Abstract # 5359

Multidisciplinary Investigations of the Galápagos Rift, 86°W to 89.5°W:  25th Anniversary of the Discovery of Hydrothermal Venting

S. Hammond, T. Shank, D. Fornari, D. Yoerger, A. Bradley, D. Scheirer, M. Tivey and AT7-13 Scientific Party

In May-June, 2002, a multidisciplinary expedition comprised of biologists, chemists, geologists and engineers conducted a field program on the Galápagos Rift between 86ºW and 89.5ºW.  Objectives of the expedition included revisiting the site of one of the first-discovered low-temperature hydrothermal vents at Rose Garden (originally found in 1979), and searching for new low- and high-temperature vents along the largely unexplored western portion of the Galápagos Rift to 89.5ºW.  The field work was funded primarily by NOAA’s Ocean Exploration Program with additional support from the National Science Foundation and Woods Hole Oceanographic Institution.  A synergistic array of deep-ocean vehicles was used for the exploration program.  Alvin and a new digital towed camera were used for making seafloor observations, acquiring digital imagery and collecting samples.  An autonomous vehicle ABE (Autonomous Benthic Explorer), which acquired meter-scale bathymetry, near-bottom magnetics and bottom water-properties data, was utilized to explore for active hydrothermal venting.  Water-column vertical casts and tow-yos with a CTD/rosette were used to explore for plumes emanating from high-temperature vents.

Alvin and ABE were used to explore for the Rose Garden vent field near 86º13.5’W.  Detailed bottom-water temperature maps and seafloor magnetics data, in conjunction with visual and photographic observations from Alvin and the towed camera, confirmed that the Rose Garden vent field and associated animal community no longer exists, and that prolonged high-temperature venting appears to never have occurred in this area.  However, a new low-temperature vent field (which was named Rosebud) was discovered at a depth of 2450 m, and was found to be developing on a fresh-looking sheet flow at a location approximately 200 m northwest of the former Rose Garden area.

A second site of low-temperature hydrothermal activity, at 1670 m, was discovered on a portion of the unexplored rift near 89.5W.  This venting is the first discovered along this portion of the Galápagos Rift and it hosts a large vesicomyid (C. magnifica) clam community that covers an approximately 60 m x 60 m area.  

Throughout the cruise, ABE was used during night operations to provide synoptic micro-bathymetry maps, magnetics data and bottom water properties.  Early each morning, these data were processed and then provided to the Alvin observers prior to that same day’s dive.  ABE data were occasionally combined with, or supplanted by, data from the towed camera or the CTD.   A total of 9 Alvin dives, 7 ABE dives, 5 camera tows and 6 CTD tows/casts were conducted.  Detailed micro-bathymetric maps and mosaics of the vent communities will be presented.

ABSTRACT#   7890
Time-Series Exploration and Biological, Geological, and Geochemical Characterization of the Rosebud and Calyfield Hydrothermal Vent Fields at 86°W and 89.5°W on the Galápagos Rift

T. M. Shank, S. Hammond, D.J. Fornari, R. Waller, K. Ding, W. Seyfried, D. Butterfield, M. D. Lilley, M. Perfit and AT7-13 Scientific Party 
In May-June 2002, the Galápagos Rift axis was explored during a NOAA Ocean Exploration Program expedition that investigated three sites along the Rift between 86°W and 89.5°W. Two major vent fields with markedly different community structures were discovered near 86° 13'W (Rosebud) and 89° 37'W (Calyfield) and were biologically, geologically and geochemically characterized. 

