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Figure 1 
Georges Bank in relation to the 
rest of the continental shelf off the 
eastern coasts of the United States 
and Canada. The projection is 
Lambert's conic conformal, scale 
1 : 75 million. The depth contours 
are in meters. Sections of this map 
are used as bases throughout the 
book. 
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Geology 
Richard H. Backus 

The continental shelf from the Straits of Florida north to Martha's Vineyard and Nan
tucket has a smooth floor and a more or less smooth though curving edge, but from 
the Massachusetts islands on to Nova Scotia the shelf is exceptional. Here it con
sists of the rectangular deep we call the Gulf of Maine and the huge shoal making 
the gulf's seaward side-Georges Bank (figure 1 ). 

The seafloor of the Gulf of Maine, which is more than 200 m below the surface 
in some places, rises swiftly on the bank's northern flank-sometimes called "the 
Northern Edge" -to a minimum depth of less than 3 m on Georges Shoal, the shal
lowest of a series of northwest/southeast-trending sand ridges occupying the north
western part of the bank. The southern flank of the bank also is quite steep, about 
5 °, and slopes continuously into the deep ocean and soundings of 4,000 m. A 
depression between Georges Bank and Browns Bank, which lies to the northeast
the Northeast Channel-connects the deep Gulf of Maine with the deep Atlantic 
Ocean. The depth at the threshold or sill in the channel between gulf and ocean is 
about 230 m. Another channel, though not so deep-the Great South Channel-simi
larly connects gulf and ocean at Georges Bank's southwestern extremity. The sill 
depth here is only about 75 m (figure 2). 

The northwestern half of the bank containing Georges, Cultivator, and many 
lesser, unnamed shoals consisting of sand ridges lies within the 60-m depth contour 
or isobath and is the shallowest part of the bank. The area of the bank inside this 
isobath is about 14,000 km2-not quite equal to the combined areas of Connecticut 
and Rhode Island. To the south and east the bank deepens gradually to about the 
100-m isobath, then rapidly into deep water, as described. This gently sloping south
eastern half of the bank has a smoother bottom than the rough northwestern half. 
The total area of the more or less flat top of the bank inside the 100-m isobath east 
of the meridian 69° Win the Great South Channel is about 33,700 km2-about equal 
to the combined areas of Massachusetts, Connecticut, and Rhode Island. 

The southern flank of the bank is much incised by submarine canyons and gul
lies. The larger canyons are cut deep enough into the shelf and slope so as to ex
pose rocks that were layed down from Early Cretaceous to Tertiary times-from 
about 120 million to about 60 million years ago. The origin of the canyons is poorly 
understood. They undoubtedly have a complex history of excavation and filling by 
many different agents-currents, submarine avalanches, and animal-induced erosion. 

The foregoing describes only the shape or morphology of Georges Bank-its 
face-but the bank has an interior and roots. Geologically, we can think of the bank 
as a complex layer cake of sedimentary rocks capped with an icing of loose sedi
ments and held in an irregularly shaped bowl of crystalline rock. The loose (unconsoli
dated) sediments, of course, are the sands and gravels that we see on the bank 
today. The sedimentary rocks beneath were once unconsolidated sediments-time 
and pressure made them into rocks. The crystalline rocks of the bowl were formed by 
the cooling of molten material. The upper surface of the bowl and its continuation 
elsewhere is often called "basement. " 

The bowl that holds Georges Bank is called "Georges Bank Basin" and is one of 
a number of such basins stretching along the Atlantic continental margin. This margin 
and its basins evolved together with the whole Atlantic Ocean basin about 200 million 
years ago following the breakup of the ancient megacontinent Pangaea and the drift
ing apart of North America and Africa. The sediments in Georges Bank Basin are 
about 16 km thick. The deepest, which is to say the oldest, date from Late Triassic 
or Early Jurassic times-right on the heels of the breakup of Pangaea and before 
North America and Africa had separated very much. Most of the column of sedimen-

tary rocks were deposited in Jurassic and Cretaceous times-roughly coincident with 
the dominance of dinosaurs among land animals. The oldest sediments date from 
about 200 million years ago, as already noted, while the youngest of the Cretaceous 
ones, only a few hundred meters below the top of the column (that is, the present 
surface of the seafloor), date from about 60 million years ago. Thus the first nine
tenths or so of the sedimentary column was built over the period of 140 million years, 
while the last tenth was built much more slowly-in about 60 million years. A sub
stantial part of this uppermost tenth of the sedimentary column consists of material 
associated with the advance and retreat of ice sheets during Pleistocene times-rela
tively recent events taking place during the last 1.8 million years. The deepest 10 km 
of these sediments are a diverse lot-sandstone, siltstone, mudstone, limestone, 
shale, and conglomerate; dolomite, anhydrite, and salt; lignite and coal. Some were 
brought into the basin by rivers from the continent to the west; others were of marine 
origin, conspicuous among which are the calcareous skeletal remains of plants and 
animals. If petroleum is to be found on Georges Bank, it will be somewhere within 
these sedimentary rocks. 

The sedimentary rocks in established oil and gas fields share four attributes: (1) 
the beds of rock have been deformed iri such ways as to form traps for catching the 
petroleum, (2) the porosity and permeability of the rock is such that a reservoir for 
holding the petroleum has been formed, (3) the rocks surrounding the reservoir rock 
are impermeable and have kept the petroleum from leaking out of the reservoir once 
it got there, and (4) there is hydrocarbon source rock of such quality and quantity 
connected to the reservoir by suitable migration paths so that petroleum has accumu
lated in the reservoir in commercially exploitable amounts. Some of the sedimentary 
rocks on Georges Bank share the first three attributes listed, but the fourth-the 
existence of suitable hydrocarbon source rock, that is, rock rich enough in organic 
carbon and buried deep enough to become hot enough to generate petroleum-has 
yet to be demonstrated. 

The last of the Pleistocene glaciers in the the Wisconsinan stage began its rapid 
withdrawal from Georges Bank about 16,000 years ago. This event had a very great 
effect on the shape of the bank and its surroundings. The shaping was mainly due to 
the nature and distribution of the debris that the retreating glacier left. This debris is 
of two broad but distinct classes-"unsorted" material or "till," mixtures in which the 
particles range from finely ground clay to house-sized boulders, and "well-sorted" 
material, in which the particle size is more or less uniform. (Naturally, there are many 
intermediate assortments.) Much of the unsorted material was dropped as moraines 
at the edge of the melting ice. The well-sorted material became so as it was carried 
out and away from the shrinking glacier by rivers and streams of meltwater to be de
posited as sandy or silty outwash plains. The southeastern limit of Wisconsinan ice in 
the Georges Bank area is not known with complete certainty, but appears to have 
conformed more or less to the northwestern edge of the bank, where deposits of till 
have been found and where the bottom is rough. From here outwashes of sand and 
silt were spread southeast across the bank where now the bottom is somewhat 
deeper and smoother, as already noted. 

At the time that the Wisconsinan ice sheet began its retreat from Georges Bank, 
sea level in the region was about 100 m lower than at present, and the bank would 
have been more properly called "Georges Cape." By about 11,500 years ago, sea 
level had risen enough to fill what is now the Great South Channel, and Georges 
Cape became Georges Island. The recovery by fishermen and the subsequent deter-



Figure 2 
Georges Bank. The projection is 
Lambert's conic conformal, scale 
1 : 2 million. Depth contours are in 
meters. This map is used as a 
base in several places in the book. 
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mination of age (by means of 14C radiometric decay1) of a variety of fossils-land or 
shore animals, such as walruses, mastodons, and oysters, and peat and other plant 
material-has let geologists fix the date and height of sea level at a number of points 
around the present-day bank that were shore localities at the time that the fossils 

were living things. 
The modern phase in Georges Bank's geologic history began with the rise in sea 

level that took place between 10,000 and 5,000 years ago and progressively flooded 
more and more of what had been an island. This began the sort of activity that is still 
shaping the bank today-the more or less continual reworking of the upper few cen
timeters of the bottom and the resuspension and redistribution of the finer-grained 
parts of this sediment. Today such reworking is done neverendingly by the bank's 
strong tidal currents in water depths down to about 60 m and intermittently down to 
somewhat greater depths by the wave-generated currents associated with violent 
storms. A principal result of this reworking of the bank's bottom is the winnowing of 
the fine material from the top of the bank, so that the sediments there consist mostly 
of quite coarse material-medium-to-coarse sand and some gravel. Away from the 
crest of the bank, tidal currents weaken and sediments become progressively finer; 
the deep basins of the Gulf of Maine and a large area on the continental shelf south 
of Martha's Vineyard known as the " Mud Patch" are places where the tidal current 

at the bottom is so weak that they are sites of deposition for silts and clays, some of 
which have been carried there from the bank. 

Another result of the continual reworking of the sediment by the tidal current in 
depths of about 60 m or less is a whole hierarchy of current-generated shapes or 
"bed forms." The largest of these are the sand ridges; they are found everywhere on 
the shallow part of the bank top and trend northwest/southeast-nearly parallel to 
the major axis of the semidiurnal tidal current. (The shallowest spots on Georges and 
Cultivator shoals are the sand ridges on the bank that come closest to the surface.) 
Sand waves, whose crests are oriented across the major axis of the semidiurnal tidal 
current, are superimposed upon the sand ridges. The sand waves have wavelengths 
of 50-300 m and reach heights of 25 m, although most are 1-10 m high. Megarip

ples and ripples are smaller features with orientations like the sand waves. The sand 
ridges may be moving features; the sand waves are known to be so-those on 
Georges Shoal have been shown to move about 12 m/year. Sand waves are asym
metric, having steep downcurrent faces and gentle upcurrent backs. This feature of 
the waves, together with their distribution, makes them useful for inferring sediment 
transport and shows, among other things, that the movement of finer-grained sedi
ments is indeed offbank. The sand ridges are thought to be built by the tidal current, 

which causes the sand in one place to converge and in another to be swept away. 
The troughs between ridges often have gravelly floors, indicating the removal of sand. 

The following four chapters (chapters 3-6) treat various aspects of Georges 
Bank's geology: morphology, shallow structure, subsurface geology, and submarine 
canyons; chapter 6 also has much of zoologic interest. But other sections of the 
book, especially those having to do with chemistry and zoology, offer much informa
tion on the subject of Georges Bank's geology and illustrate well the interrelatedness 

of much of ocean study. Chapter 50 discusses the petroleum potential of the bank. 
Chapter 13 and the vignette "The Effect of Winter Storms on the Bottom" by But

man are concerned with the processes that suspend and transport sediment on the 
bank. The vignette "Georges Cape, Georges Island, Georges Bank" by Emery tells 

how the study of fossils , most of which have been recovered by fishermen, has 
helped to reconstruct the recent history .of the bank. 

Note 

1 . Because of the radioactive carbon 
(''C) in it, any gram of living carbon 
shows an activity of about 15 disinte
grations per minute. With death, the 
"C begins to decay at a rate such 
that after about 5,570 years the ra
dioactivity has been reduced by 
half-to about 7.5 disintegrations per 
minute. From this relation the time 
that has passed since the death of 
the organism from which the sample 
came can be calculated. 



Figure 3.1 
Bathymetry (meters) of the south
ern New England continental mar
gin. [Uchupi (1968)] 

Morphology 
Elazar Uchupi and James A. Austin, Jr. 

On most stable continental margins, the shelf is a broad 
and fairly smooth platform extending from the shore to 
the top of the continental slope. In glaciated stable mar
gins, such as southern New England and eastern Canada, 
however, the shelf displays considerably more relief, with 
lowlands along the coast, U-shaped troughs extending 
from the lowlands to the continental slope, and a chain 
of flat-topped banks along the outer shelf next to the 
slope (Holtedahl, 1958). Off New England the shelf is 
dominated by the Gulf of Maine, Georges Bank, and the 
Northeast and Great South channels (figure 3.1 and 
plate I) . 

The Gulf of Maine 

The Gulf of Maine (figure 3.2) is a rectangular depression 
with an area of 90,700 km2 and an average depth of 150 
m. The mainland lies northeast, north, and west of the 
gulf. Georges Bank separates the latter from the open 
ocean. The Bay of Fundy, a shallow U-shaped trough 
northwest of Nova Scotia, lies northeast. The southern 
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and western sides of the gulf, where Paleozoic rocks are 
covered by a thick apron of Coastal Plain sediments and 
glacial deposits, are characterized by relatively gentle re
lief of 20-240 m. In contrast, the northern and eastern 
sides, where Paleozoic rocks are exposed or thinly cov
ered, are irregular and characterized by narrow ridges, 
small pinnacles, and many small channels (Uchupi, 1968). 

Overall the Gulf of Maine is rough, with a relief rang
ing from 9 m at Ammen Rock on Cashes Ledge to 377 
m in Georges Basin adjacent to the Northeast Channel. 
Topographically the floor of the gulf is made up of two 
provinces: basins and ridges (including swells, knolls, and 
flat-topped banks), with basins occupying about 30% of 
the area. Seismic-reflection profiles indicate that the basin 
floors consist of folded sedimentary rocks of Late Trias
sic/Early Jurassic age (Tagg and Uchupi, 1966; Uchupi, 
1966, 1970; Oldale and Uchupi, 1970; Oldale, Uchupi, 
and Prada, 1973; Ballard and Uchupi, 1975; Austin et 
al., 1980). Their relief is due to differential erosion of 
these rocks. Within the gulf are 21 basins, with sill 
depths ranging from 59 to 242 m (Uchupi, 1965, 1968). 
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Their areas range from 30 to 10,700 km2, and their vol
umes at sill depth from 0.2 to 322 km3

• The volume be
low sill depth represents 7 .6% of the total water present 
in the Gulf of Maine (Uchupi, 1965). Most of the basins 
are compound, with several depressions below sill depth. 
For example, the large basin east of Cape Cod contains 
six such depressions: Murray, Wilkinson, Sharrer, How
ell, Rodgers, and Davis. These basins appear to control 
the bottom flow of the Slope Water in the Gulf of 
Maine (Emery and Uchupi, 1972). This water enters the 
gulf by way of the Northeast Channel, which has a sill 
depth of 232 m. From there the Slope Water flows in a 
landward direction by several routes controlled by pro
gressively shallower sills. 

The most prominent topographic highs in the gulf are 
north-trending Cashes Ledge and Parker Ridge, with a to
tal length of 57 km and depths along their crests of 
40-60 m. At Ammen Rock, Cashes Ledge shoals to 9 m. 
Other irregular, crested ridges include Sigsbee Ridge and 
Three Dory Ridge. All of these highs appear to be under
lain by Paleozoic intrusives (Ballard and Uchupi, 197 5). 
Some topographic highs (including Stellwagen Bank, Jef
freys Ledge, Fippennies Ledge, and Platts Banks) are flat 
topped and consist of sedimentary rocks. They represent 
erosional remnants of Coastal Plain strata. The more sub
dued of the topographic highs are Franklin, Howell, 
Stout, Wright, and Jacques swells at the southwest corner 
of the Gulf of Maine; these have less than 30 m of relief. 

The Gulf of Maine is floored by a great variety of sedi
mentary strata above the Paleozoic/Triassic terrain 
(Schlee, 1973). In the western gulf, for example, the un
conformity truncating the Paleozoic/Triassic rocks is ov
erlain by patches of sediment (Hoskins and Knott, 1961; 
Uchupi, 1970; Oldale, Uchupi, and Prada, 1973). Acous
tic similarities to known Eocene sediments in Fippennies 
Ledge (Schlee and Cheetham, 1967), the occurrence of 
Eocene fossiliferous boulders (Crosby, 1879) and glau
conite in the drift of Cape Cod, and Coastal Plain ero
sional remnants south of Boston and in the Elizabeth 
Islands (Bowman, 1906; Emerson, 1917; Woodworth 
and Wigglesworth, 1934) suggest that all of these ero
sional remnants are composed of Coastal Plain strata. 
Blanketing them and the Paleozoic/Triassic rocks under 
them are Wisconsin.an glacial till and acoustically trans
parent meltwater/fluvial and pelagic deposits (Murray, 
1947; Oldale, Uchupi, and Prada, 1973). Near the coast, 
the meltwater deposits display a mottled texture in the 
seismic-reflection profiles that may be due to local accu
mulations of sand or gravel (Oldale, Uchupi, and Prada, 
1973). 

Georges Bank 

Flanking the Gulf of Maine on the seaward side is 
Georges Bank, a 150-km-wide and 280-km-long topo
graphic high that rises more than 100 m above the Gulf 
of Maine. Georges Bank is at the western end of a chain 
of banks extending from the Grand Banks of Newfound
land to Nantucket Shoals. It is separated from the Seo-
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tian Shelf by the Northeast Channel and from Nantucket 
Shoals by the Great South Channel. The southern half of 
the bank is a smooth plain that dips gently southward 
with a gradient of about 3' [3 minutes, that is, (3/60) 0

]. 

The northern half of the bank has considerably more re
lief, characterized by a series of northwest-trending shoals 
that are as long as 7 5 km and about 10 km apart. Drilling 
indicates that the shoals are mainly sand (Emery and 
Uchupi, 1972). Seismic-reflection profiles show that the 
shoals lie atop a prominent unconformity carved during 
the Holocene transgression (Lewis et al., 1980). The 
shoal field has been interpreted as glacial drift (Shepard, 
Trefethen, and Cohee, 1934) and as an outwash plain 
(Uchupi, 1968). The glacial deposits were put into their 
present form mainly during the Holocene transgression, 
but they have been further shaped by subsequent tidal 
currents. 

Superimposed on the shoals and intervening troughs is 
a complex mosaic of linear sand waves, some parallel and 
others perpendicular to the strongest component of the 
tidal current Gordan, 1962; Uchupi, 1968) (figure 3.3). 
Most sand waves are symmetric, but a few are asymmet
ric. The asymmetric ones face away from the gulf (that is, 
the steeper sides face south). Those in the troughs, except 
south of Georges Shoal, face the Gulf of Maine. 

The most prominent shoals atop Georges Bank are 
Georges and Cultivator shoals (figure 3.4). Both are asym
metric in cross section, with the steeper side on the west. 
This slope has a declivity of 6° on Georges Shoal and 2 ° 
on Cultivator Shoal (Uchupi, 1968). The gentler eastern 
side ranges in gradient from 11' on Georges Shoal to 20' 
on Cultivator Shoal. The crest of Georges Shoal is blan
keted by sand waves aligned with the crest. They are 
1-20 m high and as long as 7 km. The top of one of 
these sand waves is only 4 m from the surface-so near 
that it causes storm waves to break, resulting in turbu
lence readily detected from the air and from shipboard 
(Emery and Uchupi, 1972). According to Stewart and Jor
dan (1964), when the tide flows at right angles to this 
shoal, the crest of each sand wave atop the shoal is in vi
olent sheet flow. 

Cultivator Shoal differs from Georges Shoal in that its 
northern tip curves to the northeast rather than to the 
northwest. The sand waves on the crest of Cultivator 
Shoal also differ in that they have rather prominent 
southeasterly-to-easterly curving tails. These linear struc
tures are 4-30 m high, with one along the western side 
of the shoal being more than 10 km long. 

Comparison of the 1930-1932 U.S. Coast and Geo
detic Survey hydrographic surveys of Georges Shoal with 
those made in 1957-1958 indicates that the sand waves 
on the crest of the shoal have migrated at least 300 m to 
the west. Stewart and Jordan (1964) suggested that the 
migration was due to a west-flowing current that caused 
a net transport of sediment placed in suspension by 
strong tidal currents. They also suggested that it is the 
whole shoal, not just the sand waves of the crest, that is 
moving west. This migration has left a gravelly pavement 
in the troughs between the shoals and has locally ex-
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Figure 3.2 
Basins (and depths) of the Gulf of 
Maine. [Uchupi (1965)] 

Figure 3.3 
Sand shoals ( defined by the bathy
metry) and sand waves on Georges 
Bank and Nantucket Shoals. 
[Uchupi ( 1968)] 



posed freshwater and salt-marsh peats (Emery and 
Uchupi, 1972). Fishermen commonly pick up Miocene 
vertebrate and invertebrate fossils from this pavement 
during their trawling operations (Uchupi, 1964; Gibson, 
1965). 

Nantucket Shoals 

Like the northern edge of Georges Bank, the region 
around Nantucket Island is blanketed by a large number 
of shoals. This area has a complex dunelike topography 
reflecting strong tidal currents. On the crest of the shoals 
and in the troughs between are small linear sand waves. 
Most of these structures are at right angles to the strong
est component of the tidal current, but some of the 
larger sand waves on the crest of the shoals parallel the 
current. In this region the shoals consist of reworked gla
cial sediments that locally have been deposited over a silt 
bed of unknown thickness containing abundant Eocene 
spores and pollen (Groot and Groot, 1964; Zeigler et al., 
1964). 

The Northeast and Great South Channels 

The Northeast Channel separates Georges Bank from the 
Scotian Shelf and is the deepwater passageway connecting 
the Gulf of Maine with the open ocean. It is a broad, 
curving, U-shaped channel 230-270 m deep. The Great 
South Channel, west of Georges Bank, is a broad, south
rising saddle separating Georges Bank and Nantucket 
Shoals. These features are former water gaps of the Pa
leogene/Quaternary drainage system that formed the Gulf 
of Maine and Georges Bank cuesta. 

The Continental Slope and Rise 

Fronting Georges Bank on its seaward side is the conti
nental slope, which descends with a gradient of 6-7° 
from the shelf's edge at a depth of 120-160 m to the 
continental rise at a depth of about 2,000 m. The slope 
is incised as much as 1 km by submarine canyons and 
gullies, resulting in the exposure of pre-Quaternary strata. 
Recent mapping from the submersible Alvin has revealed 
a nearly continuous outcrop of Mesozoic/Cenozoic strata 
on the continental slope (Ryan et al., 1978). The oldest 
sequence consists of Early Cretaceous platform carbon
ates. The precipitous scarp bounding this platform is 
nearly 5 km high, though now buried by several kilome
ters of terrigenous sediments. It is responsible for the 
geographic position of the continental slope south of 
Georges Bank (Schlee et al., 1976; Austin et al., 1980; 
Ryan and Miller, 1981; Poag, 1982). 

Studies from Alvin (Ryan et al., 1978) show that tidal 
currents flowing up and down the canyons keep the can
yons free of sediment. The presence of pits, mounds, and 
trails formed by benthic animals indicates, however, that 
these currents do not rework the sediment during each 
tidal cycle. According to Ryan et al. (1978), slumping and 
sliding of the unconsolidated sediment are also important 

in maintaining the canyons. Where this sediment has been 
disturbed, the underlying strata are eroded by the dis
placed sediment moving across them. Animal activity ap
pears also to be significant in controlling the canyon's 
morphology. Such activity tends to stir up material, which 
then can be transported down canyon by tidal currents; it 
also weakens the strata and leads to slumping. 

