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Abstract

The island of Malaita. Selomon Islands, represents the obducted southern margin of the Ontong Java Plateau (OJP).
The baseiment 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 tformation (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 voleaniclastic sediment indicating the relative closeness of the OJP to the Solomon arc. The inidal collision of
the OJP und 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 briefly ceased at this time but resumed intermittently on a local
scale from ~13 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 65 through to 4 Ma. The most
intense period of compressive to transpressive detormation 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 basalis within the larger anticlines. Basement and cover sequences are deformed together in a coherent
geometry and there are no major decollement surfaces: 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 sequence. Mid-Pliocene
detormation records the detachiment of the upper parts of the OJP. 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, 19953;
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 drifted 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 Vidaz 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 arca 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, 1972). 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)
boreholes 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 tormed over a more protracted
period (e.g.. Ito and Clift, 1996). After plateau 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 (1963, 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 cast).

(3) The Volcanic Province, which extends along
the southwestern flank of the Central Province. is
an island are sequence composed of volcanic and
intrusive rocks and active volcanoes; the age of
this province appears to be <4 Ma {e.g.. Petierson.
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 ). 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 OJP 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 palaecontological 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 studics 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 (e.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, Ncal and Davidson, 1989). Paradox-
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 Cretaceous 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 Mulai-
tan cover sequence are 1-3 km, which is some-
what thicker than sediment thicknesses measured in
DSDP/ODP cores from 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 (alnéite) intrusive activity during the
Oligocene at ~34 Ma (Davis. 1977). Basement and

=1

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
o subacrial, 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 scquence 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 cm 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 scafloor. 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 limestone, millimetres
o 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 oceurred below the CCD (see below). Gabbroic
intrusions, dolerite dykes. and an unusual spherulitic
dolerite Tacies 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
boreholes, indicating essentially identical composi-
tions (Fig. 3). The MVG formed as part ot the OJP
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-



M.G. Petterson et al./ Tectonophysics 283 (1997) 1-33

(£661) Muoory] pue uek “(1861)
SBAIYD) “(P861 TLET) uaory

(9861) 19pPaA
pur uos[NOD (p§61) uIOTY

(S661) uosianad (LL61
‘9/61) JauIny, pue saying

(9661) "[e 10
epelo], (ega61) "B 19 ASuoyey

BN L—8/TT5T

BN TC-ST

"AUAIOTA
IOMOT—3UIDOH /U0

“QUID0IA O
uonewoj neaje(d [pnun wolj

e 06~ PUE B 771

‘B2l BJIB[R]A UI UOTIRIUSLLIPIS
eas-dasp panunuo)

RN A
uo uoneIudWIpas edas-dosp
panunuo)) B ¥ F T Jo 23e
21I0Ip BYoJ “wisnewIeus are
uouro[og 1-23mg jo afm)s [rur

“SpuR{SI UOWOJOS
SNOJAWNU UO UOHEBIUILILPIS
pue wsnewsew paje[aI-oIy

‘wisijewSew aj1oufe

B p€ PU® ‘jeseq autfeye

e b 1eseq Suipiing-neate|d
2 06 Aq parenound
uonmuauwipas oiead gos-doo(y

‘wisnedeul dueseq
‘parepo1-owingd ‘panuad-yi;
IO 2INSSIJ;, AAISSEIA

WNLOUTITUR BIB[BIN JO JUOZ
[PUOISI[[OD UiYIiM UOEULIOJIP
difs-oqins pue 1snuy;

JO JUILIIIUDUILIOD I[QISSO]

‘eale youan ul Junjney

JSDIYJ, "S)[NBJ [RPUOISUI)IXD
PAIRIDOSSE YIIM YOUDI] ZBIJIA
01 yoroxdde uo gro jo Suigary

"Yo0[q—2Je UoWo[og
pue youar zerip Jo UONBULIO

*2U320Y 2Y) WOI) UOHBULIO)
uisey (ejoumejneq "3'2) (8207
JuaAd Juiping-nearerd ey 06

0] PaJe[aJ SAINJONIIS [RUOISUMIXH

‘uonjrurio) nedeid o1ued00
0] paje[al SaINJONIIS [RUOISUIIXH

ol
UOWO[OS PUE J[() WIMId]
23rys [ruoIsSIjj0d  Suiyoop 1os,

YoudI) ZENIA I8 UonInpgns
Pa1I2TP-S JO UOIRSSD
Krezodwdy H18 UOWO[OS
1-93e1§ JO UOTIESSI) YJ0|q—ITe
UoOUIO[OS pue J[() BN 1SI1]

"Youar ZeniA

18 UonINpPygns pajdlp-yinog
‘21€ uowojog [-28mg

‘wisnewdew paje[ar-owngd,
Aq parenjound ‘spiemiinos
dlO O JUSWDAOW JAISSEJ

dfO Jo uonewIog

RESIIEIEIE) |

Sunuy,

UOTIBIUIWIIPIS/WISTUBI[OA

S2INIONAS PAaABIIOSSY

TUIAS DIU0II9],

WNUOUIONUR BHB[BA PUE ‘BIR[BIA ‘d[Q JO AIRWUWNS [BI130[0U0IYd JUOIOI],

[ 2198L



9

~~
~
i
~
[
>
>
~

Petierson et al. /[ Tectonophysic:

I,

M.C

(€o61)
U0y (+661) sdeuedog

(FRO1 TLOT) MU0

(16e 1) Ul

(£H6 1) MUY pur urd (9861}
{opyun(] “(ORG 1) urLyovH

“(erep qndun) ayudOIy|

AT 661 sdewordog
{(LRG1) UOSINO.Y pur Aemaspry

BIN O—C

PIN T

VAT S/9¢

van 1::.41—2 ._5_41.36
[ AR RN I BT A B

R A
wody aFws HULIOA U Ty
G|~ UrEng adeys ouunjoy wig

suiseqy
UL PUR]IIO) OTUT JUDWEPIN
Suippays suedwes snag
[PIUOL] BUR[RJA UO SIHWIPAS
[PIAD]] 01 dULIRWL-WOf[RYs
pastiroo] jo uonsodagy

RUITEHTHINO

uis sduard 1snagy (eiuod) wodj
WAWIPIN JO TUIPPAYS YISO

RETHTHORIIEEIRIY]
AIRIUIUTPAS QUL - WO[[RYS
01 ras-doap woly dRURY,)

RN O] + +°0 ([ruedrpenny

O SIPDEOA OTI[RD)

