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ABSTRACT

The marginal seas of Eastern Papua New Guinea and the Solomon Islands include several active and remnant arc and backarc systems that formed in response to complex plate tectonic adjustments
following subduction initiation in the Eocene. Although there has been extensive exploration for offshore petroleum resources, and more than 54 research cruises have investigated or transited the region
since 1993, a comprehensive regional geological map, including the deep marine areas, has not been available at a scale that permits quantitative analysis of the basin history. This 1s the first map that
depicts interpreted assemblage- and formation-level lithostratigraphic units in one sheet correlated across the marginal seas and adjacent land masses. The mapped assemblages and large-scale formations
are derived from a compilation of land-based geological maps, marine geophysical data (hydroacoustics, magnetics, and gravity) integrated with the results of sampling, ocean drilling, seismic surveys,
and seabed observations. More than 400,000 km? of the map area covered by ship-based multibeam and other geophysical data were inspected to define the offshore geological units. In areas with limited
data, the units were extrapolated from well-documented formations in adjacent regions with more complete information, including on land. This approach follows closely the techniques used for remote
predictive mapping in other regions of the Earth where geological information 1s sparse. Unit boundaries were constrained by ship-based multibeam data reprocessed at 30-m to 150-m resolution (Figure
S1 and Table S1) and integrated with the Global Multi-Resolution Topography (GMRT v. 3.6). Lithotectonic assemblages were assigned on the basis of plate structure, crustal type and thickness, age,
composition, and sedimentary cover and further refined by bathymetric and geophysical data from the literature and cruise reports listed in the data sources. These interpretations are summarized in a
Lithotectonic Assemblage Map (Figure S2). Relative ages are from published data, crosscutting structural relationships, shared fabrics (e.g., spreading fabric), and sediment cover. These are summarized
in a Lithostratigraphic Correlation Diagram (Figure S3). Formation-level maps were compiled at 1:200,000 to 1:500,000 for interpretation of specific geological features and correlation of units. The final
compilation 1s generalized and presented here at 1:1 M.

LABEL UNIT NAME AND DESCRIPTION LABEL UNIT NAME AND DESCRIPTION LABEL UNIT NAME AND DESCRIPTION
CARBONATE PLATFORM ARC-BACKARC TRANSITION TRENCH
Carbonate platform Ridge at the arc-backarc transition Accretionary complex
Carbonate rocks (reef complexes) built on active Volcanic or tectonic ridge in a zone of arc rifting Sediments (>500 m) of the trench and accretionary
and extinct volcanoes and exposed basement (may be a product of rift volcanism or block wedge, obducted crust, and/or volcanic features of
faulting) the subducting plate
CONTINENTAL CRUST AND OROGENIC BELTS
IT Lower transitional arc-backarc crust Accretionary complex ridge
Folded basement rocks ¢ Crust immediately surrounding volcanic or Tectonized crust belonging to the accretionary

O
2

Ori

Undivided folded and metamorphosed basement
rocks

High-grade metamorphic rocks
High-grade metamorphic rocks exhumed by
Orogenic processes

Ophiolite
Obducted fragment of oceanic crust

Pre- or syn-collisional sedimentary succession
Undivided folded sediments or low-grade
metamorphic sedimentary rocks

Post-collisional sedimentary succession
Sediments of intra-orogenic and/or foreland
basins (e.g., molasse)

Syn-collisional volcano
Volcanic edifice built on older metamorphosed

basement rocks

Intrusive complex
Syn- to post-collisional plutonic rocks (may

include exposed older intrusions)

OTHER CONTINENTAL FORMATIONS

Continental crustal block
Coherent block of undivided continental crust

Extended continental crust
Isolated block of extended continental crust

UNDIVIDED SHELF FORMATIONS

Ush

Undivided sedimentary succession
Sediments (>500 m) belonging to the continental

shelf

RIFTED MARGINS

Mfs

Mfc

Rift volcano
Volcanic complex related to rifting of arc crust

Rift sedimentary succession
Sediments (>500 m) within a rift basin

Undivided rifted margin crust
Rifted margin crust distinguishable from adjacent
formations but not further divided

Undivided crustal block
Coherent, isolated block of rifted crust

distinguishable from adjacent formations but not
further divided

ACTIVE ARC

Upper

Lower

Arc-front volcano
Volcanic edifice at the arc front (typically active)

Inner-arc volcano
Volcanic edifice behind the arc front (may be
active or inactive)

Intra-arc sedimentary succession
Sediments (>500 m) belonging to an intra-arc
succession or eroded from an adjacent arc

Upper arc crust
Undivided crust belonging to an active arc,
including volcaniclastic material, flows, and dikes

Lower arc crust
Earliest exposed extrusive and intrusive rocks of
an active arc (may include arc basement)

Undivided arc crust
Crust associated with an active arc that cannot be
correlated with upper or lower units

RELICT ARC

Upper

uRas

Middle

mRas

Lower

MAP SOURCES

Becker, J.J., et al. (2009), Global bathymetry and elevation data at 30 arc seconds resolution: SRTM30 PLUS, Marine Geodesy, 32, 355-371.

