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ABSTRACT

The first U-Pb ages from a ca. 26-24 Ma pluton on Guadalcanal, in the intra-oceanic Solo-
mon island arc (southwest Pacific Ocean), reveal Eocene- to Archean-aged zircon xenocrysts.
Xenocryst populations at ca. 39-33 Ma and ca. 71-63 Ma correlate with previously obtained
ages of supra-subduction magmatism within the arc. A ca. 96 Ma zircon population may be
derived from Cretaceous ophiolite basement crust or region-wide continental rift-related
magmatism. Xenocryst age populations alternate with periods of oceanic basin formation that
fragmented the East Gondwana margin. Early Cretaceous to Archean zircon xenocryst ages
imply continental origins and a cryptic source within the arc crust; they may have been intro-
duced by Eocene interaction of a continental fragment with the arc, and concealed by ophio-
lite obduction. The data demonstrate that continentally derived zircons may be transported
thousands of kilometers from their source and added to intra-oceanic arc magmas, a process
likely facilitated by cyclical subduction zone advance and retreat. The findings highlight the
continuum of arcs that occurs between continental and oceanic end members, and the caution
with which zircons should be used to determine the provenance and setting of ancient arc ter-
ranes accreted to the continental crust.

INTRODUCTION

The accretion of intra-oceanic arcs (I0OAs)
to the continents is demonstrated by the jux-
taposition of diachronous terranes containing
ophiolites, oceanic arc—affinity plutons, and
volcano-sedimentary rocks. Zircon’s robust
U-Pb chronometer and refractory nature estab-
lishes it as a frequently used tool for determin-
ing the provenance of arc terranes and recon-
structing the growth of their associated orogens.
However, xenocrystic zircons derived from
unobserved continental sources have been doc-
umented in ancient and characteristically [OA
terranes (Kroner, 2010). While regions such as
the Arabian-Nubian Shield represent some of
the largest additions of IOA juvenile crust to
the continents, the presence of enigmatic zircon
xenocrysts (e.g., Hargrove et al., 2006) is prob-
lematic for interpreting the real contributions
of IOAs to the evolution of continents (Condie
and Kroner, 2013). Examples of continent-
derived zircon in modern IOAs are scarce, and
our understanding of how this material may be
introduced into the arc setting is poor.

The Solomon island arc (SIA) defines a
major zone of active convergence between the
Indo-Australian and Pacific plates (Fig. 1A).
Seismological estimates of the SIA’s crustal
thickness and bulk composition are comparable
with those of the Izu-Bonin IOA (Miura et al.,
2004). Prior to this study, no continental mate-
rial had been documented in the SIA, and the
oldest basement lithology was a 92 + 20 Ma
normal mid-ocean-ridge basalt type ophiol-
ite (Petterson et al., 1999). Along strike of the
southwest Pacific convergent zone, arcs have
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evolved within an extensional accretionary oro-
gen setting (Collins, 2002), whereby periodic
episodes of Pacific slab retreat, and extension of
the East Gondwana continent margin, generated
continental rift-related magmatism (135-80
Ma), micro-continental blocks, and extensive
back-arc basins (Bryan et al., 1997; Crawford
et al., 2003; Schellart et al., 2006). Previous
tectonic reconstructions have extrapolated an
extensional continent-margin setting to the early
SIA (Schellart et al., 2006); others have sug-

gested IOA origins on the Pacific plate (Yan and
Kroenke, 1993) and predicted later continent-
margin interaction (Hall, 2002).

We document the first U-Pb geochronology
and evidence for continental material within the
crust of Guadalcanal, SIA. Here, an Oligocene-
aged pluton contains a complex record of zircon
xenocryst ages, which, when integrated with
other regional data from the southwest Pacific
extensional accretionary orogen, gives a new
geodynamic context for the evolution of crustal
components. Furthermore, the work offers valu-
able insights into the interpretation of tectonic
processes that incorporate continentally derived
zircon into ancient IOA terranes.

