K-Ar DATING OF SELECTED IGNEOUS SAMPLES FROM THE SIBOLGA BASIN, MEULAROH
AND SIMEULUE ISLAND, WESTERN SUMATRA
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ABSTRACT

As part of a general siudy of the sedimentation, structure and tectonic evolution of the northern part of the
- Sumatran forearc basin samples of igneous rock were collected for K-Ar dating from the eastern margin of the Sibolga
Basin, and from the outer arc island of Simeulue.

A sample of botite from a granodiorite in the Seumayam Complex in the Barisan Mouniainy vielded an ape
af 98.6 (£3.6) Ma (Mid-Cretaceous) and two samples of hiotite from the Meuwko River granodiorite yvielded 562 {4
2.2) Ma and 53.2 {+ 3.3) Ma {Palagocene-Early Eocene) apes, respective tv. These apes are compatible with
Crelaceous to Early Palagocene granitic activity recorded elsewhere in northern Sumaira.

Gabbro from an ophiolite on the eastern side of Simeulie pave ages of 354 (+ 3.6) Mo and 40.7 (£ 2.7) Ma
(Late Eocene). This age may represent the formation of the ophiolite as part of the Indian Ocean floor, which was
 mcereted into the owrer arc istands, but muy have been modified by the larer Mid-Oligocene aecretion procecs,

Eight samples of basaltic and andesitic voleanic rocks from the Barisan Mouniaing on the eastern margin of
the Sibolga Baxin yielded K-Ar apes between 16 and 9 Ma (Mid- Late Miocene). The ages fall into two groups, one
ground the Early o Mid-Miocene boundary and the other around the Mid 1o Late Miocene boundary. The
commencement of volcanic activity in the Mid-Miocene coincided with the uplift of the Barisan Mountaing and the
cessation of sedimentation ulong the eastern margin of the Sibolga Basin, as Early 1o Mid-Miocene sedimenis,
showing only minor evidence of contemporaneous volcanic activity, are in fault contact with the volcanics and
Sounger coarse clastic sediments contain abundant volcanic clasis.

LINTRODUCTION along the southwesiem margin of the hasin 1o be stu-

died. Two samples from Simeulue were analyscd for

K-Ar. Sample locations are shown in Figures 2 & 3.
The aim of the research programme w35 (0 o5-

tablish the struciural and stratigraphic evolution of the

LI Genergd

The Meulaboh arca, the onshore pan of the

north- western Sumaira Forearc (Sibolga Basin), pro-
wides the opportunity o study forearc lithologies ¢x-
posed along river sections in the foothills of the
Barisan Mountains (Figure 1), Eleven of the thirteen
samples selected for Potassium-Argon (K-Ar) ana-
lysis were from lithologies outcropping within the
Sasin. Participation in a Royal Society Expedition 1o
e islands of Nias and Simeulue which form pan of
the emergent outerarc ridge, enabled the geology
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Sunda Forear, and to determine the infleence of Fac-
tors such as ihe development of the accretionary com-
plex, wplifi of continental basement along the west
margin of Sumatra, the growth of the volcanic arc and
changes in sea level on the history of sedimentation in
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the region, These sedimentation patierns have been
further complicated by movements along the major,
dexiral, transcurrent Sumatra Fault System.

12, Aim of Isotope Project

The primary aim of the isotope dating pro-
gramme was 1o establish the timing of the episodes of
violcanism thal have occurred in North Sumatra, This
is imporiant as many of the younger sediments, par-
ticularly those of Plio-Pleisiocene age, have been
dernved from the magmatic arc in the Barizan Moun-
tains, cither as & result of direct volcanic activity or
indirectly as the continental hasement was uplifted,
As thess sedimenis are predominantly formestrial they
cannod be dated directly from fossil evidence, Geo-
chemical, petrographic and isotopic data, from both
the volcanics and the scdiments derived from them,
may therefore help resolve the question of clast
provenance and ultimately enable the amount of
movemenl along the Sumatra Fanlt System 1o be
determuned more accuraiely,

IL REGIOMAL TECTONIC SETTING

Sumatra lics on the western edge of Sunda-
land, a southem extension of the Eurasian Continen-
tal Plate. Al the present day, the Indian Ocean
Plate is being subducted bencath the Evrasian Con-
tinental Plate in a N20 direction at a rate of between
6 and 7 cm a year. This zone of oblique convergence
15 marked by the active Sunda Arc- Trench system
which extends for more than SO0 km, from Burma in
the norh 1o where the Australian Plate is in collision
with Eastern Indonesia in the south (Hamilton, 1979).