Alvin dives were initially conducted to extend the long-running biological and geochemical time-series at some of the earliest discovered vent sites (e.g., Rose Garden, 1979; Musselbed, 1977).  Four Alvin dives to the Rose Garden (RG) area (86°W) revealed: 1) a notable absence of the 14 seafloor markers and ~7 stacks of Alvin dive weights that were observed during the last visit to RG in 1990; 2) relatively recent lava flows (as indicated by a 0.6 wt. percent increase in evolved N-MORB MgO in RG [1985] and Rosebud lava flows); and 3) relatively young (small/juvenile) species assemblages.  Thus, the well-developed vent faunal communities documented 12 years earlier at RG were apparently buried by eruptive lava flows. Within 200 meters of RG, a new site, Rosebud (2470m), has emerged to support communities presently in the early stages of their development in fluids exhibiting the highest temperatures (23°C) and H2S concentrations (>0.55 mmol per L) observed on the Galapagos Rift.  Photomosaics of the Rosebud vent field (70 x 50 m) reveal this site to consist of 4 major venting areas containing vestimentiferan tubeworms (majority less than 6cm in length), linear rows of bathymodiolid mussels (average ~1cm in length), and adjacent carpets of amphianthid anemones (ca. 50 per square meter).  A single assemblage of larger mussels (>10cm) was observed on the margin of the field.  Vesicomyid clams (ca. 10 individuals), all less than 3 cm, were observed along cracks in the central sheet flow.  Based on extensive time-series analysis of biological community structure on the East Pacific Rise, the age of the Rosebud communities are likely not more than 2.5 years old.

The western-most known vent field on the Galapagos Rift, Calyfield, (60m x 60m; 1679m), was discovered at 89° 37'W, and is dominated by the vesicomyid clam Calyptogena magnifica.  This field is similar in appearance to the Clam Acres site at 21°N on East Pacific Rise).  Photomosaics constructed via images acquired from Alvin revealed the distribution of large clams (ca. 18-32cm) to predominate in the flow contacts between pillow lavas, along with numerous clumps of bathymodiolid mussels (individuals >10 fold larger than those found at Rosebud), sparse vestimentiferan (Oasisia) tubeworms, numerous amphipod swarms, and the presence of large patches of a grey encrusting sponge on the pillow basalts. This Demospongiae sp. appears endemic to Calyfield and not recognized from any other vent area around the world. Differences in these two communities, their relationship to vent fluid chemistry, and patterns of vent community succession at the eastern Pacific vents will be presented. 

ABSTRACT#   5700

Multibeam Sonar Mapping of the Explorer Ridge with an Autonomous Underwater Vehicle

Michael Jakuba, Dana Yoerger, William Chadwick, Albert Bradley, Robert Embley.

In June of 2002, we demonstrated the SM2000 multibeam sonar on the Autonomous Benthic Explorer (ABE) as part of a NOAA-funded Ocean Exploration cruise to the Explorer Ridge (49 46’N, 130 16’W). The same sonar was used on several earlier studies from the JASON remotely operated vehicle, but in this effort the vehicle operated with full autonomy from the surface vessel, freeing the ship up for other tasks such as vessel-mounted multibeam survey and CTD casts. The AUV survey focussed in the area of the Magic Mountain vent field.

The SM200 operates at 200 khz and has a narrow-beam transmitting transducer and 80 receive elements, which are typically processed to form 128 beams. As the commercially available SM2000 topside computing hardware is incompatible with ABE, we recorded raw element data from the SM2000 head using a WHOI-built logger, and performed all beamforming and bottom detection after recovery. The configuration in which we used the SM2000 resulted in a 30 times improvement in the density of the sonar soundings over the mechanically scanned sonar previously used on ABE. ABE ran tracklines at the height of 40 meters off-bottom with 60 meter trackline spacing. While the SM2000 has considerably higher maximum range, we chose these parameters based on compatibility with other sensors (magnetometer, plume sensors, and other sonars).

The multibeam sonar provides a view of the seafloor that is unprecedented in detail.  In particular, small faults and fissures that are not resolvable with the mechanically-scanned sonar can be seen clearly in the multibeam data.  This information was used to guide the ROV ROPOS on later dives in the Magic Mountain vent field. Many active vents were located along subtle structural features that were evident in the SM2000 bathymetry.  For example, some chimney clusters are located along small faults with variable offset, whereas others are located on discrete but localized sulfide mounds.  In each case, the ROV was able to easily locate and follow the trend of these small-scale features based on the SM2000 bathymetry.

ABSTRACT #  5438

Hydrothermal Vent Plume Discovery and Survey with an Autonomous Underwater Vehicle.