SIA REGIONAL GEOLOGY AND
TECTONICS

The SIA is a complex crustal collage. Late
Cretaceous ophiolite units form the basement
of Choiseul, Florida, and Guadalcanal Islands
(Fig. 1). The Jajao igneous suite (ca. 68-62 and
46 Ma; Tejada et al., 1996) is the oldest arc—
back-arc unit, previously inferred as an exotic
IOA (Yan and Kroenke, 1993) associated with
northeast-dipping subduction beneath the Pacific
plate (Hall, 2002). Following the Eocene shear-
ing of Cretaceous ophiolite basement (Fig. 1C;
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Figure 1. A: Present-day southwest Pacific Ocean bathymetry (www.geomapapp.org). B:
Tectonic map of present-day Solomon island arc. C: Simplified lithology of Guadalcanal (af-
ter Hackman, 1980). CH—Choiseul Island; CS—Coral Sea; FL—Florida Islands; GC—Gua-
dalcanal; JJ—Jajao igneous suite; LHR—Lord Howe Rise; LP—Louisiade Plateau; NC—New
Caledonia; NR—Norfolk Ridge; OJP—Ontong Java Plateau; PP—Papuan Peninsula; PT—
Pocklington Trough relict subduction zone; QP—Queensland Plateau; SIA—Solomon island
arc; SS—Solomon Sea; SSTS—South Solomon Trench System; TS—Tasman Sea; VT—Vitiaz
Trench; WB—Woodlark Basin (younger than 6 Ma and currently subducting at the SSTS).
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Figure 2. Frequency histogram of zircon dates from the Umasani pluton and summary of corresponding regional tectonic events and zircon
ages; xenocryst ages older than 120 Ma compare with northeast Australian and New Caledonian detrital zircon populations; zircon dates and
overlapping magmatic arc units alternate with periods of basin formation and ophiolite crustal genesis since the Late Cretaceous continen-
tal rifting events. Mio.—Miocene; Oli.—Oligocene; Pal.—Paleocene; Mz—Mesozoic; Pz—Paleozoic; WVP—Whitsunday volcanic province;
other abbreviations as in Figure 1. Concordant ages have >90% concordance, discordant ages <90% concordance. Histogram bins <120 Ma
represent 2 m.y.; >120 Ma bins represent 60 Ma. 2°Pb/%¢U ages are used for <600 Ma, 2°’Pb/2*®Pb ages for older zircons. Data and references
are given in Figure DR2 and Table DR2 (see footnote 1).

Hackman, 1980), mid—late Eocene gabbro-tonal-
ite emplacement (Neef and McDougall, 1976),
and the 34-28 Ma opening of the Solomon Sea
backarc basin (Joshima et al., 1986) indicate
the onset of SIA growth related to southwest-
directed Pacific plate subduction at the Vitiaz
Trench, which continued until the collision of the
Ontong Java Plateau (Petterson et al., 1999; Hall,
2002). Intrusive silicic magmatism is expressed
on Guadalcanal as the Oligocene Umasani,
Poha, and Lungga plutonic complexes (Hack-
man, 1980), and is temporally constrained by an
early Miocene unconformity and a single 24.4
Ma (K-Ar) age from the Poha complex (Chivas
and McDougall, 1978). The late Miocene rever-
sal of subduction zone polarity (Petterson et al.,
1999) consumed much of the Solomon Sea at
the northeast-dipping South Solomon Trench
System, juxtaposing the Louisiade Plateau, argu-
ably a fragment of continental crust (Gaina et al.,
1999), against the arc.

OLIGOCENE INTRUSIVE AGES

In this study, we focus on the geochro-
nological record contained within a tonalite
(X008) and three representative diorites (X002,
UM13B, UM14B; Table DR1 in the GSA Data
Repository') of the 20 km? Umasani plutonic
complex (Fig. 1C). Sample descriptions, meth-
odology, representative zircon cathodolumines-
cence images, and isotopic data are provided in

the Data Repository. The U-Pb data obtained
through laser ablation inductively coupled
plasma mass spectrometry are summarized in
Figure 2. Zircon morphologies and internal tex-
tures are variable (Fig. DR1 in the Data Reposi-
tory); irregular and prismatic morphologies
range up to 200 pum in length and are typically
<100 pum in width, while rounded crystals do not
exceed diameters of 50 pum.

Average ages of the youngest analyses (Fig.
DR3 and Table DR2) are 23.3 + 3 Ma (UM13B;
n=4),24.5+1Ma (UMI14B; n = 18) and 24.2
+ 1.4 Ma (X008; n = 39); U-Pb analysis of rutile
from UM13B gives a similar age of 23.5 = 3.3
Ma. Diorite X002 yielded a U-Pb titanite age of
25.7 £ 0.9 Ma, but no Oligocene zircons. Given
the early Miocene stratigraphic constraints and
24.4 Ma K-Ar age of the Poha complex, the
data are interpreted as recording late Oligocene
intrusion ages.

