CRUSTAL STRUCTURE OF THE MAKASSAR BASIN
AS INTERPRETED FROM GRAVITY ANOMALIES :
IMPLICATIONS FOR BASIN ORIGIN

ABSTRACT

AND EVOLUTION

By :
D, B, Situmorang

The gross erustal structiure of the Mokasiar bavin hat been interprered from graviny anomalies in conjume-
tive with barehole informations snd seiomic reflection data, Congiderbly artenugted continental crist appears
fo wnderlie the basin which refleces @ sngle spitode af continental rifting, thar has heen getive in the areg

during Eocene

Lower Mivcene tmes. The implications of thar iterpretgtion for tectomic model are dis-

cutsed and the overall evolurion of the basin from Middle Jurgsvic onward proposed.

L INTRODUCTION

The origin and evolution of the Makzssar hasin
(Figure 1) has heen expluined i 3 number of ways
hy various suthors. 5o far, st leas: four hypotheses
have besn proposed, The i wa mven by van
Bemmelen (1 949) in conjunction with the 2valution
of South Sulawesi, Based on geological dsm from
Southeast Katimaniom and West and South Sulawesi_
van Bemmelen (1949) inferred that the foredeep of
& volcanic are occurred to the west of South Suls-
wesi with Pulau Laut 55 a cenire of orogenic distus-
bance. The Mukussar undation took place in Middle
Miocene, subsequently followed by subsidence and
fransgrossion  with continuing voleanie sciivily in
the Young MNeopene, The Plio-Pleistocene disstro-
phism resulted in the breakdown of the crust io
the west and east of South Sulawesi forming the
Makassar bajin und the Bone trough

The second hypotheiis was proposed by Hamil.
tan (197%). He argued that the formation of the
Makassar basin was due o the opening (spread.
ing) of theMakassar Strait in the Middle or Up.
per Miocene, Hi  conclusion s entirely  based
on a stratigraphic correlation between Southeas)
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Kalimantan und South Sulawesi His concopt was
later on udopted with some modifications by
vther workers, For example, Katili (1978) propased
that the opening of the Mukassar Strait occusred
during the Qualernary, whereas Rise and Hartono
(1978} related the formation of the basln 1o the
counterclockwise rolation of Kalimunton during
Late Crelaceous-Early Paleogene times,

The third concept was proposed by Burollet
and Salle {1979), hased on microtectonic siudies
in Easr-Southeust Kolimantan and South Sulawes
combined with selsmie reflection daty from the
Morth Makassar basin, They suggested that the
basin wes formed in the same manner us grabens
or rhombochisms formed in & rigid continental or
intermediate crust,

The fourth concept was put forward by the pre-
sent author (Situmorang, 1982), On the basis of
the observed subsidence in well duta and on reflec-
tivn profiles from the Makassar hasin, he concluded
that the formation of the busin con be explaiped
by the stretching model of McKeneie (1978).

In the first three hypotheses the formation of
the Makassir basin is only brefly touched sz part
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of the regivnal peology of the region. None of
those hypotheses sddres the orustal struciure of
the basin. The stretching model which make use
of sedimentary records directly from the basin itself
B capable to present not only @ detailed account
of subsidenos, heat flow, and peneration and mato-
ration of hydrocarbons within the busin, but also
erustal thickness which can be confirmed by gravity
wivd magnetic ohservations.

The purpose of the present paper is to discuss
the crustal struciure of the Makasar basin especinlly
in the lipht of gravity and magnetic dats, and relates
that i the origin of the basin in terms of dftiby o
recognized from Interpretation of selsmic reflection
profiles (Silumorang, 1987 a). This will then lead
to the propoged evolutionsry mode]l of the basin
within the ‘southesstern margin of the Sundaland.

I GRAVITY DATA

For the Makassar basin, there is free-air graviry
anomaly map, Kindly réléasgd for the first time by
SIPM (Figure 2). It appears thet the basin is asso.
ciated with a negative gravily unomaly, In the South
Makassar basin, the gravity anomaly has a minimom
wvalue of — 100 mgal in the wicinlty of selsmic raflec.
tion lines P09, P6I0 and P611, In the North
Makassar bagin, the anomaly reaches 3 minimum
value of —90 mgal near the inferséclion of seismic
reflection profiles P.616 and P.617 just to ths South
of Mangkalihat Peninsula. The sheli area i8 chorac-

Based on these daln, 3 crustal cross section is
constructed along the line A® - A’ in Figure 2. The
position of the line is selected a3 such that zeolog-
cal information from exploration wells PB-1, TT-1,
and TT-2, and selsmic reflection date derved from
profle P.608 can be used o control the thickness
of the sedimeni column along the cross section.
The thickneas of the water column fs well controlied
by the bathymetry.

