High-Resolution Geologic Mapping
of the Inner Continental Shelf:
Boston Harbor and Approaches,
Massachusetts

by Seth D. Ackerman®, Bradford Butman?, Walter A. Barnhardt?,
William W. Danforth? and James M. Crocker?

'Massachusetts Office of Coastal Zone Management
2U.S. Geological Survey
3National Oceanic and Atmospheric Administration

Published 2006

Contact Information:

Seth Ackerman, Bradford Butman, Walter Barnhardt
U.S. Geological Survey

Woods Hole Science Center

384 Woods Hole, Massachusetts 02543

phone: 508-548-8700

DVD Order Information:
U.S. Geological Survey, Information Services,

Box 25286, Federal Center, Denver, CO 80225;
or visit http://store.usgs.gov/ or call 1-888-ASK-USGS

U.S. Geological Survey Open-File Report 2006-1008 Page 1 of 82



Table of Contents
Table of Contents
Section 1: Introduction
Section 2: Maps
Section 3: Data Collection and Processing
e Field program
« Sidescan Sonar
e Multibeam Echosounder Bathymetry
e Single-beam Echosounder Bathymetry
« Combined Bathymetry
« Sampling, Bottom Photographs and Video
« Navigation

Section 4: Discussion

e Setting

e Sea Floor Character of Boston Harbor and Approaches

o Features
e Sea Floor Units

e Using NOAA Hydrographic Data for Geologic Mapping

Reference Cited

Acknowledgements

Appendix I: Geographic Information System
o Description of layers
e Strategy to download data
e Links to individual GIS data files and metadata

Appendix Il: Sediment Texture

Appendix Il1: Bottom Photographs

U.S. Geological Survey Open-File Report 2006-1008

Page 2 of 82



List of Figures

Figure 1.1. Map showing the location of the Boston Harbor
and Approaches area, offshore of Massachusetts. The
geophysical data used in this report is from four NOAA
hydrographic surveys (H10990, H10991, H10992, and H0994)
carried out in 2000 and 2001 (outlined in red).

Figure 1.2. Map showing the location of the NOAA =
hydrographic surveys H10990, H10991, H10992, and H0994 L
that collected the bathymetry and sidescan-sonar data used to | =
map the sea floor of Boston Harbor and Approaches. |

Figure 3.1. Photograph of the NOAA Ship Whiting. The
Whiting, 163’ long and equipped with two launches to carry out
hydrographic surveys, was decommissioned by NOAA in 2003.

Figure 3.2. Photograph of the USGS research vessel Rafael.
The Rafael is 25’ long and used by USGS to conduct
geophysical surveys in coastal areas.

Figure 3.3. TOP: Photograph of Mini SEABOSS and winch on
the deck of the RV Rafael. On the Rafael, the SEABOSS sits on
a frame mounted outboard of the vessel. The conducting cable
that carries power and the video signal is stored on the cable
spool. BOTTOM: Components of Mini SEABOSS viewed from
below: A) forward video camera; B) downward video camera;
C) video light; D) digital still camera and housing; E) strobe
light; F) parallel laser for scale; G, laser for ranging; H)
junction block; I) van Veen grab sampler; and J) multi-
conducting cable.

Figure 3.4. Map showing mosaic of sidescan-sonar data of the
survey area Boston Harbor and Approaches, Massachusetts.
Backscatter intensity, as recorded with sidescan-sonar, is an
acoustic measure of the hardness and roughness of the
seafloor. In general, higher values (light tones) represent rock,
gravel and coarse sand. Lower values (dark tones) generally
represent fine sand and muddy sediment. See map sheet 3 for
data at a scale of 1:25,000.
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Figure 3.5. Shaded-relief bathymetric map, colored by water =1
depth, of Boston Harbor and Approaches, Massachusetts based |
on the multibeam sonar data (gridded at 2 m). See map sheet ik
2 for date at a scale of 1:25,000.

Figure 3.6. Shaded-relief bathymetric map, colored by water 3 _
depth, of Boston Harbor and Approaches, Massachusetts, i
based on the combined multibeam and single-beam sonar e r ;
bathymetric data (gridded at 30 m). See map sheet 1 for data

at a scale of 1:25,000.

Figure 3.7. Map showing location of bottom samples on a map
of acoustic backscatter intensity from sidescan-sonar. Each
numbered circle indicates a station where photographs, video,
and/or samples were collected. See map sheet 5 for figure at a
scale of 1:60,000.

Figure 3.8. Flow diagram showing steps in laboratory analysis
of sediment samples carried out at the USGS sediment
laboratory at the Woods Hole Science Center (Poppe and
Polloni, 2000).

Figure 4.1. Map showing Boston Inner Harbor, Outer Harbor,
and the Northern and Southern Approaches.

Figure 4.2. Map of Boston Harbor and Approaches showing
locations of Figures 4.4 — 4.20 that illustrate selected features
and characteristics of the sea floor.

Figure 4.3. Texture of surficial sediments, based on Shepard
classification, superimposed on gray-scale sidescan-sonar
mosaic of Boston Harbor and Approaches. Dark blue dots
indicate sites where no sample was collected and photographs
show the sea floor is bedrock or covered with boulders, cobble
or shells. Low backscatter intensity corresponds to areas of
fine-grained sediments (silt and clay, Inner Harbor) or sandy
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sediments (Approaches). High backscatter intensity
corresponds to areas of gravel, boulders, or outcropping
bedrock (areas that could not be sampled with the grab
sampler). See Appendix 2 for sediment texture and Appendix
3 for bottom photographs. See map sheet 5 for figure at a
scale of 1:60,000.

Figure 4.4. Shaded relief bathymetry, colored by water depth,
of eastern portion of Boston Inner Harbor showing dredged . . i
main shipping channel, Ted Williams Tunnel, circular dredged . {\fﬂ-_;‘--';.!
areas south of Logan Airport, cable crossing, and linear scour i g
marks. See Figure 4.2 for map location. Red dots show ]
location of bottom photographs (see Appendix 3 to view all

photographs at these locations); yellow dot is location of

bottom sediment sample (Appendix 2); number is station

identifier.

Figure 4.5. Shaded relief bathymetry, colored by water depth, p= =
showing the Ted Williams Tunnel as it crosses Boston Inner ‘ r’x\
Harbor from south Boston to Logan Airport (see fig. 4.2 for . oSoae
map location). The tunnel is marked by a depression about 50 :
m wide that is a few m deeper than the navigation channel;

on the northern side of the channel, the tunnel depression has
a central high and channels about 2-4 m deeper along the
western and eastern edges. Red dots show location of bottom
photographs (see Appendix 3 to view all photographs at these
locations); yellow dot is location of bottom sediment sample
(Appendix 2); number is station identifier.

See Figure 4.3 for station locations. See Appendix 3 for more
photographs at these stations. The field of view of each image
is approximately 50 cm wide.

Figure 4.6. Photographs of the sea floor in Boston Inner
Harbor stations 104, 103, 105, 101 showing a muddy sea floor.

of the depression south of Deer Island where the deepest
water in Boston Harbor occurs (about 28 m deep). See Figure
4.2 for map location. Red dots show location of bottom
photographs (see Appendix 3 to view all photographs at these |. . ..+
locations); yellow dot is location of bottom sediment sample

(Appendix 2); number is station identifier.

Figure 4.7. Shaded-relief bathymetry, colored by water depth, [
=
|
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Figure 4.8. Shaded-relief bathymetry, colored by water depth, [ 27
showing sand waves along the northern side of the navigation -
channel south of Deer Island (see fig. 4.2 for map location).
The sand waves are less than a meter high and have
wavelengths of about 10 m. Red dots show location of bottom
photographs (see Appendix 3 to view all photographs at these
locations); yellow dot is location of bottom sediment sample
(Appendix 2); number is station identifier.

Figure 4.9. Photographs of the sea floor along the navigation
channel, showing the transition for fine-grained mud in the
inner harbor to a gravel pavement in the outer harbor (stations
101, 70, 53, 54, and 44). See Figure 4.3 for station locations.
See Appendix 3 for more photographs at these stations. The
field of view of each image is approximately 50 cm wide.

Figure 4.10a. Shaded-relief bathymetry showing disposal of
dredged material in the topographic low north of Hull. See
Figure 4.2 for map location. See Appendix 3 for photographs
at Station 62.

Figure 4.10b. Shaded-relief bathymetry, colored by water ., ]
depth, showing disposal of dredged material in the topographic __':-:.-_'. 3-'}
low north of Peddocks Island. See Figure 4.2 for map E i

location. o 4 !

Figure 4.11. Photographs of the sea floor in areas of high
backscatter intensity north, east and south of Peddocks Island
(stations 62, 58, 65, and 67). See Figure A3.1 for station
locations. See Appendix 3 for additional photographs at these
stations. The field of view of each image is approximately 50
cm wide.

Figure 4.12. Photographs of the sea floor in areas of low
backscatter intensity south of Long Island and southeast of
Peddocks Island (stations 63 and 61). See Figure A3.1 for
station locations and Figure 4.3 for sediment texture. See
Appendix 3 for additional photographs at these stations. The
field of view of each image is approximately 50 cm wide.

Figure 4.13. Photographs of the sea floor in the south Eﬁ
Channel (station 50) and in a small area of low backscatter
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intensity southeast of Deer Island (station 45). See Figure
A3.1 for station locations locations. See Appendix 3 for
additional photographs at these stations. The field of view of
each image is approximately 50 cm wide.

Figure 4.14a. Shaded-relied bathymetric map of the ==
Approaches to Boston Harbor, north of the Harbor Islands and .ﬁ
south of Nahant, including Broad Sound (see fig. 4.2 for map L= =
location). The darker patches indicate the areas where F”‘“ "i:j
multibeam bathymetry was collected and data gridded at 2 m; " L&s
the rest of the area was mapped by single-beam sonar and

gridded at 30 m. The sea floor in this region is characterized

by elevated rough areas, some of which are hypothesized to be

drumlins reworked by rising sea level. See Figure 4.15 for

selected photographs at stations 72, 73, and 84. See Figure

4.14b for companion sidescan-sonar image.

Figure 4.14b. Backscatter intensity from sidescan-sonar of
the Approaches to Boston Harbor, north of the Harbor Islands
and south of Nahant, including Broad Sound (see fig. 4.2 for
map location). The sea floor in this region is characterized by
elevated rough areas, some of which are hypothesized to be
drumlins reworked by rising sea level. Red dots show location
of bottom photographs (see Appendix 3 to view all
photographs at these locations); yellow dot is location of
bottom sediment sample (Appendix 2); number is station
identifier. See Figure 4.14a for companion shaded-relief map.

Figure 4.15. Photographs of the sea floor in areas of elevated
topography, rough sea floor, and high backscatter intensity n
(stations 73 and 84, fig. 4.14) in Broad Sound. The boulders L

are covered with a pink calcerous algae. The sea floor ) _j
between these features is sand (station 72). See Figure 4.14b

for station locations. See Appendix 3 for additional

photographs at these stations. The field of view of each image

is approximately 50 cm wide.

