Analysis of magmatic productivity at the Rochambeau Rifts, northern Lau back-arc Basin
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Volcanism within back-arc settings is commonly thought to be restricted to narrow axial neovolcanic The mapped area of the Rochambeau Rifts (~8155 km°) is A
zones that bear similar characteristics to seafloor spreading at mid-ocean ridges. However, magmatic dominated by active backarc crust separated into two zones
output within back-arc basins varies spatially and temporally due to the interplay between plate of active Spreadzlng in the north and soulth. Approximaitely
kinematics, large-scale mantle dynamics and subducting slab properties (e.g., Sdrolias and Mdller, & & 15% (~1186 km") of the active back-arc crust Ii% covered by
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both the style and volume of magmatic activity within modern back-arc basins (e.g., Anderson et al., material. These flow fields separate the nortiherm and | 3% i
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2017). To better understand crustal accretion in modern back-arc basins, we used remote predictive southern segments of active spreading. The nortihern Shield e
mapping (RPM) techniques to construct a geological map of the Rochambeau Rifts (RR) region in the segment Is defined by a 60-km long rift zone fioored by 76.4 | .
northwestern Lau Basin, at 1:200,000. The RR are a complex series of back-arc spreading centers and km® of upper backarc crust (uBac) which defines the
volcanoes responsible for voluminous magmatism in the region. We examine the volcanism, structure heovolcanlc zone. The southern segment is defined by 120-
and crustal makeup of the RR and relate the magmatic output to both the localized stress regimes as km long axial volcanic ridge (uBar) with a total volume off
well as the far-field stresses within the larger microplate framework of the Lau Basin. 704.4 kmy. More than 2500 individual volcanoes have also B
been mapped within the RR Assemblage area, including B
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“y Conder and Wiens (2011), and pSIee or angl/ northern and southern halves of the RR assemblage |
; — Martinez (2016) Numeroué other micrr)o ates is partially attributed to varying fault densities (Fig 5)
! —— (and so-called ﬁano lates) have sincepbeen between the two areas. Faulting is concentrated in
defined alond the nor?hern harain of the basin the northern rift segments, highlighting greater
between theg Futuna FracturegZone and the crustal permeability in the north of the assemblage. |
Pe Ridge Transform (e Stewart et al The highest fault densities are located immediately
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Figure 1 Adapted from Baxter et al. (2020). Regional bathymetric map gi tesljtw ich we have correlated with magmatic axial volcanic ridge. The high fault densities in the - e |2
of_ the Lau Basin .dlsplalylng active spr?adlng centers, .and major PUL. north result in the more diffuse off-axis volcanism °* Key g
microplate boundaries (Bird, 2003). FSC = Futuna Spreading Centre, : Normal Fault
NWLSC = Northwest Lau Spreading Center, RR = Rochambeau Rifts, MTJ = Mangatolu Triple Junction-southern arm, NELSC = Northeast thatis observed here. Lineament
Lau Spreading Center, LETZ = Lau Extensional Transform Zone, FRSC = Fonualei Rift and Spreading Center, CLSC = Central Lau Spreading - Volcanic Ridge
Center, ELSC = Eastern Lau Spreading Center. Figure 5 Density contours of structures in terms of identified structures i
per km®, based on a 10-km search radius. Overlayed are 1623
digitized structures (minimum strike length of 200m) mapped at
M eth O dOIO 1:50,000 and assembled in ArcGIS. Structures are categorized by 0
gy type in accordance with their geometric properties. & —— —— - -
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Remote predictive mapping (RPM) was used to create the 1:200,000 geological map of the RR. This COn CI usions
iInvolves the compilation of several remotely acquired geoscience datasets that overlap the mapping The background is 2019 GMRT integrated with
area and together can be used to interpret volcanic geomorphology and structure. Ship-based shiptracks as multidirectional hillshade
multibeam echosounder (MBES) bathymetry and backscatter data (Fig 2), as well as other regional 0 10 20 40 The total magmatic output of the RR is estimated to be ~0.06 km®/yr. Global melt production at mid-
scale geophysical datasets, were among those used to identify map units and seafloor volcanic % km g ocean ridges averages 18-21 km®/yr (Deligne and Sigurdsson, 2015), or approximately 0.03 km®/yr for
features. MBES data were collected during the R/V Southern Surveyor 552008-07 and 552009-02 “1 —— — ———— ——— 0" every 100 km of ridge length. Thus, magmatic productivity at the RR is nearly double that of a similar-
cruises, with grid resolutions of 30 m and 35 mrespectively (Arculus, 2008; Arculus, 2009). MBES data 177°W 176°30'W 176°W sized MOR segment. Additionally, different magma focusing mechanisms in the northern and southern
cover approximately 87% of the mapping area; ship-based multibeam was combined with Global Multi- halves of the RR account for different eruption rates, with diffuse off-axis volcanism observed in the north
Resolution Topography (GMRT, Ryan et al., 2009) for regions with incomplete multibeam coverage LABEL UNIT NAME AND DESCRIPTION LABEL UNIT NAME AND DESCRIPTION i 3 ' icri ' ' ]
esolu pograpny , RY . g P ge. ARG VOLCANGES AR RIFTS AND SPREADING CENTERS - Corrired accounting for 0.25 km’/yr vs. the axial backarc volcanic ridge in the south accounting for 0.35 km/yr.
