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Abstract. The island of Seram, which lies in the northern northern Banda Arc. The lherzolites must have been juxta-
part of the 1808-curved Banda Arc, has previously been inter- posed against the crust at typical lithospheric mantle temper-
preted as a fold-and-thrust belt formed during arc-continentatures in order to account for such high-temperature meta-
collision, which incorporates ophiolites intruded by gran- morphism and therefore could not have been part of a cooled
ites thought to have been produced by anatexis within @ophiolite. In central Seram, lenses of peridotites are incor-
metamorphic sole. However, new geological mapping andporated with a major left-lateral strike-slip shear zone (the
a re-examination of the field relations cause us to questiorfKawa Shear Zone”), demonstrating that strike-slip motions
this model. We instead propose that there is evidence fofikely initiated shortly after the mantle had been partly ex-
recent and rapid N-S extension that has caused the higliumed by detachment faulting and that the main strike-slip
temperature exhumation of lherzolites beneath low-anglefaults may themselves be reactivated and steepened low-
lithospheric detachment faults that induced high-temperatur@ngle detachments. The geodynamic driver for mantle ex-
metamorphism and melting in overlying crustal rocks. Thesehumation along the detachment faults and strike-slip faulting
“Kobipoto Complex” migmatites include highly residual Al- in central Seram is very likely the same; we interpret the ex-
Mg-rich garnet + cordierite + sillimanite + spinel + corundum treme extension to be the result of eastward slab rollback into
granulites (exposed in the Kobipoto Mountains) which con-the Banda Embayment as outlined by the latest plate recon-
tain coexisting spinel +quartz, indicating that peak meta-structions for Banda Arc evolution.

morphic temperatures likely approached 900 Associ-
ated with these residual granulites are voluminous Mio-
Pliocene granitic diatexites, or “cordierite granites”, which
crop out on Ambon, western Seram, and in the Kobipotol Introduction

Mountains and incorporate abundant schlieren of spinel-

and sillimanite-bearing residuum. Quaternary “ambonites’Eastern Indonesia (Fig. 1) is the product of complex colli-
(cordierite + garnet dacites) emplaced on Ambon were alsion between Eurasia, Australia, and the Pacific (Caroline
evidently sourced from the Kobipoto Complex migmatites as@nd Philippine Sea plates) since the Late Oligocene (van Be-
demonstrated by granulite-inherited xenoliths. Exhumationmmelen, 1949; Hamilton, 1979; Bowin et al., 1980; Katili,
of the hot peridotites and granulite-facies Kobipoto Complex1989; Milsom et al., 2001; Hall, 2002, 2012; Hinschberger
migmatites to shallower structural levels caused greenschis€t al-, 2005; Harris, 2006; Nugroho et al., 2009; Villeneuve
to lower-amphibolite facies metapelites and amphibolites ofét al., 2010; Watkinson et al., 2012). Much of the conver-
the Tehoru Formation to be overprinted by sillimanite-gradegence has been accommodated by northward subduction of
metamorphism, migmatisation, and limited localised ana-the Indian Ocean along the Sunda Trench (Widiyantoro and
texis to form the Taunusa Complex. The extreme extensiory@n der Hilst, 1997), by left-lateral slip within the Sorong
required to have driven Kobipoto Complex exhumation ev- Fault Zone across northernmost New Guinea (Visser and

idently occurred throughout Seram and along much of theHermes, 1962; Pieters et al., 1983; Charlton, 1996), and by
the complete subduction of the double-dipping Molucca Sea
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slab eastwards beneath Halmahera and westwards bened010) have modelled the rollback of a single slab into a pre-
Sulawesi (McCaffrey et al., 1980). However, of all the major existing D-shaped oceanic embayment in the Australian con-
lithospheric features of eastern Indonesia involved in recentinental margin. The old, cold, and negatively buoyant Juras-
convergence, the Banda Arc, with its extremet0vature  sic oceanic lithosphere which occupied the Banda Embay-
about a tight 250 km radius, is in many ways the most strik-ment, termed the Proto-Banda Sea, is thought to have readily
ing and enigmatic. collapsed upon invasion by the advancing Java subduction
Earthquake hypocentre determination (Cardwell andzone at 16 Ma, causing eastward rollback of the subduction
Isacks, 1978; Das, 2004) combined with seismic tomographyzone into the Banda Embayment (Spakman and Hall, 2010;
(Widiyantoro and van der Hilst, 1997; Spakman and Hall, Hall, 2012). These authors also proposed that during this
2010) have revealed the subducted lithosphere morphologgvent, the encircling buoyant continental crust of the Sula
of the Banda Arc to approximate the bow of a 500 km wide Spur and NW Australian margin would have resisted sub-
ship, sailing due east, whose hull rests on the 660 km deptlduction, thereby forcing the slab to assume its extreme cur-
mantle discontinuity (Fig. 2). The arc has evidently facil- vature and likely dictating its rollback velocity. This single-
itated subduction of the Australian continental margin be-slab rollback model has since been supported by seismic to-
neath the Eurasian Banda Sea, but the nature of this subnography studies (Widiyantoro et al., 2011). However, field
duction cannot be simply explained by a conventional Sundaelations on Seram and Ambon have been explained by alter-
Arc-type mechanism because this would require simultanenative models. For instance, the island has previously been
ous north-, west-, and south-directed subduction of the samanterpreted as a fold-and-thrust belt incorporating northward-
plate. obducted ophiolites (Linthout et al., 1989, 1996). In con-
Considerable controversy has centred around how such &ast, a rollback scenario would require crustal extension and
subduction geometry has been attained (Hall and Wilsonso peridotite emplacement by long-distance thrusting would
2000; Milsom et al., 2001, and references therein). Someseem implausible.
authors, largely based on interpretation of seismic and geo- This paper documents the findings of recent and extensive
chemical trends, have proposed that the geometry of thdieldwork undertaken by the authors on Seram and Ambon
Banda Arc is created by two separate slabs — a southwardsetween 2010 and 2012. We first provide a synthesis of previ-
dipping slab beneath Seram forming the northern portion ofously published field reports (Valk, 1945; Germeraad, 1946;
the arc, and a northward-dipping slab beneath Timor form-van der Sluis, 1950; Audley-Charles et al., 1979; Tjokros-
ing the southern portion — which have coincidentally suturedapoetro and Budhitrisna, 1982; de Smet and Barber, 1992)
along their junction (Cardwell and Isacks, 1978; McCaffrey, and geophysical surveys (Milsom, 1979; Milsom et al., 2001;
1988, 1989; Stevens et al., 2002; Bock et al., 2003; DasBock et al., 2003; Das, 2004; Widiyantoro and van der Hilst,
2004; Hinschberger et al., 2005; Fichtner et al., 2010¢&pi  1997; Spakman and Hall, 2010) combined with ASTER digi-
et al., 2013). Although more plausible than early models thatal elevation model (DEM) interpretation. We present a series
proposed the Banda Arc represents an eastward continuatiosf new small-scale geological maps for a number of key ar-
of the Sunda Arc subsequently flexed through°1@Qudley- eas around Seram alongside a revised geological sketch-map
Charles et al., 1972; Katili, 1975), these two-slab hypothesedor the whole island (Fig. 3).
run into problems when placed into a regional plate-tectonic
context (Hall, 2002, 2011; Spakman and Hall, 2010). Specif-
ically, they require prior existence of oceanic crust between2 The geology of Seram and Ambon: a synopsis of
Seram and the Bird’s Head (West Papua), at least 2000 km of  previous work
N-S shortening across the Banda region between Australia
and Halmahera to have occurred in the last 6 Ma, and a westSeram is a relatively large island (35075 km) characterised
ward continuation of the Tarera-Aiduna Fault from south of by a mountainous topography (surpassing 3km elevation),
the Bird’s Head to have sutured the two slabs and to havalense jungle, and a tropical rainforest climate. Nearly all of
accommodated their differences in motion. There is no geothe island’s interior is accessible only by foot via stream tra-
logical evidence for any of these features, and furthermoreyerses from the coast and therefore remains poorly explored.
a two-slab model cannot account for the seemingly perfeciThe much smaller volcanic island of Ambon lies to Seram’s
continuity of the extremely curved portions of the subductedimmediate southwest.
slab imaged by earthquake hypocentres and seismic tomog- An outline of the geology of Seram and Ambon was first
raphy at depth (see Milsom et al., 2001). provided by early pioneers — western Seram comprises a
Alternatively, it has been proposed that the formation metamorphic basement of schists, amphibolites, and gneisses
of the Banda Arc involves subduction rollback (Hamilton, associated with ultramafic complexes and unusual cordierite-
1979; Hall, 1996, 2002, 2011, 2012; Milsom et al., 2001; bearing granites (Martin, 1901; Schroeder van der Kolk,
Hinschberger et al., 2005; Harris, 2006; Spakman and Hall1902; Wanner, 1907; Deninger, 1915); the Manusela Moun-
2010; Widiyantoro et al., 2011). Recent plate reconstructiongains of central Seram and the hills to their north and east con-
by Hall (1996, 2002, 2011, 2012) and Spakman and Hallsist mainly of extensive carbonate successions, shales, and
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Fig. 1. SRTM image of eastern Indonesia showing the Banda Arc and the location of the islands of Seram and Ambon. Faults are marked by
solid black lines; subduction zones are indicated by toothed black lines; the surface expression of Banda Arc subduction — the Seram Trough
and Timor Trough — are indicated by dashed black lines. The dashed red line shows the approximate limit of the Sula Spur (from Hall, 2012).
Inset (bottom-right) indicates map location in SE Asia.

sandstones (Wanner, 1907, 1923; Deninger, 1918; Brouweiformed the basis for many of the subsequent interpretations
1919; Krumbeck, 1922); and Ambon is formed mainly of un- by the Indonesian geological survey, the GRDC (Tjokrosapo-
usual cordierite-rich dacites in addition to granites and ultra-etro and Budhitrisna, 1982), and seems to have underpinned
mafic rocks similar to those present in western Seram (Verthe latest editions of the organisation’s geological maps for
beek, 1905; Brouwer, 1925). Between 1917 and 1919, Seranwestern Seram and Ambon (Tjokrosapoetro et al., 1993b),
was systematically surveyed by the “Ceram Expidite” led central Seram (Tjokrosapoetro et al., 1993a), and eastern
by Dutch geologists L. M. R. Rutten and W. Hotz (Rutten, Seram (Gafoer et al., 1993).

1918a, b, ¢, d, 19194, b, c, d, 1927; Rutten and Hotz, 1919, Fieldwork by the Southeast Asia Research Group
19204, b), with summaries of field observations and geologi{SEARG) based at the University of London (Audley-
cal maps later presented in a series of theses by Valk (1945 harles et al., 1979; Milsom, 1977, 1979; John and Barber,
Germeraad (1946), and van der Sluis (1950) for western,1990; Papaioannou, 1991; de Smet and Barber, 1992; Spak-
central, and eastern Seram respectively. The Ceram Expiditsman and Hall, 2010; Pownall et al., 2012a, b, ¢, 2013a, b,
remains the largest undertaking of its kind on Seram ancc; Watkinson et al., 2012), the Dutch Snellius Il programme
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Fig. 2. A 3-D model of the Banda Arc based on earthquake hypocentre locations (Das, 2004) and seismic tomography (Spakman and
Hall, 2010). Eastward subduction rollback of the Proto-Banda Sea (dark purple) into a pre-existing D-shaped embayment in the Australian
continental margin (light brown) is thought to explain the slab’s extreme curvature. An aseismic zone beneath Buru is interpreted to be due
to a tear in the slab that has caused the northern part of the slab west of Buru to have detached and collapsed into the mantle to rest on th
660 km discontinuity. The box is drawn between 122.5<°182nd 2-10 S to 660 km depth. Red triangles represent volcanoes.