Upper relict-arc sedimentary succession
Sediments (>500 m) belonging to a relict intra-arc

succession overlying upper relict-arc crust

Upper relict-arc crust

Crust belonging to the latest episode of relict-arc
construction (comprises volcaniclastic rocks and
flows associated with the latest arc magmatism)

Middle relict-arc sediment
Sediments (>500 m) belonging to a relict intra-arc
succession overlying middle relict-arc crust

Middle relict-arc crust

Crust belonging to an intermediate stage of arc
construction (comprises volcaniclastic rocks and
flows associated with arc magmatism)

Lower relict-arc crust

Earliest exposed extrusive and intrusive rocks in a
relict arc, commonly obscured by volcaniclastic
cover

Undivided relict-arc crust
Crust associated with a relict arc that cannot be
correlated with upper, middle, or lower units

tectonic ridges in a zone of arc rifting

BACKARC VOLCANOES

Bav3

Conical volcano

Cone-shaped edifice composed of lava flows and
volcaniclastic material erupted onto backarc crust
(>1 km diameter; width:height <5)

Shield volcano

Mound-shaped edifice composed of lava flows
extruded onto backarc crust (>1 km diameter;
width:height >5)

Dome volcano

Steep-sided edifice composed of lava flows
extruded onto backarc crust or an axial volcanic
ridge (>1 km diameter; length:width ~1)

Fissure volcano

Elongate volcanic edifice composed mostly of lava
flows extruded onto backarc crust; commonly with
a central dike (>1 km length; length:width >3)

Volcanic field

A broad area of lava flows and volcaniclastic
material surrounding a number of closely-spaced
volcanoes

BACKARC RIFTS AND SPREADING CENTERS

Upper

Middle

Lower

Axial backarc volcanic ridge
Volcanic ridge marking the active spreading
center; commonly with discrete volcanic edifices

(cones and domes), dike complexes, or calderas

Axial backarc crust
Backarc crust in the inner rift valley of an active
spreading center

Proximal volcanic or tectonic ridge

Elongate volcanic edifice or coalesced ridges on
the rift flank or backarc crust adjacent to an active
spreading center

Rift flank

Backarc crust on the flank of an active spreading
center, including volcanic ridges, volcaniclastic
material, and flows (may include products of

off-axis volcanism)

Proximal backarc crust

Undivided backarc crust adjacent to the rift flank
or to the active spreading center where a rift flank
1s absent

Distal volcanic or tectonic ridge

Elongate volcanic edifice or ridges on distal
backarc crust, commonly obscured by
volcaniclastic cover

IBac Distal backarc crust
Undivided backarc crust beyond the outer rift
flank of an active spreading center (may include
products of intraplate volcanism)
RELICT BACKARC
Upper

uRbcl

uRbc2

Lower

IRbc

Relict backarc ridge

Elongate volcanic edifice or coalesced ridges
outside an identifiable area of active spreading
(may be a product of intraplate volcanism or
rifting of backarc crust)

Upper relict backarc crust
Undivided backarc crust outside an identifiable
area of active spreading

Tectonized relict backarc crust
Intensely deformed backarc crust outside an
identifiable area of active spreading

Lower relict backarc crust
Earliest extrusive and intrusive rocks outside an
identifiable area of active spreading

ACTIVE FOREARC

Forearc sedimentary succession
Sediments (>500 m) in the forearc basin of an
active subduction zone

Forearc crust
Undivided crust of the forearc; including sediment
of the forearc slope

Forearc crustal block
Uplifted block of active forearc crust (commonly
tectonized)

RELICT FOREARC

Rfcl

Rfc2

Relict-forearc sedimentary succession
Sediments (>500 m) in a basin of a relict forearc

Tectonized relict-forearc sedimentary succession

Sediments (>500 m) in a basin of a relict forearc
strongly disturbed by tectonic processes

Relict forearc crust
Undivided crust of a relict forearc; including
sediment of the forearc slope

Relict forearc crustal block
Uplifted block of relict forearc crust (commonly
tectonized)

complex

Backarc crust in the trench
Deformed backarc crust on the trench outer slope

Oceanic crust in the trench
Deformed oceanic crust on the trench outer slope

Oceanic plateau crust in the trench
Deformed oceanic plateau crust on the trench
outer slope

