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The seasonal hydrography and circulation
over Nantucket Shoals

by Richard Limeburner* and Robert C. Beardsley*

ABSTRACT

Bimonthly hydrographic surveys were begun in May, 1978 to measure the spatial structure
and temporal variability of the temperature and salinity fields about Nantucket Shoals over
one annual cycle. Moored current meters were also deployed in January, 1979 and in July,
1979 to directly measure the current field and examine low-frequency current variability over
the shoals. Surface temperature maps obtained during the spring and summer show cores of
relatively cold, nutrient rich water along the northeastern edge of the shoals which result
from the advection of stratified Gulf of Maine water into the tidally well-mixed region over
the shoals. The regional T/S distribution during the spring and summer shows a bimodal dis-
tribution: a Gulf of Maine mode and a shelf mode. The Gulf of Maine mode dominates the
local water structure over the northern part of Nantucket Shoals, and a mixture of the two
modes dominates the southern shoals. The presence of the shelf mode in the Great South
Channel region implies inflow here through the Channel. Advection and tidal mixing and to
a lesser extent local air/sea heat exchange and wind forcing directly influence water properties
over the shoals. Direct current measurements over the eastern shoals near 41°30” suggest a
southward flow of order 10 cm/sec, indicating a minimum transit time of order 10 days
through this eastern region. While local wind forcing can influence the low-frequency current
variability over the shoals (and indeed reduce the minimum transit time to a few days during
periods of strong northeast winds), the mean south and southwestward flow over the shoals
appears to be driven on monthly and longer time scales by the larger scale regional circulation
regime in the western Gulf of Maine, Georges Bank, and New England shelf region.

1. Introduction

Nantucket Shoals is a submerged sand and gravel shallow ridge which extends
52 km eastward and 93 km southeastward from Nantucket Island, Massachusetts
(Fig. 1). The bathymetry of the shoals is characterized by deep (20-30 m) north-
south channels separating shoal areas which are only a few meters deep. On length
scales of meters, migrating sand waves are found in the shallow regions. In gen-
eral, the shoals are the southwestern boundary of the Gulf of Maine and form a
topographic barrier to deep flow between the Gulf of Maine and the New England
continental shelf. To the east of Nantucket Shoals is a 60 m deep channel, the
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