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Abstract

The island of Malaita. Solomon Islands, represents the obducted southern margin of the Ontong Java Plateau (OJP).
The basement of Malaita formed during the first and possibly largest plateau-building magmatic event at ~122 £ 3 Ma. It
subsequently drifted passively northwards amassing a [-2 km thickness of pelagic sediment overburden. A major change
in OJP tectonics occurred during the Eocene. possibly initiated by the OJP passing over the Samoan or Raratongan hotspot.
Extension facilitated increased sedimentation and basin tormation (e.g.. the Faufaumela basiny and provided readily
available deep-crustal pathways for alkali basalt and subsequent Oligocene alndite magmas. with related hydrothermal
activity producing limited Ag + Pb mineralisation. Eocene to Mid-Miocene sediments record the input of arc-derived
turbiditic volcaniclastic sediment indicating the relative closeness of the OJP to the Solomon arc. The initial collision of
the OJP and Solomon arc at 25-20 Ma was of a “soft docking” variety and did not result in major compressive deformation
on Malaita. South-directed subduction of the Pacific Plate brictly ceased at this time but resumed intermittently on a local
scale from ~15 Ma. Subduction of the Austrahan Plate beneath the Solomon arc commenced at ~8-7 Ma. Increased
coupling between the Solomon are and the OJP led to the gradual emergence of the OJP at 6-5 through to 4 Ma. The most
intense period of compressive to transpressive deformation recorded on Malaita is stratigraphically bracketed at between
4 and 2 Ma. resulting in estimated crustal shortening of between 24 and 46% . and the inclusion of between I and 4 km
of basement OJP basalts within the larger anticlines. Basement and cover sequences are deformed together in a coherent
geometry and there are no major decollement surtaces: the large asymmetrical fold structures of Malaita are likely to be
the tip regions of blind thrusts with detachment surfaces between | and 4 km beneath the cover seguence. Mid-Pliocene
detormation records the detachment of the upper parts of the OIP. with initial material movement direction towards the
northeasi and later obduction of an upper allochthonous block of the OJP southwestwards over the Solomon arc. A

model is presented whereby an upper 5—10-km-thick flake of the OJP is obducted over the Solomon arc to form the Malaita
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anticlinorium, whilst deeper levels are presently being subducted. The important implication is that even very large and
thick oceanic plateaus may not survive subduction completely intact.

Keywords: oceanic plateaus; obduction; subduction; island arc; stratigraphy; Solomon Islands

1. Introduction

The ultimate fate of oceanic plateaus is important
for understanding the evolution of oceanic large ig-
neous provinces (LIPs) and is also a subject which
is of fundamental importance to models of continen-
tal crustal accretion and growth from the Archaean
to the present day. The key question is how per-
manent are oceanic plateaus? Are they ephemeral
structures which are subducted and recycled back
into the mantle along with other, more ‘normal’ parts
of the ocean floor, or do some survive subduction and
become permanent, obducted components of conti-
nental crust? Approximately 3% of the present-day
ocean floor is composed of plume-related thickened
basaltic crust, of which oceanic plateaus are the
largest and most dramatic examples. If these struc-
tures survive subduction they will be a major factor
in the rate of continental crustal accretion over geo-
logical time, and would rival arc accretion in terms of
volume as a continental crust-forming phenomenon
(Kroenke, 1972; Ben-Avraham et al., 1981; Nur and
Ben-Avraham, 1982). Cloos (1993) calculated that
basalt-dominated oceanic plateau crust must exceed
~17 km thickness to survive subduction, and must
exceed ~30 km before causing significant deforma-
tion, or ‘collisional orogenesis’ during subduction.
Several workers claim to have identified obducted
oceanic plateau terranes on continental crust: the
best known examples are the Wrangellia terrane of
Alaska and British Columbia (e.g., Richards et al,,
1991), and Gorgona Island, Colombia (e.g., Duncan
and Hargreaves, 1984; Storey et al., 1991). However,
examples of indisputable obducted oceanic plateau
material within present-day continental crust are rel-
atively uncommon; this could suggest that oceanic
plateaus have a low preservation potential, are only
obducted under exceptional circumstances, or that
we are only now realising the criteria by which ob-
ducted oceanic plateau terranes can be recognised
(e.g., Mahoney, 1987).