Arc-related lithologices along the length of Su-
matra suggest that the island has been 8t or near an
mctive convergent plate boundary, at least intermil-
tently, since Late Permian times (Katili, 1975, Came-
ron el al., 1980, The vast majority of ages for igneous
rocks in North Sumatra have been inferred from field
observations and not from direct analyses (Katili,
1962, Cameron e al., 1982, 1983). The North Suma-
tra Project (Kallagher, 1987) carried out five
radiometric isolope  ages on two  sclecied igncous
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bodies 1o the north and south of the Mculaboh a8
The Sikuleh batholith io the north yielded an avess
age (from two biotites and one homblende ) of 975
0.7 Ma. The Lassi graniles, 150 km 0 the s
yielded an average age of 112 + 24 Ma from
biotites. Correlation of ages obtained from th
trusives together with some (less than 20 3
from other regions of North Sumatra and ficld
dence, has Jed 1o the interprotation that many 3
sives observed at the present day are of Cretaces
Palaeocene age, To establish more quantitative
for the Meulaboh arca, three samples from pwo 5
sive bodies within the basin were selecied
radinmetric isptope dating (from biotite) as parn
study being described.
The Eocene collision hetween India
rasia at approximately 50 Ma, coincides
marked decrease in India’s northward velos
anomaly 22 (Patrial & Achache, 1984), and
sponds with much of the basin evolution in
Asia. The Sumatmun [orearc hasins are © 5l
be extensional in origin end 1o originate from e
(Daly er-al., 1987). In the Meulaboh arca,
ments record the complex interaction bet
tonic processes (including uplift of the Ban:
the continental basement), sedimentary envie
and changes in z2a level,
The timing for the commencement of
tion of the puterarc nidge 1% unresobved, altho
dats from Nias suggests that it was F
(Moore & Karig, 198(0; Kallagher, 1987). The
oceanic crust being subducted beneath the
ridge can only be dated as Early Tertiary: &
curate determination is precloded due 1o the &
tion of available magnetic data and palacoges
reconstructions of the Indian Ocean Plae (58
& Fisher, 1974; Karig et al., 1979). One of
tives of the present research, therefore, is 10 G255
izotopic daics  from the ophiolic cxposs
outcrarc island of Simeulee.
Oligocence agglomerates, lahars and S
clastics in the Meulahoh arca mark a peniod
ral inversion of the forcarc hasins in 5u
Java, Stable, bul oblique, convergence mms
cm/ye.) were established at about 30 Ma (T
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1987, a perind which coincides with a bowsund of
- sealevel (Pivman, 1978; Vail ef al., 1977)

_ A major manine irmnsgression, which began m
Late Oligocene times, culminated in the Mid-Miocenc
{Cameron et-ol., 1930). In the Meulaboh srca, Lower
10 Middie Miocene sandstone, silistone and limestone
represent 8 period when stable conditions exisied
. No sedimentary record exists in northwest Su-
- matra for the Late Miocene (10 Ma), a period thought
0 correspond to uplift of the Barizan Mountains,
possibly associsted with renewed magma input
ACameron et al., 19800, IT this hypothesis is true, then
& significent number of the Tertiary volcanics sampled
from the Meulaboh area should record ages within the
Late Miocene,

Plio-Pleisiocene sedimentation in the Maula-
Boh area marks a significant change from marine se-
‘dimentation during Lower Miocene times, to
terrestrial. Thick sequences of inter bedded congliom-
emale, sundstone and mudstone were deposited in flu-
wial systems draining westwards, away from the
Barisan Mountmins.. A problem exists in determining
the provenance of the volcanic and basement derived
clasts of the conglomerales in an arca complicated by
pvements along the dextral, strike-slip Somatra