Dana Yoerger, Robert Collier, Al Bradley

Autonomous Underwater Vehicles (AUVs) can detect and localize deep sea hydrothermal plumes, and through the use of on-board intelligence have the potential to significantly improve the efficiency of plume search. The Autonomous Benthic Explorer has encountered both previously known and newly discovered hydrothermal vents in a variety of settings, including the East Pacific Rise (9°N and 18°S), the Juan de Fuca Ridge (47° 54'N), several sites along the Galapagos Rift (86°-89°W), and the Explorer Ridge (49° 46'N).  Typically, these plumes were encountered during sonar, video, and magnetic survey with the vehicle following the bottom terrain at heights from 6 to 40 meters, which in most cases placed the vehicle in the rising, buoyant portion of the plume. Standard instruments carried aboard the vehicle include CTD and optical backscatter, and ABE has also carried an acoustic current meter and a redox potential sensor.

AUVs have great potential for efficiently locating vent sites.  Unlike ship-towed CTDs, ROVs or manned submersibles, AUVs are uniquely suited to carrying out systematic, exhaustive search patterns. The addition of on-board intelligence, allowing the vehicle to alter its survey track based on sensor data, can greatly improve the yield from an AUV dive. For example, after detecting a plume, the vehicle could break off from its broad area survey and perform a fine grid, possibly at different heights off bottom. But before we can take advantage of this potential, we must understand how an AUV "sees" a plume, and how that perspective can change for different types of vents in different settings. Our experience with ABE indicates that a successful autonomous plume survey must be based on a detailed understanding of plume physics.

The plumes encountered by ABE in these surveys varied widely in terms of the magnitude of their fluid and thermal output, topographic setting, and ambient currents. The AUV-based observations of these plumes also varied widely, and these observations shed considerable light on the use of AUVs to autonomously detect and localize plumes. The Main Endeavor plumes were surveyed at a height of 70 meters off bottom and showed temperature anomalies up to 500 millidegrees, intense optical backscatter signals, and vertical velocities up to 25 cm/s. These velocities were sufficiently strong that they could be measured with a current meter carried on the vehicle or inferred through their effect on the vertical dynamics of the vehicle. At another extreme, at the Galapagos Rift, ABE surveyed a plume (ALR/3791Vent) with temperature anomalies as small as 20 millidegrees, and no optical backscatter signal or discernable vertical velocity at a height of 40 meters. This smaller plume was ground-truthed by observations from the deep submersible Alvin. Finally, ABE surveyed the Calyfield on the Galapagos Rift shortly after its discovery by Alvin and observed little or no anomaly. As Calyfield is certainly more vigorous than the ALR/3791 vent, the lack of a discernable signature while surveying in the same manner that located the ALR/3791vent is noteworthy. This is most likely due to the complex hydrographic setting of the shallower Calyfield environment, including strong and variable tidal currents over abrupt topography and the presence of multiple water masses.   These results will be compared to other plume prospecting techniques applied in the Galapagos including classical CTD tow-yo's and a CTD-instrumented towed camera sled.
ABSTRACT #  5204

A New Species of Demospongiae from the Calyfield Vent Site on the Galápagos Rift 

R.G. Waller, T. M. Shank , S.A. Pomponi, K.L. Buckman

The Calyfield vent was discovered in June 2002 along the Galápagos Rift. This vent site is a 60m x 60m field dominate by the Vescomyid clam Calyptogena magnifica and large patches (~1m2) of grey biological material, thinly covering the basalts. 

Numerous pieces of lobate lava, with this grey covering, were collected by Alvin from this site. Taxonomic analysis has thus far shown this organism to be a Demospongiae, with further taxonomic and genetic analyses proceeding to determine it’s genus and species. Photomosaics generated of this field from downlooking images aquired by Alvin, show the sponge coverage to increase in density towards the centre of the vent field and its absence outside the vent area. The distribution of this encrusting sponge is limited to the actively venting area. 

Though sponges have been found at vent sites previously, there are no known vent endemic species. This species has not yet been seen on any of the known hydrothermal vents from either the Pacific, Atlantic or Indian Oceans. This poster discusses the distribution and biological data that has been gathered thus far on this Galápagos Rift sponge. 

