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Fig. 1:

Overview map of ship track of cruise M128 Azores Plateau.

Objectives
The research program of M128 had the main objective of sampling and mapping both the oldest
and youngest volcanic edifices of the Azores that were identified but not sampled during
previous cruises (Pos232, Pos286, M79/2, M113). The rock sampling targeted numerous young,
historically to recently volcanically active structures (João de Castro seamount, Serreta,
Capelinhos, Sete Cidades) but also aimed at the older volcanic sequences that were sampled in
the basins north of João de Castro, between Terceira and Graciosa, west of São Miguel, along the
East Azores Fracture Zone and at Princesa Alice bank to better constrain the initial formation,
timing and evolution of the Azores Plateau. The combination of detailed bathymetric maps and
petrological samples allows us for the first time to better constrain the evolution of volcanic rift
systems in this tectonically and magmatically active region. During and after the cruise we aimed
to test the following hypotheses with our working program:
• Relatively incompatible element depleted tholeiitic lavas form the lower part of
the Azores Plateau and reflect enhanced melting either in a plume head or when
the Azores plume occurred beneath the Mid-Atlantic Ridge.
• The lavas from the deep part of the entire Azores Plateau have about similar ages
(~10 Ma?) reflecting one event of voluminous flood basalt volcanism.
• Compositional changes occur within the flood basalts reflecting variations in
melting and fractional crystallization processes.
• The young eruption events occurred along dikes connected to larger volcanic
structures and produced pillow lavas reflecting relatively low lava eruption rates.
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We aimed to test whether the high volatile content of the Azorean magmas affects
the hydrothermal venting considerably, leading to very high CO2 contents in the
fluids. Unfortunately, we did not find any evidence for the occurrence of recent
hydrothermal activity and previous interpretations of active degassing SE of the
summit of João de Castro were apparently wrong.
A description of deep-sea biological assemblages required further voucher
specimens to be collected for taxonomy as many dominant species remain beyond
simple visual recognition.
High-resolution surveys conducted on the selected bathyal areas suggest that the
occurrence of assemblages dominated by habitat-building species may be patchier
than broad-scale models forecast. Such detailed information is currently in high
demand for (i) marine spatial planning at regional scales as well as for (ii) the
design of zonation schemes at marine protected area scales.
The submarine rift zones along the Terceira axis are probably connected by dikes
to the magma systems of the subaerial volcanoes and this connection can be tested
using geochemistry and petrology. Using ROV Quest 4000 and TV-grab, and
hydroacoustic surveys to map and study these sites in detail offers the possibility
to determine the composition of lavas, their volume and the volcanic processes of
their formation.
If the Azores volcanism formed due to a mantle “wetspot” then the H2O and CO2
contents in the magmas should be high and we need to study melt inclusions in
minerals and possibly glassy submarine lavas in fresh samples from Serreta, João
de Castro and Capelinhos. We intend to study the volatile content in young
submarine lavas in order to test the hypothesis of an Azores “wetspot”. So far,
sampling of glassy lavas by dredging has been difficult and fortuitous and only
few samples suitable for determination of H2O and CO2 have been recovered. The
ROV and TV grab samples yielded better results and numerous fresh glassy
samples were recovered during M128.

In addition, a hydroacoustic survey and sampling profile targeted the area W of Graciosa aiming
at the triple junction of the Eurasian, African and American Plates and the structural and
geological evolution of the ultraslow spreading Terceira rift axis. The sampling was based on the
multibeam surveys of M79/2, M113 and M128 and was preferentially done by Remotely
Operated Vehicle (ROV Quest 4000) and TV grab to ensure consistent and accurate sampling as
well as structural and geological control of the sampling. During the TV grab sampling we used
Miniature Autonomous Plume Recorders (MAPR) devices provided by the Pacific Marine
Environmental Laboratory of NOAA. These recorders of turbidity, EH, pressure, and temperature
were used to detect potential hydrothermal vents in the vicinity of the Azores. Unfortunately, we
did not find any evidence for hydrothermal activity and could not confirm previous
interpretations of large-scale submarine volcanic degassing at João de Castro Seamount.