(de Smet, 1989; de Smet et al., 1989a, b; van Hinte an®.1 Metamorphic complexes
Hartono, 1989; Helmers et al., 1989; Linthout et al., 1989,
1991, 1996, 1997; Linthout and Helmers, 1994), and by oil

companies working in eastern Seram and the Seram Trougyetamorphic rocks, which crop out in western Seram, com-
(zillman and Paten, 1975; O'Sulllyan etal., 1985; Price et a'-’prise Barrovian-type phyllites, schists, and gneisses. Three
1987; Kemp and Mogg, 1992; Pairault et al., 2003a, b; Charl-gpgjvisions have usually been drawn (in stratigraphic order
ton, 2004; Teas et al.,, 2009; Darman and Reemst, 201234 gecreasing metamorphic grade): (1) The OId Crystalline
represents _the bulk of previous research carried out on andnists of Valk (1945) and Germeraad (1946), later named
around the islands. _ _ the “Kobipoto Complex” by Audley-Charles et al. (1979),
More than ten different stratigraphic schemes have beefyhich includes granulite facies metapelites, migmatites,
proposed for Seram, with names for equivalent units changzng gneisses that are present in the Kobipoto Mountains:
ing from publication to publication (Fig. 4). Therefore, a re- () \widespread mica schists, amphibolites, and phyllites of
view of previous work is necessary in order to draw compar-ine Tehoru and Taunusa Complexes, proposed by Audley-
isons with our own o_bservations. Several tectonic proposalgparles et al. (1979) and Tjokrosapoetro and Budhitrisna
for Seram are also discussed below. (1982) respectively, which are equivalent to the Formation
of Crystalline Schists and Phyllites of Valk (1945); and
(3) Low-grade slates and marbles ascribed to the Saku For-
mation of Tjokrosapoetro and Budhitrisna (1982), equivalent
to the Graywacke and Glossy Slate Formationof Valk (1945)
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and included in the Kaibobo Complex of Audley-Charles also includes rocks of at least mid-amphibolite facies grade.
etal. (1979). Linthout et al. (1989) identified three distinct deformational
The Kobipoto Complex is best exposed in the remote Ko-episodes ([p-Ds) which caused intensive folding and asso-
bipoto Mountains of central Seram (Rutten, 1918b; Ger-ciated crenulation cleavage development. The authors also
meraad, 1946; Audley-Charles et al., 1979; de Smet andlescribed mylonitic fabrics overprinting;BD3 where the
Barber, 1992; Tjokrosapoetro et al., 1993a) and the vicin-rocks are juxtaposed against the Saku Formation by a major
ity of Gunung Langget in southwest Seram (van der Sluis,strike-slip fault (named here the Kawa Fault after the river
1950; Gafoer et al., 1993). High-grade metamorphic rocksthat runs down most of its length) which runs south of the
are found in association with variably serpentinised peri-Manusela Mountains. A maximum peak metamorphic tem-
dotites. Audley-Charles et al. (1979) made the distinctionperature of 613C was calculated for St-Grt schists south of
between two types of gneiss from the Kobipoto Mountainsthese mylonites, and the rocks also recorded later cooling to
found as boulders in the gorges of the Wai (river) Isal and475°C at 1.5 kbar (Linthout et al., 1989).
Wai Tuh: (a) metatexitdswith quartzofeldspathic segrega-  The Taunusa Complex, as defined by the GRDC (Tjokros-
tions and complex folding containing large garnets and greerapoetro and Budhitrisna, 1982; Tjokrosapoetro et al., 1993a,
spinel; and (b) coarser-grained granitic diatexites containb), is very similar in many ways to the Tehoru Forma-
ing biotite, cordierite, garnet, staurolite, and andalusite, withtion although it includes rocks previously assigned to Valk’s
xenoliths containing sillimanite and green spinel. Audley- (1945) “Crystalline Schists” and therefore is considered
Charles et al. (1979) suggested both types were metamote be generally of higher metamorphic grade (mid/upper-
phosed under granulite facies conditions in the lower crustamphibolite facies rather than lower-amphibolite to green-
until the onset of anatexis, with the aluminous xenoliths schist facies). Furthermore, a boulder of lower-granulite fa-
representing residua after partial melting. Boulders of sercies garnet-pyroxene metagabbro from the headwaters of the
pentinite are described from the same rivers by Audley-Wai Mala (which flows southward into Teluk Elaputih) was
Charles et al. (1979, p. 560) who suggested their relationalso assigned to Valk’s (1945) Crystalline Schists by Audley-
ship with other Kaibobo Complex rocks “could be tectonic”. Charles et al. (1979). The Taunusa Complex has been in-
Staurolite-grade metapelites, amphibolites, and calc-silicateterpreted to occupy higher thrust sheets than the Tehoru
also occur in the complex although their structural positionComplex in the Wallace Mountains (Tjokrosapoetro et al.,
remains unknown (Germeraad, 1946; Audley-Charles et al.1985, 1987). Sillimanite-grade schists and gneisses north of
1979; de Smet and Barber, 1992). The Kobipoto Complex isthe ultramafic complex present on the Kaibobo Peninsula,
known to be locally faulted against Kanikeh Formation silt- which were reclassified as Taunusa Complex by Tjokrosapo-
stones and conglomorates, but the fundamental tectonic sektro et al. (1985), were shown by Linthout et al. (1989) to
ting of the complex remains unresolved. Germeraad (1946have been metamorphosed at temperatures surpassifig 700
and van der Sluis (1950) envisaged the Kobipoto Complex(at > 4 kbar). Linthout et al. (1989, 1996) and Linthout
was exhumed from the base of the crust by normal fault-and Helmers (1994) considered the ultramafic rocks to be
ing. Audley-Charles et al. (1979) and de Smet and Barbeiophiolitic, and interpreted these high-temperature gneisses
(1992) instead suggested the complex is an allochthonout be the products of sub-ophiolite metamorphism; accord-
unit which has been thrust over the Kanikeh Formation froming to this “Seram Ophiolite” model, the Taunusa Com-
the south, with tectonic breccias of granulites, schists, anglex represents a high-temperature metamorphic overprint
sandstones interpreted to structurally underlie the inferredf the Tehoru Complex, as opposed to being a separate
thrust plane (Papaioannou, 1991). Furthermore, de Smet angctonometamorphic unit.
Barber (1992) ascribed the serpentinites of the complex to The Saku Formation was defined by Tjokrosapoetro
a large ophiolite, as hypothesised by Linthout et al. (1989),et al. (1993a) to include Triassic slate, metagreywacke,
which was once thought to cover much of Seram. The Ko-metaarkose, and marbles. The Saku and Taunusa complexes
bipoto Complex has not yet been dated, although a Precantogether represent what was previously described by Audley-
brian age was suggested by Audley-Charles et al. (1979) wh&harles et al. (1979) as the Kaibobo Complex. Confusingly,
proposed that it was derived from northern Australia. rocks of the Kaibobo Complex are not present on the Kai-
The Tehoru Formation includes mainly upper-greenschistoobo Peninsula after which they were presumably named.
to lower-amphibolite facies metapelites of possible turbiditic
origin intercalated with amphibolites formed by metamor- 2.2 Limestones of the Manusela Mountains
phism of associated basalts. Garnets are common in the
higher grade schists, although rarer staurolite, sillimanite,The 3000 m Manusela Mountains of central Seram are
and kyanite-bearing schists have also been reported frorformed from Lower Triassic to Middle Jurassic shallow-
river float (Valk, 1945) indicating the Tehoru Formation water carbonates and shales, named by various authors as
the Manusela Formation, Asinipe Limestone, Saman Saman
IMigmatite terminology used in this paper follows Sawyer Limestone, and/or Coralligenous Limestone (see Fig. 4 and
(2008). references therein). Martin (1901, 1903), Deninger (1918),

www.solid-earth.net/4/277/2013/ Solid Earth, 4, 277-314, 2013



282 J. M. Pownall et al.: Extreme extension across Seram

-
f SN
Kaibobo B

i .
I waisarisa,

Banda Sea

eroe e g0 s sz sz o e sz o L 4

Kaibobo \,’

Pen.

’ Teluk

WallaceR3y Elaputin &
M
\ /,)»; Key

NP s’
|:| Alluvium / Coral Reef

‘ |:| Futa & Wahai Bed - Tehoru Formation
“\‘ ufa & Wahai Beds
|:| Salas Block Clay - Taunusa Complex
A
) [ ] Nief Bed B crd granite + granuiite | kobipoto
' D |:| Mlen . IS Mtns Limestone |:| Peridotite complex
anusela Mtns Limesto
|:| . ) |:| Volcanics (inc. Ambonites)
Banda Sea Kanikeh Formation .
. T ——)
[ saku Formation 0 10 20 30 40 50

128°0°E 128°20E 128°40°E 129°0°E 129720 129°40°E
[ [ [ [ [ [

320S Kelang

Latimor

Fig. 3. (a) SRTM image of Seram and Ambon. Red boxes show the locations of the included maps: (1) Kaibobo Peninsula — see Fig. 5;
(2) NW Hoamoal Peninsula — see Fig. 9; (3) Central Kawa Fault Zone — see Fig. 11; (4) Kobipoto Mountains — see Fig. 14. The dashed
red box shows the location of mép). (b) Geological sketch map of western and central Seram and Ambon compiled from new geological
field mapping, DEM fault interpretation, and previously published maps (Valk, 1945; Germeraad, 1946; Tjokrosapoetro et al., 1993a, b). The
schematic logs presented in Fig. 4 are shown in the same colour schemes to allow direct correlation with the map.

Valk (1945), and Germeraad (1946) provided the earlieststones were regarded as autochthonous Australian units,
accounts of the central Seram carbonates, describing themith the Asinipe Limestone being part of an Asian al-
as a single thick stratigraphic sequence. However, Audley{ochthon tentatively proposed to have been thrust from East-
Charles et al. (1979, p. 549) later considered the deep-watezrn Java or Southern Sulawesi. However, subsequent authors
Saman Saman Limestones to be composed of “strikingly(Tjokrosapoetro and Budhitrisna, 1982; de Smet and Bar-
different facies and fauna” to the same-age shallow-wateber, 1992) dismissed this two-terrane idea, arguing that the
Asinipe Limestones and so assigned them to two differentdifferent facies simply represent coeval depocentres on the
terranes which were argued to have been brought into closslope of the Australian shelf. Furthermore, Martini et al.
association by large scale thrusting; the Saman Saman Limg2004) later found that Asinipe-type limestones occur in both
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Fig. 4. Comparison of the ten main previous chronostratigraphical proposals for Seram, arranged in chronological order to show the pro-
gression of ideas (redrawn from Deninger, 1918; Valk, 1945; Audley-Charles et al., 1979; Tjokrosapoetro and Budhitrisna, 1982; O’Sullivan
etal., 1985; de Smet and Barber, 1992; Kemp and Mogg, 1992; Pairault et al., 2003a, b; Charlton, 2004; Hill, 2005). Equivalent (and approx-
imately equivalent) units are displayed in the same colours to allow easy correlation. Note that the stratigraphic position of the metamorphic
units relates to the protolith age and not the age of metamorphism. Our reinterpretation is presented in the rightmost column. Columns for
Deninger (1918), Valk (1945), Audley-Charles et al. (1979), and Tjokrosapoetro and Budhitrisna (1982) are redrawn based largely on the in-
terpretation given by de Smet and Barber (1992). Some stratigraphic boundaries are approximate due to lack of information in the literature.
“LS” = Limestone(s); “Fm(s)” = Formation(s); “Mtns” = Mountains. Geological timescale adapted from Walker and Geissman (2009).

of Audley-Charles et al’s (1979) para-autochthon and al-ern Seram (Valk, 1945; Germeraad, 1946; Audley-Charles
lochthon, and could also be correlated with several carbonatet al., 1979; Tjokrosapoetro and Budhitrisna, 1982). Along-
formations around the Banda Sea. side the Kanikeh Formation, the Nief Beds were considered

Cropping out in the valley between the Manusela and Ko-by Kemp and Mogg (1992) to form an “Australian Series”
bipoto Mountains is the Kanikeh Formation (equivalent to deposited during the rifting of Seram from the Australian
the Wakuku Beds of Audley-Charles et al., 1979) which con-continental margin, as proposed by Pigram and Panggabean
sists of Triassic to Jurassic dark grey deep-water clays, silt{1984). The base of the Nief Beds has not been reported, al-
stones, and micaceous carbonaceous sandstones (Deningérough may be represented by the Fatjeh Shales (Deninger,
1918; Price, 1976; Tjokrosapoetro and Budhitrisna, 1982;1918), later renamed the Kola Shales (Kemp and Mogg,
de Smet and Barber, 1992). The Kanikeh Formation is1992), through which a detachment fault has been suggested
thought to stratigraphically overlie the Saku Formation andto propagate (Hill, 2005) that possibly allowed the Bird’s
to be stratigraphically overlain by, and to laterally interfin- Head to have been driven beneath the fold-and-thrust belt
ger with, the Manusela Mountain limestones (de Smet andf northern Seram and the Seram Trough (Nilandaroe et al.,
Barber, 1992). 2001; Pairault et al., 2003; Charlton, 2004; Hill, 2005, 2012;

Teas et al., 2009; Darman and Reemst, 2012).
2.3 Nief Beds
2.4 Plio-Pleistocene deposits and the Salas Block Clay

