Profiling operations during LADDER-III

The FSU Deep Microstructure Profiler (DMP), was used extensively during LADDER-III as a primary component of the physical oceanography program. Two matching profiling systems were used during the cruise to complete 41 profiles of turbulent microstructure and hydrographic finestructure. All profiles were done with simultaneous deployments of the CTD/LADCP system, and a total of 31 different stations were occupied at least once. By all measures, the operation was successful, producing data of great value to the ocean science community interested in the physical processes acting along the East Pacific Rise.

The FSU DMP systems (Fig. 1) were built by Rockland Scientific International, and were based on the Rockland VMP5500 design. These instruments were initially used during the GRAVILUCK field program along the Mid-Atlantic Ridge in 2006. Work during that program resulted in several modifications to the instrument’s design; specifically the weight release and an LED interface for signaling the profiler’s recording activity. These modifications greatly improved the reliability of the instrumentation. By way of comparison, our work during GRAVILUCK resulted in 15 profiles in during a cruise of roughly the same length as LADDER-III. Our productivity during this present project was not limited by the instrument’s performance, but rather by the limitation of operating the profiler with a 3-person team; consisting of L. St. Laurent, E. Howarth, and K. Decoteau. Our operations were conducted mostly at night, between the hours of 2100 and 0600. The Bosun and deck crew of the Atlantis provided considerable assistance to our operation. The efforts of these folks were significant, as most were working extra hours on top of their day-shift commitments. Additional support of our operation by CTD/LADCP-watch personnel A. Thurnherr, M. Schwartz, J. Stewart, A. Ruiz and X Liang was also invaluable.

The DMP system is autonomous, and requires special deployment and recovery operations relative to those routinely used for cabled instruments (e.g., the CTD). On deck, a custom carriage is used to move the DMP unit to-and-from the ship’s crane. Operations require 5 personnel. One person is needed for operating the lifting rig, while the 4 others handle the profiler as it was being lifted from-and-to the carriage. During deployment, the ship holds position until the profiler is submerged. After profiler deployment, the ship stands off 300-500 m before conducting a CTD/LADCP deployment. The profiler sinks to the programmed depth, drops weights, and returns to the surface. For recovery, the ship slowly approaches the floating profiler. A profile to 3000 m takes roughly 3 hours, including time for deployment, the profiler’s decent, return to the surface, and recovery to the deck. The profiler is then programmed for the next deployment. In general, a new deployment 45 minutes after recovery was possible. 

DMP profiles were cataloged using the same numbering system as used by the CTD/LADCP station plan. A listing of DMP deployments by station number is given in Table 1. The names of each station location, date, time, longitude, latitude, and depth are given. With the exception of station 1, all profiles were conducted to full depth, typically to within 50-m of the depth given by the Knudsen echo sounder. In all profiles, parameters measured include the microstructure for shear, temperature, and conductivity. These are used to estimate turbulent dissipation rates, and mixing rates. A map of stations occupied in the physical oceanography survey is shown in Fig. 2.

Of the 41 profiles, 3 profiles were problematic. Profiles for stations 21, 30, and 39 all show a problem with the instrumentation, resulting in a corrupted data file. The first two incidents occurred while we were using DMP S/N 010, “Vader.” The first incident was likely related to the failure of the connector to the turbidity sensor. This incident rendered the DMP’s turbidity circuit unusable for the remainder of the cruise. As such, data files after station 21 do not have records of turbidity. The 2nd incident with Vader that occurred during station 30 was not traceable to any obvious electrical problem. After this incident, we switched to using DMP S/N 008, “Vito.” This system showed the same problem during station 39, again with no obvious cause of an electrical problem. We continued to operate Vito for the rest of the cruise, and did not see a reoccurrence of the problem. However, this problem is, as of yet, unresolved for both instrument systems. The corrupted data files from these profiles will be analyzed after the cruise. I am hopeful that the data can be salvaged.  

Aside from these 3 incidents, the DMP systems performed very well during the cruise. All data were of excellent quality, and have been preliminarily processed. While a more thorough analysis is needed, we believe the turbulence measurements have revealed several interesting aspects of the mixing characteristics near the East Pacific Rise. First, our measurements show that the helium plume along the ridge axis can have an interesting turbulence signal associated with turbidity, as seen as stations N1 and N3 (Figs. 3 and 4). Our data show that the kinetic energy dissipation rate (epsilon) is often enhanced in the Helium plume, extending from 100- to 150-m above the bottom. We believe these are the first ever observations of such turbulence signals, and so the result is quite exciting. 

The second result deals with the general level of mixing on- and away from the ridge axis. This was the primary motivation for our mixing study, as the tracer experiment during LADDER-I and II indicated that enhanced levels of mixing were acting somewhere in the general region to the west of the ridge. Our survey was intended to examine where this mixing might specifically be occurring. The primary result seems to be that mixing in the area on and around the “Lamont” seamounts is the likely hotspot for mixing activity in the region. Figs. 5 and 6 show data from M7 and M8, documenting the generally enhanced turbulence levels and diffusivities below 2000-m depth. The depth interval around 2500 m was specifically relevant to the mixing of the tracer in the release experiment. A more thorough analysis is needed to ascertain whether the spatially variable turbulence levels we observed support the mixing rate estimated from the tracer evolution. However, it appears quite plausible that the diffusivities we have found could account for the tracer mixing. 

The abyssal layer below 2000-m is interesting, in that it is very weakly stratified. The energy dissipation levels we observe in this layer, while enhanced, are not particularly large when compared to oceanic regions of strong abyssal mixing. It appears that the combination of moderately enhanced dissipation levels combined with very small buoyancy gradients gives rise to large diffusivities of the same order as estimated by the tracer experiment, O(1 cm2/s).
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Table 1. Summary of DMP deployments.
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Figure 1.  The FSU DMP system.
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Figure 2. Map showing the survey grid for physical oceanography stations occupied during the LADDER-III survey.
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Figures 3 and 4. DMP data from stations N1 and N3, showing the relation between the turbidity signal of the He plume (near 2400-m depth), and associated levels of enhanced energy dissipation (epsilon) and diffusivity (krho).
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Figures 5 and 6. DMP data from stations M7 and M8, showing enhanced energy dissipation (epsilon) and diffusivity (krho) along the Lamont seamounts. 