Figure 4.16a. Shaded-relief bathymetric map showing
outcropping ledges east of the Brewster Islands (see fig. 4.2
for map location). The darker patches indicate the areas
where multibeam bathymetry was collected and the data
gridded at 2 m; the rest of the area was mapped by single-
beam sonar and the data gridded at 30 m. These ENE-WSW-
trending features exhibit the largest topographic variability in
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the study area. See Figure 4.16b for companion sidescan
sonar image.

Figure 4.16b. Backscatter intensity from sidescan-sonar
showing outcropping ledges east of the Brewster Islands (see
fig. 4.2 for map location). These ENE-WSW-trending features
exhibit the largest topographic variability in the study area and £
are characterized by moderate backscatter intensity. Red dots =
show location of bottom photographs (see Appendix 3 to view

all photographs at these locations); yellow dot is location of
bottom sediment sample (Appendix 2); number is station
identifier. See Figure 4.16a for companion shaded-relief map.

Figure 4.17a. Shaded-relief bathymetric map, colored by F '?!T}_-'.._
water depth, showing elevated areas and sand ribbon, east of P s
Nantasket Beach (see fig. 4.2 for map location). The darker s
patches indicate the areas where multibeam bathymetry was =L f"?
)

collected and the data gridded at 2 m; the rest of the area was .-
mapped by single-beam sonar and the data gridded at 30 m.

See Figure 4.17b for companion sidescan-sonar image. See

Figure 4.18 for selected photographs at stations 5, 6, 8, and

10.

Figure 4.17b. Backscatter intensity from sidescan-sonar of
area east of Nantasket Beach (see fig. 4.2 for location). The
elevated areas are characterized by high backscatter intensity
and the sand ribbon by low backscatter intensity. Red dots
show location of bottom photographs (see Appendix 3 to view
all photographs at these locations); yellow dot is location of
bottom sediment sample (Appendix 2); number is station
identifier. See Figure 4.17a for companion shaded-relief map.

Figure 4.18. Photographs of the sea floor in areas of elevated

topography, rough sea floor, and high backscatter intensity “
(stations 8 and 10, 11.0 and 11.5 m water depth respectively) I 'n
east of Nantasket. The pink on the boulders is calcareous

algae. The sea floor between these features is sand (stations

5, 6, 13.4 and 16.0 m water depth respectively). See Figure

4.17b for station locations. See Appendix 3 for additional

photographs at these stations. The field of view of each image

is approximately 50 cm wide.
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Figure 4.19. Shaded-relief bathymetric map showing
numerous individual targets 4-6 m on a side and less than a
meter high that are interpreted to be individual boulders.
Similar targets are observed in the 2-m multibeam bathymetry
in nearly all of the areas with a rough sea floor. See Figure
4.2 for map location.

Figure 4.20. Shaded-relief bathymetry bathymetric map of
the area west of Great Brewster and Calf Island showing barge
wrecks and mounds of dredged material on the sea floor. See
Figure 4.2 for map location.

Figure 4.21. Physiographic units of the sea floor of Boston
Harbor and Approaches, based on bottom roughness,
backscatter intensity, and sediment texture.

Figure 4.22. Sidescan sonar mosaic (A) assembled in the
field during the hydrographic surveys and (B) the mosaic
assembled from reprocessed sidescan-sonar data. The
mosaics are qualitatively similar, but the reprocessed mosaic
has more uniform intensity and improved resolution.

Figure A2.1. Texture of surficial sediment collected in grab
samples shown on a ternary diagram. The stations are keyed
to the map units (see fig. 4.21). Texture of the rough sea-
floor zones is not represented, as samples could not be
collected in areas of boulders or gravel pavement.

Figure A3.1. Map showing bottom sample locations and
bottom photo locations overlain on the sidescan-sonar
imagery. Photographs and video were obtained at all sites.
Samples could not be collected at sites where the bottom was
cobble or rocky (yellow dots).
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Section 1 - Introduction

This report presents the surficial geologic framework data and information
for the sea floor of Boston Harbor and Approaches, Massachusetts (fig. 1.1).
This mapping was conducted as part of a cooperative program between the
U.S. Geological Survey (USGS), the Massachusetts Office of Coastal Zone
Management (CZM), and the National Oceanic and Atmospheric
Administration (NOAA). The primary objective of this project was to provide
sea floor geologic information and maps of Boston Harbor to aid resource
management, scientific research, industry and the public. A secondary
objective was to test the feasibility of using NOAA hydrographic survey data,
normally collected to update navigation charts, to create maps of the sea
floor suitable for geologic and habitat interpretations. Defining sea-floor
geology is the first steps toward managing ocean resources and assessing
environmental changes due to natural or human activity. The geophysical
data for these maps were collected as part of hydrographic surveys carried
out by NOAA in 2000 and 2001 (fig. 1.2). Bottom photographs, video, and
samples of the sediments were collected in September 2004 to help in the
interpretation of the geophysical data. Included in this report are high-
resolution maps of the sea floor, at a scale of 1:25; the data used to create
these maps in Geographic Information Systems (GIS) format; a GIS project;
and a gallery of photographs of the sea floor.

Companion maps of sea floor to the north Boston Harbor and Approaches
are presented by Barnhardt and others (2005) and to the east by Butman
and others (2003a, 2003b, 2003c). See Butman and others (2004) for a
map of Massachusetts Bay at a scale of 1:125,000.

The sections of this report are listed in the navigation bar along the left-hand
margin of this page. Section 1 (this section) introduces the report. Section 2
presents the large-format map sheets. Section 3 describes data collection,
processing, and analysis. Section 4 summarizes the geologic history of the
region and discusses geomorphic and anthropogenic features within the
study area. Section 4 also provides references that contain additional
information about the region. Appendix 1 provides GIS layers of all the data
collected in this study, Appendix 2 contains the grain size textural analyses
of sediment samples, and Appendix 3 contains bottom photographs of the
sea floor in JPG format.
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Section 2 - Maps

Five maps have been compiled showing the sea floor of Boston Harbor and
Approaches. Text on the map sheets briefly describes the data and
methodologies, and summarizes key geomorphic features. Section 3 (Data
Collection and Processing) and Section 4 (Geologic Interpretation) in this
report provide additional information than presented on the map sheets.
Links to the map text and the map sheets are provided below. The text is
the same on all map sheets.

Map Sheet Text (PDF)

Map Sheet 1: Shaded-relief topography of seafloor
(colored) (PDF) o 2 :q

Map (page size PDF)

T
1;,;;,;‘";
Map Sheet 2: Shaded-relief topography of seafloor T T |
(gray scale) (PDF) b A
Map (page size PDF) SN
-~ W ‘_',r""
T - |
WY -
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Map Sheet 3: Backscatter intensity of seafloor
(gray scale) (PDF)
Map (page size PDF)

Map Sheet 4: Shaded-relief topography of seafloor,
colored by backscatter intensity (PDF))
Map (page size PDF)

Map Sheet 5: Descriptive map of the seafloor % K%
geology (PDF) L v

Map (page size PDF)
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Section 3 - Data Collection and Processing
Field program

In 2000 and 2001, the NOAA Ship Whiting (fig. 3.1) and its launches
conducted four hydrographic surveys (table 3.1) of the navigable areas
within Boston Harbor and its approaches. These cruises acquired sidescan-
sonar data over an area of 155 km? and single-beam bathymetric data over
an area of approximately 170 km?. In addition, multibeam echosounder data
were acquired over 65 km? (approximately 37% of the full survey area). The
multibeam echosounder data were collected primarily in the navigation
channels between the Harbor Islands and in areas of potential hazards to
navigation and do not provide seamless coverage of the entire region. All
geophysical data were collected by the NOAA National Ocean Service (NOS)
and provided to CZM and the USGS in 2003. No new geophysical data were
collected as part of this project.

Table 3.1. NOAA Hydrographic Survey areas

NOAA

. . Area Survey
Hydrographic Location Surveyed Dates
Survey ID

> 8/01 -
H10990 Boston Inner Harbor 15 km 11/01
Boston North Channel 9/00 -

H10991 to Weymouth Fore 43 km?
River 11/00
The Graves to Cohasset > 7/01 -
H10992 Harbor 69 km 10/01
2 9/00 -
H10994 Broad Sound 44 Km 10/01

NOAA provided raw sidescan-sonar datasets in XTF format for all four
surveys, and the CARIS HIPS/SIPS (Hydrographic Information Processing
System/Sonar Information Processing System) database. Additional
information about the NOAA hydrographic acquisition systems, including
standard configurations and typical operating procedures, can be found in
the NOAA Data Acquisition and Processing Report (DAPR) for project OPR-
A397-WH and in the individual Descriptive Reports for surveys H10990,
H10991, H10992 and H10994 (NOAA 2001a, 2001b, 2001c, 2001d).
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In order to ground-truth, or validate, the geophysical data, direct sampling
and photographic observations were collected during a 4-day cruise aboard
the USGS R/V Rafael (fig. 3.2) in 2004. Bottom video, high-resolution digital
bottom photographs and sediment samples were collected using the USGS
mMini-SEABOSS (SEABed Observation and Sampling System (fig. 3.3).

Sidescan-Sonar

The NOAA hydrographic surveys were designed to collect overlapping
sidescan-sonar data to ensure complete coverage of the sea floor. This
complete coverage, in which much of the study area was imaged at least
twice by sidescan-sonar, was achieved for most of the 155 km? survey area
in order to identify all hazards to navigation. NOAA surveys utilized either
the Edgetech model 272-T (100 kHz) or the “high-speed/high-resolution”
Klein T-5500 (455 kHz) sonar for sidescan-sonar acquisition. System and
vessel configurations varied between and within the different surveys (table
3.2).

Table 3.2. Vessel, System and Survey Configurations

Survey Vessel Sonar Configuration
System
Launch 1005 Edgetech 272- Towed
H10990 T
Launch 1014/ Klein 5500 Hull mounted
Launch 1014 Edgetech 272- Towed
T
H1 1
099 Launch 1014 Edgetech 272- Hull mounted
T
Launch 1005 Edgetech 272- Towed
T
H10992 Launch 1014 Edgetech 272- Towed
T
Whiting Klein 5500 Hull mounted
Launch 1005 Edgetech 272- Towed
T
H10994 Launch 1014/ Klein 5500 Hull mounted
Launch 1014 Edgetech 272- Towed
T
Whiting Klein 5500 Towed

Triton Elics ISIS acquisition software (version 5.0), was used to record
sidescan-sonar data in XTF format. Data were archived by the NOAA Office
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of Coast Surveys. Adjustments to the survey design, including changes to
line spacing, sonar range and gain were made as necessary during
acquisition and are reflected in the raw sidescan-sonar data.

