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DISCUSSION

Introduction

Sea floor mapping in the Stellwagen Bank National Marine Sanctuary (NMS) is a
cooperative effort of the U.S. Geological Survey (USGS) and the National Oceanic and
Atmospheric Administration, with technical support from the University of New Brunswick and
the Canadian Hydrographic Service. The maps generated from this undertaking are based on a
1994-96 survey that used a multibeam echo sounder to map 1,100 square nautical miles of the
sea floor (fig. 1). The technology and methods of image acquisition and topographic contouring
that were used are described in publication 4 in the References section. USGS Scientific
Investigations Maps (SIM) 2840—A to —F constitute a six-map (twelve-sheet) series in digital
(DVD-ROM) format. The first three maps, SIM 2840—-A, —B, and —C, were previously published
on paper as USGS Geologic Investigations Series Maps [-2676—A, —B, and —C (publications 43—
45 in the References). Preliminary versions of those three maps also had been released earlier on
a CD-ROM as USGS Open-File Report 00—410 (publication 42).

The map area shown here is a composite of 18 individual quadrangle maps (fig. 1). Two
map series of the 18 quadrangles have been published at a scale of 1:25,000 and show sea floor
topography (publications 4-22) and sun-illuminated sea floor topography (fig. 2; see publications
23-41). Selected sea floor maps, photographs, CD-ROMs, fact sheets, posters, and geographic
names related to research conducted in the Stellwagen Bank NMS region are available online at
USGS Web site http://woodshole.er.usgs.gov/project-pages/stellwagen/index.html. See the
References section for a complete numbered list of publications.

On the maps presented in this series, the locations of the corners of the 18 quadrangles are
shown for reference as ticks labeled outside the map edges, and (on maps C and E) as large
crossticks within the map area. Maps A, B, D, and F show the boundaries of the individual
quadrangles. On the maps that show sun-illuminated sea floor topography, blank spaces
represent areas of no data.
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Sea floor slope and sun-illuminated topography

Sea floor slope

This map combines contoured and sun-illuminated topographic imagery with an analysis of
sea floor slope. Slope values were derived from the digital bathymetric (topographic) grid using
the slope function of ESRI Spatial Analyst software. The slope is measured in degrees and
represents the maximum rate of change in elevation between a center cell (image pixel) and its
eight neighboring cells, arrayed in a three-pixel by three-pixel format. Each pixel measures 13 m
on a side, and is 169 m” in area. The nine-pixel array measures 39 m on a side (1,521 m?), and
the slope is calculated for this area. No point in the nine-pixel area lies more than 18.4 m from
the central pixel. The resolution of the bathymetric dataset determines the resolution of the slope
angles that can be recognized by using this analytical technique. For example, the slope angles
derived from 13-m-pixel data are not comparable with slope values of the same magnitude that
have been derived from 10-m-pixel data.

On this map, we have taken a new approach in displaying sea floor slope by portraying it in
four slope-angle intervals, in different degree-increments, in order to recognize and illustrate
better the variety of features of varying sizes that shape the seabed. We found that displaying
slope values only in one-degree increments produced numerous slope increments; and the many
different colors required to represent them made it difficult to interpret seabed features.
Conversely, by displaying slope-angle values exclusively in increments of several degrees, we
could not clearly differentiate small features such as boulder ridges that are the structural setting
for the geological and biological processes that form important seabed habitats.

Seabed slope angles are shown on this map using half-degree increments in the >2- to 5-
degree range, one-degree increments in the >5- to 10-degree range, and five-degree increments
in the >10- to 30-degree range. Slope angles of two degrees and less are shown in gray tones
(fig. 3). Blank places (white) represent areas of no data.

Interpretation

The description of seabed features and bottom types in this discussion is based on
topographic imagery and backscatter intensity (Maps B and C of this series), on video and (or)
photographic imagery from 2,868 stations (Map F, Sheet 3 of this series), and on geological
sediment texture analysis from 2,633 stations in the map region.

The areas of the sea floor represented by the four slope-angle intervals (0-2 degrees; >2-5
degrees; >5-10 degrees; and >10-30 degrees) were calculated for each of the 18 quadrangles as
well as for the area of the Stellwagen Bank NMS that lies in each quadrangle (see table 1). For
the 18-quadrangle region, 89.2 percent of the sea floor has slope angles that range from 0 to 2
degrees; 8.6 percent has slopes of >2 to 5 degrees; 1.7 percent has slopes of >5 to 10 degrees;
and 0.5 percent has slopes of >10 to 30 degrees. These slope values for the region as a whole
also are representative of the sea floor within the Stellwagen Bank NMS that is outlined by the
dashed line on the map.