10] T DLIOWOIPRE PIUIULINID
1satpiee Aoy RITI0I0) MaN
CIASSY] TOARS C|rundRprnn)
RINRIA UO HONPIUALUPS

PUR WSUED[OA 2R T-0801S

RIERIEIIP IR

HIOL] "RAE[[] JO ISPA WUSIURI]OA
ZRIIA QHA IDIATOY WSTURIOA
[nastoyy Jo aseyd puoaag

UL -PHN
[nastoy,y jo aseyd s

ARUURTIRISAN

Sisnay)
PAAUP-A S St pNdIdINUL
sdewardos £q paseun
WALIOUTALUE LRI UGS
SHBPLL DULIBLIGNS "RUR(EN
UO SISTINORY BUIBIOA MS

IR

UO S)NEJ [PULIOU PARALIE-D1 A
DSIYL JO AOS SRR SN pU
SPLOJ RALNAWLANE FUIRIA-N

(epepuy 1o
spsodap g egeng ) sulseq
JULIBL PAIR]OST JO UONEWIO]

Bunju
10/pur “Fuipjo) uossados
JU2ULIU] Ul

00
anbI[go Wod} SUN[nsaL sudqueIR

urde-pnd Ui wsiesjos
NIOJY O[OS YINog Jo i)

SOIUIDIIY

Juun ]

UOTRIUDRIPIS AUUSTUIOA

SANINDS PARIIOSSY

“paNPYNS () Jo spd
IR ERTINRIN(ERRHRINUIISN
LDAQ PUT TYIUDN UOLIOJOS

N DU S80I 182AYIn0os

A SPIRAMOT ST )-8 1O
wy of-¢e Jaddn jo uonanpqo

ereeA uo dips-ayus HS- MN

uw uoissarditon S o
! MS HN

MUR[RN JO TUTBAOYS (50g )

Jolejy 8IS TUYdOp pINH.

sipdap o

[HUEITTHS

O1 RUB[TLY JO 2IUIBAW

[gouad)
UOWIO[OS [INOS T8 1onanpans
PADAUP- N DN TOWO[OS

R L TSN TUBLERITIRRITRII Y

youan

ZULIA T JFO) JO nonompgas
PAIMIP-G TUDTULINY

WAAD DU,

(PANULUOI) | AT,



10 M.G. Petterson et al. / Tectonophysics 283 (1997) 1-33

Thickness Column Legend

Localised Upper Pliocene - Pleistocene Ist/cgl formations

unconformity

ggg to Suafa Deep sea pelagic + shallow marine Ist.
Formation (Upper Miocene - Lower-Mid Pliocene)
500 !
1058 Haruta Foram.-pelagic Ist with turbidite mudstone.
< Formation :(Mid Eocene - Mid Miocene)
Maramasike
<500 Formation Highly vesicular alkali basalt.
(44.2+0.2Ma)
3?858 Alite Limestone Foram.-pelagic Ist with chert interbeds.
< Formation (Mid Cretaceous to Lower Eocene)
100to Kwaraae Mudstone  Bedde radiolarian chert,
270 Formation (Lower Cretaceous)
3000 t,? Malaita Voicanic Pitlowed and non-pillowed
4000¢?) Group (MVG) basalts sheets with only

minor chert/Ist interbeds.
:Cretaceous (125-121Ma)

Fig. 3. Generalised stratigraphical column of Malaita essentially comprising of 3—4 km of basement OJP-related basalts and ~1500-3000
km cover sequence dominated by siliceous and calcareous pelagic ooze sediments with localised alkali basalts.

stone Formation. This formation is composed of Kwaraae Mudstone Formation is conformably over-
a parallel-laminated, very fine-grained, radiolarian lain by the 300-1000-m-thick upper Aptian/lower
+ foraminiferal siliceous mudstone. The mudstones Albian to Eocene Alite Limestone Formation. Alite

become more calcareous in their upper parts. The Formation limestones comprise an alternating se-
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quence of hard, porcellanous, very fine-grained.

foraminiferal calcilutites with regular interbeds of

chert. The chert/limestone ratio decreases with in-
creasing stratigraphical height. Chert layers arc
coloured red, white or green, and vary in thick-
ness between 10 and 30 cm, comprising between 15
and 40% of outcrops. The viscosity contrast between
the host limestone and chert layers produces a very
characteristic structural style dominated by chevron
to polyclinal folds, thrusts. boudinage. and pinch and
swell structures, Alite Formation calcilutites contain
single. double. and multi-chambered foraminifera
which comprise between 10% and 60% of individ-
ual thin sections. Both the Kwaraae Mudstone and
Alite formations contain very low abundances of
allochthonous igneous-derived crystals such as pla-
giaclase, vitric grains. ete. The Kwaraac and Alite
formations formed as a result of relatively slow
pelagic sedimentation within a deep-ocean environ-
ment situated at a great distance from any subacrial
land mass.

Field data summarised above show that siliccous
ooze deposition was predominant or common dur-
ing MVG. Kwaraae Formation, and lower to middle
Alite Formation times (Aptian—Paleocene/Eocenc).
After this time calcareous ooze deposition became
predominant. A simple interpretation of these data
is that the local or regional occan bottom rose in
elevation with time from a position beneath the CCD
to one above the CCD. However. oceanic lithosphere
subsides on cooling. which is in conflict with the
interpretation of a rising ocean bottom. Other expla-
nations include:

{1} a deepening of the CCD with time, allowing
the carbonate/siliccous ooze ratio to increase despite
subsidence of OJP lithosphere:

(2) sedimentation rates high enough to raise the
sediment/watcer interface above the level of the CCD
after Maastrichtian to Paleocene/Focene times:

(3) the earlier lack of carbonate supply reflects a
lack of contemporancous biological productivity:

{4) this portion of ocean floor was approaching a
hotspot which caused elevation of the scafloor.

Estimates of CCD depth in the Pacific Ocean
(Thierstein, 1979; Arthur et al.. 1985) suggest that it
wus al approximately 3 km depth from 125 to 85 Ma,
then increased to 6 km depth at 75 Ma, rebounded
back to 3 km at thc K-T boundary before returning

to 6 km depth during the Paleocenc. This supports
the general conclusion is that all pre-Upper Miocene
sedimentary facies on Malaita are compatible with a
deep (>3 km) oceanic origin.