At the base of the continental slope is the continental 
rise. Incised into its surface are the deep-sea extensions of 
the canyons; the New England Seamount Chain extends 
across the rise. Only the five seamounts at the northeast
ern end of the chain are shown in figure 3.1 and the 
bathymetric map in the pocket at the back of the book. 
Mytilus, one of the five, is capped by a Miocene reef 
(Emery and Uchupi, 1972; Heirtzler et al., 1977). 

Morphologic History 

In 1925 Johnson proposed that the Gulf of Maine and 
Georges Bank had been carved out of continental-shelf 
strata by streams. He speculated that the basins within 
the gulf mark the positions of former valleys and that the 
Northeast and Great South channels were water gaps of 
the two major streams of the drainage system. He in
ferred that glacial erosion had played a minor role in the 
formation of the Gulf of Maine. Johnson (1925) and 
Koons (1941, 1942) proposed that the linear coastal 
scarps of Maine were fault controlled and were part of 
what Johnson called the Fundian Fault. In contrast, She
pard (1930, 1942) suggested that the linearity of the 
shoreline was of erosional rather than tectonic origin. 
The wide occurrence of glacial deposits in the Gulf of 
Maine and the observation that the type of topography 
of the southern New England continental shelf appears to 
be restricted to glaciated shelves led Shepard, Trefethen, 
and Cohee (1934) to suggest that glacial erosion and dep
osition had a significant role in the formation of the Gulf 
of Maine. 

These early investigations were based on a few scat
tered bottom samples, topographic charts that were inad
equate for portraying the region's diagnostic features, no 
well data, and no continuous seismic profiles. In contrast, 
the modern data base includes large numbers of bottom 
samples, dredge samples of pre-Pleistocene rocks from 
the continental slope south of Georges Bank, samples ob
tained from the same slope with the aid of Alvin, and 10 
shallow and 2 deep wells in the general area of Georges 
Bank. These data show that the morphology of the Gulf 
of Maine and Georges Bank is due to Mesozoic/Ceno
zoic marine deposition, fluvial erosion during the Ter
tiary, and Pleistocene glacial erosion and deposition. 
Seismic profiling also has shown that the coast of Maine 
is controlled by the Fundian Fault, which parallels the 
northern side of the Gulf of Maine and extends as far as 
Cashes Ledge (Ballard and Uchupi, 1975). From the same 
type of data we infer that the depressions in the Gulf of 
Maine are floored by Late Triassic/Early Jurassic sedi
mentary rocks (figure 3.5). Thus the depressions are due 
to the differential erosion of this weaker material, and 
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Figure 3.4 
Topography of Cultivator Shoal. 
(Uchupi ( 1968)) 
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they define the positions of the rivers that formed the 
Gulf of Maine. 

Bottom sampling demonstrates that the gulf is blan
keted by glacial deposits of Wisconsinan age and that 
these deposits extend to Georges Bank. Existing informa
tion, however, does not tell us how often the Gulf of 
Maine was glaciated. Was the region glaciated only dur
ing the Wisconsinan, or were there two (Schafer and 
Hartshorn, 1965; Oldale et al., 1982) or more (Kaye, 
1961, 1964) glacial advances? 

Current understanding suggests the following geologic 
history. (For a discussion of the deep structure and pre
Neogene history see chapter 5 .) An extensive cycle of 
erosion occurred at the end of the Paleozoic 230 million 
years ago, after which the region underwent rifting that 
lasted from 200 to 180 million years ago. A complex sys
tem of horsts and grabens1 was developed as a conse
quence of the separation of Africa and North America. 
The structural lows were filled with continental and shal
low marine sediments, including evaporites, carbonates, 
and volcanic flows. The edges of the continents were 
uplifted and eroded when Africa and North America fi
nally separated about 180 million years ago. The result
ant debris was deposited on the southern edge of Georges 
Bank and seaward of it. As the continents drifted apart, 
the rifted terrain subsided, became submerged, and had 
sediments deposited on it. Upper Cretaceous continental 
deposits on Nantucket and Martha's Vineyard (Wood
worth and Wigglesworth, 1934; Folger et al., 1978) indi
cate that up to that time marine deposition was restricted 
to the southern part of the Gulf of Maine and Georges 
Bank. Even at these sites deposition was not continuous. 
Poag (1982) recognizes several breaks in the sedimentary 
record, including one in the Early Jurassic (Early Bathon
ian), another in the Late Jurassic (Oxfordian to Late Kim
meridgian), and others in the Early Cretaceous (Berriasian 
to Valanginian; Early Hauterivian and Cenomanian) and 
Late Cretaceous (Maestrichtian). Ryan and Miller (1981) 
have documented at least three major regressions during 
which canyons were cut on the continental slope: one in 
the Upper Cretaceous, another in the Lower Paleogene, 
and a third in the Upper Paleogene. Uchupi et al. (1982) 
show that Corsair Canyon has undergone at least three 
phases of erosion, with the oldest canyon having been cut 
into the Jurassic/ Cretaceous carbonate platform. 

The occurrence of Eocene siliceous deposits on Fippen
nies Ledge (Schlee and Cheetham, 1967) indicates that 
the Gulf of Maine was inundated for the first time in the 
Paleogene, 55 to 40 million years ago, with the shoreline 
near its present position. This transgression was followed 
by a major regression accompanying a worldwide cooling 
that began in the Late Eocene (Savin, Douglas, and Stehli, 
1975; Ingle, 1977; Olsson, Miller, and Ungrady, 1980). 
As the sea retreated to near the present shelf's edge, 
streams extended their courses across the Scotian Shelf, 
the Gulf of Maine, and the shelf west of the Gulf of 
Maine. The streams carved a series of lowlands in the 
Scotian Shelf, the Gulf of Maine, Nantucket and Vine-
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yard sounds, Buzzards Bay, and Block Island (Rhode Is
land) and Long Island sounds. The same streams carved 
cuestas to form the banks on the outer edge of the Sco
tian Shelf, Georges Bank, Nantucket, Martha's Vineyard, 
the Elizabeth Islands, and Block and Long islands. Jef
freys and Fippennies ledges and Stellwagen and Platts 
banks in the western Gulf of Maine are remnants of this 
erosional episode. 

In the Gulf of Maine two major drainage systems were 
developed during the Late Eocene regression. They were 
separated by a divide formed by Jeffreys Bank, Cashes 
Ledge, Parker Ridge, Howell Swell, and Georges Bank. 
The eastern drainage reached the open sea by way of the 
Northeast Channel, the western one by way of the Great 
South Channel. Dividing these two water gaps was 
Georges Bank, only 33 km wide at the north and 14 km 
at the south. Concurrent with the erosion on the shelf, 
the continental slope underwent another cycle, during 
which old canyons were exhumed and new canyons in
cised. This Late Eocene regression was followed by a 
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transgression during which the now eroded fluvial terrain 
was buried. 

A complex cycle of transgressions and regressions asso
ciated with advances and retreats of Miocene/Pleistocene 
glaciers resulted first in the deposition and later in the 
partial erosion of a succession of prograding terrigenous 
wedges. R. S. Lewis has been able to distinguish three 
wedges (emplaced during a high sea-level stand) separated 
by prominent unconformities (eroded during a low sea
level stand) beneath Georges Bank. The most prominent 
unconformity is the one above the Miocene/ Pliocene 
wedge. This interval of erosion was so intense that the 
Northeast and Great South channels were exhumed. The 
divide between the channels on Georges Bank at that 
time was much wider and was located to the east of the 
Late Eocene divide. This latest Pliocene/ Early Pleistocene 
erosional surface, in tum, was buried beneath a prograd
ing elastic wedge. The wedge spread both east and west 
over the channel divide in Georges Bank and southward, 
causing the shelf edge to migrate to near its present posi-

Figure 3.5 
Pre-Quaternary geologic map of the 
continental margin off southern 
New England, showing the inferred 
offshore extensions of inland 
streams. [Bowman (1906), Emerson 
(1917), Hoskins and Knott (1961), 
Uchupi (1966), Tagg and Uchupi 
(1966, 1967), Cheetham (1967), 
Knott and Hoskins ( 1968), King 
(1969), Grim, Drake, and Heirtzler 
(1970), Oldale and Uchupi (1970), 
Oldale, Uchupi, and Prada (1973), 
King, Maclean, and Fader (1974), 
Weed et al. (1974), Ballard and 
Uchupi (1975), King and Maclean 
(1976), Foland and Faul (1977), 
Robb and Oldale (1977), McHone 
(1978), Ryan et al. (1978), Schlee 
and Soren (1978), Austin et al. 
(1980), O'Hara and Oldale (1980), 
and Kaye and Barghoorn ( 1983)) 



tion. In the Great South Channel over 300 m of marine 
Pleistocene sediments were deposited (Hathaway et al., 
1979). For a third time, possibly in the Middle Pleisto
cene, the Georges Bank region was eroded as channels 
drained both southward and northward into a river that 
exhumed the Northeast Channel. During the subsequent 
transgression in the Middle Pleistocene, sediment progra
dation filled the channels. The Northeast Channel, how
ever, survived this filling. During the Late Pleistocene 
Wisconsinan regression, when the Gulf of Maine was 
covered with ice, Georges Bank was blanketed by 20-40 
m of outwash or till. The outwash was modified into a 
planar unit capped by shoals about 30 m high during the 
Holocene transgression, but also to a lesser extent by 
subsequent tidal currents. 

While Georges Bank was undergoing a history of cut 
and fill, the adjacent slope was being shaped by a com
plex cycle of deposition and erosion. Uchupi, Ballard, 
and Ellis (1977) have demonstrated that the slope from 
the Northeast Channel westward was a site of alternating 
erosion and deposition. These erosional events were so 
massive that it is difficult to delineate the one associated 
with the Late Eocene regression. In contrast, the slope 
east of the Northeast Channel appears to have been a site 
of nearly continuous deposition throughout the Neogene 
and Quaternary. The Late Eocene unconformity, pre
served beneath hundreds of meters of Neogene and Qua
ternary sediments, is clearly discernible in the seismic 
recordings from this region. Why this segment of the 
slope was a site of deposition at a time when the slope 
off the Northeast Channel and Georges Bank was 
undergoing massive degradation is unknown. 

Much of the present topography of the Gulf of Maine 
and Georges Bank is a result of the Wisconsinan glacia
tion. Radiocarbon dating suggests that the last ice ad
vanced into southeastern New England 20,000 to 26,000 
years ago (Schafer and Hartshorn, 1965). The southern 
limit of the ice was the northern slope of the cuestas 
carved by rivers during the last Eocene and earlier regres
sions. Erosion and thrusting by the ice accentuated the 
back of the cuesta, putting it nearly into its present form. 
The ice edge apparently lay near the northern end of the 
Great South Channel (see figure 2 in the vignette 
"Georges Cape, Georges Island, Georges Bank" by 
Emery). We do not know whether the ice extended onto 
Georges Bank or ended against its northern slope. The 
sand shoals along the edge of the bank suggest that ice 
overrode the bank. However, these shoals might also be 
indicative of an outwash plain formed along the fringe of 
ice that abutted the northern slope of Georges Bank Be
yond Georges Bank the ice reached the open ocean by 
way of the Northeast Channel. East of the channel, on 
the Scotian Shelf, much of the ice was restricted to the 
topographic low landward of the chain of banks along 
the shelf edge. Segments of ice probably reached the 
open ocean by way of the transverse troughs between the 
banks. 

Ice that grounded in the Gulf of Maine compacted and 
eroded the existing sediments. As the base of the 

grounded ice began to melt, it deposited the till found in 
the gulf. Fillon and Hermes (1982) have reported a simi
lar feature on the Labrador Shelf-a kind of marine till 
deposited in contact with melting ice. The Gulf of Maine 
till might also have been emplaced when seawater gained 
entry to the gulf by way of the Northeast Channel and 
the ice was lifted off the bottom. At that time till was 
deposited as a poorly sorted diamicton or flow beneath 
ice shelves in the manner described by Fillon and 
Hermes. As the ice retreated from the northern slope of 
Georges Bank, embayments were formed in front of the 
floating ice, and the acoustically transparent silt and clay 
atop the till was deposited by meltwater runoff. This run
off probably was injected into the front of the ice at sev
eral points through subglacial channels. In contrast with 
the Labrador Shelf, where the transparent material ap
pears to be draped over the bottom, suggesting deposi
tion in the absence of any significant current, the material 
in the Gulf of Maine is restricted to topographic lows, 
suggesting that it was current controlled. 

By 14,000 years ago much of the Gulf of Maine was 
deglaciated. As the ice retreated, there was a large-scale 
marine incursion over the isostatically depressed coastal 
zone, and paralic and fine-grained marine sediments were 
deposited in front of the melting ice, creating the Boston 
clay and the Presumpscot formation along the coast 
(Bloom, 1963; Schafer and Harsthorn, 1965) and the up
per section of the acoustically transparent unit in the in
ner part of the Gulf of Maine. Landward of the present 
coast this cycle of deposition lasted until isostatic re
bound brought the region above sea level 12,000 years 
ago (Stuiver and Borns, 1975). 
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Note 

1. Horsts and grabens are, respectively, 
upthrust and downthrust features 
bounded by faults. Their lineal extents 
are long with respect to their widths. 
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Shallow Structure, 
Surficial Geology, and the 
Processes Currently Shaping 
the Bank 
David C. Twichell, Bradford Butman, and 
Ralph S. Lewis 

Georges Bank is a complex of Cenozoic (0-65 million 
years old) and Mesozoic (65-230 million years old) sedi
mentary strata that has been shaped during alternating- pe
riods of erosion and deposition (Emery and Uchupi, 
1965; Oldale et al., 1974; Lewis et al., 1980; Poag, 
1982; see also chapters 3 and 5 and the vignette 
"Georges Cape, Georges Island, Georges Bank" by 
Emery). The construction of the bank culminated with 
the spreading of a veneer of glacially derived sediment 
during the Pleistocene epoch (1.8 million-15,000 years 
ago) (Knott and Hoskins, 1968; Oldale and Uchupi, 
1970). As sea level rose during the Holocene epoch 
(15,000 years ago to the present), these glacial sediments 
were reworked and redistributed by marine processes. 
Unlike much of the rest of the continental shelf off the 
eastern United States, which is thought to be relatively 
unaffected by the present hydraulic regime (Milliman, 
Pilkey, and Ross, 1972), the surface sediments of 
Georges Bank continue to be reworked intensively. This 
chapter summarizes the Pleistocene and Holocene stratig
raphy of Georges Bank and the southern New England 
Shelf, the surficial sediments there, and the processes cur
rently affecting the distribution of the surficial sediments. 

Shallow Structure and Stratigraphy 

Much of the present veneer of surficial sediment owes its 
characteristics and distribution to events that occurred in 
the Pleistocene epoch and to the subsequent rise in sea 
level during the Holocene epoch. During the Early and 
Middle Pleistocene, glaciers crossed the Gulf of Maine to 
the northern edge of Georges Bank and Nantucket Shoals 
(figure 4.1). The glaciers enlarged the valleys and depres
sions of the Gulf of Maine, and the material they eroded 
was spread southward by outwash rivers from the glacier 
and deposited in two large wedges-one under the east
ern part and one under the western part of the bank 
(Lewis et al., 1980). These Pleistocene sediments nearly 
filled the predecessors to the Northeast and Great South 
channels and covered earlier sediments out to the present 
shelf edge (figures 4.1 and 4.2). The sediments were de
posited in fluvial, deltaic, and inner-shelf environments 
(Hathaway et al., 1979; Poag, 1982). The alternating pe
riods of deposition and erosion associated with the differ
ent glacial stages resulted in a complex Pleistocene 
stratigraphy (Hathaway et al., 1979). 

The most recent glaciers crossed the Gulf of Maine 
during the Late Wisconsinan stage (28,000-15,000 years 
ago). The occurrence of coarse gravel in the surface sedi
ments along the northern parts of Nantucket Shoals, the 
Great South Channel, and Georges Bank suggests that the 
ice reached and perhaps overrode the northernmost parts 
of these features (Pratt and Schlee, 1969; Schlee and 
Pratt, 1970). At the eastern end of Georges Bank, the 
glacier advanced through the Northeast Channel to the 
shelf edge. The presence of till of Wisconsinan age in 
cores from the eastern and western sides of the Great 
South Channel is consistent with the limit established for 
the last glacial advance based on surface-sediment charac-

Figure 4.1 
(a) Idealized northeast/southwest 
cross section of Georges Bank 
showing the Tertiary remnant under 
the central part of the bank, the 
two Pleistocene wedges at the 
eastern and western ends of the 
bank, the thin Late Pleistocene 
cover over the entire bank, and the 
Holocene sand ridges. This profile 
is inferred from numerous seismic 
profiles. (b) Line-drawing interpre
tations of three northeast/south
west seismic profiles. Line E 
crosses the western part of the 
bank and shows the Pleistocene 
wedge that fills the Great South 
Channel and extends to the shelf 
edge. Line J traverses the midbank 
Tertiary remnant where the Pleisto
cene cover is thin, and line M 
crosses the Pleistocene wedge at 
the eastern end of the bank. The 
heavy lines are unconformities and 
the light lines other reflectors. 
[Lewis et al. (1980), modified] 
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teristics (Bothner and Spiker, 1980). At that time, a blan
ket of glacial outwash 25-40 m thick was deposited over 
the southern part of the bank (Lewis et al., 1980). 

At the maximum advance of the last glacier, sea level 
was about 120 m lower than at present and the shoreline 
would have been near the present edge of the continental 
shelf (Emery and Garrison, 1967). As sea level rose dur
ing the Holocene epoch, the thin cover of till and out
wash of Wisconsinan age was eroded and reworked, first 
by the nearshore waves and currents that shape beaches 
and, once submerged, by waves and by tidal and storm
generated currents in the shallow sea. As the shoreline re
treated across the shelf, it cut a smooth surface-an un
conformity (figure 4.1)-with the eroded sediment being 
deposited in part onshore in a system of beaches and in 
part offshore on top of the previously cut unconformity. 
The offshore deposit probably took the form of either a 
sand sheet or a series of nearshore, tide-generated sand 
ridges. The present southern and eastern shores of Nan
tucket Island probably are analogous to Georges Bank 
during lower sea level. In places on the northern part of 
the bank, this nearshore erosional process exposed sedi
ment as old as Miocene (5-22.5 million years old) 
(Emery and Uchupi, 1965; Gibson, 1965). 

Resting on this early Holocene unconformity are a se
ries of northwest-trending ridges 15-90 km long, 10-40 
m high, and 5-15 km apart. These ridges are constructed 
of sand that was deposited offshore as the shoreline re
treated across the shelf. They cover the northern half of 
Georges Bank (Jordan, 1962; Stewart and Jordan, 1964; 
Uchupi, 1968; Twichell, 1983a,b; see also chapter 3). 
Similar ridges on Nantucket Shoals trend northeast rather 
than northwest. A boring through one of the ridges on 
Nantucket Shoals penetrated a layer of silt below the un
conformity upon which the ridge rests that contained an 
11,465-year-old shell (Zeigler et al., 1964), showing that 
these large ridges have formed entirely since the last rise 
of sea level and are not relict topography from the Pleis
tocene epoch. 

Other Holocene deposits (deposits that accumulated 
after the shelf was submerged) include the fine-grained 
sediments that floor many of the basins of the Gulf of 
Maine (Trumbull, 1972; Hathaway et al., 1979) and a 
large area of fine-grained sediment on the outer continen
tal shelf of southern New England known as the "Mud 
Patch"1 (figure 4.2; Twichell, McClennen, and Butman, 
1981; Bothner et al., 1981). Many earlier studies, based 
on the texture and mineralogy of the surface sediment, 
suggested that this distinctive feature was deposited dur
ing the initial stage of the Holocene flooding of the shelf 
(Shepard and Cohee, 1936; Uchupi, 1963; Garrison and 
McMaster, 1966; McMaster and Garrison, 1966; Ross, 
1972; Schlee, 1973), but recent research suggest.s that the 
Mud Patch continues to be a site of deposition (Bothner 
et al., 1981; Twichell, McClennen, and Butman, 1981). 
Seismic-reflection profiles show that the Mud Patch sedi
ments, as much as 14 m thick in some places (figure 4.3), 
cover three beach terraces dated at 9,000, 13,000, and 
14,800 years old (Emery and Garrison, 1967; Twichell, 

McClennen, and Butman, 1981). The volume of sediment 
contained in this deposit is approximately 50 km 3

• Radi
ocarbon dates indicate that the fine-grained sediments 
started accumulating 8,000-9,000 years ago (Bothner et 
al., 19 81 ), shortly after this part of the shelf had been 
submerged. Radiocarbon ages become progressively 
younger toward the top of the deposit, and determina
tions from surface samples yield an age of 1,300 years. 
The old age of the surface sediment probably results 
from mixing by burrowing animals and the deposition of 
old carbon (Bothner et al., 1981). 

Surficial Sediments 

The surface sediment of the Georges Bank area is mostly 
moderately to well-sorted sand with a cover of more 
poorly sorted silt in some of the basins of the Gulf of 
Maine, in the western half of the Mud Patch, and on the 
upper continental slope (Wigley, 1961; Garrison and 
McMaster, 1966; Milliman, Pilkey, and Ross, 1972; 
Schlee, 1973). The sediment that caps Georges Bank and 
Nantucket Shoals is medium-to-coarse sand (figure 4.4). 
It is coarsest and gravel most abundant in the Great 
South Channel, in the troughs between the ridges on 
Georges Bank and Nantucket Shoals, and on the eastern 
end of Georges Bank (Pratt and Schlee, 1969; Schlee and 
Pratt, 1970; Schlee, 1973). In contrast with the gravel 
lag2 covering the floors of the troughs, test borings at 
sites for the Texas Tower platforms (U.S. Department of 
the Navy, Bureau of Docks and Yards, 1954) and vibra
cores (Bothner et al., 1980) show that the ridges are 
composed of well-sorted medium-to-fine sand and have 
only traces of fine gravel and silt. These test borings pen
etrated the ridge sands and at depths equivalent to those 
of the floors of the adjacent troughs encountered sedi
ments that varied from silt to coarse, gravelly sand (U.S. 
Department of the Navy, Bureau of Docks and Yards, 
1954). Gravel is absent from the southern side of 
Georges Bank west of Corsair Canyon and from the shelf 
south of Nantucket Shoals, except for some localized oc
currences at the shelf edge along the rims of submarine 
canyons (Valentine, Uzmann, and Cooper, 1980; Slater, 
1981; see also chapter 6). In the Gulf of Maine, gravel 
generally is found on the bathymetric highs, but is not 
present in the Holocene deposits in the basins (Schlee and 
Pratt, 1970; Schlee, 1973). 

