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Fig. 1: Overview of the M201 cruise track and sampling areas in the Vesturdjup Basin and Reykjanes

Ridge.



Objectives

The majority of the young (Holocene) volcanic activity on the Iceland Plateau is believed to
be confined to the active plate boundary in Ice-land, its volcanic flank zones, and on the sea
floor along Kolbeinsey and Reykjanes Ridges. New multibeam bathymetric mapping ~205
km west of Iceland (Vesturdjup Basin) showed the presence of 16 previously unknown,
steep volcanic cones. Due to high radius-to-height ratios (>1.0), steep slopes, and no signs
of erosion or tectonic deformation, it is suggested that they are much younger than the
surrounding seafloor (overall >15.0 Ma) and are of Holocene age (<10 ka). The VEBVOLC
expedition aims to investigate this new volcanic flank zone off-shore Iceland, which has
never been sampled or directly observed. The combination of high-resolution multibeam and
seismic re-flection mapping, video observations, and rock/sediment sampling will provide a
comprehensive dataset to study the age and independence/connectivity of the volcanic
system with the nearby Snaefellsnes Flank Zone, fault systems, and Iceland hotspot. The
Vesturdjup Basin volcanic system provides a globally unique opportunity to study how
strongly hotspots influence the seafloor around them and what the nature of hotspot
interaction with former rift zones

The overarching goals of expedition M201 VEBVOLC are to decipher the volcanic history of
the western part of the Iceland Plateau, determine the age and spatial extent of the new
igneous system, its potential connection to the Snaefellsnes Volcanic Flank Zone and the
Icelandic hotspot. The VEBVOLC project aims to test the following hypotheses:

1) The Volcanoes of the Vesturdjup field are of the Holocene age. This hypothesis is based
on the question of when Vesturdjup field volcanoes emerged. Vesturdjup sea mounts appear
as very steep, unfaulted, and with little slope erosion that stands out above the surrounding
seafloor. This implies they are much younger than the ocean floor they occupy. A low degree
of erosion of all seamounts implies that they formed at relatively similar times. Direct
sampling of rocks and sediments may provide material for age determinations. Based on
the hypothesis that volcanic flank zones in Iceland have more alkali compositions, they
should be enriched with K, making them suitable for Ar/Ar dating. Sediment sequences lying
on lava can be used to extract material for radiocarbon dating. Seismic reflection data will
allow for the stratigraphic interpretation of the onlap-termination of volcaniclastic sediments
and for determining a relative chronostratigraphy, which requires seismic profiles that link
the individual cones. In case the volcanoes are of Holocene age, it is expected that the
volcanoes will be covered by only thin layers of hemipelagic sediments, which OFOS videos
will also investigate.

2) The Vesturdjup field volcanoes emerge above shallow NE-SW striking faults, possibly
where transfer faults intersect. This hypothesis builds on the question of what controls the
evolution and spatial extent of the Vesturdjup volcanic field system. The overall poorly
studied regions beyond the Iceland Plateau strongly limit our knowledge of the full extent of
interaction between the Iceland hotspot, plate tectonics, and igneous activity. Due to the lack
of high-resolution seismic data, there is no information about shallow faults that may act as
conduits to magmatic activity. Detailed seismic and hydroacoustic mapping can detect small
surficial and sub-surface volcanic or igneous features around Iceland. We need to know the
full extent and structural context of the Vesturdjup system to evaluate the importance of this
region in comparison to other active and flank volcanic systems in Iceland and to completely
understand its role in the thermal budget of Iceland, its impact on the geochemical
heterogeneity of the local oceanic crust and volcanic history associated with multiple rift
relocations. Additionally, the indicated presence of two rift zones within the Vesturdjup Basin,
separated by a transform zone, opens the question of whether the northern and southern
volcanoes belong to one or two separate volcanic systems. We will address this question
with seismic reflection profiles across and between the volcanic cones.

3) The Vesturdjup volcanic field is disconnected from the Snaefellsnes Volcanic Flank Zone,
possibly due to a rift jump. Currently, a gap in geophysical data exists between Vesturdjup



Basin and the Snaefellsnes Volcanic Flank Zone on Snaefellsnes, and it remains unknown
whether the Vesturdjup volcanic field is isolated from the Snaefellsnes Volcanic Flank Zone.
The combination of seismic reflection profiling and bathymetric profiling will elucidate local
igneous and tectonic activity. The presence or absence of shallow faults will corroborate or
rule out the idea that the shift in igneous activity resulted from rift jumps and that Vesturdjup
volcanoes are an intraplate phenomenon.

4) The Vesturdjup magma plumbing system leaks from the Sneefellsnes Volcanic Flank
Zone. Geochemical signatures of the dredged rock samples will allow a better understanding
of the magma source of these edifices. Icelandic volcanic flank zones produce alkali basalts
as a reflection of isotopically and chemically enriched components of the Icelandic mantle
source. Hence, volcanoes erupting on thick oceanic crusts should show higher incompatible
element concentrations. If the Vesturdjup magma plumbing system leaks from the nearby
SVFZ, we would expect an alkali composition of rocks like those that erupted from the
Sneefellsjokull volcanic systems rather than of oceanic tholeiite series. Answering this
question will help us determine if the Snaefells and Vesturdjup systems are fed from one
magma source or system of deep reservoirs. If that is not the case, it would mean that the
Vesturdjup system is a new and independent intraplate volcanic system. As the composition
of volcanoes on land in Iceland changes with the distance from the Iceland hotspot, it
remains unknown if and how far this change continues offshore western Iceland. It is also
unclear if the volcanoes from Vesturdjup are of MORB or OIB composition. Only sampling
with rock dredge and post-cruise geochemical analyses of individual edifices will allow us to
constrain the overall character of the Vesturdjup volcanic field.

