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Conclusions

3 The total magmatic output of the RR is estimated to be ~0.06 km /yr. Global melt production at mid-
3 3ocean ridges averages 18-21 km /yr (Deligne and Sigurdsson, 2015), or approximately 0.03 km /yr for 

every 100 km of ridge length. Thus, magmatic productivity at the RR is nearly double that of a similar-
sized MOR segment. Additionally, different magma focusing mechanisms in the northern and southern 
halves of the RR account for different eruption rates, with diffuse off-axis volcanism observed in the north 

3 3accounting for 0.25 km /yr vs. the axial backarc volcanic ridge in the south accounting for 0.35 km /yr. 
The different controls on volcanic eruptions observed in the RR may also have played a role in the 
voluminous magmatic productivity in some ancient greenstone belts.  Understanding these processes 
has important implications for mineral exploration owing to the close relationship between magmatic 
productivity, crustal permeability, and mineral endowment. We further suggest that certain areas within 
the Rochambeau Rifts may contain many of the crucial components necessary for, as of yet 
undiscovered, Seafloor Massive Sulfide (SMS) deposits.

Structural Controls

 Differing styles of volcanism between the 
northern and southern halves of the RR assemblage 
is partially attributed to varying fault densities (Fig 5) 
between the two areas. Faulting is concentrated in 
the northern rift segments, highlighting greater 
crustal permeability in the north of the assemblage.  
The highest fault densities are located immediately 
adjacent to the northern rift segment, with far fewer 
faults in the south. This is consistent with the more 
abundant off-axis volcanism in the north compared 
to the south where most of the volcanism is 
channeled along the neovolcanic zone to form the 
axial volcanic ridge. The high fault densities in the 
north result in the more diffuse off-axis volcanism 
that is observed here.
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Figure 5 Density contours of structures in terms of identified structures 
2per km , based on a 10-km search radius. Overlayed are 1623 

digitized structures (minimum strike length of 200m) mapped at 
1:50,000 and assembled in ArcGIS. Structures are categorized by 
type in accordance with their geometric properties.

Crustal Architecture and Magmatic Productivity
2The mapped area of the Rochambeau Rifts (~8155 km ) is 

dominated by active backarc crust separated into two zones 
of active spreading in the north and south. Approximately 

215% (~1186 km ) of the active back-arc crust is covered by 
3volcanic flow fields (Bavf) that total ~367 km  of volcanic 

material. These flow fields separate the northern and 
southern segments of active spreading. The northern 
segment is defined by a 60-km long rift zone floored by 76.4 

3km  of upper backarc crust (uBac) which defines the 
neovolcanic zone. The southern segment is defined by 120-
km long axial volcanic ridge (uBar) with a total volume of 

3704.4 km . More than 2500 individual volcanoes have also 
been mapped within the RR Assemblage area, including 
1801 volcanic cones, 400 fissure volcanoes, 325 dome 
volcanoes, and 6 large shield volcanoes. The volcanoes 

3represent a total volume of 167.5 km , or nearly 15% of the 
total magmatic budget of the RR Assemblage, and are 

3dominated by shield volcanoes (59.1 km ), followed by 
3 3 3domes (44.7 km ), cones (32.4 km ), and fissures (31.3 km ). 

Considering the volume of material from the neovolcanic 
zones, all the discrete volcanoes and that of the central flow 

3fields, the melt flux for the RR is estimated to be 0.06 km /yr. 
This calculation is based on spreading rate age estimates 
using the widths of the neovolcanic zones for the northern 
and southern segments and assumes that all the discrete 
volcanoes have erupted within the last 10,000 years.
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Figure 4 Quantitative summary of all mapped volcanoes 
in the Rochambeau Rifts. A) Numerical abundances and 
percentages by volcano type. B) Volumetric totals by 
volcano type. Cylinders are proportionally scaled to 
relative volume quantities
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Figure 3 Geological Map of the Rochambeau Rifts, showing the identified formations. The youngest backarc crust is located along the two spreading axes (orange) and is surrounded by older 
backarc crust (green) and volcanoes/volcanic flows (pink and purple). The legend used for this map was adapted from the geological legend of the Lau Basin by Stewart et al. (2022). 
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Methodology

 Remote predictive mapping (RPM) was used to create the 1:200,000 geological map of the RR. This 
involves the compilation of several remotely acquired geoscience datasets that overlap the mapping 
area and together can be used to interpret volcanic geomorphology and structure. Ship-based 
multibeam echosounder (MBES) bathymetry and backscatter data (Fig 2), as well as other regional 
scale geophysical datasets, were among those used to identify map units and seafloor volcanic 
features. MBES data were collected during the R/V Southern Surveyor SS2008-07 and SS2009-02 
cruises, with grid resolutions of 30 m and 35 m respectively (Arculus, 2008; Arculus, 2009). MBES data 
cover approximately 87% of the mapping area; ship-based multibeam was combined with Global Multi-
Resolution Topography (GMRT; Ryan et al., 2009) for regions with incomplete multibeam coverage. 
The overall workflow and legend for back-arc basin formations follow Stewart et al. (2022). The map 
boundaries correspond to the Rochambeau Assemblage, defined by several geological formations that 
are grouped in terms of their origin, lithology, inferred age, and tectonic and structural regime (Stewart 
et al. (2022). Volumes were calculated using an ArcGIS polygon volume function, where volumes are 
determined above a minimum elevation value (Zmin).