An imbricated Middle Jurassic to Miocene passive margin
succession of deep water carbonates and turbidites, usualRlio-Pleistocene sedimentary deposits of the Wahai Beds
referred to as the Nief Beds, crops out in northern and eastand Fufa Formation and extensive mélanges of the Salas
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Block Clay cover much of northern and eastern Seram (Zill-map of the peninsula based on a series of transects made from
man and Paten, 1975). Kemp and Mogg (1992) considKaibobo Village and localities on the coast accessed by boat.
ered these beds to represent a “Seram Series” which havEhe peninsula can be broadly divided into three regions: a
been exclusively derived from erosion of Triassic to Up- central ultramafic belt which includes large bodies of gran-
per Miocene “Australian Series” rocks and uplifted base-ite; a northern region comprising schists and gneisses of the
ment. The Salas Block Clay has been interpreted as an Uppdrehoru Formation and Taunusa Complex; and a southern re-
Miocene olistostrome comprising huge (metre- to kilometre-gion (including the island of Pulau Babi) occupied by sand-
scale) exotic blocks derived from landslides of the Kanikehstones and carbonates of the Triassic Manusela Formation
Formation as well as small fragments of crystalline base-(Martini et al., 2004). On the peninsula of Tanjung Motianai
ment (Audley-Charles et al., 1979; Tjokrosapoetro and Bud-is a shear zone comprising mylonitised granites and sheared
hitrisna, 1982; O’Sullivan et al., 1985; Tjokrosapoetro et al., amphibolites.
1987). O’'Sullivan et al. (1985) proposed that the Salas Block
Clay was deposited initially by gravity slumping towards the 3.1.1 The peridotite-granite association
Seram Trough with the resulting olistrostrome later becom-
ing tectonically incorporated into imbricate wedges, and thatPeridotites, typically serpentinised lherzolites, crop out ex-
the deposit therefore cannot be considered a stratigraphitensively over the central and southern Kaibobo Peninsula.
unit. The Kanikeh Formation is obviously a highly mobile Some peridotite outcrops display foliations that commonly
unit, and some authors have suggested that clay diapirisndip around 30 to the north. The ultramafic rocks are in con-
and mud volcanism operating within these and similar forma-tact with two large (Ix 2 km) granitoid bodies we shall re-
tions may have been significant contributors to the mélangder to as the North and South Kaibobo Granites, which form
formation of the outer Banda Arc islands (Barber et al., a rough north—south trending chain between Teluk Latimor
1986). and Kaibobo Village (see Fig. 5 and 6). Rounded granite
The fluvial Pleistocene Fufa Formation (600 m thick) is boulders, often several metres in diameter, are distributed
thought to rest unconformably on mud- and siltstones of thethroughout these regions (Fig. 7a). They have evidently been
Plio-Pleistocene Wahai Beds (160 m thick), with both units shaped by tropical onion-skin weathering rather than by ero-
interpreted to unconformably overlie the Salas Block Claysion, as demonstrated by a number of outcrops that con-
olistostrome and Kobipoto Complex (Zillman and Paten,tain rounded granite pods positioned in situ within an ex-
1975). The “Bula Uplift” event (Zillman and Paten, 1975; tensively weathered and extremely soft “rotten” granite ma-
de Smet et al., 1989a) is thought to have caused rapid (ufrix (Fig. 7b). The recent excavation of a track leading north-
to 2.5mma?l) uplift of the metamorphic basement which wards from Kaibobo Village to the Wai Latal has exposed
elevated the Wahai Beds prior to deposition of the Fufaa section of the South Kaibobo Granite that is cut by many
Beds. The Wallace Mountains are thought to have been uprormal faults that strike at 330°.
lifted over 1500 m during this episode (de Smet et al., 1989a; The granite is medium- to fine-grained and fairly equigran-
de Smet and Barber, 1992). ular with no megacrysts present. Biotite is abundant and mus-
covite is present although much scarcer. Significantly, the
granite contains abundant cordierite phenocrysts, albeit fairly
3 Field relations on Seram and Ambon inconspicuous in hand sample, and in many instances gar-
net is present too. However, the most remarkable features
Here we present new field observations and geological mapef these granites are the extremely numerous mm- to cm-
ping undertaken during recent fieldwork carried out on scale blue-grey clusters of sillimanite, hercynite spinel, and

Seram and Ambon between 2010 and 2012. cordierite (Fig. 7c) that are ubiquitous in the granites and
are present in roughly equal concentration within all such
3.1 Kaibobo Peninsula “cordierite granites” encountered on Seram and Ambon. We

propose these aluminous assemblages are small schlieren
The jagged coastline of the Kaibobo Peninsula juts out intoof residual granulite, based on field evidence from the Ko-
Piru Bay in western Seram (Fig. 5). It has been a majorbipoto Mountains, as detailed later (Sect. 3.5). These unusual
focus of several previous studies (Schroeder van der Kolkrocks are extremely hard with an almost hornfels-like qual-
1902; de Jong, 1923; Valk, 1945; Milsom, 1979; Milsom ity and produce a metallic ring when struck with a hammer.
etal., 2001; Helmers et al., 1989; Linthout et al., 1989, 1996;Linthout et al. (1996) obtained a biotit?Ar—3°Ar age of
Linthout and Helmers, 1994; Monnier et al., 2003; Martini 5.514+ 0.02 Ma for the North Kaibobo Granite.
et al., 2004) owing to the close association of well-exposed The cordierite granite bodies are always separated from
ultramafic rocks, large Mio-Pliocene granitoid bodies, andthe peridotites by a narrow margin of leucogranite that has
the Tehoru Formation and Taunusa Complex “metamorphicvidently been generated along the interface. Numerous gra-
basement”. The peninsula was first mapped in detail by Rutnophyric leucogranite dykes have been injected outwards
ten and Hotz (1919). In Fig. 5, we present a new geologicalfrom this leucogranite body into both the adjacent peridotites
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Fig. 5. Geological map of the Kaibobo Peninsula, western Seram, constructed from stream sections and coastal outcrop accessed by boa
and traverses made from Kaibobo Village. See Fig. 6 for a cross section along profileX-Xnd see Fig. 3 for map location.

(Fig. 7d) and cordierite granites (Fig. 7b). The leucogran-sill-sp-crd schlieren. It instead has a simple mineralogy es-
ite is compositionally different from the cordierite gran- sentially of plagioclase, K-feldspar, and quartz, with gra-
ites and is devoid of cordierite and garnet phenocrysts anchophyric intergrowths of plagioclase and quartz commonly
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developed. The presence of prehnite in the leucogranites in€omplex by Tjokrosapoetro et al. (1993b). The nature of the
dicates partial metasomatism, or rodingitisation, by Ca-richcontact between these metamorphic units and the ultramafic
fluids produced during serpentinisation of the peridotites.complex to their south has previously been described as a
The leucogranites would therefore appear to be younger tha8SW-dipping thrust above which the ultramafic complex was
the cordierite granites, with granophyric textures hinting atthought to have been obducted (elanthout et al., 1989,
rapid crystallisation at medium to low pressure. Leucogran-1996; Linthout and Helmers, 1994; Monnier et al., 2003). In
ite dykes are associated with the cordierite granite-peridotitehis scenario, the ultramafic complex was therefore consid-
contact wherever observed, and are not just confined to thered as the base of an ophiolite with the schists and gniesses
Kaibobo Peninsula. Both the leucogranites and cordieritethought to represent its metamorphic sole, and the cordierite
granites have been shot through by numerous thin serpentgranite produced through sub-ophiolite anatexis before be-
nite veins that emanate from the peridotite which must havang emplaced into the over-riding peridotite. However, the
formed much later during the low-temperature metasoma-contact relations between the so-called ophiolite and its sole
tism associated with the leucogranite rodingitisation. At sev-have never been described, suggesting that previous authors
eral localities, the peridotites are net-veined by pegmatiticdid not find a place where the contact is exposed. The main
hornblende diorite which may be related to the leucogranitesline of evidence used by Linthout et al. (1989) to argue for
the most striking example of which is on Tanjung Sisi where the existence of a metamorphic sole is an increase in meta-
the hornblende crystals are up to 10 cm in length (Fe). morphic grade upon approaching the contact; as mentioned
It is important to emphasise that the cordierite granitesin Sect. 2.1, sillimanite-grade gneisses near to the peridotites
and leucogranites are found exclusively in association withyield peak metamorphic temperatures f700°C, com-
the peridotites and have never been seen to intrude thpared with~ 600°C for typical Tehoru Formation metamor-
Taunusa or Tehoru metamorphic complexes. This observaphic rocks on Seram, but no evidence was presented to sup-
tion conflicts with the interpretation of Linthout et al. (1989, port the interpretation of the peridotite-gneiss contact as a
1996) that the granites were generated by anatexis of theouth-dipping thrust.
Taunusa metamorphics which represented a metamorphic Fortunately, we found a small exposure of this important
sole beneath an obuducted ophiolite of which the peridotitesontact in an unnamed stream which flows into Teluk Latal
form the base. Importantly, we have found no field evi- (128.200 E, 3.182 S). The contact is revealed to be a com-
dence to suggest the peridotites are part of an ophiolite; th@lex shear zone including multiple parallel-trending faults
widespread Iherzolites, in any case, are not typical of an ophi{oriented 120-300 which separate mantle peridotites from
olite peridotite (cf. Boudier and Nicolas, 1985), and aparta hornblende granodiorite diatexite. The hornblende gran-
from rare dunite and harzburgite and a few gabbro dykespdiorite is identical to the rocks adjacent to the peridotite-
no components of an ophiolite sequence have been found ogneiss contact present at other localities (best exhibited on
Seram or Ambon. There are certainly no voluminous gab-the Hoamoal Peninsula — see Sect. 3.2) that are shown to be
bros or sheeted dyke complexes, nor is there evidence ithe ultimate product of migmatisation of the Taunusa Com-
sediments for erosion of ophiolitic rocks. Pillow basalts are plex schists and amphibolites.
confined to Tanjung Nusanive (Latimor) and Kelang (K-Ar  In addition to finding an exposure of this important con-
age of 7.6+ 1.4 Ma; Beckinsale and Nakapadungrat, 1978)tact, its trace across the steep topography of the Kaibobo

where they do not structurally overlie peridotites. Peninsula is well-constrained from our mapping (Fig. 5);
structure contours reveal the contact to be a planar feature
3.1.2 Nature of the peridotite-gneiss contact striking at 300 with a 20 dip to the NNE (Fig. 6). Further-

_ _ _ more, peridotites that underlie the detachment are sheared
The northern half of the Kaibobo Peninsula consists ofand faulted parallel to the inferred fault plane (Fig. 7i),

schists, amphibolites, and gneisses assigned to the Taunusa
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Fig. 7. Field relations on the Kaibobo Peninsul@) Typical cordierite granite boulder of the North Kaibobo Granite (128.2 &0

3.1882 S); (b) Pods of in situ cordierite granite (left) which have escaped the weathering that has affected the rest of the exposure.
A leucogranite dyke (right) has intruded these weathered cordierite granites (128EL782005 S); (c) Sillimanite-spinel-corundum-
cordierite schlieren within a cordierite granite boulder, South Kaibobo Granite (128.EQ®41833 S); (d) Leucogranite dykes (marked

by arrows) within serpentinised peridotites adjacent to the granite-peridotite contact, South Kaibobo Granite (1E3.3 2302 S); (e)

Peridotite on Tanjung Sisi net-veined by pegmatitic hornblende granodiorite (128 E586L592 S); (f) Detachment fault exposed in a

roadcut (inland from the Kaibobo Peninsula between Piru and Waisarisa) separating Taunusa Complex gneiss and diatexite (above) from
exhumed peridotites (below). A top-to-the-north shear sense is indicated by the folding in the gneisses in response to southward exhumatior
of the peridotite beneath the detachment (128.24448.1232 S).
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Fig. 7. Continued. Field relations on the Kaibobo Penins@g.Tightly folded mica schists of the Tehoru Formation on Tanjung Tutu-

naten (128.1717E, 3.1402 S); (h) Metatexites of the Taunusa Complex metamorphic-migmatitic overprint (128H211708 S); (i)

Faults within peridotites lying just beneath and oriented parallel to the Kaibobo Detachment (12&1365/58 S); (j) Mylonitised

cordierite granites of the Tanjung Motianai shear zone. Mylonitic foliation (blue plane; 232/28N) and lineation (white arrow; 12/258)
are indicated, which have been cut by steep normal faults (red plane; 300/55N) that have been exploited by haematite mineralisation
(128.2024 E, 3.2173 S); (k) Gabbro dyke intruded through mylonitised granite on Tanjung Motianai (128°20222172 S); (I) Criss-

crossing haematite veins through sandstone on Tanjung Totuhur, Pulau Babi (12&13%3813 S).

