~U.S. DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY

Prepared in cooperation with the

NATIONAL MARINE FISHERIES SERVICE

DESCRIPTION OF TEXTURAL UNITS
SEDIMENT TEXTURE MAP AND FIGURES 3-5

Gravel pavement

Gravelly sand

Sand

Silty and clayey sand or sandy mud

EXPLANATION OF TEXTURAL SYMBOLS
SEDIMENT TEXTURE MAP

Gravel sample—Number accompanying symbol represents weight percent

of gravel in the sample. Number followed by “i” indicates weight percent
was interpreted from descriptive data. 75+ means 75-100 percent

o Collected from submersible
. Collected from ship
sGv Sandy gravel containing minor silt and clay

Sand sample —Number accompanying symbol represents weight percent of

sand in the sample. Number followed by “i” indicates weight percent was
interpreted from descriptive data. 75+ means 75-100 percent

° Collected from submersible
. Collected from ship
gSd Gravelly sand containing minor silt and clay

Silty and clayey sand or sandy mud sample—Number accompanying
symbol represents weight percent of silt and clay in the sample

A Collected from submersible
a Collected from ship
sSt Sandy silt

Trackline of high-resolution seismic-reflection survey showing:
e Featureless seabed
Bedforms higher than 0.5 m

— — — — Outline of areas of rough, bouldery seabed, considered hazardous to
fishing gear

Figure 3.—View of shoals and northern edge of Georges Bank from the northwest, showing sediment texture, topography, and
contours of mean bottom-current speed (cm/s). Sediment-texture colors are defined in the description of textural units,
above. Viewpoint 42°12' N., 67°36" W.; eyepoint elevation 201 m above sea level; distance to horizon 160 km; vertical
exaggeration x100. Bathymetric contours are labelled in fathoms, followed by meters in parentheses.

Figure 4.—View of eastern end of Georges Bank and Northeast Channel from the northeast, showing sediment texture,
topography, contours of mean bottom-current speed (cm/s), and the seaward limit of large bedforms. Sediment-texture
colors are defined in the description of textural units, above. Viewpoint 42°12" N., 65°36' W.; eyepoint elevation 268 m
above sea level; distance to horizon 205 km; vertical exaggeration x100. Bathymetric contours are labelled in fathoms,
followed by meters in parentheses.
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Figure 5.—Map of eastern Georges Bank showing sediment texture (in color; see
description of textural units, above), mean bottom-current speed (cm/s), and sedimen-
tary provinces (labelled 1-7). The seven provinces are delimited on the basis of
sediment texture, presence or absence of large bedforms, bottom-current speed, water
depth, and sea-floor topography. Dashed line in province 1 indicates areas of rough,
bouldery seabed. Bathymetric contours, shown in blue, are unlabelled to avoid

congestion.
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Figure 1.—Map showing contours of mean surface-current speed (cm/s), as magnitude of major axis of M2 rotary tidal-current Figure 2. —Map showing contours of mean current speed (cm/s) 1 m above bottom, as magnitude of major axis of M2 rotary
ellipse. Symbols indicate location of current meters. Solid dot, instrument depth less than 35 m; circle, instrument depth tidal-current ellipse. Solid dots indicate location of current meters; instrument depths were between 1 and 23 m above
between 51 and 102 m; bar shows orientation of major axis of tidal-current ellipse, which is equal to the major tidal-current bottom. Bars show orientation of major axis of tidal-current ellipse, which is equal to the major tidal-current flow direction
flow direction (Moody and others, 1984). Bathymetric contours are labelled in meters, in parentheses. (Moody and others, 1984). Bathymetric contours are labelled in meters, in parentheses.
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These maps show sediment texture, tidal current patterns, areal extent of large
bedforms (defined here as higher than 0.5 m), and sedimentary provinces on eastern
Georges Bank. Descriptions and interpretations are based on seismic-reflection profiles
(and to a minor extent on sidescan-sonar records), on available sediment texture analyses
(306 samples), and on visual observations from submersibles (Bothner and others, 1984:
Caddy and lles, 1973; Drapeau, 1973; Fader, 1984; Fader and others, 1988; Hathaway,
1971; Lewis and others, 1980; Lough and others, 1989; Schlee, 1973; Schlee and Pratt,
1970; Twichell, 1983; Twichell and others, 1987; Wigley, 1961; and unpublished data
from this study). Some sediment samples collected by submersible are not plotted on the
map because they are in close proximity with and are texturally similar to samples shown
here. Sediment sample symbols represent three textural groups: gravel (samples
containing more than 50 percent gravel by weight); sand (samples containing more than
50 percent sand by weight); and silty and clayey sediment (samples containing more than
10 percent silt and clay by weight). In the descriptions below, sediment grain diameter is
given in phi size classes as follows: 0 and 1 phi (0.5 to 2.0 mm); 2 and 3 phi (0.125 to
0.5 mm); 4 phi (0.062 to 0.125 mm); and silt and clay (less than 0.062 mm). Several
sediment samples were included from the sources cited above for which only qualitative
textural descriptions were reported.