The density of say water and manthe is taken as
1.03 glem® and 3.3 glcm? respectively. The density
of the sediments is derived from velocity data on
sefsmic line P.608; using & density-welocity curve of
Mafe znd Drake (1963), it s obtained as 2,15 gfem?
A crustal density of 2.8 g/em? is used a5 referenca
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denslty, Henge, the density conirastis —1,77 glem® *
for the water column, -063 glem? for the sedi-
menes, and 0,50 g/em? for the mantle,

Two-dimensional  grawity modeling hus  been
carried onl using the method as described by Tal-
wini et al (1959), A value of 15 km i used as.an
approximation for the depih 1o the Maliscontinuity;
thiz' walue iz the sverape depth obtained by the
stretching model in the South Makasar basin (Sl
morang, 1962},

The result of the wlculation is summarized in
Figure 3, This figurs represents the moat scceptable
crsta] cross seétlon among mumerods models (hat
have bren evalusied, moping from nommal cooti-
meftal erust, Intrusive bodics near the hasement,
to normal ocesnic crust with several layering anid
denasjty warlations. Tt gppears that the fli between
the observed mnomaly snd calculsted snomaly is
good. This fit will significantly change if for in-
stance, several dykes ore mifroduooed i the deeper

- part of theé basin, ie, within 1,000 fathoms batly-

meiric confours (Figure 4). In this case, the dvkes
are sssumed as made op by basic rocks with dengity
of 29 glan?, The greater the volume of basic rocks
introdoced,  the more the calculated anomaly
deviites from the obgerved anomaly, snd will
eventually become positive (f the basin i3 entirely
uniderlnin by basic rocks a5 in the case of the normal
occanic bagin,

Although gravity interpretation is not unique,
the result a5 discussed above tends to suggest that
the Makastar basin is probably underlsin by an
pitcnunted continental crust with average thickness
of 15 km,

mn, MAGNETIC DATA

The only magnetic dsts svailable from the Ma-
kassar basln gre the (olal intensity profiles, also
relensed for the first time by SIPM, which can be
seen In Figure 5. However, not much information
can be extracted from these data. Minor variations
are observed on almost all of the profiles. A long
wavelength snomaly exists over the South Makassar
basin codncident with seismic reflection line P6009,
with pesk to trough amplitude about 600 gammas.
This is the lrgest amplitude observed in the Makas-
sar basin,
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Figure 2.Frecair gravity amomaly map of the Makssar basin, Coniour imierval @ 10mgal,
Location of SIFM  contineous sebsmije  reflecton profiles are shown 68 egpbis,
F.610, Pol4, PAID,
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fatesal wrench faults, An example of such defor-
matkon has been documented among others by
Kutili {19703 along the Palu Kopo Fauli in West
Sulowesi, The postrifimg phase appears 1o be
characterized by an oniform sedimentation while
the basin subsided uniformiy.

V. EVOLUTIONARY MODEL

Based om sinitigrophic  informations, . inter-
pretation  of peophysical  data, and subsidence
history, and by maka wie of palevcontinental maps
of Smith ei al. (1981 (Figure &), the evolution of
the Maokssssr basin can be éxplalped and sum-
marized I @ serjes of hypothetical dingrams as
presénied in Figure 7,

a) It Is generlly occepted that the maln features of
this part of the world in early Mesoznic time is the
Asion landmass i the north-nerthwest, and the
Auwstmlion continent o ihe souib-southwest, se-
parated by o wide Teithya Dcean, The openimg ol
the Wharton basin {n the porthwesi murgin of
Austiala in Upper Jurassic (Heirizler et al,, 1978;
Barber, 1979) probobly induced sn activation
af the préviously passive morgin of the porihem
Agiatic continent along jls southeastern marpin
(Sunduland). A residual torcarc basin (e.g. Mickin-
son snd Sealy, [979), floored by oceanic erust,
wits forrned at this margin and deposition of busal
sequences eomposed of deep s=n Afino Formation,
grading lnterally inio: the Htoral Penigngn For-
maticn snd Orbitoling -~ bearing sediments now
exposed im the Meratus Ranpe of Scuthesst Kall-
mantan was deposited In the busin.