demonstrating that the shear zone associated with the ddhrust as suggested by Linthout et al. (1996) in order to
tachment fault is a major lithospheric feature. The peridotite-explain their hypothesised north-directed obduction of the
gneiss contact therefore does not represent a south-dippirigphiolite” peridotites. Instead, the fault is revealed to be a
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low-angle (<20°) NNE-dipping normal fault we shall refer able date for the juxtaposition of hot peridotite and the devel-
to as the Kaibobo Detachment which bounds mantle peri-opment of the associated high-temperature shear zone, irre-
dotites beneath the Taunusa metamorphic complex and hapective of whether or not the ultramafic rocks are interpreted
facilitated their exhumation. This same relationship is alsoto comprise exhumed mantle or the base of an ophiolite.
exposed inland from the Kaibobo Peninsula (in a roadcut at
128.244 E, 3.123 S; Fig. 7f) where a shear zone of Taunusa
Complex gneisses overlie serpentinised peridotites above
different but equivalent low-angle extensional detachment.
At this locality, fold geometries and fault patterns in the over- On Tanjung Motianai (SE Kaibobo Peninsula), mylonitised
lying gneiss clearly indicate top-to-the-N shear in response taordierite granites are overlain by sheared amphibolites,
southward exhumation of the peridotites beneath the fault. which in turn are overlain by the ultramafic complex (Fig. 8).
Comprising the hanging wall adjacent to the peridotite, We infer the units to be separated by low-angle normal faults
sillimanite-bearing gneisses and metatexite migmatiteghat strike ENE-WSW. The granite mylonite is mineralogi-
(Fig. 7h) have developed after progressive metamorphisntally identical to the other Kaibobo Granites and of course
and migmatisation of the mica schists and phyllites that cropcontains the ubiquitous crd-sill-sp schlieren. Its mylonitic
out several km further north from the contact (Fig. 7g). The foliation dips at~ 30° to the NW, and biotite fish help to
metatexites are often intensely mylonitised and have pro-define an S-C fabric indicating top-to-the-NE shear along a
nounced shear banding. In many instances, biotites and whit&0/245 lineation. The fabrics are cut by numerous younger
micas have developed fish-type geometries. Fibrolite is of-high-angle faults, which strike at 30@Fig. 7j), that have
ten well-developed along shear bands that cross-cut olddbeen exploited by haematite mineralisation. The amphibo-
biotite-defined fabrics, confirming the shear-zone operatedites are very different in appearance to those which are mem-
at> 500°C. Garnet porphyroblasts are abundant and predatéers of the Taunusa Complex further to the north and com-
mylonitisation. prise over 90 vol % -type hornblende phenocrysts of vary-
The contact is evidently a high-temperature shear zone iring size (up to 5 mm) which define a prominent St&bric.
which the hanging wall has experienced increasing migmati-The amphibolites are bordered by peridotites to their north
sation, rather than it representing a telescoped sub-ophiolitalong an intensely serpentinised faulted contact across which
metamorphic sole as proposed lbpthout et al. (1989) and a network of wide serpentinite and kaolinite veins have in-
Linthout and Helmers (1994). Furthermore, there is no evi-truded both lithologies. The amphibolites therefore appear
dence that the cordierite granites were generated by anatexi&kely to have formed through metamorphism and shearing
within this shear zone; as previously discussed, the hornef mafic—ultramafic rocks present in the peridotite complex
blende granodiorite diatexites that have formed adjacent tavhich overlaid the granites during operation of the shear
the peridotite contact from partial melting of Taunusa Com-zone, and so are unrelated to the Taunusa Complex. We there-
plex amphibolites cannot be the source of the cordierite granfore conclude that the Tanjung Motianai granite mylonites
ites due to their markedly different composition and the lackand overriding amphibolites are part of an extensional shear
of cordierite and garnet phenocrysts, biotite, and sill-sp-crdzone which has developed parallel to and structurally beneath
schlieren. Furthermore, the localised nature of the anatexithe Kaibobo Detachment that has operated within the high-T
could not account for the high-volume melts that would be footwall unit (Fig. 6); the orientation of the mylonitic lin-
required to feed the Kaibobo Granites according to the Seraneation and the strike of the steeper mineralised faults are re-
Ophiolite hypothesis. spectively normal and parallel to the Kaibobo Detachment.
From our mapping, the North Kaibobo Granite is shown to An undeformed gabbro dyke has intruded the mylonitised
be truncated by the Kaibobo Detachment, and therefore thgranites by the eastern shore of the peninsula (Fig. 7k).
peridotites and granites must have been exhumed as a single Pulau Babi and the southernmost Kaibobo Peninsula are
tectonic unit which was juxtaposed against the hanging wallmade of carbonates and sandstones which have been corre-
metamorphics. Exhumation of this unit before it had cooledlated with the Triassic Asinipe Limestones of the Manusela
from high temperature (i.e. sti# 700°C) would explain the = Mountains (Martini et al., 2004) and U-Pb dating of detri-
high-temperature metamorphic overprint of the hanging walltal zircons from these sandstones have yielded some Trias-
as identified by Linthout et al. (1989) and would also ac- sic ages (Hall and Sevastjanova, 2012; Sevastjanova et al.,
count for the generation of the hornblende granodiorites by2012). From our mapping, these sedimentary units are shown
hanging wall diatexis. Although we do not support the ophi-to be separated from the peridotites to their north by a
olite model of Linthout and Helmers (1994), we do share high-angle fault with roughly the same strike as the Kai-
the view that the Taunusa Complex represents a metamobobo Detachment. A surprising feature is the occurrence
phic/migmatitic overprint of the previously metamorphosed of haematite veins, similar to those on Tanjung Motianai,
Tehoru Complex rocks. Furthermore, the 5.4-6.0 Ma Ar—Arwhich criss-cross sandstones in the foreshore at Tanjung
ages obtained by Linthout et al. (1996) for micas from the Totuhur (Fig. 7I). This phenomena is reminiscent of other
sheared Taunusa Complex gneisses still may provide a relidocumented examples of mineralisation within extensional

3.1.3 The southern Kaibobo shear zone
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Fig. 8. Tanjung Motianai and the South Kaibobo Shear Zone, viewed from the SE. Mylonitised granites are overlain by sheared amphibolites.
The contact between the amphibolites and peridotites is intensely serpentinised and numerous serpentinite dykes and associated kaolinite
are present. The granite mylonite is intruded by a gabbro dyke and several haematite veins.

detachment zones in core-complex-type settings (e.g. Longsent because these peridotites do not contain cordierite gran-

1992; Seidel et al., 2005; Smith et al., 2010). ite bodies.
_ Traverses up several streams which cross the peridotite-
3.2 Hoamoal Peninsula gneiss contact showed field relations very similar to those

) o described from the Kaibobo Peninsula (see map, Fig. 9).
The geology of the northeast Hoamoal Peninsula is in manynon approaching the contact with the peridotites, a pro-
ways similar to the Kaibobo Peninsula; the ultramafic com-gressive increase in migmatisation of the metamorphics is
plex and basement schists are exposed in close association &éry apparent. At approximately 500 to 800 m horizontal dis-
lowing their contact relations to be investigated. This regionignce from the peridotite margin, there is a marked change
was left blank on the map by Valk (1945) and so Tjokrosapo-from |ow- to medium-grade phyllites and mica-schists of
etro et al. (1993a) have provided the only published map ofg type that comprise the majority of the Tehoru Formation
the region. Our map is presented in Fig. 9. (as mapped and defined by Tjokrosapoetro et al., 1993a), to
partially recrystallised and quartz-veined hornfelses. Trav-
elling further towards the contact with the ultramafic body,
Egnaﬁc—felsic segregations within the mica schists and inter-

The metamorphic basement of the NE Hoamoal Peninsul lated hibolites b ) inl d
comprises mainly upper-greenschist to lower-amphibolite fa-c&ated amphibolites become increasingly more pronounce

cies metapelites (mica-schists and garnet-mica-schists, dor’r'r’-?]t'I gneissose fabrics are yvel!-devilor;:])ed (Fig. 10a, b).
inantly) with occasional intercalated metabasic amphibo—g en, a _prltl)gresswe migmatisation Oht € gn(re:sses IIS evl-
lites. Kyanite-staurolite-garnet schists present in float indi- ent. Initially, metatexite migmatites that are host only to

cate higher grade metamorphics are present in the mountaifarrow veins of finely crystalline leucosome crop out, but af-
ous interior, although were never observed in situ. Lowert€" More advanced migmatisation, diatexites were evidently
grade rocks are phyllitic, micaceous, and fine-grained. Thé’roduced containing neosomes that have merged and coa-

rocks show widespread deformation, although no Iarge-scalé":'sc,ed to represent a hlgh-volume |nterst|t|_al melt between
folding was observed; axial-planar cleavages are often de9"N€1SS0S€ paleosomes _(F|g. 10c, d). In all Instances we ob-
veloped in relation to minor folds. Quartz veining and quartz serve(_j, the metamorphic rocks closest to the peridotite are
lenses are common throughout. Serpentinised peridotites a@mphlbol!tes ('F’y chance?), and so the neosom.es'(.)f the re-
widespread in this region, and are very similar to those on the?U!ting migmatites have hornblende-rich granodioritic com-
Kaibobo Peninsula and Latimor. Leucogranite dykes are apPositions. Migmatites immediately adjacent to the peridotite

3.2.1 Nature of the peridotite-gneiss contact
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has no vertical exaggeration. The chequered area has not been mapped. See Fig. 3 for map location.

contact feature this hornblende-rich neosome as the modie shall refer to this rock as “hornblende diatexite” be-
voluminous component of the rock within which numer- cause it has evidently formed by diatexis of Tehoru For-
ous large gneissose schollen are suspended (Fig. 10e, fination amphibolites. The hornblende diatexite is typically
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Fig. 10.Progressive migmatisation of the Tehoru Formation to form the Taunusa Complex in the NE Hoamoal Pénirtsulehoru For-

mation garnet mica schist in which quartz and mica segregation has resulted in development of a gneissose texturé @,2B106BES);

(c, d) Migmatite after amphibolite: hornblende granodioritic neosome has formed an interconnected melt between amphibolite mesosomes
(128.1787 E, 3.2005 S); (e, f) Hornblende granodiorite diatexite containing large schollen of amphibolite mesosome, located immediately
adjacent to the peridotites (128.0699, 3.1533 S).

more coarsely crystalline than the less voluminous intersti-the migmatisation and anatexis is interpreted as due to heat-
tial melts within the metatexites (compare Figs. 10d and f).ing by the adjacent perioditite body.

Also, these hornblende diatexites are notably more volumi- The peridotites closest to the contact are intensely serpen-
nous than on the Kaibobo Peninsula where only metatexitesinised, and those further from the contact are less serpen-
are well-developed. As concluded for the Kaibobo Peninsulatinised and blocky in outcrop. The peridotite contact is not
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exposed in the streams we explored, but its location has ir8.3 The Wallace Mountains and Teluk Elaputih
most instances been constrained to within a few tens of me-
tres (see map in Fig. 9). The Wallace Mountains, located in southwest Seram, reach
As shown by the geological map and cross section (Fig. 9)their highest point at Gunung Toplana (1331 m). The moun-
the peridotite forms the core of a NE-SW trending antiform tains have previously been mapped as mica schists of the
that has subsequently been cut by high-angle NW-SE trendfaunusa Complex which include peridotites in their eastern
ing faults to the south. The faulted contact between the perivegion (Tjokrosapoetro et al., 1993a). Outcrop proved diffi-
dotite and overlying migmatised Taunusa Complex rocks iscult to access because of the wide skirt of densely forested
therefore tightly arched. Steeply dipping mylonitic foliations alluvium between the coastal road and the foot of the moun-
within gneisses and migmatites of the southeastern fold limbfains. In the Wai Wari, to the east of the mountains, in
which strike parallel to the antiform’s fold axis, typically in- situ peridotites crop out and there are abundant peridotite,
dicate a left-lateral strike-slip shear sense indicating a rela€ordierite granite, gabbro, and schist boulders present in the
tive southwestward motion of the peridotite beneath the confloat. The cordierite granites contain a higher percentage of
tact. In other words, the peridotite “core” of the antiform has larger gneissose schollen (up to 20 cm across) than seen else-
slid out to the SW beneath the overlying metamorphic rockswhere on the island aside from the Kobipoto Mountains.
The antiform is interpreted to represent a kind of sheath fold Explored from the coast of Teluk Elaputih, the long Wai
formed within a low-angle fault plane that has caused southMala drains from deep in the central Seram mountains
westward exhumation of the peridotite beheath the metamorand crosses the inferred trace of the Kawa Fault. Audley-
phic hanging wall. Alternatively, the folding occurred after Charles et al. (1979, p. 559) reported boulders of high-grade
the operation of a planar detachment fault. Either way, the‘garnet-pyroxene granulite (metagabbro)” from the float of
relative motion between the hanging wall (comprising thethis river, and we have found examples of similar Cpx-Grt-
metamorphic complex) and footwall (comprising the peri- Hbl gneisses from the same location. This demonstrates that
dotites) at this locality is identical to that inferred from across high grade (upper-amphibolite to granulite facies) rocks crop
the nearby Kaibobo Detachment. These faults are considereaut in central-western Seram. Superficially, these rocks ap-
to have formed during the same tectonic episode and mighpear similar to those present in the Kobipoto Mountains, as

even be connected or coupled beneath Piru Bay. described later (Sect. 3.5), and may indicate that an associa-
o _ tion exists between Kobipoto Complex and Taunusa/Tehoru
3.2.2 Faultlng in the southern Hoamoal Peninsula Comp|ex rocks in the interior of mid-west Seram.

A steep dirt track from the village of Luhu connects the 3 4 kawa Shear Zone
east and west coasts of the southern Hoamoal Peninsula
and crosses three NW-SE trending faults. The southernmost major strike-slip fault with a prominent topographic ex-

fault has upthrown peridotite to its southwest against Ta“”“?%ression, referred to here as the Kawa Fault after the river

Complex rocks to its northeast which has resulted in a simihich runs down much of its length, runs ESE~WNW to the

lar high-temperature contact relation to that seen in the northy ;1 of the Manusela Mountains of central Seram (Fig. 3b).
of the peninsula. The northernmost two faults bound a perirne kawa Fault and associated fault splays form 2km

dotite graben and have caused uplift of limestone terraces tQije shear zone which is crossed by the Trans-Seram High-

the south. In this instance, peridotite is in contact with base-Way in the interior of central Seram. A geological map

ment schists, but the high-temperature contact relations arfrig. 11) and a cross section (Fig. 12) through the shear zone

not present here; it appears these two faults postdate the €x; s region have been constructed from a series of stream
humation of hot peridotite. The strike of these faults (about o erses made accessible by the road.

300°) is similar to the peridotite-basement contact on the  geyera| parallel-trending strike-slip faults have been iden-

Kaibobo Peninsula, and to the steep normal faults inferredigiaq in this region. The southernmost of these is interpreted
in northern Hoamoal. A single boulder of cordierite-granite oq the main splay of the Kawa Fault and bounds garnet mica
was found exposed in the track, within peridotite breccias,qqnists of the metamorphic basement against fault gouges
just south of the southernmost fault. and breccias of the Kawa Shear Zone to the north. Mylonitic
Inthe Air Besar (river north of Luhu), monotonous gamet- rics which overprint older folds and cleavages, are in-
mica schists are exposed. The schists are highly deformegeasingly more pronounced moving northwards towards the
with variable strike over the river section traversed. Nev- k4o Fault. Tehoru Formation garnet-mica schists (and oc-
ertheless, examples of top-to-the-NE shear are present that,qiona amphibolites) south of the fault zone have been de-

have possibly formed in response to the same NNE-SSWq e into a tight anticline, and schists adjacent to the fault
extensional event as identified on the NE Hoamoal and Kaitaye peen intensely folded on a smaller scale. Minor exten-

bobo peninsulas. sional faults and fractures appear to post-date shearing and

cross-cut two developed cleavages (from original bedding
and a cleavage axial planar to folding). Interbedded slates
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T NS | rr———— Fault which seems from ASTER imagery to branch NW of
82X awa ear Zone .