Fault Sysiem, 1t is possible tha part of the Meulaboh
&3 originally kay up o 400 km south of its present

i The ammmts of movement are dispuled by
mumerous suthors (Katili & Hehuwat, 1967; Posavec
1al., 1973, Cameron et al., 1980, eic). By performing

cochemical annlyses logether with isotopic dating of
e neous outcrops from within  the area, proven-
ce of tho conglomerale clasis may be deter mined
o accurately, and movements along the Sumatran
alt System may be resalved,

PRIMCIPLES OF THE K-Ar METHOD OF
DATING

M1 General
Potassium is one of the eight most abondant

‘elements in the crust of the Earth, and is a major con-
gtuent of many rock-forming minerals such as the
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micas, the feldspars and feldspathodds, clay minerals
mmmm&mm@.w
-'mwnulhﬂ: ocouming solopes ~ K, K
and K, of which i:radﬂl:ﬁwniuﬂn!m
branched decay 1o Ca and © Ar (Von Weizsacker,
1937, Seiper & Jager, 1977} By measuring the con-
Emﬁmﬁwmmﬂumldm
Ar, the age of a rock or K-bearing mincral can be
determined when the following assumplions are satis-
fied {Faore, 1986) :

1. No radicgesic Y0Ar peoduced by decayof *OK. in
the mineral during s life has escaped;

2. The mineral hcmaﬂnndhmﬁxm:lhﬁs
formation, which means that it must have cooled
rapidly afier crysiallization, unless il formed at
low lemperatures;

3-Nnmﬁrmhmu'pﬂaudhmh mineral at the
time of its formation or during alatcr metamorphic
event;

lmwmnwm is made for the presence
of aimospheric — Ar,

5, The mincral was closed to potassiom throughoul its
life time;

6. The isolopic composition of potassium in the mine-
Tﬂhmﬂlﬂinﬂnﬁ:hﬂlﬂh}'ﬁtlﬁm' i
or other processes excepl by the decayof K;

7. The dﬂﬂjrmmnuufmll are known sccuraiely
and have nol been affected by the physical or
chemical conditions of the environment in which
the potassium has cxisted since it was incorpor-
atedd into the Earth;

8. The concentration of mﬁ: and potassium wene
determined accoralely.

I 2. Sample Preparation
Samples of selected igneous rocks from the
Menlaboh area and Simculoc sland  were crushed,

sieved, and approximately 100 g of the 250-500 um
fraction washed in distilled water and dried. This
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aliguot was then divided into two, and one half
crushed o & fine powder m a “tema” mill, For three of
the samples biotite was separated for analysis. Ap-
proximately 0.2 g of the powdered sample was used 1o
determine the potassium concentrations by conven-
tional mixed-acid digestion and (lame photometry;
this was done in cither duplicate or mriplicate for each
of the samples. The method is well established and so
i& not discussed in detail here,

Argon concentrations were determined
by means of isotope dilution analysis. Approximately
2 g of sample from the 250-500 um fraction {or 0.02 g
of scparated biotite) was fused within a molybdenum
crucible staled within 2 vacuum s,ﬁrm A knowm
quantity of spike argon enriched in = Ar was mixed
with the gas extracted from the mineral and then puri-
ficd by removing all chemically reactive gasses using
a heated titanium sponge "getier” and a liquid nirogen
trap, leaving only & mixture of the noble gases, inclod-

mg%;"m:“m“ kel

Ar ratios of the were determinad.
The measured valoe of the Ar ratio was used
m correct for the presence nf aimospheric argon
i composition i known. The amount of
mﬂi ic " Ar was calcu lated from measured
Arf " Ar ratio, using the known amount of spike
argon that was added and its isolopic composition,
Minerals i be dnmdtrrlhnxﬂﬁnwﬂ-ndmut
have retained all of the padiogenic — Ar produced
within them by of and they must not con-
wain any excess  Ar. Argon loss may occur because
argon is a noble gas and therefore does not from bonds
with other atoms in & crystal attice, If argon is bost,
this will lead 1o under cstimates of the age of the rock
or mineral. In general, argon loss can be attributed 1o
the following causes (Faure, 1985) :