Fortunately, the Ontong Java Plateau (OJP) in the
SW Pacific affords the opportunity of studying the
tectonic effects of an oceanic plateau at a subduction
zone. Residing at the boundary between the Aus-
tralian and Pacific plates, it has caused the reversal
of subduction polarity (e.g., Coleman and Kroenke,
1981). Along the southern border of the OJP, the
Solomon Islands mark the boundary between the two
plates and the basement of Malaita, Ulawa, Ramos,
and the northern portion of Santa [sabel is composed
of emergent OJP (e.g., Mahoney et al., 1993a,b;
Saunders et al., 1993; Petterson. 1995; Tejada et
al., 1996; Neal et al., 1997). This paper presents
results from a major geological survey of the is-
land of Malaita, Solomon Islands, undertaken by the
Solomon Islands Geological Survey between 1990
and 1994, which has resulted in a series of geological
maps, and two geological memoirs (Petterson, 1995;
Mahoa and Petterson, 1995). Concomitant with the
geological mapping were major sampling trips by
several of the present authors which have yielded
geochemical, geochronological, and isotopic data on
the basaltic basement of Malaita. Geological and
structural mapping of Malaita provides unique in-
sights into the collisional and pre-collisional tectonic
history of the OJP as it dnifted towards, and finally
collided with, the Solomon arc. Structural data from
Malaita are coupled with seismic swath mapping and
geological data from the region around Malaita to
formulate a model for the collision of the OJP and
the Solomon arc which is proposed below.

2. Regional tectonic and geological setting

The greater part of the island archipelago nation,
Solomon Islands, forms a linear double chain of
islands, oriented NW-SE between latitudes 5-10°
south, and longitudes 156—163° east, in the south-
west Pacific (Figs. 1 and 2). Solomon Islands are a
component of the Greater Melanesian Arc System
which marks the collisional zone between the Aus-
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tralian and the Pacific plates which includes (from
northwest to southeast) the islands of New Britain
and Bougainville in Papua New Guinca, Solomon
Islands, and Vanuatu (formerly known as New He-
brides). At the present time the Australian Plate is
subducting beneath the Pacific Plate, and has been
doing so for approximately the past 12 m.y. (e.g..
Yan and Kroenke, 1993).

Solomon Islands are the subaerial tip of an up-
standing topographic block (e.g.. Petterson, 1995).
the Solomon Islands block. which is bounded by
two trench systems, one located to the northeast (the
Vitiaz trench system). and one located to the south-
west (the South Solomon trench system) (Figs. 1 and
2). The Solomon Islands block comprises a series
of topographic highs which form the islands and
other shallow-submarine topographic structures, as
well as a series of deeper intra-block sedimentary
basins with sea depths of <1 km. The Vitiaz trench
system extends ~2500-3000 km in a NW-SE to E-
W direction from the Kilinailau trench, north of the
Taba-Feni Islands (Papua New Guinea) through the
North Solomon, Ulawa, and Cape Johnson trenches,
1o the Vitaz trench itself (Figs. 1 and 2). The Vitiaz
trench system varies in depth between approximately
3000 m and 6000 m. The South Solomon trench
system (SSTS) is divisible into three distinct parts
which are (from northwest to southeast): (1) the New
Britain trench (maximum depths of between 5000
m and 9000 m); (2) the area of trench shoaling
between Bougainville and Guadalcanal (maximum
water depths of between 2500 and 5000 m); and (3)
the San Cristobal trench (with maximum depths of
between 5000 m and 7500 m).