4 by the Trans-Seram Highway the Wal KaWa. eStuary'
Manusela Massive Limestone The overall shear sense of the fault is not immediately
S?ﬁ State and Marble obvious due to the presence of both left- and right-lateral

Fault gouge and breccias . — . . .
Tenors [~ Grtmicaschst & amphialte kinematic indicators (small-scale folds, quartz sigmoids, and
m mylonite

] Pericotite o- and §-type garnet porphyroblasts). These features have

‘ formed in the different limbs of larger-scale isoclinal fold

33; n structures which themselves cannot be easily be discerned
°*/ w from the limited outcrop. For example, parasitic S- and Z-
folds are clearly exhibited in coastal outcrop north of Tehoru
within in the limbs of larger isoclinal folds whose axial
planes lie parallel to a splay of the Kawa Fault. We therefore
) do not share the confidence of Linthout et al. (1991) that there
- is unambiguous evidence for a right-lateral shear zone de-
spite clear examples of right-lateral kinematic indicators be-
ing present. As a further example, off the Trans-Seram High-
way, folded quartz veins which indicate right-lateral shear are
found downstream frora-type garnet porphyroblasts which
uniformly indicate an opposite left-lateral shear-sense. Fault
gouges and breccias in the central region of the shear zone
are aligned to the 300strike of the faults, but unfortunately
no convincing shear-sense indicators could be found due to
the intense brecciation, nor was the rock well enough consol-
idated to be sampled for microstructural analysis. The fault
gouges and breccias are cut by small normal faults with NE—
SW strikes which show minor offsets. These faults seem to
be related to larger normal faults inferred from DEM inter-
pretation (Sect. 4) which share the same orientation and off-
X : set the strike-slip faults in western-central Seram.

Qpersote The Kawa Fault is undoubtedly a major lithospheric fea-

N\Jenses .

= 3.05°S

AN ture which has played an important role in the recent tectonic
evolution of Seram and the Banda Arc. It has previously been
. = /r%a I suggested that the fault operated within an antithetic shear
s 2y zone that facilitated a significant (80°) anticlockwise rota-
‘ = tion of the island (Linthout et al., 1991), based on its interpre-
= {35 . . . . .

NED & m tation as a major dextral strike-slip feature (Linthout et al.,

1 km g 52 1989) and a palaeomagnetic study which first proposed the

A9
‘ ] to Masohi...

rotation (Haile, 1978). The palaesomagnetic results that have
Fig. 11. Geological map of the Kawa Fault Zone in the vicinity Peen used to suggest large regional rotations were originally
of the Trans-Seram Highway. See Fig. 12 for cross section drawrflescribed by (Haile, 1978, p. 191) as “only of a reconnais-
perpendicular to the strike of the faults. See Fig. 3 for location of sance nature” and could simply record local tectonic rota-
this map in central Seram. Note the thin slivers of peridotite im- tions. Furthermore, it has not been explained how the Kawa
mediately north of the Kawa Fault. The short dotted lines represenfFault and other parallel-trending strike-slip faults in central
minor normal faults exposed in the streams. Seram relate to the low-angle detachment faults identified on
the Kaibobo and Hoamoal peninsulas of western Seram.
However, we have now found a previously undocumented
link between the two regions — there is a chain of boudi-
and marbles of the Saku Formation form an anticline to thenaged lenses of serpentinised peridotites which are bounded
north, which is faulted to its north against massive limestonesy brecciated mylonites and fault gouges immediately to the
of the Manusela Mountain range. north of the Kawa Fault. The serpentinite lenses lie paral-
The shear zone was also studied north of the villagelel to the 300 strike of the Kawa Fault and crop out in two
of Tehoru on the coast of Teluk Taluti in central-southern separate streams (at a 1 km separation) in the area mapped,
Seram. At this locality, mylonites containing cm-sized gar- and lie on the same strike (Fig. 13c, d). The discovery of
net porphyroblasts strike 13Qparallel to the coastline) with  peridotite in the fault zone suggests that at some time in its
variable dip, maybe formed parallel to a braid of the Kawa history the Kawa fault may have operated with a dominantly
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Fig. 13.The Kawa Shear Zonéa) Left-lateral shear banding in garnet mica schists south of the Kawa Fault (129B48®689 S); (b)
o-type garnet porphyroblasts record left-lateral shear in the garnet mica schists south of the Kawa Fault (12988927 S); (c, d)
Peridotite boudins within fault gouges and breccias just north of the inferred trace of the Kawa Fault are aligned to the 520k
the fault zone (129.042F, 3.0666 S and 129.0336E, 3.0622 S, respectively).

dip-slip motion to have exhumed the upper mantle in a sim-3.5 Kobipoto Mountains

ilar to fashion to that apparent in western Seram. The peri-

dotites have evidently been sheared and boudinaged after Bhe Kobipoto Mountains are the only place north of the

more recent strike-slip episode which has affected only theKawa Fault Zone, aside from a region near Gunung Langget

central parts of the island. It should yet again be pointed ouin SE Seram, where peridotites, granites, and (very) high-

that the Kawa Fault and the Kaibobo Detachment have th@rade metamorphic rocks are present. The mountains are

same 120-300strike. bordered on all sides by the Mesozoic Kanikeh Forma-
tion. Audley-Charles et al. (1979) proposed that this “Ko-
bipoto Complex” represents an overthrust allochthon of
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Precambrian Australian basement. In contrast, the mountainguishable. The mylonitic foliation (086/6&) is roughly par-
have more recently been mapped by Tjokrosapoetro et alallel to the inferred fault plane, and a left-lateral shear com-
(1993a) as further exposure of the Permian Taunusa Component is indicated by -type porphyroblasts. The myloni-
plex. Unfortunately, there is no road or boat access to the retised diatexite displays distinct compositional banding be-
gion and exploration on foot is slow, difficult, and dangerous.tween quartzofeldspathic domains and those containing gar-
We walked to the northwestern part of the complex via thenet + cordierite (Fig. 16b).

small villages of Huaulu and Roho, and traversed sections of Further upstream, granitic diatexites crop out. They are
the Wai Sae, Wai Sapolewa, and Wai Tuh river gorges. A newstrikingly similar in appearance to the cordierite granites
geological map of the western Kobipoto Mountains is pre-present in western Seram and Ambon in that they contain
sented in Fig. 14 compiled from the fieldwork described here cordierite and garnet phenocrysts and abundant schlieren and
from unpublished field notes made by M. Norvick during the schollen of sillimanite- and spinel-bearing assemblages. It is
1975 Seram Expedition (Audley-Charles et al., 1979), fromimportant to emphasise this similarity to the western Seram
observations made by Rutten and Hotz in 1918 (Germeraadjranites, as a link between the two regions is not made
1946), and from faults inferred from ASTER DEM interpre- apparent by the latest geological maps which show only
tation. A sketch cross section through the western Kobipotahe Taunusa Complex in the Kobipoto Mountains (Tjokros-

Mountains is presented in Fig. 15. apoetro et al.,, 1993a, b). No previous author has visited
both the Kobipoto Mountains and western Seram, although
3.5.1 Wai Sai Audley-Charles et al. (1979, p. 560) likened the granitic

diatexites from the Wai Tuh to the cordierite granites de-
We entered the Wai Sai to the SE of Roho village. Steeplyscribed from western Seram, and ascribed them both to a
dipping beds of dark grey Kanikeh Formation siltstones crop“discontinuous belt of cordierite gneiss, granite, and ser-
out in the upstream section of our traverse (see map, Fig. 14pentinite” that extends from Buru (van Bemmelen, 1949),
and massive limestone blocks are present in the downstreatirough Seram, and around to the Kai Islands in the west-
section. The contact between these two lithologies is not exern outer Banda Arc. However, Audley-Charles et al. (1979)
posed. Alongside siltstone and limestone float, pebbles oflso envisaged the granitic rocks of the Kobipoto Moun-
granite, schist, gneiss, and amphibolite are present but ndgins, which have yet to be dated, to belong to an allochthon
abundant. Audley-Charles et al. (1979) also observed amthrust from the Australian Proterozoic basement. We suggest
phibolite pebbles much further upstream near the village ofthis is unlikely given their remarkable similarity to the Late

Kanikeh. Miocene to Pliocene cordierite granites on Ambon and the
Kaibobo Peninsula (as dated by Priem et al., 1978; Linthout
3.5.2 Wai Sapolewa et al.,, 1996; Honthaas et al., 1999). De Smet and Barber

(1992) instead suggested a Late Palaeozoic age to match the

The Wai Sapolewa originates near Gunung Binaiya (3027 m)launusa and Tehoru complexes, and Bachri (2011) later as-
in the Manusela Mountains and crosses the “Central Valley’sumed a Permian age for the exposures in SE Seram. How-
before exposing a cross section through the entire westerever, we propose that the granulites and granites of the Ko-
Kobipoto Mountains. Audley-Charles et al. (1979) and Rut- bipoto Mountains likely share a Mio-Pliocene age with the
ten and Hotz (Germeraad, 1946) forded the river only nearcordierite granites of western Seram and we are currently
Kanikeh (see map, Fig. 14) and so did not explore its down-working to test this hypothesis.
stream section. The abundant schlieren of granulite-facies residuum

The river exposes an alternation of fault-bounded slices ofpresent in the cordierite granites points to high-temperature
peridotites with a granulite-facies migmatite complex com- conditions being attained in the Kobipoto Complex. The
prising metatexites and granitic diatexites (or “cordierite association of cordierite, sillimanite, and spinel has been
granites”) interspersed with unmetamorphosed and undedescribed from several well-studied high-temperature (HT)
formed dark grey sandstones, siltstones, and mudstoneas well as ultrahigh-temperature (UHT) granulite terranes
Breccias of each of these lithologies are commonly present afHarley, 2008; Kelsey, 2008, and references therein) and
points where faults have been inferred. The locations of thesgoints to conditions typically>800°C being achieved
faults correlate with a set of prominent WNW-ESE-trending during peak metamorphism. Furthermore, the volume of
topographic lineations revealed by the ASTER DEM, allow- cordierite granite present in the Kobipoto Mountains, and in-
ing us to extrapolate the trace of the faults encountered crossdeed across Seram and Ambon, indicates that high degrees
ing the river over a larger area (see map, Fig. 14). of partial melting and melt segregation must have occurred.

Mylonitised diatexites, which crop out at the confluence A question that now arises is how high-temperature gran-
of the Wai Sapolewa and Wai Wa, form the footwall beneathulite facies conditions were achieved in the Kobipoto Com-
grey siltstones and mudstones (Fig. 16a). The outcrop haplex and under what tectonic scenario. The answer may
undergone slight cataclasis by intensive brittle fracturing, al-lie in the next outcrop to be encountered heading up the
though the original structures and orientations are still distin-Wai Sapolewa — in situ lherzolites (Fig. 16c), which contain
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Fig. 14.Geological map of the western Kobipoto Mountains compiled from our traverses through the Wai Sai, Wai Sapolewa, and Wai Tuh
river gorges in addition to field observations recorded by Rutten (1918b), Audley-Charles et al. (1979), unpublished field notes by M. Norvick
from the 1975 Expedition, and the geological map drawn by Germeraad (1946). The routes traversed through the mountains are highlighted
(see key, top-right). Faults have been extrapolated from outcrop observed in stream sections using ASTER data. See Fig. 15 for the cros:
section along profile Z<ZZ'-Z"" and see Fig. 3 for location of the map in central Seram.
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Fig. 15. Semi-schematic cross section through the Kobipoto Mountains following profilé-ZZ2Z"" as shown on the geological map in
Fig. 14. All marked faults are interpreted to have had dominantly left-lateral strike-slip senses of motion that have exhumed the Kobipoto
and Taunusa/Tehoru Complex rocks within the Kobipoto Mountains positive flower structure.
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Kani_ké?l Formation

Wai
Sapolewa

Fig. 16. The Wai Sapolewa, Kobipoto Mountain&) Mylonitised diatexite faulted beneath siltstones near the juncture of the Wai Wa
(129.4530 E, 3.0202 S); (b) Close-up of the granulites shown in phd) displaying compositional banding between garnet + cordierite-
rich and quartzofeldspathic domaii(s) In situ Iherzolites exposed in the Wai Sapolewa near the junction with the Wai Sahoku (1294456
3.028% S). See Fig. 18f for thin sectiofd) Deformed stromatic metatexite boulder from the Wai Sahoku (129°4822.0282 S); (e) Low-
angle faults within a large exposure of high-temperature granulite facies gneisses by the Wai Sapolewa (12931@3@3 S) adjacent to

the lherzolites shown in phoig); (f) Garnet-rich granulite from the outcrop shown in phh

chrome spinel, are exposed at the junction of the small Watemperature> 800°C) metamorphism and anatexis was al-
Sahoku and share a faulted contact with granulites to theimost certainly driven by heat supplied by the adjacent ultra-
south. The close association of high-temperature granulitesnafic rocks.

with mantle peridotites is surely not coincidental. High-
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Travelling further upstream from the Iherzolites, a se- situ exposures of the Kobipoto Complex migmatites or peri-
quence of deformed stromatic metatexites (Fig. 16d) and alotites. However, it contains many huge (metre-scale) blocks
large outcrop of diatexites with pink garnet-rich and grey- of each of these lithologies that cannot have moved far from
green pinitised cordierite-rich banding are present (Fig. 16f).their source (e.g. Fig.17a). Often, these boulders are fresher
Both the peridotites and granulites are cut by numerous low-and have proved more useful from a petrological standpoint
angle listric faults that flatten into subhorizontal detachmentsthan in situ exposures of the Wai Sapolewa.

