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Overview
From July 8-25, the 2013 Northeast US Canyons Expedition explored diverse habitats and geological settings of the deep canyons region off the Northeast United States. The ROV Deep Discoverer (D2) completed 16 dives to depths ranging from 500 to 2200 m along the continental slope of the northeast US. Three exploratory ROV dives were conducted in Block Canyon and two dives were conducted each in Hydrographer, Alvin, and Atlantis Canyons. In addition, the ROV documented geological features and ecosystems in three priority sites considered to be geohazard areas by the United States Geological Survey Hazards group), three hydrocarbon seep areas, and one unnamed minor canyon.  

Canyon Biology and Geology
Exploration of the canyons at depths ranging from ~650 to 2200 m revealed that they are likely more dynamic, both geologically and biologically, than previously thought. Specifically, each dive documented a different suite of biological and geological features along both east and west walls in various locations within each canyon. While exploration of this deep-water canyon system revealed that the community composition and distribution of benthic fauna was related to both depth and substrate type, wall failures and breaches were recognized as having a high potential for yielding unstable habitat for the establishment of hard-bottom communities. Numerous observations of fallen or dislodged octocoral and scleractinian colonies were made at the base of the vertical canyon walls.

Lithologies exposed along the walls of Atlantis, Alvin and Block Canyons as well as the unnamed canyon between Block and Alvin Canyons were relatively similar along the upper slope section between depths of ~800 to 1400 m. Based on the depth interval, projections from seismic reflection and well data, and surface texture, these lithologies were most likely Late Cretaceous to Early Eocene chalks, limestones-calcareous mudstones/siltstones, and porcellanites.  The deeper dive in Block Canyon intersected a Pliocene-Pliestocene sediment wedge, with lithologies dominated by mudstones and siltstones. Mudstones and siltstone lithologies were encountered along the walls of Hydrographer Canyon, but the age of these units is currently unknown. Rock debris at the base of steep walls was encountered in all canyons, although the strength of the wall lithologies strongly controlled their distribution, extent, and morphology.  Extensive debris aprons, with large blocks, were present at the base of the walls in Hydrographer Canyon and the deep Block Canyon, while tabular slabs and smaller debris were common in Alvin, Atlantis and the upper slope of Block Canyon. 

Initial impressions of this canyon system also revealed that these canyons are hotspots for biodiversity, putatively hosting more than 25 species of corals, more than 7 species sponges, more than 30 species of fishes, and dozens of crustacean (e.g., crabs, lobsters, barnacles, shrimp), cephalopod (squids and octopus), and echinoderm species (e.g. starfish, sea urchins, sea cucumbers).  Dominant sessile fauna in the canyons included Desmophyllum sp., Solenosmilia variabilis, Paramuricea sp., Paragorgia arborea, Anthothela sp., bamboo corals (Isididae), numerous species of sponges (Hexactinellidae and Demospongidae) and limid bivalves. Dominant fishes included cutthroat eels (Synaphobranchidae), rattails (Macrouridae), skates (Rajiidae), black dogfish (Centroscyllium fabricii), and witch flounder (Glyptocephalus cynoglossus). In addition, numerous fauna were observed that were not previously known to occur in the area, including species of crabs (e.g., lithodid king crabs) and corals (e.g., Metallogorgia cf. melanotrichos with a brittle star associate Ophiocreas cf. oedipus). Also of note, Lophelia pertusa was observed in Hydrographer Canyon at a depth of 867 m. Several observations of young organisms and eggs were observed, including octopi eggs, bobtail squid eggs, eggcases from catsharks and skates, and small coral colonies indicative of relatively recent recruitment to the canyons (particularly in Hydrographer).  Finally, anthropogenic trash was apparent in all of the canyons, and in particular, discarded fishing gear was prevalent in the unnamed minor canyon.

USGS Hazards Sites 
The ROV D2 visited three sites prioritized by United States Geological Survey to examine the geological formation, character and potential instability of the seafloor, estimate relative timing of landslide events, and determine whether these areas pose a hazard to tsunami generation. Information gathered during ROV dives will be used to test hypotheses about the stability of scarp and canyon features and the potential for using surface morphology to estimate the relative age of landslide features, especially debris piles that are well expressed in geophysical data.  One dive (USGS Hazards 4) was focused investigating pockmark features along the upper slope that may be evidence of shallow fluid/gas release.  No evidence of recent fluid/gas expulsion was noted in the pockmarks traversed.  

Benthic fauna observed at these sites were species typically associated with soft substrata. Fauna included red crabs (Chaceon cf. quinquedens), sea pens (pennatulaceans), brittle stars (ophiuroids), sea urchins, and sea cucumbers (holothurians).  At the USGS Hazards Site 4, hundreds of red crabs were observed and a discarded crab trap was noted. At the USGS Hazards 2 site, thousands of brittle stars were observed, denoting a productive area in the canyon system.

New England Seep Sites
D2 surveyed two unexplored areas where water column anomalies (bubble streams rising from the seafloor) were found with multibeam sonar (see below) to determine if methane and associated chemosynthetic communities were present. An additional site that was surveyed on the engineering shakedown cruise was also re-surveyed during this leg. All three of these exploration dives revealed living chemosynthetic communities, e.g., beds of Bathymodiolus mussels, which hosted at least 10 species, including gastropod snails, polychaete worms, and shrimp associated with hydrocarbon seepage. On two of the dives to seep areas (NE Seep 1 and 2), D2 imaged methane bubbling directly through sediments on the seafloor. At NE seep 2 and 3, methane hydrates were observed, confirming that the processes that lock methane into ice occur in canyon areas in this region of the NW Atlantic. These cold seep areas were extensive (more than 100 meters in length). Of note at NE Seep 1, numerous size classes of Bathymodiolus mussels were evident, including 1000s of small individuals. 

Mapping and Other Operations
Throughout the cruise, previously collected multibeam data was used to plan all ROV dives. Gridded bathymetry data were viewed in collaboration with the onshore science team, and dive tracks were planned and plotted in 3D and shared with the team.

Each night, the survey department conducted mapping operations. Though much of the area explored was mapped during previous cruises, more than 7,200 square kilometers were mapped during leg 1, including: canyon areas where gaps existed in previous multibeam data; areas where previously collected bottom backscatter data quality was poor; new data collection along shallow areas of the continental margin to further develop multibeam data coverage; and confirmation of the locations of several previously detected gas plumes. At at least one site where sonar data discovered gas plumes in 2012 water column data revealed that precise locations showing bubble release were no longer actively releasing bubbles, and that new locations in the local vicinity were now showing active plumes.

Additionally, subbottom data was acquired and CTD casts were conducted in every canyon. Water samples were collected at following depths: near bottom, 500, 250, 200, 150, 100, 50, 30, 20, 10 m and at the surface. 