b} Destruction of this foreerc  basin ok place
in the Middle Cretsceous (Albian-Cenomanian),
whan the separated continentsl block which origi-
neted from the Nonlwesi Australisn mergin col-
lided with Sundaland. As the basin closed, an ulira-
basic wedge once part of octanle crusi which
floored the forear: busin was emplaced onfo the
matgin of the Sundaland, where it is presently
found in the Memtos Range and South Sulawes:
If this & correct, then part of Tethys was being
sibducted ot this time, From the beginning of
rifting in the Upper Turassic to the emplacemeni
of the oceanic wedpe in the Middle Cretaceous
covers 4 tme span of approximately 50 My, during
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which time the separatad continemtal block travelled
from its - imitial position 1 approximately 337§
latitude (Smith and Briden, 1977) 1o its present
poaition at 2 5"S (Haile, 1975), Asuming there
his been no change in the mate of convergence
throughout thal time, it (mplies i convergence
rate of 7.2 congsnear,

The age of the crust inthe Argo: Abvssal Plain
which dated by magnetic anomaly method provides
& valug for comparison to the shove converpence
rale. It appears that slow spreading mate of 2.8
oinjyear occurred at the beginning (153 1w 149 My
0i"), which later on increased to 7 em/vear from
149 10 147 My BP (Hamilton, 1978). The latter
rate 18 In good agreement with the above cogver
genge tute, whereas the initial slower value is related
i the carly stoge of the opening of ihe Wharios
hisin.

Uplifi, sccompamied by folding and (uulting
tnek place, and also acld intrusion. Faulting at this
time probably Inid down the framework of the
intra massif basin, in which the sedimentary and
volcanic mceesions of the Manungou| Formiption
were deposited in the Upper Cretaceous (Middle
Turonian-Lower Senonian), unconformably upon
ihie basal sequences,

e] As the Whartom basin continued 1o enlarge in
the south, the expansion in the north was scoom-
modated by the newly active northwest dipping
subduction rone in the Upper Crétaceous, with
a corresponding volcanls arg Turther to. the porth-
west. The Manunggul Formation was deposited
in un intra masslf basin i o nesrshore marng to
continenta| environment, and the sand s generally
ol arkusic character, The sediments represcnt the
pre-rift serles, and drkosic nature of the sands &
telated to the uplift of basement rocks during
mcipient fifting (eg. Dickinson and Suczek, 1979),

d) Regional wplift and eroslon took place during
Upper Cretaceous-Lower Focene, subsequently
nccompanied by fubsidence along a set of normal
faujis downthrown towards the basin due to the
stretching of the lithosphere, The outline of the
Makassar basin was devcloped, Manked on both
sides by positive areas, At this time, the subduction
some migrated southeastwaird and cresting Paleo-

w
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cene yolanism olong the westem part of present
Sulawesi, Paleocene sediments are very mare in
thig region, They vocur only inthe Bin ares as
mported by van Leeuwen (1979), and pussibly
around Tapakeke-1 well. It seems that there was
no eacesive uplift during Late Cretsceous Lower
Eovend in this reglon, insjesd arbsidence conlrolled
by normal [aults is the main phenomens.

e} Syn-rilt sequences were deposited in the Makas-
sal basin unconformably on the pre-Tertiory base-
ment. Streiching of the lthosphere continued from
Middle Eocene until Lower Miocepe, when it was
oppoasd by active westwand dipping  subduction
i the end of Lower Mioeene, Continuous sedimens
fation prevalled in the basn, whereas calc-alkaline
verleanism voourred throvghout the present westem
Solawesl, Thiz s well flhastrated by the resull of
E/Ar dating of 13 specimens ranging from pabbros
to granites from West and South Saulawest as repar.
ted by Bukamito (1975], From the 13 specimens, 10
are dispersed in the mnge 625 My o 929 My,
2 spacimens fall within 10,6 1o 109 My, and only
one specimen indicates absolute age of 177 My,
Using the Cenozajc time-scule of Benugren {1971},
the first 10 specimens indicate an age of Upper
Miocene, the next I speciniens are of Middle Mio-
cene gge, md the last specimen is of Lowe; Wioges
ng age. This volcanlc epiode wlsh coincides with
the welding of the castern snd western arca of
Sulpwesl, which ocgurred in Lower-Middle Mio-
cene tmes between 19 to 13 My AP (Sasajima el
al., POR0Y,