(Fig. 16e). Huge “cordierite granite” diatexite boulders (Fig. 17b)

Our traverse ended at another exposure of peridotites thaire peppered with schlieren and schollen of residual gran-
are faulted to the south of the aforementioned banded diatlite to a greater extent than observed in western Seram.
texites. We were unable to continue upstream past this poinfThe voluminous leucosomes contain fairly abundant gar-
but our local guides were adamant that black peridotites alsmet porphyroblasts which likely formed as the peritectic
form a steep gorge at the point where the Wai Sima enterproducts of biotite-consuming, melt-producing reactions.
the Wai Sapolewa. This feature would seem plausible, agordierite is often associated with the residuum and is of-
the stream junction is located within the same fault-boundten patrtially pinitised. Several smaller boulders of meta-
slice we have interpreted from the ASTER data, and it wouldtexite are present that contain in situ leucosomes and
correlate along strike with the serpentinites observed by theesidual garnet+ cordierite + sillimanite + spinel + corundum
1975 Expedition who crossed the Wai Sima further upstreanschlieren and have developed complex nebulitic structures
(see map, Fig. 14). recording evidence of extensive high-temperature deforma-

Also present in the Wai Sapolewa are pieces of Barrovian-+ion (Fig. 17c). Huge blocks of peridotite and peridotite brec-
type mica schists similar to those present over much of westeias are located in the same sections of river as the migmatite
ern Seram, and it is very probable that they also belong tdboulders (Fig. 17e), again demonstrating their close associa-
the Tehoru or Taunusa Complexes. Further upstream, in sittion.
biotite-sillimanite schist was reported by the 1975 Expedi- Breccias of meta- and diatexites that crop out in the walls
tion near the confluence of the Wai Bapa and Wai Seri, andf the Wai Tuh gorge (Fig. 17a, ) are similar to the partially
schist was reported by Germeraad (1946) from the Gunundprecciated mylonitic diatexite encountered at the juncture of
Kalafatu area in the southwestern region of the mountainghe Wai Sapolewa and Wai Wa (Fig. 16a). It would appear
(see map, Fig. 14). that the Wai Tuh diatexites have been subject to more inten-

Many previous authors (Audley-Charles et al., 1979; sive cataclasis, and the resultant breccias represent more-or-
Tjokrosapoetro and Budhitrisna, 1982; de Smet and Bardess in situ bodies as opposed to having been deposited far
ber, 1992; Kemp and Mogg, 1992; Bachri, 2011) havefrom their source. The fact that these granulite breccias do
used the Kobipoto Complex as an umbrella term for all not contain clasts of any other rock type supports this inter-
non-sedimentary rocks in the Kobipoto Mountains, therebypretation.
grouping these schists with the migmatite complex and the Our most important find from the Wai Tuh is a highly
peridotites. We feel that this term is misleading because itresidual granulite boulder with a highly aluminous
does not acknowledge the many similarities between the Koand dry assemblage of garnet+ cordierite + sillimanite
bipoto region and the Kaibobo and Hoamoal peninsulas oft+ spinel + corundum + quartz + ilmenite + plagioclase
western Seram, and also it implies the likely Mio-Pliocene + biotite (Fig. 17d). It can be seen in thin section (Fig. 18a)
granites are a similar age to the older Tehoru/Taunusa Comthat abundant large garnets (20-25vol %) are surrounded
plex. We propose the migmatite—peridotite complex in theby reaction corona of cordierite +quartz symplectite,
Kobipoto Mountains is equivalent to the cordierite granite—sillimanite (likely as pseudomorphs after kyanite), and
peridotite complex exposed over much of western Seramgcordierite + hercynite + corundum symplectite. Coexisting
and indeed also on Buru (Linthout et al., 1989), Ambon, hercynite + quartz are preserved as small inclusions within
Seram, Kasiui, Tioor, and the Kai Islands. Therefore, we ap-the garnets and represent the peak metamorphic assemblage
ply the term “Kobipoto Complex” to all granulites, granulite- — a characteristically high-temperature assemblage that has
facies migmatites, and cordierite granites wherever they ocbheen reported from several UHT @90°C) localities (al
cur in the northern Banda Arc, and acknowledge that bothet al., 1987; Sandiford et al., 1987; Waters, 1991; Dasgupta
the Kobipoto Complex and Tehoru/Taunusa complexes aret al., 1995; Ouzegane and Boumaza, 1996; Morimoto et al.,

present in the Kobipoto Mountains. 2004; Tsunogae and Santosh, 2006). Reaction structures
within the garnet corona are indicative of near-isothermal
3.5.3 Wai Tuh decompression, and so record the exhumation history of the

Kobipoto Complex in the Kobipoto Mountains. It is antic-
The Wai Tuh (spelt “Toehoe” by Germeraad, 1946) has previ-ipated that the thermobarometry of the high-temperature
ously been traversed by the 1975 University of London expe-Kobipoto Complex residual granulites will be the subject of
dition and is mentioned by Audley-Charles et al. (1979). Un- future work.
like the Wai Sapolewa, the river unfortunately affords no in
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LY

gr§nu[ﬁe 3 Wai Tuh
= breccig

Fig. 17. The Wai Tuh, Kobipoto Mountainga) Huge blocks of peridotite breccias collapsed into the Wai Tuh (1294#92.9952 S);

(b) Cordierite granite boulder containing large gneissose granulite schollen and sillimanite-spinel schlieren (129.2782 S); (¢)
Metatexite boulder (129.478@&, 3.0018 S); (d) Highly residual garnet-cordierite-sillimanite-spinel-corundum-quartz granulite boulder
collected from the Wai Tuh (see Fig. 18a for thin section photomicrograph; 129.£783019 S); (e)In situ breccias of diatexite granulites
(left) and block of peridotite breccia (right) (129.48®, 3.0000 S); (f) Undeformed, gently dipping beds of Kanikeh Formation mudstones
of the upstream section of the Wai Tuh, which alternates with granulite breccias as shown ife)(ib28.4759 E, 3.0216 S).

We emphasise that the cordierite granites, granulite-of a dominantly (meta-)pelitic protolith. The coexistence
facies metatexites, and garnet-rich residual granulitesof highly residual granulites and voluminous granitic
almost certainly represent different components of thediatexites (the “cordierite granites”) shows the Kobipoto
same migmatite complex, generated by partial meltingComplex migmatites to be highly segregated. A plethora of
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migmatite boulders (e.g. Fig. 17c) record varying degreesTanjung Nusanive on the southwesternmost point of Latimor,
of partial melting across the metatexite—diatexite transition,spectacular pillow basalts are present. Hitu is dominated by
with  garnet + cordierite + sillimanite + spinel + corundum two inactive volcanoes formed primarily of ambonites and
residuum and cordierite + garnet + biotite + plagioclase + K-associated tuffs. Uplifted Quaternary coral reefs flank the is-
feldspar + quartz leucosome present in differing proportionslands.
The entire migmatite spectrum is therefore represented:
residual granulites from which melt has been extracted3.6.1 Peridotite—granite contact relations
(Fig. 18a); metatexites containing in situ granitic leuco-
somes and granulite facies residuum (Fig. 18b); “cordieriteCentral Latimor is host to a large (208 km) cordierite gran-
granites”, better described as granitic diatexites, whichite body we refer to as the Latimor Granite. This is by far the
dominantly comprise granitic leucosomes formed from largest granitoid body observed on Seram or Ambon, and so
segregated melt but which also have incorporated abuni is strange that it was omitted from the latest GRDC map
dant small schlieren of residuum (Fig. 18c); and lastly (Tjokrosapoetro et al., 1993a) and was not acknowledged by
cordierite + garnet dacites, or “ambonites” (see Sect. 3.6.3some subsequent studies that used this map (e.g. Monnier et
Fig. 18e), which were sourced from melts extracted fromal., 2003). The granite is almost identical to that previously
the migmatite complex and have erupted residual granulitedescribed from Seram, and is also characterised by abundant
xenoliths (Fig. 18e). Each of these rock types has undergonschlieren of granulite residuum.
slight metasomatism, with cordierite having frequently been The Latimor Granite was also found to be exclusively in
partially or fully pinitised, and in some places the granulites contact with serpentinised peridotites, which together belong
have been cut by pyrite-bearing quartz veins. to our reclassified Kobipoto Complex. Notably, large bodies
Considering the recent extreme metamorphism and meltef granophyric leucogranites, in addition to the dykes, are
ing of the Kobipoto Complex, it is puzzling why the sedi- present at the very margin of the Latimor Granite, as previ-
mentary rocks in the interspersed fault blocks are completelyously described for the Kaibobo Peninsula; it would there-
unaffected. Three possible suggestions have been given fdore seem extremely probable that the leucogranites have
this: Germeraad (1946) considered the migmatite compleXbeen generated along the granite-peridotite interface before
to represent a series of exhumed tectonic slices which havbeing injected both outward into the enveloping peridotites
punctured overlying sedimentary units; Audley-Charles et al.(Fig. 19a) and inward into the cordierite granites (Fig. 19e).
(1979) later suggested the so-called “Wai Tuh Beds” areGranite boulders are also present on Hitu by the coast near
a young unconformable deposit on top of their theorisedto the island’s southernmost point. As expected, they are bor-
“Kaibobo Complex” allochthon; and de Smet and Barber dered to the east and west by serpentinised peridotites.
(1992) instead proposed that the sedimentary rocks are expo- Granite—peridotite relations are in general better exposed
sures of the Mesozoic Kanikeh Formation which lie under-on Ambon than on Seram. In presenting their argument that
neath their hypothesised thrust contact. Based on our maghe ultramafic complex represents an allochthonous thrust
ping and the arguments against a thrust-related origin fosheet, Audley-Charles et al. (1979) made reference to Tan-
the peridotites and Kobipoto Complex rocks as discussequng Seri (128.1696E, 3.7507 S), mentioned briefly by
for western Seram (Sect. 3.1), the suggestions by AudleyHutchison (1976), where mantle peridotites are reportedly
Charles et al. (1979) and de Smet and Barber (1992) do navbducted over and intruded by the Latimor Granite. Our visit
seem plausible. We instead interpret the fault-bounded mudto this locality (Fig. 19b) confirms that a sizeable{20 m)
stones and siltstones to be Kanikeh Complex rocks that havelagment of serpentinised peridotite has indeed been thrust
dropped between vertically exhumed slices of Kobipoto andover leucogranites. Also at this locality, the leucogranites
Taunusa Complex rocks within a large left-lateral strike-slip must have intruded the peridotites as evidenced by the in-
positive flower pop-up structure (Fig. 15). This proposal is clusion of large ultramafic xenoliths (Fig. 19c). However, we
largely based on the interpretation of prominent topographicconclude that these field relations do not support the Seram
lineations present in the ASTER data across the KobipotdOphiolite hypothesis for the following reasons. Firstly, there

Mountains, as outlined later in Sect. 4. are no shear fabrics present in the granitoids beneath the
peridotite fragment, indicating the thrust must have oper-
3.6 Ambon ated in the brittle regime and so cannot belong to a high-

temperature shear zone beneath a hot ophiolite. Secondly,
Ambon comprises two separate islands, Latimor and Hitu,the thrust does not appear to be laterally extensive and so
which are connected by a short isthmus NE of Ambon City.we conclude it has little regional significance. Thirdly, just
Latimor contains cordierite granites seated within serpen-20 m to the east, a subvertical intrusive contact between peri-
tinised peridotites, which are partially overlain by dacites. dotite and granitic rocks is exposed along which the afore-
The dacites contain abundant cordierite and garnet phementioned peridotite xenoliths are located (Fig. 19c), which
nocrysts and were considered sufficiently unusual to haveppears the most typical contact relationship. And fourthly, it
been named “ambonites” after the island (Verbeek, 1905). Atwas the leucogranite, not the cordierite granite, that intruded
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Fig. 18. (a—e)The migmatite—ambonite series of Seram and Ambon. Each rock in the sequence is “fingerprinted” by spinel + sillimanite
assemblages and the presence of garnet and cordi@jiteighly residual (?U)HT garnet + cordierite + sillimanite + spinel + corundum +

quartz granulite(b) Metatexites containing some quartzofeldspathic domains but retaining the residual high-temperature assemblage present
in (a). Cordierite is almost completely pinitisgd) “Cordierite granite” diatexite containing biotite and small schlieren of spinel + sillimanite.