The great bulk of the OJP is located north of
the Vitiaz trench, much of it standing at a general
elevation of ~2 km above surrounding the ocean
floor (e.g.. Kroenke, [972). At the time of writing
WAr-"Ar ages of basalt samples from the islands
of Malaita and Santa Isabel and Deep Sea Drilling
Project (DSDP) and Ocean Drilling Project (ODP)
horcholes into the OJP suggest a bimodal distri-
bution of ages with one data population clustering
around 122 = 3 Ma and a second population clus-
tering around 90 + 4 Ma (Mahoney et al., 1993a.b:
Tejada et al., 1996). These data have been interpreted
by Bercovici and Mahoney (1994) as indicating that
the platcau may have formed during two discrete

magmatic events related to mantle plume dynamics.
However, it is also possible that the apparent bi-
modality of the age data reflects the sparse sampling
of the Alaska-sized OJP, and 1t is still a possibility
that the plateau was formed over a more protracted
period (e.g.. Ito and Clift, 1996). After platcau for-
mation, subsequent plate movements juxtaposed the
OJP alongside the Solomon block at ~25-20 Ma
(e.g., Coleman and Kroenke, 1981; Kroenke, 1984;
Yan and Kroenke. 1993).

Solomon [slands are not a simple arc system
but represent a collage of crustal terranes with dis-
crete and complex geological histories. This fact was
first recognised by Coleman (1965, 1966, 1970) and
Hackman (1973). who divided this region into three
distinct geological provinces.

(1) The Pacific Province to the east appears to be
an uplifted and largely unmetamorphosed portion of
the OJP, and forms the basement of Malaita. Ramos.
Ulawa, and north of the Kaipito—Korighole fault
system on Santa Isabel (e.g., Hawkins and Barron.
1991; Petterson, 1995; Tejada et al., 1996).

(2) The Central Province is adjacent to the Pa-
cific Province in the southwest and contains vari-
ably metamorphosed Cretaceous and early Tertiary
seafloor and remnants of the northeast-facing arc
sequence that grew during the early to middle Ter-
tiary above the then southwest-plunging Pacific Plate
(prior to the arrival of the OJP from the ecast).

(3) The Volcanic Province, which extends along
the southwestern flank of the Central Province. is
an island arc sequence composed of volcanic and
intrusive rocks and active volcanoes; the age of
this province appears to be <4 Ma {e.g.. Petterson.
1995).

However, subsequent mapping and geochemical
investigations have shown that this “province model’
is an oversimplification of the tectonic processes
which have affected this region. An alternative model
has been proposed by Petterson (1995) and Petter-
son et al. (1997) which incorporates the findings
of recent work, and subdivides the Solomons into
five distinct terranes on the basis of basement age
and composition and subsequent arc development
(or lack thereof).

The oldest basement of many of the Solomon
Islands was formed either at a normal ocean ridge
and is composed of normal or N-type MORB, or
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was formed as part of the OJP magmatic events
and has a plume-related basalt composition. Subse-
quently, there were two stages of arc development
which transformed the bulk of the Solomon block
from being basalt-dominated, to a basalt plus an-
desite, arc-like, crustal composition. ‘Stage-1" arc
development (Table 1) occurred during the Eocene—
Early Miocene (Kroenke, 1984) and resulted from
southwestwards-directed subduction of the Pacific
Plate beneath the Australian Plate along the Vi-
tiaz/North Solomon trench. Arc-related volcanic and
volcaniclastic rocks of this age occur on the is-
lands of Guadalcanal, Choiseul, the Floridas, south
Santa Isabel, and the Shortland Islands (Neef and
Plimer, 1979; Hackman, 1980; Turner and Ridge-
way, 1982; Kroenke, 1984; Pound, 1986; Coulson
and Vedder, 1986; Ridgeway and Coulson, 1987).
Subduction ceased along the Vitiaz trench during
the Mid-Miocene, possibly because of the entry of
the OJP into the Vitiaz trench (e.g., Coleman and
Kroenke, 1981; Table 1). Northeast-directed sub-
duction commenced during the Late Miocene along
the South Solomon trench and resulted in Upper
Miocene—present-day "Stage-2’ arc accretion on the
islands of Choiseul, the New Georgia Group, the
Russell Islands, Savo, Guadalcanal, Makira (San
Cristobal), the Shortlands, and possibly the Flori-
das (Hackman, 1980; Chivas, 1981; Dunkley, 1983,
1986: Kroenke, 1984; Pound, 1986; Coulson and
Vedder, 1986; Ridgeway and Coulson, 1987; Petter-
son, 1995; Petterson et al., 1997).