The Maramasike Volcanic Formation, present lo-
cally at the top of the Alite Formation. is composed
of highly brecciated and vesicular/amygdaloidal al-
kaline basalts rcaching a total thickness of 100-
500 m. One sample yielded an Eocene ™ Ar—"Ar
platcau age of 44.2 = 0.2 Ma (Tejada et al.. 1996).
The basalts arc both massive and pillowed. with
calcite, zeolite. chlorite. epidote. chalcedony. and
glass amyedales comprising up to 60% of the towal
rock volume. Breccias comprise angular basalt clasts
set in a glassy or sparry calcite cement. Tachylites.
tuchylite breccias. and hyaloclastites are common.
The predominant mineralogy is clinopyroxcne (in-
cluding Ti-augite), plagioclase. glass. = olivine. =
apatite. Maramasike basalts display typical alkaline
basalt-normalised trace-clement patterns. and have
Na-O + K-O abundances of 3—4%: isotopically
some samples are similar to basalts from Raratonga
and Samoa, whereas others are similar to OJP lavas
(Tejada ¢t al.. 1996). The high levels of vesicu-
larity in the Maramasike basalts contrast markedly
with the very low vesicularity of basement MVG
hasalts. Although it is impossible 10 be definitive
about the relationship between degree of vesicularity
and depth of extrusion, it is unlikely that high levels
of vesiculation (>20%) would result from extrusion
below a seawater depth of ~3150 m (e.g.. Kokelaar.
1982). although this is partly dependent on magma
CO-/H-0 ratios. Another important observation is
that the Maramasike basalts are sandwiched between
carbonate pelagic ooze sediments indicative of a rel-
atively shallow-water environment. We suggest that
the Maramasike basalts were extruded at more in-
termediate water depths (72000-2500 m) from a
number of small- o medium-sized seamount-like
voleanic centres. The position of the volcanic field
was structurally controlled, being situated within a
series of extensional grabens (Petterson. 1995). This
structural control explains the patchy and restricted
outcrop pattern of the Maramasike basalts within the
Faulaumela basin of northern Malaita (Fig. 4).

The  500-1000-m-thick. Eocene—Mid-Miocene
Haruta Limestone Formation conformably overlies
the Alite Limestone Formation, or, Tocally, the Mara-
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Fig. 5. Comparison of the MVG with the basalts from Ocean Drilling Project boreholes using primitive-mantie-normalised element plots.
Note that the Unit A and Unit C—G types from the boreholes are very similar to the A type and C—G types present in the MVG. The Site
%03 borehole data tend 1o be intermediate between the A type and C-G type variants, but these were erupted ~-30 Ma luter (Mahoney et
al. 1993a.b). Basalt ML 475 contuins one of the highest MgO abundunces (9.99 wit) of anv hasalts sampled from Malait. Primitive

Sample/Pr

0.1

mantle vilues from Sun and McDonough (1989).

masike Volcanic Formation. Haruta Formation se- tests which comprise between 10% and 70% of
quences are characterised by alternating beds of fine- individual thin sections. Turbiditic mudstones are
grained. foraminiferal calcilutites, and dark-coloured vitric-crystal-rich and contain shard-like vitric clasts.
turbiditic mudstones, giving the formation a char- plagioclase. clinopyroxene and possibly amphibole.
acteristic. striped black and white appearance. The Geochemical data indicate a possible basalt-andesite
mudstones are typically between < | and 20 cm thick arc provenance for the mudstones (T.L. Babbs and
and display sharp bases and bioturbated tops; they A.D. Saunders. unpubl. data: Petterson. 1995). Struc-
form an excellent way-up criterion. The calcilutite tural styles within the Haruta Formation ditfer from
host naterial contains well preserved foraminifera those of the Alite Formation: folds are of a larger

Fig. + Geological map of Malaita indicating a remarkable NW=SE structural grain region (the arca defined by the box in Fig. 21. Four
major basement QJP basalt inliers crop out within major periclingl symmetrical antiforms: these structures are (from south to north):
the Kwaio. Kwaraae. Fateleka. and Toambaita inliers. The Auluta thrust helt and Fautaumela basin crop out between the Kwarase and
Fateleka anticlines (see Fig. 7). The areas depicted by the boxes represent sections presented in more detail in later ligures: A = the
Auluta tarust belt. Fautaumela basin, and Fateleka anticline (presented in Fig. 12y B = the Fiu re-entrant zone (presented in Fig. 9): C =

the Sinalanggu area (presented in Fig. 11,
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scale, more open, and occasional intra-formational
thrusts are present. The Haruta Formation records
the input of terrigenous arc material by turbidity
currents into a deep-sea, pelagic sedimentary envi-
ronment, indicating the relative close proximity of
subaerial or near-subaerial, volcanic masses.

The 300—-850-m-thick, Upper Miocene to Lower—
mid-Pliocene Suafa Formation conformably over-
lies the Haruta Formation. Outcrop distribution of
Suafa Formation rocks is highly domainal with the
most important locality being the extensional Fau-
faumela basin (Fig. 4). The Suafa Formation con-
tains a spectrum of litho-facies with one end-mem-
ber being typical deep-water pelagic limestone, and
the other end-member being current-bedded, rela-
tively poorly sorted, calcareous siltstones containing
benthonic fauna. Some facies contain up to 10%
allochthonous grains (plagioclase, pyroxene, horn-
blende, biotite, and lithic fragments), reflecting the
input of terrigenous volcanic arc material. Suafa For-
mation sediments were deposited within a basinal
environment in both deep and medium-shallow wa-
ter depths, and in close proximity of landmasses.
The Suafa Formation records the gradual emergence
of Malaita to near-subaerial levels from its initial
deep-water position.

A series of localised Upper Pliocene to Pleisto-
cene clastic sedimentary formations were deposited
above the mid-Pliocene unconformity (Figs. 3 and
4). These include:

(1) the calcilutite-dominated Lau Limestone For-
mation of northeast Malaita;

(2) the brown calcisiltite-dominated Tomba Lime-
stone Formation of northernmost Malaita (Barron,
1993);

(3) the shallow-marine to subaerial, alluvial to
deltaic Hauhui Conglomerate Formation of west—
central Malaita;

(4) the raised coralline terraces of the Rokera
Limestone Formation.

