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ABSTRACT

Land gravity survess on the islands of the North Sumatra Forears have defined regions of high fields
strong grudients. the majority of wiick seem 1o be associated with the presence of mafc ond wltramafic rocks. T
onshare data, obtained in the course of joint LEMIGAS- University of London expeditions, complements murine S
obigined by American aceancgraphic institutes and ailows graviry maps io be completed af the whale forears regi

The wsefulness of the marine Bougher reduction in areas of island chains and sicep subsea topography is emphas

The structure of the forearc ridge is clearly complex. [t seems that the basement s heterogencous on d &
as well ar a small scale, and that it includes large and relatively underformed masses of wltramafic rocks,

L INTRODUCTION

The islands west of Somatra ( Fig.1 ) are
amongst the best known cxampies of subaerial expo-
surcs along a forearc ridge. Althongh the rocks out-
crop only rather rarcly through thick soil and
vegelation cover, inlensive geo logical studies over a
number of years have produced a wealth of informa-
tion. Geological mapping on the islands was begun
prior o the Second World War {cf. van Bemmelen,
1970) and was continued in the 1970% on Nias, the
laryest island of the group, under the suspices of the
Inter national Decade of Ocean Exploration/Studies of
East Asian Tectonics and Resources (IDOE/SEA-
TAR). The results of the IDOE/SEATAR Sumatra
Trunsect programme has been presented in numeroes
publicalions, most notably those by Karig ct al.
(1980}, Moore 1 al. (1980) and Moore and Karig
(19300,

Work was also done offshore as pan of the
transect programme, using both seismic refraction and
multichannel rellecuon methods ; gravity, magnetic
and bathymetric data were obained in the course of
these surveys and on other cruises. The principle sour-
ces of data have been Indopac Legs 12 and 13 (Kieck-
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hefer cral.. 1980: 1981), RAMA Leg 6 (Beaudry o=
Mooz, 1985) and Eurydice (Lepg 5} Some
dala from exploration work m the forcan: bass

al=o been made available (Beaudry and Moore, |55
The paper by Kieckhefor ot al, (1982) is the prine
published discussiom of the offshore gravity ficld.

Formal co-operative links betvween the
sian Petroleum Research Instituie, LEMIGAS.
British Geological Survey and the University of &3
don were established in 1984 in the conext of
MNorth Susnatra Basin Project. It was decided &
the course of this propect i exiend the studies,
ally concentrated in the hack-arc hasin, o te
of the forearc, Fieldwork began in 1986 wilh
week geological/geophysical expedition &
meulue, the northemn most island of the group.
course aof which gravity coverage was obtaine
about half the coastling and somc of the land
the lollowing ycar a more cxicnded expe
allowed the gravity map ol Simeulee o be oo

and new gravity maps 1o he prepared
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and the Banyak Islands In a short expedition in 1989
some further detail was ohtained on Nias and siations
were established throoghout much of the Batu [slands
group bying between Nias and Siberul,

The gravity work on the islands has allowed
maps o be produced which combine onshore and off-
shore data, The present paper is a prelimenary assess-
ment of the results of this compilation work,

II. OFFSHORE GRAVITY DATA

Kicckhefor et al. (1981) discuss the marine
free-air anomalies within an  arca which includes
Nias and the Banyak and Batu groups. Their map does
not extend north-castwards as ar a5 Simeulee, but in
the modified version which forms Fig. 2 of this pres-
ent the boundanies have been extended to show that
island also,

The gravity ficld over the Sunda forearc is
similar (o that over most subduction zones (Kieck-
hefier et al., 1981). The "outer gravity high’ (Watts and
Talwani, 1974) seaward of the trench axis reaches a
maximum of aboot +20miGal and the free-gir mini-
mum 0 the cast, of - 100mGal, is displaced some 10
208m landward of the wench axis. Where submerged,
the puier-are ndpe is associated with a free-air maxi-
mum of more than +80mgall and there is a minimum
of less than - 20mGeal over the foreare basin. It is for
these town latier featores, and especially for the high
over the ridge, that the onshore work provides addi-
sonal information.