The thick QJP basalt sequences of several of
the major islands (Malaita, northern Santa Isabel,
Ramos, Ulawa) within the Solomon Islands have
equivalent pelagic limestone = chert cover se-
quences to those encountered in the ODP and DSDP
boreholes on the OJP (Kroenke, 1972; Hughes and
Turner, 1977; Berger et al., 1992; Kroenke et al.,
1993; Petterson, 1995). Kroenke (1972) demon-
strated a remarkable degree of continuity in seismic
reflection stratigraphy between the ‘Malaita anticli-
norium’ (Fig. 2) and the OJP itself. The Malaita
anticlinorium is a region within the Solomon block
which has undergone significant deformation result-
ing in regional folding and thrusting; these struc-
tures have been mapped onland (e.g., Hughes and
Turner, 1976; Danitofea, 1981; Hawkins and Bar-
ron, 1991; Petterson, 1995), and seismically imaged

offshore (e.g., Kroenke, 1972; Kroenke et al., 1986;
Sopacmaps, 1994). The Malaita anticlinorium is in-
terpreted by many workers (e.g., Kroenke, 1984) as
the obducted part of the OJP. The island of Malaita
is where the thickest sequence of OJP crust is ex-
posed subaerially and where the deformation which
resulted in the Malaita anticlinorium can be most
clearly studied.

2.1. Age constraints on tectonic models relating to
Solomon Islands

Tectonic models relating to the Solomon Islands
region described above are a summary interpreta-
tion based on models published in the literature and
recent work undertaken by the authors. As such, Sec-
tion 2 presents a consensus view. However, we feel
that we must emphasise that these models are based
partly on sparse, and often imprecise age data, and
questionable assumptions concerning the relation-
ship between subduction and magmatism in arc sys-
tems. For example, prior to the recent investigations
of the present authors, only ~12 age determinations
have been published from the whole of the Solomons
chain; several of these have large experimental errors
and were determined by whole-rock K/Ar techniques
(e.g., Richards et al., 1966; Snelling et al., 1970;
Hackman, 1980; Dunkley, 1983). There are some ad-
ditional constraints provided by palacontological and
stratigraphical studies, but this still leaves very large
gaps in our geochronological understanding of the
Solomon Islands, although present Ar/Ar age-dating
studies are beginning to fill in these gaps. Another
problem with present-day tectonic models relates to
the timing of the Stage-1 and Stage-2 arcs; how do
we actually define when one arc system ends and
another one begins? At present, this interpretation
is based upon an apparent cessation in magmatism
in the Mid-Miocene. Future geochronological stud-
ies may show that, in reality, there may be no such
cessation, and even if there were it does not neces-
sarily mean that one subduction system has ended
and another one taken over, but may merely reflect a
temporary halt in magma production within a single
subduction system.
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3. Outline of geology of Malaita

3.1 Previous geological investigations

The first reconnaissance geological map of

Malaita (Rickwood, 1957) only covered the north-
ern poriion of the island. Using photogeological
evidence as well as field traverses, Allum (1967)
produced a geological map which covered the en-
tire island. Prior to this work. the most compre-
hensive studies of Malaita geology were conducted
by Hughes and Turner (1976, 1977), who concen-
trated on south Malaita. with Hine (1991) and Barron
(1993) concentrating on northernmost Malaita. Fur-
thermore, the cover sediments were reported 1o range
in age from Cretaceous to Tertiary (¢.g.. McTavish,
1966; Coleman, 1966: Van Deventer and Postuma.
1973) and the structure in these sediments was stud-
ied by Hackman (1968). Several petrographic, geo-
chemical, and petrogenetic studies have been made
of the Oligocene alndites of Malaita (e.g., Rickwood,
1957: Allen and Deans, 1965a.b.c, 1968; Nixon
and Coleman, 1978: Neal. 1985, 1988:; Nixon and
Neal. 1987, Necal and Davidson, 1989). Puaradox-
ically. these unusual and volumetrically miniscule
rocks were the most understood rocks in Malaita
betore the present study.