Raw sidescan-sonar data were initially examined using Chesapeake
Technology’s SonarWeb and SonarWiz.Map software
(http://www.chesapeaketech.com/) to determine acquisition parameters.
The CARIS database also provided necessary information to process the
sonar data. After acquisition parameters were established the Linux-based
software Xsonar/Showlmage (Danforth, 1997) was used to import and
process 1682 files (or 2296 linear km) of the sidescan-sonar data. The
following processing routines were applied to correct for radiometric and
geometric distortions in the sidescan-sonar data. The data XTF data were
demultiplexed, eliminating speckle noise by applying a user-specified median
filter (Danforth, 1997). Navigation data were extracted from the sonar file,
checked for erroneous fixes, edited and remerged with the data file.
Corrections to tow-fish altitude were performed manually on a line-by-line
basis to delineate the seafloor-water interface. A slant-range correction was
applied, converting slant-range distances to true ground range. A beam-
pattern routine was used to correct for beam attenuation and spreading loss
with range. Raw image files of each trackline were exported from Xsonar
and towfish layback was applied where necessary. Sidescan-sonar data
were mosaicked using PClI Geomatics (version 8.2), and exported as
georeferenced TIFF image files (1 meter/pixel resolution, fig 3.4). Due to
gain changes and internal inconsistencies, the dynamic range of surveys
varied. Thus, tone-matching was applied in order to generate a final mosaic.

Multibeam Echosounder Bathymetry

The multibeam echosounder bathymetric data were collected in the
navigation channels and at numerous site specific locations in Boston Harbor
and the harbor approaches (fig. 3.5). Multibeam echosounder data from the
Boston Harbor hydrographic surveys cover an area of approximately 64 km?,
with the most dense multibeam echosounder coverage in the navigation
channels (President Roads, North Channel, South Channel, Nantasket Roads,
and Hypocrite Channel), Boston Inner Harbor, and east of the outer Boston
Harbor Islands (covering Boston Ledge and Martin Ledge). Multibeam
echosounder data cover approximately 37% of the area mapped by the
single-beam echosounder system.

A hull-mounted Reson SeaBat 8101 was used to acquire the multibeam
echosounder data. The Reson SeaBat 8101 is a 1.5° beam angle system
which operates at a frequency of 240 kHz and a maximum vessel speed of 6
knots. The system is designed for operation in water depths of 5 to 125 m,
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and has a horizontal range of 75 to 500 m, depending on water depth. The
system collects 101 individual soundings in a swath oriented perpendicular
to the vessel track. Acquisition was monitored in real time with the Triton
Elics ISIS software (version 5.29) and recorded in XTF format. NOAA Office
of Coast Survey converted the XTF data to CARIS HDCS (Hydrographic Data
Cleaning System) format, then processed and tide-corrected the data with
CARIS HIPS (Hydrographic Information Processing System) software. The
soundings were reduced to Mean Lower-Low Water (MLLW) using tide data
from the Boston, MA station 844-3970.

Tide-corrected multibeam echosounder soundings were exported from CARIS
HIPS at a 2-meter grid interval and reformatted for input into the SwathEd
processing software (University of New Brunswick Ocean Mapping Group).
Soundings were gridded using the “weigh_grid” routine creating 2-meter
bathymetry grids. The OMG (Ocean Mapping Group) grid format was
converted to ASCII raster format, imported to ESRI ArcGIS 9.0 and merged
to create a master grid of multibeam echosounder bathymetry (fig. 3.5).

Single-beam Echosounder Bathymetry

The NOAA survey vessels were equipped with Odom Echotrac DF3200 MKI I
echosounders that logged high-frequency (100 kHz) single-beam soundings
throughout the sidescan-sonar and multibeam echosounder operations.
Single-beam soundings were recorded in Hypack format and later converted
to CARIS HDCS format. The NOAA Office of Coast Survey cleaned and
merged the data and performed tide corrections using CARIS HIPS. The
soundings were reduced to Mean Lower-Low Water (MLLW) using tide data
from the Boston, MA station 844-3970.

Combined Bathymetry

The single-beam and multibeam echosounder data were used to create a
composite bathymetry grid (fig. 3.6). Multibeam echosounder data were
exported from CARIS HIPS at a 2-meter grid interval; single-beam
soundings were exported at a 5-meter grid interval. The single-beam data
from survey H10991 were processed by NOAA prior to their use of CARIS
and a separate xyz file was provided for these soundings. The eight
soundings files were merged to create a master file of over 17 million
soundings within the survey areas. GMT (Generic Mapping Tools -
http://gmt.soest.hawaii.edu/) was used to create an interpolated grid of the
bathymetry for the entire region. Bathymetry data were formatted for input
into GMT and then filtered through the GMT block median routine in order to
increase processing speeds. An interpolated grid was created using the GMT
“surface” routine with a grid cell size of 30 m and a tension parameter of
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0.5. The GMT grid was converted to a 32-bit TIFF image using the Gdal
utility “gdal_translate” (FWTools, version 1.0.0a7 and Gdal, version 1.3.1).
The TIFF image was converted to a bathymetry grid with cell size of 30 m
within ESRI ArcGIS. A depth-colored shaded relief grid (fig. 3.6) shows the
seafloor topography based on the combined single-beam and multibeam
echosounder data.

The composite bathymetry grid was created at a 30 meter/pixel resolution
due to the widely-spaced soundings from the vertical-beam survey. Other
historical soundings are available for the area (e.g. NOAA Coastal Relief
Model from the National Geophysical Data Center
(http://www.ngdc.noaa.gov/) and the NOAA Estuarine Bathymetric Datasets
(http://spo.nos.noaa.gov/bathy/)).

Sampling, Bottom Photographs and Video

Surficial sediment samples and photographs of the seafloor were obtained
on a cruise conducted by the USGS and CZM September 14-17, 2004 (USGS
cruise #04019). One hundred-thirteen stations were identified for sampling
and photography with the mini-SEABOSS sampler (fig. 3.3). These stations
were selected based on backscatter variations within the sidescan-sonar
imagery in order to identify the surfice sediment within these varying
backscatter regions (fig. 3.7). Additionally, samples were collected across
transition zones, where abrupt changes in backscatter intensity suggested
changes in the character of the seafloor. The station procedure was to
position the vessel within about 10 m of the target location, deploy the mini
SEABOSS to about 1 m above the seafloor, and then drift with the current,
typically at speeds of 1-3 knots. Continuous video data were collected while
the camera was within sight of the bottom and still photographs were
obtained from a high-resolution digital camera at operator-selected locations
along the drift transect. At each station about 5-10 minutes of video and 5-
15 bottom photographs were obtained.

Sediment samples were typically collected at the end of the drift transect
using a modified VanVeen grab sampler. The sample was photographed in
the grab sampler after recovery (Appendix 2) and the upper 2 cm of
sediment were scraped from the surface of the grab for textural analysis.
The sediment samples could only be obtained at locations with relatively
soft sediment (sand or mud) with the mini-SEABOSS; samples could not be
collected from cobble or rocky bottoms. Samples were analyzed (table 4.1)
for grain size at the USGS Woods Hole Science Center (WHSC) Sediment Lab
using standard procedures described by Poppe and Polloni (2000) (fig. 3.8).
Qualitative visual interpretations of the sediment in the bottom photographs
were compared with the sediment texture analyses.
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Navigation

NOAA survey vessels used in the 2000-2001 surveys of Boston Harbor were
equipped with Trimble DSM212L Differential Global Positioning System
(DGPS) receivers. Launch 1005, which collected all of the multibeam
echosounder bathymetry, was also equipped with a TSS POS/MV Model 320
(Position and Orientation System for Marine Vessels). Standard bathymetric
processing, including tide corrections, accuracy, and quality control were
conducted by NOAA Office of Coast Survey (NOAA Data Acquisition and
Processing Report: OPR-A397-WH).

Navigation for the sampling survey on the R/V Rafael was through use of
DGPS. Navigation was logged every 1 second with Hypack Inc. HypackMax
software (version 4.3a) and the navigation fixes were later parsed and
merged into a GIS shapefile for mapping the location of bottom photographs
and the video transects.

U.S. Geological Survey Open-File Report 2006-1008 Page 18 of 82



Section 4; Discussion

o Setting

o Seafloor Character of Boston Harbor and Approaches
o Features

e« Sea Floor Units

« Using NOAA Hydrographic Data for Geologic Mapping

Setting

The study area for the Boston Harbor and Approaches project lies within the
structurally complex Boston Basin of late Precambrian age (Kaye, 1982).
The bedrock within and surrounding Boston Harbor is part of the Avalon
terrane, a Precambrian island arc terrane comprised of volcanic and plutonic
rocks that formed approximately 600 million years ago. Rifting towards the
end of the Precambrian (=540 Ma) created what would become the Boston
Basin, and eventually lead to the separation of Avalon and other exotic
terranes from the ancient supercontinent of Gondwana. The Avalon terrane
was later accreted to the Laurentia supercontinent during the Acadian
Orogeny (Skehan 2001, Rankin and others 1989, Williams and Hatcher
1983). The Alleghanian Orogeny, the final major mountain building event
along eastern North America (290-250 Ma), is probably responsible for much
of the structural framework of the eastern continental margin as it exists
today (Hatcher 1989, Hatcher and Goldberg 1991). Compression from the
Alleghanian Orogeny is thought to overprint most compressional signatures
of the Acadian Orogeny in the northeastern U.S. (Osberg and others 1989,
Rast 1989). The last major tectonic event in the region was the formation of
numerous rift basins and basalt intrusions in eastern Massachusetts as a
result of the opening of the Atlantic Ocean (—200 Ma; Skehan 2001).

The Boston Harbor area has been sculpted by multiple glaciations during the
Quaternary Period, the last 1.8 million years. The most recent Ice Age
reached its maximum extent south of Cape Cod about 21,000 years ago.
Glaciers retreated northward across the study area as the climate warmed,
passing the present coast about 14,500 years ago (Kaye and Barghoorn,
1964). Most of the islands in the inner harbor are drumlins, oblong hills of
glacial till that formed beneath the ice sheets. Numerous other drumlins,
eskers, kettle lakes and moraines are found around the Boston area
(Newman and others 1990) and in submerged areas of Massachusetts Bay
(Oldale and others, 1994). The retreating glaciers left behind two drifts of
glacial sediment in Massachusetts Bay, the older described as a compacted
till of cobbles and boulders, and the younger consists of till, outwash sand,
gravel, and glacial-marine mud (Knebel and Circe 1995). The glacial-marine
sediment was deposited contemporaneously with ice retreat, blanketing wide
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areas of the coast and inner shelf in northeastern Massachusetts. Known as
the "Boston Blue Clay" (Kaye and Barghoorn, 1964), this glacial-marine
sediment unconformably overlies older glacial deposits and bedrock. It
typically consists of well stratified sand and mud with scattered dropstones
of ice-rafted material, and comprises much of the harbor bottom (Knebel
and others, 1992).

Relative sea-level change has influenced the geologic evolution of Boston
Harbor. As the glaciers retreated northward, the sea migrated in contact
with the ice margin and inundated the harbor area. Relative sea level rose
to about 12 m above present sea level in this initial transgression, and then
fell to a depth of at least -22 m (Kaye and Barghoorn, 1964) due to isostatic
rebound of the coast. Studies by Oldale and others (1993), suggest that sea
level fell as far as -50 m, exposing the harbor bottom and inner continental
shelf. As glacial-isostatic rebound decreased, sea level rose at varying rates,
causing a second transgression of the coast that continues today. These
shoreline migrations have allowed marine processes to rework wide areas of
the harbor and adjacent Massachusetts Bay. Erosion of drumlins and other
glacial deposits have provided sand for construction of beaches, spits, and
tombolos and left behind lags of coarse sediment on the sea floor including
cobbles and boulders.