The major free-gir gravity features, which arc,
of course, very largely controlled by variations in
witler depth, trend approxmmately parallel to the struc-
tural wrend of the arc system, Many of the complex-
ities are associated with areas of bathymetric
complexity on the lower trench slope, This depend-
ence on bathymetry would be reduced if Bouguer
anomalies were mapped nstead of free-air anom.-
alies and, although there are theoretical objections 1
the antificiality of marine Bouguer corrections, it is in-
iended 10 use Bouguer anomalies very largely in fu-
e sudies. The direct comparison with the earlier
maring work which is the purpose of the present paper
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is, however, made simpler by basing discussion di-
rectly upon the published tree-air countours, Froc-air
trends near Nias are N'W-SE m the north and almost
N-5 in the south. The forearc basin [ree-air low con-
tinues across the sirculural high linking the Banyak 3.
land 10 Sumatra, but is interrupied al the structural
high betwesn the Bam group and Sumatra, which is
occupicd by the island of Fini,

The offshore gravity dats were used by Kicck-
hefer et al. (1981) 1o model geological structure along
a profile running NE-SW just to the south of Nias. Un-
forumately such a profile, although at right-angles 1o
regional structural trends, makes an angle of 30-45
with most of the free-gir countours it crosses, The
models were constrained by seismic refraction dats
but there were ambiguitics not only i the identifica-
tion of refracting horizons but also n their inlerpreta-
tion. A 'Moho" reflractor a1 a depth of 20km, for
examplc. can be considered to belong o eilher the
upper or kower plate of the subduction pair and both
possibilities were modelled. Three models were pub-
lished, demonstrating the range of acceptuble siruc-
wres; each involved aboul twenty different prisms
representing geological bodies of cONstEnt crnss-sec-
tion. Good agreement with the gravity observations
could be obtzined with the foreare basin underlam by
either oceanic or continentsl crust or by subduction
melange, bul the oceanic crust mode| was considered
i require somewhat implausible thicknesses of low-
density sediments. The continenial crust model, on the
other hand, involved high, bul not impossible. den-
gities for the melange wedge bencath the outerarc
ridge.

All three gravity modcls nequire a high-density
block a fow kilometres wide 1o exist at or near the
trench-slope break, and it appears that the maserial of
which this block is composed is slightly more mag-
netic than its surroundings. It was suggesicd that this
hody might be ulira mafic and be related 1o the ulira-
mafic fragmenis mapped onshore on southwest Nias,
and that & significant clement of oceanic crust might
therefore be present in the accre tomary prism. Such
observations were regarded as being of mujor impost-
ance to an understanding of the processes involved in
accretionary prism formation.



111. ONSHORE GRAVITY DATA

Fig. 3 is a modified version of Fig. 2 mio
which the new gravity daw collected m 1986, 1987
and 1989 have been ncorporated. Omshore gravity
contours are based on Bouguer anomalics, although
free-gir anomalies have been retained in the offshore.
Becauze both Bouguer and free-air comoctions are
zero at sca-level, the onshore and offshore contours
should merge smootly. In fact the majority of onshore
readings were taken 50 close (o sea-level that there 18
no appreciable difference between the two anomaly
values, Only on Nias are there significant numbers of
stations ai heights of tens or over hundreds of metres
ahove sea-level, and here the Bouguer correction has
been applied o minimise the correlation between
anomaly and small-scale wpography (Milsom, 1988).

Since the accurscy of gravity readings on land
is about an order of magniwde greater than that of
pﬂhymiimsﬂmmmwhﬂhlmtmuﬁnd
to controll the merge; the maring survey lmes do not,
in any case, run very closc o coastlines becanse the
frequent  course changes such racks would require
would invalidate the readings. Although there are
some major changes in contour pallers near vanous
islands, these do not involve actual conflicts in the
basic data, the land and marine readings being. for
once, apparenily entirély compatible.

Acquisition of gravily data on land in the
forearc is, of course, important because the gaps lcft
by the purely marine coverage arc flled. There are ad-
ditional advantages, the most imporant bemg the op-
porunities of correlating gravity highs with mocks
observed m outcrop. This is of especial importance on
Simeulue and in the Banyaks, m the northern part of
the arc. In other cases, most notably in the area amound
Pulag Pini in the Batu group, deductions can be made
about subsarface peology which could no be reached
on the basis of surface geological mapping alonc.