3.2, Stratigraphic summary

The geology of Malaita reflects its unique posi-
tion as an obducted part of the Alaska-sized OJP.
As such, the geology comprises a mono-litholog-
ical Cretaccous basalt basement sequence up to 4
km thick, here termed the Malaita Volcanic Group
(MVG). conformably overlain by a Cretaccous—
Pliocene pelagic sedimentary cover sequence (Figs. 3
and 4. Estimated total thicknesses of the Malai-
tan cover sequence are 1-3 km, which is some-
what thicker than sediment thicknesses measured in
DSDP/ODP cores trom the submerged OJP (<1.3
km; e.g., Kroenke et al.. 1991); this may suggest that
the Malaitan sequence has experienced local tectonic
thickening. Cretaceous to Pliocene pelagic sedimen-
tation was punctuated by alkaline basalt volcanism
during the Eocene at ~44 Ma (Tejada et al., 1996),
and ultramafic (alndite) intrusive activity during the
Oligocene at ~34 Ma (Davis. 1977). Basement and

-

cover sequences were both deformed by an intense
but short compressive to transpressive deformation
event during the mid-Pliocene. A number of lo-
calised Upper Pliocene~Pleistocene. shallow-marine
to subaerial, predominantly clastic formations over-
lic a mid-Pliocene unconformity surface (Petterson.
1995).

The MVG yield ¥ Ar—* Ar plateau ages of 1223
Ma (Aptian, Lower Cretaceous) (R.A. Duncan. un-
publ. data; Tejada et al.. 1996). The MVG are a
monotonous sequence of pillowed and non-piltowed
tholeiitic basalt lavas and sills composed of a pre-
dominant clinopyroxene—plagioclase tholeiitic min-
eralogy with minor glass + opaques and rare cor-
roded olivine phenocrysts. Lava/sill thicknesses vary
between 80 em and 50-60 m with modal thicknesses
of between 4 and 12 m: this variation in lava thick-
nesses possibly reflects inputs from both proximal
and distal sources, and/or variations in the rugged-
ness and topography of the scafioor. The plateau
morphology of the MVG is reflected in the presence
of trap-like topographic features exposed in numer-
ous river sections. There is remarkably little non-
basaltic sediment present between sheets (most inter-
sheet contacts observed are basalt-basalt contacts)
indicating very high effusion rates. When present.
intra-sheet sediment usually comprises laminated
pelagic chert with only rare lIimestone, millimetres
10 a few centimetres thick. reflecting a deep-water
emplacement of the basalts equivalent to, or deeper
than the carbonate compensation depth (CCD) at that
time: the predominance of chert over limestone as
inter-sheet material implies that the bulk of the erup-
tions occurred below the CCD (sce below). Gabbroic
intrusions, dolerite dykes. and an unusual spherulitic
dolerite lacies are present locally. The geochemical
composition of the MVG is intermediate between
‘N'- and ‘E’-type MORB, typical of plateau basalts
{c.g., Mahoney. 1987: Neal et al.. 1997): geochem-
ical and isotopic data lic within geochemical fields
defined by OJP samples from the ODP and DSDP
borcholes, indicating essentially identical composi-
tions (Fig. 5). The MVG formed as part ot the OIP
during the first major magmatic event related to the
OJP plume as no 90 Ma lavas have been found on
Malaita.

Immediately overlying the MVG is the 100-270-
m-thick. Lower to mid-Cretaceous Kwaraae Mud-
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