Knebel and others (1991) identified four distinct backscatter patterns within
Boston Harbor, based on isolated sidescan-sonar surveys. These data were
used to show the distribution of sedimentary environments within Boston
Harbor and the approaches. These maps encompassed an area of 140 km?
in the Outer Harbor and the harbor approaches; extending to the eastern-
most harbor island. Additional data including bathymetric data, sediment
samples, cores, bottom photographs and seismic reflection data, were used
to define the sedimentary environments and to extrapolate the surficial
distributions where sidescan-sonar data were unavailable.

Back to top

Seafloor Character of Boston Harbor and Approaches

Boston Harbor is an urban estuary located at the western-most extent of
Massachusetts Bay (Knebel and others, 1991) and is home to one of the
oldest and most active maritime ports along the U.S. Atlantic Coast (fig.
1.1). This study encompasses Boston Inner Harbor, Boston Outer Harbor,
the northern approaches to Boston Harbor (Broad Sound; north of the
Harbor Islands to Nahant), and the southern approaches to Boston Harbor
(outer Harbor Islands and nearshore east of Nantasket Beach) (fig. 4.1).
The seaward limit of Boston Harbor is defined by a line between Deer Island
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and Point Allerton on the Hull peninsula; “the approaches” extend 6 km
eastward into Massachusetts Bay (Knebel and others, 1991). Castle Island
and the southern end of Logan Airport separate the Inner and Outer Harbor.
The Inner Harbor contains the main shipping channel and the Port of Boston,
as well as the mouths of the Charles and Mystic Rivers. The Outer Harbor
consists of Hingham, Quincy and Dorchester Bays and most of the 34 islands
maintained by the Boston Harbor Islands Partnership, a cooperative of
federal, state, local and private organizations lead by the National Parks
Service (BHI 2002). Marine traffic passes in and out of Boston Harbor
through two primary shipping lanes: (1) President Roads, lying south of
Deer Island, connects the North and South Channels to Boston Inner Harbor
and Dorchester Bay, and (2) Nantasket Roads, lying south of George’s
Island, services Quincy and Hingham Bays (fig. 4.1).

Features

The bathymetry and sidescan-sonar data show natural features and sea floor
modification from anthropogenic activities. Dredging and other
anthropogenic activities are generally focused in the shipping channels.
Evidence of dredging is visible within the imagery as straight-sided channels,
unnatural-appearing roughness and/or linear features on the sea floor that
are typically oriented parallel to the channel. Disposal of dredged material
are clearly displayed within the multibeam echosounder data as rounded
mounds; often occurring in a straight line, some have a central high and a
surrounding moat thought to be created as the material was deposited on
the sea floor. The mounds sometimes are identified in the sidescan-sonar
by high backscatter intensity, but are not always resolved. Other
anthropogenic features on the sea floor include wrecks of small boats and
barges, pipelines, and piles of debris. Almost all of the Inner Harbor from
Castle Island to Long Wharf was mapped by multibeam echosounder. In the
Outer Harbor and the Harbor Approaches, the 2-m resolution multibeam
echosounder data are displayed with the 30-m resolution single-beam
echosounder data; interpretation of features and their spatial extent is
limited by these mixed observations.

The seafloor landscape varies from gently sloping sub-tidal flats to areas of
rugged elevation exhibiting as much as 7 m of local relief (sheet 1, fig. 3.6).
The acoustic backscatter intensity (sheet 3, fig. 3.7) illustrates the general
distribution of surficial sediment. The approaches to Boston Harbor and the
dredged navigation channels around the Harbor Islands are generally
characterized by high backscatter, bedrock, boulder, cobbles, or dense shell
beds. The Inner and Outer Harbor are primarily composed of fine-grained
sediments, such as fine sand or mud, and correlate to low backscatter within
the sidescan-sonar imagery (fig. 4.3).
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Sea-floor topography and surficial character in the study area vary at scales
of several meters and less. For example, high relief bedrock and bouldery
glacial deposits (till) are commonly exposed on the sea floor in close
proximity to flat-lying deposits of finer sediment (sand, mud). Rocky areas
sometimes contain isolated accumulations of shelly sediment that are
ponded in small cracks and other low-lying areas between rock outcrops.

Boston Inner Harbor

The bathymetry and surficial character of the sea floor within the Inner
Harbor reflect a long history of dredging in the study area (for example, see
the circular features near 42° 20" 51", 71° 0' 40.8" W and the trapezoidal
area centered near 42° 20' 40.2", 71° 0' 45" W, sheet 1, fig. 4.4). The
north side of the main navigation channel south of Logan Airport is dredged
to a depth of 35’ (about 10.7 m) and the south side to a depth of 40’ (about
12 m) (NOS Chart 13272). The Ted Williams Tunnel runs under the
navigation channel between South Boston and Logan Airport (fig. 4.5). On
the sea floor, the tunnel is marked by a depression about 50 m wide that is
a few m deeper than the navigation channel; on the northern side of the
channel, the tunnel depression has a central high and channels about 2-4 m
deeper along the western and eastern edges. The multibeam echosounder
data do not extend over the Callahan or Sumner Tunnel. The sea floor of
the Reserved Channel and a trapezoidal area across the main channel to the
east of the Reserved Channel (centered near 42° 20' 40.2" N, 71° 0" 45" W,
dredged to 40’) have a rough appearance, in contrast to the relatively
smooth main channel (fig. 4.4). A linear feature about 5 m wide and less
than 1 m deep runs east-west across the main channel near 42° 20" 33" N,
71° 0" 30" W; this feature is in a cable area (NOS Chart 13272) (fig. 4.4).
Throughout the inner harbor the sea floor is marked by numerous linear
features, presumably scours from wire and anchor drags (fig. 4.4). There
are also some depressions (for example near 42° 21' 34.8' N, 71° 2' 25.8"
W), typically less than 20 m in spatial extent and a few m deep, thought to
be caused by dredging.

Low backscatter intensity material covers most of the Inner Harbor,
representing fine-grained sediments (sheets 3, 4 and 5, fig. 4.3). Moderate
backscatter intensity occurs in the shipping channel east of Castle Island and
in the northern part of the Inner Harbor east of Boston. The cover of the
Ted Williams tunnel is moderate backscatter. The finest sediments sampled
in this survey, at the mouth of the Mystic River, contained over 40% clay.
Photographs (stations 104, 103, 105, 106; fig. 4.6) show a soft, muddy sea
floor.

Boston Outer Harbor
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The Outer Harbor contains the Harbor Islands and major shipping channels
that provide access to the Port of Boston and the communities of Quincy,
Weymouth, and Hingham. The northern part of the Outer Harbor contains
the sub-tidal Governors Island Flats and Deer Island Flats (east of Logan
Airport), bounded to the south by President Roads and the President Roads
Anchorage. The sediments on the flats are characterized by low backscatter
intensity. A series of irregularly-shaped dredged areas with linear edges are
located south and east of Logan Airport and continue to the north into
Winthrop Bay (sheet 1, fig. 3.6). The area centered near 42° 20" 45.6" N,
70° 59" 57.6" W is 4-6 m deep with an irregular sea floor; the area centered
near 42° 21' 10.8" N, 70° 59" 3.6" is about 6 m deep with a nearly flat sea
floor. The deepest water in Boston Harbor, about 28 m deep, occurs in a
depression about 2 km long and 200 m wide located south of Deer Island
(sheet 1, fig. 4.7). Along the northern side of this depression, the sea floor
is shaped in a series of sand waves about 10 m in wavelength and less than
a meter high (fig. 4.8). These sand waves coalesce into a single high and
disappear at about 14-15 m water depth. Three additional depressions, with
water depths in excess of 20 m, trend east-northeast from the low south of
Deer Island along the axis of the south Channel. Backscatter intensity
changes from low in the inner harbor to high over a distance of about 1 km
near 42° 20' 0" N, 70° 58" 48" W (south of the western end of the
anchorage) where the water begins to deepen at about 15 m depth (sheet 3,
fig. 3.4). Backscatter intensity of the sea floor remains high from this point
eastward in the north and south channels and into the Approaches.
Photographs of the sea floor along the navigation channel show a transition
from a muddy sea floor in the Inner Harbor to a gravel pavement in the
outer Harbor (stations 101, 70, 53, 54, 44, fig. 4.9, Appendix 3).

In the southern part of the Outer Harbor, bathymetric and sidescan-sonar
mapping were primarily conducted in water depths greater than 6 meters
and focused in Nantasket Roads and the smaller navigation channels around
the Harbor Islands and those leading into Quincy and Hingham and Hull
Bays. The deepest water occurs in two naturally occurring lows, one in
Nantasket Roads north of Hull and centered near 42° 18' 48" N, 70° 55' 6"
W, 22 m deep, and one south of Hull and centered near 42° 17' 36" N, 70°
55' 6" W, 18 m deep (sheet 1, fig. 3.6). Individual dumps of material are
found in the topographic lows north of Hull (fig. 4.10a) and north of
Peddocks Island (fig. 4.10b). High backscatter intensity material is found in
Nantasket Roads, on the topographic high (Hospital Shoal) east of Rainsford
Island, in the channel between Rainsford and Long Island, to the west and
southwest of Peddocks Island, and in the low south of Hull (sheet 3, fig.
3.4). Bottom photographs in these areas (stations 62, 58, 65, 67, fig. 4.11)
show a gravel pavement on the sea floor. The areas south of Long Island, in
the entrance to Quincy Bay (station 63) and southeast of Peddocks Island

U.S. Geological Survey Open-File Report 2006-1008 Page 23 of 82



(station 61) in the entrance to Hingham Bay, show low backscatter intensity
and bottom photographs show a muddy sea floor (fig. 4.12). On the
margins of the navigation channels and where the surveys extend into the
sub-tidal flats of Hull, Hingham, Quincy Bays, the sea floor is covered with
fine muddy sediment with low backscatter intensity.

Approaches to Boston Harbor

The Approaches to Boston Harbor are characterized by areas with rough
topography (sheet 1 and 2), elevated sea floor and high backscatter
intensity (sheet 3 and 4) and areas of smooth topography and low
backscatter intensity. The high-backscatter intensity areas are typically
covered by outcropping rock, boulders, cobbles and gravel; the low
backscatter intensity areas are typically covered by sandy sediments (sheets

1, 3, 5, fig. 4.3).

The sea floor in President Roads and in the North and South channels is
characterized by high backscatter (sheet 3, fig. 4.3). Bottom photographs
and video at stations 44, 53, 54 (sheet 5, fig. 4.9, Appendix 3) show
primarily cobbles that were too coarse for retrieval; no sediment samples
were collected in these areas. At station 50 in the South Channel the sea
floor was a dense bed of mussel shells (fig. 4.13). Rippled sands are found
within a low backscatter region at station 45, southeast of Deer Island and
north of the navigation channel (fig. 4.13).