On both the northern and southern flanks of the bank, 
sediments become finer with distance from the bank crest 
(figure 4.4). North of the bank the finest-grained material 
is found in the deeper basins of the Gulf of Maine. In 
these areas, surface sediment is mostly silt and clay. 
South of the bank, between depths of 60 and 200 m, 
fine sand covers the shelf except east of Corsair Canyon 
and around the rims of some canyons (Pratt and Schlee, 
1969; Valentine, Uzmann, and Cooper, 1980; Slater, 
1981). The continental slope is covered by silt and clay, 
and generally, the sediment becomes finer with increasing 
depth (Schlee, 1973). 
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Figure 4.3 
Sediment-thickness map of the 
Mud Patch, the fine-grained deposit 
on the southern New England shelf. 
Contours are in meters. [Core loca
tions and information: Bothner et 
al. (1980)) 
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Median grain size of surface sedi
ments in the Georges Bank area. 
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Figure 4.5 
Map of percentage of silt + clay in 
surface sediment. Dots show sam
ple locations [Hathaway ( 1971 )], 
and lettered lines show profile lo
cations. Profiles show variations in 
surface sediment texture across 
the Mud Patch. Sediment texture is 
divided into three categories: silt + 
clay (finer than 62 µm); fine sand 
(62-250 µm); and medium + 
coarse sand (coarser than 250 µm). 
Surface sediments of the eastern 
part of the Mud Patch (line D) are 
primarily fine sand, while in the 
central and western parts silt + 
clay is in excess of 50%. Medium 
+ coarse sand prevails on the 
shelf surrounding the Mud Patch 
(line B). 

Line A 
South 

On the southern New England shelf west of Nantucket 
Shoals, the fine sand of the shoals gives way to the Mud 
Patch (figure 4.4), the sediments of which consist of as 
much as 95% silt and clay (Garrison and McMaster, 
1966; Twichell, McClennen, and Butman, 1981) (figure 
4.5). This fine-grained deposit is unique-the only area 
on the eastern United States outer continental shelf where 
surface sediments contain more than 30% silt plus clay 
(Milliman, Pilkey, and Ross, 1972). At its eastern end, 
the Mud Patch is primarily very fine sand; silt and clay 
increase toward the west (figure 4.5). At the western end 
of the Mud Patch, surface sediments abruptly change to 
the medium-to-coarse sand that characterizes the shelf in 
the remainder of the Middle Atlantic Bight. Cores show 
that the Mud Patch has a uniform texture with depth and 
that all cores from the eastern part are coarser than those 
from the western part (Twichell, McClennen, and But
man, 1981). 

The primary mineral constituents of the sediments of 
the Georges Bank region are quartz and feldspar. Minor 
amounts of rock fragments (sand-sized grains containing 
more than one mineral), both opaque and nonopaque 
heavy minerals, mica, and calcareous material are also 
present (Milliman, Pilkey, and Ross, 1972; Ross, 1972; 
Trumbull, 1972). Quartz-rich sands cover the top of 
Georges Bank and Nantucket Shoals, while the feldspar 
content increases in the sediment on their flanks . The 
fine-grained sediments in the Gulf of Maine and in the 
Mud Patch contain the largest amounts of feldspar (Milli
man, Pilkey, and Ross, 1972). Rock fragments generally 
comprise less than 5% of the sand fraction, although lo
cally they exceed 17% (Trumbull, 1972). Like gravel, 
rock fragments are most abundant on the topographic 
highs in the Gulf of Maine, in the Great South Channel, 
and at the eastern end of Georges Bank. Rock fragments 
are absent from the fine-grained deposits in the Gulf of 
Maine and from the Mud Patch as well as from the top 
and southern flank of the bank. 

Heavy minerals make up less than 2% of the sand frac
tion of sediments in the Georges Bank region and consist 
of altered minerals and both opaque and nonopaque min
erals3 (Ross, 1972). Opaque and altered minerals have 
fairly uniform distributions over the area and together 
comprise 60% of the heavy-mineral fraction on the aver
age. Nonopaque minerals have three major compo
nents-amphibole, garnet, and staurolite. Garnet and 
staurolite are most abundant on top of Georges Bank and 
Nantucket Shoals and are less abundant in the fine
grained sediments in the Gulf of Maine and the Mud 
Patch. Amphibole and mica, which have lower specific 
gravities than garnet and staurolite, are scarce on top of 
the bank and are most abundant in the fine-grained de
posits in the Mud Patch and the Gulf of Maine (Mc
Master and Garrison, 1966; Milliman, Pilkey, and Ross, 
1972; Ross, 1972; Trumbull, 1972). Calcium carbonate 
is less than 5% of the surface sediment, except in a small 
area at the eastern end of Georges Bank, where it makes 
up more than 20% of the surface sediment (Hulsemann, 
1967). The carbonate component is composed mostly of 
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mollusk and echinoderm fragments on Georges Bank and 
Nantucket Shoals, while benthonic foraminifera comprise 
the carbonate component of sediments in the Mud Patch 
and the Gulf of Maine (Milliman, Pilkey, and Ross, 
1972). 

Sediment mineralogy helps to define the sources of the 
sediments in the Georges Bank region. Hard minerals, 
such as quartz, garnet, and staurolite, are more resistant 
to abrasion than soft ones, such as feldspar and amphi
bole, and their dominance suggests a more mature sedi
ment. Surface sediments are mostly quartzose ( > 90-9 5% 
quartz) to subarkosic (75-95% quartz and 5-25% feld
spar and rock fragments) sands that were eroded by gla
ciers from the New England uplands and the previously 
deposited coastal-plain sediments underlying the Gulf of 
Maine (Milliman, Pilkey, and Ross, 1972). In the Gulf of 
Maine, the abundance of gravel, rock fragments, and 
unstable minerals, such as feldspar and amphibole, sug
gests that these sediments were eroded by glaciers from 
the New England uplands and were transported to and 
deposited by them directly in the Gulf of Maine (Pratt 
and Schlee, 1969; Schlee and Pratt, 1970; Milliman, 
Pilkey, and Ross, 1972; Ross, 1972; Trumbull, 1972). It 
is from these sediment characteristics that it is inferred 
that the last ice advance reached the northern parts of 
Nantucket Shoals, the Great South Channel, and Georges 
Bank and pushed through the Northeast Channel to the 
shelf edge (Pratt and Schlee, 1969; Schlee and Pratt, 
1970). Gravel around the heads of submarine canyons 
along the southern edge of the bank probably is ice 
rafted (Valentine, Uzmann, and Cooper, 1980; see also 
chapter 6). 

In contrast with sediment in the Gulf of Maine, the 
quartz-rich sands on the tops of Georges Bank and Nan
tucket Shoals are of a mineralogic maturity that suggests 
a coastal-plain source (Milliman, Pilkey, and Ross, 1972; 
Ross, 1972; Trumbull, 1972). Coastal-plain sediments 
underlie Georges Bank and the southern part of the Gulf 
of Maine (Oldale et al., 1974). These quartz-rich coastal
plain deposits in the Gulf of Maine were eroded and 
transported onto the bank by glaciers (Schlee and Pratt, 
1970). Glacial outwash rivers then dispersed this quartz
rich sediment southward across the bank prior to its last 
submergence by the sea (Oldale and Uchupi, 1970). 

Reworking of the surficial sediments of the Georges 
Bank region during the Holocene epoch probably has 
somewhat changed the mineral composition from what 
was originally deposited by the outwash rivers. Because 
they are softer than quartz, probably abrasion by the 
strong tidal currents explains the absence of rock frag
ments on top of the bank and the reduced amphibole 
content relative to the Mud Patch and the areas of fine 
sediment in the Gulf of Maine (Ross, 1972; Trumbull, 
1972). Because it is a platy mineral easily eroded and 
transported by currents, the presence of mica in the Mud 
Patch and the Gulf of Maine suggests that these are sites 
of sediment deposition (Milliman, Pilkey, and Ross, 
1972; Trumbull, 1972), whereas the absence of this min-
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era! from the tops of Georges Bank and Nantucket 
Shoals can be attributed to winnowing of the sediment 
from these areas by the tidal current. 

Modern Sediment Transport 

Dynamics of Sediment Movement 
Sediment movement occurs when the stress exerted on 
the seabed by currents exceeds a threshold value called 
the "critical stress." The magnitude of the critical stress 
required to move sediment of various sizes and densities 
has been determined empirically. These empirical values 
are only a rough guide for the critical stress under field 
conditions, however, because mixing of the surface sedi
ments by burrowing animals, tracks on the seafloor, and 
the mucous coating of sediment grains can increase or de
crease the shear stress needed for sediment movement 
(Newell, Jumars, and Eckman, 1981; Grant, Boyer, and 
Sanford, 1982). 

It is the near-bottom current, rather than bottom 
stress, that is typically measured in the field. Under cer
tain idealized conditions, the bottom stress can be calcu
lated from the speed of the bottom current measured at a 
fixed height above the seafloor. (See chapter 13 for a 
more detailed discussion of stress and flow in the bottom 
boundary layer.) From the known critical stress, it is esti
mated that a steady current 1 m above the bottom must 
exceed 25-35 cm/ sec to move the fine sands on Georges 
Bank (chapter 13). 

Surface waves, as well as steady currents, generate bot
tom stress (Smith, 1977; Grant and Madsen, 1979; see 
also chapter 8). Although the strength of the oscillatory 
currents caused by waves diminishes rapidly with water 
depth (and as a function of wave period), wave-induced 
bottom currents can extend to the seabed over much of 
the continental shelf. For example, waves having a period 
of 10 sec, common during storms, can affect the bottom 
in 80 m of water, and waves of this size are an important 
cause of sediment resuspension to at least this depth. 
When wave currents and steady currents occur simultane
ously (see chapter 8), as is often the case during large 
storms, the combined bottom stress is not simply addi
tive, but is larger than for either current alone (Grant and 
Madsen, 1979). This realization that surface waves over 
the continental shelf increase bottom stress and affect 
sediment movement (and the theoretical framework for 
modeling this process) is a recent advance in sediment
transport research having important implications for 
Georges Bank. 

Once the critical bottom stress is exceeded, whether by 
wave-induced or steady currents or a combination of 
these, the sediment is transported in the direction of the 
current. The net transport of sediment is determined over 
time by the cumulative effect of a large number of trans
port events of varying duration, direction, and intensity. 
Sediment transport can be almost continuous where the 
tidal or wave current often exceeds the critical stress or 
sporadic where the critical stress is only exceeded during 
intense storms (see the vignette "The Effect of Winter 

Storms on the Bottom" by Butman). On Georges Bank, 
sediment transport is complex because of the spatial and 
temporal variability of currents strong enough to initiate 
sediment movement. 

The currents in the Georges Bank region can be sepa
rated into a monthly mean current, low-frequency cur
rents (some associated with storms, for example), tidal 
currents, and higher-frequency currents associated with 
internal and surface waves. (See chapters 10-12 for a dis
cussion of the currents on Georges Bank.) Although the 
current at any one time is the sum of all these compo
nents and it is the total current that determines bottom 
stress, it is convenient to distinguish the several compo
nents because they have different amplitudes, frequencies, 
and dynamics as well as different implications for sedi
ment movement. The monthly mean flow is clockwise 
around the bank and primarily parallel to the local iso
baths (Bumpus, 1976; see also chapter 11). The mean 
flow is strongest along the northern flank, where it flows 
northeastward at 20-40 cm/ sec. On the southern flank, 
the mean flow is southwestward at 5-15 cm/sec; some 
of this flow turns northward into the Great South Chan
nel and recirculates around the bank; some continues 
westward across the southern New England shelf. At 1 m 
above bottom, the mean flow decreases to only a few 
centimenters per second, and nowhere in the Georges 
Bank region is the mean current strong enough by itself 
to cause sediment resuspension. However, the mean flow 
is persistent, and if sediment is placed and kept in suspen
sion by other processes, the mean flow can transport ma
terial over long distances. For example, the mean flow 
will carry a water particle 200 km along the southern 
flank of Georges Bank to the Mud Patch in 30-60 days. 

Low-frequency currents (currents with periods of 2-30 
days) are caused in part by winds and in part by forcing 
from the deep ocean (see chapter 12). These currents 
generally flow parallel to the local isobaths at speeds of 
10-20 cm/ sec. The low-frequency currents that transport 
sediment are primarily wind driven and associated with 
intense storms. Storms typically occur every 2-10 days in 
winter and are 1-3 days in duration. During intense 
storms, wind-driven currents can be strong enough (that 
is, at 1 m above the bottom they can exceed 30 cm/ sec) 
to move bottom sediments. Along the southern flank of 
Georges Bank and in the Middle Atlantic Bight, storms 
can cause net flow to the northeast or to the southwest 
depending on wind direction, and thus transport during 
storms can be in either of these directions. Water parti
cles and suspended sediment can be carried 50-100 km 
alongshelf by these storm currents, which last for a few 
days. Sediment transport during storms is often intense 
because of the large surface waves accompanying them. 
The combined stress caused by waves and currents is 
often sufficient to resuspend sediment, which is then 
transported by the net wind-driven flow. 

Tidal currents are strong in the Georges Bank region 
(see chapter 9), and the strongest component is the semi
diurnal one. It is rotary with the major axis of the tidal-

current ellipse oriented northwest/southeast-across the 
isobaths. Near-surface tidal currents exceed 60 cm/sec 
across the shallow crest of Georges Bank and on Nan
tucket Shoals; they decrease to 30-60 cm/ sec over the 
flanks of the bank and shoals (in water depths between 
about 60 and 100 m) and to less than 5 cm/sec in water 
deeper than 200 m (figure 4.2). Over the Mud Patch west 
of Georges Bank tidal currents are less than 10 cm/ sec. 

Tidal current speeds 1 m above the bottom are about 
0.55 times the surface current (Moody et al., 1984); thus 
over the entire crest of Georges Bank and on Nantucket 
Shoals (in water depths shallower than about 60 m), the 
near-bottom tidal currents are strong enough to move the 
surficial sediments during at least part of the tidal cycle. 
On the flanks of the bank, the tidal currents are not 
strong enough to move the sediments except, perhaps, for 
a short period during maximum flood or ebb or during 
spring tides. However, near-bottom velocities are 20-30 
cm/ sec-so that only a small increase in current is re
quired (from whatever source) for sediment movement to 
occur. Thus on the flanks of Georges Bank, the tidal cur
rents maintain the near-bottom current near threshold. 

Internal waves occur primarily in summer, when the 
water column on the flanks of the bank is stratified. Al
though field observations of internal waves on Georges 
Bank are sparse, it is believed that oscillatory currents as
sociated with these waves occasionally can be sufficient 
to resuspend bottom sediments, especially when added to 
tidal or low-frequency currents (Aaron et al., 1980; see 
also chapter 13). Internal waves are expected to occur 
primarily along the northern and southern flanks in water 
deeper than 60 m. 

Suspended Sediments 
Biologic production and the resuspension of bottom sedi
ments are the primary sources of suspended particles in 
the Georges Bank area (Bothner, Parmenter, and Milli
man, 1981), the concentrations of which vary seasonally. 
They are highest during the winter, reaching concentra
tions of 500-1,000 µg/ L (micrograms/ liter) in both sur
face and near bottom (3-5 m above bottom) waters on 
the tops of Georges Bank and Nantucket Shoals. During 
summer, suspended matter concentrations are less than 
500 µg/ L, and values generally are highest (250-500 µgl 
L) in the shoal areas. In winter, suspended matter is pri
marily inorganic material resuspended from the seafloor, 
while in summer particles of organic origin are the pri
mary constituent in both surface water and bottom 
water. 

Storms, although transient, cause increases in sus
pended matter that are much larger than the seasonal var
iation. Evidence for sediment resuspension during storms 
comes from water samples obtained just after storms, in 
situ observations by means of moored transmissometers 
that qualitatively indicate suspended matter concentra
tions, and samples collected by moored sediment traps 
(see the vignette " The Effect of Winter Storms on the 
Bottom" by Butman). Bothner, Parmenter, and Milliman 
(1981) reported suspended-material concentrations in the 



near-bottom water (2-5 m above bottom) in excess of 
3,000 µg/L on top of Georges Bank, 4,000 µg/L on 
Nantucket Shoals, and 15,000 µg/L over the Mud Patch 
a few days following a winter storm. During a storm in 
August, near-bottom suspended-sediment concentrations 
exceeded 1,000 µg/L on the tops of Georges Bank and 
Nantucket Shoals and exceeded 2,000 µg/L over the 
Mud Patch. Twichell, McClennen, and Butman (1981), 
Butman and Moody (1983), and Butman (see chapter 13) 
observed large decreases in light transmission near the 
bottom during storms; estimated suspended-sediment con
centrations were 10,000-100,000 µg/L. Concentrations 
decreased to fair-weather levels within a day or two of 
the storm's end. Finally, Parmenter, Bothner, and Butman 
(1983) found layers of coarse and fine sediments in a 
near-bottom (3 m above bottom) sediment trap deployed 
on the southern flank of Georges Bank in a water depth 
of 60 m, suggesting episodic resuspension of coarser sedi
ments. All of these observations indicate that storm-re
lated concentrations of suspended sediment are 10-100 
times the fair-weather ones. 

Distribution of Bed Forms 
On the shallow parts of Georges Bank and Nantucket 
Shoals (in water less than 60 m deep), bed-load transport 
(sediment transport on or very near the seabed rather 
than by suspension in the water column) by the strong 
tidal currents has shaped the seafloor into a hierarchy of 
features. The largest of these bed forms-the sand ridges 
that cover the shallow part of the bank (see chapter 3) -
are oriented nearly parallel to the direction of principal 
tidal current flow. On Georges Bank, the ridges are offset 
5-15° in an anticlockwise direction from the major axis 
of the tidal current; on Nantucket Shoals they are offset 
5-60° in a clockwise direction. Sand waves, whose crests 
are oriented across the major axis of tidal current flow, 
veneer the larger-scale sand-ridge topography (figure 4.6). 
These waves have wavelengths of 50-300 m and reach 
heights of 25 m, although most are 1- 10 m high (Twich
ell, 1983a). Sand waves on Georges Shoal appear to move 
at a rate of 12 m/year (Stewart and Jordan, 1964). A re
cent study of sand-wave movement on Little Georges 
Bank (Twichell, 1983b) indicates that movement along 
individual sand waves is variable. Surveys 3 months apart 
showed that parts of some sand waves moved as much as 
60 m, while other parts of the same waves remained sta
tionary. The sand waves were asymmetric, but movement 
was not consistently in the direction that the steep sides 
faced. Because of the complex pattern of sand-wave mo
tion, the mean displacement of the sand waves was less 
than 5 m during the 10-month survey period. Megarip
ples, like sand waves, are oriented across the major axis 
of tidal current flow; they have wavelengths of 1-15 m 
and heights less than 1 m. They are found both superim
posed on sand waves and outside the sand-wave area. 

The distribution of these bed forms is controlled by 
sediment supply and tidal-current strength (Twichell, 
1983a). Sand waves occur on the northern part of 
Georges Bank, in the Great South Channel, and on Nan-

tucket Shoals, where surface tidal currents exceed 60 cm/ 
sec (figure 4.7). Sand waves are not ubiquitous, but occur 
in fields associated with the northwest-trending sand 
ridges. These ridge-associated sand waves are mostly 
5-10 m high; their size and abundance is apparently con
trolled by the availability of sand on the sand ridges. In 
contrast, the floors of the troughs between sand ridges 
are mostly covered by a gravel lag and have only scat
tered patches of megaripples and small sand waves. Most 
of the sand has been swept out of the troughs and con
centrated in the ridges. Along the southern side of 
Georges Bank, sand waves extend beyond the limit of the 
sand ridges (figure 4.7). These sand waves, however, are 
only 1-2 m high, probably due to the weaker tidal cur
rent. A band of megaripples separates the small sand 
waves from the featureless seafloor on the southern side 
of the bank, where surface tidal currents are 40-60 cm/ 
sec. Megaripples also are found beyond the area of large 
sand waves on the northern edge of the bank (figure 4.7). 
Sand waves and megaripples are absent where surface 
tidal currents are less than 40 cm/sec. 

Sand waves commonly are asymmetric; their steep sides 
face in the direction of net sediment transport. Thus 
sand-wave asymmetry in combination with sand-wave dis
tribution can be used to infer the paths of sand transport 
on top of Georges Bank. In the area of the northwest
trending sand ridges, the steep sides of sand waves gener
ally face north on the western sides of the ridges and 
south on their eastern sides (figure 4.6). This distribution 
of sand wayes implies that sand is carried away from the 
troughs between ridges and made to converge on the 
crests of the ridges. The reason for the net movement of 
sand waves toward the ridges crests has been attributed 
to the oblique orientation of the ridge crests to the tidal 
current. Because of this orientation, sand-wave movement 
is thought to be dominated by flood tidal currents on 
one side of the ridges and by ebb tidal currents on the 
other (Kenyon et al., 1981). This sand-wave distribution 
and orientation, the same pattern seen on sand ridges in 
the North Sea (Houbolt, 1968; Caston and Stride, 1970; 
Caston, 1972; Kenyon et al., 1981; McCave and Lang
horne, 1982) and on Nantucket Shoals (Mann, Swift, and 
Perry, 1981), suggests that the ridges themselves may be 
actively moving bed forms. The sand ridges clearly are of 
Holocene age-not forms preserved from Pleistocene 
times-because they have been built on the Holocene 
unconformity (figure 4.1). The dimensions of the ridges 
and the pattern of sand waves covering them are consist
ent with theoretical studies showing that the sand ridges 
can be formed and maintained entirely by sand move
ment in the present tidal regime (Pingree, 1978; Zimmer
man, 1981; Huthnance, 1982). Sand ridges are 
asymmetric in cross section, and on Georges Bank the 
steeper sides face west. Studies in the North Sea show 
that similar sand ridges have moved as much as 600 m in 
115 years in the direction that the steeper sides face (Cas
ton, 1972). Not enough detailed bathymetric surveys of 
the sand ridges on Georges Bank have been made to de
termine whether the ridges have moved. 
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Outside the area of sand ridges and large sand waves 
on top of Georges Bank, smaller sand waves suggest that 
the net transport of sand is away from the bank top. On 
the southern side of the bank, the south-facing small 
sand waves indicate transport away from the bank crest 
(figure 4.7). Surface-sediment texture becomes progres
sively finer with distance from the bank top (figure 4.4), 
and this also suggests sediment transport away from the 
top of the bank. 