(d) Ambonite containing garnet and cordierite phenocrysts and granulite-derived xef@)itiositaining mats of fibrolitic sillimanite with

spinel which is associated with cordierite. These rqgkse)are representative of Kobipoto Complex rocks present throughout Seram and
Ambon over a distance of a few hundreds of kifa}and(b) are from the Kobipoto Mountain£) is from the Kaibobo Peninsula, ald,e)

is from northern Hitu. The heat source for the widespread high-temperature metamorphism and melting is exhumed (festzolite in

this example from the Wai Sapolewa, Kobipoto Mountains (outcrop shown in Fig.16c) to contain chrome spinel.
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Fig. 19. Field relations on Ambon(a) Leucogranite intruding cordierite granites, central Latimor (128.2E/8.7172 S); (b) Fragment

of serpentinite breccia thrust over chloritised leucogranites on Tanjung Seri, southern Latimor (12&,186%79 S); (c) Contact be-

tween serpentinite and leucogranite just east of Tanjung Seri along which large xenoliths of serpentinite are included in the leucogranite
(128.1866 E, 3.7479 S); (d) Serpentinite back-veined into leucogranite masking the original intrusion of leucogranite into peridotite,
east of Tandjung Seri (128.186E, 3.7479 S); (e) Wide leucogranite dyke intruded through serpentinised peridotites, south Latimor
(128.2600 E, 3.7298 S); (f) Ambonite containing large cordierite and garnet xenocrysts and spinel + sillimanite xenoliths, from northern
Hitu (128.0640 E, 3.5930 S).

the adjacent peridotites. However, we emphasise that it wasocks at the time of juxtaposition, but due to their relative
the hot peridotite, not the leucogranite, which drove this in-melting points, the leucogranites were the intrusive melts.
trusive episode; the peridotites were hotter than the country
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The emplacement of leucogranite into the peridotites wadrom the Kobipoto Complex. As further evidence, rare

therefore a form of back-intrusion. cordierite granite fragments are found as xenoliths within the
There was a later episode of low-temperature serpentiambonites.

nite injection. It is likely that the serpentinisation was asso- This inference, first made by van Bemmelen (1949), is

ciated with hydrothermal alteration of the Kobipoto Com- supported by whole rock K-Ar ages for the ambonites

plex during exhumation. At Tanjung Seri, the original high- of 4.43+0.10 to 3.4Gt 0.15Ma (Abbott and Chamalaun,

temperature contact features have been obscured (Fig. 19d)981) and 4.56 0.12 Ma (Honthaas et al., 1999), which are

Other effects of serpentinisation along the contact can beomparable with those 3.5 Ma K—Ar ages reported for the

found further east, inland from the southern Latimor coastAmbon cordierite granites (Priem et al., 1978).

(at 128.244E, 3.736 S) where the undulating contact be-

tween peridotites and leucogranites at the margin of the La-

timor Granite is exposed in a handful of small outcrops.4 Interpretation of ASTER DEMs

The leucogranite has been injected by numerous branching

veins up to several centimetres wide, seen in thin section td@jokrosapoetro (1976) and Audley-Charles et al. (1979) used

contain serpentine group minerals and chlorite crystallisedsatellite imagery and aerial photographs to construct struc-

from fluids that had infiltrated fractures within the leucogran- tural maps of Seram. These maps were admirably put to-

ites and caused chloritisation of adjacent feldspars. Largegether, but can now be improved with the use of high-

boulders present on the beach downstream from these outesolution digital elevation models (DEMs) captured by the

crops clearly display the contact relations. The contact surShuttle Radar Topography Mission (SRTM) and Advanced

face between serpentinite and leucogranite is complex an&paceborne Thermal Emission and Reflection Radiometer

there are numerous serpentinite veins isolating small block§ASTER) surveys. The DEM data have revealed the topo-

of leucogranite, demonstrating that injection of serpentinitegraphic expressions of many faults that have remained inac-

into the granitoids was a later event than the high temperatureessible during our field mapping and have proved invaluable

intrusion. for our tectonic interpretation of the islands (see Fig. 20).
The Kawa strike-slip shear zone (Sect. 3.4), which has
3.6.2 Nature of the Latimor Granite the largest topographic expression of all, can accurately be

traced along the southern extent of the Manusela Mountains,
We have purposely avoided describing the Latimor Graniteacross the section made accessible by the Trans-Seram high-
and equivalent cordierite granites on Seram as “plutons” toway, and into western-central Seram where it curves west-
avoid connotations with the conventional model of granitesward and splays into multiple strands. The Kawa Fault is
being emplaced into higher structural levels than their placeoffset to the NE by several other prominent steeply dip-
of origin. In other words, we do not not envisage the Latimor ping (dominantly strike-slip?) faults which share the same
or Kaibobo granites being generated at depth before beind20-300 strike (Fig. 3b). All these strike-slip faults are
fed upwards and emplaced into overlying cooled, solid peri-connected by Z-shaped sigmoidal restraining bends which
dotite. On the contrary, we have seen evidence, especialljog the trace of the faults to the north when tracked from
in the Kobipoto Mountains (Sect. 3.5) for cordierite gran- ESE to WNW. Within each fault-block, smaller antithetic
ite formation within a high-temperature migmatite complex faults, best demonstrated by NW-SE-trending lineations in
as a consequence of the heat supplied by hot mantle perthe Manusela Mountain limestones, appear to have facilitated
dotites. Therefore, we propose that the contact features preanticlockwise intra-block rotation and uplift. Thus, a major
viously described from southern Latimor were formed at aregional-scale left-lateral strike-slip system is revealed. As
crust-mantle interface perhaps represented by a ductile lithopreviously described (Sect. 3.4), kinematic indicators for the
spheric shear zone with late-stage serpentinisation and meté&awa Fault in the field proved inconsistent, but this fault pat-

somatism having evidently overprinted the contact. tern suggests a left-lateral shear sense for the Kawa Fault is
likely the most recent; the Kawa Fault just ESE of the re-
3.6.3 Ambonites gion studied encounters a left-lateral restraining bend where

a small pop-up structure has formed.

Ambonites (crd + grt dacites) are the products of Hitu's two  The Kobipoto Mountains appear to be the largest and most
volcanoes. They are also found in northern Latimor, and haveopographically well-defined of all such transpressional pop-
been reported from the southern tip of the Hoamoal Penin-up structures in central Seram. The faults encountered during
sula (Tjokrosapoetro et al., 1993b), alongside associatedur river traverses can be traced further east and are inter-
tuffs, volcanic breccias, and agglomorates. There is a defipreted to connect into a sigmoidal array of faults which are
nite link between the ambonites and cordierite granites — bothocated between and link into northern and southern bound-
rocks contain identical aluminous sillimanite-spinel residuaary faults (which are parallel to the Kawa Fault) that limit
and both feature cordierite and garnet pheno/xenocrystthe Kobipoto Mountains against the Central Valley to the
(Fig. 18d). The ambonites were almost certainly sourcedsouth and the flat rainforested plains of northern Seram. The
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Fig. 20.Structural sketch map of Seram showing detachment faults (green), strike-slip faults (red), high-angle normal faults (blue), and faults
within the Kobipoto Mountains strike-slip pop-up structure (magenta) inferred from field observations and DEM interpretation. The relative
timings of these three faulting episodes is indicated: Detachment faults strike normal to an inferred NNE-SSW initial extension direction
(1); possible subsequent reactivation of detachment faults in central Seram by WNW-ESE left-lateral shear (2) forms the Kawa Shear Zone
and Kobipoto Mountains pop-up; late-stage normal faulting in response to slight N—S extension (3) cross-cuts all other structures. The SRTM
DEM is used as the base map.

southern Kobipoto boundary fault has a strong topographidhe Kobipoto Mountains, the extreme extension responsible
expression which was first noticed by Audley-Charles et al.for the structures in western Seram likely did affect the whole
(1979), to the south of which Kanikeh Formation rocks island prior to the onset of the strike-slip faulting. Further
(their “Wakuku Beds") reportedly form a steeply dipping evidence for this is given by the parallel-alignment between
shear zone that locally incorporates lenses of Tehoru/Taunusthe low-angle Kaibobo Detachment, and the strike-slip faults
Complex schists. As mentioned in Sect. 3.5.3, we interpretwhich dominate central Seram; it would appear likely that
the slivers of granulites and granites of the Kobipoto Com-the strike-slip faults originated as similar low-angle normal
plex, along with peridotites and Tehoru/Taunusa Complexfaults which were later reactivated as thrusts with a strong
schists, to have been exhumed by transpression, with blockieft-lateral shear component.
of the overlying Kanikeh Formation having dropped down Post-dating the island’s extensive left-lateral shearing, an
and incorporated into the structure (Fig. 15). array of ENE-WSW-trending normal faults have cross-cut
The left-lateral shear may be explained by the combinationthe strike-slip structures (Fig. 20). These features, which
of two processes: (1) shearing imposed by eastward slab roliwere also identified by Audley-Charles et al. (1979), seem
back; and/or (2) synthetic Riedel shearing in response to N—3o relate to a minor NNW-SSE extensional phase. Examples
extension. The fault geometries in central Seram are similaof structures previously described which were likely formed
to those imaged offshore in the Seram Trough by Teas et alduring this more recent episode include the array of normal
(2009), who interpreted the Seram Trough fold-and-thrustfaults which cross-cut the North Kaibobo Granite and normal
belt to also have been affected by transpressional left-laterdlaulting within fault gouges of the Kawa Shear Zone.
strike-slip deformation. Therefore, the extent of deformation The timings of these different tectonic episodes have
is shown to extend to the margin of the Bird’s Head (Teasyet to be properly determined. Linthout et al. (1996) re-
etal., 2009). ported a 5.65-5.4 Ma age for their supposed ophiolite ob-
In western Seram, there are no major strike slip faults ap-duction based on Ar-Ar geochronology of micas formed
parent in the topography, and this is likely due to the re-within Taunusa Complex rocks adjacent to the peridotites
gion being dominated by low-angle extensional structurespn the Kaibobo Peninsula. Although we argue against an
as mapped out on the Kaibobo Peninsula (Sect. 3.1) andphiolitic origin for the peridotites, their result neverthe-
NE Hoamoal peninsula (Sect. 3.2). Whatever the cause foless is useful because we instead interpret it to relate to
left-lateral shear across central Seram, it has not affected thperidotite exhumation by the Kaibobo Detachment. Further
western region; however as evidenced by the incorporation ofmicrostructurally focussed Ar—Ar geochronology of micas
exhumed mantle peridotites in both the Kawa Shear Zone anfbrmed within different shear zones around Seram would
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allow the tectonic evolution of the island to be better under- An exhumed SCLM origin for the peridotites is also sup-
stood. ported by geophysical evidence. Milsom (1977) recorded a
large +80 mgal Bouguer gravity anomaly over the Kaibobo
) . , Peninsula, which is far too great to be accounted for by an
5 Discussion and conclusions ultramafic thrust sheet. Instead, a deep-reaching and high-
density (ultramafic) plug was considered the best solution to

The aim of our field-based reinvestigation into the tecton—the ravity problem. If. as we propose. the Kaibobo Penin-
ics of Seram and Ambon was to test the latest hypothe- 9 yp o Propose,

. . sula is a site of mantle exhumation, the subsurface mor-
ses for Banda Arc evolution that have invoked slab rollback holoav of the peridotite would likelv approximate a similar
and extension (Hall, 1996, 2002, 2011, 2012; Milsom et al.,P"°'1°% P y app

. shape.
2001; Spakman and Hall, 2010) and compare them to pre Previous suggestions that the Pliocene cordierite gran-

vious models that have outlined a thrusting scenario for theItes were oenerated by anatexis within a metamorphic sole
islands (Audley-Charles et al., 1979; Linthout et al., 1989, 9 y b

1991). Central to this problem is deciphering the nature of the oo improbable in light of our new field evidence. There

; - Co is no inherent link between the basic hornblende diatex-
widespread peridotites. An ophiolitic origin would support . o

: s S ites produced from the Taunusa Complex and the pelitic

major crustal shortening in order that oceanic lithosphere C . . .

cordierite granites present in the Kobipoto Complex. In any

could have been thrust northwards from the Banda Sea, how= : : . o

- ; . : case, the highly localised nature of anatexis observed within

ever there is little evidence to support this hypothesis. The g

L . . the Taunusa Complex would not be sufficient to account for

peridotites show no compelling evidence that they belong to

L . . . o the large volumes of cordierite granites present within the
an ophiolite — the dominantly fertile lherzolitic compositions s s . .
. oo .~ peridotites. Instead, the cordierite granites were evidently
and the absence of products from partial melting including

basaltic dyke complexes and large-volume gabbros Sugge&enerated within the Kobipoto Complex migmatites as indi-

that a subcontinental lithospheric mantle (SCLM) origin is C"’?te“' bY the presence O.f sillimanite spme! cor_undum gran
. ulite residua and cordierite and garnet which likely formed

much more likely. Furthermore, there are no other compo- N . .
7 . as the peritectic products of melting reactions. However,

nents of an ophiolite present aside from rare gabbro dykes

. : : when considering the protolith for these peraluminous Ko-
and pillow basalts (restricted to SW Latimor and SE Kelang)’bipoto Complex %ockspa (meta-)sedimer?tary unit such as

and remnants of eroded ophiolite are absent in the sedimeqhe Tehoru Formation, which comprises the vast majority
tary record. Importantly, no thrust contacts have been ob-O f Seram’s “basement"’ is arguably the most likely candi-
served between the peridotite and the Taunusa metamorphlé:ate So although theré is no direct link between the Ko-
(r:ri;?prll?é(’s\glgliti:%SOS{Z\C(;lljsqgt;%e_nl_;?ﬁﬁgz?zi dazglsmrgfstabipoto Complex cordierite granites and the Tehoru/Taunusa

b ’ ’ » Complex at the shallow structural levels exposed today in

1994). Instead, the peridotites have been observed on thvevestern Seram, the Kobipoto Complex granulites feasibly

Kaibobo Peninsula (Sect. 3.1) and NW Hoamoal Peninsul . ) .
(Sect. 3.2) to form the footwall beneath low-angle detachfa.formed by high-temperature metamorphism and partial meit

ment faults (Fig. 7f). Together, peridotites and cordierite "9 of Tehoru/Taunu;a Complex rocks at _depth. Thgrefore,
) ; . . . . . the Taunusa and Kobipoto complexes are likely just different

granites comprise a single tectonic unit (both lithologies are : : : A
anifestations of Tehoru Formation metamorphism; the Ko-

cross-cut by the detachment faults) which has been exhume@ ) . . : .
ipoto Complex granulite-facies migmatites resulting from a

gg:negm ;Lzhr?;l:];?]rgmv\?;ﬁ;gsr.e; &Zcmicse;r;?na;neegﬁik?_s r(fhigh-tem_ p_erature metamorphic event driven by hot pe_ridotite
Ar result of Linthout et al., 1996). Evidently, the peridotite- Ju>_<tap03|t|9n, and the Taynusa Complex metamor_phlc over-
cordierite granite comple;( must have been’ exhumed befor%mt resulting from the high-temperature exhumation of the

obipoto Complex against further Tehoru Formation rocks

cooling from high temperature to account for the PrOgresSVe ocated at shallower structural levels (see Figs. 21a and 21b).

metamorphism and migmatisation of the hanging wall. This mechanism would explain why not only Kobipoto

It is often not clear from previously published literature
. Complex rocks but Taunusa Complex and Tehoru Forma-
(e.g. Tjokrosapoetro et al., 1993a, b) why rocks have been: : o : .
i tion rocks are incorporated within the Kobipoto Mountains
ascribed to the Taunusa Complex as opposed to the Tehoru

Formation. We suggest the term “Taunusa Complex” shoulc€0p_Up’ and why float samples originating in the inaccessi-

. le interior of mid-west Seram display a metamorphic grade
be applied only to rocks, formerly part of the Tehoru Forma- . :
. . mid-way between the Taunusa and Kobipoto complexes.
tion, that have been subsequently overprinted by metamor;,

phism/migmatisation linked to the exhumation of hot peri- It would also link higher-pressure kyanite-staurolite-garnet

. L ) . N schists collected as river float from the Hoamoal Penin-
dotite and cordierite granites. This proposal is similar to that . o . .

