of Mines, Golden CO 2009, p. 1-47.

(Abstract+ presentation online at: www.costar-mines.org/oss/29/presentations/PRES 12-
3 Hadiyanto Fujiono - Hendro.pdf)

(Two types of oil shale on Buton: primary oil shale in Late Triassic Winto Fm and secondary asphalt rock/ tar
sand in Mio-Pliocene Sampolakosa and Tondo Fms. Hypothetical resource of primary shale is 158 mT oil,
secondary 3.6 billion tons asphalt (=226 MB Qil))

Harisma, M.Z. Firihu, V.I. Variani, Muliddin & E.S. Hasan (2025)- Distribution of Tondo clastics in the
Wakoko and Wambona Rivers, Buton Island, Southeast Sulawesi. Proc. Int. Conference on Geosciences and
Geotechnology (ICOGEST 2024), Makassar, IOP Conference Series: Earth and Environmental Science 1525,
012011, p. 1-7.

(online at: https://iopscience.iop.org/article/10.1088/1755-1315/1525/1/01201 1/pdf)

(Study of Miocene clastics of Tondo Fm in SE Buton (Wakoko River coarse conglomerates) and NW Buton
(Wambona River conglomerates and sandstones. All clasts are sedimentary rocks (apparently nothing more to
report; JTvG))

Hasria, La Hamimu, A.B. Prawira, Arisona, L.I. Juarzan & S. Septiana (2024)- Petrogenesis of metamorphic
rock in the Mukito Formation at Sorawolio region, Bau-Bau City, Buton Island, Southeast Sulawesi Province,
Indonesia. J. Geoscience Engineering Environment Technology (JGEET) 9, 3, p. 1-8.

(online at: https://journal.uir.ac.id/index.php/JGEET/article/view/14949/6818)

(Pre-Triassic metamorphic rocks of Mukito Fm on Buton Island, in (fault?) contact with Triassic Winto Fm and
Kanpatoreh Ultrabasic Complex (in W). Several types of metamorphic rocks: serpentinite, phyllite, hornblende
schist, chlorite schist and amphibolite. Two types of metamorphic facies: greenschist and amphibolite.
Protoliths from tholeiitic oceanic-island arc basalt)



Hasria, A. Okto, M.A. Samsuriq, Muliddin, Masri, Bahdad E.S. Hasan, La Hamimu, S.R. Haraty et al. (2023)-
Petrogenesis of metamorphic rocks at Baubau city, Buton Island, Southeast Sulawesi Province, Indonesia. Proc.
4th Int. Conference on Earth, Science, Mineral and Energy (ICEMINE 2021), Sleman, AIP Conference
Proceedings 2598, 020006, p. 1-13.

(online at:  https://www.researchgate.net/publication/371511946 Petrogenesis_of metamorphic_rocks_at
Baubau_city Buton Island Southeast Sulawesi Province Indonesia)

(Study of pre-Triassic Mukito Fm metamorphic phyllites and schists in basement of Kaisabu area, Sorawolio
District, Baubau City, SW Buton. Common mafic minerals suggest gabbro and basalt protoliths. Regional
metamorphic facies greenschist to amphibolite facies, formed at depths of 8-20 km)

Hetzel, W.H. (1930)- Over de geologie der Toekang Besi eilanden. De Mijningenieur 11, 3, p. 51-53.

(‘On the geology of the Tukang Besi islands’. Uplifted islands of Tomea, Wangiwangi and Kaledupa mainly
composed of Late Neogene marly Globigerina limestones (similar to equivalent rocks on S Buton), covered by 3
or more terraces of uplifted reefal limestones. On Kaledoepa breccious limestone with Lepidocyclina. Strike of
folded Late Tertiary beds at right angles to the very young NW-SE trend of rows of raised islands and atolls,
suggesting earlier phase of folding, followed by later block-faulting)

Hetzel, W.H. (1936)- Verslag van het onderzoek naar het voorkomen van asfaltgesteenten op het eiland Boeton.
Verslagen en Mededeelingen betreffende Indies delfstofkunde en hare toepassingen, Dienst Mijnbouw
Nederlandsch-Indie, Landsdrukkerij, Batavia, 21, p. 1-56.