In Broad Sound there are features elevated 4-5 m from the surrounding sea
floor and characterized by rough topography and high backscatter (e.g.
centered near 42° 23' 6" N, 70° 55' 18" W and near 42° 24' 30" N, 70° 55'
6" W, fig. 4.14a, 4.14b). The north or northeast facing side of these
features rises abruptly about 3 m above the surrounding sea floor.
Photographs show these features to be covered by gravel, cobbles and
boulders (stations 73, 84, fig. 4.15). These features are most likely
drumlins that were eroded and reworked during the last rise in sea level,
leaving behind the coarse sediments. The low backscatter sea floor between
these elevated areas is sand (fig. 4.3, fig. 4.15)

A series of high backscatter outcropping ledges lie east of the Brewster
Islands, for example near 42° 20' 6" N, 70° 52' 36" W (fig. 4.16a, 4.16b).
These ledges are bounded to the north by the Graves and to the south by
Nantasket Roads and cover approximately 15 km?. The ledges trend east-
northeast — west-southwest and have 4-7 m of local relief.

East of Nantasket there are two areas characterized by variable topography
(up to 4 m of local relief) and high backscatter intensity (fig. 4.17a, 4.17b).
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Based on bottom photographs and video, the local highs show with algae-
covered rock outcrops and boulder- to cobble-sized sediment (fig. 4.18).
These outcrop areas are separated by an approximately 700-m wide band
characterized by uniformly low backscatter; sediment samples and bottom
photographs obtained show the area is composed of well-sorted fine sand

(fig. 4.18).

Numerous individual high backscatter targets in the Approaches, 4-6 m in
length on a side and less than a meter high, are interpreted to be individual
boulders and are observed in nearly all of the areas outside the harbor with
rough sea floor topography (fig. 4.19). Although the multibeam
echosounder data resolves individual boulders in the Harbor Approaches, the
boulders are not observed in the sandy sediments immediately adjacent to
these areas. The boulders are likely associate with glacial deposits. Similar
targets are observed less frequently within the Harbor, however, additional
sampling is needed in order to assess similarities with targets within the
Harbor Approaches.

Several sunken barges and disposal mounds are observed in the area west
of Great Brewster and Calf Islands (fig. 4.20).

Back to top

Sea-floor units

Six sea-floor units defined by bottom slope, backscatter intensity, surficial
sediment texture and anthropogenic activity were found within the study
area (sheet 5, fig. 4.21): High-relief bedrock and boulder, Medium-relief
boulder and cobble, Low-relief gravel and sand, Low-relief sand, Low-relief
sand, and Anthropogenic modification areas. These zones were delineated
qualitatively at a scale of 1:30,000 in areas where both new sidescan sonar
and bathymetric data are available (about 155 km?). Bottom slope was
calculated from the 30-m gridded bathymetry as the average slope between
the central pixel and the surrounding 8 pixels. Areas smaller than about 200
meters were not delineated.

High-relief bedrock and boulder areas are characterized by local slopes
of 4 to 30 degrees and high backscatter intensity. Bottom photographs and
video in these areas show the sea floor covered by cobbles, boulders or
outcropping bedrock; no sediment samples could be obtained in these rocky
areas. Most of the high-relief bedrock and boulder area occur between the
outermost Harbor Islands and the rocky ledges further offshore to the east.
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Medium-relief boulder and cobble areas are characterized by local slopes
of 1 to 4 degrees and high backscatter intensity. Bottom photos and video
in these areas show the sea floor covered by gravel, cobbles and boulders.
Most of the medium-relief boulder and cobble area occurs in the harbor
approaches.

Low-relief gravel and sand areas are characterized by a local slope of less
than 1 degree and either high or mottled (patches of high/low) backscatter
intensity and sandy sediments (e.g. stations 14, 15 and 92; see sheet 5).
Bottom photographs and video obtained in areas near these sandy samples
show gravel and cobble-sized sediment on a sandy or muddy substrate.

Low-relief sand areas are characterized by local slope of less than 1
degree, predominately low backscatter intensity and uniform sandy
sediments, confirmed by the sampling survey. Low-relief, low-backscatter
sandy environments lie primarily within the approaches to Boston Harbor.

Low-relief mud areas are characterized by local slope of less than 1
degree, predominately low backscatter intensity, and fine-grained muddy
sediments, confirmed by the sampling survey. Low-relief muddy
environments lie within Boston Harbor.

Anthropogenic modification areas have been altered by human activity.
The most easily identified man-made artifacts are dredged channels and
anchorage areas. The sea floor of Boston Harbor has been influenced by
other activities, including the disposal of dredge spoils, placement of artificial
reefs, construction of piers, laying of pipelines, and submerged wrecks.
Areas of Anthropogenic Modification comprise all five sea-floor environments
described above, however, the overprint of man-made artifacts dominates
the other natural characteristics.

Back to top

Using NOAA Hydrographic Data for Geologic Mapping

NOAA carries out hydrographic surveys in navigable waters in selected areas
throughout the country; using these data for geologic characterization is an
opportunity to map the geology of new areas with modest additional field
work. The experience of this project in obtaining, reprocessing, archiving,
and interpreting the hydrographic data from Boston Harbor and Approaches
provides some guidance for future efforts to utilize NOAA hydrographic data
for geologic mapping.

Multibeam and single-beam echosounder bathymetry
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The multibeam echosounder bathymetry were provided by NOAA as depth
and location points and used without reprocessing. The data were easily
incorporated into the GIS and were extremely useful in interpreting the sea
floor geology. The data were gridded at 2 m resolution, a large
improvement over previously available bathymetry at 30 m resolution
(NOAA. 1998). In addition, the data were collected at one time, rather than
an average of data collected over many years. The major limitation of these
data is that they were collected only in the navigation channels and over
potential hazards to navigation, and thus did not provide continuous
coverage over the entire area. Combining the widely-spaced single-beam
bathymetry with the high-resolution multibeam echosounder bathymetry
was difficult. It was important to identify the spatial resolution of the data
to facilitate interpretation of data collected at an uneven resolution (2 m for
multibeam echosounder and 30 m for the combined single-beam/multibeam
echosounder data).

Sidescan-sonar

This project reprocessed the NOAA sidescan-sonar data set that contained
more than 230 Gbytes of data organized in over 1800 separate files. The
data were filed by survey, vessel, system and survey day and often two or
three of the NOAA vessels acquired data concurrently. The directory
structure was extensive and file names had to be checked for duplicates.
Use of the CARIS data base facilitated the data management.

The sidescan-sonar data was collected to identify potential navigation
hazards; identified targets were further investigated using the multibeam
echosounder, or by divers. The gain of the sidescan system was adjusted in
the field to provide the best target identification in the operating area,
yielding data collected with different systems operating at different gains.
The individual mosaics for each system and vessel configuration (see table
3.2 in Data Collection and Processing) were merged with relative ease as the
range of backscatter intensities had little local variation within each survey
area. Each individual survey (e.g. H10990, H10991, etc.) was made
internally consistent and then normalized to create the complete mosaic for
the entire project area.

After reprocessing, the sidescan-sonar mosaic produced in the field was
qualitatively similar to the reprocessed data when viewed at a scale of
1:25,000 (fig. 22). The major improvement in the reprocessed mosaic is a
more consistent intensity as a result of tone-matching. However, some
tonal artifacts remain in the final gray-scale backscatter mosaic (map sheet
3) that are visible in the colored backscatter intensity mosaic (map sheet
4). Other artifacts of data collection and environmental conditions also
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appear in the imagery that could not be rectified by reprocessing. The
sidescan-sonar is useful as it is the data set with continuous high-resolution
coverage over the entire survey area.
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Appendix 1 - Geographic Information System
Al.1. Data Access
The spatial data on this DVD are delivered as:

e individual vector and raster datasets.
e part of a pre-assembled ArcMap or ArcReader project.

All spatial data can be accessed individually using the table below (link) or
by viewing the GIS directory (link) using Windows Explorer or ArcCatalog.
Note, all raster data including ESRI grids (bathymetry), ESRI georefferenced
tiffs (backscatter), and hyperlinked images (bottom photos and sediment
grab photos) are in their native form. Refer to section Al.3 below for more
details on where they are located on the DVD.

Projection:
All data are in Universal Transverse Mercator (UTM) Meters, Zone 19,
WGS84 Datum.

Viewing the data:
The complete data sets from this project can be accessed in four different
ways depending on the software availability.

e If you have ArcGIS 9.0 or higher - view and manipulate all data

« If you do not have any GIS software - view all data (free software,
ArcReader download required, see below for details)

e If you have ArcView 3.x - view all data (bathymetry, sidescan sonar
mosaic, shapefiles of the bottom photograph and sediment sample
locations. Note: Users will need to have Spatial Analyst to view any
data in ESRI Grid format).

« Web pages - view some data (bottom photos, surface sample photos,
and maps of bathymetry and sidescan sonar mosaic) as images
throughout this report.

If you have ArcGIS 9.0 or higher:

Copy the following folder gis/OFR_2006_1008 to your computer and open
the ArcMap document ofr2006_1008.mxd. This will open up an ArcMap
document with most of the data layers loaded in the table of contents. The
ArcMap project is saved with relative links so there is no need to change any
drive letters or pathways as long as you keep all the folders under the
parent directory (OFR_2006_1008) the same. You can also view the ArcGIS
project directly from the DVD in read only mode by opening up
pathway/USGS_ 1008.mxd. Requirements: you will need approximately 3
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gigabytes of free space on your computer if you copy the data to your local
drive.

If you do not have any GIS software:

You can still view all the data via ArcReader, a free mapping application
distributed by ESRI Inc. You will need to download ArcReader and install it
on your computer. Go to the ESRI website at
http://www.esri.com/software/arcqgis/arcreader/download.html and follow
the directions for downloading and installing the free software. Once
ArcReader is installed on your computer, you can either view the ArcReader
project directly from the DVD by opening up

[Your DVD_drive]/qgis/OFR_2006_1008/0fr2006_1008.pmf or copy the
parent folder gis/OFR_2006_1008 to your local computer as described in the
section above.

If you have ArcView 3.x:

If you ArcView 3.x and the spatial analyst extension you can access the
shapefiles, grids and image layers (in ESRI grid or tif format) for this
project. A description of the rasters and their location on the DVD are
provided below in section A1.2. You can also download the locations of
sediment samples and bottom photographs in Excel spreadsheet format.
These can be added to ArcView as and event theme.

Web Pages:

The JPG images of the bottom photographs and seismic reflection profiles
can be accessed and viewed directly from the DVD or via the Web page.
They are located in the following folder:

[Your DVD_drive]/gis/OFR_2006_1008/images/hotlinked_photos/.

Al.2 Data stored outside the Personal Geodatabase.

This section describes the location of the raster data stored outside the
personal geodatabase.

OFR_2006_1008 folder

This folder contains...