The overall workflow and legend for back-arc basin formations follow Stewart et al. (2022). The map e The different controls on volcanic eruptions observed in the RR may also have played a role in the
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boundaries correspond to the Rochambeau Assemblage, defined by several geological formations that Bavl e ol e i leaniebatie mteril sstded oo e S Distal voleanie ridge voluminous magmatic productivity in some ancient greenstone belts. Understanding these processes
are grouped in terms of their origin, lithology, inferred age, and tectonic and structural regime (Stewart crust, commonly with a summit crater or caldera and/or cut by dike complexes (width:height <5) Elongated lvczlgflsrtllifoerdeigﬁ?e?fsggglssf:gr{ciggietfgogﬁ?ldli);zljfrcidcgﬂe{sz (()I;alggglcyhﬁz Sﬁffélﬁtys of has important implications for mineral exploration owing to the close relationship between magmatic
et al. (2022). Volumes were calculated using an ArcGIS polygon volume function, where volumes are e AU - volcaniclastic cover) ’ productivity, crustal permeability, and mineral endowment. We further suggest that certain areas within
: =P . . ound-snaped €dince composed o1 lava 11ows extruacd onto older Crust, comimon 1tn a . . .
determined above a minimum elevation value (Zmin). central caldera (widthvheight >5) a Bac | Distal backare crust the Rochambeau Rifts may contain many of the crucial components necessary for, as of yet
Undivided backarc crust beyond the outer rift valley and flank of an active spreading center (ma - H - -
- —— —— Be ggﬁz-‘s,l?;;aelclloediﬁce composed of lava flows extruded onto older crust, may have a flat-topped incluge products of oﬁ”—axisyvolcanisml; o V y undlscovered, Seaﬂoor MaSSIVe SUIfIde (SMS) depOSItS.
i surface, summit crater, central dike or be tectonized (length:width ~1) ’ RELICT BACKARC
g r
i Fissure volcano Upper
///QAV; t:::: Elongated volcanic edjﬁce composed mostly of lava flows extruded onto crust, commonly with a 1Rbel Upper relict backare crust AC k n OWl e d g e m e n tS
4 = ] central dike (length:width >3) Undivided backa}“c crust .outside an identifiable area of active spreading (mgy be a product of
7 A/N%~l\\ Volcanic field intraplate volcanism, rifting of earlier backarc crust, or an unknown spreading center) . . . .
& // / //s_) D, A broad area of lava flows and volcaniclastic material surrounding a number of closely-spaced 1Rbe2 Tectonized relict backare crust ThlS researCh IS a prOdUCt Of the Metal Earth PrOJeCt fu nded by the Canada FlrSt ResearCh
) N— j voleanoes Intensely deformed backare crust outside and identifiable arca of active spreading Excellence Fund (CFREF), the IMAGE-CREATE Project funded by Natural Sciences and Engineering
BVE=2\ ) BACKARC RIFTS AND SPREADING CENTERS Middle ST Research Council of Canada (NSERC), and the Marine Mineral Resources Group at the GEOMAR
Zq ower relict packarc crus . . .
// // J Upper Axial back leanic rid 10 Earliest exposed extrusive and intrusive rocks in the backarc and outside and identifiable area of HelthItZ Centre fOr Ocean ResearCh Klel- The HelthItZ ASSOC|at|On, NSERC, and CFREF are
Xial backarc voicanic riage : : . . .
g | ) MBAE|  oicane ridge marking the agqﬁve cpreading center consisting of Iava flows, small voloanic active spreading acknowledged for the support of this work through research grants and project funding to the authors.
V" ) edifices (cones and domes), dike complexes and calderas OTHER BACKARC FORMATIONS This is contribution MERC-ME-2022-04 to the modern-ancient crust project of the Canadian Metal Earth
| / 7 / ) _7£ ) Axial backarc crust roaram.
