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Data processing 15	

Cruise FUTUNA 2010 has been carried out onboard R/V L'Atalante with Autonomous 16	

Underwater Vehicles (AUV) AsterX and manned Deep Sea Vehicle (DSV) Nautile. Both 17	

submersibles were equipped with a three-component fluxgate magnetometer; however, for the 18	

scope of this paper, we mostly focus on the AUV magnetic data and use the two Nautile dives 19	

for visual exploration of Utu Uli Hill to constrain our interpretations.  20	

On the AUV, the magnetometer sensor is rigidly fixed to the metallic frame of the submersible 21	

and measures the geomagnetic field, the crustal magnetic anomaly, and the magnetic effect of 22	

the submersible. The magnetic anomaly is obtained by estimating and removing the 23	

geomagnetic field (using the International Geomagnetic Reference Field (IGRF) model, Alken 24	

et al., 2021) and the magnetic effect of the submersible.  25	



In order to quantify the latter effect, we use calibration patterns, generally circular loops 26	

acquired near the sea surface, far from the ship and the seafloor so that the measured magnetic 27	

field should be close to that predicted by the IGRF. Observed deviations from this assumption 28	

reflect the submersible magnetic influence, as other external sources are neglected. By 29	

completing these loops, we estimate the magnetic effect of the submersible for all headings and 30	

a variety of pitch and roll values, so all attitudes the submersible can adopt during the dive are 31	

considered. From the loop data, we estimate the ship magnetic susceptibility (3x3 element 32	

tensor) and remanent magnetization (3 element vector) using an improved least square method 33	

(Honsho et al., 2009). Both induced and remanent ship magnetization effects are subsequently 34	

removed from the dive data.  35	

Because of the local orientation of the geomagnetic field, magnetic anomalies are phase-shifted 36	

with regards to their sources. They are difficult to directly interpret and need to undergo a 37	

further transformation called reduction to the pole (RTP) to replace them above their causative 38	

sources. To proceed with this processing step, we invert the magnetic anomalies (corrected for 39	

the AUV magnetic effect) into equivalent magnetization using Honsho’s Bayesian inversion 40	

method (Honsho et al., 2012) and compute the RTP magnetic anomaly in the geometry of the 41	

experiment assuming a vertical geomagnetic field. Unlike other magnetic inversion methods 42	

(e.g., Parker and Huestis, 1974; Hussenoeder et al., 1995), this Bayesian inversion does not 43	

require the data to be acquired on a horizontal plane and any preliminary numerical filtering, 44	

therefore preserving the short-wavelength content that makes of high value the near-seafloor 45	

data.  46	
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Supplementary Figures 
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
Supplementary Fig. 1: High-resolution bathymetry of the Utu Uli Hill with the routes of DSV Nautile dives. 
The dives visually confirmed the abundance of volcaniclastic sediments on the Utu Uli Hill and concur to 
explain the lack of magnetic signature of this prominent hill.  

	
	
	
	
	
	
	
	



	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	

Supplementary Fig. 2: Altitude of the AUV along the dive tracks. Despite the assigned goal to drape the 
bathymetry at 70 m altitude, the AUV often navigated at higher altitude during descents and lower altitude 
during ascents.  

	
	

	



	
Supplementary Fig. 3: (A) Magnetic anomaly model computed in the geometry of the experiment (i.e., along 
the AUV routes) assuming a uniformly, 1 A/m magnetized seafloor and a vertical geomagnetic field. No 
obvious correlation exists between this model and the observed RTP magnetic anomaly. (B) Annihilator 
computed from this synthetic model. No addition of any amount of annihilator allows for a complete removal 
of the negative magnetic anomalies.  



	

 

Supplementary Fig. 4: (Top) Inline and crossline seismic profiles displaying the structure of the coalescent 
domes (labeled 1 to 6) forming the Utu Uli Hill. The slid block to the southeast of dome 1 is labeled b. (Middle) 
The location of the seismic profiles is displayed on the bathymetric map, as well as the delineation of the 
different volcanic domes. (Bottom) Seismic reflectors marking the limit at depth between the domes have 
been highlighted with dashed yellow lines above the seismic profiles.  