(online at: https://www.delpher.nl/nl/boeken/view ?identifier=MMKB24:078914000:00011)

('Report of an investigation of the occurrence of asphalt-bearing rocks on Buton Island'. Detailed descriptions
of surface asphalt deposits, probably originated from Triassic oil. Bitumen impregnations in Miocene
sandstones and Pliocene Globigerina marls, unconformably over highly folded, deep marine Triassic-
Cretaceous (-Eocene?) sediments. Late Eocene Wani Beds in N Buton are a thin interval within pelagic
carbonates-marl section, and is composed of sandstone and polymict conglomerate with Late Eocene larger
forams (Pellatispira, Spiroclypeus vermicularis, Lepidocyclina boetonensis, Discocyclina, Asterocyclina and
small Nummulites), and fragments of reworked Upper Cretaceous Globotruncana limestone and serpentinite.
With 1:200,000 scale geologic map of Buton and detail maps of asphalt terrains )

Hetzel, W.H. (1936)- Boetoniet, een bijzonder gesteente van het eiland Boeton (ZO Celebes). De Ingenieur in
Nederlandsch-Indie (IV) 5, 10, p. IV.151- IV.155.

(online at: https://www.stichtingblauwelijn.nl/assets/files/1938-10.pdf)

('Boetoniet, a peculiar rock type from Buton island'. Dark, glassy rock named ‘boetonite’ found along margins
of peridotite outcrops. Mainly in S Buton, at W side of Kapantoreh Mountains. Commonly as veins in Triassic
and Neogene. Contain chromite and marcasite. Possibly hydrothermal weathering product near ultrabasic
rocks (also in Handelingen 8e Ned.-Indisch Natuurwetenschappelijk Congres, Surabaya 1938, p. 481-485)

Horizon/ Robertson (2004)- Buton prospectivity screening study. Multi-client study, PT Horizon, Jakarta, 118p.
(Unpublished report by Jan Bon, Andy Livsey et al.)

Janssen, A.W. (1999)- Euthecosomatous gastropods (Mollusca: Heterobranchia) from Buton (SE Sulawesi,
Indonesia), with notes on species from Viti Levu, Fiji; systematics, biostratigraphy. Geologie en Mijnbouw 78,
2,p. 179-189.

(online at: https://drive.google.com/file/d/0B7j8bPm9CseOUOhWNzdiWjlUWnM/view)

(Revision of Neogene pteropoda from asphaltic deposits of Buton (Sampolakosa Beds?). Faunas first described
by Martin (1935) and Beets (1943, 1950, 1953). Beets recognized this as deep marine fauna, of probable Mio-
Pliocene age. With planktonic gastropods (pteropods), incl. Styliola subula, Cavolinia bituminata, C. mexicana.
and Diacria mbaensis. Comparison with Fiji associations suggests Late Miocene age for Buton faunas
(Tortonian-Messinian; fits with ages concluded from microfaunas by Fortuin et al. 1990; JTvG))

Kanehara, K. (1943)- Boeton Island (Dutch East Indies), its geology, asphalt and manganese ore. J. of
Geography (Chigaku Zasshi), Tokyo, 55, 653, p. 237-264.
(Review of Hetzel (1936) original report on geology of Buton island)



Keijzer, F.G. (1945)- Upper Cretaceous smaller foraminifera from Buton (D.E.L). Proc. Koninklijke
Nederlandse Akademie van Wetenschappen, Amsterdam, 48, p. 338-339.

(online at: https.://dwc.knaw.nl/DL/publications/PU00017937.pdf)

(Tertiary asphalt-bearing marls of Buton generally pure Globigerina-Globorotalia-marls, probably Neogene.
One sample with angular white and grey pieces of limestone (resembling Cretaceous Globotruncana-
limestones), grey and black pieces of chert, and common reworked Upper Cretaceous planktonic foraminifera,
incl. Globotruncana arca, Gt. calcarata, Pseudotextularia varians, Planoglobulina acervulinoides, Bolivinoides
seranensis, Globorotalia velascoensis (= Paleocene?; JTvG), etc.). Fauna very similar to U Cretaceous fauna
from Seram, described by Van der Sluis (1949))

Keijzer, F.G. (1953)- Reconsideration of the so-called Oligocene fauna in the asphaltic deposits of Buton
(Malay Archipelago). 2. Young-Neogene foraminifera and calcareous algae. Leidsche Geologische
Mededelingen 17, p. 259-293.