The 34 Ma ultramafic alndite breccias and
finer-grained pipes and sills intrude the Malai-
tan cover sedimentary sequence as high as Lower
Haruta Formation levels (op. cit.). The Malaitan
alndites have a complex mineralogy and can con-
tain olivine, clinopyroxene, melilite, phlogopite, per-
ovskite, spinel, £ nepheline, & melanite, & apatite,
as well as discrete megacrysts and lherzolitic au-

toliths (Allen and Deans, 1968; Nixon et al., 1980;
Neal, 1985). The location of alnoite intrusions is
closely controlled by extensional faults and graben
structures. The alnoites formed as a result of small-
degree melting of a garnet peridotite (e.g., Nixon et
al., 1980) or pyroxenite (e.g., Neal, 1995) at a depth
of ~120 km; this melting may have been linked
to renewed plume activity, although Coleman and
Kroenke (1981) attributed it to the arching of QJP
lithosphere over the North Solomon trench.

4. Structural overview

Malaita has only appeared above sea level as an
island since the uppermost Pliocene and has a very
youthful geomorphology, with relief and coastline all
strongly controlled by structure. River and coastline
orientations are predominantly parallel or orthogonal
to the general NW-SE structural grain, and the
areas of highest topographic relief coincide with the
basaltic cores of major anticlinal structures.

No evidence exists that the island of Malaita
underwent any major phase of compressional de-
formation prior to the mid-Pliocene transpressive
deformational event. The present study indicates
that the youngest stratigraphic formation to be de-
formed is the Suafa Formation, whose age is brack-
eted by microfaunal and structural evidence at Late
Miocene to Early/mid-Pliocene (Hine, 1991; Petter-
son, 1995). Only the youngest and more localised
Upper Pliocene/Pleistocene stratigraphic formations
are undeformed and unconformably overlie the de-
formed Lower Pliocene and older stratigraphic for-
mations. However, it is possible that deformation
present within much the larger Malaita anticlino-
rium region (Fig. 1) may have begun during earlier
(?Miocene) times, with the island of Malaita only
recording a specific time frame in a deformational
continuum which possibly began in the Miocene and
continues to the present day.

The fundamental structural characteristic of
Malaita is the well developed NW-SE structural
grain, emphasised by fold axis orientations (Fig. 6).
A more quantitative analysis indicates a modal axial
planar strike of 128°. Four major periclinal anti-
clines are present in north—central Malaita and these
are (from north to south) the Tombaita, Fateleka,
Kwaraae, and Kwaio anticlines (Figs. 4 and 6).
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All display vergence to the northeast, except the
Tombaita anticline which exhibits a southwest ver-
gence. All are asymmetrical and have upright to
overturned axial planes (Fig. 6). Sigmoidal devi-
ations to the general NW-SE structural grain are
locally present (e.g., northern edge of the Kwaio an-
ticline and within the Tombaita structure; Figs. 6-8).
Also, the large NE-verging folds are locally refolded
about later southwest-verging folds (e.g., the Kwaio
back thrust belt; Figs. 6 and 7). In addition, the Fiu
re-entrant zone (Fig. 9) is discordant with the gen-
eral structural grain of Malaita. Structures within this
zone subtend at an angle ~20° anticlockwise to the
regional strike, with the whole structure indicating a
sense of sinistral strike-slip movement.

Thrust faults present on Malaita (Fig. 8) are ori-
ented NW-SE with a minor N-S and E-W compo-
nent. The majority of thrusts dip to the southwest
and south with a minor northeast-dipping population
(generally restricted to the Kwaio backthrust belt).
The thrust faults give a sense of movement to the
northeast, but when combined thrust movement and
minor fold vergence are considered, it is apparent
that although a northeast sense of movement pre-
dominates, there is a significant sense of movement
recorded in the opposite direction. Field relations
demonstrate that the predominant northeast vergence
and sense of thrust movement predates the southeast
vergence event.

The major faults present on Malaita have pre-
dominant NE-SW orientations and suggest at least
four major events (Fig. 10); the earliest of these was
probably related to the formation of the OJP. The
second event was related to a period of extension and
basin formation during the Eocene/Early Pliocene
which formed WNW-ESE- and NE-SW-trending
faults. This period of extension was followed by
mid-Pliocene compression, again producing ESE-
WNW- and NW-SE-trending faults as well as re-
activating earlier ones. The final fault-forming event
(Upper Pliocene to present) produced faults of a vari-
ety of orientations (particularly NE-SW and E-W),
possibly as a result of pressure release and uplift.

The existence of the regional NW-SE struc-
tural grain, together with the sigmoidal fold struc-
tures, are interpreted as reflecting a general NE-
SW-directed (038-218°) compressional event with
simultaneous, predominantly (though not exclusive-

ly) sinistral strike-slip. These tectonic features reflect
a transpressional phase of deformation consistent
with the present-day oblique convergence of the Pa-
cific and Australian plates (Figs. 1 and 2). The struc-
tural data (Fig. 6) are further interpreted as reflecting
a Lower to mid-Pliocene tectonic event which physi-
cally moved material towards the northeast, followed
by a later backthrusting tectonic style with resultant
thrusting towards the southwest. This interpretation
is corroborated by seafloor swath mapping data adja-
cent to Malaita (e.g., Kroenke, 1995).

4.1. Structural subdivisions

It is possible to divide north—central Malaita into a
number of subdivisions which have a common struc-
tural style and/or illustrate unique structural charac-
teristics. This approach is particularly useful with
respect to a quantitative analysis of structural data.
Line-balanced cross-sections using the relatively thin
Kwaraae Mudstone Formation as the template hori-
zon (e.g., Ramsay and Huber, 1987) are generally
drawn perpendicular to the local strike, and use field
traverse data and local dips to constrain structural
models. The deeper structural models presented in
line-balanced and other sections (Fig. 7) indicate that
the large asymmetrical fold structures are blind tip
regions of thrusts which have a detachment surface
1-4 km beneath the basement—cover transition plane.
The blind thrust model is the preferred conceptual
model for the Malaitan folds as it explains their ge-
ometry and vergence, the close relationship between
folding and thrusting in some areas, is a plausible
mechanism for explaining the overall shortening of
Malaita, and accords well with the regional struc-
ture of the Malaitan anticlinorium imaged by numer-
ous seismic and swath mapping surveys (these reveal
a regional thrust stack-foreland basin structure, e.g.,
Sopacmaps, 1994; Kroenke, 1995). The subdivisions
combine to make up approximately one third of the
area of north—central Malaita (Figs. 4 and 7) and the
important features of the structural subdivisions areas
are discussed below from south to north.