[ A L{z \\p\/ j uere Undivided backarc crust in the inner rift valley of an active spreading center - sfeozll:;zil::nc:r tectonic edifice of undetermined origin prog
L s J Middle . . o - Volcanic deformation zone Anderson_, M. O., Chadwick, W W., Hannington, M. D., Merle, S. G., Resing, J._A., Baker, E. T ... Augustin, N. (2017). Geological interpretation of volcanism and segmentation of the
mBar Proximal volcanic or tectonic ridge Fault controlled zone of lineated volcanoes, lava flows and deformed crust Mariana back-arc spreading center between 12.7°N and 18.3°N. Geochemistry, Geophysics, Geosystems, 18(6), 2240-2274.
/ TN Elongated volcanic edifice or coalesced ridges in the outer rift valley or on the flank, adjacent to ﬁrcu:us, S.j.gggg;.xoyage gummary 228;@888 mo;thetrr]n Lau|Ve|nts Expded![tlont. e T -
b I di 1al volcanic rid Def i rculus, R. J. .Voyage Summa rothermal plume and structural geology mapping in the Tonga/Fiji region.
Batnymetry an ac.tlve spreading center or axial volcanic ridge Dz2 Hieggf:ltrzglo;lof:;nceommonly associated with transcurrent faults (likely of crustal scale) Baxter, A. T, Hanni.n.gto.ril, I\% D., Stewgt., M.S., Embe?lley,J. M.,. Brzker, K., Krétschell,A?, P.etg)r/sen,p g Igrandl, P. A?, KIichhigs, M., Mensing, R., Anderson, M. O. (2020). Shallow seismicity
oM e nosor B Proximal backarc crust and the classification of structures in the Lau back-arc basin. Geochemistry, Geophysics, Geosystems, 21,e2020GC008924.
N R — 55200502 %] Undivided backarc crust in the outer rift valley, adjacent to an active spreading center or axial SYMBOLS Bird, P. (2003). An updated model of plate boundaries. Geochemistry, Geophysics, Geosystems, 4(3).
~9000m volcanic ridge (may include products of off-axis volcanism) Deligne, N. I., & Sigurdsson, H. (2015). Global rates of volcanism and volcanic episodes. In Sigurdsson, H., Houghton, B., Rymer, H., Stix, J., McNutt, S. (Eds.) The Encyclopedia of
ev, . . Vol 2nd ed., pp. 265-272). Elsevier.
’ b ’ ¢ | Backarcrift flank .:,... Caldera ring fault / Spreading center / Major fault Hawkinos,cj .nV?/.eéS 1(9595).eTh: Seology of t)he Ifae:: IIggsin. In Backarc Basins (pp. 63-138). Springer.
mBa Undivided backarc crust on the flank of the outer rift valley, including volcanic ridges, Ryan, W. B. F., S.M. Carbotte, J. Coplan, S. O'Hara, A. Melkonian, R. Arko, R.A. Weissel, V. Ferrini, A. Goodwillie, F. Nitsche, J. Bonczkowski, and R. Zemsky (2009), Global Multi-
: - - : axi - Resolution Topography (GMRT) synthesis data set, Geochem. Geophys. Geosyst., 10, Q03014.
Figure 2 Available shipboard MBES data used for mapping Rochambeau. A) Shipboard bathymetry compilation from the RV Southern voleaniclastic material, and flows (may include products of off-axis volcanism) Sdrolias, M., & Miiller, R. D. (2006). Controls on back-arc basin formation. Geochemistry, Geophysics, Geosystems, 7(4).
Surveyor cruises SS2008-07 and SS2009-02 cruises. Shiptrack lines are overlain in red and blue. B) Acoustic backscatter data collected 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 Stewart, M. S., Hannington, M. D., Emberley, J., Baxter, A. T., Krdtschell, A., Petersen, S., Brandl, P. A., Anderson, M. O., Mercier-Langevin, P, Mensing, R., Breker, K., Fassbender, M. L.

. . . . . . . : i ) 2022). Anew geological map of the Lau Basin reveals crustal growth processes in arc-backarc systems. Geosphere, 18(2), 910-943.
during the RV Southern Surveyor SS2008-07. Signal strength is related to seafloor reflectivity. 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). Ze”mgr, K. |)5 &Tay?or, B_g(zom ) Kthree-plate kinematic model forﬁau Bagn opening. Geochemistry,yGeophysics, lc);eosyste(m)s, 2(5).
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