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Purpose

Multibeam mapping of Monterey Canyon has revealed the existence of crescent-shaped bedforms in the axial channel extending from the canyon head (~11 m) down to ~1900 m water depth. AUV multibeam mapping surveys of other submarine canyons along the California continental margin show that these features are characteristic of active submarine canyons. The occurrence of these bedforms has captured the attention of the marine geologic community and the origin of these features is already controversial.

Our recent efforts to determine the origin of these bedforms have included monitoring the movement of buried homer beacons, repeated AUV-multibeam mapping surveys, and ROV vibracoring in upper Monterey Canyon. Results obtained so far have clearly demonstrated that the bedforms are generated during brief, energetic sediment transport events that occur a few times each year, which are capable of moving boulder-sized objects hundreds of meters down-canyon. 

What actually happens in these sediment transport events is less clear. The initial assumption, which logically extended from the existing paradigm, was that the wave-like bedforms are produced by suspension and redeposition of sediments during high-energy turbidity events. In contrast, our data suggest that large sections of the canyon floor appear to move in a slump-like fashion during these events, somewhat analogous to movement of ice within a glacier. This new model challenges the turbidity current model and forces us to re-interpret old data and assumptions. At issue is whether the sediment transport events are turbidity currents that exhume material from the canyon floor and carry it either suspended in the water column, as bedload over the seafloor before it is redeposited further down canyon, or as down-canyon translations of large coherent segments of the seafloor. The depth to which the bottom movements penetrate is unknown, but sustained translation of the seafloor down-canyon is a potential mechanism for carving the canyon into its host rock. An instrument buried in the seafloor designed to record motion during the down-canyon sediment movement would aid in discriminating between the turbidity current, bedload, or coherent-slab transport models.

Methods and Equipment

We are developing a Benthic Event Detector (BED) to measure the down-canyon movement of the sediments within Monterey Canyon during mass transport events. This project will determine the feasibility of constructing a self-contained sensor system (the BED) that detects seafloor sediment motion, and build and test a prototype instrument during 2011.

The BED will be equipped with a yet-to-be-determined suite of motion sensors (most likely tilt and/or acceleration) and a pressure transducer, and will be buried just below the sediment surface. This unique sensor will aid in evaluating the new hypothesis that sedimentary fill within submarine canyon floors may move downslope as large masses, not primarily in suspension in the water column above the seafloor or as bedload moving over the surface of the seafloor. If it is conclusively demonstrated that substantial subseafloor movements are occurring, this promises to overturn existing paradigms that explain how sediment moves down submarine canyons.

Sanctuary Prohibitions

There will be minor seafloor alterations at the deployment sites. Because these devices will move during sediment transport events, these alterations will be “erased” during such events. All equipment will be recovered at the end of the experiment.

Sanctuary Activities in 2010

None.
Plans for 2011

Activities in 2011 involve developing a prototype instrument in the laboratory, and conducting two types of simple field tests to evaluate methods for locating and tracking a BED, and the quality of communications through sediment. The planned field tests include:

1. Communications Tests at Monterey Pier – A series of tests are planned to determine the effect that burial has on communications between a pair of acoustic modems, with one buried in up to 1 meter of sediment and the other suspended in the water column above or placed nearby in contact with the sediment surface. We are planning to conduct these tests adjacent to the Monterey Pier for ease of logistics. To minimize disturbance, divers will bury an acoustic modem (5.5 inches diameter x 17.3 inches long; 8.5 lbs in air) connected to a 200-meter long cable by pumping sediment out of a 10-inch-diameter caisson and placing the modem inside and then backfilling. The cables and electronics will be staged on the Monterey Pier. Testing will occur over approximately a 5-day period, and these tests may be repeated depending on the initial results. After each test period, the modem and caisson will be removed and the seafloor will be returned to its original state. We expect that less than a 2-meter-diameter area will be disturbed.

2. Location, Tracking, and Communications Tests in Upper Monterey Canyon - A prototype BED (8 inches diameter x 20 inches long; 12 lbs in air) with an attached Sonardyne homer will be deployed in upper Monterey Canyon in approximately 300 meters water depth during the latter half of 2011 to test strategies for locating, tracking, and further evaluation of the quality of communications. This BED prototype will also be used to obtain some basic sediment movement data that is essential for better defining the sensitivity of the motion sensors. This prototype will be placed on the seafloor, and the location, tracking, and communication tests and ultimate recovery will occur over a period of approximately 3 months.

Plans for 2012 and beyond

The project team hopes to deploy at least one BED instrument in 2012 in conjunction with other event detection monitoring systems, including STEDs and McSTAR (see project #901023 for additional details on these systems). If this integrated experiment proves successful, the team will work to integrate data from all three systems and deploy additional systems in future years.
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