ZIRCON XENOCRYST AGES AND
PROVENANCE

In addition to late Oligocene zircons, the data
indicate xenocrystic zircon components ranging
from 2752 to 33 Ma (Fig. 2; Fig. DR3). While
the environment of zircon genesis is not con-
strainable from age alone, the populations at
39-33 Ma (n = 12) and 71-63 Ma (n = 4) are
coeval with earlier arc-related magmatic units
(Fig. 2) within the SIA, which implies zircon

recycling from older arc crust. Eocene-aged
rims around Mesozoic- and Cambrian-aged
inherited cores were identified in two zircons
grains (Fig. DR1).

A single population at 95.8 + 4.1 Ma is pres-
entin UM13B (n = 25) and X002 (n =2) (Fig. 2;
Fig. DR3). Coeval centers of magmatism related
to continental breakup are prevalent across the
East Gondwana margin, including the 132-95
Ma Whitsunday volcanic province (Bryan et al.,
1997) and a probable expression in the base-
ment of the Woodlark Basin Rift at 100-90 Ma
(Zirakparvar et al., 2013; Fig. 3). Magmatism of
continental rift affinity is located on New Cale-
donia at ca. 88 Ma and was preceded by ca. 102
Ma arc activity (Nicholson et al., 2011). The
ca. 92 Ma Guadalcanal ophiolite also offers a
possible coeval, albeit poorly constrained, local
source for assimilation, although no zircon has
yet been documented from this ophiolite.

Paleozoic to Archean zircon dates (266-2752
Ma; n = 57) imply derivation from a continental
source. The closest known Archean terrane is
>1000 km inland from the present east coast of
Australia. However, Baldwin and Ireland (1995)
identified a ca. 2781 Ma zircon population in
clasts from the Woodlark Basin Rift system; no
protolith was identified, but reworked Archean
crust was predicted elsewhere within the region.
Comparable age spectra to >95 Ma xenocrysts
are found within New Caledonian Mesozoic sed-

!GSA Data Repository item 2014372, methods, Table DR1 (sample descriptions), Table DR2 (U-Th-Pb data), Figure DR1 (zircon cathodoluminescence images), Figure
DR2 (expanded figure caption and references for Fig. 2), and Figure DR3 (U-Pb zircon, titanite, and rutile age plots, individual sample frequency histograms), is available
online at www.geosociety.org/pubs/ft2014.htm, or on request from editing @ geosociety.org or Documents Secretary, GSA, P.O. Box 9140, Boulder, CO 80301, USA.
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Figure 3. Schematic reconstruction of East Gondwana fragmentation and Solomon island arc (SIA) crustal evolution from >100 Ma to 28
Ma (modified from Schellart et al., 2006; Whattam et al., 2008). Continental rift-related zircons (100-90 Ma) located in Woodlark Basin Rift
basement are proximal to Archean clasts (see text). EG—Archean zircon-bearing sources of the Etheridge group; HBRP—Hodgkinson—
Broken River province; other abbreviations as in Figure 1.

iments (Fig. 2; Adams et al., 2009). Adams et al.
(2009) proposed that Archean to early Paleozoic
zircon was reworked from continental metasedi-
ments of the Etheridge group and Hodgkinson—
Broken River province, northeast Queensland,
Australia, and that Mesozoic zircon was derived
from East Gondwanan marginal arcs (Fig. 3;
Fig. DR2). The continental and Triassic to early
Cretaceous zircon xenocrysts (n = 4; Fig. 2) sug-
gest that a continent-margin depositional center,
bounded by Mesozoic continental arcs similar
to that of New Caledonia, contributed zircon to
the SIA crust.

TECTONIC EVOLUTION OF THE SIA
CRUST

The presence of Paleozoic and older zircons
provides the first direct evidence of the presently
intra-oceanic SIA’s association with continental
crust, and requires the SIA’s tectonic evolution
to be evaluated in the context of regional events.