Bedforms less than 0.5 m in height generally are not clearly discernible on the seismic
records. Visual observations from submersibles indicate that boulders are common in four
large gravelly areas in the northeastern part of the study area mapped as hazardous to
fishing gear by the National Oceanic and Atmospheric Administration (1985); these areas
are described here as “bouldery seabed”.

This map is designed to be used in conjunction with companion topographic and
faunal distribution maps of the region (Valentine and Lough, 1991; Lough and others,
1992; Valentine and others, 1992) and with Chart L/C 8005 of the Canadian
Hydrographic Service (1984).

CURRENTS, TOPOGRAPHY, AND TEXTURE

Major currents on Georges Bank are a weak, mean clockwise gyre (5-30 cm/s); strong
semidiurnal (M2) tidal flow (10-100 cm/s); and very strong, intermittent storm-driven
currents that can exceed 100 cm/s (Butman and Beardsley, 1987; Jordan, 1962). These
currents all transport sedimentary particles off the bank both as bedload and in
suspension. The maps of mean M2 tidal flow (figs. 1 and 2) are a generalized
representation of current speeds on the eastern part of the bank, as they are based on
data from widely spaced stations (Moody and others, 1984). Semidiurnal tidal flow is
strongly oriented northwest-southeast and is the dominant sediment transport agent. The
strongest tidal currents are located over the shoals in the northwestern part of the map
area, where mean surface flow is more than 100 cm/s (fig. 1). Tidal bottom currents reach
speeds of more than 40 cm/s on the shoals and in deeper waters (180 m) on the northern
slope of the bank (figs. 2—4).

Sea-floor topography on eastern Georges Bank is varied (figs. 3 and 4), ranging from
well-defined, northwest trending, linear sand ridges in the western shoal areas to relatively
smooth, gently dipping sea floor on the deeper, easternmost part of the bank (Valentine
and others, 1992). The northern bank margin is steeper and smoother than the
southeastern margin, which is incised by submarine canyons.

The surficial sediment on eastern Georges Bank is glacial debris transported there
during the late Pleistocene from continental source areas to the north (Schlee, 1973;
Schlee and Pratt, 1970). It is chiefly gravel and sand with very little silt and clay (generally
1-5 weight percent). Four very broadly defined textural types are recognizable (see also
figures 3-5). Gravel containing a minor amount of sand covers the northern margin of the
bank. Sand, dominantly medium and fine (2 and 3 phi) forms the shoal ridges in the
western part of the area and a sand sheet on the central and southwestern shelf. Gravelly
sand covers the remainder of the bank, the northern slope that borders the Gulf of Maine,
and the Northeast Channel. Silty and clayey sand covers the southeastern slope and
becomes finer with depth.

SEDIMENTARY PROVINCES ON EASTERN GEORGES BANK

Seven sedimentary provinces (fig. 5) have formed on eastern Georges Bank through
the interaction of environmental factors such as current speed and direction, availability
and type of sediment, and bottom topography.

1. Northern edge—Gravel constitutes more than 70 weight percent of the sediment,
and the sand fraction is dominated by coarse sand (0 and 1 phi). Sand deposits are few,
small, and rippled. Boulders are common in several areas. The seabed is a gravel lag
(pavement) of tightly packed pebbles. An epifauna of bryozoa, hydrozoa, and worm
tubes is abundant in areas of bouldery seabed where bottom trawling activity is low.

2. Northern slope and Northeast Channel—Sediment texture is variable and
includes gravel, gravelly sand, and sand. Ripples and scattered large bedforms are
present. This province is an area of textural transition between the gravel of the northern
edge (province 1) and the sandy and silty sediment of the adjacent Gulf of Maine and the
southeastern continental slope (province 7).