1. Tn ability of 2 mineral lstice 1o retain argon even s
low emperature and atmospheric pressure;

2. Either partial or complete melting of rocks followed
by crystallisation of new minerals from the result-
ing melt

S.Mm&mﬂchmmmM
ures resulting in complete or partial argon loss
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depending on the empersture and the dorabion €
the event;

4, Increase in temperature due 1o deep burial or contss
metamorphism causing argon loss [rom n
minerals without producing any other physical
chemical changes in the rock;

5.Chemical weathering and alicration by agueces
fluids leading not only to argon loss but also
changes in the potassium content of mincrals:

f. Solution and redeposition of  water soluble m
rals;
7. Mechanical breakdown of mincrals, radistion d
age and shock waves,

Aue-:naumly.mhr may be prescnt in e
lcading to over estimates of the ages of minems
dated by this method. Excess argon is most nolices
in minerals with a low potassium conient (g2, BOT
tourmaling, pyroxenc, condicrilc), in minerals tha &8
young, of can be due 10 the presence of fleed =
stons or older xenoliths or xenocrysis,

IV. INTERPRETATION OF K-Ar RESULTS

Data from the K-Ar analysis arg prescoiss
Table 1. Whole rock analysis was carmied out 2
basaltic and andesitic samples; in samples, SEL
UED 12 & 18, separated biotite was usod

The oldest age obtained from the anal _
from sample SEU 28, a granodiorite from the 58
mayam Complex lowards the southern pari &
Meulaboh area. The age of 98.6 (£3.6) Ma suggs
that this complez is of Mid- Cretaceous age and &
fore older than the Late Cretaccous-Falacocens
ascribed o it by Cameron egal. (1983,
one sample was run and thus some caution she
ascribed 1o this resull. Although only the s
tte was used mn the analysis, some of the b
altered to chlorite. Nevertheless, the relatively b=
content suggests thait this was only g very mine
and it iz unlikely tha this was a significant
argon loss.

Two samples of hiotile from a g
the Meuko River in the central part of the



wem, UKO 12 & 18, yielded spes of 362(x2.0)
fs and 532 (+3.3) M, respectively. The high po-
sgiam coment of the beotites together with studses of
¢ petrography indicate these samples are relatively
Mfresh and thus it 15 unlikely tht argon has been lost or
s present in excess. Morcover, the good agreement
etween the duplicaie samples suggests that the age of
rocks is probably relisble; o Paloeocene-Eocens
e affirms that this  intresion is significantly okder

The apes of these ihree smnples supports the
Bypothesis that  widespread imtrusive activity ac-
eompanied Lot Cretaceous deformation (Cameron of
al, 1982, 1983), In Cretaceoss times (70 Ma), India

T [rom Adrica and wos converging on Eurasia
8 norib-north-west direction el d velocity of be-
‘pwocn 15-20 cm o yeor (Daly et el, 1987). A north-
puth spreading regime esiablished in Late Cretaceons
mes, resulted in a sysiein of obligue subduction be-
neath Sumatm. Mo sedimentary recond exists on main-
land North Sumuira for this period.

Two snmples from the Sihiu Gobbro Groop on
the istand of Simeuluc suggest that the ophiolite cx-
posed in a small area m the exst of the island is prob-
ably of Laie Eocene age. MORB-1ype samples KM 4,
354 (+ 3.6) Ma, and AIM 2, 40.1 (+ 2.T) Ma have
simitar ages within tho crmor range, despite the very
different polassium contenls (0.23% and 0.5%, re-
spectivaly). Excess argon. olien associmed with ophi-
oliles, is themefore inlikely mnd the ages are pmbably
meaningful. Thess ages hove imporsil implicabions
flor the island’s peclopcal history: » simplified strati-
gmphic column is shown in Figure 4,