Figure 2 illustrates that zircon populations
and correlating magmatic arc units are punctu-
ated by periods of oceanic basin opening and
the formation and deformation of ophiolitic
crust. The Late Cretaceous breakup of the East
Gondwana margin and initiation of the south-
west Pacific extensional accretionary orogen is
signaled by a major episode of oceanic basin
formation that followed widespread continen-
tal rift-related magmatism (Bryan et al., 1997;
Crawford et al., 2003; Schellart et al., 2006). As
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this first episode of continent margin extension
is coeval with the ca. 96 Ma zircon population
and the ca. 92 Ma oceanic crust of ophiolite
basement on Guadalcanal, we suggest these
represent a similar history preserved in the SIA.
Although an exotic pre-Eocene arc (Yan and
Kroenke, 1993) cannot be entirely discounted, it
seems probable that the STA ophiolite crust was
formed in a Cretaceous back-arc basin setting as
a result of Pacific slab rollback at the continent
margin (e.g., Schellart et al., 2006; Fig. 3).

The Jajao suite provides the earliest evidence
of arc rocks (Tejada et al., 1996); this corre-
lates with the 71-63 Ma zircons, and indicates
arc activity preceding the opening of the Coral
Sea basin. Spreading in the Coral Sea at 62-52
Ma was induced by a short-lived episode of
northeast-dipping subduction at the Pocklington
Trough (Whattam et al., 2008; Fig. 3). Assum-
ing that sediments bearing continental zircon
were unable to travel across basins and bathy-
metric ridges to the SIA, the source of conti-
nentally derived zircons imparted to the SIA
must have been deposited before the opening of
the Coral Sea. Deposition upon the ca. 92 Ma
ophiolite crust cannot be ruled out if the early
arc rifted from East Gondwana, but as no ter-
rigenous sediments have been observed above
ophiolite pillow lavas (Hackman, 1980), a cryp-
tic source below the ophiolite is probable.

Ophiolite emplacement along strike of the
SIA (Fig. 3; Fig. DR2) resulted from micro-

continental fragments underthrusting short-
lived east-northeast—dipping subduction zones
(Whattam et al., 2008). The Eocene onset of
ophiolite deformation on Guadalcanal (Hack-
man, 1980) correlates with the termination of
spreading in the Coral Sea and of northeast
subduction at the Pocklington Trough (Fig. 2),
suggesting that a similar event occurred at the
SIA at this time. Hall (2002) predicted Eocene
interaction of the SIA with the continent mar-
gin. The Louisiade Plateau was likely rifted
from the continental shelf by Coral Sea spread-
ing (Fig. 3; Gaina et al., 1999), and its overly-
ing sediments are comparable with those of the
Queensland Plateau (Taylor and Falvey, 1977).
Thus, partial subduction of the Louisiade Pla-
teau at the Pocklington Trough is a plausible
mechanism for triggering ophiolite emplace-
ment and transferring continentally derived
zircons into the SIA (Fig. 3).

Tectonic reorganization and reinitiation of
Pacific plate subduction (Hall, 2002) preceded
late Eocene arc magmatism and ca. 39-33 Ma
zircon ages. Opening of the Solomon Sea back-
arc basin during a further phase of Pacific slab
rollback that ensued (Schellart et al., 2006) iso-
lated the SIA from the Louisiade Plateau (Fig.
3). Back-arc spreading continued until the prob-
able 26 Ma arrival of the Ontong Java Plateau
at the Vitiaz Trench (Knesel et al., 2008), with
recycling of hybrid arc crust into the Umasani
intrusions occurring shortly after.
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IMPLICATIONS OF CONTINENTALLY
DERIVED ZIRCON IN IOAs

Our reconstruction provides one possibility
of how the episodic slab rollback—controlled
extension of a continental margin may gener-
ate a diverse geochronological record within
IOA crust. The formation of oceanic basins,
microcontinental blocks, and arcs contributes to
a composite, temporally diverse crust across a
retreating extensional accretionary orogen. The
zircon components of the extended continent
margin, including the geochronological record
of continental material, can be recycled within
younger arcs by the tectono-magmatic processes
that act to transfer the arcs into intra-oceanic set-
tings, thousands of kilometers away from their
initial position. Cycles of erosion, deposition,
and interaction with younger magmas, after
xenocrysts are conveyed to the arc’s upper crust,
would create a crustal veneer of continentally
derived zircon throughout IOA assemblages,
albeit with an ever-diluting continental signa-
ture. We therefore suggest that arcs formed in
extensional accretionary orogens may be pre-
disposed to recycling of continentally derived
zircon; as such, the presence of enigmatic xeno-
crysts within ancient accreted IOAs may be an
indicator of arc evolution within this setting.