Undivided crust in the trench

Truc Deformed undivided crust on the trench outer
slope
OCEANIC CRUST AND SPREADING CENTERS

Onvi

Ooac

Obmc

Axial volcanic zone

Volcanic zone marking the active spreading center;
commonly with discrete volcanic edifices (volca-
nic cones and domes), dike complexes, or calderas

Inner rift-valley floor
Oceanic crust in the axial or median rift valley
bounded by active, inward dipping faults

Proximal oceanic volcanic ridge

Elongate volcanic edifice or coalesced ridges
adjacent to an active spreading center (younger
than magnetic chron 2A)

Proximal oceanic crust
Oceanic crust adjacent to an active spreading
center (younger than magnetic chron 2A)

Distal oceanic volcanic ridge

Elongate volcanic edifice or coalesced ridges
within an identifiable region of seafloor spreading
(older than magnetic chron 2A)

Distal oceanic crust
Oceanic crust within an identifiable region of
seafloor spreading (older than magnetic chron 2A)

Ocean basin margin crust

Mixed crust at the margin of an ocean basin,
adjacent to and/or including rifted continental,
arc-related, or oceanic-plateau crust

Ocean basin sedimentary succession
Sediments (>500 m) on oceanic crust

Undivided oceanic crust
Mz = Mesozoic; Pg = Paleogene

OCEANIC VOLCANOES

Conical volcano

Cone-shaped edifice composed mostly of lava
flows extruded onto oceanic crust (>1 km
diameter; width:height <5)

Shield volcano
Mound-shaped edifice composed of lava extruded
onto oceanic crust (>1 km diameter;

width:height >5)

Dome volcano
Steep-sided edifice composed of lava extruded

onto oceanic crust; commonly flat-topped
(>1 km diameter; length:width ~1)

Volcanic field
Flows encompassing one or more volcanoes

OTHER OCEANIC FORMATIONS

-
Q
S

Lower

Intraplate seamount

Volcanic or tectonic edifice of undetermined origin

on oceanic crust

Undivided oceanic ridge
Elongate volcanic or tectonic edifice of
undetermined origin on oceanic crust

Oceanic plateau edifice
Flat-topped volcanic edifice built on oceanic
plateau crust

Oceanic plateau
Oceanic plateau crust and rise

DEFORMATION ZONES

Leaky transform
Deformed crust and lava flows associated with a
leaky transform fault

Deformation zone
High-strain zone occurring along crustal-scale
faults lacking obvious volcanism

OTHER UNDIVIDED CRUST

-
o

Ux

Bouysse, P., et al. (2014), Geological Map of the World at 1:35 M (3rd edition, revised), Commission for the Geological Map of the World, Paris, France, 2 sheets.
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Unassigned ridge
Elongate volcanic or tectonic feature of undeter-
mined origin

Unassigned crust

Crust that 1s distinguishable from adjacent
formations but cannot be assigned to a particular
origin

Unassigned extended crust

Extended crust that is distinguishable from
adjacent formations but cannot be assigned to a
particular origin

Unassigned sedimentary succession
Sediments in a basin of uncertain origin
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Figure S2. Lithotectonic Assemblage Map of the marginal seas of Eastern Papua New Guinea and the Solomon Islands. The map shows the distribution of
35 different assemblages defined by inspection of marine geophysical data (hydroacoustics, magnetics, and gravity) integrated with the results of structural
mapping, sampling, ocean drilling, seismic surveys, and seabed observations. Colors assigned to the assemblages are for illustration purposes only,
approximating those in the Lithostratigraphic Correlation Diagram (Figure S3). See accompanying text for assemblage descriptions.

Figure S1. Overview of arecas where multibeam and other geophysical data are available and were used in the creation of the map. Selected multibeam
datasets that were reprocessed with 30-m to 150-m grid spacing for the purpose of geological interpretation are listed in Table S1. Background is the slope
shaded GEBCO 2019 grid.

already part of the GMRT global compilation.
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Figure S3. Regional Lithostratigraphic Correlation Diagram of the marginal seas of Eastern Papua New Guinea and the Solomon Islands showing the inferred age correlations of tectonic events and lithostratigraphic units, emphasizing volcanic and
sedimentary episodes. The plot summarizes the general stratigraphy within each of the assemblages depicted in S2, with reference to published ages of volcanic units, depositional ages of sedimentary units, and relative ages of assemblages. See
accompanying text for descriptions of regional events. Papuan UB: Papuan Ultramafic Belt, New Guinea MB: New Guinea Mobile Belt, Papuan FTB: Papuan Fold and Thrust Belt.