ABSTRACT# 4541

 High Resolution Mapping and Near-Bottom Investigations of the Galapagos Rift Between 2002 Fall Meeting 86W and 89.5W Using ABE, Alvin and a new Towed Digital Camera                         Reference Number:4541

 Daniel Fornari 1, Susan Humphris 1, Daniel Scheirer 2, Dana Yoerger 1, Albert Bradley 1, Tim Shank 1, Steve Hammond 3, Michael Perfit 4, AT7-13 Scientific Party

During a recent NOAA Ocean Exploration Program cruise, the axis of the Galapagos  Rift (GR) between 86W and 89.5W was characterized using multibeam sonar, ABE scanning altimetry and CTD mapping surveys, and Alvin and towed digital camera observations and sampling at three sites: 86 Material presented: 13'W, 88 59'W and 89 37'W. Based on multibeam data, the regional morphology of the rift axis changes dramatically in this  region. At 86 13'W, the GR crest consists of a 5 km wide rift valley with 100 m high  walls and a central axial high within the    requested: rift. The floor of the rift lies at 2450 m  depth. High-resolution surveys with ABE over a 1.2km x 2.4 km area within the rift valley Scheduling request: shows that the central axial high comprises a prominent volcanic shield (200 m in diameter and 20 m tall), flanked by two smaller cones (100 m diameter and 10 m tall) that extend west from the larger shield. The cones form an E-W lineament that is slightly oblique to the N120E trend of a narrow rift (10-20 m wide) that extends along the southern margin of the line of cones. The narrow rift is believed to be the eruptive fissure associated with some of the most recent lava flows in this area. A fresh-looking, glassy sheet lava appears to be the youngest eruptive unit. Major element data for the sheet lava suggest it is a  moderately evolved N-MORB (8 wt. percent MgO), slightly less-fractionated than lava samples collected from this area in the mid-1980s (MgO contents for those lava were 7.5 wt. percent). The newly discovered Rosebud hydrothermal field and associated animal community are developing on this young sheet flow. A 600 m x 2.5 km ABE altimetric survey along the shallow (1660m) GR crest at 89 36-37'W indicated that the axis here is dominated by 2-3 lineaments of volcanic cones (50-100 m in diameter and 10-30 m tall) oriented generally parallel to  the local trend of the axis. Despite the shallow depth and domal cross-section of the axis, nearly all the volcanic flows are  pillow lava suggesting that low effusion rates dominate this region. Three Alvin dives in this area discovered a large low-temperature hydrothermal area hosted in pillow basalts that supports an extensive community of vent clams (C. magnifica) (the field was named 'Calyfield'). The pillow basalts sampled from this area are primarily ferrobasalts with MgO contents of 5.5-7.0 wt.percent, FeO contents of 11-12 wt.percent, and relatively high sodium and potassium values that may reflect input from the Galapagos plume. In addition, an extinct high-temperature sulfide chimney was discovered east of Calyfield. The change in morphology of the GR crest from a wide rifted graben at 86W to a more domal and shallow ridge at 89.5W may be related to the interaction of the spreading axis with the Galapagos plume, and the greater availability of melt and enhanced isothermal structure of the lithosphere near the hotspot.

ABSTRACT # 4968
An Effective Solid State Sensor for In-situ Measurement of the Chemical and Thermal Environment Near Vent Biota – Preliminary Results from the Galápagos Expedition

Kang Ding, William E. Seyfried, Jr. and Zhong Zhang (Department of Geology and Geophysics, University of Minnesota, Minneapolis, MN 55455, USA)