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Cruise Narrative
A delegation of scientists from the GeoZentrum Nordbayern of the Friedrich-AlexanderUniversität Erlangen-Nürnberg and the entire ROV Marum QUEST team arrived on the 28th of
June and started installing the ROV and the TV grab on RV Meteor on the 29th of June. The
majority of the scientific party joined on the 30.06.2016 and the entire scientific party boarded
the ship on Friday, the 1st of July 2016. During port stay the installations for the Remotely
Operated Vehicle Quest (ROV QUEST), the TV grab (TVG) and the volcanic wax corer (VSR)
were done and the labs were prepared for their operations.
Saturday the 2nd of July RV METEOR left Ponta Delgada harbour at 9 am and reached the open
sea only a few minutes later with calm seas and little wind. The scientific program started at 9:25
am with hydroacoustic surveys along the southern coast and west of São Miguel followed by two
successful TV grabs west of São Miguel. During the night of the 2nd to the 3rd of July the
scientific program continued with a multibeam survey along the northern rift shoulder of the
Hirondelle Basin between São Miguel and Terceira. During the morning RV METEOR headed
south towards João de Castro seamount, a major scientific target that was sampled by TV grabs
and ROV dives. From the 3rd to the morning of the 5th of July we performed numerous successful
TV grabs, a hydroacoustic profile and an ROV dive in the vicinity of João de Castro.
During daytime of the 5th of July the ROV sampled the graben shoulder of the Terceira Rift
north of João de Castro and recovered 13 stratigraphically controlled samples of the older lavas
of the Azores Plateau. This stratigraphic profile was then continued on the 15th of July. During
the night of the 5th of July to the morning of the 6th of July, we successfully carried out five TV
grabs at João de Castro.
The morning of Wednesday the 6th of July was used to perform an ROV dive in the north of João
de Castro and during the night to Thursday the 7th of July we carried out a multibeam survey
towards Serreta west of the island of Terceira. This was the site of a major submarine eruption
from 1998 to 2001. An ROV dive in the following morning was delayed by the fact that we
found numerous fishing lines, fishing boats and buoys in the immediate vicinity of the diving
area and after a successful TV grab NW of Serreta we managed to have the ROV on the ocean
floor at 600 m water depth NW of Serreta. Two TV grabs subsequently sampled the area 6 miles
NW of Serreta. The next ROV dive started in the morning of the 8th of July at the submarine Pico
ridge off the island of Pico which was extensively sampled. However, due to increasing winds
and waves the ROV dive finished at midday and we continued sampling Pico Ridge by TV grab.
During the night of the 8th to the 9th of July we continued a multibeam profile towards Terceira
and then did an ROV profile at the northern Terceira Basin in the morning of the 9th of July. The
following night we spent with an hydroacoustic survey of the basin west of the island of Terceira
to investigate the rifting processes that occur in the Azores. The morning of Sunday the 10th of
July started with a slow hydroacoustic survey across the submarine Serreta volcano before we
started diving in one of the bathymetric deeps of this young submarine volcano.
We continued with a short hydroacoustic survey north and south of Serreta. During the night we
conducted three successful TV grabs on Serreta volcanic ridge. After a bathymetric survey
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across Serreta we decided to improve our understanding of Serreta with an additional dive along
the southern flank. Unfortunately, the dive was delayed by the presence of fishermen. The ROV
was lowered into the water at lunchtime after maritime police had finally cleared the area. The
TV grab in the night of the 11th of July was used to extensively sample the volcanic system. In
the morning of the 12th of July we aimed to conduct another dive at the eastern part of the Serreta
volcanic ridge. However, due to technical problems the dive was delayed and commenced at
lunchtime. Two TV grabs 7 to 13 km north of Serreta were then lowered during the night.
The night from Tuesday (12th) to Wednesday (13th) and the entire Wednesday were used to
perform an hydroacoustic survey along the northern coastline of Graciosa heading west towards
the Mid-Atlantic Ridge. Unfortunately, sampling the seamounts some 40 km’s east of the MidAtlantic Ridge was unsuccessful as a result of technical problems with the TV grab and the hard
surfaces prohibiting any samples to be grabbed.
The multibeam survey continued until the 14th of July in the morning, when we started an ROV
dive west of Graciosa. The night from the 14th to the 15th was spent with a multibeam survey
south of Graciosa and Terceira towards north of João de Castro seamount. We continued the
stratigraphic profile from the 5th of July between 1960 m and 1200 m water depth recovering
additional 20 rock samples.