(online at: www.repository.naturalis.nl/document/549557)

(Buton asphalt-bearing marls deep marine facies and Pliocene in age, not Oligocene as previously postulated.
With 333 species of deep marine benthic foraminifera, incl. many species of Bolivina, Cassidulina, Cristellaria,
Dentalina, Lagena, Nodosaria, Planulina, Siphogenerina, Sphaeroidina, etc. Also planktonics, incl.
Globorotalia tumida flexuosa and Ggq. altispira. Also: (1) breccia with reworked U Cretaceous clasts and
Globotruncana planktonic forams (indicative of mud volcanism?); (2) sample W-10 from Wariti asphalt field
with M Miocene larger forams Katacycloclypeus, Miogypsina, Lepidocyclina (T.) rutteni; (3) Halimeda. With
appendix on sample from Bawean with E-M Miocene larger forams Lepidocyclina (N) and Miogypsina
primitiva. (Amphimorphinella butonensis Keijzer indicator of hydrocarbon seepage?; Hayward et al. 2011))

Koswara, A. & D. Sukarna (1994)- Geological map of the Tukang Besi sheet, Southeast Sulawesi. Geological
Research Development Centre (GRDC), Bandung. 14p.

(Tukang Besi islands mainly Quaternary coral reef limestone, unconformably over core of latest Miocene-
Pliocene Ambeuwa Fm Globigerina marls, dipping 15-30°?. Wowoni Island N of Buton has juxtaposed
?Triassic metamorphics, Cretaceous? ultramafics overlain by M-L Miocene Lampeapi Fm conglomerate,
sandstones with coals, overlain by Late Miocene- Pliocene Lansilowo Fms marls, limestone and sandstones)

Kuenen, P.H. (1928)- Geologische problemen in verband met de Toekang-Besi eilanden. Tijdschrift Koninklijk
Nederlands Aardrijkskundig Genootschap, ser. 2, 45, 2, p. 236-247.

('Geological problems associated with the Tukang Besi islands'. Tukang Besi islands SE of Sulawesi four rows
of atolls, possibly all associated with young NW-SE trending anticlinal structures)

Kuenen, P.H. (1933)- The formation of the atolls in the Toekang-Besi-group by subsidence. Proc. Koninklijke
Nederlandse Akademie van Wetenschappen, Amsterdam 36, 3, p. 331-336.

(online at: https://dwc.knaw.nl/DL/publications/PU00016412.pdf)

(As described by Escher (1920), Tukang Besi islands are atolls and raised islands arranged along NW-SE fault
trends. Post-Pleistocene subsidence produced atolls where reef growth kept up with subsidence)

Ling, H.Y. & R.B. Smith (1995)- Role of Eocene and Cretaceous radiolarians from Buton Island in the Eastern
Indonesian collision tectonics. Proc. Int. Symposium Geology of SE Asia and adjacent areas, Journal of
Geology, Hanoi, Geological Survey Vietnam, 5-6, p. 160-161. (Abstract only)

(Pre-Neogene Wolio collision complex of N Buton includes samples with early M Eocene radiolaria (U Tobelo
Fm of Turumbia Bay) and well-preserved Cretaceous Aptian- Albian radiolaria (Tobelo Fm at Rumu River
section of SE Buton))

Ma, G., J. Wang, L. He, X. Li & H. Sui (2020)- The nature of the Indonesian carbonate asphalt rocks and its
insights into the separation processes. J. Petroleum Science and Engineering 195, 107752, p. 1-8.

(Buton asphalt rocks composed of (Miocene-Pliocene) porous foraminifera fossils, with asphalt covering
porous particles and also penetrated into chambers through pores. Microstructure main reason hindering



separation of asphalt from carbonate mineral surface using hot water extraction method. Etc. With interesting
images of foram grains from Lawele and Kabungka mines)

Martin, K. (1933)- Eine neue Tertiare Molluskenfauna aus dem Indischen Archipel. Leidsche Geologische
Mededelingen 6, 1, p. 7-32.