4.1.1. Kwaio anticline — Kwaio backthrust belt
— Sinalanggu fold belt subdivisions

The Kwaio anticline is the largest single fold
structure present on Malaita (Fig. 4). It has a NW—
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SE-trending long axis measuring some 65 km. a half

wavelength of 17 km., and vergence is 1o the north-
cast. A cross-section through the southern part of the
Kwaio anticline extending into the Sinalanggu fold
belt (Fig. 7a) illustrates the asymmetrical, slightly
overturned nature of the large Kwaio anticline fold
axis. with three NE-directed thrusts present along the
western limb of the fold. The fold belt is composed
of a number of short-wavelength fold structures
which form part of a larger-scale synformal struc-
ture. Fold vergence is symmetrical (to the northeast
and southwest) about the central Sinalanggu fold
structure.

A section through the Kwaio backthrust belt,
the Kwaio anticline, and the northern part of the
Sinalanggu fold belt (Fig. 7b) demonstrates that the
western limb of the Kwaio anticline has undergone
a later phase of refolding and backthrusting. This
late-stage deformational phase includes both south-
west fold vergence and southwest-directed thrusting.
Later SW-directed thrusts are seen cutting their car-
lier NE-directed counterparts (Fig. 7b). The northern
part of the Sinalanggu fold belt comprises NE-verg-
ing, overturned. asymmetrical folds.

A linz-balanced cross-section through the north-
ern part of the Kwaio anticline (Fig. 7¢) is drawn
orthogonal to the predominant shortening direction,
close to actual geological field traverses. Section-
balancing calculations for Fig. 7c demonstrate that:

(1) tkis part of Malaita has undergone 15—-16 km
(or 36%) of shortening;

(2) 3.5-4 km of basement basalts have been
folded by the Kwaio anticline;

(3) the major detachment surface is situated at a
depth of 3.5—4 km beneath the cover sequence;

{4) this section (along with several others in
Fig. 7) suggests that smaller-scale thrusts which
break surface probably ‘root™ at the deeper “master’
detachment surface.

Folds of the Sinalanggu fold belt are well de-
fined by the alternating outcrops of Haruta and Alite
Limesione formations (Fig. i1) and this belt 1s an
excellent example of the style of deformation present
in the cover sequence of Malaita. Key elements of
this structural style include:

(1) an average fold wavelength of 1.0-1.5 km;

(2) a predominant NW-SE fold axial trace direc-
tion;

(3) sigmoidal outcrop traces for many of the
Haruta Limestone outcrops demonstrate that the area
has undergone a degree of predominantly sinistral
strike-slip deformation;

(4) areas of overturned strata are present;

(5) NE-SW-trending faults dominate.

4.1.2. Fiu re-entrant Zone

The Fiu re-entrant zone marks the change in
structural grain from NW-SE within the northern
part of the Kwaio anticline to WNW-ESE just
to the north (Figs. 4, 7 and 9). This zone repre-
sents the largest area of north—central Malaita with
a consistent structural discordance to the predomi-
nant NW-SE structural grain. The area is dominated
by folds with a wavelength of ~3-10 km, which
represent the northern terminal zone of the Kwaio
anticline and related parasitic folds superimposed
on the limbs of the larger Kwaio structure. The
sigmoidal axial fold traces reflect local strike-slip
movements which are predominantly, but not exclu-
sively, sinistral. The eastern part of this subdivision
has experienced considerable shortening, illustrated
by a number of north-directed thrusts (Fig. 9). Stere-
ographic projections of bedding orientational data
(Fig. 9) define more symimetrical fold morphologies
with SSW-vergence and a general fold axial plunge
ot 3—108°.

4.1.3. Auluta thrust belr, Faufaumela basin, and
Fateleka anticline

In these subdivisions, NE-verging faults predomi-
nate, with a modal fold axis plunge orientaiion of 6-
129° (Fig. 12). The presence of two population max-
ima in the SW quadrant of the bedding orientation
stercogram presented in Fig. 12 demonstrates that
strike-slip movements have locally affected these
areas.

The Auluta thrust belt 1s perhaps the most com-
plex area structurally, as it has experienced the
largest degree of shortening in central-northern
Malaita. This is demonstrated by the high density of
imbricated thrusis (Fig. 7d—g) which shows move-
ment predominantly to the northeast and involves
both basement and cover rocks. Asymmetrical, over-
turned folds with a predominant NE-vergence are
closely associated with these thrusts. Indeed. many
of these folds have thrusted northern limbs. Fold
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Fig. 7. Geological cross-sections through north—central Maluita. Lines of section and structural subdivisions of Malaita are shown on the
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wavelengths vary between 500 m and 3 km (e.g.,
Fig. 7d,e,g, and Fig. 12). A line-balanced cross-sec-
tion through the northern part of the Auluta thrust
belt, the Faufaumela basin, and the Fateleka anticline

demonstrates the general overturned nature of the
folds and the NE-vergence of fold and thrust struc-
tures (Fig. 7g). This section clearly demonstrates the
sympathetic relationship between the Auluta syn-

Fig. 9. Geological map of the Fiu re-entrant zone emphasising the change in orientation of fold axes from NW-SE to WNW-ESE,
and SE-dipping thrust faults with a NE-sense of displacement. Insets are stereographic projections of bedding and axial planar/fold axis
plunge data and a rose diagram of axial planar strike for the Fiu re-entrant zone. Note the 20 anticlockwise angular discordance between
the Fiu rz-entrant zone and the general structural trend of Malaita. See Fig. 4 for location in north—central Malaita.
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N

Fig. 10. Map of fault trends in north-central Malaita. Inset diagram is a rose diagram of fault strike data indicating predominant NE-SW,

ESE-W3W, and N-S preferred orientations.

cline and the complementary Fateleka anticline; this
complete structure has a wavelength of ~17 km.
The Fateleka anticline is thrusted along its northern,
overturned limb and this has a very strong photo-
geological expression. Analysis of photo-lineaments
in this area suggests that the northern edge of the
Fateleka anticline has experienced (?strike-slip) ro-

tational, movements in addition to the NE-verging
thrust movements. Calculations based upon line-bal-
ancing of this section demonstrate that:

(1) the area has experienced a total of 16.5 km
(46%) of shortening; this relatively high-percentage
shortening reflects the fact that much of the shorten-
ing has been accommodated by thrusting;
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(2) approximately 2 km of basement MVG basalts
have been folded by the Fateleka anticline;

(3) the major detachment zone to the Fateleka
anticline is calculated to be situated at a depth of 2
km beneath the cover sequence; smaller-scale thrusts
root from this major detachment.