2 The age of the oocanic orust subdocting along
e Sunda Trench of Norh Somisira has been dated s
Early Tertiary (Karig et ok, 1980). Some time aficr
snomaly 17 (41 Ma), the spreading centre east of
Ninety East Ridge ceased spreading snd has since
been partially subducied (Sclaer & Fisher, 1974). AL
anomaly 13 (36 Ma), renewed spreading in the Indign
Ocean  (Scalir & Fisher, 1974), caosed an in-
crease in the subdoction mie 1o appoximaely 5-6 cm
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a vear ai Sumatra, In the Andaman secior, Karig et al.
(1979), suggest “ophiolitic scraps’ were accretcd
when thinly sedimented oceanic crust was subducted
during Late Cretaceous 1o Early Tertisry umes and
subsequently deformed in the Mid-Oligocene. It is
plausible, therefore, that the Simeulue ophiolite had a
similar history, being emplaced in the Cretaceous and
deformed in Eocene/Oligocene times. Allermatively
the ophiolitc may have been emplaced during Eccene
times, perhaps reflecting a change from strike-slip
motion to subduction in that sector of the Sunda Arc
(D Abdiss, 1989, pers. Comm. ).

If the ophuolite was emplaced in Lawe Eocene
timies, this suggesis that there has been very rapad up-
lift of the wland, with emplacement of the Barn Me-
lange Formation [ollowed by deposition of the Pinang
Conglomerate Member. The later s a basal conglom-
erate dated on the hasis of a shallow-water benthomic
foraminiferal assembiage s Laie Oligocene 1o Early
Miocene in age. An allernative, mone satisfactory ex-
planation may he that the Baru Melange was cm-
placed along a major thrust in the Late Eocenc, an
event which "re-set” the genlogical clock of the Sibau

The remaining cight samples from the Meula-
hoh area have all yielded Miocene dases. There appear
1o be two clusters, the first around the Lower (o
Middle Miocene boun-dary, and the second around
the Mid 10 Upper Miocene boundary (Figure 5). Du-
plicate ergon anulyses were performed on samples
suffixed by the leuer "R°; SEU 19 (1) and (i) were
taken from different pars of the same 1gneous in-
trusion and are therefore treated as (wo separate sam-
ples.

Ages from Late Mid-Miocene times strongly
support the hypothesis thal uplift of the Barisan
Mountains in Sumatra began ai this time. These ages
are probably meamnglul a5 cmor ranges are relatively
small and petrographic studies show that the samples
arc fresh, The mechanisms for uplift of the Barisans
are not well undersiood but are thought o be associ-
ated with renewed magma input relaed to an in-
creased snhduction rate from 3-8 cm o between 5 and
7 ¢m a year (Karig et al, 1979). Uplift probably cli-
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maxed al the Mio-Pliocene boundary, and has confi-
nued intermittently until the Present (Cameron et al.,
1980,

The eartier, more extensive, cluster around the
Lower- Mid Miocene boundary is more difficult 1o ex-
plain as it has ot been identified by previous authors.
MIR 14 and SELT 19 have relatively small error ranges
compared with those of CUT 34 and 45. These higher
errors are due to the high proportion of atmospheric
argon (90.95% for CUT 45 compared with 45.51% for
SEU 19 (i), which reflects a low K content (0.2% for
CUT 34 compared with 1.44% for SEL 19 {i1). How-
ever, both CUT 34 and CUT 43 are within the ermor
ranges of each other and within those of MIR 14 and
SELI 19; the mean age for the group is therefore prob-
ably meaningful.

Dligo-Miocene palasogeography was domi-
naied by an elongale landmass in the south and a chain
of intermittently active volcanic islands in the north
(Beaundry & Moore, 1985). It is possible that activity
along this voleanic chain continued for longer than
was previously thought. The sedimentary sequence of
imterbedded sandstones and siltstone, silistones and
limestones found in close proximily o the igneous li-
thologies have been dated on the hasis of nannofossils
and foraminifera as being of Lower 1o Middle
Miocene age. At one locally, the siltstones are in de-
positional contact with 3 white fuffaceous sandsions,
indicating that volcanic activity was occurming, if only
sporadically, throughout this essentially stable period
of deposition. Reasons for this continued volcanic ac-
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Figure 1

Simplified geological map of North Sumatra (from Stephenson & Aspden, 1982),
showing geographic location of the Sibolga Basin and Simeulue and Nias Islands
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Figure 2
Geographic location of samples collected from Sibolga Basin for K-Ar dating analysis
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Figure 4
Simplified stratigraphy of Simeulue Island (from Situmorang etal., 1987)
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Figure 5§
Miocene volcanics from the Sibolga Basin, showing age of samples and error margins on calculations
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