Sea floor steepness is distributed unevenly throughout the map region, as is reflected in the
color intervals on the map and in the area calculations in table 1. The highest topographic
variability, and the greatest range in slope angles, occur in areas dominated by many small close-
lying banks and basins (Tillies; Polygon; Ellipse Bank and Stenos Basin; Creed Ridge and Basin;
Ninety Meter Banks), in areas dominated by bedrock outcrops (Sanctuary Hill, East Hill, East
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and West Pigeon Hills), and along the margins of large banks (Stellwagen Bank and Jeffreys
Ledge). Upwelling and oceanographic temperature fronts characteristically occur in areas of
high topographic variability.

Relatively smooth sea floor with slope angles in the 0- to 2-degree range (gray tones)
constitutes 89 to 98 percent of 11 of the 18 quadrangles (1-9, 12, 16) and 86 to 87 percent of 4
other quadrangles (10, 13, 15, 17). In Quadrangle 10 of this latter group, 85.6 percent of the
seabed has a slope angle of 0 to 2 degrees, and 11.6 percent has an angle of >2 to 5 degrees,
much of which represents boulder ridges (see Map F of this series). In Quadrangle 15, 87
percent of the seabed has a slope of 0 to 2 degrees, and 12.6 percent has a slope of >2 to 5
degrees, much of which represents iceberg scours that are 5 to 10 m deep, 50 to 100 m wide, and
up to several kilometers in length (see Map F, Sheet 2).

The remaining three quadrangles (11, 14, 18) show more topographic variability and have
not more than 77.3 percent relatively smooth sea floor (slope angles of 0 to 2 degrees).
Quadrangle 11 exhibits the highest percentage of steep slopes; 24.9 percent of the sea floor has a
slope angle of >2 to 5 degrees, which to a large extent represents gently inclined bank and basin
margins and to a small extent boulder ridges; 8.8 percent of the quadrangle has slopes of >5 to 10
degrees; and 4.2 percent has slopes of >10 to 30 degrees, which represent steeply-inclined bank
margins. Quadrangle 14 lies on the northern boundary of Quadrangle 11 and is somewhat
similar to it geomorphologically; 15 percent of the seabed has a slope angle of >2 to 5 degrees
(gently inclined bank and basin margins; boulder ridges); 5.9 percent has a slope angle of >5 to
10 degrees; and 1.7 percent has slopes of >10 to 30 degrees (steeply inclined bank margins).
Quadrangle 18 contains a large area of seabed with a slope angle of >2 to 5 degrees (26.2
percent) that represents iceberg scours.

Comparison of sea floor slope angles shown on this map with terrain ruggedness indices
(TRI) shown on Map D of this series reveals they depict the seabed in a very similar fashion,
especially for large-scale features such as the steep slopes of banks. However, when comparing
the results of the slope and TRI analyses as displayed on these maps, it is clear that the TRI
analysis is better at depicting small-scale features such as iceberg scour marks and boulder
ridges. Compare the slope analysis on this map to the TRI analysis on Map D, Sheet 2 with
respect to the iceberg scours in the northeastern part of the map region and to the boulder ridges
in Quadrangle 10 on Gloucester Bank.

Slope analysis is useful for describing sea floor geomorphology and for identifying the
effects of seabed processes when combined with interpretations of seabed topographic imagery,
backscatter intensity, video and photographic imagery, and sediment texture analysis. Over time,
physical processes change the shape of the seabed and produce geomorphological signatures that
are visible on slope maps. For example, the relatively constant slope along a bank margin
sometimes is interrupted by a section that is less steep. One explanation is that sediment has
been transported by bottom currents off the bank onto the margin, thereby reducing the seabed
slope there. Examples of this process are located along a 7-km section of the southeastern
margin of Jeffreys Ledge (42°40' N., 70°22.5' W.), the Northwest Corner on Stellwagen Bank
(42°25.5'N., 70°28.5' W.), and the western margin of Stellwagen Bank south of Western Spur
(42°17.25'N., 70°20.25' W.). See the discussion on Map D of sea floor geomorphology based on
terrain ruggedness analysis.
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Figure 1. Regional setting of the map area (outlined in black). Publications
specific to the entire map area or to individual quadrangles 1-18 (outlined in
gray) are listed in the References section. Stellwagen Bank National Marine
Sanctuary (SBNMS) boundary is shown as a dashed line. Bathymetric contours
are labeled in meters.
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SEA FLOOR SLOPE INDEX
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Figure 3. Sea floor slope index. Colors represent the maximum rate of change in elevation, shown as slope
angle in degrees, between a central area (a 13- x 13-m pixel) and the eight pixels that surround it (total area
analyzed is three pixels by three pixels, or 39 x 39 m in size). For example, on the map yellow represents
central pixels having a maximum rate of change in elevation of >9 to 10 degrees with respect to their
surrounding eight-pixel areas. Note the slope-change increments in the color index vary from 0.5 degree to 1
degree to b degrees. A filter was applied to the slope image to smooth the boundaries between the mapped
intervals. The filter calculated the mean of the slope value of each pixel and its eight neighboring pixels in a
three-pixel by three-pixel grid that measures 39 x 39 m. Areas of slope were calculated using this filtered
image; see table 1.
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