Scope of Proposal or Agreement (A concise overview of what the project is about and how it may impact MBARI):

The South Aegean Volcanic Arc is one of Europe’s most active volcanic regions, formed by subduction of the African plate beneath Eurasia. Within this arc, the Christiana–Santorini–Kolumbo volcanic field provides a natural laboratory for understanding how magma, hydrothermal fluids, and tectonics interact in an extensional setting. While Santorini has been studied for decades, the submarine Kolumbo volcano, only 7 km northeast, remains comparatively under-monitored despite posing a serious hazard.

Kolumbo is a 500 m-deep caldera that last erupted in 1650 AD, generating explosive activity, a tsunami, and lethal gas emissions on Santorini. Today, it hosts vigorous hydrothermal venting with chimneys, CO₂ plumes, and high-temperature discharge. In early 2025, Kolumbo reawakened during a month-long crisis, producing over 28,000 earthquakes and a segmented dike intrusion accompanied by multiple Mw > 5 events. This unprecedented activity highlighted both the volcano’s hazard potential and the absence of permanent offshore monitoring.

Fundamental gaps remain in our ability to detect fine-scale precursors, resolve subsurface fluid pathways, and capture coupled magma–hydrothermal–tectonic processes. These gaps persist because monitoring has relied on episodic cruises and short-lived deployments, while land-based stations on Santorini cannot resolve offshore activity.

This project aims to close those gaps by testing and deploying Distributed Acoustic Sensing (DAS) in combination with seafloor mapping, ROV surveys, and targeted water and sediment sampling. Kolumbo represents both a pressing hazard-monitoring priority and an opportunity for MBARI to demonstrate leadership in applying innovative seafloor monitoring technologies in a volcanically active environment.

Our specific objectives are to:

(i) Detect and characterize fine-scale seismic and acoustic signatures of dike intrusion and hydrothermal activity, focusing on tremor, earthquake swarms, and changes in venting behavior.
(ii) Constrain the geometry and dynamics of seafloor structures and fluid pathways using integrated geophysical and visual observations.
(iii) Build monitoring capacity by training early-career scientists in DAS technology and seafloor monitoring techniques.

Milestones:

Milestone 1: DAS Deployment

The central activity of the 14 day campaign is the installation of the Geo-Sense DAS instrument with hydrophone and a 1–3 km fiber-optic sensing cable within the Kolumbo crater. The goal is to obtain continuous records of volcanic tremor, earthquake swarms, and fluid-related acoustic signals directly from the seafloor environment, something that has never before been achieved at this site.

Two deployment strategies are being considered:

· Elevator platform approach (preferred option)
· The Geo-Sense instrument is secured to a weighted elevator frame.
· The platform is lowered from the ship, targeting a flat section of the seafloor.
· Once on bottom, the MiniROV is used to unspool the Linden cable along the caldera slope.
· This method provides precise control over cable routing, ensuring optimal coupling with active structures and accurate geolocation of cable geometry.
· It also facilitates integration with ROV video, allowing post-mission verification of cable position and condition.
· Armored-cable approach (alternative option)
· The Geo-Sense instrument is lowered directly to the seafloor while the Winchester fiber-optic cable is paid out from the vessel.
· The ship transits along a planned line across the crater, laying the cable on the seafloor.
· This configuration avoids the need for an ROV, simplifying logistics, but sacrifices precise control over cable placement and carries higher risk of uneven coupling with the seafloor.
· The team is trying to assess whether the winches on the ship would be available for this work or whether we would need to request the Macartney winch as part of the proposal.


· Milestone 2: Complementary surveys
· Multibeam echosounder mapping to detect bathymetric/backscatter changes and active seeps.
· High-resolution seismic profiling to image shallow stratigraphy, fluid pathways, and faults.
· MiniROV surveys (if available) for vent morphology, chimney growth, bubble plumes, and to document the DAS cable position.
· CTD casts with rosette sampling above active vents to characterize plume structure and collect water/particulate samples.
· Long-core sampling to reconstruct recent hydrothermal and tectonic history, alongside sterile sampling of chimney material, vent fluids, sediments, and biofilms.

· Milestone 3: DAS Recovery
· Elevator approach: recovery via acoustic-release line spools from both ends, with ROV support in case of fouling. Cable and instrument are hauled back on board.
· Armored-cable approach: recovery via acoustic-release line spools from both ends. Cable and instrument are hauled back on board.

2. Onshore analyses

· Milestone 4: DAS and hydrophone data processing
· Event detection, filtering, and spectral analysis to extract tremor, swarms, and migration patterns.
· Ambient noise interferometry to generate virtual seismic reflection profiles and track temporal changes in subsurface velocity.

· Milestone 5: Integration with complementary datasets
· Cross-reference DAS detections with ROV, CTD, cores and acoustic surveys for multi-sensor attribution.


MBARI instruments:

· Geo-Sense frame with interrogator and hydrophone
· Winchester 1 km cable
· Linden 1km cable
· MacCartney winch
· MiniROV

People:

Requested in 902401 proposal:

· Alana: 120 hours
· Bryan: 120 hours (if Bryan is not available we will increase the request of Aaron S. )
· Aaron S.: 80 hours (might need to increase to 120 hours)
· Include Frank if MiniROV is available.
· If using MacCartney winch, we need a winch operator