Figure 2 Available shipboard MBES data used for mapping Rochambeau. A) Shipboard bathymetry compilation from the RV Southern 
Surveyor cruises SS2008-07 and SS2009-02 cruises. Shiptrack lines are overlain in red and blue. B) Acoustic backscatter data collected 
during the RV Southern Surveyor SS2008-07. Signal strength is related to seafloor reflectivity.
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 The Lau Basin (Fig 1) is an active back-arc 
basin which formed after rifting of the Lau-Tonga 
paleoarc ~6 Ma (Hawkins, 1995). Its distinctive 
V-shape fo rmed due to  a  sou thward 
propagating rift, with increasing tectonic 
complexity from south to north, reflecting the 
oblique convergence of the Pacific Plate, the 
collision with the Melanesian Borderland 
Plateau and interaction with the Samoan plume. 

 The structural evolution of the Lau Basin was 
originally portrayed as a three-plate kinematic 
model, dominated by the Niuafo'ou, Tonga, and 
Futuna microplates (Zellmer and Taylor, 2001), 
with variations on this model published by 
Conder and Wiens (2011), and Sleeper and 
Martinez (2016). Numerous other microplates 
(and so-called nanoplates) have since been 
defined along the northern margin of the basin 
between the Futuna Fracture Zone and the 
Peggy Ridge Transform (e.g., Stewart et al., 
2022). The various microplates have borders 
that are defined by numerous active spreading 
centers and/or transform zones. The spreading 
segments vary in length, shape and spreading 
rates, which we have correlated with magmatic 
output.

Tectonic Setting

Figure 1 Adapted from Baxter et al. (2020). Regional bathymetric map 
of the Lau Basin displaying active spreading centers, and major 
microplate boundaries (Bird, 2003). FSC = Futuna Spreading Centre, 
NWLSC = Northwest Lau Spreading Center, RR = Rochambeau Rifts, MTJ = Mangatolu Triple Junction-southern arm, NELSC = Northeast 
Lau Spreading Center, LETZ = Lau Extensional Transform Zone, FRSC = Fonualei Rift and Spreading Center, CLSC = Central Lau Spreading 
Center, ELSC = Eastern Lau Spreading Center.

 Volcanism within back-arc settings is commonly thought to be restricted to narrow axial neovolcanic 
zones that bear similar characteristics to seafloor spreading at mid-ocean ridges. However, magmatic 
output within back-arc basins varies spatially and temporally due to the interplay between plate 
kinematics, large-scale mantle dynamics and subducting slab properties (e.g., Sdrolias and Müller, 
2006). Recent studies using high-resolution bathymetry show that there is a high degree of variability in 
both the style and volume of magmatic activity within modern back-arc basins (e.g., Anderson et al., 
2017). To better understand crustal accretion in modern back-arc basins, we used remote predictive 
mapping (RPM) techniques to construct a geological map of the Rochambeau Rifts (RR) region in the 
northwestern Lau Basin, at 1:200,000. The RR are a complex series of back-arc spreading centers and 
volcanoes responsible for voluminous magmatism in the region. We examine the volcanism, structure 
and crustal makeup of the RR and relate the magmatic output to both the localized stress regimes as 
well as the far-field stresses within the larger microplate framework of the Lau Basin.
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Analysis of magmatic productivity at the Rochambeau Rifts, northern Lau back-arc Basin

Magmatic Productivity

2The mapped area of the Rochambeau Rifts (~8155 km ) is 
dominated by active backarc crust separated into two zones 
of active spreading in the north and south. Approximately 

215% (~1186 km ) of the active back-arc crust is covered by 
3volcanic flow fields (Bavf) that total ~367 km  of volcanic 

material. These flow fields separate the northern and 
southern segments of active spreading. The northern 
segment is defined by a 60-km long rift zone floored by 76.4 

3km  of upper backarc crust (uBac) which defines the 
neovolcanic zone. The southern segment is defined by 120-
km long axial volcanic ridge (uBar) with a total volume of 

3704.4 km . 

 More than 2500 individual volcanoes have also been 
mapped within the RR Assemblage area, including 1801 
volcanic cones, 400 fissure volcanoes, 325 dome 
volcanoes, and 6 large shield volcanoes. The volcanoes 

3represent a total volume of 167.5 km , or nearly 15% of the 
total magmatic budget of the RR Assemblage, and are 

3dominated by shield volcanoes (59.1 km ), followed by 
3 3 3domes (44.7 km ), cones (32.4 km ), and fissures (31.3 km ). 

Considering the volume of material from the neovolcanic 
zones, all the discrete volcanoes and that of the central flow 

3fields, the melt flux for the RR is estimated to be 0.06 km /yr. 
This calculation is based on spreading rate age estimates 
using the widths of the neovolcanic zones for the northern 
and southern segments and assumes that all the discrete 
volcanoes have erupted within the last 10,000 years.
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Figure 4 Quantitative summary of all mapped volcanoes 
in the Rochambeau Rifts. A) Numerical abundances and 
percentages by volcano type. B) Volumetric totals by 
volcano type. Cylinders are proportionally scaled to 
relative volume quantities
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