The curremt views on the geology of the arca
can be summarised very quickly, In gencral, the is-
lands of the Sumatra forean: can be considered io con-
gist of a cover of unmectamorphosed, although in
places sirongly [olded and fanlted, Neogene sedi-
ments overlying older basement. Most interpretstions
of forcarc geology (e.g. Moore and Karig, 1952) as-
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sume (e hascment 10 be helerogencous on d =
scale, consisting of a ‘subduction melange” andkogo
10 the Franciscan rocks of Caliform, As will be se
the gravity data indicate it 10 be heteregencous 08
large scale also, and quite different, for example, be-
neath Nias and Simculue.

11, Simeulue

Giabbroic rocks outcrop whitin a few kilo
tre< of Sinahang, the chief wwn of Simesluc, and
rough outline of & major basic massif, the Sibau & '
hro Complex, have been defined some ten kilome
further west (Situmorang et al., 1987). Although
malic rocks have not been soen in puicrop, haryhes
gimﬂmhsbunmﬂncmdfmnlhﬂsm e
and there seems little doubt that the term "ophiolie
approciate.

A marked Bouguer anomaly high, witha
mium in excess of +11mGal, is oo-exicnsive with
hasic outcrop. Significantly, the high values donot
1end into the ares cast of fhe depression which ces
across the island [rom Sinabang w Lasikin, noet
of the deep-waler mlet of Teluk Dalam. The s
decrease of Bouguer anomaly 15 greaicsl Wowans '
mortheast, i.e. inio the foreare hasin, and quite §
the southcasy, with a gentler bui still signific:
dient on the oceanic side of the island. The soo
tem gradient must be reversed a litlle way OffSSS
since the existance of 3 hagh over the isolaied s
of Pulsy Babi and Pulau Lasia has been co 1
onshore readings. Sca-level gravily anomalies =
cess of +60mGal have been observed on both ik

Bouguer anomalies of more than +13ms
cven higher than those over the Sibau complex.
been recorded in a restrcied arca in Uhe extrems B
west of Simculue. No bascment rocks are found s
arca but outcrops of Neogenc sands and shakes (58
Sandstonc) are plentiful. 11 seems probable th
ond major ophiolite complex occurs in this
shallow depth and largely offshore. Bascmint ¥
area between the (wo gravity highs, and also hess
the southegstern part of the island, may reso
of Wigs, where localised closed Bougucr
peaks have not been recorded.
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I 2_Banyak fxlands

The Banyak group consists of two large “high”
islands, Bangkaru and Tuangku, with numerous smal-
ler coral islets and cays o the north and east. The sor-
lace geologies of the two main islands differ
markedly. Tuangku, in the northeasy, 8 built up of Me-
opene clastic and calcareous sediments while Bangka-
ru. to the southwest, reporiedly consists almost
entircly of basic and ultrabasic rocks.

The islands are separated by a sirail some
10km wide and their peolopical diversity is reflected
in the gravity patiern. Bouguer anomaly values are
everywhere less than those on Simeulue, The maxi-
mum of 45mGal is similar 1o values caleulaied for
Siumat, a small island of raised coral abowt 10km
northeast of Simeuloe itself, and less than those on
Pulan Babi, between Simeulue and the Banyaks, The
Bouguer anomaly mimimum of -B1mCal at the north-
easiern end of the Banyaks agrees well with the
maringe minimum recorded in the adpcent part of the
forear: hasin,

The single closed high shown 1o the map of
Kieckheler €1 al. (1981) as including both Bangkaru
and Tuangko docs require significant modification
(compare Figs. 2 and 3), since, gravitationally, the
minsl striking feature of the group is the very strong
gradient across the strait between Tusngku and Bang-
karu. The lack of stations along the south west coast of
Toangku has lefi the actual rend of the gradient on-
defined, but the average fall over the 10km is of the
order of TmGalfem. Such gradients are rather rane but
do occur near the marging of many major ophiolitic
overthrusts (cf, Milsom, 1973). It can hardly be
donbied tha the basic ouicrops on Bangkarn belong 1o
a major ophiolitic body, the lower overull values (as
compared o those on Simeulse) being accounied for
by the istand's proximity o the thicker continental
crust beneath the Sumatran mainkand, and also poss-
ibly to crustal thickening is a south-casterly direction
along the forearc chain away from its final lermina-
tion northwest of Simenlue, Simeuloe, Babi/Lasia and
Bangkaru can be considered as the boci of chain of in-
lerconnecting gravity highs produced by oceanic
mcks at shallow levels in the crust.
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Hi3. Miax