Regardless of the mechanism by which zir-
cons were incorporated into the SIA crust, their
presence demonstrates a dynamic spectrum of
arc formation between continental arc and IOA
end members. In addition, arc systems with IOA
characteristics can be active sites for the mixing
of juvenile arc and mature continental material
long after a proximal relationship is shared. This
highlights the caution with which zircon ages
should be used as a provenance indicator within
accreted allochthonous IOA terranes.

ACKNOWLEDGMENTS

Tapster thanks the University of Leicester and Brit-
ish Geological Survey University Funding Initiative
Ph.D. studentship (S176), NIGFSC (IP-1212-1110),
and SEG Newmont Student Research grant (2274).
We appreciate field support provided by the Solomon
Islands Geological Survey, Newmont Mining, Sol
Gold, and the Tamboko community. Guidance from
S.R. Noble and D.J. Smith, and reviews by J. Encar-
nacion, W. Schellart, and S. Whattam, have improved
this manuscript greatly. Tapster, Roberts, and Naden
publish with the permission of the Executive Director,
British Geological Survey (NERC).

REFERENCES CITED

Adams, C., Cluzel, D., and Griffin, W., 2009, Detrital-
zircon ages and geochemistry of sedimentary
rocks in basement Mesozoic terranes and their
cover rocks in New Caledonia, and provenances
at the Eastern Gondwanaland margin: Austra-

lian Journal of Earth Sciences, v. 56, p. 1023—
1047, doi:10.1080/08120090903246162.
Baldwin, S.L., and Ireland, T.R., 1995, A tale of two
eras: Pliocene-Pleistocene unroofing of Ceno-
zoic and late Archean zircons from active meta-
morphic core complexes, Solomon Sea, Papua
New Guinea: Geology, v. 23, p. 1023-1026, doi:
10.1130/0091-7613(1995)023<1023: ATOTEP

>2.3.CO;2.

Bryan, S., Constantine, A., Stephens, C., Ewart, A.,
Schén, R., and Parianos, J., 1997, Early Creta-
ceous volcano-sedimentary successions along
the eastern Australian continental margin: Impli-
cations for the break-up of eastern Gondwana:
Earth and Planetary Science Letters, v. 153,
p- 85-102, doi:10.1016/S0012-821X(97)00124-6.

Chivas, A.R., and McDougall, I., 1978, Geochronol-
ogy of Koloula porphyry copper prospect, Gua-
dalcanal, Solomon Islands: Economic Geology
and the Bulletin of the Society of Economic
Geologists, v. 73, p. 678-689, doi:10.2113
/gsecongeo.73.5.678.

Collins, W., 2002, Nature of extensional accretionary
orogens: Tectonics, v. 21, no. 4, p. 6-1-6-12,
doi:10.1029/2000TC001272.

Condie, K.C., and Kroner, A., 2013, The building
blocks of continental crust: Evidence for a
major change in the tectonic setting of conti-
nental growth at the end of the Archean: Gond-
wana Research, v. 23, p. 394-402, doi:10.1016
/j.gr.2011.09.011.

Crawford, A., Meffre, S., and Symonds, P., 2003,
120 to 0 Ma tectonic evolution of the southwest
Pacific and analogous geological evolution of
the 600 to 220 Ma Tasman Fold Belt System,
in Hills, R.R., and Miiller R.D., eds., Evolution
and dynamics of the Australian Plate: Geologi-
cal Society of Australia Special Publication 22,
p. 377-397.

Gaina, C., Muller, R., Royer, J., and Symonds, P.,
1999, Evolution of the Louisiade triple junc-
tion: Journal of Geophysical Research, v. 104,
p- 12,927-12,939, doi: 10.1029/1999JB900038.

Hackman, B.D., 1980, The Geology of Guadalcanal,
Solomon Islands: Overseas Memoirs of Her
Majesty’s Stationery Office, v. 6, 115 p.

Hall, R., 2002, Cenozoic geological and plate tec-
tonic evolution of SE Asia and the SW Pacific:
Computer-based reconstructions, model and
animations: Journal of Asian Earth Sciences,
v. 20, p. 353-431, doi:10.1016/S1367-9120(01)
00069-4.

Hargrove, U.S., Stern, R., Kimura, J.I., Manton, W.,
and Johnson, P., 2006, How juvenile is the
Arabian-Nubian Shield? Evidence from Nd
isotopes and pre-Neoproterozoic inherited zir-
con in the Bi’r Umq suture zone, Saudi Arabia:
Earth and Planetary Science Letters, v. 252,
p. 308-326, doi:10.1016/j.eps1.2006.10.002.