3. North-central shelf —Sediment texture is highly variable, ranging from gravel to
sand. Rippled sand and large bedforms are common throughout the region, and gravel
lag deposits are patchy. This province is located south of the gravel of the northern edge
(from which it is separated by an irregular boundary); and it grades westward into the
sand sheet of the central shelf (province 4) and southward into the gravelly sand of the
southeastern shelf (province 6).

4. Shoal ridges, and central and southwestern shelf—Sand composes more than
95 weight percent of the sediment, and fine and medium sand (2 and 3 phi) is more
abundant than coarse sand (0 and 1 phi). Very fine sand (4 phi), silt, and clay constitute
a few weight percent or less. Large sand ridges (up to 30 m high in the shoal area) are
aligned northwest-southeast, the major flow direction of the strong semidiurnal tides.
Dunes, sand waves, and rippled sand are present throughout the shoals and the sand
sheet except in the southern part, where small bedforms and rippled sand probably are
most common. The shoal area appears to be the major source of sand transported
northwestward into the Gulf of Maine and southeastward into the sand sheet of this
province.

5. Shoal troughs—Gravel (including gravel lag) and gravelly sand lie in elongate
areas between large sand ridges. Currents are strong, and, where sand is present, small
bedforms and rippled sand are abundant; large bedforms are patchy and probably
ephemeral. Few samples have been collected from shoal troughs. However, observations
and samples from 12 submersible dives that had been made in one such area
(approximately lat 41°53' N., long 67°15" W.) documented the presence of gravel lag,
rippled gravelly sand, and large bedforms (Caddy and lles, 1973; Drapeau, 1973).

6. Southeastern shelf—Rippled gravelly sand. The sand fraction is dominated by
medium and fine sand (2 and 3 phi). Currents are weaker here than on the north-central
shelf (province 3), and large bedforms and gravel lag deposits are patchy.

7. Southeastern slope—Silt and clay constitute more than 10 weight percent of the
sediment. Medium and fine sand (2 and 3 phi) are more abundant than coarse sand (0
and 1 phi); very fine sand (4 phi), silt, and clay, which are practically absent elsewhere on
eastern Georges Bank, are important sediment components. Rippled sand (on the
uppermost slope) grades to a smooth, silty sand sheet that becomes finer grained with
depth.

EVOLUTION OF SEDIMENTARY PROVINCES

The sedimentary provinces of eastern Georges Bank reflect the effects of sediment
transport processes on texturally heterogeneous sediment during and since the submer-
gence of the region after glacial retreat. The following brief interpretation of the evolution
of the seven provinces is based on reconstructions of the Wisconsinan glacial environ-
ment (Schlee, 1973; Schlee and Pratt, 1970) and on modern observations of sediment
texture, bedform distribution, current speed, sediment transport patterns, and sea-floor
topography outlined above.

With the retreat of glaciers from the northern and eastern bank edges and from the
Northeast Channel, rising sea level gradually inundated glacial moraine deposits of the
northern and eastern parts of the bank and outwash deposits of the middle and southern
parts. Currents (tidal, storm, and longshore) winnowed sand, silt, and clay and
transported them off the bank into the Gulf of Maine and onto the southeastern slope
(province 7). Sheets of sand (similar to the sand sheet of province 4) covered the flooded
bank areas, displaying sand ridges and bedforms of varying size. On the northeastern part
of the bank, morainal deposits were eroded and sand ridges (similar to the shoals of
province 4) were constructed, probably by increasingly strong tidal flow. As sea level
continued to rise and to cover higher parts of Georges Bank, these ridges were eroded
away, leaving a lag gravel pavement on the northern edge (initiation of province 1); also,
new ridges formed to the west (remnants of former sand ridges appear to be present in
province 3 between lat 66°48’ and 67° W.). Concurrently, sand was removed from the
easternmost part of the bank, the northern slope, and the Northeast Channel, leaving a
sheet of gravelly sand (provinces 2, 3, and 6). These processes continued to modify the
bank surface, progressively from east to west, as sea level rose.

The reworking and erosion of sediments on Georges Bank continues today, and, in
time, the gravel pavement (province 1) will increase in size. The pavement is developed
on former morainal deposits and is more likely to expand to the west and southwest
(along the northern edge of the bank) than to the south, where currents are weaker and
former outwash deposits contain less gravel. As the shoals (province 4) are eroded, less
and less sand will be available to the sand sheets (provinces 3, 4, and 6), and erosion of
sand from them will cause an overall coarsening of the surficial sediment of the bank.
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