Since the discovery of deep-sea hydrothermal activity and associated biota 25 years ago in the Galapagos Rift Zone, numerous efforts have been devoted to study the chemistry of the venting fluids and its impact on vent animals. However, owing to limited progress in development of in-situ sensing technology under this extreme condition, our knowledge of the feedback between organic and inorganic systems has largely been derived from indirect methods. Based on our recent success in development of solid-state chemical sensors for application in seafloor hot spring fluids, a new in-situ sensor unit was constructed with capabilities optimized for application with DSV Alvin in relatively low temperature conditions of diffuse flow regime. The sensor consists of Ir-IrO2 and Ti-TiO2 electrodes as parallel pH sensing elements, together with Ag-AgCl as a reference.  These sensors are used in combination with Pt as a dissolved H2 sensing element, and Ag-Ag2S as a dissolved H2S sensor. A Ti-sheathed E-type thermocouple is also included inside the electrode package for temperature control. All sensing elements are enclosed in a Ti compartment with O.D. of 1.75 cm. The horizontal distances between all of the sensing electrodes and thermocouples are less than 0.5 cm. Moreover, the response region of the sensor is limited to 0.5 cm from the tip, which allows precise control of chemical measurement in specific thermal regimes. Measurements are recorded at the rate of 3-5 seconds per-reading through an inductively coupled link (ICL) between the sensor unit and the receiving computer inside the sub. The entire sensor, including supporting electronics, is directly mounted on the starboard side manipulator of Alvin, thus utilizing the submersibles hydraulic system for mechanical movement.  Measurements were successfully conducted during six dives at depths of 2501 to 1666 meters, while vent fluid temperatures ranged from ambient (2°C) to 22.9ºC. The highest temperature was recorded at the base of a colony of Riftia pachyptila during Alvin dive 3790 to the Mark F area. A relatively stable chemical environment characterizes the 22.9°C-warm fluids.  In general, pH is significantly lower than ambient, while dissolved H2 and H2S concentrations are higher. In reference to the ambient seawater values at ~2ºC, these differences can be up to 0.48 pH units, and 1.58 and 1.43 log units for dissolved H2 and H2S concentrations respectively.  Sensor measurements in the vicinity of the tubeworm plume reveal fluctuations in both temperature (~6ºC) and pH conditions (<0.2 pH).  Dissolved H2S concentrations, however, are still at the level of approximately one log unit high than the ambient seawater. From the tubeworm plume to the base, at the seafloor, a well defined negative linear correlation was observed between fluid temperature and pH, which likely reflects mixing dynamics between the seawater and vent fluid. Measurements were also performed around living mussels at venting sites. At the top of the mussel beds, fluid temperatures are only 1~2ºC high than for seawater, while deep into the beds, relatively large temperature, pH and dissolved H2 anomalies were detected. Clearly, the ability to measure and monitor in-situ chemistry in real time offers great promise for future discovery of the complex interaction between biological communities and hydrothermal fluid at the vent sites. The success to date notwithstanding, additional lab-based efforts are needed to enhance sensor performance and operational characteristics.  

Abstract # 7798

A New Towed Digital DeepSea Camera and Multi-Rock Coring System: the WHOI TowCam

A. Billings and D. Fornari

Observations of the ocean floor are critical to understanding the processes taking place there.  This year, a team of engineers at Woods Hole Oceanographic Institution (WHOI) developed and successfully tested a new, digital deep-sea camera system as part of a NSF equipment development proposal.  The system has been used during two expeditions, one to the Galápagos Rift in May, and the most recent one to the Hess Deep in August.  To date it has acquired nearly 20,000 digital seafloor images.

The new WHOI Towed Digital Camera and Multi-Rock Coring System (TowCam) is an internally recording digital deep sea camera system that also permits acquisition of volcanic glass samples using up to six (6) rock cores in conjunction with CTD water properties data.  The TowCam is towed on a standard UNOLS coaxial CTD sea cable, thereby permitting real-time acquisition of digital depth and altitude data that can be used to help quantify objects in the digital images.  The use of the conducting sea cable and CTD system also permits triggering of any of six rock core units on the sled so that discrete samples of volcanic glass can be collected during a lowering from specific areas identified using sonar data.  By operating either at night in between Alvin dives, or during other seagoing programs, photographic information of the seafloor can be recorded for near real-time analysis and for planning subsequent Alvin dives or other sampling and surveying programs.

The new WHOI TowCam is a self-recording, deep-sea towed camera system rated to 6000 meters.  It is capable of remotely taking 1000 high-resolution color digital photographs on each lowering at intervals of 10-60 seconds, of various seafloor terrains while being towed ~5-7 m above the bottom at speeds of up to 1/2 knot using a UNOLS standard, coaxial CTD cable.  The camera was developed by DeepSea Power and Light of San Diego, CA  (DigiSeaCam).  The onboard CTD (SeaBird25) permits real-time display and recording of digital depth, altitude and other standard CTD sensors (e.g. conductivity, temperature, turbidity), and provides connectivity to the pylon that permits triggering of the rock corers.  A strobe monitor (“Flashbird”), connected to a spare serial port in the SBE25, indicates when the strobes are fired.  This is displayed on the laptop computer in the ship’s lab and provides real-time verification that the camera is functioning and strobes are firing. The system is also equipped with six (6) specially designed rock core winches that permit the user to take discrete samples of volcanic glass by triggering the CTD deck unit and pylon, in much the same way as a CTD Niskin bottle is triggered on a rosette system.  It is envisioned that sampling sites would be predetermined based on inferred geological contacts displayed in high-resolution sonar imagery or bathymetry.  When a corer is triggered via the SBE33 Deck Unit and pylon, controlled from the CTD laptop, the corer winch starts turning, and in so doing, the ~8# wax-coated stainless steel core head is released and free-falls to the seafloor on a ~10 meter, 200# test, monofilament tether.  The core head bounces on the lava flow and is dragged over it as the TowCam continues its traverse, thereby breaking off chips of glass and embedding them in the wax.  Each corer winch is designed to reel-up the ~10m length of tether in approximately 4 minutes, however, the amount of time that the core head is actually in contact with the seafloor varies depending on the altitude when deployed.  Nominally, at ~5m altitude, the core head is in contact with the seafloor for about 1-1.5 minutes.  