Regions of Sediment Transport 
The surficial sediments in the Georges Bank region are 
presently being reworked and transported by the region's 
variable and sometimes vigorous currents. Our under
standing of the sediment transport taking place at present 
is based on the surface-sediment texture (Schlee, 197 3 ), 
the geochemistry and sedimentology of the Mud Patch 
(Bothner et al., 1981; Twichell, MtClennen, and Butman, 
1981), the distribution and characteristics of the large 
bed forms on the crest of the bank (Twichell, 1983a), di
rect in situ observation of near-bottom sediment move
ment and the associated flows (Butman and Folger, 1979; 
Aaron et al., 1980; Butman, 1982; Butman and Moody, 
1983; Parmenter, Bothner, and Butman; 1983), and the 
regional oceanography (Bumpus, 1976; Butman et al., 
1982; see also chapters 9-14). The in situ observations 
and the regional oceanography help to determine the pro
cesses causing movement and the frequency of move
ment, while surface-sediment texture and bed forms 
indicate the net effect of these processes over a long pe
riod (thousands of years). 

The Georges Bank region can be divided into at least 
four subregions based on the frequency and direction of 
sediment movement and the principal processes causing 
the movement. The regions are determined to a large ex
tent by the strength of the tidal current and their expo
sure to surface waves. In water depths shallower than 
about 60 m on the crest of the bank and on Nantucket 
Shoals, the strong tidal current causes nearly continuous 
and intense sediment movement. The seafloor is shaped 
into large sand ridges covered by sand waves (figure 4.7). 
Sediments are composed mostly of gravel in the troughs 
between ridges and medium-to-fine sand on the ridges. 
The silt and clay of the original deposits has been win
nowed by the strong currents. In this shallow region, in
tense sediment resuspension also is caused by the waves 
and currents associated with intense storms. 

On the flanks of the bank between water depths of 
about 60 and 100 m, where the tidal currents are 
weaker, sediment movement is less frequent and transport 
is primarily associated with strong winter storms. The 
sediment ·is somewhat finer here than on the crest of the 
bank, but there is still little silt or clay. Along the south
ern side of the bank northeastward and southwestward 
flow occurs during storms, but the gradual fining of the 
surface-sediment texture toward the west suggests a pri
mary westward net transport over time. The persistent 
mean flow carries sediment suspended by tidal currents 
or sporadic internal waves. The large bed forms observed 
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Figure 4.6 
An echo-sounding profile run diag
onally across a sand ridge (arrow 
marks ridge crest), showing sand 
waves 3-25 m high. On the left 
side of the profile the steep sides 
of the sand waves face northwest, 
on the right side southeast. This 
asymmetry suggests that the sand 
waves converge on the crest of the 
sand ridge. 

Figure 4.7 
Inferred sand transport on Georges 
Bank based on bed-form distribu
tion and surface-sediment texture. 
Sediment transport is most intense 
in province 1 and decreases in in
tensity away from the top of the 
bank. 
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on top of the bank are absent on its flanks (figure 4.7). 
The surface-sediment texture, shallow structure, and 

geochemic data all indicate that the Mud Patch is an area 
where deposition is currently taking place (figure 4.3). 
The source of these sediments is apparently Georges Bank 
and Nantucket Shoals. The present hypothesis is that silts 
and clays winnowed by the strong tidal currents are car
ried westward by the mean flow and redeposited south of 
Cape Cod, where the tidal currents that have kept them 
in suspension weaken (Twichell, McClennen, and But
man, 1981). The effect of storms in transporting sedi
ment to the Mud Patch is unclear because storm-induced 
flows transport sediment in both directions along the 
shelf and because the surficial sediments in the Mud 
Patch are also resuspended by storms (Bothner, Parmen
ter, and Milliman, 1981; Twichell, McClennen, and But
man, 1981; Butman and Moody, 1983). Fine-grained 
s_ediments are also dispersed northward from the top of 
the bank and accumulate in some of the basins in the 
Gulf of Maine (figure 4.2). 

Along the outer edge of the continental shelf, the tidal 
current is weak; thus there is only occasional resuspen
sion and transport caused by the most intense storms 
and, possibly, the strong currents associated with warm
core Gulf Stream rings. Although the bottom currents in 
this subregion appear to be too weak to resuspend sedi
ments actively, they may be strong enough to prevent the 
deposition of silts and clays. 

Reviewed by William D. Grant, Robert H. Meade, and 
John B. Southard 

Notes 

1. "Mud Patch" is not an entirely ap· 
propriate name for the fine-grained de
posit on the southern New England 
shelf for two reasons. First, the deposit 
is not entirely of mud. "Mud" in geo· 
logic terms refers specifically to sedi
ments composed of silt and clay. The 
Mud Patch is a mixture of mud and 
sand, and in the eastern third mud 
comprises less than 50% of the surface 
sediment (figure 4.5). Second, sediment 
texture is not the only important char
acteristic of the deposit. It is also de
fined by the relatively smooth 
topography and the youth of the sedi
ments; both of these characteristics are 
important in terms of shelf sedimentary 
processes. Thus although the term 
"Mud Patch" is well rooted in the 
oceanographic literature and is used 
throughout this book, it should be rec
ognized that it has shortcomings as a 
description of this young, actively accu
mulating, fine-grained deposit. 

2. " Lag" is the coarse material left 
after the tidal current has winnowed 
away the fine material. 

3. Altered minerals are minerals that 
have undergone chemical change since 
their original formation. Many opaque 
grains in the sediments of Georges 
Bank consist of iron-rich minerals, such 
as magnetite and hematite. Common 
translucent minerals there are garnet, 
amphibole, augite, epidote, tourmaline, 
and srnurolite (Ross, 1972). 
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Georges Cape, Georges Island, 
Georges Bank 

Kenneth 0. Emery 

The area now known as Georges Bank is the 
latest manifestation of a continuing series of 
topographic changes, each stage of which 
supported a characteristic flora and fauna. 
About 160 million years ago the southeastern 
side of the area was a segment of a carbon
ate platform that extended northward from 
Florida and consisted almost entirely of cal
careous plants and animals and associated 
biochemic carbonates. About 110 million 
years ago sediments from the continent bur
ied the platform. Remains of protozoans, mol
lusks, and other organisms show that the 
sediments were part of a coastal plain that 
extended oceanward as a continental shelf. 
This rapid deposition of sediments was ac
companied by an equally rapid subsidence of 
the continental edge. Subsidence was fol
lowed by emergence between 40 and 25 mil
lion years ago; streams eroded the inner shelf 
and continental slope deeply, leaving the little
eroded outer shelf as Georges Plateau. Be
tween 25 and 5 million years ago sediments 
filled the eroded inner shelf and covered 
Georges Plateau. The coarse grain of the in
cluded sandstones shows that by the end of 
the period the bottom sloped gently and con
tinuously from the mainland to the continental 
slope. Typical reddish sandstones containing 
shallow-water marine shells, whale bones, 
and shark teeth have been dredged from gla
cial drift along the northern side of the bank. 

A new emergence 5 million years ago allowed 
streams to excavate once more the inner part 
of the sediment cover (the Gulf of Maine) and 
submarine canyons on the continental slope, 
again leaving the exhumed Georges Plateau 
nearly uneroded. Glaciers increased the ero
sion and relief still more during the 2 million 
years of the Pleistocene epoch, at least dur
ing their latest advance, which lasted from 
about 25,000 to 15,000 years ago. Radiocar
bon dates of shells and organic matter within 
the upper levels of the glacial drift on Georges 
Bank and vicinity range between 40,000 and 
20,000 years ago, but these dates are consid
ered imprecise. 

During most of the time that glaciers covered 
the Gulf of Maine and adjacent lands, sea 
level was much lower than at present be
cause water that had evaporated from the 
ocean and fallen as snow at high latitudes 
was stored on land as ice. At this time the 
surface of the present bank was exposed as 
Georges Cape, with a shoreline 100-140 m 
below present sea level. The lower limit of 

this shore is indicated by a flattening of the 
topography just above 140 m; below this the 
slope is much steeper. The total area of 
Georges Cape east of Cape Cod was about 
53,000 km2

• 

For much of its existence the northwestern 
side of Georges Cape was covered by glacial 
drift , possibly moraines; this is now marked 
by gravel and rough topography subsequently 
made even more irregular by waves and cur
rents. The southeastern side, on the other 
hand, was an outwash plain (a smooth sur
face composed of sand deposited by meltwa
ter). The southeasternmost position of the ice 
front still is conjectural. Beginning about 
16,000 years ago, faster melting of the glacier 
caused its front to retreat so rapidly that 
Georges Cape was probably clear of ice 
within 1,000 years, except for icebergs that 
floated on the rising ocean surface. The ice
bergs dropped rocks as they melted, particu
larly on the drowned outwash plain adjacent 
to the main ice conduit from the Gulf of Maine 
along the Northeast Channel and possibly 
also along the Great South Channel. 

By about 11,500 years ago sea level had 
risen to - 75 m, enough to flood the Great 
South Channel and convert Georges Cape 
into Georges Island, with a much reduced 
area of about 22,500 km2

• The present 
Georges Bank east of the Great South Chan
nel and extending to depths of 140 m has an 
area of 38,500 km2

, a little more than the 
combined areas of Massachusetts, New 
Hampshire, Rhode Island, and Connecticut 
(figure 1). 

Trawlers dragging for bottom-dwelling fish 
and mollusks occasionally recover evidence of 
the former life of the bank. This shows that 
even when glaciers occupied the Gulf of 
Maine and part of Georges Cape and 
Georges Island, tundra plants and animals 
lived on the ice-free parts of the land. As sea 
level rose, these slowly gave way to shallow
water plants and animals and then to deeper
water ones. On diminishing Georges Island, 
tundra was succeeded by pine and spruce, 
followed by oaks and other plants as the cli
mate ameliorated. The island became fully 
submerged about 6,000 years ago, before the 
cl imate of the region had become its warmest 
and before warmest-climate plants and ani
mals were able to colonize the island. 

One trawler find is a 100-kg chunk of peat 
from a present depth of 59 m at a position 
formerly beneath ice cover. Radiocarbon dat
ing (see chapter 17) indicates an age of 
11 ,000 years. The sample contains twigs and 
pollen of spruce, pine, fir, juniper, and sphag
num, all typical of the flora of a few thousand 
years after glaciation. Also present are rhi
zomes of the intertidal salt-marsh grass, 
Spartina, showing that sea level had risen to 
the level of the sample. Another sample from 
off the northern t ip of Cape Cod contains 
mostly tundra herbs, in agreement with its 
greater age of 12,320 years. Two other sam
ples of peat were found at present depths of 
40 and 27-20 m on Nantucket Shoals; they 
contain progressively less spruce and more 
oak, in accordance with their lesser depths 
and ages (11,090-10,630 and 8,600 years, re
spectively). The picture here accords with the 
usual postglacial succession from small plants 
to tall trees and shows that birds once flew 
where fish now swim. 

Rising sea and slowly diminishing Georges ls
land are also marked by fossil mollusks that 
live only intertidally. The best of these for ra
diocarbon dating is the shell of the edible oys
ter Crassostrea virginica, which has been 
found in hundreds of samples from the conti
nental shelf, including some from Georges 
Bank. Two from the bank top at present 
depths of 53 and 46 m have been dated as 
10,600 and 10,300 years old, respectively. 
This record is augmented by shells from the 
shelf west of Georges Island. Two core sam
ples at the outer edge of the continental shelf 
south of Nantucket Island contain current-laid 
shells of a small mollusk, Mesodesma arcta
tum, at present depths of 130 and 122 m with 
ages of 14,850 and 13,420 years, respec
tively. These depths are near the estimated 
low point of glacial-era sea level, and the time 
at which the animals lived is not long after the 
estimated date of maximum ice advance. This 
particular mollusk lives in water that is very 
shallow and colder than can be tolerated by 
the larger oyster; thus it is is better for dating 
lowest sea levels at the latitude of the bank. 
A slipper shell, Crepidula fornicata, found at 
the site of a Texas Tower in a sample from a 
drill hole through sand came from 47 m below 
present sea level and is 11,465 years old, 
older than would be expected from its depth. 
On the other hand, an oyster dredged nearby 
at 45 m lived 7,310 years ago and is younger 
than expected (figure 2). 

Figure 1 
Georges Bank during the past 
16,000 years (BP = Before 
Present): (top) Georges Cape 
(14,000 BP), (middle) Georges 
Island (11,500 BP), and (bottom) 
Georges Bank (present) formed as 
sea level rose at the end of the 
Pleistocene epoch. 



Figure 2 
The Pleistocene ice front and fos
sils on Georges Bank. The maxi
mum seaward position of the 
glacier front is based upon the dis
tribution of coarse gravel, topogra
phy, and some probable samples 
of glacial till. In addition to the fos
sils. shown, three mammoth teeth 
and two walrus tusks from un
known locations have been found 
on Georges. In the inset, present 
water depth at their collection sites 
is plotted against age (determined 
by radiocarbon dating) for 10 
Georges Bank fossils. Included for 
comparison is a median curve of 
sea-level rise, based upon similar 
sites on both sides of the Atlantic 
Ocean, ~ut omitting areas of glacial 
rebound and deltaic subsidence. 
[Topography, rocks, and glacial de
posits: Kaye (1964), Zeigler et al. 
(1964), Uchupi (1965), Emery, Mer
rill, and Trumbull ( 1967), Prest 
(1969)] 

Figure 3 
Walrus tusks (and part of skull) re
covered on Georges Bank by a 
scallop dragger. The tusks are 
about 35 cm long. 

D Peat 

O Crassostrea virginica 

Other mollusks 

~ 1000 

D 
OD . D 

• 

... Walrus 

6 Mastodons 

Mammoths 

6 • 
00 

• 

t 
0 50 
I I I I I 

1'4.000,000 

42° 
o,.. 

• ~ ~C}· 

"'l,':6 
'? 

) 

Years BP ( x 1Cl3) 

0 5 10 

' ' \ 
25 I 

1 .. 

I 50 
. '"· 

.c 
..... 

ti. Mean I 
Q) 75 Sea - I 0 

Level I 

100 
100km 
I 

125 . 
66° 

39 Georges Cape, Georges Island, Georges Bank 

Another possible indicator of former shoreline 
is provided by the bones and tusks of wal
ruses, which inhabit shallow water, where 
they dig for mollusks with their tusks. Only 
five specimens have been reported from 
Georges Bank, but many others have been 
found on the continental shelf farther west. 
The positions of three from the bank are 
known, all from present depths of 70-77 m 
(figure 3). 

With its abundant forage, Georges Island also 
should have been inhabited by many kinds of 
herbivores, carnivores, and scavengers, in
cluding man, and certain bones most resistant 
to erosion have been found. Most numerous 
are the teeth of mammoths and mastodons; 
five of the former and three of the latter have 
been found on the bank (figure 2). On the 
continental shelf farther west, tusks of these 
animals also have been found, along with the 
bones of giant moose, musk ox, horse, giant 
sloth, and tapir. The light and fragile bones of 
the rabbit, deer, fox, and others must have 
been deposited too, but then destroyed by 
solution, waves and currents, or the dredging 
operation that might have recovered them. 
Likewise the search for tools and other evi
dence of Clovis man, who, we now think, 
eliminated the last mammoths and mastodons 
10,000 years ago with highly effective fluted 
projectile points, is made virtually impossible 
by the masking abundance of glacial cobbles 
and pebbles on the bank top, as well as by 
smoothing from bottom currents and trawls. 

What changes can we expect in Georges 
Bank during the next few thousand years? 
Judging from the slow changes of the past 
160 million years, the bank may be covered 
by somewhat deeper water, and the water 
may become a little warmer (or cooler). Per
haps for the near future, the changes pro
duced by the actions of humans may have 
the greatest effect on the evolution of the 
bank. 

Reviewed by Robert N. O/dale and Elazar 
Uchupi 
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Georges Bank is part of the Atlantic continental margin, 
an extensive geologic feature of sedimentary rock overly
ing a basement of igneous and metamorphic crystalline 
rock. These sedimentary rocks form a seaward-thickening 
wedge that has accumulated in five deep marginal basins 
between shallow platforms of Paleozoic and older crys
talline rocks and the Mesozoic basement of igneous rock 
in the deep sea (figure 5.1) (Drake, Ewing, and Sutter, 
1959; Emery and Uchupi, 1972; Folger et al., 1979). The 
exposed part of this sedimentary wedge is the Coastal 
Plain, but the main part of the wedge underlies the conti
nental shelf, slope, and rise. The sediment/ crystalline
rock interface deepens slowly under the Coastal Plain and 
inner shelf, drops rapidly at the edge of the platforms 
into the marginal basins, and rises again at the seaward 
edge of the sediment-filled basins (figure 5 .2). Sediment 
thicknesses in the Georges Bank region are less than 3 
km on the adjacent Long Island and Gulf of Maine plat
forms, exceed 10 km in Georges Bank Basin, and thin to 
the east from 6 to O km at the Mid-Atlantic Ridge. The 
tectonic and geologic processes that controlled the for
mation of the Georges Bank continental margin are com
mon phenomena elsewhere around the earth. 

Data Bases 

The subsurface geology is based chiefly on inferences 
from geophysic data coupled with rock samples from 
drill holes. Three primary sets of data exist. The first set 
is approximately 6,350 km of seismic-reflection profiles 
collected by the U.S. Geological Survey and by the Bun
desanstalt fiir Geowissenschaften and Rohstoffe (BGR) of 
the Federal Republic of Germany, supplemented by a grid 
of profiles made by the Woods Hole Oceanographic In
stitution over Georges Bank (Austin et al., 1980) (figure 
5.3) and in the Gulf of Maine (Ballard and Uchupi, 
1975). These data provide information concerning the 
layering and structure within the sedimentary wedge and 
the shape of basement beneath the sediments. The maxi
mum depth from which seismic-reflection profiles yield 
coherent returns is ref erred to as acoustic basement. In 
many profiles this basement and crystalline basement (up
per surface of crystalline rock) are the same, but geologic 
and technologic factors can limit acoustic penetration, 
preventing the defining of crystalline basement. 

The second data set consists of magnetic anomalies 
(figure 5 .4) from aeromagnetic surveys (Taylor, Zietz, and 
Dennis, 1968; Klitgord and Behrendt, 1977; Behrendt 
and Klitgord, 1979) and depths to basement estimated 
from such data (Klitgord and Behrendt, 1979). Magnetic 
data provide information concerning the crystalline base
ment and can be used to interpolate basement structures 
between seismic lines and to infer basement depth where 
acoustic basement is above crystalline basement. An alter
native estimate of the depth to crystalline basement can 
be obtained from aeromagnetic data (Klitgord and Beh
rendt, 1979; Klitgord, Schlee, and Hinz, 1982) through 
the study of gradients on the anomalies of the earth's 
magnetic field. These estimates are for the depth to the 
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Figure 5.1 
Platforms and basins along a part 
of the continental margin of east
ern North America. The basins 
contain more than 1 O km of 
sedimentary rock, mostly of Juras
sic and Cretaceous age; the plat
forms are rarely covered by more 
than 4 km. On the Atlantic Coastal 
Plain a thin wedge of sedimentary 
rock extends from the coastline to 
where it laps onto the crystalline 
rock of the Appalachians. The 200-
m depth contour marks the off
shore edge of the continental shelf; 
the continental slope, continental 
rise, and deep sea lie seaward. 

Figure 5.2 
Schematic cross section through 
the Georges Bank region showing 
the sedimentary wedge that lies on 
the oceanic crust and the continen
tal crystalline basement. The verti
cal exaggeration is 12.5 : 1. On the 
vertical scales, O depth is sea 
level. The wavy line above crystal
line basement represents the pos-' 
trill unconformity. [Schlee (1981)] 
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source of the magnetic anomalies, and the surface de
fined by these depths is ref erred to as magnetic basement. 
These data are supplemented by gravity surveys (Grow, 
Bowin, and Hutchinson, 1979). 

The third set is drill-hole data and samples (figure 5.3) 
from several shallow (300 m) holes drilled on the conti
nental shelf (Hathaway et al., 1979; Poag, 1982), two 
shallow (100 and 514 m) holes on Nantucket Island, the 
Coskata well and well 6001 (Folger et al., 1978), and 
two deep (4,899 and 6,667 m) holes drilled by consortia 
of oil companies-COST (Continental Offshore Strati
graphic Test) G-1 and COST G-2 (Amato and Bebout, 
1980; Amato and Simonis, 1980; Scholle and Wenkam, 
1982). Another exploratory hole from which data are 
publicly available is Shell Mohawk B-93 (Barss, Bujak, 
and Williams, 1979) on Brown's Bank 310 km northeast 
of COST G-2. The drill data are supplemented by dredge 
samples from the walls of canyons in the continental 
slope (Ryan et al., 1978; Valentine, 1981; see also chap
ter 6). 

Tectonic Setting of the Atlantic Continental Margin 

The Atlantic continental margin evolved during the for
mation of the Atlantic Ocean basin after the breakup of 
the megacontinent of Pangaea (figure 5 .5) (Bullard, Ever
ett, and Smith, 1965). Breakup of Pangaea began during 
Late Triassic/Early Jurassic time (200 million years ago) 
with a rifting phase between the North America/Eurasia 
Plate and the South America/ Africa Plate similar to the 
present rifting in the East African Rift System. Finally in 
Early Jurassic time (about 185 million years ago) the con
tinents began to separate more rapidly, and seafloor 
spreading began to form oceanic crust in the central At
lantic basin. This basin was over 1,000 km wide at the 
end of the Jurassic (135 million years ago). By the end of 
Early Cretaceous time (100 million years ago), the central 
Atlantic basin was more than 2,000 km wide and basins 
in the North Atlantic (north of the Azores) and South At
lantic (south of the equator) were just starting to form as 
North America broke away from Eurasia and South 
America from Africa. 

