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SO263 – Geochemical investigation of hydrothermal fluids from Niuatahi rear-arc volcano, North East Lau Basin, SW Pacific

Introduction

High-temperature fluids from Niuatahi reflect typical black smoker type

fluids based on chemical composition e.g. pH, REE, W/R ratios.

Results suggest that fluid-rock interactions under rock-dominated

conditions are predominant at all sampling sites.

At South Central, fluids seem to be affected by phase-separation and

subsequent W/R interaction.

At the Northern and Southwestern Cone, results suggest similar conditions

in the hydrothermal root zones as well as subseafloor cooling prior to venting.

Results & Discussion

Conclusion

The North Eastern Lau Basin is an area of intense hydrothermal
activity with at least 43 active sites (Baker et al. 2019); much of the
hydrothermal activity occurs in the rear-arc, at the Mata volcanoes
and at Niuatahi.

Here we report on the first detailed geochemical and isotopic
analyses for hydrothermal fluids from Niuatahi rear-arc volcano.

Figure 1: (A) Overview of the southwest Pacific. The white circle marks the location of Niuatahi caldera
volcano. GEPCO Compilation Group (2021) (doi:10.5285/a29c5465-b138-234d-e053-6c86abc040b9)
(B) Detailed map of the study site at the off-axis caldera volcano Niuatahi and the hydrothermal sites.
Bathymetry data taken from R/V Falkor expedition FK171110 (2017) Merle et al. (2018) (doi:
10.1594/IEDA/324447).
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Sampling site
Niuatahi has a near circular caldera with ~8 km in diameter and a

prominent post-caldera cone (Motutahi) is located in the center.

At Motutahi, the occurrence of alunite and metal-rich molten sulfur

displays direct evidence for the degassing of metal-bearing magmatic

vapors (Kim et al. 2009).

High-temperature hydrothermal fluids were recovered at three vent

sites within the Niuatahi caldera (Figure 1).

Low Cl concentrations at the South Central site is indicative for phase

separation (Figure 2).

The chondrite-normalized rare earth elements (REE) overlap with other

high-temperature black smoker fluids from island arc volcanoes as well as

from sediment-starved MOR hydrothermal systems (Figure 3).

Overall fluid composition from the Northern and Southwestern Cone

are almost congruent, despite being situated on opposite sides of the

caldera.

Fluids from the Northern and Southwestern Cone show low Fe/Mn

ratios, indicating subsurface cooling.

Water/Rock (W/R) ratios based on K, Li, Rb, Cs as well as δ7Li, 87Sr/86Sr

and δ11B (Figure 4), yield values between 1-6 for the Northern and

Southwestern Cone and 1-9 for the South Central site.

Figure 2: Selected measured element concentration versus Mg concentration of samples
collected from Niuatahi during research cruise SO263. Dashed lines represent element
concentration in seawater. Units [mM] and [µM] refer to mmol/kg and µmol/kg, respectively.

Figure 3: Chondrite-normalized REY patterns of
hydrothermal end-members fluids as well as
literature (grey lines) data from sediment-
starved mid-ocean ridge, back-arc and oceanic
island arc systems (Craddock et al. (2010), Kleint
et al. (2019)). Seawater values (black dotted
line) were taken from Alibo and Nozaki (1999).

Figure 4: Boron conc. vs B isotope ratios in end-
member hydrothermal fluids from Niuatahi
together with calculated equilibrium mixing-
lines for the northern most samples at the
Tofua island arc reported by Leeman et al.
(2017). Best fit is observed between
hydrothermal fluids and Tafahi lavas.

Results & Discussion

At South Central venting of black smoke with Tmax = 334°C and pHmin = 2.8

was observed. At the Southwestern and Northern Cone Tmax and pHmin

ranged between 293 °C and 319 °C and 3.4 and 3.2, respectively.

All fluids show a depletion of Mg, SO4, U as well as an enrichment of

(trace) metals (e.g., Fe, Mn, K, Li, Figure 2) and dissolved gases (e.g., H2S,

CO2, H2) compared to seawater.
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