More information is available for the TowCam at: 

<http://www.whoi.edu/marops/support_services/list_equip_towed_camera.html>

Characterization of microbial communities associated with deep-sea hydrothermal vent animals of the East Pacific Rise and the Galápagos Rift

Naomi Ward, Sunni Page, John Heidelberg, Jonathan A. Eisen, Claire M. Fraser.

The composition of microbial communities associated with deep-sea hydrothermal vent animals is of interest both because of the key role of bacterial symbionts in driving the chemosynthetic food chain of the vent system, and also because bacterial biofilms attached to animal exterior surfaces may play a part in settlement of larval forms. Sequence analysis of 16S ribosomal RNA (rRNA) genes from such communities provides a snapshot of community structure, as the 16S rRNA gene is present in all Bacteria and Archaea, and a useful phylogenetic marker for both cultivated microbial species, and uncultivated species such as many of those found in the deep-sea environment.

Specimens of giant tube worms (Riftia pachyptila), mussels (Bathymodiolus thermophilus), and clams (Calyptogena magnifica) were collected during the 2002 R/V Atlantis research cruises to the East Pacific Rise (9(N) and Galápagos Rift. Microbial biofilms attached to the exterior surfaces of individual animals were sampled, as were tissues known to harbor chemosynthetic bacterial endosymbionts. Genomic DNA was extracted from the samples using a commercially available kit, and 16S ribosomal RNA (16S rRNA) genes amplified from the mixed bacterial communities using the polymerase chain reaction (PCR) and oligonucleotide primers targeting conserved terminal regions of the 16S rRNA gene. The PCR products obtained were cloned into a plasmid vector and the recombinant plasmids transformed into cells of Escherichia coli. Individual cloned 16S rRNA genes were sequenced at the 5’ end of the gene (the most phylogenetically informative region in most taxa) and the sequence data compared to publicly available gene sequence databases, to allow a preliminary assignment of clones to taxonomic groups within the Bacteria and Archaea and determine the overall composition and phylogenetic diversity of the animal-associated microbial communities.

Analysis of Riftia pachyptila exterior biofilm samples revealed the presence of members of the delta and epsilon proteobacteria, low GC Gram positive bacteria (firmicutes), spirochetes, CFB (Cytophaga-Flavobacterium-Bacteroides) group, green nonsulfur bacteria, acidobacteria, verrucomicrobia, and planctomycetes. The presence of the latter three taxonomic groups is of special interest, as they represent phylogenetically distinct groups within the Bacteria for which specific ecological functions have not yet been identified, but which have been found to be widely distributed and often numerically significant in diverse terrestrial and aquatic habitats. Although further sequencing is required to demonstrate the presence of a Riftia-associated microbial population distinct from that of the surrounding seawater, results available from three Riftia individuals from 9°N or Galapagos? at the time of writing suggest this to be the case. Analysis of microbial communities associated with the gill tissue of the mussel Bathymodiolus thermophilus shows a population dominated by the gamma-Proteobacterial chemoautotrophic symbionts, although lower frequency novel phylotypes have been detected.

Representatives of specific taxonomic groups have been selected for sequencing of the complete 16S rRNA gene, and the sequences used to reconstruct phylogenetic trees to more accurately determine the evolutionary (not everyone will know what phylogenetic means) relationships between the novel sequences, and available sequences for both cultured and non-cultured bacteria.