In continental breakup, a continental margin develops 
in two distinct phases of tectonic activity (figures 5 .5 and 
5 .6). First, there is a rifting phase of crustal thinning be
fore the separation of continents, and second, a "drift
ing" phase (plate-separation phase) when seafloor 
spreading leads to the formation of new oceanic crust be
tween the separating plates (Dewey and Bird, 1970). Dur
ing the early rifting stage, continental crust is stretched, 
so that block faulting and graben formation occur in the 
brittle upper crust. A considerable amount of heat in
jected into the crust causes thermal expansion with some 
uplift of the entire region and a deepening at the center 
of the rift zone as larger blocks of continental crust drop 
down to fill the void formed by the small amount of 
crustal separation. A series of downdropped blocks of the 
old continent beneath and along the landward edge of 
Georges Bank Basin (Klitgord, Schlee, and Hinz, 1982) 
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Figure 5.3 
Boreholes (filled circles) and seis
mic-reflection profiles on and 
around Georges Bank. Solid lines 
locate seismic profiles made by 
USGS and BGR; dashed lines lo
cate WHOI profiles. [Bathymetry: 
Uchupi (1965)] 

Figure 5.4 
The magnetic anomaly on and 
around Georges Bank. The contour 
interval is 50 nannoteslas (nT). 
(The tesla is the unit of measure of 
the strength of a magnetic field.) 
[Klitgord and Behrendt (1977) and 
Haworth and MacIntyre (1975)] 
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Figure 5.5 
Reconstructions of the positions of 
the ~ontinents around the North At
lantic Ocean: (a) at the end of Pa
leozoic time, (b) during Late 
Triassic/Early Jurassic time, (c) at 
the end of the Jurassic, and (d) 
near the end of the Early Creta
ceous. [Klitgord and Schouten 
( 1980, 1982)) 

Figure 5.6 
Sche~atic cross sections of litho
s_p~enc structure during: (a) early 
~1ftmg, (b) late rifting, (c) early drift
ing, and (d) later drifting. The 
spreading center (the zone of addi
tion of new igneous rock and heat) 
moves progressively farther from 
the ~~~eloping marginal basin and 
the m1t1al rift zone during drift. 
ID 

mg. 
ewey and Bird (1970)) 
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and Aaiun Basin, West Africa (Von Rad and Arthur, 
1979; Hinz, Dostmann, and Fritsch, 1982), established a 
depression between the Long Island/Gulf of Maine/La 
Have Platform and the West African Platform (figure 
5.7a). 

Later in the rifting phase, the tectonic environment 
changes because the increased amount of extension re
quires the addition of igneous rock to fill the void be
tween the separating plates. The depression between the 
two plates continues to deepen. At this stage in the At
lantic the underlying crust now consisted of faulted 
blocks of older continental rock at the edge of the plat
forms and a mixture of igneous rock and blocks of older 
crystalline rock toward the center of the depression (Sher
idan, 1974; Montadert, Charpal, and Roberts, 1979). 
Differential subsidence of these blocks of older crystalline 
rock tilted and deformed the sediments that had accumu
lated in the low areas of the rift zone. A limited supply 
of water to the newly forming ocean basin, coupled with 
a hot, arid climate (Manspeizer, 1982), provided suitable 
conditions for the formation of evaporites (salt and anhy
drite deposits) mixed with marine carbonates, continental 
red beds (red sandstone and shale), and igneous dikes and 
sills. Salt at the bottom of Georges Bank Basin and along 
the edges of the Canadian and West African margins (fig
ure 5.7) was deposited during this phase. 

Formation of oceanic crust-100% new basaltic ig
neous rock-begins the postrift phase along the continen
tal margins as the plate boundaries, with their associated 
tensional faulting and heat injection, move apart. The 
crust at the margins begins to cool and subside (Mc
Kenzie, 1978; Watts, 1981). The block~faulted structures 
along the edges of the margins serve as a trap for sedi
ments and as a site for the development of marginal bas
ins, such as Georges Bank Basin. Differential thermal 
cooling and sediment loading there gradually depressed 

the crystalline basement of the marginal basin relative to 
the platform, developing the basement hinge zone that 
separates the basin and platform (Watts, 1981; Sawyer et 
al., 1982). 

In the sedimentary wedge on the margin of a conti
nent, the boundary that separates the rift and postrift 
(drift) phases of deposition is referred to as the postrift 
unconformity (Montadert, Charpal, and Roberts, 1979) 
(the breakup unconformity of Falvey, 1974). Broad re
gional subsidence associated with cooling and sediment 
loading allows a more conformable pattern of sediment 
deposition across the margin in the postrift phase. This is 
in contrast with the tilted, deformed units associated with 
the rift phase. In the region of the Georges Bank Basin, 
sediment accumulation in the marginal basin was rapid 
enough to form a characteristic continental shelf, slope, 
and rise as sediment spilled seaward onto the new ocean 
floor (Schlee and Jansa, 1981 ). A restricted water supply 
during the earliest phase of drifting resulted in the deposi
tion of anhydrite/ dolomite in Georges Bank Basin during 
Early Jurassic time (Poag, 1982). As the Atlantic basin 
widened and an ocean formed between Africa and North 
America, evaporitic conditions ended. 

Ocean conditions, particularly changes in sea level, 
were important factors in controlling deposition/ erosion 
patterns on passive margins. Long-term rises in sea level 
increased deposition on the continental shelf, while drops 
in sea level were usually accompanied by erosion on the 
continental shelf and deposition on the continental rise 
(Pitman, 1978, 1979; Vail and Hardenbol, 1979). 

Crystalline Basement 

The subsurface geology of Georges Bank can be sepa
rated into that of the crystalline basement and that of the 
sedimentary rock deposited on the basement. The mor
phology of the basement (figures 5 .8 and 5 .9) gives infor
mation on the tectonic processes that built this marginal 
basin, while the overlying sedimentary rock gives a record 
of the oceanographic and tectonic environment through 
time. 

Crystalline basement was sampled at the bottom of the 
COST G-1 well. Graphitic slate, schist, and phyllite (ra
diometric age of 540-450 million years: Amato and Be
bout, 1980) were encountered 4,740 m below sea level. 
Weathered basalt having a radiometric age of 183 ± 8 
million years (Early Jurassic) was found in Nantucket well 
6001 at a depth of 459 m below sea level (Folger et al., 
1978). Seismic-reflection data indicate that this basalt is 
part of a broad unit that overlies sedimentary rock in 
some places and crystalline basement in others (Valentine, 
1981). 

Seismic-reflection profiles across the Georges Bank re
gion show great variability in the depth and character of 
acoustic and crystalline basements. Crystalline basement 
can be divided into four characteristic zones (figure 
5 .10)-(1) a low-relief zone of Paleozoic or older meta
morphic and igneous rocks that is present on the shallow, 
stable platforms; (2) a block-faulted zone (basement hinge 
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Figure 5.7 
Reconstruction of Early (top) and 
Middle (bottom) Jurassic Atlantic 
oceans. Note the possible barriers 
to ocean circulation northeast and 
southwest of the Georges Bank 
Basin during this early period of 
ocean opening. Early Jurassic salt 
deposits are shown. [Klitgord and 
Schouten ( 1980, 1982)) 
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Figure 5.8 
Thickness (km) of Upper Triassic 
and younger sedimentary rocks on 
and around Georges Bank. Dots 
show where measurements were 
made. (Schlee and Fritsch (1982)] 

Figure 5.9 
Depth to magnetic basement; 1-km 
contour interval. [Klitgord and Beh
rendt ( 1979)] 

zone) of Paleozoic or older metamorphic and igneous 
rocks that deepens seaward in distinct steps; (3) a zone 
where crystalline basement is masked by thick sedimen
tary rocks that contain seaward-building carbonate depos
its at the seaward edge; and (4) a zone of igneous rock 
forming oceanic basement (the upper surface of oceanic 
crust) that was created by seafloor spreading. In zone 1, 
basement is characterized by a very strong reflector asso
ciated with short-wavelength undulating relief-the 
eroded surface of crystalline rock. On a few seismic pro
files across zone 2, the block-faulted basement and back
tilted sediments are distinctive structures beneath the pos
trift unconformity (figure 5.11). In zones 2 and 3, acous
tic and crystalline basement rarely coincide, and on many 
seismic profiles the postrift unconformity forms acoustic 
basement. The nature of the crystalline basement some
where beneath the acoustic basement can be inferred 
only from the character and shape of this unconformity. 
Acoustic basement in zone 4 is characterized by closely 
spaced hyperbolic echoes and the generally low relief that 
typifies oceanic basement. 

The basement-structure map for the Georges Bank re
gion (figure 5.12) combines those for magnetic basement 
(figure 5.9) and acoustic basement (figure 5.8). Shallow, 
stable platforms lie northeast, north, and northwest of 
Georges Bank, where crystalline basement is less than 2 
km deep. The block-faulted zone, steps 1-4 and the 
Nantucket to Atlantis subbasins, forms the seaward edge 
of the Long Island and Gulf of Maine platforms. Seaward 
of the block-faulted zone, the main basin lies beneath 
outer Georges Bank and contains more than 10 km of 
sedimentary rocks, including some that have been slightly 
metamorphosed. The East Coast Magnetic Anomaly 
(ECMA) (figures 5.4 and 5.12) marks the seaward edge of 
the basin and the landward limit of oceanic basement. 
The depths of these structures are shown in the cross sec
tions in figure 5 .13. There is an increase in basement 
depth at the ECMA as the main basin is entered from the 
seaward side (Klitgord and Behrendt, 1979). 

The block-faulted zone southeast of the Gulf of Maine 
Platform deepens in a series of steps into a broad crustal 
depression (Yarmouth Sag) adjacent to Yarmouth Arch 
(figures 5.9 and 5.12). Nestled between each "step" is a 
small subbasin formed by the downdropped block (gra
ben); over these subbasins the postrift unconformity sepa
rates steeply dipping older sedimentary reflectors from 
more conformable sediments (figure 5.11). The postrift 
unconformity deepens rapidly over the downthrown side 
of the graben (shot point 900, figure 5.11) and then lev
els off until it encounters the landward edge of the next 
graben (shot point 1220, figure 5.11). The rough charac
ter of acoustic basement at the updip side of the half
graben (shot point 1200, figure 5.11) may indicate crys
talline basement; on some profiles this rough basement 
can be traced beneath the dipping reflectors. On profiles 
where the postrift unconformity coincides with acoustic 
basement (figure 5 .14 ), these same narrow zones of rapid 
drops separated by more gently dipping segments for the 

postrift unconformity give the acoustic basement a step
like character. 

The magnetic field reflects these grabens. Lows of 
magnetic anomaly correlate with shallow grabens, 
whereas highs are over basement peaks ,and may be 
caused by intrusive igneous dikes along the edges of the 
grabens (figures 5.4 and 5.10). We infer from magnetic 
information that crystalline basement is a series of lin
eated half-grabens beneath these steps in the postrift un
conformity. Crystalline basement depths at the top edges 
of the grabens and basins range from less than 2 km to 
more than 6 km; several kilometers of sediment have 
filled isolated basins beneath the postrift unconformity. 

Yarmouth Arch forms the seaward end of this block
faulted zone. The arch deepens to the southwest until on 
common-depth-point (CDP) (seismic-reflection) line 19 it 
is only a small basement high topped with a buildup of 
carbonate rock (Poag, 1982). The southeastern side of 
Yarmouth Arch is marked by a sharp drop in acoustic 
basement that we infer to be a basement hinge zone at 
the landward edge of the northeastern extension of 
Georges Bank Basin. This basin continues to the north
east (figure 5.1) and beyond the Northeast Channel is 
known as the Scotian Basin Oansa and Wade, 1975). At 
the Northeast Channel, there is a significant embayment 
of this hinge zone (Wade, 1977) marking the boundary 
between La Have Platform and Yarmouth Arch. This em
bayment is caused by a grabenlike basement feature that 
underlies the seaward part of the Northeast Channel 
(Austin et al., 1980; figure 5.3). Disruptions in the mag
netic data indicate that the embayment may continue as a 
fault zone to the northwest beneath the channel. 

The basement of the block-faulted zone to the south
east of the Long Island Platform does not deepen in step
like fashion, but does contain four small elongate 
subbasins beneath the postrift unconformity (figure 5.12). 
Depth to the tops of these subbasins increases slowly to 
the southeast (CDP line 5, figure 5.15) and southwest. 

The main subbasin of Georges Bank Basin is within 
zone 3, between the block-faulted zone and the ECMA, 
and is the region of greatest sediment accumulation (fig
ure 5.8). The COST G-2 well was drilled into the main 
basin and encountered salt at a depth of about 6,500 m 
(Amato and Simonis, 1980). This salt forms acoustic 
basement over much of the main basin, with deeper flat
lying reflectors on some profiles indicating 2 or 3 km of 
synrift sedimentary rocks-formed from sediments depos
ited during the rifting phase of continental breakup. At 
the edge of the block-faulted zone there are very steeply 
dipping reflectors beneath the salt layer. These reflectors 
are similar to the ones associated with curvilinear faults 
in crystalline basement found on other continental mar
gins (Montadert, Charpel, and Roberts, 1979). There may 
be an additional 4-6 km of Lower Jurassic, or perhaps 
Upper Triassic, synrift sedimentary rock beneath the salt 
layer. 

Crystalline basement beneath the seaward edge of the 
main basin and the block-faulted zone of the Long Island 
Platform is masked by the carbonate buildup associated 
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Figure 5.10 
Typical geologic cross section for 
the Georges Bank Basin based on 
common-depth-point (CDP) lines 19 
and 1 . [Klitgord, Schlee, and Hinz 
( 1982), modified] The dashed 
basement beneath the postrlft 
(breakup) unconformity Is inferred 
from adjacent seismic profiles and 
magnetics. The magnetic-anomaly 
profile is shown (ECMA stands for 
East Coast Magnetic Anomaly). 
The locatio·ns of the COST G-1 and 
G-2 wells are projected onto the 
profile. The vertical exaggeration is 
5 : 1. Key: PZ, Palaeozoic; T, Ter
tiary; UK, Upper Cretaceous; LK, 
Lower Cretaceous; UJ, Upper Jur
assic; MJ, Middle Jurassic; LJ, 
Lower Jurassic. [Ages of seismic 
stratigraphic units: Poag ( 1982); 
estimates of depth to magnetic 
basement: Klitgord and Behrendt 
(1979)) 

Figure 5.11 
A portion of CDP line 19 showing 
the landward-dipping reflectors be
neath the postrift unconformity for 
the half-grabens that form step 2. 
The hinge for step 2 is at shot 
point 1200; the hinge for step 3 Is 
at shot point 1500; drops In the 
postrift (breakup) unconformity are 
indicated by triangles. [Klltgord, 
Schlee, and Hinz ( 1982, figure 78)) 
This and other seismic profiles are 
located in figure 5.3. 

Figure 5.12 
Tectonic elements for the Georges 
Bank/Browns Bank region, includ
ing grabens along the landward 
edge of the Georges Bank Basin, 
the ancient shelf edge along the 
seaward edge of the Georges Bank 
Basin, and the salt diapir province 
and its southwestern extension as 
buried benches along Georges 
Bank. [Klitgord, Schlee, and Hinz 
(1982)) 
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with the Upper Jurassic/ Lower Cretaceous shelf edge that 
has been identified along the entire Atlantic margin 
(Schlee, Dillon, and Grow, 1979). Acoustic basement just 
landward of the Upper Jurassic shelf edge is near the top 
of the carbonate buildup. The shallow ridge in magnetic 
basement (figure 5.9) beneath the landward edge of the 
ECMA suggests that the old shelf edge lies just landward 
of a basement structure that may have localized early 
sediment accumulation (Klitgord and Behrendt, 1979). 

The New England Seamount Chain (Uchupi, Phillips, 
and Prada, 1970) intersects the margin of Georges Bank 
at the southwestern edge of the main basin. This intersec
tion, where Bear Seamount lies within the gap in the 
ECMA, coincides with the zone of east-trending base
ment structures separating the block-faulted zones sea
ward of the Long Island and Gulf of Maine platforms. 
These seamounts formed in a series of northwest-trend
ing, en echelon groups along oceanic fracture zones 
(Schouten and Klitgord, 1977). 

Basin Fill 

The sedimentary rocks that lie above crystalline basement 
have been sampled at several drill sites (figure 5 .16). Bio
stratigraphic and lithostratigraphic studies of these sam
ples (Folger et al., 1978; Hathaway et al., 1978; Amato 
and Bebout, 1980; Amato and Simoriis, 1980; Arthur, 
1982; Poag, 1982; Scholle and Wenkam, 1982) give age, 
rock type, depositional style, and environment of deposi
tion (Poag, 1982; Valentine, 1982). These properties can 
be extrapolated to other parts of the basin by studying 
the character of seismic reflections (Bubb and Hatlelid, 
1977; Sangree and Widmeir, 1977; Schlee and Fritsch, 
1982), and seismic data can be used to map the thickness 
and distribution of sediments away from the drill sites 
(figures 5.18 and 50.1) (Mattick, Schlee, and Bayer, 
1981; Klitgord, Schlee, and Hinz, 1982; Poag, 1982; 
Schlee and Fritsch, 1982; Schlee and Klitgord, 1982). 

Synrift Deposits 
Synrift sediments accumulated as continental rifting was 
taking place and now lie beneath the postrift unconform
ity. The basal red-to-pink, poorly sorted conglomerates 
and sandstones in the COST G-1 well (Amato and Be
bout, 1980; Arthur, 1982; Poag, 1982) are 200 m thick 
and similar to rocks associated with Triassic/Jurassic gra
bens onshore (Cornet, 1977; Manspeizer, Puffer, and 
Cousminer, 1978). The acoustic reflector at the top of 
the sandstone-conglomerate layer at COST G-1 is inter
preted as the postrift unconformity. This reflector can be 
traced on connecting seismic profiles to the COST G-2 
well, where it coincides with a thin, red siltstone/sand
stone layer capping a 300-m-thick layer of dolomite (cal
cium magnesium carbonate) that overlies salt (Amato and 
Simonis, 1980). Some patches of chaotic reflectors be
neath the postrift unconformity have been interpreted as 
carbonate mounds (Poag, 1982). COST G-2 penetrated 
only the upper 12 m of the salt, but seismic evidence 
suggests that basement is at least 500 m below the top of 
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Figure 5.13 
Interpretive cross sections of the 
Georges Bank Basin seaward of 
the Gulf of Maine platform along 
CDP lines 4, 18, 19, and 1. [Grow 
and Schlee (1976), Poag (1982), 
Klitgord, Schlee, and Hinz (1982)) 

the salt. The salt has not been dated at COST G-2, but it 
may be Late Triassic or earliest Jurassic. Salt on the Ca
nadian margin interfingers with Upper Triassic red beds 
landward of the hinge zone Qansa, 1981) and in the 
Mohican 1-100 well offshore is overlain by Lower Juras
sic limestone (Barss, Bujak, and Williams, 1979). 

Early Postrift Deposits Ourassic) 
The character of the early postrift deposits changes from 
the northwest (COST G-1), where the section is domi
nated by elastic rocks (rocks made from broken frag
ments of rocks transported from elsewhere), to the 
southeast ,,..,OST G-2), where it is dominated by carbon
ate rocks (tormed in situ from the skeletons of animals or 
plants). In COST G-1 the lowermost(?) Jurassic rocks just 
above the postrift unconformity (Hettangian/Rhaetian?: 
Poag, 1982) are about 300 m thick and comprise mostly 
siliciclastic rocks (silica-rich sandstone and shale) with a 
few layers of carbonate and anhydrite. This unit corre
sponds to a 500-m-thick layer of a dolomite interbedded 
with anhydrite (carbonate evaporite) at COST G-2 (figures 
5 .16 and 5 .17). Seismic data between the two wells are 
characterized within the unit by discontinuous subparallel 
reflectors ·near COST G-1 and some chaotic reflectors 
that Poag (1982) has interpreted as carbonate mounds. 
Toward the shelf edge and toward COST G-2, reflectors 
become more coherent, parallel, and intense- all of 
which suggests a continental shelf as the depositional en
vironment (Schlee and Fritsch, 1982). the continuity of 
these acoustic units and the sound velocities ( > 5 km/ sec) 
associated with them further suggest that the limestone 
and dolomite penetrated in the boreholes are widely dis
tributed. The overlying Lower (?) Jurassic rocks (600 m at 
COST G-1 and 1,500 mat COST G-2) become mainly 
limestone, dolomite, and anhydrite, indicating marine 
shelf deposits (figures 5 .16 and 5 .17). Subsidence was 
more rapid in the center of the basin than along the 
block-faulted zone or on the platforms, resulting in 
thicker sedimentary layers in the main basin. 

Middle Jurassic rocks grade from interbedded lime
stone and sandstone near COST G-1 to predominantly 
limestone ones at G-2. During the Middle Jurassic the 
site of COST G-1 was near shore close to sources of sili
ciclastic sediments, while the COST G-2 site was on a 
continental shelf, where carbonate deposition could occur 
without interference from terrigenous sediment (elastic 
material eroded from onshore). 

The Upper Jurassic layer in COST G-1 is about 1,000 
m thick and comprises mainly shale and sandstone, with 
abundant lignite and some coal near the top. The Upper 
Jurassic rocks thicken to about 1,200 m in COST G-2 
and, for the first time, contain abundant terrigenous de
posits as sandstone, shale, siltstone, and mudstone; also 
present are a few oolitic and algal limestone layers. In the 
youngest Jurassic strata at COST G-2, limestone interbed
ding with shale predominates. During early Late Jurassic 
time both well sites were characterized by fluctuating al
luvial, nearshore, and inner-shelf environments. The 
COST G-2 site was mainly part of an inner shelf by the 



Figure 5.14 
A portion of CDP line 1 over the 
buried steps in the acoustic base
ment. (Klitgord, Schlee, and Hinz 
(1982)] Notice the drops in the 
postrift unconformity (triangles) to 
the left of step 2, between step 3 
and step 4, and to the left of step 
4. Step 2 and step 3 are merged on 
this line. The small basement high 
that COST G-1 penetrated is seen 
as a small rise in the postrift un
conformity. The deep reflectors at 
6 sec to the right of step 4 may in
dicate a thick sequence of prerift 
and synrift sedimentary rock or lis
tric faults in crystalline rock. 
(Schlee et al. ( 1976)] 

Figure 5.15 
A portion of CDP line 5 across the 
prerift or synrift basins showing the 
changes in slope in the postrift un
conformity and the basins beneath 
the unconformity. [Klitgord, Schlee, 
and Hinz (1982)] 

Figure 5.16 
The strata penetrated in Nantucket 
hole 6001, COST G-1, and COST 
G-2 grade from sandy sediments 
nearshore (in the west) to carbon
ates offshore (in the east). Basin 
subsidence was most rapid at this 
time. Subsequently, sandy sedi
ments predominated. (COST G-1 
and G-2 lithology: Amato and Be
bout (1980), Amato and .Simonis 
( 1980); system boundaries: Poag 
( 1982); 6001: Folger et al. ( 1978)] 
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end of the Late Jurassic. Rates of sediment accumulation 
were lower at this time than during the Early and Middle 
Jurassic, reflecting the slower subsidence of the continen
tal margin. 