Grids-

1. bh_2mbath - bathymetry (multibeam eschosounder data only)
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2. bh_2mhs - shaded relief bathymetry (multibeam eschosounder data
only)

3. bh_30mbath - bathymetry grid (combined multibeam and vertical-
beam eschosounder data)

4. bh_30mhs - shaded relief bathymetry grid (combined multibeam and
vertical-beam eschosounder data)

Images

backscatter

1. bh_1mBS.tif - sidescan-sonar mosaic (1 meter/pixel resolution)
2. bh_5mBS.tif - sidescan-sonar mosaic (5 meter/pixel resolution)

hotlinked _images-

This folder contains jpeg images of bottom photographs and sediment
samples that are hotlinked to the bottomphotos and sedsamp shapefiles.

If you have ArcGIS 9.0 or higher: Use the hotlink feature. The locations of
bottom photos and sediment samples are already linked in the ArcMap
document OFR_2006_1008.mxd

1. Open up OFR_2006_1008.mxd

2. Select the Bottom Photos or Sediment Samples in the table of contents

3. Select the lightning bolt tool - Images beginning with "22...." are
bottom photographs. Images beginning with "BH" are the sediment
sampes images named by station number. The ArcMap project file
document below is already set up with hotlinks.

If you do not have ArcGIS 9.0 or higher:

Use table A3_1 (Excel format) to create an event theme in ArcView 3.x and
edit the image pathway to set up hotlinks for the photographs. Table
A3_1(Excel format) has a list of all bottom photographs grouped by station.
The photographs are named sequentially, starting with "22356145.jpg"
through "22626197.jpg".

Layers-
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This folder contains are ArcGIS layer files that store user-defined symbology,
labeling, and other display parameters by pointing to the original feature
class, grid or tif.

BathymetryGrids.lyr - Depth-colored hillshade bathymetry of both the
multibeam echosounder and combined bathymetric datasets.

Bottom Type.lyr - Generalized bottom type derived from slope, backscatter
and the ground-validation datasets.

Ground Validation.lyr - Locations of bottom photographs, sediment samples
and video transects.

Project Files:

ofr2006_1008.mxd - ArcMap document with all data layers loaded in the
table of contents and symbolized as in the report figures. The ArcMap
document is saved with relative links so that the hotlink tool will work for the
bottom photographs and sediment samples.

ofr2006_1008.pmf - ArcReader file that will enable users without ArcGIS 9.0
to view all the spatial data in the project with a free data viewer (download
free ArcReader here).

Table Al. Data Catalog.

file . i i
L. i . file : file size
description file name view format file (zipped)
(metadata PP

ESRI mbbath.zip

Bathymetry | bh_2mmbbat
%2 | Grid 32 58 VB

(Multibeam | h a2,

2m/pixel = | bit fp

Bathymetric | bh_2mmbhs =% |ESRI mbbath.zip

Hlllsh_ade \_ji%f G_rld 16 58 MB
(Multibeam 5 | bit

2m/pixel) integer
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Bathymetry

(Combined
30m/pixel

Bathymetric
Hillshade
(Combined
30m/pixel

Sidescan
Mosaic
a

meter/pixel)

Sidescan
Mosaic
[

meters/pixel

)

Bottom
Types

Bathymetry
Bounds

(Multibeam)

Bathymetry
Bounds

(Combined)

Survey Lines

(Sidescan
Sonar)

bh_30mbath

bh_30mhs

bh_1mbs

bh_5mbs

bottomtype

multibeambat
hybnds

compbathybn
ds

surveylines_s
Ss

ESRI
Grid 32
bit fp

ESRI
Grid 16
bit
integer
TIFF 8
bit
integer

TIFF 8
bit
integer

ESRI
Shapefi
le
(polygo
n)

ESRI

Shapefi
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le

ESRI
Shapefi
le
(lines)

cbath.zip

cbath.zip

bh 1mbs.zip

bh 5mbs.zip

bottomtype
zZip

mbbathybnd

S ZIp

compbathyb
nds.zip

surveylines
SSS.zip

< 1MB

<1 MB

128 MB

5 MB

< 1MB

< 1MB

< 1MB

< 1MB
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Survey Lines | surveylines_vi ESRI surveylines

(Video & d - | Shapefi |vid.zip
_ < 1MB
Bottom le
Photos) (lines)
Bottom bottomphotos <. | ESRI bottomphot
Photos e el Shapefi | 0s.zip
(Shapefile) e < 1MB
(points
)
Sediment sedgrabs ~ ... |ESRI sedgrabs.zip
Samples e | Shapefi
(Shapefile) s e < 1MB
' (points
)
Bottom bottomjpgs.zi bottomjpgs.
Photos*** p zip
(Hotlinkable 215 MB
JPEG)
Sediment grabjpgs.zip ipeg drabjpgs.zip
Samples
(Hotlinkable 3.5 VB
JPEG)

Click here to download zip file of entire data directory*>**
ofr_2006_1008.zip (file size 410 MB).

***Note: The data directory and zipped file of Bottom Photo JPEGs on the
online version of this report contain full-sized but reduced resolution version
of the seabed photographs. The highest resolution JPEG photographs can be
accessed through the Photo Gallery (online in Appendix 3) or on DVD version
of this report.
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Appendix 2 - Sediment Texture

Sediment texture analyses for all samples obtained in this study are
presented in a summary table (below) and in an Excel spreadsheet (table
A2.1, Excel format) The location of these samples and the texture data is
also available in the Geographic Information System (see Appendix 1) where
they can be viewed with other geologic data. See Figure 3.7 for the location
of sediment samples superimposed on a map of backscatter intensity.
Photographs of the sea floor obtained at these stations and at sites where
grab samples could not be obtained are available in Appendix 3.

See Poppe and others (2000) for a description of the procedures for
sediment texture analysis. Hastings and others (2000) provide a data
dictionary describing the column headings in the Excel spreadsheet.

Table A2.1. Summary textural classification of bottom sediment samples
from Boston Harbor and Approaches, Massachusetts. Click on the Photo
name to view the sediment sample in the SEABOSS sampler following
recovery and a summary of the sediment texture. The complete sediment
texture analysis is in table A2.1 (Excel format).

Station Depth (m) | Shepard (1974) Classification Photo
1 7.1 SAND BHOO1.jpg
3 14.9 SAND BHO003.jpg
4 10.6 SAND BHO004.jpg
5 13.3 SAND BHO005.jpg
6 16.0 SAND BHO06.jpg
14 22.7 SAND BHO14.jpg
15 27.9 SAND BHO15.jpg
18 13.6 SAND BHO018.jpg
19 21.7 SILTY SAND BHO019.jpg
20 22.6 SAND BH020.jpg
25 23.1 SANDY SILT BHO25.jpg
27 19.9 SANDY SILT BHO27.jpg
29 29.8 SILTY SAND BHO29.jpg
30 29.0 SILTY SAND BHO030.jpg
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33
36
39
41
45
48
52
55
56
58
60
61
62
63
64
65
66
68
69
70
71
72
74
76
77
78
79
85

24.8
17.6
13.8
6.9
8.9
9.7
12.5
7.9
6.9
12.8
6.6
7.0
16.7
5.7
6.6
8.5
6.5
5.3
5.0
12.8
7.1
17.8
13.9
13.2
19.3
24.2
27.0
25.9