Kieckheler ¢4 al, (1981) show Mias as o¢cu-
pying a rather simple large free-air anomaly high en-
chosed by Lhe +60mGal contour, with a local closure to
+80mGal over the Hinako group, southcast of the
main sland. The onshore data confirm this picture lor
Hinako byt define a rather complicated pattern with a
general north-casierly decrease in sea-level gravily
across Nias. It is, in fact, not difficull 10 modily the
conlour pattern 10 ke account of the new data, The
rather implausibly sieep gradicnt ofl north-easiern
Nias is reduced if the contours above +10mGal are
drawn as coming onshore, and the 'nose’ of high
values progecung into the forcarc basin a linle forther
1o the south is a natural continuation of the Bougucr
anomaly 'ridge’ thal cuts across the contre of the is-
land. An explanation for the existence of this feature is
less casily found, since there is cenainly no indication
of such a mend in the surface geology or m lineations
mapped on satellite imagery (of. Husen, 1989),

A [urther gravity feaure not indicated on the
marine free-air map is the sharp, localised high in the
extreme northeast Mias. Cnshore, the high is open 10-
wards the forearc basin, but the negrest marine read-
ings, taken only a few kilometres offshore, do not
show any unusually high values. The source of the
high ficlds must thercfore be both very restricied and
very close 1 the surface. An ulramafic sliver incor-
porated into the melange basement scems maost likely.
The clear gravity and probably also tectonic break be-
tween Migs and Bangksru may be linked to chonges in
hasement composiion.

111 4. Baiu Tslands

The two most striking geomorphological
feavwres of the Batu Tskands arc the linear Tanah Masa
strait, which separates the 1sland of that name from
Tanah Bala, and Pulan Pini, which almosi straddlcs
the forear: basin and is anomalously elongaed east-
west, The marine gravity data allow all three majpor
islands 1 be included within o single gravity high,
with slightly higher values over Pini than over the
other two. A separate high s shown as enclosing the

1156



island of Simuk, which was not visited doring the
1989 Batu Islands survey because of rough seas.

The onshore dats confirm that the highest
values are indeed those on Pind, 8 surprising result in
view of ii8 closeness (o Sumatra. The Bouguer anom-
aly valucs are in places as hagh as the highest found
anywhere on Nias, which is much closer to the trench
and the onmodified oceanic crust of the Indian Ocean.
The gmvity high and the island are not, however, co-
extensive. The highest values ocour in the centre and
there is 4 moderately strong gradient to the easy, giv-
ing values some 30mGal lower at the east coast and an
islets offshore. Pind i very (lal and the rare ootcrops
consist, reporiedly (van Bemmelen, 1970) and from
direct observation, of Neogene marly scdimenis.
These must be imderlzin &t quite shallow depth by a
hasement high composed of very dense rocks,

The lowest Bouguer anomalies recorded on
land in the Baru Istands are on the cast coast of Tanah
Masa, and the island itzell appears w coincide with
MW-5E clongated gravity low. From Tanah Maza
gravity increases wwards the Indian Ocean via a gra-
dient which, in the south at least, is defined by contour
lines parallel 1o the Tanah Masa Sirait. The gradicnt is
probably stecpest across the strait; the sea conditions
which prevented a visit o Simuk also prevented muech
work being donc on Tanah Bala and control on the
contours 1% therefore still dependent on the maring
data. The pattemn observed is somewhat similar to that
in the Banyoks and, although there is no suggestion in
any of the published literature of major ophiolitic out-
crop on Tanah Bala, "Pre-Tertiary bascment” rocks are
reported (van Bemmelen, 1970). An outcrop of simi-
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Figure 1
Islands west of Sumaira, such as Simeulue, Banyak, Nias, Fini, Batu,
are amongst the best known examples of subareal exposures along foreare ridpe
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Figure 5
Gravity anomaly map of the Nias Island