Narrative

RV METEOR arrived in Reykjavik late Wednesday, 05 June, and was visited on Friday, 07
June, by the German ambassador in Iceland, Clarissa Duvigneau, and embassy delegates
to inform them about the science program and the ship. A few Icelandic scientists visited the
vessel one day later for more informal science chats with the PI's of M201. The scientific
team - 26 scientists from 9 different nations and 9 institutes and universities - boarded RV
METEOR Friday morning, 08 June, and we immediately started preparing the labs and
setting up the scientific equipment. Expedition M201 started Sunday, 09 June, to investigate
the cause and age of volcanism in the Vesturdjup Basin, East of Iceland. RV Meteor headed
towards the working area, where the first deployment of the seismic equipment and data
collection began late Sunday. Together with the multi-channel seismics, we collected
magnetic data, Parasound sub-bottom profiles, and multibeam echosounder data to achieve
a comprehensive dataset from diverse instruments along the same profile. The profile was
designed to give us a first impression of the large-scale geology in the area and lead us over
prominent structures on the Icelandic shelf, the Reykjanes Ridge (which is the current
spreading center between the American and Eurasian plates), westwards into the
Vesturdjup Basin — our main working area. The profile was 348 nautical miles (645 km) long,
and we arrived at the final waypoint on Wednesday afternoon, June 12. After the seismic
profile, we calibrated the multibeam echosounder and deployed a seafloor observations
camera system (OFOS) to capture the first seafloor images. The camera system performed
flawlessly, revealing outcropping volcanic rocks, relatively coarse sediments, and a rich
diversity of deep-sea creatures, including fish, corals, sponges, and anemones. After three
OFOS deployments at different volcanic structures, we conducted short dredge tows on the
same targets to recover rock samples. Two gravity core stations were planned in the same
area in addition to the rock sampling to sample the near-surface sediments. The seafloor
observation and sampling program ended in the early morning hours of Saturday, June 15.
Before we started the next seismic survey, we needed to calibrate the USBL underwater
navigation system. This included dropping off a transponder to the seafloor and some



maneuvering patterns of the ship, and it was finished by the afternoon. A long seismic survey
started on 15 June and ended six days later on Friday morning, 21 June. During this survey,
we recorded reflection seismic data along an S-N profile over the volcanic cones of the
Vesturdjup Basin. Also, we covered the northern Basin in several long E-W and N-S lines to
understand the hidden volcanic, sedimentary, and basement structures. Seafloor sampling
in the northernmost area of the Vesturdjup basin began Friday morning after the reflection
seismics equipment was recovered. Although the weather picked up during the night from
Friday to Saturday with strong winds and waves of up to 4 m, we effectively performed six
dredge tows and five sediment coring stations. The third seismic block that began on Sunday
evening, 23 June. This third survey of Expedition M201 continued until late Wednesday
evening, capturing seismic reflection data over the central part of the research area, where
the largest and most significant volcanic cones of the Vesturdjup Basin are found. The
improving weather conditions allowed us to gather high-quality data with N-S and E-W lines
over the area. After a short transit, we started an intensive OFOS program on Thursday
morning, 27 June, with almost perfect sea conditions. Until Saturday afternoon, 29 June, we
did 11 successful OFOS casts, with the longest cast having 4 hours of bottom time. Seafloor
sampling started again on Saturday evening, after transit to the central volcanoes, with three
dredge tows, followed by five gravity core stations. The fourth seismic profile, designed to
densify the seismic and magnetic data in the central area of the Vesturdjup volcanic field,
started Monday morning, July 1. After the seismic gear was recovered late on Thursday,
July 4, the seafloor sampling and observations started again. We had four more successful
dredge tows, two gravity cores, and 4 OFOS dives at the Vesturdjup volcanic cones.
Preparations for the last seismic Leg of M201 began late Sunday, July 7. It went from the
Vesturdjup Basin to the Reykjanes Ridge and lasted until Wednesday, 10 July, at noon.
After the seismic gear was collected back on board and the digital streamer was rinsed and
disassembled, we had the rest of the day to conduct two short OFOS dives and collect
volcanic samples with two dredge tows at the Reykjanes Ridge. RV Meteor anchored off the
harbor entrance of Reykjavik by the early morning of July 8, and two expedition members
were taken ashore by a pilot boat for medical treatment. One person remained ashore for
precautionary observation, which required a change in the chief scientist position. The other
patient returned on board shortly after 5 p.m. after successful treatment. Shortly afterward,
we began our transit towards Praia da Vitoria on the Azores, where RV Meteor arrived on
July 18 and expedition M201 ended.
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Fig. 2: RV Meteor in the port of Reykjavik.  Fig. 3: Seismik Profile showing the volcanic basement
and sediment drifts in the Vesturjup Basin.



Fig. 4: 3D mosaic of the seafloor based on Fig: 5: Two King Crabs at the top of a seamount in the
OFOS photo and video data. Vesturdjup basin (OFOS image).
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