SAND
SAND
SAND SILT CLAY
SAND
SAND
SAND
SAND SILT CLAY
SAND SILT CLAY
GRAVELLY SEDIMENT
GRAVEL
SANDY SILT
SAND SILT CLAY
GRAVELLY SEDIMENT
CLAYEY SILT
SILTY SAND
GRAVEL
SAND SILT CLAY
GRAVELLY SEDIMENT
SILTY SAND
GRAVELLY SEDIMENT
SAND SILT CLAY
SAND
SAND
SILTY SAND
SILTY SAND
SANDY SILT
CLAYEY SILT
SILTY SAND
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BHO33.jpg
BHO36.jpg
BHO39.jpg
BHO41.jpg
BHO45.jpg
BHO48.jpg
BHO52.jpg
BHO55.jpg
BHO56.jpg
BHO58.jpg
BHOG60.jpg
BHO61.jpg
BHO62.jpg
BHO63.jpg
BHO64.jpg
BHO65.jpg
BHO66.jpg
BHO68.jpg
BHO69.jpg
BHO70.jpg
BHO71.jpg
BHO72.jpg
BHO74.jpg
BHO76.jpg
BHO77.jpg
BHO78.jpg
BHO79.jpg
BHO85.jpg
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87 9.5 SAND BHO087.jpg
88 27.1 SAND BHO88.jpg
90 9.8 SAND BH090.jpg
91 8.2 SAND BHO091.jpg
92 23.6 SAND BHO092.jpg
93 15.4 SAND BHO093.jpg
94 14.2 SAND BHO094.jpg
95 2.9 SILTY SAND BHO095.jpg
96 5.8 SAND SILT CLAY BHO096.jpg
97 5.4 CLAYEY SAND BHO97.jpg
o8 4.8 SAND SILT CLAY BH098.jpg
99 7.1 CLAYEY SILT BHO099.jpg
100 4.2 SAND SILT CLAY BH100.jpa
101 10.2 SAND SILT CLAY BH101.jpg
103 13.0 SILTY CLAY BH103.jpg
104 13.1 SILTY SAND BH104.jpg
105 12.9 SILTY CLAY BH105.jpg
106 5.1 SILTY SAND BH106.jpg
110 6.2 SAND SILT CLAY BH110.jpg
111 13.0 CLAYEY SILT BH111.jpg
112 5.7 CLAYEY SILT BH112.jpg
113 6.7 CLAYEY SILT BH113.jpg
Station D(erE;h Lat Long Gr;\)/ el Sand % Silt % Clay % Sgleai)sirigcg—t?gr?)
1 7.1 | 42.27 -70.84 0 98.65 | 0.89 | 0.45 SAND
3 14.9 | 42.28 |-70.83| O 84.17 | 12.94 | 2.89 SAND
4 10.6 | 42.29 |-70.86| O 97.28 | 1.96 | 0.77 SAND
5 13.3 | 42.3 |-70.85| O 96.15 | 2.3 | 1.56 SAND
6 16.0 | 42.3 |-70.83 O 94.99 | 3.29 | 1.72 SAND
14 22.7 | 42.34 |-70.84| 2.52 | 91.88 | 4.03 | 1.57 SAND
15 27.9 | 42.34 |-70.83| 0.06 | 84.43 | 11.64 | 3.86 SAND
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18 13.6 | 42.32 | -70.87 | 3.93 | 81.24 | 8.66 6.17 SAND
19 21.7 | 42.34 | -70.86 0] 67.28 @ 24.9 7.82 SILTY SAND
20 22.6 | 42.35 -70.86| 1.44 H 83.39 9.17 5.99 SAND
25 23.1 | 42.33 | -70.85 0 32.39 | 54.64 | 12.97 SANDY SILT
27 19.9 | 42.31 | -70.83 0 41.77 | 48.63 | 9.59 SANDY SILT
29 29.8 | 42.37 -70.84| 0.03 1 49.87 | 37.38  12.72 SILTY SAND
30 29.0 1 42.36 -70.85| 0.5 58.76 | 32.91 | 7.83 SILTY SAND
33 24.8 | 42.36 -70.86| 1.37 75.83 | 19.12 3.68 SAND
36 17.6 | 42.37 | -70.91 0 87.24 | 9.31 3.45 SAND
39 13.8 | 42.34 -70.91 0 31.09 | 43.19 | 25.72 SAND SILT CLAY
41 6.9 42.35 -70.92| 0.29 | 98.89 | 0.43 0.39 SAND
45 8.9 42.34 |-70.95 0 96.29 1.71 2 SAND
48 9.7 42.36 | -70.94 0 97.89 1.32 0.79 SAND
52 12.5 | 42.34 | -70.96 0] 44.73 | 27.56 | 27.71 SAND SILT CLAY
55 7.9 42.32 | -70.94 0.1 40.74 | 32.67 | 26.49 SAND SILT CLAY
56 6.9 42.32 |-70.96 10.19 | 74.17 | 10.32 5.32 GRAVELLY SEDIMENT
58 12.8 42.3 | -70.94 | 55.87 | 39.49 3.1 1.54 GRAVEL
60 6.6 42.3 |-70.91 0 31.96 | 50.71 | 17.33 SANDY SILT
61 7.0 42.29 |-70.92 0 31.33 | 42.57 26.1 SAND SILT CLAY
62 16.7 | 42.31 | -70.92 | 23.23 | 66.33 | 5.46 4.97 GRAVELLY SEDIMENT
63 5.7 42.3 | -70.97 0 15.25 | 49.67 | 35.08 CLAYEY SILT
64 6.6 42.32 |-70.94 0 66.41  19.98 | 13.61 SILTY SAND
65 8.5 42.29 |-70.96 | 67.41 H 39.72 0 0 GRAVEL
66 6.5 42.3 | -70.94 0 28.71 @ 33.6 | 37.69 SAND SILT CLAY
68 5.3 42.3 | -70.98 | 19.39 16.2 32.02 32.4 GRAVELLY SEDIMENT
69 5.0 42.27 -70.93| 0.04 69.8 | 19.35  10.81 SILTY SAND
70 12.8 | 42.33 -70.99 10.4 | 45.13 H 18.52 | 25.95 GRAVELLY SEDIMENT
71 7.1 42.33 -71 0 42.01 | 36.15 | 21.84 SAND SILT CLAY
72 17.8 | 42.38 | -70.91 | 0.03 | 83.17 | 13.83 2.97 SAND
74 13.9 | 42.38 -70.93 0 90.41 @ 8.36 1.22 SAND
76 13.2 | 42.38 -70.95 0 68.1 | 30.48 1.42 SILTY SAND
77 19.3 | 42.39 | -70.92 0 54.89 | 33.5 11.61 SILTY SAND
78 24.2 42 .4 -70.9 0] 37.92 | 56.76 | 5.32 SANDY SILT
79 27.0 42.4 | -70.89 0 13.22 | 64.19 | 22.59 CLAYEY SILT
85 25.9 | 42.41 | -70.9 0 56.31 | 37.24 | 6.45 SILTY SAND
87 9.5 42.41 |-70.95 0.26 89.9 9.06 0.77 SAND
88 27.1 | 42.42 -70.89| 0.59 75.2 19.7 4.51 SAND
90 9.8 42.43 | -70.91 0 95.21 @ 2.16 2.63 SAND
91 8.2 42.4 | -70.95| 0.03 92.75 | 4.31 2.91 SAND
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92 23.6 | 42.38 -70.88| 0.35 75.9 10.16 | 13.59 SAND
93 15.4 42.4 | -70.93| 0.25 | 85.11 | 11.51 3.13 SAND
94 14.2 | 42.38 | -70.93 0 87.73 | 9.69 2.58 SAND
95 2.9 42.35 |-70.97 0 66.49  22.82 | 10.68 SILTY SAND
96 5.8 42.35 |-70.98 0 25.61  49.58 | 24.81 SAND SILT CLAY
97 54 42.34 |-70.99| 1.59 H 58.92 | 18.63 | 20.86 CLAYEY SAND
98 4.8 42.35 -71 0 33.24 | 36.85 | 29.91 SAND SILT CLAY
99 7.1 42.35 |-70.99 0 17.49 | 42.13 | 40.38 CLAYEY SILT
100 4.2 42.36 |-70.98 0 21 50.06 | 28.93 SAND SILT CLAY
101 10.2 | 42.34 | -71.01 0 21.91 49.13 | 28.95 SAND SILT CLAY
103 13.0 | 42.37 -71.04 0.11 15.21 | 38.47 | 46.21 SILTY CLAY
104 13.1 | 42.38 -71.05  2.24 | 64.92  21.63 | 11.22 SILTY SAND
105 12.9 | 42.36 -71.03 0.32 2.95 | 46.55  50.18 SILTY CLAY
106 51 42.32 |-71.01 6.32 56.78  18.92 | 17.98 SILTY SAND
110 6.2 42.33 |-70.97 1.07 | 50.79 § 25.28 | 22.86 SAND SILT CLAY
111 13.0 | 42.34 | -71.03 0 6.8 53.67 | 39.54 CLAYEY SILT
112 5.7 42.37 |-70.99 0.1 17.38 | 47.26 | 35.26 CLAYEY SILT
113 6.7 42.38 |-71.01 0 6.73 63.3 29.97 CLAYEY SILT
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Appendix 3 - Bottom Photographs

A total of 880 bottom photographs were obtained at 113 locations as part of
this study (see Ground Validation in Section 4 of this report). Typically 5-10
still photographs were obtained at each station with the SEABOSS system as
the ship drifted over the sea floor. The location of the stations are shown in
figure A3.1. The field of view of each image is approximately 50 cm wide
(SEABOSS 50 cm above the bottom).

The images may be viewed by browsing the thumbnails in the Photo
Gallery. Alternatively, the images may be accessed from disk using the
image names in table A3.1 (Excel format).

The location of these images and links to the photographs are also available
in the Geographic Information System (see Appendix 1) where they can be
viewed with other geologic data. Texture analysis of samples obtained at
these stations, where possible, are available in Appendix 2.

Photo Gallery:

Stations 1 - 20
Stations 21 - 40
Stations 41 - 60
Stations 61 - 80
Stations 81 - 100
Stations 101 - 113
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Figure 1.1. Map showing the location of the Boston Harbor and Approaches
area, offshore of Massachusetts. The geophysical data used in this report is
from four NOAA hydrographic surveys (H10990, H10991, H10992, and H0994)
carried out in 2000 and 2001 (outlined in red).
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Figure 1.2. Map showing the location of the NOAA hydrographic surveys
H10990, H10991, H10992, and H0994 that collected the bathymetry and
sidescan-sonar data used to map the sea floor of Boston Harbor and
Approaches.
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NOAA Ship Whiting — hitp:/'www.moc noaa_poviwh/

Figure 3.1. Photograph of the NOAA Ship Whiting. The Whiting, 163’ long and
equipped with two launches to carry out hydrographic surveys, was
decommissioned by NOAA in 2003.
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Figure 3.2. Photograph of the USGS research vessel Rafael. The Rafael is 25’
long and used by USGS to conduct geophysical surveys in coastal areas.
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Figure 3.3. TOP: Photograph of Mini SEABOSS and winch on the deck of the RV
Rafael. On the Rafael, the SEABOSS sits on a frame mounted outboard of the
vessel. The conducting cable that carries power and the video signal is stored
on the cable spool. BOTTOM: Components of Mini SEABOSS viewed from
below: A) forward video camera; B) downward video camera; C) video light; D)
digital still camera and housing; E) strobe light; F) parallel laser for scale; G,
laser for ranging; H) junction block; I) van Veen grab sampler; and J) multi-
conducting cable.
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Figure 3.4. Map showing mosaic of sidescan-sonar data of the survey area
Boston Harbor and Approaches, Massachusetts. Backscatter intensity, as
recorded with sidescan-sonar, is an acoustic measure of the hardness and
roughness of the seafloor. In general, higher values (light tones) represent
rock, gravel and coarse sand. Lower values (dark tones) generally represent
fine sand and muddy sediment. See map sheet 3 for data at a scale of
1:25,000.
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Figure 3.5. Shaded-relief bathymetric map, colored by water depth, of Boston
Harbor and Approaches, Massachusetts based on the multibeam sonar data
(gridded at 2 m). See map sheet 2 for date at a scale of 1:25,000.
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Figure 3.6. Shaded-relief bathymetric map, colored by water depth, of Boston
Harbor and Approaches, Massachusetts, based on the combined multibeam and
single-beam sonar bathymetric data (gridded at 30 m). See map sheet 1 for
data at a scale of 1:25,000.
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Figure 3.7. Map showing location of bottom samples on a map of acoustic

backscatter intensity from sidescan sonar. Each numbered circle indicates a
station where photographs, video, and/or samples were collected. See map
sheet 5 for figure at a scale of 1:60,000.

U.S. Geological Survey Open-File Report 2006-1008 Page 54 of 82



SEDIMENT LABORATORY

SAMPLES ARE SUBMITTED
WITH COMPLETED REQUEST GRAIN-SIZE

FOR AMALYSIS AND SAMPLE ANALYSIS

ID FORMS AND THE LAB

NUMBERS fRE ASSIGNED FLOW DIAGRAM

ABOUT 50 GRAMS OF WET
SAMPLE ARE PLACED IN A

PREWEIGHED BEAKER, | __ | DECALCIFY (10% HCL),
WEIGHED, OWEMN DRIED DECANT, REDRY, AND
{1 [JI.‘.I“C}I. AMD REWEIGHED REWEIGH
TO CORRECT FOR SALT T
Y Y
KEYBOARD ENTRY OF FIELD REMOVE ORGANICS
AND MAVIGATION IDENTIFERS (3% HED?}, DECANT,
INTO THE COMPUTER USING REDRY, AND REWEIGH
THE PROGRAM GSANY ;
Y

WET SIEVE THE SAMPLE[™

THROUGH A .062 MM
STORE FINE FRACTION| | o 230) SIEVE USING || OVEN DRY (100%C)

IM & MASON JAR | ™ COARSE FRACTION
(1 WEEK MAXIMUM) - AND WEIGH
T

MANUALLY DECALCIFY

RUN THE 200-MICRON
FRACTION AND REWEIGH
COULTER ANALYSES USING (FOR LARGE SHELLS)

THE CLTRMSZK PROGRAM .