(online at: www.repository.naturalis.nl/document/549740)

('A new Tertiary mollusc fauna from the Indies Archipelago'. Mollusc assemblage of 26 new species from Buton
asphalt-bearing marls/ limestones, which are unconformable over folded Mesozoic sediments. Assigned Late
Oligocene or E Miocene age (Later interpretations favor Late Miocene-Pliocene ages (e.g. Beets 1952, Keyzer
1953, Fortuin et al. 1990, Janssen 1999))

Martin, K. (1935)- Oligocaene Gastropoden von Buton. Leidsche Geologische Mededelingen 7, 2, p. 111-118.
(online at: www.repository.naturalis.nl/document/549589)

(‘Oligocene gastropods from Buton’. Molluscs from asphalt-bearing limestones of Buton 35 species, all extinct,
suggesting pre-Neogene (Oligocene) age. Nine new gastropod species described here (since then age corrected
as Mio-Pliocene; JTvG))

Martin, K. (1937)- Die oligocaenen Mollusken von Buton als Auswurflinge eines Schlammsprudels betrachtet.
Leidsche Geologische Mededelingen 8, p. 311-314.

(online at: www.repository.naturalis.nl/document/549248)

('The Oligocene molluscs from Buton, interpreted as clasts of a mud volcano'. Molluscs from Buton originally
dated as Oligocene, but Sampolakosa Fm now regarded as Late Neogene age by Hetzel (1936). Older material
may be explained as mud volcano ejecta (see also Beets 1952, who argues for Miocene-Pliocene age of Buton
molluscs)

Milsom, J. (1992)- Structure and collision history of the Buton continental fragment, Eastern Indonesia. AAPG
International Conference, Sydney 1992, Search and Discovery Article 91015, 1p. (Abstract; full paper below)
(online at: https://www.searchanddiscovery.com/abstracts/html/1992/international/abstracts/1117b.htm)
(Fragment of Australian continental margin now exposed on Buton, SE of Sulawesi. Asphalt reserves support
significant local industry. Buton Terrane underwent significant relative rotations and extends beneath adjacent
island of Muna. Tukang Besi platform E of Buton may be distinct, unrelated, unit. Ophiolitic rocks exposed on
Buton not attached to deep roots and are thin overthrust sheets not marking terrane boundary)

Milsom, J., J. Ali & Sudarwono (1999)- Structure and collision history of the Buton continental fragment,
Eastern Indonesia. American Assoc. Petroleum Geol. (AAPG) Bull. 83, p. 1666-1689.

(Buton is Australian-derived continental terrane. Gravity defines present-day W limits of Buton terrane and
suggests terrane includes Tukang Besi platform in E. Ophiolitic rocks on Buton no deep roots, but thin and
isolated overthrust sheets, and do not mark terrane boundary. Buton separated from Australia in Jurassic or
Late Triassic, and collided with Eurasian margin in SE Sulawesi in Oligocene or E Miocene. Extension
dominated recent history of area, producing minor separation of Tukang Besi from Buton and dispersion of
other fragments, some of which have been incorporated in collision zone in Outer Banda arc. Oil seeps and
asphalt deposits of Buton show hydrocarbons can be sourced from these fragments)

Mubroto, B. & J. Ali (1998)- Tectonic rotations indicated by the late Cenozoic paleomagnetic rocks in Buton
Island, Southeast Sulawesi, Indonesia. In: J.L. Rau (ed.) Proc. 33rd Session Coord. Comm. Coastal and
Offshore Programmes E and SE Asia (CCOP), Shanghai 1996, 2, p. 246-258.

(Buton island continental fragment impacted, accreted and uplifted when Tukang-Besi platform began docking
with SE Sulawesi in Pliocene (2-3 Ma). Two major structural orientations; N-S in N part, NE-SW in S part,
suggesting 60° clockwise rotation of S Buton with respect to N Buton (Fortuin et al. 1989). Data from 41
paleomagnetic sites from Miocene-Pliocene Tondo and Sampolakosa Fms suggest N Buton rotations of ~30°
CW and CCW, probably local, C Buton small rotations, and S Buton 30-60° CW rotation. Data imply thin-
skinned sheets associated with collision)



Mujito, S. Hadipandoyo & T.H. Sunarsono (1998)- Hydrocarbon resource assessment of the micro continent
Buton Basin, southeast Sulawesi, Indonesia. In: J.L. Rau (ed.) Proc. 33rd Session Coord. Comm. Coastal and
Offshore Programmes E and SE Asia (CCOP), Shanghai 1996, 2, p. 1-9.