A line-balanced cross-section across the Kwaraae
anticline (Fig. 7f), situated in a less deformed part of
the Auluta thrust belt, demonstrates that:

(1) this area has experienced a total of 4.5 km
(34%) absolute shortening;

(2) approximately 1 km of basement MVG basalts
have been folded by the Kwaraae anticline;

(3) the major detachment surface to the Kwaraae
anticline is estimated to be at a depth of 1 km
beneath the cover sequence.

The general structure of the Faufaumela basin is
illustrated in Fig. 7d,e,g). The Ngwafi area (Fig. 7d)
is underlain by a thickened pelagic sedimentary se-
quence dramatically thickened on the downthrown
basinal side of a major (normal) growth fault. The
Ngwafi fault has an apparent throw of ~1.5 km,
but was probably re-activated as a reverse fault in
mid-Pliocene times; before the mid-Pliocene defor-
mation the throw of the Ngwafi fault was probably
even greater. The Faufaumela basin is essentially a
synformal structure which plunges to the southwest
(Figs. 4 and 7). This area has been a region of ex-
tension and basin formation since Eocene times with
deep-level basement structures controlling overall
structural development; four key pieces of evidence
lead to this conclusion.

(1) This area is one of only two areas in
north-central Malaita which contains outcrops of
the Focene alkaline basalts of the Maramasike
Volcanic Formation. The Maramasike Formation
basalts are sandwiched stratigraphically between the
Cretaceous—Eocene Alite Limestone Formation and
the Eocene—Miocene Haruta Limestone Formation.
A probable tectonic setting for the eruption of these
basalts is within an extensional depo-centre, with the
deep-sourced magma utilising basement structures to
rise to surface eruption sites.

(2) The Oligocene alndites crop out exclusively
within the Faufaumela basin and the northern part of
the Auluta fold belt. These are ultramafic magmas of
deep-seated origin which again have probably risen
along deep-basement extensional faults which in turn

control basin development in the Faufaumela basin
area.

(3) This area contains by far the thickest se-
quence of the Miocene-Pliocene Suafa Limestone
Formation, and a thickened sequence of the Eocene—
Miocene Haruta Limestone Formation. Sedimenta-
tion rates increased with time, with a maximum
sedimentation rate occurring during Suafa Formation
times (Late Miocene to Early/mid-Pliocene). Sedi-
mentation rates are inversely proportional to water
depth in deep-water pelagic environments far re-
moved from terrigenous sediment input (e.g., Berger
et al., 1992). Combined structural and sedimentation
rate evidence implies that the Faufaumela basin was
a graben structure within a relatively elevated part of
the Ontong Java Plateau.

(4) Elevated concentration levels of heavy metals,
in particular Ag and Pb, in stream sediments from
the Faufaumela basin (Mahoa and Petterson, 1995),
can easily be explained by the activity of hydrother-
mal cells related to the magmatism present within
the basin. The presence of extensional faults would
greatly facilitate mineralisation.

4.1.4. Toambaita fold belt — Lau unconformity
subdivisions

This area is the most poorly known area in terms
of field data because access is limited in the hinter-
land of the island. However, a cross-section through
this area (Fig. 7h) demonstrates the general fold
morphology with fold vergence to the southwest;
this is the opposite of the predominant NE-vergence
of Malaitan folds. Bedding orientational data for the
Toambaita anticline demonstrate the steeply dipping
to overturned character of rocks on both limbs, par-
ticularly in the southwest (Fig. 7). The fold axis
plunges towards the east-southeast, somewhat dis-
cordant to the regional NW-SE structural grain. The
Fateleka anticline exhibits NE-vergence and is in
close proximity to the Toambaita anticline, which
implies that the intervening syncline has been es-
sentially thrusted out. Calculations based on Fig. 7h
suggest that the area has experienced approximately
24% of crustal shortening.

4.1.5. Summary
The main conclusions of the structural study from
Malaita are as follows:
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(1) The topography of Malaita is youthful and
strongly controlled by structure.

(2) Rocks that vary in age from Cretaceous to
Early/mid-Pliocene have been affected by the same
phase of compressive to transpressive deformation,
and form a structurally coherent sequence.

(3) Upper Pliocene to Pleistocene and Recent sed-
iments unconformably overlie the older, deformed
sequence.

(4) The age of compressive—transpressive defor-
mation is stratigraphically bracketed between the
Lower/mid-Pliocene and Upper Pliocene on the is-
land of Malaita. 1t is possible that the regional com-
pressive deformation which affected the much larger
Malaita anticlinorium region began during earlier
Miocene times.

(5) There is a strongly developed structural grain
with an average strike of 128°.

(6) Some areas are locally discordant to the 128°
strike direction; the angular discordance is up to
20° anticlockwise and reflects strike-slip movements
which are predominantly, but not exclusively, sinis-
tral. This strike-slip deformation was essentially
penecontemporaneous with the mid-Pliocene com-
pressive deformation: thus the mid-Pliocene defor-
mation was transpressive in character.

(7) Malaitan thrusts and asymmetrical fold struc-
tures have resulted from NE-SW compression with
accompanying transpression, and show a predomi-
nant sense of movement/vergence to the northeast. A
subsequent SW-directed backthrust phase of defor-
mation is recognised.

(8) Although both volcanic basement and sedi-
mentary cover sequences are involved in folding and
thrusting deformation, there is no major decollement
surface between them.

(9) The large anticlines present on Malaita are the
result of blind thrusts which have detachment sur-
faces of between | and 4 km beneath the sedimen-
tary cover sequence. Similar thicknesses of basement
(1-4 km) are involved in the folds/thrust structures.

(10) Line-balanced cross-sections indicate local
crustal shortening of between 24% and 46%.

(11) The Faufaumela basin has been a depo-centre
since at least Eocene times with sedimentation rates
in the basin increasing with time. The basin has also
been a focus for alndite and alkaline basaltic intru-
sion and extrusion. Constructed, scaled, geological

cross-sections indicate the presence of basin-margin
extensional growth faults with downthrows of ~1.5
km. A combination of sedimentation rates and struc-
tural evidence suggests that the Faufaumela basin
has been a graben structure located within a struc-
tural high region of the Ontong Java Plateau for a
considerable part of the area’s history.