¥ L
RUN THE 30-MICRON DRY SIEVE THE COARSE FRACTION
i COULTER AMALYSES USING THROUGH A 2.0-MM SIEVE
THE CLTRMS2K PROGRAM TO SEPARATE SAND ANMD GRAVEL

Y y v
RUN PIPET ANALYSES TO| | [BETERMINE THE SAND (0 TO DRY SIEVE THE
DETERMINE THE FINE 4 PHI) DISTRIBUTION WITH A GRAVEL FRACTION
FRACTION DISTRIBUTION SETTLING TUBE AND THE  |g TO DETERMIME THE
" RSA2000 PROGRAMOR | -1 TO-5PHI
WITH SIEVES AND SHAKER [~ DISTRIBUTION

I_F

Y v :
KEYBOARD ENTRY OF .
COULTER DATA USING|| KEYBOARD ENTRY RETRIEVE DIGITAL ([KEYBOARD ENTRY

OF ID'S AND COARSE-| | DATA USING THE
HE PROGRAM CLTRM OF NONDIGITAL
THE AND FINE-FRACTION | |PROGRAM SEDITY2K|| cOARSE FRACTION

e R

S R——

i DATA USING THE DATA USING TH
i PROGRAM ENTRY i pmosﬁim gSAE
Y Y Y Y

| COMPLETED DATA SETS ARE SORTED, PROCESSED, AND EXPORTED TO A DATABASE |

Figure 3.8. Flow diagram showing steps in laboratory analysis of sediment
samples carried out at the USGS sediment laboratory at the Woods Hole
Science Center (Poppe and Polloni, 2000).
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Figure 4.1. Map showing Boston Inner Harbor, Outer Harbor, and the Northern

and Southern Approaches.
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Figure 4.2. Map of Boston Harbor and Approaches showing locations of Figures
4.4 — 4.20 that illustrate selected features and characteristics of the sea floor.
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Figure 4.3. Texture of surficial sediments, based on Shepard classification,
superimposed on gray-scale sidescan-sonar mosaic of Boston Harbor and
Approaches. Dark blue dots indicate sites where no sample was collected and
photographs show the sea floor is bedrock or covered with boulders, cobble or
shells. Low backscatter intensity corresponds to areas of fine-grained
sediments (silt and clay, Inner Harbor) or sandy sediments (Approaches). High
backscatter intensity corresponds to areas of gravel, boulders, or outcropping
bedrock (areas that could not be sampled with the grab sampler). See
Appendix 2 for sediment texture and Appendix 3 for bottom photographs.
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Figure 4.4. Shaded relief bathymetry, colored by water depth, of eastern
portion of Boston Inner Harbor showing dredged main shipping channel, Ted

Williams Tunnel, circular dredged areas south of Logan Airport, cable crossing,
and linear scour marks. See Figure 4.2 for map location. Red dots show
location of bottom photographs (see Appendix 3 to view all photographs at
these locations); yellow dot is location of bottom sediment sample (Appendix
2); number is station identifier.
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Figure 4.5. Shaded relief bathymetry, colored by water depth, showing the
Ted Williams Tunnel as it crosses Boston Inner Harbor from south Boston to
Logan Airport (see fig. 4.2 for map location). The tunnel is marked by a
depression about 50 m wide that is a few m deeper than the navigation
channel; on the northern side of the channel, the tunnel depression has a
central high and channels about 2-4 m deeper along the western and eastern

edges.

Red dots show location of bottom photographs (see Appendix 3 to view

all photographs at these locations); yellow dot is location of bottom sediment
sample (Appendix 2); number is station identifier.
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1- Photo 22617308.jpg

Figure 4.6. Photographs of the sea floor in Boston Inner Harbor stations 104,
103, 105, 101 showing a muddy sea floor. See Figure 4.3 for station locations.
See Appendix 3 for more photographs at these stations. The field of view of
each image is approximately 50 cm wide.
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Figure 4.7. Shaded-relief bathymetry, colored by water depth, of the
depression south of Deer Island where the deepest water in Boston Harbor
occurs (about 28 m deep). See Figure 4.2 for map location. Red dots show
location of bottom photographs (see Appendix 3 to view all photographs at
these locations); yellow dot is location of bottom sediment sample (Appendix
2); number is station identifier.
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Figure 4.8. Shaded-relief bathymetry, colored by water depth, showing sand
waves along the northern side of the navigation channel south of Deer Island
(see fig. 4.2 for map location). The sand waves are less than a meter high and
have wavelengths of about 10 m. Red dots show location of bottom
photographs (see Appendix 3 to view all photographs at these locations); yellow
dot is location of bottom sediment sample (Appendix 2); number is station
identifier.
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Figure 4.9. Photographs of the sea floor along the navigation channel, showing
the transition for fine-grained mud in the inner harbor to a gravel pavement in
the outer harbor (stations 101, 70, 53, 54, and 44). See Figure 4.3 for station
locations. See Appendix 3 for more photographs at these stations. The field of

view of each image is approximately 50 cm wide.
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Figure 4.10a. Shaded-relief bathymetry showing disposal of dredged material
in the topographic low north of Hull. See Figure 4.2 for map location. See
Appendix 3 for photographs at Station 62.
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Figure 4.10b. Shaded-relief bathymetry, colored by water depth, showing
disposal of dredged material in the topographic low north of Peddocks Island.
See Figure 4.2 for map location.
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Figure 4.11. Photographs of the sea floor in areas of high backscatter intensity
north, east and south of Peddocks Island (stations 62, 58, 65, and 67). See
Figure A3.1 for station locations. See Appendix 3 for additional photographs at
these stations. The field of view of each image is approximately 50 cm wide.
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Figure 4.12. Photographs of the sea floor in areas of low backscatter intensity
south of Long Island and southeast of Peddocks Island (stations 63 and 61).
See Figure A3.1 for station locations and Figure 4.3 for sediment texture. See
Appendix 3 for additional photographs at these stations. The field of view of
each image is approximately 50 cm wide.

Figure 4.13. Photographs of the sea floor in the south Channel (station 50) and
in a small area of low backscatter intensity southeast of Deer Island (station
45). See Figure A3.1 for station locations locations. See Appendix 3 for
additional photographs at these stations. The field of view of each image is
approximately 50 cm wide.
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Figure 4.14a. Shaded-relied bathymetric map of the Approaches to Boston
Harbor, north of the Harbor Islands and south of Nahant, including Broad Sound
(see fig. 4.2 for map location). The darker patches indicate the areas where
multibeam bathymetry was collected and data gridded at 2 m; the rest of the
area was mapped by single-beam sonar and gridded at 30 m. The sea floor in
this region is characterized by elevated rough areas, some of which are
hypothesized to be drumlins reworked by rising sea level. See Figure 4.15 for
selected photographs at stations 72, 73, and 84. See Figure 4.14b for
companion sidescan-sonar image.
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Figure 4.14b. Backscatter intensity from sidescan-sonar of the Approaches to
Boston Harbor, north of the Harbor Islands and south of Nahant, including
Broad Sound (see fig. 4.2 for map location). The sea floor in this region is
characterized by elevated rough areas, some of which are hypothesized to be
drumlins reworked by rising sea level. Red dots show location of bottom
photographs (see Appendix 3 to view all photographs at these locations); yellow
dot is location of bottom sediment sample (Appendix 2); number is station
identifier. See Figure 4.14a for companion shaded-relief map.
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Station 84 - Photo 2

Figure 4.15. Photographs of the sea floor in areas of elevated topography,
rough sea floor, and high backscatter intensity (stations 73 and 84, fig. 4.14) in
Broad Sound. The boulders are covered with a pink calcerous algae. The sea
floor between these features is sand (station 72). See Figure 4.14b for station
locations. See Appendix 3 for additional photographs at these stations. The
field of view of each image is approximately 50 cm wide.
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Figure 4.16a. Shaded-relief bathymetric map showing outcropping ledges east
of the Brewster Islands (see fig. 4.2 for map location). The darker patches
indicate the areas where multibeam bathymetry was collected and the data
gridded at 2 m; the rest of the area was mapped by single-beam sonar and the
data gridded at 30 m. These ENE-WSW-trending features exhibit the largest
topographic variability in the study area. See Figure 4.16b for companion
sidescan sonar image.
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Figure 4.16b. Backscatter intensity from sidescan-sonar showing outcropping
ledges east of the Brewster Islands (see fig. 4.2 for map location). These ENE-
WSW-trending features exhibit the largest topographic variability in the study
area and are characterized by moderate backscatter intensity. Red dots show
location of bottom photographs (see Appendix 3 to view all photographs at
these locations); yellow dot is location of bottom sediment sample (Appendix
2); number is station identifier. See Figure 4.16a for companion shaded-relief
map.
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Figure 4.17a. Shaded-relief bathymetric map, colored by water depth,
showing elevated areas and sand ribbon, east of Nantasket Beach (see fig. 4.2
for map location). The darker patches indicate the areas where multibeam
bathymetry was collected and the data gridded at 2 m; the rest of the area was
mapped by single-beam sonar and the data gridded at 30 m. See Figure 4.17b
for companion sidescan-sonar image. See Figure 4.18 for selected
photographs at stations 5, 6, 8, and 10.
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Figure 4.17b. Backscatter intensity from sidescan-sonar of area east of
Nantasket Beach (see fig. 4.2 for location). The elevated areas are
characterized by high backscatter intensity and the sand ribbon by low
backscatter intensity. Red dots show location of bottom photographs (see
Appendix 3 to view all photographs at these locations); yellow dot is location of
bottom sediment sample (Appendix 2); number is station identifier. See Figure
4.17a for companion shaded-relief map.
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Station B - Phot

Station 5 - Photo 2243 [ Station 6 - Photo 22436131 jpg

Figure 4.18. Photographs of the sea floor in areas of elevated topography,
rough sea floor, and high backscatter intensity (stations 8 and 10, 11.0 and
11.5 m water depth respectively) east of Nantasket. The pink on the boulders
is calcareous algae. The sea floor between these features is sand (stations 5, 6,
13.4 and 16.0 m water depth respectively). See Figure 4.17b for station
locations. See Appendix 3 for additional photographs at these stations. The
field of view of each image is approximately 50 cm wide.
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Figure 4.19. Shaded-relief bathymetric map showing numerous individual

targets 4-6 m on a side and less than a meter high that are interpreted to be
individual boulders. Similar targets are observed in the 2-m multibeam

bathymetry in nearly all of the areas with a rough sea floor.

map location.

See Figure 4.2 for
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Figure 4.20. Shaded-relief bathymetry bathymetric map of the area west of
Great Brewster and Calf Island showing barge wrecks and mounds of dredged
material on the sea floor. See Figure 4.2 for map location.
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Figure 4.21. Physiographic units of the sea floor of Boston Harbor and
Approaches, based on bottom roughness, backscatter intensity, and sediment
texture.
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Figure 4.22. Sidescan sonar mosaic (A) assembled in the field during the
hydrographic surveys and (B) the mosaic assembled from reprocessed sidescan-
sonar data. The mosaics are qualitatively similar, but the reprocessed mosaic
has more uniform intensity and improved resolution.
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Figure A2.1. Texture of surficial sediment collected in grab samples shown on
ternary diagrams. The stations are keyed to the map units (see fig. 4.21).

Texture of the rough sea-floor zones is not represented, as samples could not
be collected in areas of boulders or gravel pavement.
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Figure A3.1. Map showing bottom sample locations and bottom photo locations
overlain on the sidescan-sonar imagery. Photographs and video were obtained
at all sites. Samples could not be collected at sites where the bottom was cobble
or rocky (yellow dots). See Appendix 3 for a photo gallery of the images from
the ground-truth survey.
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