(Buton basin assessment of hydrocarbon potential. Primary source rock Late Triassic Winto Fm with up to 16%
TOC. Main reservoir Miocene Tondo Fm sandstones. Oil potential max. 1.373 million tons, expected value
0.205 million tons. Gas potential max. 0.412 milliards m3, expected value 0.061 milliards of m3)

Nolan, S.C., M.LE.M. de Smet, M. Chamberlain, S. Gafoer, S. Santosa & Soebardi (1989)- Hydrocarbon
prospectivity of Buton Island, S.E. Sulawesi, Indonesia. Earth Resources Institute (ESRI) Report, p. 1-99.
(Unpublished)

Okhotnikova, E.S., Y.M. Ganeeva, E.E. Barskaya, G.V. Romanov, T.N. Yusupova et al. (2016)- Composition
and physicochemical properties of natural bitumen from the Pasar Wajo deposit (Indonesia). Petroleum
Chemistry 56, 8, p. 677-682.

(Bitumen from Pasar Wajo, Buton island, classified as asphalt. Low concentrations of sulfur and trace elements
and lack of normal-chain hydrocarbons)

Pedoja, K., L. Husson, A. Bezos, A.M. Pastier, A.M. Imran, C. Arias-Ruiz, A.C. Sarr, M. Elliot, E. Pons-
Branchu, M. Nexer & V. Regard (2018)- On the long-lasting sequences of coral reef terraces from SE Sulawesi
(Indonesia): distribution, formation, and global significance. Quaternary Science Reviews 188, p. 37-57.

(online at: https://hal-normandie-univ.archives-ouvertes.fr/hal-01983439/document)

(Late Cenozoic coral reef terraces identified on 23 islands of Tukang Besi and Buton archipelagos. Reef terrace
sequences from Wangi-Wangi (Buton) and islands of Ular, Siumpu and Kadatua with terraces from last
interglacial maximum (MIS Se; ~122 ka) at elevations <20m, at 34m on W Kadatua. On SE Buton reef terraces
up to 650m, with >40 undated strandlines. On Sampolawa Peninsula 18 strandlines up to 430m, possibly as old
as 3.8+ 0.6 Ma)

PT Elnusa Geosains (2005)- Hydrocarbon potential of Buton Basin. Petromin 31, 6, p. 14-20.

PT Robertson Research Utama Indonesia (1989)- A geochemical evalution of field samples (of rock, asphalt,
water and gas) from Buton Island, S.E. Sulawesi. Report 139, p. (Unpublished)

(Triassic Winto Shale good oil source rock, but presence of gammacerane in widespread asphalts appears to
preclude Winto Shale as source)

PT Robertson Research Utama Indonesia (1989)- Results of petrographic analyses Buton Island outcrop
samples. Report 140, p. (Unpublished)

(Triassic Winto sandstones almost entirely lithic, derived from sediments and metamorphic rocks, and locally
common igneous material)

PT Robertson Research Utama Indonesia (1989)- A petroleum geochemical evaluation of four asphaltic stained
shallow cores from Lawele Pit, Buton Island. Report 197, p. (Unpublished)

(Asphalt analyses suggest degraded oil isotopically light and derived from terrestrial organic matter. Presence
of gammacerane may indicate a hypersaline, marine carbonate or restricted lacustrine source)

Reinhold, T. (1952)- Reconsideration of the so-called Oligocene fauna in the asphaltic deposits of Buton
(Malay Archipelago). 3. Report on diatoms. Leidsche Geologische Mededelingen 17, p. 294-297.

(online at: www.repository.naturalis.nl/document/549751)

(Diatoms from (Mio-Pliocene) asphaltic marls of Buton with species related to Upper Miocene Globigerina
marls of Java: Actinodiscus, Coscinodiscus, Hemidiscus, etc.)

Rochmanto, B. & L.M. Adam (2007)- Sedimentary environment of Sampolakosa Formation at Gonda Baru,
subdistrict Sorawolio, Bau-Bau, Southeast Sulawesi. Proc. Joint Convention 32nd HAGI, 36th IAGI and 29th
IATMI, Bali, JCB2007-251, p. 1-3. (online at:
www.iagi.or.id/web/digital/28/2007 IAGI-Bali_Sedimentary-Environment-of-Sampolakosa-Formation.pdf)



(Studied 61m of outcrop of middle part of Sampolakosa Fm at Gonda Baru, Buton. Lithology marine marl with
thin limestones and diatomites in middle and lower part. Age Early Pliocene (N18), environment middle shelf-
lower slope. Not much detail, no figures)

Rochmanto, B. & Darwin (2007)- Depositional environment of the Tondo Formation at Wakoko River Pasar
Wajo Area, District of Buton, Southeast Sulawesi. Proc. 315 Annual Conv. Indonesian Petroleum Association
(IPA), Jakarta, IPA07-G-101, p. 1-6.