Late Postrift Deposits (Cretaceous/Tertiary) 
At COST G-1 Cretaceous rocks are about half as thick as 
the postrift Jurassic section (about 1,300 m versus 2,900 
m), and at COST G-2 about a third as thick (about 1,450 
m versus 4,400 m). Subsidence on the margin continued 
to slow during Cretaceous time and became more uni
form over the entire margin, resulting in a thin but uni
form accumulation of sediment. This trend continued 
during the Tertiary. 

Lower Cretaceous rocks are 800- 900 m thick in COST 
G-1 and consist of loosely cemented sandstone and shale 
containing layers of coal, dolomite, and lignite. The 
equivalent section in COST G-2 is about 1,100 m thick 
and, though some thick limestone layers are present, sand 
layers with interbeds of coal, shale, and mudstone domi
nate. Rocks at both sites were deposited in a shallow, 
variable, nearshore, sometimes alluvial environment. 

The Upper Cretaceous section is thin in COST G-1 
(about 500 m) and comprised of sand, shale, and gravel, 
together with glauconite and lignite. In COST G-2 the 
same section thins to about 350 m and is mainly sand, 
claystone, and siltstone. It is marked by several conspicu
ous unconformities (Poag and Schlee, 1984). The site of 
G-2 at this time was on a middle-to-outer continental 
shelf with deeper, quieter waters. Seaward of G-2 the Up
per Cretaceous section thickens rapidly and several units 
reappear. For example, latest Upper Cretaceous rocks 
that had been deposited in an outer shelf/bathyal envi
ronment (Poag, 1982) have been sampled in various can
yons (Ryan et al., 1978; Valentine, Uzmann, and Cooper, 
1980; Valentine, 1981; see also chapter 6). 

The Upper Cretaceous section in Nantucket hole 6001 
(figure 5 .16) sampled about 340 m of soft shale and un
consolidated clayey sand deposited under alluvial condi
tions; these sediments are separated by the postrift 
unconformity from underlying Jurassic (?) volcanic flows 
radiometrically dated at 183 ± 9 million years (Folger et 
al., 1978). 

The Tertiary section is estimated to be about 250 m 
thick in both COST wells, where it consists mostly of un
consolidated sand and abundant shale, glauconite, and 
lignite. Thin Paleocene rocks are present in both COST 
G-1 and COST G-2 and updip in the shallow Coskata 
hole on Nantucket (Folger et al., 1978). Eocene clay 
ranging in color from light green to dark green and bio
clastic limestones are present in COST G-2 and in Amcor 
hole 6019 on the northern edge of the bank. About 25 
m of the Tertiary section in Nantucket hole 6001 is 
probably Eocene. Eocene rocks exposed in Oceanogra
pher and Corsair canyons (Gibson, Hazel, and Mello, 
1968; Ryan et al., 1978; see also chapter 6) consist of 
mudstones, glauconite, and calcarenites. 

Rocks of Oligocene age have been dredged from 
Oceanographer Canyon (Gibson, Hazel, and Mello, 1968; 



48 Physical Science 

SHOT POINT 200 400 600 800 
0 

·-· -----
--=· -

u 
Q) 

!!!, 
Q) 

E 
i= 
ai 
> 
"' i= 

NW 

10 km 

COST G-2 
WELL SITE 

SE 

>
"' 3: o;:===-;:s:::: •• :::::110:::m'====:::':,,=== 
6 
~ 
I-

T/K--- "4--T 

-- LJ - 3 

~ Shale. mudstone D Sandstone ~ Carbonate rock ~ Evaporite rock 

Figure 5.17 
A part of seismic line 209 across 
central Georges Bank Basin. The 
actual time-scaled profile is shown, 
and an interpretation of the stratig
raphy is given below it. [Klitgord, 
Schlee, and Hinz (1982)) Superim
posed on the latter is the lithology 
of COST G-2 about where the pro
file crossed the drill site. Key: T /K, 
Tertiary/Cretaceous boundary; 
CENO., Cenomanian; UJ, near the 
top of the Upper Jurassic section; 
MJ, within the Middle Jurassic sec
tion; LJ, near the base of the Lower 
Jurassic (?) section; TD; total depth 
(6,676 m). T marks a thin trans
gressive unit. 0 marks the correla
tion with the "0 marker"-a zone 
of limestone within Missisauga For
mation beneath the Scotian margin. 
[Jansa and Wade (1975)) 

see also chapter 6) and may be present in the COST G-2 
hole. Pleistocene/Miocene rocks are present in that well 
and in the Coskata well at Nantucket. By the Early Ter
tiary, sediments at the COST G-1 and Nantucket sites 
were being deposited under conditions typical of the 
outer continental shelf. At the COST G-2 site and sea
ward, bathyal depths occurred for the first time (Poag, 
1982). However, by Oligocene time at G-2, deposits typi
fied an inner-to-middle continental shelf. These grade up
dip to nearshore and alluvial ones. Pleistocene sediments 
were laid down in conditions that were alluvial to near
shore as outwashed plains built south of an ice sheet that 
advanced to the area of northern Georges Bank. A thin 
veneer of Quaternary deposits (50-100 m) covers the 
bank (see chapter 3 and 4 and the vignette "Georges 
Cape, Georges Island, Georges Bank" by Emery). 

Ancient Carbonate Platform 
A conspicious feature of the Atlantic margin is a buried 
limestone platform of Jurassic age (figure 5.2) (Schlee, 
Dillon, and Grow, 1979; Jansa, 1981). The carbonate 
platform and the slope seaward of it formed a major 
physiographic province; the platform and associated 
banks and atolls probably flourished in a semicontinuous 
chain that stretched from Nova Scotia to the Gulf of 
Mexico. In the Georges Bank area the carbonate plat
form extends under the southern two-thirds of the bank 
and evidence of it can be seen in seismic profiles (figures 
5.17-5.19) (Schlee, Dillon, and Grow, 1979; Klitgord, 
Schlee, and Hinz, 1982; Schlee and Fritsch, 1983) and in 
samples taken from drill holes and by submersible (Ryan 
et al., 1978; Amato and Simonis, 1980; Austin et al., 
1980; Ryan and Miller, 1981; Poag, 1982). 

The seaward edge of the carbonate platform takes two 
forms (figure 5.18)-a rimmed platform (figure 5 in 
Eliuk, 1978) and a ramp wherein the shelf break appears 
to be in deep water. In the first type the carbonate 

growth was probably stationary (Jansa, 1981) and gave 
rise to a steep, seaward-facing slope (25-30°) about 2 
km high in the Late Jurassic; the same platform edge 
rimmed the La Have Platform to the northeast (Eliuk, 
1978). The second type is a broad ramp that migrated 
into deep water. As can be seen from the profile, the 
sudden break in slope occurs 2.8 km below sea level (as 
opposed to 2 km for the rimmed shelf break); the relief 
seaward of the break is only 1.3 km. We infer from the 
imbricate pattern of reflections that the ancient shelf edge 
migrated into deep water. A similar pattern of reflections 
along the seaward side of the Scotian Basin near Sable Is
land has been interpreted by Eliuk (1978) as representing 
a movement by the Abenaki limestone seaward in front 
of a basin filling with deltaic sediment. A similar situation 
probably existed on Georges Bank, as indicated in the 
COST wells by a sequence of interbedded sandstone, gray 
and red shale, thin layers of limestone, and streaks of 
coal of Late Jurassic age (Bielak and Simonis, 1980; 
Lachance, 1980; Lachance, Bebout, and Bielak, 1980). 
These rocks are thought to have been deposited under 
nonmarine to marginally marine conditions. 

Rocks that compose the rimmed platform are cross
bedded reef-tract limestone of Early Cretaceous age; they 
were sampled by Ryan et al. (1978) from exposures in 
Heezen Canyon at the eastern end of Georges Bank. As 
shown by Eliuk (1978, 1981) and Given (1977) from drill 
holes beneath the Scotian Shelf, the rimmed platform 
grades laterally from deepwater shale and limestone 
mounds to coral and algal reefs and oolitic limestone in 
shallow water. The deepwater ramp consists of interbed
ded shale and muddy limestone that grades upward into 
oolitic limestone and eventually into deltaic/marine sand
stone, siltstone, and shale (Eliuk, 1981). 

Continental-Rise Sediments 
The earliest sediments-continental red beds and evapor
ites-were deposited in the new Atlantic basin before the 
development of a continental shelf, slope, and rise. Accu
mulation of these nonmarine and shallow-water sedi
ments continued into the Early Jurassic postrift phase of 
margin formation, allowing salt and anhydrite to be de
posited on the oceanic crust (Uchupi, Ballard, and Ellis, 
1977; Folger et al., 1979; Uchupi and Austin, 1979). 
These evaporites formed a series of ridges along the Sco
tian margin (Jansa and Wade, 1975) that decrease in 
width to the south, where they merge with the buried 
carbonate platform. South of the Northeast Channel 
these ridges appear as two benches just seaward of the 
ancient shelf edge (figures 5.13 and 5.19) (Klitgord, 
Schlee, and Hinz, 1982) and have disappeared by CDP 
line 5 (figure 5 .20). Just seaward of these benches a series 
of seaward-dipping reflectors marks the region of Early 
Jurassic deposition of elastic sediments mixed with ig
neous material similar to that reported for other conti
nental margins (Hinz, 1981). 

During the Jurassic, a major declivity formed between 
the carbonate platform at the outer edge of Georges 
Bank and the ocean basin to the southeast, establishing a 

continental shelf, slope, and rise. Although no drill holes 
have yet sampled these sediments, the deepwater deposits 
seaward of the steep carbonate platform are probably 
carbonate debris that slumped from the front of the plat
form and accumulated in fan-shaped aprons (figures 5 .19 
and 5.20). Rapid building of the carbonate platform on 
the sinking margin kept the platform near the sea surface 
and made it an effective barrier that trapped terrigenous 
siliciclastic sediment on the shelf. Thus one would expect 
the deepwater Jurassic sedimentary rocks off Georges 
Bank to have been made from carbonate detritus mixed 
with pelagic sediments. Jurassic continental-rise deposits 
are about 1,500 m thick, whereas the equivalent shelf de
posits are about 4,500 m thick in the main basin. 

A major shift in sedimentation took place in Creta
ceous time, when the main center of deposition began to 
shift offshore from Georges Bank to the continental rise 
and abyssal plain. Nearly 2,000 m of Cretaceous sedi
ment was deposited on the continental rise, in compari
son with 1,500 m on the shelf, reflecting the slower 
subsidence of the shelf and the overriding of the carbon
ate platform by elastic sediments. The carbonate platform 
continued to act as an effective sediment trap until Hau
terivian time, when elastic sediment overwhelmed it and 
poured into deep water. Carbonate deposition continued 
on the continental rise until this time; theri the sediment 
type changed abruptly to clay, claystone, and shale (Jansa 
et al., 1979), which were deposited for the rest of the 
Cretaceous (Tucholke and Mountain, 1979). This noncar
bonate silt and mud mantling the slope and rise slowly 
onlapped and buried the steep front of the carbonate 
platform, forming a gentler slope/rise transition of hemi
pelagic mud and turbidity flows. 

During the Cenozoic era relative sea level dropped 
from a maximum reached during latest Cretaceous time 
(Pitman, 1978, 1979; Vail and Hardenbol, 1979), and 
the center of sediment deposition completed its shift to 
the continental rise. In response to a long-term drop in 
sea level and to short-term shifts of relative sea level that 
exposed most of the continental shelf, the continental 
slope was cut back in several periods of canyon erosion 
(Ryan et al., 1978), with the debris deposited on the con
tinental rise. About 1,000 m of Cenozoic sediments man
tle the continental rise, the sediments thinning on the 
upper rise and nearly pinching out as they onlap the 
slope. In comparison, only about 300 m of Cenozoic sed
iment cover the shelf. 

Summary 

The Georges Bank Basin shows many similarities in its 
tectonic setting, basement structure, and sedimentary fill 
to other sedimentary basins along the continental margin 
of eastern North America (Klitgord and Behrendt, 1979; 
Grow and Sheridan, 1981; Schlee and Jansa, 1981). Like 
the Scotian margin, it is built over a complexly faulted 
basement whose continued movement during the early 
stages of basin formation probably influenced sedimen
tary type and thickness (Eliuk, 1978; Austin et al., 1980; 



Figure 5.18 
Segments of two seismic profiles 
across the slope seaward of 
Georges Bank showing the devel
opment of the buried carbonate 
platform. The upper diagram shows 
the steep platform edge, and the 
lower diagram shows the gradual 
ramplike transition. 

Figure 5.19 
Portion of CDP line 1 across the 
Jurassic shelf edge. Key: J,, Upper 
Jurassic; J,, top of Middle Jurassic; 
J,, top of a mid-Middle Jurassic 
(Bathonian) reflector; {J, top of a 
lower Lower Cretaceous (Neocom-
ian) reflector. Note how the deep 
reflectors J,, J,, and J, onlap the 
buried benches and the Upper Jur-
assic shelf edge, respectively. 
[Klitgord, Schlee, and Hinz (1982); 
identification of the deep-sea Jur-
assic units: Klitgord and Grow 
( 1980); age of the shelf units: Poag 
(1982)] 

Figure 5.20 
Portion of CDP line 5 across the 
Jurassic shelf edge and continental 
rise. Key: A, A", Early Miocene un-
conformity; A', mid-Eocene chert 
layer; A•, top of Upper Cretaceous. 
Note the deep reflector J, that on-
laps basement near shot point 
2300 and the lack of the benches 
seen on CDP line 1. [Klitgord and 
Grow ( 1980, figure 7)] 
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Klitgord, Schlee, and Hinz, 1982). In common with other 
eastern North American marginal basins, the interval of 
basin formation probably began in Late Triassic time and 
continues to the present. 

Basement structure beneath Georges Bank began its de
velopment when North America and Africa separated and 
drifted apart. The major elements of this structure are a 
shallow continental platform beneath the Gulf of Maine, 
a deep marginal basin beneath the bank, and oceanic 
crust beneath the continental rise. A series of half-grabens 
that step down in the seaward direction mark the hinge 
zone in the basement, separating the platform from the 
marginal basin. The trend of these half-grabens is parallel 
to the hinge-zone trend along the entire Atlantic margin, 
and together they outline the area of Late Triassic/Early 
Jurassic rifting. The East Coast Magnetic Anomaly marks 
the seaward edge of the marginal basin, separating it 
from oceanic crust. 

Sedimentary rock that accumulated in the Georges 
Bank Basin and on the adjacent platform and oceanic 
crust can be divided into a synrift phase and a postrift 
phase. The synrift deposits of Lower Jurassic time and 
older nonmarine elastic rocks and evaporites accumulated 
over the broad depression formed by block faulting in 
the rift zone. These deposits are probably the source for 
the narrow zone of salt diapirs beneath the Nova Scotia/ 
Georges Bank continental rise. As the newly forming At
lantic basin widened, postrift sedimentation was more re
stricted to the margin. Here sediments were trapped 
behind elevated basement blocks and the buildup of car
bonate rocks on a carbonate platform, forming a conti
nental shelf, slope, and rise. Lower Jurassic shelf deposits 
were covered by Middle and Upper Jurassic nonmarine 
elastics. Near the end of Early Cretaceous time, nonmar
ine elastic rocks and thin limestones buried the carbonate 
platform, resulting in a shift in sedimentation to the deep 
sea. The Cenozoic era was marked by periodic cutback 
of the continenal slope and slower sedimentation on the 
bank. 

Throughout most Jurassic and Early Cretaceous time, a 
carbonate platform having a steep seaward face was an 
important feature of the Georges Bank margin. This car
bonate platform/shelf edge stretched from Nova Scotia 
to Florida and controlled depositional patterns along the 
margin; nonmarine elastic sediments were trapped behind 
the platform edge, while carbonate debris wasted from its 
face was an important input to deposits on the continen
tal rise. The form of the platform edge changes laterally 
from a sharply defined rim to a broad ramp-a change 
that may be related to the proximity of a source of terri
genous sediment. The semicontinuous nature of this fea
ture along much of the Atlantic margin during these 
times indicates that moderately uniform, semitropical 
conditions prevailed over a wide area. 

The continental slope and rise of the eastern United 
States evolved in response to the buildup of a well-de
fined carbonate bank. Sandy sediments accumulated 
shoreward, but sediment supply during Jurassic and 
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Early Cretaceous times appears to have been inadequate 
to interfere with the carbonate sedimentation farther off
shore. By Hauterivian time, subsidence slowed signifi
cantly and elastic sediments extended seaward over the 
carbonates, finally reaching the open-ocean basin. By 
Cenozoic times sedimentation was no longer controlled 
by the subsidence of crystalline basement due to crustal 
cooling, but mainly by sea-level variation, sediment and 
ice loading, and the rebound consequent to the melting 
of ice. 

Reviewed by Kenneth 0. Emery and David W. Folger 
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Submarine canyons have been described as V-shaped, sin
uous valleys on the continental shelf or slope that resem
ble land canyons of fluvial origin; the resemblance is in 
size and in such features as tributaries, steep walls, and 
exposed ancient rocks (Shepard, 1973). This description 
fits the canyons along the southern edge of Georges Bank 
quite well; there are at least 15 of them cut into the 
outer shelf and slope from Veatch Canyon in the west to 
Corsair Canyon in the east (figure 6.1). The heads of 
these canyons are found well offshore-150 km or so
near the continental-shelf edge; this contrasts with condi
tions along the narrow California shelf, where canyon 
heads are close inshore. 

Shepard and Dill (1966) summarize the history of dis
covery of the submarine canyons on Georges Bank. 
About a century ago, the extent of these canyons was lit
tle known; even their existence was questioned by some. 
A series of bathymetric surveys undertaken by the U.S. 
Coast and Geodetic Survey between 1930 and 1939 ad
vanced our knowledge of them substantially (Shepard, 
1933, 1934; Shepard, Trefethen, and Cohee, 1934; 
Veatch and Smith, 1939). These were the first surveys in 
the western Atlantic to utilize echo sounding and preci
sion navigation; a result was much improved delineation 
of canyons then known to exist (Spencer, 1903) and de
tection of many smaller canyonlike features on the conti
nental slope that had been hitherto unknown. 

Our understanding of how the Georges Bank canyons 
function in the marine ecosystem has been extended 
greatly by biologic, geologic, and hydrographic investiga
tions in the past decade. The canyons may be regarded as 
highly modified areas of the continental slope that ex
hibit to varying degrees a more diverse fauna, topogra
phy, and hydrography than the intervening slope areas. 
Alternating erosional and depositional episodes over geo
logic time have shaped and modified the canyon systems 
into specialized habitats distinct from the classically de
fined slope province. 

The major Georges Bank canyons share a similar geo
logic setting on the southern edge of the bank (Valentine, 
Uzmann, and Cooper, 1980a), where they modify the 
flow of submarine currents on the shelf and affect sedi
mentary processes. Diverse sedimentary environments are 
to be found in each canyon; these result from interaction 
of modern processes with glacial sediments of Quaternary 
age and with older, stratified rocks exposed in the can
yon walls. In the past 10 years, most scientific attention 
has been given to Oceanographer Canyon, the largest, but 
the findings are more generally applicable; its surficial ge
ology is generally similar to that in the other major 
canyons. 

The canyons present a spectrum of habitat types to the 
megabenthic and epibenthic fauna (crabs, lobster, shrimp, 
flounders, hake, tilefish, and so on), and these habitats in 
turn closely influence community structure. It is largely 
the diversity in substrate types in the canyons that makes 

them richer biologically than the adjacent shelf and slope. 
This effect of substrate diversity may be aided by an 
abundance of nutrients introduced by the relatively strong 
currents in the canyons (Hecker, Blechschmidt, and Gib
son, 1980). 

The Georges Bank canyons apparently serve as nurser
ies for a number of bottom animals, including such com
mercially valuable species as lobster, Jonah crab, red 
crab, tilefish, and several kinds of hake. The young of 
such animals have been observed both in naturally occur
ring and in excavated shelters in the bottom, in both the 
semiconsolidated sandy silts-which look like clay-and 
in boulder fields. Such substrates are common in the can
yons (Cooper and Uzmann, 1980a,b). Concentrations of 
lobsters (juveniles and adults), for example, are substan
tially greater in submarine canyons than in areas nearby 
(Cooper and Uzmann, 19806); lobsters seen inside the 
canyons are usually juveniles ( < 80 mm carapace length), 
while those nearby but outside the canyons are usually 
adults. 

The steep slopes of the canyon walls are generally inac
cessible to mobile fishing gear, such as dredges and otter 
trawls, and except for seasonal trapping, canyon inhabit
ants are not targets of a fishery. Hence the canyons serve 
as refuges for several kinds of bottom animals: those 
sought commercially elswhere and those disturbed or de
stroyed incidentally in the course of dredging and drag
ging. There is security in the canyons for a number of 
heavily exploited species common to the outer shelf and 
upper slope. In the canyons, therefore, community struc
ture, behavior, and relations between animals and their 
habitats may well be represented in a virtually pristine 
state. 

Over the past 10 years, some 200 dives in submersibles 
and numerous camera lowerings have helped to docu
ment the biology and geology of the Georges Bank 
canyons (Cooper and Uzmann, 1980a; Hecker, Blechs
chmidt, and Gibson, 1980; Valentine, Uzmarin, and 
Cooper, 1980a,b). The most detailed survey to date has 
been made in the northern part of Oceanographer Can
yon. This comprised a series of 34 dives between the 
canyon head and a point where the axial depth is 700 m. 
Bathymetry was measured by echo sounder along tran
sects no more than 500 m apart (Valentine, Uzmann, and 
Cooper, 1980a, 1983); distribution of surficial sediments 
was determined from textural analysis of 80 bottom sam
ples, collected from submersibles, and from visual obser
vations (figures 6.2 and 6.3). Shelf sediments on Georges 
Bank, near Oceanographer Canyon, have been described 
by Hathaway (1971) and Schlee (1973). 