. sula to the Kobipoto granulites in which kyanite has been

of Linthout and Helmers (1994) who suggested the term be - . :

mostly pseudomorphed by sillimanite. But most importantly,

restricted to the hypothesised metamorphic sole beneath thl? demonstrates that the intimate association observed be-

supposed Seram Ophiolite. tween peridotites, granulite facies migmatites, and cordierite
granites in the Kobipoto Mountains extends across the whole
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Fig. 21a.Detachment faulting model (schematic) proposed for Seram to explain mantle exhumation by extreme extension driven by Banda
Arc slab rollback. The relationship between the Kobipoto Complex (granulites, granites, and associated peridotites), the Taunusa Complex
(gneisses and migmatites), and the Tehoru Formation (pre-metamorphosed mica schists and amphibolites) is shown. The detachment fauls
may have subsequently been reactivated as left-lateral strike-slip faults as observed in the Kawa Fault Zone. See text for discussion.

NNE SSW bipoto Mountains left-lateral pop-up structure is related to
the Kawa Shear Zone and has evidently facilitated the final
stages of Kobipoto Complex exhumation through overlying
Kanikeh Formation siltstones as first proposed by Germeraad
(1946) based on the observations made by Rutten (1918b) al-
most a century ago.

The leucogranites, as suggested by Linthout and Helmers
(1994), likely represent the final crystallisation product of the
cordierite granites which explains why they are concentrated
exclusively along the cordierite granite margins. As seen on
. Latimor (Sect. 3.6.1), the leucogranites intruded the neigh-
. peridotite bouring peridotites and also injected dykes through the Ko-
bipoto Complex cordierite granites. Peridotite serpentinisa-
Fig. 21b. Enlargement of parta) showing more detailed field rela-  tion, which must have occurred much later after the whole
tions (schematic) in the detachment zone, as observed on the KaKobipoto Complex had cooled, affected the leucogranites
bobo and Hoamoal peninsulas. more than the cordierite granites owing to their closer prox-

imity, and obliterated the original peridotite-granite contact

relations by serpentinite back-veining.
of Seram, Ambon, and Buru. Therefore, the cordierite gran- - Amponites are widely regarded as the volcanic equivalent
ites of western Seram are shown to be intrinsic members o the cordierite granites owing to the inclusion of cordierite
an extensive granulite-facies migmatite complex that devel-ang garnet xenocrysts and granulite-inherited sillimanite-
oped under much of the northern Banda Arc islands. As thespinel xenoliths (Valk, 1945; van Bemmelen, 1949; van
cordierite granites were produced by in situ partial melting gergen et al., 1989; Linthout and Helmers, 1994; Honthaas
within the Kobipoto Complex migmatites, they should there- et 51, 1999). This is supported by geochemical evidence for
fore also be considered part of the Kobipoto Complex andjarge-scale crustal assimilation and melt contribution by sub-
not as separate granitoid plutons. Structurally, they are als@ucted continental material (e.g. Whitford and Jezek, 1979;
incorporated into the shear zones associated with the detackroon et al., 2001: Nebel et al., 2011). Plio-Pleistocene ages
ment faults. It is likely that the more biotite-rich, schlieren- have been reported by Abbott and Chamalaun (1981) and
poor cordierite granites may have experienced some degregonthaas et al. (1999) using the K-Ar method, confirming
of mobilisation, as must the granites and aplites that formine ambonites are slightly younger than the granites they
feeder dykes to the ambonites, but the vast majority showgrmed from.
evidence for being more-or-less in situ bodies. The Kobipoto Complex granulites show evidence for ex-

As previously discussed (Sect. 3.4), the incorporation oftremely high temperature metamorphism. As previously dis-
sheared lenses of peridotites immediately north of the Kawasyssed (Sect. 3.5.3), the coexistence of spinel + quartz and
Fault hints at the possibility that the shear zone may havehe occurrence of corundum indicate peak metamorphism
originated as a series of detachment faults akin to those preyotentially occurred under UHT (800°C) conditions. This
served in western Seram. Itis likely not coincidental that themay be the most critical line of evidence that conflicts with

of central Seram share the same 120-°36idike. The Ko-
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Fig. 22. Two possible tectonic models for extreme extension on Se@nDelamination Model — northward migration of the subduction
hinge-zone (green dotted line) has propagated beneath Seram causing lower crustal delamination and mid/upper-crustgbgttémpeon;

Zone Reversal Model — after complete subduction of the Proto-Banda Sea, continued slab pull has driven a reversal in hinge-zone migration
direction due to the resistance of the continental crust to subduction, causing extension within the Australian continental margin to the
north. Note that in both scenarios, slab rollback operates to the east (Hall, 2012) and the detachment faults also have left-lateral strike-slip
components to their motion. Both cross sections are drawn schematically. See Fig. 21a for details on the boudinaged section of extendec
crust that is depicted by both models. See text for discussion.

such extreme crustal temperatures, the peridotites themselv@he delamination hypothesis was originally proposed to par-
cannot have cooled much below typical lithospheric mantletially account for why the surface area of subducted Banda
temperatures and so very probably cannot be ophiolitic. ThéArc lithosphere is substantially greater than the region en-
link observed between high-temperature metamorphism andlosed by the Banda Embayment. As revealed by seismic
mantle exhumation on Seram is interesting in its own righttomography (Widiyantoro and van der Hilst, 1997; Ficht-
because the same mechanism may offer a solution to the gemer et al., 2010; Spakman and Hall, 2010) and seismicity
eration of ancient HT-UHT terranes whose tectonic settinggatterns (Cardwell and Isacks, 1978; Milsom, 2001; Das,
often cannot be directly inferred. 2004), a tear likely exists in the slab beneath Buru and west-
Previously, it has been suggested that mantle injectiorern Seram (see Fig. 2) which may provide a channel for
linked to possible lithospheric delamination could accounthot asthenosphere to escape from the beneath the collapsing
for crustal melting beneath Seram (Spakman and Hall, 2010)Proto-Banda Sea. Feasibly, this could have created a thermal

Solid Earth, 4, 277-314, 2013 www.solid-earth.net/4/277/2013/



J. M. Pownall et al.;: Extreme extension across Seram 309

hot-spot beneath Seram and Ambon which could accountrustal metamorphic rocks and mantle rocks is unusual and
for the extremely high geothermal gradient required to attainconforms to neither continent or oceanic core complex end-
such high-temperature granulite facies metamorphism. member models. Our proposal for core-complex-type peri-

According to plate reconstructions by Spakman and Halldotite and granulite exhumation on Seram has more similar-
(2010) and Hall (2012), eastward slab rollback of the Proto-ities with the “mantle core complex” model that has been
Banda Sea subduction zone likely resulted in highly obliqueused to explain the emplacement of the Ronda peridotite
collision with the Australian continental margin in the vicin- in the Betic Cordillera, Spain (Doblas and Oyarzun, 1989).
ity of Seram. In this situation, the continental crust forming It is unlikely to be a coincidence that the Banda Arc and
Seram and Buru would probably resist being pulled downBetif-Rif Arc of the western Mediterranean (on which the
the subduction zone, but if slab-pull forces were sufficiently Betic Cordilleras are located) have several similarities (as
high, it is feasible that a subhorizontal tear could have prop-also noted by Milsom et al., 2001). Both arcs have close-
agated through the deep crust to facilitate continued slab colto-180 curvatures with similar radii, can be explained in
lapse — a scenario that would result in lithospheric delaminaterms of slab rollback, show evidence for continental sub-
tion. And under such circumstances, asthenospheric mantlduction (Morales et al., 1999), and have peridotites exposed
would be required to fill the opening void. Supposing that along part of their length. The Beni Bousera peridotite (Rif
this delamination hypothesis were correct, subduction couldMountains, Morocco) is particularly analogous to Seram ow-
have rolled back and propagated “underneath” the whole ofng to its association with mylonitised kinzigites (aluminous
Seram, with the Seram Trough likely representing the sur-garnet-sillimanite granulites) which have also been inter-
face expression of the down-pulling slab. The extensive depreted to form the hanging wall above sheared peridotites
lamination could have caused the island, now underplated byexhumed beneath a low-angle detachment (Afiri et al., 2011).
hot mantle peridotites, to rebound isostatically, extend, and-urthermore, the El Hoyazo region of the Betic Cordillera is
exhume the newly formed Kobipoto Complex (Fig. 22a). one of very few other localities aside from Ambon where am-

Alternatively, subduction may not have been able to prop-bonites have been erupted, which similarly contain xenoliths
agate “underneath” Seram due to the inherent resistance aff their granulitic protolith (Zeck, 1970; Zeck and Williams,
continental crust to being subducted, thereby preventing de2002; Acosta-Vigil et al., 2010; Alvarez-Valero and Waters,
lamination from having taken place. In this second model,2010).
continued slab pull would likely have driven southward mi-  Seram has often been portrayed as Timor's mirror image
gration of the subduction hinge, thereby allowing the slab(Audley-Charles et al., 1979), but this new field study has
to straighten and steepen in the mantle. This process wouldhown Seram to have several features that demonstrate the
transfer a huge south-directed tug to the continental margirBanda Arc is far from symmetrical in terms of its tectonic
around Seram, drawing out, stretching, and thinning the crusevolution. Whilst Timor may be explained by arc-continent
(Fig. 22b). Under such circumstances, it would be plausi-collision (Audley-Charles, 2011), Seram simply cannot be.
ble that lithospheric detachment faults would propagate inThe island instead provides a rare opportunity to study the
response to the extension, thereby exhuming subcontinerinterplay of extensional tectonics, mantle exhumation, gran-
tal lithospheric mantle in the fashion observed on Seram asilite facies metamorphism, anatexis, and volcanism within a
implied by the previous model. In this scenario, the appar-young region of active deformation. We hope this study can
ent area of the embayment would have been decreased dyeovide the foundation for future work in this exciting area
to the contraction around the Australian continental margin.of Indonesia.
However, this second model cannot as easily explain why the
Seram Trough is such a prominent feature.

A quick comparison between these two models (Figs. 224AcknowledgementsThis work certainly would not have been
and 22b) shows obvious and fundamental differences in subRossible without the inval_uable field_ assistance pf Yasinto Prias-
duction geometries beneath Seram, but unfortunately it idomo and Ramadhan Adhitama (Institut Teknologi Bandung), local

ambiauous from the tomoaraphic models where the slab iguides Pak Jefry, Pak Ende, Pak Yef, Mas Ulis, and Mas Naldo, and
9 grap our trusty driver Mas Dany. The authors are grateful for the reviews

exactly positioned r.elatlve to Seram — it could.be a}rgu.ed tha&)rovided by Torgeir Andersen and an anonymous referee, for the
the data support either model although the implications ofcomments provided by Martin Norvick, and for editorial assistance
both models are identical in that they require an episode oby carmen Gaina. We thank Tony Barber, Gordon Lister, Marnie
extreme crustal extension that has very likely been drivenForster, Mike Cottam, and Juliane Hennig for useful discussions.
by slab rollback of the Banda subduction zone. The eastThanks also to Simon Suggate and Benyamin Sapiie for logistical
ward component of motion may partially account for the left- support. This work was undertaken by the SE Asia Research Group
lateral strike slip Kawa Fault Zone through the centre of theat Royal Holloway University of London which has been funded
island. over many years by a consortium of oil companies.

Within the extensional setting of Seram, the Kobipoto
Complex could be considered a metamorphic core comple
(cf. Whitney et al., 2013). However, the combination of

)gdited by: C. Gaina
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