5. Ontong Java Plateau—Solomon arc collision

5.1. Formation of OJP and subsequent passive drift
northwards

The OJP formed above a major Cretaceous plume
head in the southern Pacific, between 35° and 50°
south, with major plateau-building magmatic events
at ~122 Ma and 90 Ma (e.g., Mahoney et al,
1993a,b; Tejada et al., 1996; Neal et al.. 1997).
The portion of the OJP that now forms Malaita prob-
ably formed along the southern edge of the plateau
thousands of kilometres away from the position of
the present-day Solomon Islands. From the Aptian
to the Mid-Eocene the cover sequence of Malaita
records deep-water pelagic sedimentation within an
intra-oceanic environment. This is interpreted as the
southern part of the OJP being passively carried
northwards as part of the Pacific Plate. During the
Eocene the Pacific Plate began to subduct beneath
the Australian Plate at the North Solomon/Vitiaz
trench which resulted in Stage-1 arc activity along a
northeast-facing Solomon arc (e.g., Kroenke, 1984).
The Eocene was also a period of change within the
cover sequence of Malaita. This change commenced
with the eruption of the highly vesicular alkaline
Maramasike Formation basalts which may have been
erupted as the OJP passed over the Samoan, or pos-
sibly Raratongan hotspot (Tejada et al., 1996). The
high vesicularity of the Maramasike basalts contrasts
markedly with the distinct lack of vesicularity of
the OJP-related Malaita Volcanic Group tholeiitic
basalts and indicates a shallower-submarine eruptive
setting, possibly from a series of seamounts. The
eruption of the Maramasike basalts marks the begin-
ning of a period of extension within the southern OJP
which resulted in the development of the Faufaumela
basin. Basin development was controlled by crustal-
scale extensional structures which allowed for the
ingress of magmas relating to both the eruption of
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the Maramasike volcanic rocks and intrusion of the
Oligocene alndites, and the development of thick-
ened Eocene—Lower Miocene sediments within the
basin. From the Mid-Eocene to the Mid-Miocene,
cover sediments on Malaita also record a high per-
centage of arc-related volcaniclastic turbidites which
indicate that the southern OJP was by this time
relatively close to sediment-charged turbidite fans
probably originating from the Stage-1 Solomon arc.

5.2. First contact between the OJP and Solomon arc

The timing of the first contact between the OJP
and the Solomon arc 1s controversial but is generally
bracketed between ~25 and 20 Ma and related to
the cessation of Stage-1 arc volcanism (e.g., Cole-
man and Kroenke, 1981; Kroenke, 1984; Yan and
Kroenke, 1993). If correct, the age of the youngest
dated igneous rock relating to the Stage-1 arc limits
the timing of the first contact (24 £ 0.4 Ma for the
Poha diorite of Guadalcanal; Chivas, 1981). Initial
contact of the OJP with the Solomon arc did not
result in any major compressional event within the
plateau; the cover sequence from Malaita during the
Early and Mid-Miocene does not record any signifi-
cant uplift or any compressive tectonism. Thus, this
initial contact was a ‘soft docking’ (Fig. 13; Table 1)
in the sense that the deformational front did not
extend to the future island of Malaita.

5.3. Subduction-related tectonics along the Vitiaz
and South Solomon trench svstems from 25 Ma to
the present

Although subduction ceased along the Vitiaz
trench in the vicinity of Solomon Islands during
the Early Miocene, it appears to have recommenced
during the Mid-Miocene (from ~15 Ma), and has
continued intermittently and locally to the present
day. Evidence to support this assertion includes:

(1) The arc-related volcanic centres of Maetambe
and Komboro on Choiseul were active during the
Mid-Miocene and Pliocene, respectively (Ridgeway
and Coulson, 1987; Fig. 13; Table 1). Choiseul is at
a much more typical arc-trench gap distance with
respect to the Vitiaz trench relative to the SSTS,
especially as the great bulk of the volcanic centres
related to the SSTS are situated anomalously close to

the trench compared to most arc systems (e.g., John-
son and Tuni, 1987; Johnson et al., 1987; Petterson,
1995).

(2) Present-day seismicity within the vicinity of
Solomon Islands indicates that active subduction
with a southwestern polarity is taking place beneath
Santa Isabel. This subduction is related to the Vitiaz
trench (Cooper and Taylor, 1984; Cooper et al,
1986; Petterson, 1995).

(3) Recent swath mapping of the ocean floor be-
tween Makira (formerly San Cristobal), and Santa
Cruz revealed numerous volcanic edifices oriented
along three linear to arc-shaped chains (Sopacmaps,
1994; Kroenke, 1995). The southernmost chain is re-
lated to northwards-directed subduction of the Aus-
tralian Plate beneath the Solomon block at the San
Cristobal trench, the northernmost chain is related to
southwards-directed subduction of the Pacific Plate
beneath the Solomon block at the Vitiaz trench,
and the central chain is related to rifting (op. cit.).
Kroenke (1995) correlated the Vitiaz volcanic chain
with the islands of Anuta and Fatutaka situated fur-
ther east, south of the Vitiaz trench, which have
yielded radiometric ages of ~2 Ma (Jezek et al.,
1977). The seafloor imagery data resulting from the
Sopacmaps swath mapping project is compelling ev-
idence that subduction has occurred along the Vitiaz
trench in very recent geological times, and may be
occurring at present. An important conclusion result-
ing from this assertion is that thinner parts of the OJP
potentially may have been subducted in tofal without
causing any significant deformation to the Solomon
arc.

Yan and Kroenke (1993) suggested that sub-
duction along the SSTS began at around 12 Ma.
Within Solomon Islands there is no definitive ev-
idence for subduction-related volcanism until the
Upper Miocene: the oldest radiometric date for this
volcanic phase is a K—Ar date of 6.431.9 Ma for the
Gallego volcanics of Guadalcanal (Hackman, 1980).
On many islands the oldest volcanism from this
period is Pliocene and younger. We suggest that sub-
duction along the SSTS was diachronous (e.g., Mann
et al., 1996), with subduction beginning in the east,
in the Fiji area, gradually moving westwards and
beginning in the Makira—Guadalcanal area at ~8-7
Ma (Fig. 13; Table 1). The intermittent volcanism at
this time may be because of an incomplete record
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Fig. 13. Cartoon diagram illustrating tectonic model for the OJP-Solomon arc collision. (1) 25-20 Ma. Initial ‘soft docking’ between the
OJP and the Solomon arc. Cessation of SE-directed subduction at Vitiaz trench. (2) 15-10 Ma. Resumption of localised. intermittent,
passive subduction of the OJP at the Vitiaz trench. Volcanism on Choiseul and east of Makira. (3) 7/8 Ma—present day. Commencement
of main NE-directed subduction at South Solomon trench system. Stage-2 Solomon arc commences. (4) 5/6—4 Ma. Increased coupling
between Solomon arc and OJP causes uplift of Malaita from abyssal to shallow-marine depths. (5) 4-2 Ma. Malaita shortened with
the production of NW—SE-trending folds and NE-propagating thrusts. Detachments form at ~6-10 km. Simultaneous subduction of

deeper level OJP. (6) 2 Ma—present day. Malaita and Malaita anticlinorium obducted southwestwards over the Solomon arc. Continued
subduction of deeper level OJP.
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or either low-angle subduction and/or the temporary
plugging of the trench by thicker portions of the OJP
(cf. Cloos, 1993).

