Preliminary Geologic Report – Moss Landing Harbor Entrance Channel

Introduction


Moss Landing Harbor entrance channel is located along the central California coast in nearly the geometric center of Monterey Bay at the small fishing village of Moss Landing, almost half way around the bay from the towns of Santa Cruz in the north and Monterey in the south. It is an artificial channel constructed by the U.S. Army Corps of Engineers in the 1940s to connect the open waters of Monterey Bay with the natural lagoon and estuary that existed behind coastal sand dunes to form a protected harbor. The objective of this report is to summarize present day geologic knowledge of the area for use in determining the feasibility to drill a lateral borehole beneath the entrance channel for the installation of a fiber-optic cable. The Monterey Bay Aquarium Research Institute (MBARI) is considering drilling a small diameter hole beneath the harbor entrance channel that would connect the northern spit (that abuts the northern harbor entrance jetty) with the southern spit (that abuts the southern harbor entrance jetty) for the purpose of running a continuous fiber-optic cable from MBARI’s science facilities on the southern spit to the abandoned fuel oil pipe on the north spit. This would allow MBARI to then connect to the proposed MARS observatory being planned for the offshore Monterey Bay area.

Geologic Setting


Monterey Bay lies within the San Andreas Fault zone, the active transform fault zone that separates the Pacific Plate from the North American Plate. Basement rock in the Monterey Bay region consists of a sliver of granitic rock displaced from the southern Sierra-Nevadal batholith and carried northward upon the Pacific Plate (Greene. 1977; Greene and Clarke, 1979l; Howell et al., 1980). Overlying this basement rock are a thick sequence of Tertiary strata, primarily consisting of the more prominent and extensive Miocene Monterey Formation, Santa Cruz Mudstone and the Pliocene Purisima Formation and overlain by unconsolidated Quaternary sediment (Greene, 1977, 1990; Greene et al., 2002; McCulloch and Greene, 1990; Wagner et al., 2002). The cumulative thickness of these sedimentary rocks and sediments reach several thousand meters and are of diverse lithologies. The Monterey Formation is a highly fractured bathial deposited diatomite and chert sequence while the Santa Cruz Mudstone is a marine diatomaceous mudstone and the Purisima Formation is a well-consolidated concretionary nearshore marine sandstone and mudstone. Quaternary deposits consist of aeolian sands, fluvial sediment and alluvial deposits. Today the Monterey submarine canyon cuts deeply into these deposits and heads at Moss Landing with one head located directly offshore of the harbor entrance channel.

Site Geology


Although there are no geologic data along the precise route of the proposed bore hole across the harbor entrance channel there are data on either side that is used here to extrapolate the geologic conditions at the site. These data consist of seismic reflection profiles collected approximately 1 mile offshore of the harbor entrance and well hole data located less than a mile inland of the channel. 


Sesimic Reflection Profiles

The USGS collected a series of intermediate penetration and high-resolution seismic reflection profiles in Monterey Bay in 1970. Two of these profiles (Lines 4 and O) cross Monterey Canyon head near the harbor entrance channel (Greene, 1977). Interpretation of these profiles indicates that approximately 300 m of the Aromas Red Sands, a sand dune and fluvial sedimentary sequence, and thin beds of the Paso Robles Formation, an alluvial gravel and sand deposit, overlie the Pliocene Purisima Formation in this location. The top of the Monterey Formation is interpreted to lie nearly 1000 meters beneath the sea floor and does not crop out along the canyon head walls. 


Well Hole Data

Several exploratory oil and gas wells were drilled in the immediate vicinity of the harbor entrance channel during the first half of the 20th century. Two wells, Bayshore Development Co., Vierra No. 1 (sec. 7, T. 13S, R. 2E) drilled in November 1944 and Texas Co., Pieri No. 1 (sec. 19, T. 13S, R. 2E) drilled in September 1949 are located near the present location of Highway 1 at the Elkhorn Slough bridge (Greene, 1977). Well Vierra No. 1 penetrated 510.5 m (2003 ft) of Quaternary and Pliocene sediment and penetrated Miocene rock between 510.5 m and 2412.8 m (2003-7916 ft) deep. Well Pieri No. 1 penetrated 509 m (1670 ft) of Quaternary and Pliocene sediments that overlie the Monterey Formation.

Conclusions


Based on the interpretation of the offshore seismic reflection profiles and onshore well hole data it appears that the geology beneath the Moss Landing Harbor entrance channel consists primarily of nearly 300 m of unconsolidated Quaternary sand dune deposits overlying well consolidated Purisima sandstone. It is anticipated that a shallow (20-30-m deep) laterally drilled bore hole would penetrate a well-sorted, well-packed water saturated fine unconsolidated sand at depth that is overlaid by fluvial sands and gravels and modern fine- to medium-grain sands that regularly fill the harbor entrance. 


The site of the proposed borehole is in an area of sediment accumulation and not subjected to active erosion. Fractured bedrock lies over 500 m deep and would not be encountered during the drilling operation. It is expected that well compacted, well-sorted fine-grained quartz sand interlayerd with gravels and coarse-grained sand would be encountered. This would not be a hard rock drilling operation and unconsolidated sand drilling techniques that rely upon continuous casing is anticipated to be used. Little or no drilling fluids such as borate would be needed, but this would depend upon the driller’s recommendation.
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