(Student paper about 15m of late M Miocene (zone NI14) Tondo Fm section at Wakoko River, S Buton.
Coarsening-upward shale-sand packages, interpreted as deltaic depositional environment with tidal and fluvial
dominance)

Saleh, 1., R. Husain & R. Langkoke (2022)- Sulphide minerals in limestone: Trap rock of Buton asphalt on
block Kabungka mine C Pt Wijaya Karya Bitumen, Buton regency, South East Sulawesi. Proc. 4th EPI Int.
Conf. Science and Engineering (EICSE) 2020, AIP Conference Proceedings 2543, 050012, p. 1-6.

(online at: https://aip.scitation.org/doi/abs/10.1063/5.0095489)

(Sulphide minerals in asphalt-bearing Late Miocene- E Pliocene bathyal Sampolakosa marly limestone (called
‘asbuton’): pyrite, chalcopyrite, bornite, covellite)

Sartono, S., I. Hendrobusono, H. Murwanto & B. Suprapto (1990)- Tektonik akresi di Buton: olistostrom dan
melange diapir. Proc. 19th Annual Conv. Indonesian Association Geologists (IAGI), Bandung, 2, p. 1-26.
("Accretion tectonics of Buton: olistostrome and melange diapyr'. Late Miocene- Pliocene collision complex on
Buton with Sampolakosa sedimentary olistostrome with olistoliths including ophiolitic and igneous rocks (with
zone N18-N19 planktonic foraminifera))

Satyana, A.H. (2011)- World-class asphalt deposits of Buton Island, SE Sulawesi, Indonesia: geology,
geochemistry, mining status and problems. Proc. Sulawesi Mineral Resources Seminar, Manado 2011,
Indonesian Soc. Economic Geology (MGEI), p. 1-15.

(Review of asphalt deposits of Buton Island, known since 1920s and intermittently exploited since 1925.
Reserves 100-132 MTonnes of asphalt. Asphalt sourced by Triassic Winto Fm marine shales. Originally
medium gravity oils migrated into uplifted and thrusted carbonates of Pliocene Sampolakosa or sandstones of
Miocene Tondo Fm, now biodegraded)

Satyana, A.H., N.A. Ascaria, A. Krisnabudhi & R.D. Prasetyo (2023)- Prospectivities of Buton area, Southeast
Sulawesi: new insights from revisiting integrated geological-geophysical-geochemical data. Proc. 47th Annual
Conv. Indonesian Petroleum Association (IPA), Jakarta, IPA23-G-68, p. 1-20. (online at:
https://tektonesiana.org/wp-content/uploads/2024/07/satyana-et-al-2023-ipa_revisit-petrol-buton.pdjf)
(Comprehensive review of complex geology with asphalt deposits and remaining hydrocarbon prospectivity of
Buton area. Buton-Tukang Besi, SE Sulawesi and Banggai-Sula microcontinents collided with Sulawesi
sequentially during M Miocene. Sediments younger than M Miocene (Tondo Fm) are post-collisional. Mid-
Miocene collision obducted Pretertiary Kapantoreh ophiolite, exposed in S Buton. Etc.)

Satyana, A.H., C. Irawan & W. Kurniawan (2013)- Revisit geology and geochemistry of Buton asphalt deposits,
SE Sulawesi: implications for petroleum exploration of Buton area. Proc. 37th Annual Conv. Indonesian
Petroleum Association (IPA), Jakarta, [PA13-G-170, p. 1-18.

(Asphalt deposits of Buton Island, known since 1920’s, contain 15-35% asphalt/ bitumen, mainly impregnations
in Pliocene Sampolakosa Fm carbonates and Miocene Tondo Fm sandstones, in uplifted and intensively
thrusted anticlines. Asphalt deposits biodegraded crude oils derived from marine Type Il kerogen, tied to
Triassic calcareous shales and bituminous limestones of Winto Fm. Sulfur content generally high (2.5- 9.3%.).
Five exploration wells on Buton between 1976-2012, all dry, some with oil shows in Miocene. Nunu oil seep on
W Buton contains oleanane, indicating Tertiary source)

Schreiter, R. (1932)- Der Boetonasphalt mit seinen Foraminiferen. Asphalt und Teer, Strassenbautechnik,
Berlin, 32, p. 659-661.