5.4. Formation of the Malaita anticlinorium and
obduction of Malaita

Increased coupling between the OJP and Solomon
block. possibly caused by the entry of the then
newly formed and relatively hot Woodlark basin
oceanic lithosphere into the SSTS close to pre-
sent-day Makira, resulted in the formation of the
Malaita anticlinorium (which includes the island of
Malaita; Kroenke, 1972) (Fig. 2). While deforma-
tion present within other parts of the Malaita anti-
clinorium could have perhaps occurred during the
mid-Early Miocene, the first indications of an im-
minent deformation event in the sedimentary record
of Malaita are recorded within the Miocene—Lower
Pliocene Suafa Formation. Unlike any of the older
sediments of Malaita, the Suafa Formation contains
relatively shallow-marine facies with current bed-
ding structures and benthonic fauna. We interpret
this change of sedimentary facies as indicating the
gradual emergence of Malaita from abyssal depths
to much shallower levels; this uplift occurred dur-
ing Late Miocene/Early Pliocene times (Fig. 13;
Table 1).

The age of the main compressive—transpressive
deformational event on Malaita island is stratigraph-
ically placed at mid-Pliocene. One of the key con-
clusions. from structural studies of Malaita is that
the earliest stage of deformation involved a gen-
eral movement of material towards the northeast.
There are a number of published seismic sections
which support the Malaita vergence data, and pro-
vide insights into the origin of the NE-moving struc-
tures. Kroenke (1972) included several seismic sec-
tions which are relevant here. For example, fig. 11
of Kroenke (1972) depicts NE-trending nappe-like
structures north of the Cape Johnson trench (at
least five discrete nappes are imaged), and fig. 17
(Kroenke, 1972) depicts NE-verging asymmetrical
folds northeast of Santa Isabel, with southwesterly
dipping, northeast-verging thrusts cutting both cover
and basement sequences. P. Mann (pers. commun.,
1995), has produced enhanced seismic reflection im-
ages from data of Bruns et al. (1986, 1939). One

of these images is a NE-SW-oriented section across
the Ramos Ridge situated between Santa Isabel and
Malaita, and clearly shows NE-verging folds within
the sedimentary cover sequence. These seismic im-
ages clearly show that structures which are very sim-
ilar in shape, style, and vergence to those exposed
on Malaita are widespread throughout the Malaita
anticlinorium.

Some of the NE-vergent thrusts on Malaita may
be reactivated normal faults. Kroenke (1972) pre-
sented seismic images of the Roncador—Stewart arch
area of the OIJP, north of Malaita (Fig. 2) which
reveal a number of major extensional faults. Fur-
thermore, Coleman and Kroenke (1981) suggested
that extensional structures formed within the OJP as
a result of the buckling and arching of OJP litho-
sphere as it approached the Vitiaz subduction zone.
Extensional faults would also form within the OJP
shortly after the original emplacement event as the
plateau cooled and contracted, or as it passed over
the Samoan or Raratongan hotspot. Once formed (by
whatever method), these extensional faults would be-
come permanent crustal fractures which may be reac-
tivated during a later compressional tectonic regime.
Alternatively, the Malaitan thrusts may use natural
lithological weakness zones, such as lava—lava con-
tacts or rare sedimentary interbeds, as detachment
zones. In essence, our interpretation of the above
data is that during the mid-Pliocene (4 Ma to 2
Ma) Malaita (and other QJP-related Solomon Islands
such as northern Santa Isabel and Ulawa) was short-
ened and overthrusted fowards the northeast (Fig. 13;
Table 1).

5.4.1. 2 Ma—present day: detachment and transport
of the OJP

Data discussed above suggest that southwards-
directed subduction of the OJP along the Vitiaz
trench is possibly occurring at the present time
and has been doing so since the Late Miocene—
Pliocene. This subduction occurred penecontempo-
raneously with the 5-2 Ma emergence, shortening,
and obduction phase of the OJP. The final event in
the obduction of the OJP was the detachment of a
flake of the OJP upper crust from a horizon at ~5—
10 km, and the subsequent southwestwards transport
of this flake across the North Solomon trench. Nu-
merous NW-SE submarine ridges in the vicinity of
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Malaita have been imaged by the recent Sopacmaps
seafloor swath mapping survey (Sopacmaps, 1994;
Kroenke, 1995). These ridges have the morphol-
ogy of SW-verging frontal thrust ramparts and as-
sociated foreland basins, with sediment shedding
into the foreland basin from the frontal thrust ridge
(Kroenke, 1995). These structures may also have an
analogue on Malaita as the late SW-directed back-
thrusts and SW-verging major folds identified in the
Kwaio backthrust belt. The SW-verging structures
provided a mechanism for the OJP to cross the North
Solomon trench and thrust over the Solomon arc.

6. Implication

We stress that the flake tectonic model presented
above is only one of a number of possible models
which could explain the formation of the Malaita
anticlinorium. However, while there are other in-
terpretations to the data, it is our conclusion that
they best support the model presented above. This
model uses structural data and field observations
from Malaita in conjunction with geophysical sur-
veys of the surrounding submerged crust to describe
the tectonic history of the OJP from formation to
its present-day location at the boundary of the Aus-
tralian and Pacific plates. The major implication of
this model is that it predicts that the southern edge
of the OJP in the vicinity of Malaita is essentially
split into two components. The Solomon arc block is
indenting the OJP in such a way that the upper 5-10
km of the OJP are being detached and overthrusted
southwestwards over the Solomon arc block, whilst
deeper parts of the OJP edge are being subducted
(Fig. 13; Table 1). If this model is correct, it suggests
that even the largest and thickest of oceanic plateaus
are not necessarily preserved completely intact and
are inherently, at least in part, subductable. This
may explain the relative lack of obducted plateau
remnants in the continental crustal record.
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