Geology 

The earliest geologic studies of the Georges Bank can
yons were stimulated by bathymetric surveys made by the 
U.S. Coast and Geodetic Survey between 1930 and 1939. 
In 1934 H. C. Stetson (1936, 1949) took dredge and 
core samples in Veatch, Hydrographer, Oceanographer, 
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Gilbert, Lydonia, and Corsair canyons and from the inter
vening continental slope. Since then the Georges Bank 
canyons and the surrounding shelf have been investigated 
using a variety of gear and techniques. The results of 
dredge, grab, and coring studies are described in Wigley 
(1961), Gibson, Hazel, and Mello (1968), Schlee and 
Pratt (1970), Hathaway (1971), Trumbull (1972), Schlee 
(1973), and Thompson, Blechschmidt,and Ryan (1980). 
Seismic-reflection profiling is described in Roberson 
(1964), Schwartz (1965), Uchupi and Emery (1965), Hos
kins (1967), Knott and Hoskins (1968), Uchupi (1970), 
Oldale et al. (1974), Lewis et al. (1980), and Twichell 
(1983); see also chapter 5 . Bathymetric studies include 
Uchupi (1968), Ryan et al. (1978), Thompson, Blechs
chmidt, and Ryan (1980), and Valentine, Uzmann, and 
Cooper (1980a); results of current-meter deployments 
may be found in Folger et al. (1978), Keller and Shepard 
(1978), and Butman et al. (1982); see also chapter 11. In
vestigations using research submersibles are described in 
Trumbull and McCamis (1967), Trumbull and Hathaway 
(1968), Ross (1968, 1969), Dillon and Zimmerman 
(1970), Ryan et al. (1978), Cooper and Uzmann 
(1980a,b), Hecker, Blechschmidt, and Gibson (1980), 
Valentine, Uzmann, and Cooper (1980a,b), and Cooper 
et al. (1982, 1983). 

Origin of Canyons 
Since early in this century, many authors have studied the 
marine canyons of the northeast coast of the United 
States and speculated upon their origins. Spencer (1903) 
noted the relation of several of the larger canyons to 
modern rivers; Shepard (1934) and Veatch and Smith 
(1939) proposed that the canyons resulted from subaerial 
fluvial erosion. Daly (1936) postulated submarine density 
currents as agents of canyon origin and erosion, while 
Stetson (1936) and Johnson (1939) proposed groundwater 
sapping as a cause. In 1949 Stetson, who had done ex
tensive work in the canyons of the east coast, reviewed 
the conflicting hypotheses of Kuenen (1947), who 
thought that density currents formed the canyons, and 
Shepard (1948), who believed that fluvial erosion had 
done so. These and other hypotheses are discussed by 
Shepard and Dill (1966) and more recently by Shepard 
(1981). 

Several hypotheses appear to have been partly right. 
Each agent proposed earlier as a unique cause of canyon 
origin and development has in varying measure, from 
time to time and place to place, been shown to contrib
ute to such development. The different factors interact in 
complex ways. Shepard (1981) favors a composite origin 
for submarine canyons, reaching back over a long period 
and encompassing the erosional action of rivers, turbidity 
and tidal currents, landslides, debris flows, and burrowing 
organisms, as well as deposition in intercanyon areas and 
repeated episodes of canyon filling and excavation. 
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Stratigraphy 
Seismic-reflection profiles across the outer continental 
shelf and slope have shown the Georges Bank canyons to 
be cut into strata that dip gradually seaward and gener
ally parallel the surfaces of the shelf and slope (Rober
son, 1964; Emery and Uchupi, 1965; Hoskins, 1967; 
Knott and Hoskins, 1968; see also chapter 5). Early 
dredging by Stetson (1936, 1949) found rocks of Mio
cene, Eocene, and Late Cretaceous age exposed on the 
walls of some of the major canyons, in addition to the 
Quaternary silt deposits. Since Stetson's time, additional 
collections of Tertiary and Late Cretaceous rocks have 
been taken in grab samples from the canyons where he 
worked and from others (Gibson, Hazel, and Mello, 
1968; Hathaway, 1971). A drill hole in Veatch Canyon 
(1,070-m water depth) penetrated Maestrichtian, Cam
panian, and Santonian calcareous siltstones (Valentine, 
1981). 

The canyons cut through strata that lie under the con
tinental margin. Because of the mantling of Quaternary 
silt on the canyon walls, older rocks are best exposed 
where the largest and deepest canyons cross the shelf 
edge. Tertiary and Cretaceous rocks have been collected 
in place by submersibles. In Atlantis Canyon these in
clude Coniacian calcareous siltstone at 1,875, 1,839, and 
1,698 m (Valentine, 1981). In Veatch Canyon there is 
Maestrichtian siltstone and Eocene limestone at 1,055 
and 950 m (Valentine, 1981). In Oceanographer Canyon 
there is at least 100 m of Santonian calcareous siltstone 
from 1,255 to 1,142 m (Valentine, Uzmann, and Cooper, 
1980a), and Maestrichtian siltstone has been found at 
940 m and Oligocene limestone at 886 m (Trumbull and 
Hathaway, 1968). Farther north, in Heezen Canyon, 
Lower Cretaceous shallow-water limestone and Eocene 
limestone have been reported to lie between 1,629 and 
1,165 m. In Corsair Canyon, Maestrichtian and Eocene 
mudstones are present between 1,452 and 1,432 m (Ryan 
et al., 1978). 

Some authors have concluded, based on observations 
and sampling from submersibles, that the cutting of the 
major canyons began before the Campanian/Maestrich
tian time and that they have undergone repeated filling 
and excavation since (Ryan et al., 1978; Thompson, 
Blechschmidt, and Ryan, 1980). Published seismic-reflec
tion profiles made across Oceanographer, Gilbert, and 
Lydonia canyons show that Tertiary and Upper Creta
ceous strata that crop out on the canyon walls are hori
zontal and continuous beneath the adjacent shelf 
(Roberson, 1964; Twichell, 1983). Roberson (1964) in
ferred a period of major excavation of the canyons dur
ing the early Pliocene; this was followed by refilling and 
a later reexcavation in the Pleistocene that continues to
day. Our own observations in Oceanographer Canyon 
suggest that the late Quaternary silt that underlies the 
present canyon walls and floor was laid down conforma
bly with preexisting canyon surfaces and that it represents 
a partial filling of the canyon and an upbuilding of its 
walls. However, sampling and seismic profiling have not 
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Figure 6.2 
Bathymetry (m) and surficial geol
ogy of Oceanographer Canyon, 
showing dive traverses and sedi
ment sampling sites. Sediment 
samples collected from submers
ibles are numbered; percentages 
by weight of textural classes are 
shown in figure 6.3. · 



Figure 6.3 
Percentages by weight of gravel, 
sand, silt, and clay in 1 1 1 samples 
from shelf and Oceanographer 
Canyon; all were collected from a 
submersible except for numbers 
31 - 41 and 48-50, which were col
lected from shipboard in earlier 
studies (Hathaway, 1971; Schlee, 
1973). Present sediment distribu
tion in the canyon reflects modern 
processing of glacially derived ma
terial, principally semiconsolidated 
sandy silt and mud underlying the 
canyon walls and shelf sand. 
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yet been extensive enough in the Georges Bank canyons 
to determine their ages and developmental history with 
any certainty. 

Surficial Geology 
The shelf region incised by the Georges Bank canyons is 
presently isolated from sources of terrigenous sediment 
by the Gulf of Maine. Sediment distribution in and 
around the canyons is influenced by , a mean clockwise 
current on the bank that flows westward across them and 
by tidal currents that generally flow parallel to the can
yon axes. The older rocks beneath the shelf dip gently 
seaward and are exposed as subhorizontal strata on deep
lying canyon walls. 

Of the numerous canyons and gullies along the con
tinental slope between Veatch Canyon and Corsair 
Canyon, about 15 cut into the continental shelf. Ocean
ographer Canyon is the largest of these; it extends 22 km 
north from the shelf edge, where it is 8 km wide and 
1,200 m deep, and continues far out onto the continental 
rise . The floors of the other major canyons are generally 
steeper than that of Oceanographer; some barely indent 
the shelf. 

Canyon Wall Canyon Rim and Wall 

Slightly gravelly sand and si lty sand Sandy gravel; gravel ly sand 

Surficial geology has been documented most exten
sively in Veatch, Hydrographer, Oceanographer, Gilbert, 
Lydonia, and Corsair canyons by observations from re
search submersibles; the most detailed survey to date has 
been made in Oceanographer Canyon. Distribution of un
consolidated and semiconsolidated sediments in all of 
these canyons is comparable, although local variations 
exist. 

Oceanographer Canyon 
The shelf adjacent to Oceanographer Canyon is covered 
to depths of about 150 m with quartzose sand, fine to 
coarse in texture and well to moderately well sorted. The 
surface is rippled or hummocky, with small subcircular 
depressions up to 30 cm in diameter produced by fish, 
scallops, and crabs. From the rim downward on the east
ern wall of the canyon (figure 6.2), shelf sand grades into 
gravelly sand; from 150 to about 300 m gravel predomi
nates on the rim and upper wall. This gravel is closely 
packed into a thin pavement that rests on semiconsoli
dated sandy silt or mud, which may be found exposed in 
scattered burrows. Boulders up to 1 m in length occur in 
the gravel pavement (figure 6.5); currents with velocities 
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Continental Shelf 

Sand ; slightly gravelly sand 

reaching 1 knot flow across this from the east. The cur
rents transport shelf sand, which is commonly to be 
found on the downslope and downcurrent side of cob
bles and boulders. 

Below the gravel pavement on the lower wall there are 
outcrops of sandy semiconsolidated silt. These are over
lain locally by deposits of rippled sand carried down 
from the shelf, but for the most part this sand veneer is 
very thin and does not cover the silt completely. Compo
sition of the semiconsolidated material varies from sam
ple to sample. Silt is the chief constituent, but sand can 
make up 10-50% of total weight, and clay 10-40%. 
Most samples can properly be termed sandy silt, but 
some should be classified as sandy mud or mud. Viewed 
from the submersible, the outcrops appear claylike. They 
are riddled with the burrows of such animals as crabs, 
fish, lobsters, or an infauna! anemone (figures 6.4 and 
6.7), and beneath the burrows small, angular, excavated 
fragments are usually to be found. In many places bur
rows are concentrated in the steeply inclined faces of very 
large outcrops. Occasionally these structures collapse, 
dropping angular slabs onto the canyon floor and leaving 
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Figure 6.4 
Artist's rendering of a "pueblo-vil
lage" community at the head of 
Veatch Canyon, based on field 
sketches made at a depth of 185 
m, encompassing a section of the 
canyon wall 2 m x 2.5 m. The 
slope of the semiconsolidated silt 
bottom is 45°. The community in
cludes tilefish, American lobster, 
Jonah crabs, black-bellied rosefish, 
galatheid crabs, and cleaner 
shrimp. Type IV habitat. 

Figure 6.5 
Gravel pavement on the eastern 
rim of Oceanographer Canyon; the 
gravel is of ice-rafted origin. Sand 
transported from the shelf is de
posited in the lee of boulders and 
cobbles. 

Figure 6.6 
Lobster, Homarus americanus, and 
galatheid crab, Munida sp., in a 
steeply sloping "pueblo-village" 
community in Veatch Canyon, 200-
m depth. Type IV habitat: sloping 
(5-50°) semiconsolidated silt sub
strate, heavily burrowed and 
excavated. 

Figure 6.7 
Jonah crabs, Cancer borealis, in a 
shelter of a "pueblo-village" com
munity in Veatch Canyon, 250-m 
depth. Type IV habitat. 

Figure 6.8 
Sand dune across axis of Ocean
ographer Canyon, 550-m depth, 
with ripples normal to dune crest. 
Type V habitat: duned sand occur
ring on canyon floor; amplitude var
ies from 0.3 to 3.0 m, crests range 
up to 15-20 m apart. 

Figure 6.9 
White hake, Urophycis tenuis, lying 
on downcurrent side of sand dune 
in axis of Oceanographer Canyon, 
450-m depth. Type V habitat. 

Figure 6.10 
Rippled sand on western wall of 
Oceanographer Canyon, 250-m 
depth. Ripples, formed by currents 
flowing north and south along the 
canyon wall, are 15-20 cm apart 
and run upslope and downslope. 
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Figure 6.11 
White hake, Urophycis tenuis, and 
ocean pout, Macrozoarces ameri
canus, on a sand and boulder bot
tom in Oceanographer Canyon, 
160-m depth. Type Ill habitat: sand 
or semiconsolidated silt substrate 
overlain by siltstone outcrops and 
talus up to boulder size. 

Figure 6.12 
Siltstone outcrop on the northern 
rim of the head of Oceanographer 
Canyon, 148-m depth; angular 
blocks are dislodged and beginnng 
to slide downslope. 
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vertical walls 10-15 m high. A characteristic sedimentary 
assemblage at the base of such walls consists of sand 
from the shelf and gravel from the canyon rim, together 
with silt fragments and slump blocks from the lower wall 
itseif. 

The floor throughout the northern part of the canyon 
is covered with ripples of slightly gravelly sand, highly 
variable in grain size and degree of sorting (figures 6.8 
and 6.9). Oriented across the canyon axis there are larger 
features , dunes up to 15 or 20 m between crests, varying 
in height from less than 1 to 3 m and obviously pro
duced by axial flow in the canyon. Viewed along a per
pendicular to the canyon axis, these dunes are 
asymmetric; each has a gently sloping and a steep side. 
The gently sloping side is upcurrent, its surface rippled 
parallel to the dune crest. This side may face either up or 
down the canyon-north or south-depending on the 
principal direction of current flow; currents have been 
found to run up or down the canyon intermittently at 
speeds of 1.5-2.0 knots. On the steep dune faces ripples 
are found as well, but these are commonly oriented 
crosswise to the line of the dune crest, indicating trans
verse flow in the canyon. Scour troughs between dune 
crests contain deposits of gravel and shell; here the con
solidated material observed as outcropping in the walls is 
also found exposed. The canyon-floor sand contains little 
silt and clay, but small pebbles of silt are common; these 
are chiefly bits of burrow walls that have been abraded 
by the moving sand. Migrating sand successively buries 
and reexposes large glacial erratic boulders. 

On the upper western wall of Oceanographer Canyon, 
surficial sediments differ somewhat from those described 
for the eastern wall. Gravelly sand and gravel are present 
from depths of about 150-200 m on the rim and upper 
wall, but the gravel pavements that predominate on the 
eastern wall are absent. A sheet of sand extends from 
200 to 300 m on the upper wall; it is texturally similar to 
shelf sand and is mixed by burrowing organisms-partic
ularly by crabs and annelid worms-with the underlying 
silt. Sand dunes are present in several embayed areas of 
the upper and lower wall. 

Sand deposits are more extensive on this side than on 
the east . This difference in sediment distribution may be 
caused by differences in the bottom currents. On the 
eastern wall, strong currents from the eastward sweep 
sand from the shelf downward over the wall through the 
gravel pavement. Ripples in the sand on the lower wall 
indicate that currents transport the sediment up and 
down the canyon, along the wall and onto the canyon 
floor. Over the western rim the mean drift is to the west, 
but strong currents do not flow off the shelf into the 
canyon. The orientation of ripples and dunes on the 
western wall suggests that the shelf sand is transported 
primarily north and south along the wall in an axial di
rection, gradually working its way to the canyon floor 
(figure 6.10). Thus the sand forms a transitory deposit on 
the upper western wall and may partially bury gravel 
pavements there. Sandy silt is exposed on the lower walls 
on both sides of the canyon. 
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The head of Oceanographer Canyon is cut by several 
side valleys. On the northern side of the canyon head, 
gravel and sand extend to the rim at 150 m. Gravel is not 
evident on the southern rim, although it may be present, 
covered by sand. Both the northern and southern walls 
are capped at 150 m by siltstone outcrops (figures 6.11 
and 6.12). This siltstone is an indurated, dolomite-ce
mented form of the sandy silt exposed on the lowermost 
wall, where siltstone talus blocks are found almost to the 
canyon floor; in some places the talus is partly buried by 
sand moving downward from the shelf. Duned sand is 
found on the canyon floor and to a depth of 130 m in 
the western valley that merges with the shelf. 

Three major sediment types dominate the canyon and 
its environs. The first of these is sand, well sorted to 
moderately well sorted, on the shelf around the canyon. 
The second is very poorly sorted gravel, found on the 
canyon rim and upper walls. The third sediment type is 
semiconsolidated silt or mud, poorly sorted to very 
poorly sorted, which underlies the unconsolidated sedi
ments and is exposed on the lower walls. Erosion, trans
port, and mixing form other sediment associations. One 
of these is gravelly sand-a mixture of stationary gravel 
and current-borne sand carried off the shelf. Canyon-wall 
sand is another association; this is sand transported from 
the shelf onto the canyon wall, where it is mixed by bur
rowing organisms with the underlying silt; it is not as well 
sorted as shelf sand. A third association is canyon-floor 
sand, shelf sand deposited on the canyon floor and re
worked by axial currents; this type contains some gravel 
and is coarser and less well sorted than the shelf sand 
itself. 

Other Canyons 
In comparison with Oceanographer Canyon, we have 
made fewer dives in the other major Georges Bank can
yons, and their surficial geology is not so well known. 
Nevertheless, distribution of sediments in all the canyons 
appears to be similar, the result of similar processes. The 
canyon rims and upper walls are characterized by gravelly 
sand, gravel, and sand deposits; sand is carried off the 
shelf and into the canyons by bottom currents. On the 
lower walls extensive exposures of semiconsolidated 
sandy silt are eroded by burrowing organisms. 

Although we have made fewer dives in Veatch, Hydro
grapher, Gilbert, and Lydonia canyons, it appears that 
their walls are more uniformly covered with sand than 
the walls of Oceanographer Canyon. Only in Oceanogra
pher, Hydrographer, and Gilbert canyons have we ob
served sand dunes on the canyon floor; in the others 
there is only rippled sand. This is a striking difference. 
Despite a similar sedimentary environment in all the can
yons, axial bottom currents are most active in Oceanogra
pher Canyon, probably due to its size and its penetration 
well north of the shelf edge. Lydonia Canyon, for in
stance, is only 38 km east of Oceanographer, but it is rel
atively small; dives along its floor have revealed no sand 
dunes (Twichell, 1983; Butman, U.S. Geological Survey, 
unpublished data). 

Origin of Surficial Sediments 
According to previous studies of the region, the Wiscon
sinan glaciers advanced across the Canadian shelf to the 
northern margin of Georges Bank. Retreat of the glaciers 
cut Georges off from sources of terrigenous sediments, 
isolating it beyond the Gulf of Maine, which became a 
sediment sink. The entire bank is now covered with sand 
and local deposits of gravel derived from glacial sources 
(Shepard et al., 1934; Stetson, 1936, 1949; Emery and 
Uchupi, 1965; Knott and Hoskins, 1968; Pratt and 
Schlee, 1969; Schlee and Pratt, 1970; Schlee, 1973; 
Oldale et al., 1974). 

The semiconsolidated sandy silt that underlies the can
yon walls and floor was probably deposited in a marine 
environment from outwash during the Wisconsinan gla
ciation. It contains cold-water foraminiferan and ostracod 
faunas and calcareous nannofossils that indicate a maxi
mum age of 270,000 years (Stetson, 1936, 1949; Hazel, 
1968; Valentine, Uzmann, and Cooper, 1980a). The silt 
is not confined to the deeper parts of the canyons; it oc
curs also in shallow cores taken from the outer shelf and 
upper slope (Hathaway et al., 1979). This supports an in
ference that the silt covers the seaward face of the conti
nental margin generally, beneath a thin layer of sand 
(Stetson, 1936, 1949). 

Gravel deposits on the canyon rims are most likely ice
rafted glacial debris from the Northeast Channel and the 
Canadian margin (Valentine, Uzmann, and Cooper, 
1980a). There are several reasons for this interpretation. 
The gravel deposits are too far, in their present position, 
from the northern part of Georges Bank once occupied 
by the glacial front for river flow to have carried them 
there across the gently dipping coastal plain and shelf 
(Pratt and Schlee, 1969; see also figure 2 in the vignette 
"Georges Cape, Georges Island, Georges Bank" by 
Emery). Many of the gravel clasts are angular, and indi
vidual pebbles are faceted, with striations typical of gla
cial transport. Finally, large boulders up to 1 m in length 
are found among the gravel; these commonly occur in 
clusters, touching one another, as they would settle from 
a melting mass of ice. Gravel also thought to have been 
ice rafted is reported from deep water on the continental 
slope (Schlee and Pratt, 1970). 

The distribution of sediment in and near the canyons 
reflects both the former glacial environments and the ef
fect of modern processes on relict glacial sediments. If 
the semiconsolidated sandy silt that underlies the canyon 
walls and floors was deposited during the last glaciation 
when sea level was low, then the canyons, the outer 
shelf, and the upper slope were sites of deposition, not 
erosion. The ice-rafted gravel on the canyon rims lies in a 
thin layer upon the silt. It does not appear to be a lag 
deposit because gravel clasts have not been found weath
ering out of the silt. These observations imply that ice 
rafting occurred after deposition of the silt and the re
treat of the glacier from the northern part of Georges. 

Sea level is high at present; Georges Bank is isolated 
from sediment sources, and the shelf and canyons are 
eroding substantially. Sand on the shelf is moving into the 

canyons and onto the upper slope, while burrowing or
ganisms are eroding the silt exposed on the canyon walls, 
causing it to slump. Shelf sands accumulate on the can
yon floors, but they are mobile and move both up and 
down the bottom in the northern parts of the canyons. In 
Oceanographer Canyon fragments of consolidated silt 
reaching the canyon floor are abraded there, and strong 
axial currents flush it out of the sand and the canyon 
itself. 

The processes responsible for the present distribution 
of surficial sediments in and around Oceanographer Can
yon may be summarized as follows: 

1. As sea level fell, Wisconsinan glaciers advanced onto 
the Canadian Shelf and the northern margin of Georges 
Bank. 

2. Sand and gravel were deposited near the ice front in 
fluvial and nearshore marine environments; sandy silt 
containing cold-water marine faunas was deposited far
ther offshore, mantling the outer shelf and slope and the 
walls and floor of a preexisting canyon. 

3. The ice retreated; Georges Bank was isolated from 
continental sediment sources and the Gulf of Maine be
came a sediment sink, remaining so today. 

4. Glacial sand and gravel were ice rafted southward, 
from the Northeast Channel and the Canadian margin to 
the outer part of Georges Bank and the canyons. 

5. As sea level rose, glacial sand deposited on the inner 
shelf was reworked and transported seaward by subma
rine currents, covering the outer shelf and entering the 
canyons. 