From the Middle Miocene to the present, post-
tifl sediments werg deéposited continuoushy without
sipgmificant tectonle digturbanes, Culy i ihe south-
eastern part of the North Mokassar bagin, Quater-
mary movemenis sloog lefi leters] wrench fguls
resulied in the ocourrence of (listric?) thrust favlt-
ing {Situmorang, 1987 aj

[} The presani gconfiguration of the basin is shown
in Figore 76 N appears that stretching of the
crut Bas noi yei developed further into spreuding.
The par-like shaped Mokassar basin is floored only
by a thinner continenial ernust compaced (o wljo-
OETH UTERS,

Throughout s evolution, the presaml wesiem

Sclentific Contmibution 1708

part of Sulawesi wes: part of e margin of the
Sumdaliond, Similar cooclusion slso supgestzd by
Oiofuji et ol (I981) on the basis of pileomugnetic
study, This aren laler on appesrs as the castern
shoulder of the Makassar hasin {graben). Fuolding
ard foulting is muse iniense here than in the western
flank, due 10 active subdugtion n the aist,

VL CONMCLUDING REMARES

Ome  implicatiom of  the evolutionany model
discussed shove 15 the possible existence of a
MiddletTpper Jurassic subduction rone along the
southensten-south margin of the Sumdaland (Fi
pire . Ta), Consequently, 8 magmatic belt paired
to this mbductlon should b expected (v oceur
further porihwesiward, A gramite specimen [rom
Southwest Central Kabtimantan  rudiometrically
dated (K/Ar) by Huile et al (1977) indicated an
age of 153 + 3.5 My_ This value s compatible with
the vllest magnetc onomaely detected in the Argo
Abyzsal Plain as 153 My (Hemilton_ [978), A south.
ward  dipping. subduction wis postulated tooexist
during e Middle Cretaceos i ihe South China
Sea and Wesl Kalimuntan (Katili, 1975 ; Paltri-
mier et al., 1976). 1t is possible that this subduction
was gctive earlier, and the Upper Jurasgc granite
cotild  pleo be peluted o this aclivity. Furiher
work is peeded to clasify this hypothesis, with
sdditional dating of plutomic tocks from South-
weat and Central Kslimanian,

If the separated continental block from the
northwest margin of Ausiralis did collide with the
southeastern margin of the Sundaland a8 postulated
in Figure: Th, it imiplies: that mocks of Austrolian
fzcics could be found somewhere in this eglon.
Detpiled mopping in the pre-Teértiory aren of the
Mernius: Bange could probably contribute to weri-
fication of the hypoihesis,

The formation of the Makasssr hasin appears
o be: gdequately explained by ihe streiching me-
chanism, sithough a few mpects of the moda]
could not be checked. The thickness of the crust
predicted by the model’ cinnot. be' eonfiemed,
dug io unovollobility of sewnic refection date
In fact, the amount of extension can be oblgied
independenily from refrmction data by comparison
o (he pdiaceni unexianded reglon, Further refruc.

1



tion survey in this area will depend on the amount
of miermation which can be derived from the last

surveys

Az in the s ol crosial thickness; the heqs
Now walues predicted by the strétching modsl
cainol be wverificd, As far-as 1 know, there has
been g wvery limited hegt fldw measurements in
ihe Mukpssar bosin, slthouvgh it 8 an important
asprct especiallly from the poing of view ol peinos-
e exploration, Tmosformation  of  orgsnic
matérigls present in the sediments into hydrocar.
bons and its matumtion processes are  closely
refuied 1o the degres of heating expereoced by
them, in addition to the smount of subsidence,
Careful analysks of ihis aipeci con lead 1o betler
delineation of prospective arcas for futore hdro.
carbon explotation in the region, 1l is recommended
Uil future cruises in this arca should also carry oul
hest flow measurernenia.

As poisied out by McKenzie (1978), stretching
will - b= sccommodaied by Bstric mormal  Toulis.
These phenomena hove been observed in other
wirstched reglons, sich as the North Sen hasin
(Blair, [975), the Galicis-Porisgal and Northern
Bay of Biscay {Montadert et al, 1979), and pos-
sibly also in the Red Ses basin (Lowell at ul.,
1975}, However, i the Makassar basin the Jistrc
nature of the fanlts cnnot be observed on the
present available refllection data, This problem
coulld probably be resolved by farther interprety.
ton of & moye délailed prophysical daja.
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