Joshima, M., Okuda, Y., Murakami, F., Kishimoto,
K., and Honza, E., 1986, Age of the Solomon
Sea Basin from magnetic lineations: Geo-
Marine Letters, v. 6, p. 229-234, doi:10.1007
/BF02239584.

Knesel, K.M., Cohen, B.E., Vasconcelos, P.M., and
Thiede, D.S., 2008, Rapid change in drift of the
Australian plate records collision with Ontong
Java plateau: Nature, v. 454, p. 754-757, doi:
10.1038/nature07138.

Kroner, A., 2010, The role of geochronology in
understanding continental evolution, in Kusky,
T.M., Zhai, M.-G., and Xiao, W., eds., The
Evolving Continents: Understanding Processes
of Continental Growth: Geological Society of
London Special Publication 338, p. 179-196,
doi:10.1144/SP338.9.

Miura, S., Suyehiro, K., Shinohara, M., Takahashi,
N., Araki, E., and Taira, A., 2004, Seismo-
logical structure and implications of collision
between the Ontong Java Plateau and Solomon
Island Arc from ocean bottom seismometer—
airgun data: Tectonophysics, v. 389, p. 191-
220, doi:10.1016/j.tecto.2003.09.029.

Neef, G., and McDougall, I., 1976, Potassium-argon
ages on rocks from Small Nggela Island, Brit-
ish Solomon Islands, SW Pacific: Pacific Geol-
ogy, v. 11, p. 81-86.

Nicholson, K., Maurizot, P., Black, P.M., Picard, C.,
Simonetti, A., Stewart, A., and Alexander, A.,
2011, Geochemistry and age of the Nouméa
Basin lavas, New Caledonia: Evidence for Cre-
taceous subduction beneath the eastern Gond-
wana margin: Lithos, v. 125, p. 659—-674, doi:
10.1016/j.1ithos.2011.03.018.

Petterson, M.G., et al., 1999, Geological-tectonic
framework of Solomon Islands, SW Pacific:
Crustal accretion and growth within an intra-
oceanic setting: Tectonophysics, v. 301, p. 35-60,
doi:10.1016/S0040-1951(98)00214-5.

Schellart, W.P., Lister, G.S., and Toy, V.G., 2006,
A Late Cretaceous and Cenozoic reconstruc-
tion of the Southwest Pacific region: Tectonics
controlled by subduction and slab rollback pro-
cesses: Earth-Science Reviews, v. 76, p. 191—
233, doi:10.1016/j.earscirev.2006.01.002.

Taylor, L., and Falvey, D., 1977, Queensland Plateau
and Coral Sea Basin: Stratigraphy, structure
and tectonics: APEA Journal, v. 17, p. 13-29.

Tejada, M., Mahoney, J., Duncan, R., and Hawkins,
M., 1996, Age and geochemistry of basement
and alkalic rocks of Malaita and Santa Isabel,
Solomon Islands, southern margin of Ontong
Java Plateau: Journal of Petrology, v. 37,
p. 361-394, doi:10.1093/petrology/37.2.361.

Whattam, S.A., Malpas, J., Ali, J.R., and Smith,
LEM., 2008, New SW Pacific tectonic model:
Cyclical intraoceanic magmatic arc construction
and near-coeval emplacement along the Austra-
lia-Pacific margin in the Cenozoic: Geochemis-
try Geophysics Geosystems, v. 9, Q03021, doi:
10.1029/2007GC001710.

Yan, C., and Kroenke, L., 1993, A plate tectonic
reconstruction of the Southwest Pacific, 0-100
Ma, in Berger, W.H., et al., eds., Proceedings of
the Ocean Drilling Program, Scientific Results,
Volume 130: College Station, Texas, Ocean
Drilling Program, p. 697-709.

Zirakparvar, N., Baldwin, S., and Vervoort, J., 2013,
The origin and geochemical evolution of the
Woodlark Rift of Papua New Guinea: Gond-
wana Research, v. 23, p. 931-943, doi:10.1016
/j.gr.2012.06.013.

Manuscript received 29 June 2014
Revised manuscript received 24 September 2014

Manuscript accepted 25 September 2014

Printed in USA

www.gsapubs.org | | GEOLOGY




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.12500
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.12500
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.04167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[DJS Deliverable]'] DJS Deliverable joboptions for Geol)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