The night of the 15th and morning of the 16th was used for a hydroacoustic survey along the
northern Hirondelle Basin and towards São Miguel to define potential dive areas for the next
days. We arrived in the harbour of Ponta Delgada in the evening of the 16th of July and stayed in
port during the night before heading out for the 30-year FS METEOR anniversary cruise with
members of the German Research Foundation, the Federal Ministry of Education and Research,
the Leitstelle Deutsche Forschungsschiffe in Hamburg and the German Parliament. The dive on
the 17th of July was performed west of the island of São Miguel and targeted a potentially young
rift zone volcano. Dive #400 of Quest 4000 revealed numerous lava flows and pillow lavas with
a high density of fauna on top of the lava flows. The dive unfortunately was interrupted by a
fishing line caught in the ROV cable that had to be cut in order to continue diving.
During the afternoon hours of the 17th of July we drove back to Ponta Delgada to allow the
guests to disembark before heading back to the rift zones west of São Miguel. During the night
and in the early morning of the 18th of July we used the TV grab to sample four localities of this
rift zone from south to north. The next ROV dive on the 18th of July targeted the northern rift
zone of Sete Cidades volcano on São Miguel. The dive was aborted in the early evening hours
because several of fishing lines and nets were caught by the ROV cable, fortunately without
damaging anything of the equipment. During the night of the 18th to the 19th of July sampling
continued using the TV grab along the northern rift flank of the Hirondelle Basin. During the
19th we performed an ROV dive on the southern rift wall of the Hirondelle Basin some 20 km
west of São Miguel again targeting the Azores Plateau basement revealing abundant lava flows,
pillow lavas and possibly also dikes. In the following night we performed a hydroacoustic survey
towards the East Azores Fracture Zone in the south of the Azores Plateau where the next ROV
dive started in the morning of the 20th in order to sample an almost 1700 m high cliff-wall
exposed along the East Azores Fracture Zone. As a result of technical problems we reached the
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bottom of the seafloor at lunchtime. During the night, the multibeam survey covered much of the
vicinity of the East Azores Fracture Zone before continuing the ROV sampling profile during
daytime of July 21st. A technical problem with the ROV’s winch required a change in plans and
we started sampling the profile using the TV grab. Two successful TV grabs recovered rock
samples, a third TV grab unfortunately remained empty. During the night to July 22nd we
surveyed the western extension of Princesa Alice bank by multibeam and carried out another
ROV dive to sample the early Azores Plateau lavas during the 22nd. During the night and during
the early morning hours of the 23rd July we sampled the volcanic rift zone west of Faial
representing the submarine continuation of the Capelinhos eruption in 1958-1959. One of four
successful TV grabs along Capelinhos was caught in long fishing lines causing some problems
during recovery of the grab. After a short multibeam survey across the eruption side we decided
to abandon this area and not risk ROV diving in the vicinity of Capelinhos. We then moved
towards Condor de Terra in the morning of the 23rd of July, approximately 10 miles southwest of
Faial, where we started diving along an apparently older volcanic ridge. During the early evening
we headed towards the Capelinhos eruption site, where colleagues from the University of Horta
in the Azores came alongside with a small vessel taking the refrigerated biological specimen
collected. We then continued our work with 5 TV grab stations covering almost the entire length
of the Capelinhos eruption site accessible (~5 km). During the early morning hours of the 24th of
July we headed towards Princesa Alice Bank continuing the stratigraphic profile from July 22nd.
The profile started in about 2000 m water depth and the ROV brought another 13 rock samples
to the surface on the evening of the 24th. During the night to the 25th of January we mapped the
volcanic system of Capelinhos and sampled the two northerly rift zones using the TV grab. We
then continued with multibeam surveys towards the western coastline of São Jorge and across
the western rift system of São Jorge. In the morning of July 25th we started the 19th and final
ROV dive of cruise M128 on the submarine volcanic ridge west of São Jorge but found no sign
of young activity. The five last TV grabs of the cruise on the rift zone west of São Jorge
confirmed the absence of young volcanic activity. The geological sampling ended at 2:00 am of
the 26th of July and we then started a 370-km long hydroacoustic survey from São Jorge, towards
Faial, then north towards Graciosa and along the southern rift shoulder of the Terceira rift axis
towards São Miguel.
All scientific measurements ended at 4:00 Wednesday the 27th of July 2016 and we arrived on
the pier in Ponta Delgada at 9:00 where the cruise ended.
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Station list of cruise M128 Azores Plateau. TVG = TV grab, ROV = Remotely Operated Vehicle Marum Quest 4000,
multibeam = combined data from EM 122 and EM 710
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