('The Buton asphalt with its foraminifera’. Obscure reference characterizing Buton asphalt-bearing rocks as
bituminous Globigerina marls, with planktonic foraminifera Pulvinulina (=Globorotalia) menardii and
Orbulina universa. This suggests M Miocene or younger age, not Oligocene as originally suggested by Martin
(1934), etc.). (from summary by F. Musper in Neues Jahrbuch Mineralogie Geologie Palaeontologie 1937, p.
316)

Sikumbang, N., P. Sanyoto, R.J.B. Supandjono & S. Gafoer (1995)- Geologic map of the Buton Quadrangle,
Southeast Sulawesi, 1:250, 000. Geological Research Development Centre (GRDC), Bandung.

(Geologic map SE Sulawesi Buton/ Muna islands between 4.15 and 5.45° S. Oldest rocks pre-Triassic Mukito
Fm metamorphics. Jurassic-Triassic low-metamorphic Doole Fm (?). Oldest sediments Triassic Winto Fm
shale, ~750m thick sandstone and limestone, with bivalves Halobia, Daonella and Monotis salinaria, ammonite
Juvavites ceramensis and radiolaria. Early Jurassic Ogena Limestone, pelagic, with ammonites Phylloceras,
Psiloceras and Arietites and foraminifera Involutina liassica, Epistomina. Late Jurassic Rumu Fm ~150m red
pelagic limestone-marl with manganese deposits and Belemnopsis gerardi, Malayomaorica, Stomiosphaera
moluccana and Cadosina fusca. Cretaceous Tobelo Fm deep marine calcilutite with radiolaria, Globotruncana,
Heterohelix, etc. Unconformably overlain by 1300m Miocene Tondo Fm limestone and clastics with oil seeps-
asphalt in S Buton (basal limestone latest Oligocene?; JTvG), Pliocene Sampolakosa Fm marls. Late Oligocene
collision between Buton Block and SE Sulawesi caused folding-thrusting of Pre-Miocene rocks)

Smith, R.B. (1983)- Sedimentology and tectonics of a Miocene collision complex and overlying late orogenic
clastic strata, Buton Island, Eastern Indonesia. Ph.D. Thesis University of California, Santa Cruz, p. 1-254.
(Unpublished) (Buton exposes M Miocene collision complex, overlain by clastics derived from erosion of
uplifted complex. In Wolio Complex, lower part of ophiolite sequence juxtaposed with Triassic- Upper Eocene
or Oligocene sediments in imbricate series of W-dipping thrust sheets with deep water limestones. Age of
collision later in Sulawesi East Arm (Late Miocene) than in Buton (M Miocene). Buton- E Sulawesi collision
zone evolved from W-dipping subduction zone. M- Late Miocene clastic strata (Tondo Fm) mostly bathyal
marine sediments which accumulated in two separate basins. Lasalimu basin formed just E of uplifted ophiolite
thrust front, which provided most of detritus to basin, forming coastal fan-deltas, slope and base-of-slope
deposits. Langkalome basin turbidites accumulated W of uplifted ophiolite belt. (N.B.: ‘post-orogenic’ Tondo
Fm limestone member contains Spiroclypeus, signifying Early Miocene age?; suggesting collision older than E
Miocene?; JTvG))

Smith, R.B. (1987)- Diachronous Neogene microcontinent collision in Buton and Eastern Sulawesi, Indonesia.
Geological Society of America (GSA) Annual Meeting 1987 and Exposition, Abstracts with Programs 19, 7, p.
850. (Abstract only)

Smith, R.B. & E.A. Silver (1991)- Geology of a Miocene collision complex Buton, Eastern Indonesia.
Geological Society of America (GSA) Bull. 103, p. 660-678.

(Buton part of Neogene collision zone along E margin of Sulawesi. Miocene collision of microcontinents with
W-dipping subduction zone emplaced Tukang Besi Platform (TBP) against Buton. Buton Wolio collision
complex imbricated W-dipping thrust sheets and overturned folds with later steep faults offsetting imbricate
stack and controlling present map patterns. Consists of (1) Turumbia Fm mainly Late Triassic- Late Eocene or
Oligocene deep-water limestone in E, interpreted as deep-water facies of W TBP margin, (2) Massive peridotite
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