Ecology 

Species Abundance and Diversity in the Canyons 
Studies of the distribution, abundance, and behavior of 
bottom-dwelling animals in the submarine canyons
those seen readily in photographs-have been pursued by 
the National Marine Fisheries Service since 1973. Particu
lar attention has been given to Veatch, Hydrographer, 
Oceanographer, Gilbert, Lydonia, and Corsair canyons 
(Uzmann, Cooper, and Pecci, 1977; Cooper and Uzmann, 
1980a,b; Valentine, Uzmann, and Cooper, 1980a,b; 
Cooper et al., 1982, 1983). Complementary ecologic re
search has recently been conducted in Veatch, Oceanog
rapher and Lydonia canyons by the Lamont-Doherty 
Geological Observatory (Hecker, Blechschmidt, and Gib
son, 1980) and Rutgers University (Grimes and Able, 
1982). Some of the work has been done in the canyon 
heads, where they cut into the continental shelf to the 
north of the 200-m depth contour. 

In general, assemblages of animals in the heads of var
ious Georges Bank canyons are similar. Within these as
semblages, groups that favor shallow and middle depths 
can be distinguished. The distinction is most clearly seen 
in the relative abundance of red crabs, portunid crabs, 
lobsters, witch flounder, ocean pout, conger eels, tilefish, 
squirrel hake, common grenadier, slime eels, long-nosed 
eels, and black-bellied rosefish (table 6.1). An outer 
shelf/upper slope fauna! zone (113-299 m) and a mid-
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Table 6.1 
Commonly observed ocean-floor fauna of the Georges Bank submarine canyon heads, grouped by outer shelf/upper slope (150-300 m) and midslope (301-1,000 m) depth zones, 

Georges Bank Canyon 

Veatch Hydrographer Oceanographer Gilbert Lydonia Corsair 

Species (common name) <300 m >300 m <300m >300m <300m >300 m <300m >300m <300m >300m <300m >300m 

Porifera (sponges) 
Species (unidentified) combined X X X X X X X X X 

Coelenterata (anemones, corals) 
Actinauge spp. (rock anemones) X X X X X 0 X X X 

Bolocera spp. (rock anemones) X X X X 0 X X X X 

Diaduminae (white colonial anemone) X 0 X X 0 X X X X 

Cerianthus sp. (burrowing anemone) X X X X X X X X X X X 

Actinoscyphia saginata (flytrap anemone) 0 X 0 X X 0 0 X X 

Coral species combined (hard and soft coral) 0 X 0 X X 0 X X X 

Annelida (worms) 
Onuphis conchylega (mosaic worm) X 0 X X X X X 0 X 

Arthropoda (crustaceans) 
Cancer borealis Oonah crab) X X X X X X X X X X X X 

Geryon quinquedens (red crab) 0 X 0 X 0 X 0 X 0 X 0 X 

Bathynectes superba (portunid crab) X 0 X X X X 0 
Munida sp. (galatheid crab) X X X X X X X X X X X X 

Catapagurus sp. (shelless hermit crab) X 0 X X X X X 

Panda/us sp. (pandalid shrimp) X X X X X X X X X 

Lysmata sp. (cleaner shrimp) X 0 0 0 0 0 0 0 0 
Homarus americanus (American lobster) X 0 X 0 X 0 X 0 X 0 X 0 

Mollusca (squids/octopus) 
I/lex illecebrosus (Shortfin squid) X 0 X X 0 X X 0 0 

Echinodermata (starfish, urchins) 
Starfish species combined X X X X X X X X X 

Ophiomusium lymani (brittlestar) 0 X 0 0 X 0 0 0 0 

Pisces (fish) 
Citharichthys arctifrons (Gulf Stream flounder) X 0 X X 0 X X 0 
Glyptocephalus cynoglossus (witch flounder) 0 X 0 0 X 0 0 0 
Paralichthys oblongus (four-spot flounder) X 0 0 X 0 0 X · 0 
Lophius americanus (goosefish) X X X X 0 X X 0 
Myxine glutinosa (hagfish) 0 0 X 0 0 0 0 0 
Omochelys cruentif er (snake eel) 0 0 X 0 0 0 0 0 
Macrozoarces americanus (ocean pout) X 0 X X 0 0 X 0 
Conger oceanicus (conger eel) X 0 0 X 0 0 X 0 
Chlorophthalmus agassizi (greeneye) X X X 0 0 0 X X 

Lopholatilus chamaeleonticeps (tilefish) X 0 X 0 X 0 X 0 X 0 0 0 
Merluccius bilinearis (silver hake) X X X X 0 X X 0 
Urophycis tenuis (white hake) X X X X 0 0 X X 

Urophycis chuss (squirrel hake) X 0 X X 0 0 X 0 
Urophycis chesteri (long-finned hake) X X X X 0 0 X X X 

Pollachius virens (pollock) 0 0 0 X 0 0 0 X 

Raja spp. (skates) 0 X 0 0 0 0 0 0 
Anthias nicholsii (crimson bass) X 0 0 X 0 0 X X 

Brosme brosme (cusk) 0 0 X 0 0 0 0 X 

Nezumia bairdi (common grenadier) 0 X 0 0 X 0 0 X 0 
Coryphaenoides rupestris (grenadier) 0 X 0 0 X 0 0 0 0 
Simenchelys parasiticus (slime eel) 0 X 0 0 X 0 0 X 0 
Synaphobranchus kaupi (long-nosed eel) 0 X 0 0 X 0 0 X 0 
H elicolenus dactylopterus (black-bellied rosefish) X 0 X X 0 X X X 

a. X = abundant; 0 = sparse; blank = no information. 
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slope zone (300-1,099 m) were found by Haedrich, 
Rowe, and Polloni (1975) in Alvin Canyon (225 km west 
of Oceanographer Canyon) and by Valentine, Uzmann, 
and Cooper (1980a) in Oceanographer Canyon itself. Fur
ther evidence for this zonation in Oceanographer and Ly
donia canyons has come from Hecker (personal 
communication). 

Fauna! diversity and, to some extent, abundance in the 
Georges Bank canyon heads appear to be closely tied to 
the presence of cobbles and boulders on the ocean floor 
and to exposures of the consolidated sandy silt into 
which various animals tunnel and burrow (Cooper and 
Uzmann, 1977, 1980a,b; Warme, Slater, and Cooper, 
1978; Hecker, Blechschmidt, and Gibson, 1980; Valen
tine, Uzmann, and Cooper, 1980a; Cooper et al., 1982, 
1983). A knowledge of surficial geology, therefore, is es
sential if the distribution of bottom animals is to be fully 
explained. 

A number of taxa are found throughout the Georges 
Bank canyon heads. Among these are the sponges, coe
lenterates (anemones and corals), mosaic worms, crusta
ceans (crabs, shrimp, and lobster), echinoderms (starfish 
and brittlestars), and various fish (flounder, rosefish, 
hake, grenadier, slime eels, and long-nosed eels). For a 
given depth zone, differences between canyons probably 
reflect differences in bottom-surface features. Table 6.1 
suggests the relative importance of different groups based 
on frequency of sightings from submersibles. Rank order 
of species may vary from canyon to canyon, but the as
semblages as a whole are characteristic of all the 
canyons. 

The great diversity of species and their abundance in 
the canyons, compared with the slope, is probably due to 
the more varied habitats of the canyons. There is an 
abundance of trophic types in the shallow and middle 
depths, and in the middle depths there are significantly 
more sessile filter feeders (Hecker, Blechschmidt, and 
Gibson, 1980). The canyons may serve as conduits for 
nutrients from the shelf, which would also favor abun
dance (Emery and Uchupi, 1965; Wigley and Emery, 
1967; Rowe and Menzies, 1969; Sanders and Hessler, 
1969; Rowe, 1971; Grassle et al., 1975; Haedrich, 
Rowe, and Polloni, 1975; Cooper and Uzmann, 1980a; 
Hecker, Blechschmidt, and Gibson, 1980; Valentine, Uz
mann, and Cooper, 1980a; Wigley and Theroux, 1980). 
In Lydonia and Oceanographer canyons, fauna! diversity 
appears to be greater in the middle-depth zone than in 
the shallow zone (Hecker, Blechschmidt, and Gibson, 
1980), although the difference is relatively small; this may 
not be true of the other major canyons. 

Ocean-Floor Habitats and Animal Communities 
A classification of habitat types and their associated 
fauna (Cooper and Uzmann, 1980a,b; Cooper et al., 
1982) will be found in table 6.2. Certain species, such as 
lobster, tilefish, ocean pout, and white hake, are found 
mainly in places that provide three-dimensional shelter, 
such as rock outcrops, boulder fields, and the heavily 
burrowed sandy silt substrate. Some species, such as the 

rock anemones and white colonial anemones, may re
quire hard substrates for attachment (figure 6.13). In the 
middle-depth zone hard substrates support large numbers 
of sponges and corals, which in turn shelter concentra
tions of shrimp. 

Type I and Type II Habitats 
Type I habitat (Cooper et al., 1982), which occurs on the 
canyon rim and walls, is a featureless bottom of sand or 
semiconsolidated silt (claylike in consistency) with less 
than 5% gravel cover; a burrowing anemone characterizes 
this habitat (figure 6.14). Type II habitat is also a gener
ally featureless bottom, of gravelly sand with at least 5% 
gravel cover overlying a silt substratum on the canyon rim 
and walls (figure 6.15). The burrowing anemone is again 
characteristic-a key member of what is probably the 
most common association of animals in the Georges 
Bank canyons in depths shoaler than 400 m. The ane
mone, a cerianthid, occurs in both type I and II habitats, 
where its population density may reach 6/m2

; in these 
areas it plays a unique community role. The anemones 
live in tubes that'project 10 cm or more above the bot
tom-the animal itself may extend another 10-15 cm 
above that. The tubes frequently become refuges for a 
variety of associated fauna, including Jonah crabs, por
tunid crabs, lobsters, pandalid shrimp, black-bellied rose
fish, redfish, and red and silver hake. The surface of the 
projecting tubes also provides a consolidated surface for 
settlement and attachment of suspension feeders, contrib-

Table 6.2 

uting to an increased species diversity and abundance 
(Shepard et al., 1983). 

Type III Habitat 
Type III habitat refers to featured, three-dimensional, 
very rough bottom, with siltstone outcrops and talus 
blocks of boulder size. These conditions are found on 
the rim and upper walls at the head of Oceanographer 
Canyon and farther down the canyon in several places at 
the base of the wall. White hake and ocean pout are 
found coexisting in surprisingly large numbers in this hab
itat (figure 6.11). Photographs show them at combined 
population densities of 10-15/10 m2, the hake averaging 
7 kg apiece and the pout about 2 kg. Other animals 
closely associated here are rock anemones, starfish, Jonah 
crabs, and tilefish. 

Type IV Habitat 
Type IV habitat is a featured bottom of densely bur
rowed, semiconsolidated silt; it occurs chiefly on the up
per-to-middle canyon walls. Jonah crabs, lobsters, and 
tilefish predominate in this habitat. Their association is 
perhaps the most distinctive in the canyons; Cooper and 
Uzmann (1977, 1980a,b) have called it the "pueblo vil
lage" community (figures 6.4, 6.6, 6.7, and 6.16). It con
sists of a gentle to steep slope of exposed sandy silt 
(5-50° from the horizontal), claylike in consistency, that 
has been bored, burrowed into, and otherwise eroded by 

Classification of habitat types on the floor of the Georges Bank canyons and the associated fauna most frequently observed or 
photographeda 

Habitat 
type 

II 

III 

IV 

V 

Geologic description 

Sand or semiconsolidated silt substrate 
(claylike consistency) with less than 
5% overlay of gravel. Relatively 
featureless except for conical 
sediment mounds. 

Sand or semiconsolidated silt substrate 
(claylike consistency) with more 
than 5% overlay of gravel. Relatively 
featureless. 

Sand or semiconsolidated silt (claylike 
consistency) overlain by siltstone 
outcrops and talus up to boulder 
size. Featured bottom with erosion 
by animals and scouring. 

Consolidated silt substrate, heavily 
burrowed/ excavated. Slope generally 
more than 5 ° and less than 5 O O • 

Termed "pueblo village" by Cooper 
and Uzmann (1980a, b). 

Sand dune substrate. 

Canyon 
locations 

Walls and 
axis 

Walls 

Walls 

Walls 

Axis 

a. Fauna! characterization is based on the shallow (150-229 m) depth zone only. 

Most commonly observed fauna 

Burrowing mud anemone, pandalid shrimp, white colonial 
anemone, Jonah crab, starfishes (Astropecten, Asterias), 
portunid crab, greeneye, brittle stars, mosaic worm, 
red hake, four-spot flounder, shell-less hermit crab, 
silver hake, Gulf Stream flounder 

Burrowing mud anemone, galatheid crab, squirrel hake, 
white colonial anemone, Jonah crab, silver hake, starfishes 
(Astropecten, Asterias), ocean pout, brittle stars, shell-less 
hermit crab, greeneye, black-bellied rosefish 

White colonial anemone, pandalid shrimp, cleaner 
shrimp, rock anemone (Bolocera, Actinauge), white hake, 
starfishes (Astropecten, Asterias), ocean pout, conger 
eel, brittle star, Jonah crab, lobster, black-bellied 
rosefish, galatheid crab, mosaic worm, tilefish 

Starfishes (Astropecten, Asterias), black-bellied rosefish, 
Jonah crab, lobster, white hake, cusk, ocean pout, 
cleaner shrimp. conger eel, tilefish, galatheid crab, 
shell-less hermit crab 

Starfishes (Astropecten, Asterias), white hake, Jonah crab, 
goosefish 

Figure 6.13 
Rock anemones, Actinauge sp., 
and colonial hydroids attached to a 
boulder in Oceanographer Canyon, 
200-m depth. 

Figure 6.14 
Burrowing (mud) anemones, Cer
ianthus borea/is. Type I habi.tat: 
featureless bottom of sand or sem
iconsolidated silt with less than 5% 
gravel cover. Veatch Canyon, 175-
m depth. 

Figure 6.15 
Comatulid crinoids and brittle stars 
on a gravelly sand bottom in Cor
sair Canyon, 225-m depth. Type II 
habitat: featureless sand or semi
consolidated silt substrate with 
more than a 5% gravel cover. 
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Figure 6.16 
Tilefish, Lopholatilus chamae/eonti
ceps, 14 kg, entering "pueblo-vil
lage" tunnel excavated into canyon 
wall, Veatch Canyon, 210-m depth. 
Type IV habitat. 

Figure 6.17 
Lobster, Homarus americanus, 16 
kg, in 55-gallon oil drum, along with 
squirrel hake, Urophycis chuss, and 
black-bellied rosefish, Helicolenus 
dactylopterus, in Veatch Canyon, 
320-m depth. 
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6.18 

6.19 

Figure 6.18 
Lost lobster pot in Hydrographer 
Canyon, 300-m depth. Squirrel 
hake, Urophycis chuss, Jonah crab, 
Cancer borea/is, and conger eel, 
Conger oceanicus, are associated 
with the trap, and colonial hydroids 
are attached to it. 

Figure 6.19 
Lobster, Homarus americanus, 8 
kg, in bowl-shaped depression next 
to remains of a wooden lobster pot 
in Lydonia Canyon, 200-m depth. 
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a variety of animals. Among these are primary borers (gal
atheid crabs and juvenile Jonah and red crabs); secondary 
borers that enlarge abandoned borings (adult Jonah and 
red crabs and juvenile lobsters); and tertiary borers and 
nestlers that further enlarge excavations and occupy exist
ing burrows (adult lobsters, cleaner shrimp, tilefish, cusk, 
ocean pout, and white hake). Type IV habitat has been 
found at depths of 150-1,000 m on the canyon walls, 
but is most evident at shoaler depths (150-300 m). 
Pueblo villages deeper than 300 m are occupied primarily 
by red crab, Jonah crab, white hake, and ocean pout. 
The apex predator of the villages is the tilefish (figure 
6.16), which may reach 27 kg (60 pounds) in weight and 
more than 1 m in length. 

From a submersible, a sketch was made of a section of 
pueblo village found at 185 min the northeastern corner 
of Veatch Canyon; it shows an area about 2 x 2.5 m 
(figure 6.4). The excavations and the variety of animals 
are representative, although their number is greater than 
normal. Such excavations have been sorted into three 
types on the basis of size, shape, and degree of penetra
tion (Warme, Slater, and Cooper, 1978). The smallest are 
depressions up to 10 cm across and 6 cm deep, the 
shapes ranging from a circle to a half-moon; galatheid 
crabs and juvenile Jonah crabs most commonly live in 
them. Excavations of medium size, up to 20 cm wide, ex
tend horizontally into the substrate 15 cm or so; in these, 
adult as well as juvenile Jonah crabs are found. The larg
est excavations may reach 1.5 m in width, 1 m in height, 
and 2 m or more in depth; they are generally occupied by 
adult lobsters, tilefish, cusk, and ocean pout. Black-bel
lied rosefish frequent neighborhoods where these excava
tions are found and appear to share a commensal relation 
with lobsters (Cooper and Uzmann, 19806). 

Pueblo villages appear to be the prime habitat and 
"home ground" of offshore lobsters. Some 20-50 % of 
the adult population migrates onshore from the villages in 
the spring and early summer (Uzmann, Cooper, and 
Pecci, 1977; Cooper and Uzmann, 1980a,b), returning in 
the late summer and fall. 

Type V Habitat 
Type V habitat refers to duned sand on the canyon floor. 
This has been found only in Oceanographer Canyon, 
from the very northern end south to a depth of at least 
700 m (figures 6.8 and 6.9). The principal bottom ani
mals in the dunes are Jonah crabs, goosefish, and white 
hake. Rock anemones, pandalid shrimp, and lobsters are 
associated with occasional glacial erratic boulders in the 
dune troughs. Burrowing and excavation do not occur in 
this high-energy environment, where the substrate of un
consolidated sand is constantly shifting. 

Man-Made Habitat 
Lobster traps, discarded oil drums, and remnants of fish
ing nets are common in the canyon heads. A variety of 
animals use such artifacts for shelter: Jonah crabs, lobs
ters, squirrel hake, tilefish, ocean pout, black-bellied ro
sefish, and conger eel, for example (figures 6.17-6.19). 

An estimated 25% of the lobster traps fished offshore are 
lost annually-these traps are the form of man-made 
shelter most often seen. 

Abundance of Selected Fauna by Habitat 
For each of 24 species (or species pairs) commonly found 
in the Georges Bank canyons, a range in estimated popu
lation density is listed in table 6.3. It is given for different 
habitats-types I, II, and a combination of III and IV
as these have been classified previously. The population 
estimates combine data from several relatively shallow 
monitoring stations in Oceanographer and Lydonia can
yons; quantitative photographs1 were made at these sta
tions during July in three successive years, 1980-1982. 
Each abundance estimate in the table incorporates data 
from several stations; consequently the indicated range in 
population density for each animal is very wide, much 
wider than would be the case at a single site. Neverthe
less, a large population variance within a given habitat 
type appears to be characteristic of certain animals in the 
Georges Bank canyons; examples are rock and burrowing 
anemones, starfish, hermit and galatheid crabs, and pan
dalid shrimp. 

Canyon Fisheries 
In the canyons of Georges Bank and the Middle Atlantic 
region, there are directed fisheries for lobsters, red crab, 
and tilefish. Commercial concentrations of lobsters occur 
in depths of 100-300 m in and near the canyons and 
over the slope between them. Otter trawlers fishing for 

Table 6.3 
Range in estimated abundance (numbers per 10,000 m2

) for 
selected ocean floor animalsa 

Habitat type 

Species (number) II III/IV 

Rock anemones (2) 0 340-700 2,450-4,300 
Burrowing (mud) anemone 60-5,100 180-5,000 0-40 
Starfishes (2) 25-1,250 220-775 700-1,500 
Sea scallop 0-20 0-35 0 
Pandalid shrimp 0-2,260 0-140 0 
Hermit crabs (2) 10-7,000 10-1,600 0-260 
Galatheid crab 40-1,300 540-1,300 0-33,000 
Jonah crabs (2) 40-700 30-330 125-140 
Portunid crab 0-26 0-42 0 
Lobster 0-2 0-10 5-1,260 
Four-spot flounder 10-140 0-75 0 
Goosefish 0-30 0-7 0-7 
Greeneye 10-375 30-1,000 0 
Black-bellied rosefish 0-15 5-240 25-600 
Tilefish 0-10 0-10 0-625 
Ocean pout 0-25 0-25 10-1,100 
Conger eel 0 0-5 5-210 
Squirrel hake 0-10 0-40 0 
Silver hake 0-50 0-65 0-15 
White hake 0-5 0-10 0-275 
a. Data have been combined for Oceanographer and Lydonia canyons 
and were collected in midsummers 1980-1982. Estimates are listed by 
habitat type (Cooper et al., 1983). 

other species along the shelf break often catch lobsters 
incidentally, but for the most part they are taken in 
baited traps or "pots." These are attached at intervals to 
a groundline to make up a "trawl," which is anchored 
and buoyed at one or both ends. Such trawls may be 2 
km long, with as many as 100 pots each. At present 
some 15 0 vessels are engaged in the offshore pot fishery 
for lobsters. The entire yearly offshore catch, including 
the otter-trawl catch, is about 4 million pounds. About 
half of this comes from the canyons and areas close to 
them. 

The red crab fishery associated with the Georges Bank 
canyons and adjacent slope is concentrated between Ly
donia Canyon and Block Canyon. This is a specialized 
trap fishery, generally confined to deeper waters 
(300-600 m) beyond the usual range of lobsters and un
wanted Jonah crabs. The red crab fishery is relatively 
new. It has developed gradually since the early 1970s, 
and the fleet has seldom exceeded four or five vessels. A 
sustainable annual harvest of some 5 million pounds has 
been estimated from stock-assessment studies (Wigley, 
Theroux, and Murray, 1975; Serchuk and Wigley, 1983), 
but this level has not yet been attained. There are techni
cal and commercial constraints associated with the deep
water habitat of the resource and with processing and 
marketing ashore. 

A bottom longline fishery for tilefish has been con
ducted along the southern New England continental mar
gin for many years (chapter 1). Once underdeveloped, this 
fishery expanded rapidly during the 1970s. Annual land
ings in the 1960s were 1 million pounds, but in 1978 
they exceeded 7 million pounds. Some 30 longliners now 
pursue tilefish between Hudson Canyon off New Jersey 
and Corsair Canyon on eastern Georges Bank. Most of 
them operate out of New Jersey ports, concentrating 
their effort between Hudson Canyon and Veatch Canyon 
in depths of 100-185 m (Grimes, Able, and Turner, 
1980). More detailed information on the biology of tile
fish and the status of the fishery may be found in Free
man and Turner (1977, 1983) and Able et al. (1982). 
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Note 

1. The camera, angled obliquely down
ward, covered a field of 7 m2

• Counts 
of all benthic animal species visible in 
the photographs were divided by this 
area to determine population densities. 
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